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Chapter 2
Processes of Perception, Conception, and Reporting
William K. Hartmann
1.

Introduction

The preceding chapter outlined the sequence of events, physical,
physiological, and psychological, by which perception of a phenomenon
is combined with previous conceptions. In this chapter we will review
some evidence on how this proceeds in fact, and on how the conceptions,
sometimes after significant interpretation, produce a report.
The question underlying this discussion is this: Are misinterpretation
and misreporting sufficiently common as to make credible the assertion
that the entire UFO phenomenon, or at least the residual of unidentified
cases. is the result of these processes (plus deliberate hoaxes)?

The

data show that this a3sertion is indeed credible, although, of course,
we cannot prove that this accounts for the unidentified objects.
2.

Perception:

Objects and Phenomena in the Atmosphere

In practice, it has proven impossible and potentially misleading to
try to tabulate all of the possible causes of UFO perception. There are
simply too many. The very point that is emphasized by case after case
is the incredible variety of circumstances that may cause one to perceive
an apparition of high strangeness and conceive of it as an UFO, or even
more S}Jeci fically as a "flying saucer."
Minnaert (1~54), Menzel (1953), and Menzel and Boyd (1963) have
described in detail many objects and phenomena that are unfamiliar to
most persons.

We need not repeat their description here.

However, simply

to illustrate the v2riet)· of causes thc.t can and have produced UFO
r~ports, Table 1 briefly lists some of the possibilities.
We c-an be virtually certain that all of the causes in Table 1 have,
at one time or another, produced perceptions that could not be identified
by the observer. It is perhaps not surprising, therefore, that about
3,000,000 out of 125,000,000 adult civiliun Americans have perceived
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Table 1
Exa.ples of UFO-Related Objects and Phenomena
Meteoroloaical
(Ca~e

Sub sun

Gulfstream aircraft

Lenticular clouds
Noctilucen~ clouds

Cf. Section III, Chapter 3
"G lowina" c 1 lUds, often in peculiar shapes
Exampl~s cited by Menzel (1953), Menzel and
Boyd (19~3)

Mira1es
Sundo1
"Dust devils", etc.
St. El.o's fire

54)

Debris thrown into air without apparent
support.
Cf. Section VI, Chapter 7

Ball liahtninl
~trono.ical

Meteors, fireballs

Cf. discussion of 1913 fireball, this
chapter

Satellite reentries

Cf. discussion of Zond IV, this chapter

Aurora
Venus, other planets
Experimental and Technological
"Skyhook 11 balloons

Responsible for Mantell tragedy (Menzel
and Boyd, 1963)

Other balloons
Test aircraft

Certain, little-flown types have been
disk-shaped

Rocket launches
High-alt. projectiles

Rockets &contrails have generated UFO
reports
Have been used in flgre and wind-study
experiments (Cf. New Mexico aircraft
(Case 55)

Bomb tests
Contrails

Fort Belvoir, Va.

Refueling
Searchlight reflections

Coarsegold, Calif.
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(Case

SO)

(Case 28)

a

Table 1 (cont'd)
Great Falls, Mont.

Aircraft reflections

(Case 47)

Aircraft afterburner
Aircraft seen at unusual angles
Aircraft landing lights
Flare experiments
Physioloaical and Psychological
Autokinesis

Perceived motion of objects known to be
stationary

"Autostasis"

Perceived stopping of objects known to be
moving

Entoptic effects

Generated within the eyeball

Motes on the cornea

Perceived as spots

Hallucination
"Airship tffect"

Perceived connection of separate sources
(cf. this chapter)

"Exci tedness effect"

Selection effect on reports (cf. this chapter)

Industrial Effects
Detergent foam
Biological
Angel hair
Airborn debris (e.g. ffiilkweed) Camarillo, Calif.
Birds, flocks of birds
Sw~rms

Tremonton, Utah

(Case 58)
(Case 49)

of insects

Luminous fungi on birds
Fireflies
Mi~celianeous

Hot-air balloons

UFO reports generated by toy balloons using
candles to create hot air (Boulder,
Colo., Case 18)
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Table 1 (cont'd)
Kites
Reflections off windows
Material fixed or •oving on
window
Deliberate hoaxes

Witness interprets reflection as object
outside window
As

above

.'>
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phena.ena that they classify as
Section III, Chapter 8).

·~identified

Flying Objects"

(~e

The question is whether a few of these reports

are extraordinary.
Table 1 raises a proble. for the UFO investigator:

in a given

case, how unusual ••Y a phena.enon be to be cited as explanation?
Certain investigators have been widely criticized for constructing
elaborate conditions

t~

explain (or explain away) UFO reports.

One

should be guided by "Occu's Razor": an explanation beca.es less
credible as the nu.ber of ad hoc assu.ptions increases. Table 1 is
not a list by which every case can be explained, but it does suggest
that even without alien spaceships and undiscovered physical phena.ena,
•any strange things will be perceived.
As an example of the ca.plexities of just one class of objects,
which has been inadequately studied both within and outside .the context
of UFOs, consider •eteoroidal bolides.

Bolides have produced exceedingly

spectacular and unusual displays, but it is not widely

recogniz~d

that

they probably include a variety of objects. There are ca.etary debris,
thought to be fragile and with a high volatile content, leading to
in the at•osphere. Many of these, having drifted in from
the outskirts of the solar syste11 taave a very high velocity. Asteroidal
fra~entation

thought to be represented by the stony and iron •eteorites,
enter the atmosphere at inter.ediate velocities and •ay have a different
fra~nts,

mass distribution.

Least known of all, there •ay be a group of low velocity

objects that are debris blown off the •oon by impacts or in sa.e other
way captured in the earth-.aon system.
sources of cosmic debris.
The slow bolides (entry speed

~

There •ay even be other unknown

escape velocity) are of particular

relevance and interest because of the part that the epide.ic of slow, green
fireballs played in the development of the UFO proble. in 1948-49 (Ruppelt
1956; Menzel and Boyd, 1963), and because of the scattered reports in the
astra.omical literature of majestic slow fireballs (Chant, 1913; discussed below). As an example of the diverse data bearing on the UFO
problea, consider the possibility of observing fragments blown off the
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It is believed that interplanetary meteoroids striking the moon

dislodge material amounting to some hundreds of times their own mass
(Gault, 1964).

Material totaling roughly the initial projectile's mass

may escape the moon's gravitational field, probably in the form of
particles 111.1ch smaller than the original projectile (Gault, 1964).
4
Ordinary meteors of mass 10 gm are of magnitude about -10 (Vedder, 1966),
and we may infer that a fragment of such mass from the moon would produce a 5pectacular display as it enters the earth's atmosphere. That is,
6
8
lunar-impacting projectiles of mass of the order 10 to 10 gm could be
expectrd to throw out fragments that, entering the earth's atmosphere,
could produce spectacular, slow fireballs.
impacts occur?

!low often do such lunar'

Meteor fluxes have been thoroughly reviewed by Vedder

(1966) and for the mass range given, ·.:he rate (1f lunar impacts is

estimated to be in the range 10 to 10-J per year.
many circumlunar
at~osphere

parti~les

It is expected that

would ultimately decay into the earth's

so that we may predict that every few decaJes, or even more

frequently, spectacular slow fireballs of lunar origin should occur, and
that groupings of these objects would appear over periods of weeks, since
clusters of ejecta are thrown out by each lunar impact, to decay at different rates.
This illustration is chosen because the predicted characteristics
match thos(· of the "gret:n fireball eoisode" and suggest that lunar
Jebris may, indeed, be the

ex~lanation

of those unusual bolides.

It is important to note that we have not yet even considered the
possibility that any of the common or unusual causes in Table 1

may

be badly reported, so that an inve5tigator may become hopelessly confused.
~.oever

believes that the UFO phenomenon represents revolutionary

and fantastic events must take full account of the

fa~ts

that (I)

by definition include all phenomena unknown to the obser,er;

(2~

UFOs
such

phenomena are present in effectively infinite variety, so that even
widely experienced investigators, not to mention inexperienced witnesses,
may be unaware of them; and (3)
~eived,

such phenomena, even if accurately per-

may be badly interpreted and reported by the observer.
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3.

Conception : The Re-entry of Zond IV Debris
It is remarkably common for astronomers, when queried about UFOs,
acc~npany

to cite the misconceptions that

reports of meteors.

Most

astronomers have talked to witnesses who believe a prominent meteor
landed "just behind the barn" or "just over the hill;" thus, they stTess
the limitations of verbal reports from average observers.
Project Blue Book has supplied us with exceptionally good data to
illuminate this problem.

On 3 March 1968 the news agency of the Sov1et

Union announced that the spacecraft "Zond IV" had been placed in a low
"parking orbit" around the earth and would soon be launched into "outlying
regions of near-earth space" (Sullivan, 1968)
ful.

At about 9:45p.m.

EST

on

3

The mi<. ,ion was unsur.cess-

March, hundreds of 1\mer•.can observers

near a line from Kentucky to Pennsylvania saw a majestic procession of
fiery objects with sparkling golden orange tails move a:ross their sky.
The spacecraft was disintegrating upon re-entry.

Most observers saw

two or three main pieces, while observers near the end of the path
saw more.

These objects were soon identified by NORAD as pieces of the

Zond IV probe or its rocket booster and this identification was finally
confirmed 1 July 1968 (Sullivan, 1968).
This case put

us in the rare and fortunate position of knowing

exactly what was involved even before we began to investigate the many
UFO reports that were generated.
In brief, many of these reports were quite good, but there is an
admixture of spurious elements that are astonishingly familiar to students
of the "flying saucer" literature.

The latter vividly illustrate the

problem of conception and interpretation, and shed light on the entire
u~o

phenomenon.
Consider the

con~eptions

that may be generated if one perceives

three bright point sources moving across the night sky at constant
angular separation of, say, 5°.
as directly as possible the
constant angular separation.

The most objective observer may

perc<~pt:

~eport

three point sources moving with a

Rut this is just one end of a spectrum.

A less objective observer and, from our Zond IV data, a demonstrably
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more typical one may introduce subtle elements of
may report three point sources fLying
._

interp~etation.

He

with constant angular separation,

or three lights fLying with constant angular separation, or three lights

fLying in formation. These changes in conception may be subtle, but when
the observer reports his conception to a second ~arty, they may produce
vividly different conceptions (especially if the second party is inclined
to believe "flying saucers" exist). Further toward the other end of the
spectrum, but less typical than the above examples, a highly unobjective
observer may introduce totally spurious elements.

araft flying in formation.

He may report three

He may, for example, conceive the idea that

the three point sources are connected, since they maintain a constant
pattern.

He may even imagine a dark elongated form connecting them so

that they become lights on a aigar-shaped

aigar-shaped objeat.
This spectrum of the conceptions of
theorizing.

objeat~

observ.~rs

or even windows on a
is not based on mere

It is directly derived from the Zond IV observations.

Quantitative analysis of the observations is somewhat confused by
their heterogeneity.

The file supplied by ProJect Blue Book contains

reports ranging from very complete accounts on official Air Force report
forms to fragmentary records of telephone reports.

In all, there are

some 78 reports, but only about 30 detailed letters or forms attempting
to give a complete descript i on are appropriate for analysis.

There are

only 12 Air Force report forms from which one can study the variations
in response to specific questions; e.g. angular size, velocity, etc.
Study of the file, some 30 complete reports produced counts of
certain conceptions indicated in Table

2, listed in order of decreasing

frequency.
The following remarks apply to the i terns in Table

2.

Item (1) shows

that virtually all the reports that made reference to sound correctly
agree that there was none.

One witness (item 16) reported sound like a

piece of tin hurtling through the air.

We can be certain this is in

error; this conception must hav( resulted from an unrelated noise or a
hallucination due to a belief that there ought to have been a sound ,
Items (2) and (14) are somewhat

mislc~~ing

950

semantic errors.

A bette1

'

Table 2
Selected Conceptions Generated by Zond IV
Conception

Re-ent~*

No. of Reports

1.

Report absence of any sound

20

2.

Repo1·t "formation"

17**

3.

Estimate altitude or distance

4.

Suggest phenomenon may be meteor(ite) or satellite
re-entry

12

5.

Report straight, uniform motion

12

f..

Indicate individual sources were of angular size
S\' 7'

10**

7.

Report rocket- or cigar-shape, or "saucer" shape

7**

8.

Report curvature or change of direction or motion

6**

9.

Estimate altitude or distance at

5**

<

20 mi.

<

10,000 ft.

13**

10.

Report cigar-shape or rocket-shape

5**

11.

Report "fuzzy" outline

4

12.

Report ''windows"

3**

13.

Describe lights (implying lights on something)

2**

14.

Refer to exhaust

2**

15.

Report starp, well defined outline

2••

16.

Report noise

1**

17.

Report reaction of animal

1**

18.

Report vertical descent

1**

*Based in effect, on about 30 relatively complete reports out of a
total file of 78.
**Conceptions that are to greater or lesser degree erroneous.
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choice of word than "formation" would have been "pattern" or "constellation."

'

"Formation" and "exhaust" imply guided vehicles.

!

One observer even described

one object as "pursuing" !lnother; it "looked as if it was [sic] making
an atteapt to shoot the other one down."

(3) and (9):

As is

usual~y ''e

case with meteor reports, the object was conceived of .1s being

muc!·,

closer than in fact.

ob~.erv.n- ~ s

This presumably results from the average

unfamiliarity with the concept of watching objects a hundred miles away.
(4):

A number of observers correctly considered meteoritic phenomena.

A smaller number flatly identified the apparition as a re-entry of some
sort and a few even indicated that they gave it scarcely a thought until
they later heard of the excitement generated through radio, and newspapers!
(5) and (8):

Most observers described an essentially linear path, b•.•t

a smaller number reported changes in direction.
a meteoritic phenomenon on this basis.

A few even ruled out

Most of the reports of change in

direction must be subjective, perhaps an autokinesis effect, but some
are thought to result from observers own motion in vehicles.

(7):

This

includes all descriptions typical of "flying saucers," and (6), (7), and
(10) together indicate a strong tendency to conceive of a shape even
though the phenomenon involved virtual point sources. Most observers
indicated that the fragments were about 3-4 min. of arc in diameter,
just within the resolving power of the nonnal human eye. Reports of a
"cigar-shape" apparently stem from a subjective tendency to connect the
string of sources and from popularization of this concept in the UFO
literature.

This important phenomenon I will call the "airship effect;"

it is demonstrably present even in reports as far back as 1913, and in
Cases 34 and

37.

Items (11) and (15), which seem to indicate merely

the inadequacy of the r.eport form's question (The edges of the object
were: Fuzzy or blurred? Sharply outlined?) in the case of a n~arpoint source with an ill-defined tail. Items (12) and (13) illustrate
serious misconceptions, apparently due to unconscious assumption that
there was a vehicle.

Item (17) refers to a report that a dog was noted to

become upset and to huddle, whimpering, between two trash cans. According
to her own testimony, the witness, was quite excited and the dog presumably
detected this.
I
i
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The Air Force report

1

rms comprise a smaller set of more homogeneous

Jata, since the questions a1 · standardized.

A range of conceptions arc

illustrated by the 12 report forms plus 5 highly detailed accounts, and
are sununarized in Table

2.

The angular size, a relatively objective

measurement, is fairly consistently estimated.

The size, distance, and

velocity estimates are hopelessly misconceived, as we have already seen,
since the

observ~rs

had no objective way of determining any of these

(without realizing that a re-entry was involved).

The estimates appear

to be influenced by prior conceptions of and familiarity with airplanes.
Typical errors exceed a factor of ten.

Only four of the 12

correctly noted that they could not estimate the speed.

Of

re~pondcnts

17

ohscrvcrs,

four chose to describe a "formation," and two, "windows."
An effect important to the UFO problem is demonstrated by the records:
the ex.::1ted observers who thought they had witnessed a very strange phenomenon produced the most detailed, longest, and most misconceived reports,
but those who by virtue of experience most nearly recognized the nature
of the phenomenon became the least excited and produced the briefest
reports.

The "exai tedneaa effeat" has an important bearing on the UFO

problem .

It is a selection effect by which the least accurate reports

are made more prominent (since the observer becomes highly motivated to
make a report), while the most accurate' reports may not be recorded.

In

the case of Zond IV the two most lengthy unsolicited reports described
the apparition as a cigar-shaped craft with a row of lighted windows
and a fiery tail, while the correct identifications as a re-entry were
short, in some cases recovered only by later solicitation of reports.
In summary, we conclude that all of the following factors demonstrably
co11fuse reports of unidentified phenomena and make subsequent investigation
difficult:

(1)

such as aircraft.
etc.

(2)

Objects are conceived of in terms of familiar concepts,
This produces misconceptions of distance, speed, shape,

At least during the last decade conceptions have been heavily

influenced by the "flying saucer" concept in movies, 1V, and period ica Is.
Reports of "saucer-shape," "cigar-shape," and physiological n•action
are probably a consequence.

(3)

Due to the nature of <:crtain

ra~; t•s,
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certain questions on prepared questionnaires or report forms become
ambiguous or meaningless. (4) The "excitedness effect" biases rep•>rts
toward those containing more exotic conceptions. (5) The "airship
{
!+·

,,

1

effect" causes some observers to conceive of a shape surrounding light
sources.
It is scarcely short of amazing, and certainly suggestive, that
the seemingly straightforward Zond IV incident produced a high percentage of the very phenomena that have puzzled students of the UFO

t

problem.

Table 3 lists a selection of such reports.

We have, in

J

't

fact, reports of (1)
exhaust, (2)
silence, (3)

a cigar-shaped object with windows and a flaming

a vehicle or craft that passed low overhead in utter
psycho-physiological ~esponse of dread, or in another

case, an urge to sleep, and, (4)

abnormal behavior of a nearby animal.

To the extent that the argument for "flying saucers" rests on the
strangeness of such observations, it is thereby weakened.
Of

course, the important question in a case such as the Zond IV

re-entry is not the quality of the worst observations, but rather
whether the observations taken together did define and clarify the
phenomenon. My own judgment is that, together, the reports would suggest a re-entry to anyone who was familiar with such a phenomenon.
This results primarily from the vividness of this particular case,
and the attendant diagnostic features: a bright bolide slowly disintegrating into many fragments, each attended by a train. Nonetheless,
it must be said that only a fraction, about a quarter, of the reports
point directly in this direction while about another quarter are misleading and the remainder insufficiently detailed to be diagnostic.
A reporter or investigator coming upon the case in inno,;ence would be
hardput to distinguish the good from the bad reports.
Table 3 demonstrates that a large part of the UFO problem is a
semantic one.

One may point out that an accurate reconstruction of

this incident would have been, after all, possible from the bulk of
reports; but to generate a UFO case we :1eed only (say) rme to four

954

Table 3
Selected Descriptive Comments on Zond IV Re-entry
Nature of the object:
"[I heard on] news . . . it was space junk. Never. It came down
then went forward in perfect formation. So how can gravity be defied?"
"Suggestions: 1. Cylinder type rocket with two thrust rocket engines and one rocket engine in front for guiding purposes. 2. Meteor
broken into three main parts. 3. Space or aeronautical craft."
"Observer does not think the objects were either satellite debris
or meteors because they had a flat trajectory."
"Didn't attach much importance to the object because I thought it
was a re-entry."
''Thought it looked like something burning up in space . . • . Thought
it looked like a turn-in."
"I wasn't aware that I had seen anything unusual until the local
TV newscast . . . advised of many other sightings of same for miles
around."
"Neither I nor my fiancee sighted any connecting lines [among the
bright sources]. If there were connecting lines, it would have formed
the fuselage of a B-52 only about thirty to forty times bigger."
"Could not see actual object."
Appearance of object:
"All . . . observers saw a long jet airplane-looking vehicle without any wings. It was on fire both in front and behind. All observers
also saw many windows . .
If there had been anybody in the UFO
near the windows I would have seen then."
"It was shaped like a fat cigar, in my estimation . . . . It appeared
to have rather square shaped windows along the side that was facing us . .
It appeared to me that the fuselage was constructed of many pieced or flat
sheets
with a 'riveted together look' . . . . The many 'windows'
seemed to be lit up from the inside."

[It could be compared to] "ordinary saucer inverted without protrusion on top; elongated a little more than a saucer. Protrusion on bottom
midline and about SO% of bottom so covered."
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Table 3 (cont 'd)

t,,

"No flame was visible but . . . quantity of golden sparks . .
In my opinion it was a solid rocket type vehicle with three lights or
three oval saucer type vehicles."
"Object had red and blue lights."
"Observed an unidentified object .
. It was long and narrow
with a light in front and in back the reo was a streaming tail . . . .
The object was dark black, trail was yellow gold."
"Fiery orange, long and narrow."
"Definite disJ.: shaped."
"It was like two disk- shaped lights in some planned position."
"Tail appeared as meta 11 i c sparks."
"Formation flight:"
"They flew in a perfect military fonnation."
When asked if they could be meteorites, [witness] replied, "It
would be the first time I ever saw meteorites fly formation."
"It appeared as if one object was in pursuit of the other. One
object seemed to be traveling at a higher or greater speed than the
one pursuing it. The pursuing object . . . looked as if it was making
an attempt to shoot the other one down."
Distance and dimensions:
"It was at about treetop level and was seen very, very clearly,
just a few yards away."

A pilot "estimated each [tail] was about 0.5 mile in length."
"We saw two orange lights tailing [sic] about two yards apart."
Observer "felt that it would have hit in the wooded area south
of (her city)."
Response and reaction:
"I really wanted to see a UFO. I remember saying aloud . . . 'This
is no natural phenomenon. It's really UFOs, I . . . made an attempt to

956

•

Table 3 (cont'd)
communicate with them. I had a flashlight . . . [and] signaled
in
Morse code . . . • No visible response elicited . . . . After I came into
the house I had an overpowering drive to sleep . . . . My dog . . . went
over between the two trash cans • . . and whimpered and lay on the drive
between the cans 1 ii<e she was frightened to death . . . . Bigh frequency
sound inaudible to us?"
"Frightened my eleven year old son, who was out with his telescope."
Hearsay:
"I heard there were [72] grass fires in this area on the day following
this sighting. I would think there might be a possible connection."
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witnesses to agree on and express misleading conceptions and other
witnesses to be silent or (more commonly) non-existent.
4.

Conception:

Re-entry of Titan 3 C-4 Debris

An incident less widely observed than the Zond IV re-entry gave

I
t

the writer an opportunity to compare his personal observation of the
re-entry of satellite debris with verbal reports solicited from his
com.unity.
above.

The results are similar to those of the case described

On 7.8 September 1967, at 9:53 MDST I noticed from Tucson, a

bright, orange-red stellar object drifting across the northern sky
toward

th~

northeast at a rate of about 40' of arc per sec.

Though

initially of about zero magnitude, it suddenly disappeared, giving the
impression of a jet plane cutting off its afterburner.

However, the

object suddenly reappeared, then repeated the performance several
times. During the last few degrees of the trail, some 5°-10° above
the horizon, there appeared to be a disintegration into several barely
resolved fragments.

A second or two later, another object appeared and

followed the first one down to the last 4° of the trail. Meanwhile,
a faint milky-white train which had been left by the first object
brightened for about 10 sec., then faJed, twisted, and broke up in a
period of about 6 min.
The tell-tale features vf a satellite re-entry were present:

tht

object was too slow for a meteot·, had the brightness fluctuations and
color of a burning object, fragmented, moved eastward and left a train

A later check through the
Colorado project indi~ated that re-entry of certain fragments of Titan
3 C-4 satellite 1965-82KD, had been estimated to occur at about 6:00a.m.,
MDST, on 29 September 1967 (see also King-Hele and Quinn, 1966).
Earlier, the satellite had exploded in orbit, and the fragments were
spread out along the orbit, so that sporadic decays near the predicted
time were not unexpected; the observation of a second fragment a few
that was distorted by high altitude winds.
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seconds (some tens of miles) behind the first was consistent with this.
Hence, the identification is regarded as virtually certain.
Rarely does the investigator himself have an opportunity to see
the "UFO" being described.

In order to take advantage of this oppor-

tunity to compare my own observations to the conceptions and semantics
generated, I solicited observations through a local newspaper.
Fifteen reports were received from the Tucson area by telephone.
The reports ranged from quite accurate to quite misleading.

The most

misleading of the 15 was from an articulate woman who was to all appearances an astute observer.

She clearly reported that the object fell

her and some mountains a few miles away, appearing in front
of (south of) the mountains and below their cre~ts. (This conflicts
with other reports of observers located north and west of the mountains,
as well as the known identity of the object.) Oth~r misconceptions
reported included : (1) red and green flashing or rotating light
(possibly confusing the object with an aircraft that was near the
witness?); (2) much bigger than a star, could see a round shape; (3)
motion toward the west (confusion with another object?); (4) "Looked
like it was coming down right at me. It scared me. It was like it
was right oyer me - like a fat airplane - with a big window." This
is a repetition of the ;'airship effect" in which the observer concc:ives
of a light as an aperture in a black, unseen, larger fonn.
The writer had cnncluded (before the Zond IV results were available) that roughly a quarter of the reports were accurate and acticulate
enough to be definitive, roughly a quarter contained seriously misleading
elements. and the rest were sufficiently inarticulate or whimsical to
be~een

be of no great value (It was "real red, like, you know, and pretty
It turned [sic] a beautiful white streak . . . "). A report made by an
investigator arriving later would have depended on which conceptions
he heard or adopted. The right selection would have cleared up any
problem; the wrong one might have created a seemingly inexplicable and
possibly celebrated UFO report.
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5.

Conception:

The Great Fireball of 9 February 1913

C. A. Chant (1913a), jn a 71-page report, gives a detailed account
of the spectacular meteoric display of 9 February 1913.

The series of

disintegrating bolides passed from Saskatchewan ESE over the Great
Lakes and over the New Jersey coast.

Several "waves" of clustered

objects were seen, noise was heard at least SO mi. from the sub-bolide
point, and ground shocks were reported.

Other remarkable sporadic

meteors were seen in various scattered locations around the world for

a period of some days.

Chant deduced that the height of the path,

which followed the earth's curvature, was about 26 mi. and that the
geocentric velocity was in the range 5-10 mi/sec.

M. Davidson (1913)

reanalyzed Chant's data, plus observations from Bermuda, and concluded
that the object had a height of some 46 mi. over Ontario, and Chant
(1913b) subsequently inferred that they reached perigee over Ontario,
but were not destroyed, moving out into a new orbit when seen from
Benuuda.
The phenomenon appeared rather like the Zond IV re-entry.

It is

well-described in the "extended extracts" from letters published by
Chant.

Clusters of stellar-like objects passed overhead, with tails

several degrees long and accompanied by smaller, fainter objects.

It

is a subjective judgment, possibly influenced by some editing of the
letters by Chant, that the 1913 reports are on the whole more objective
than those of this decade.
(I)

There are probably two reasons for this

In 1913 the demarcation between "educated" persons, from whom

Chant was likely to receive letters, and "uneducated persons," was
greater.

(2)

In 1913, there was no widely known conception (i.e.

pre-conception of mysterious saucer-shaped aircraft or spaceship
(although several reports refer to the object as an airship).

Further,

the 1913 reports (as published) tend to be more descriptive; the word
"meteor" is used in a non-generic sense simply to mean a bright object
passing across the sky.

There is little attempt among the corres-

pondents to infer what the objects were.
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Chant himself indicates that the reports varied in quality due
to the process ot' conception and interpretation: "The reader .
will . . . see that intelligent people can differ widely in describing
a phenomenon, and will be able to appreciate the difficulty have
had in discriminating between very discordant observations." He
presents reports of nearly 150 witnesses.
The "airship effect" is clearly present.
(1)

Consider these reports:

"The series of lights travelleri in unison and so horizontal that

I could think only of a giant flying machine.

The lights were at

different points, one in front, one further back, and a rear light,
then a succession of small lights in the tai 1." (2) "They . . . did
not seem to be falling as meteors usually do. but kept a straight
course . . . above the horizon. Our first impression was that a fleet
of illuminated airships of monstrous size [was] passing. The incandescent fragments themselves formed what to us looked like the illwninati 0ns
while the tails seemed to make the frame of the machine.
like ships travelling in company."

(3)

They looked

"The metecr resembled a large

aeroplane or dirigible, with two tiers of lights strung along the sides."
( 4)

The wi tnes:;es "reported that they had seen an airship going east.

The heavens were brilliantly illwninated, and with the passage of the
meteors a shower of stones was seen to fall."

(This last element is

not mentioned elsewhere and appears to be spurious.) (5) "I took
it for an aeroplane with both headlights lit, and as it cam~ nearer
the sparks falling behind it made it appear stil: more like one.
However after a minute or a minute and a half I could see it was a
meteor . . . . It was very low, apparently just above the hills.
"My brother shouted to me, 'An airship!

chimney is on firel
men was heard to say:

And I said, 'Mrs. M---'s

It looked that near .

.Little above the housetops."

(7)

(6)

. To the aye they were

" . . . a voice from a group of

'Oh, boys, I'll tell you what it is - an

aerop 1ane race. "'
We have already noted in the Zond IV case that the angular size,
a relatively objective estimate, was consistently measured.

In this
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case the description of the noise is remarkably consistent, perhaps
because of the ready availability of a charming simile. Here are five
consecutive descriptions of the noise: (1) "
. a heavy noise
like a clap of thunder at a di~tance;" (2) "
. a low rumble
which at first made me think it was a buggy going along the road from
. like thunder, loud at first and rumbling every
church;" (3) "
two or three seconds;" (4) "
like a horse and rig going over
. . like a wagon passing over a rough road."
a bridge;" (5) "
There was more difficulty with conceptions such as angular elevation and distance. As usual, the latter was grossly underestimated.
(1) "
. . midway between the horizon and the sky , . . " (2) "
midway betueen th~ earth and the sky
" (3) They travelled no
faster than a crow flies." (4) II
never have I [seen] so many
heavenly bodies moving at one time, or any moving so slowly or in so
low an altitude."

(5)

"They looked to pass about one mile south and

at an elevation of about 300 feet." (6) " . . . I saw [it] for about
half a minute. In that time it seemed to go about 150 yards." (7)
"The position in the sky of the first one seemed very low, so low that
&t first I thought it was a rocket." (Skyrockets, of the fireworks type,
were a common analogue).
Many more reports could be cited, illustrating comparison with
familiar objects (kites, funnels, ships in formation), in some cases
misleading, even though the reports taken together present a relatively
clear picture. We again can conclude that a substantial number of
misleading reports will be introduced in observations of unusual
phenomena.
6.

Additional Remarks on Percepts and Concepts
The "airship effect" and 'exci tedness effect" apply to the Eastern
Airlines case of 1948 (better kn~wn as the Chiles-Whitted case). This

will serve as an example of the difficulties of establishing any concrete
evidence for "flying saucers" wheT• one is forced to distinguish percepts
and concepts of e few witnesses in older cases.
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Briefly, pilot Chiles and co-pilot

~litted

reported flashing by

them in a few seconds a "wingless aircraft with no fins or protruding
surfaces, [which] was cigar-shaped, about 100 ft. long, and about
twice the

diam~:?tcr

of a B-29 Superfortress.

It seemed to havn two rows

of uindows through which glowed a very bright light, brilliant as a
magnesium flare. An intense dark-blue glow like a blue fluorescent
factory light shown at the bottom along the entire length, and redorange flames shot out from the rear to a distance of some fifty
feet" (Menzel, 1963).
This case has been one of the mainstays in the arguments for "flying
saucers" and NICAP has described it as the "classic" cigar-shaped
object (Hall, 1964).

Hynek, a3 consultant to the Air Force, and Menzel

and Boyd account for it as a fireball (Menzel, 1963).
The present discussion provides definitive evidence that fireballs
can be described in uust the way reported by Chiles and Whittd.

The

investigator is faced with the perfectly conceivable possibility that
Chiles and Whi tf:ed, suffering from the "airship effect," became excited
and reported a misconception - a cigar-shaped object with windows and
flames - just as a fraction of witnesses to spectacular fireballs are
now known to do.
A second example from my own experience illustrates the difficulties
of transforming perceptions into conceptions (and explanations). During
the course of the Colorado project investigation, I was sitting in the
left side of an airliner, just behind the wing.

As I looked out over

patchy clouds, I saw an object apparently passing us in the distance,
flying the other way. It came out from under our wing, not far below
the horizon, and drifted slowly behind us until, because of the window
geometry, I could no longer see far enough behind to observe it. It
moved like a distant airliner, but was a grey, ill-defined disk, with
major axis about a third of the apparent size of the moon.
darker than the clouds, but lighter than the ground.
l- ~

It was

It appeared to

a disk-shaped, nebulous "aircraft," flying smoothly in an orientation

parallel to the ground.
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I was sufficiently shaken by this to pull out some paper and begin
making copious notes.

During this operation I glanced out again and

this time saw clearly a distant airliner, slightly above the horizon
this time, but moving in the same way. There was no question that this
was an airliner, for in spite of its having the same angular size as
the disk, I could clearly see its wings and tail.
banked to the right, raising

t~e

Just then, the pilot

left wing, and suddenly the distant

plane became a grey, nebulous disk.

It had passed behind the distorting

exhaust stream of the jet engine, which was suspended and obscured under
the wing. The first disk, or plane, had flown directly behind this
stream, whose presence had slipped my mind.
In sUJmnary, an investigator of

UFO~

is in effect asking for all

the records of strange things seen, and he must be sober in recognizing
the tremendous variety of sources of distortion and misconcP-ption.
Each case of misconception may involve its own processes of error, but
perhaps common to all such cases is an easy tendency to "fix" on an
early conception of a percept, by a process that is analogous to that
of the "staircase" optical illusion in which one conceives of the staircase as beir.g seen either from "above" or ''below".

Another example is

the common difficulty in looking at aerial photographs.

One may con-

ceive oi the relief as being seen eil:her "positive" or "negative."
Once the conception occurs it is difficult to dispel

it.

If you see

a star at night from an airplane but conceive of it as un object
pacing the aircraft at only 300 yd. distance, it is easy to retain this
conception.

As R. V. Jones (1968) has pointed out (reviewing his wartime

intelligence investigative experience in the context of the UFO problem),
"witnesses were generally right when they said that somethirzg had
happened at a particular place, although they could be wildly wrong
about IJhat had happened." (WJCH emphasis).
7.

Reporting
"Reporting" means the process of

transmi~sion

of the observation -

from thP observer to a journalist, Air Force investigator, the police,
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etc., and from there to the public.

Reporting, we have found,

My own conclusion has been that one must not form a judgment of any case from
the pop~lar literature.
Suppose, for example, that the pilot of my airliner had not
banked the plane wing , and I had not learned the explanation of the
grey, nebulous, elliptical object. I would have submitted my report,
not of a "flying saucer," but of an object I could not identify.
Assuming that the story got out, it is highly probable that because of
its clear news value
("COLORAOO PROJECT INVESTIGATOR SEES DISK"),
it would have b~en publicized before anyone established that the jet
exhaust had produced the phenomenon. Such a story, brought to public
attention by newspapers and magazines, would stir more pressure on
public officials and contribute to the illogical but widesperad feeling
that where there is so much smoke there must be some fire. A later
solution would not be so widely publicized.
Ruppelt (1956) discusses another example that occurred in actual
fact. The famous Maury Island Hoax, which even tQday stirs interest,
was widely publicized. The story was sensational, in that it involved
alleged fragments of a saucer trat had been seen to explode. Two
Air Force investigators on the case were killed in an accidental
plane crash. The case was later clearly identified as a ho<'.X, Ruppelt
remarks,
The majority of writers of saucer lore have
played this sighting to the hilt, pointing out as
their main premis~ . . . that the story must be
true because the government never openly exposed
or prosecuted either of the two hoaxers.
the government had thought seriously of prosecuting the men, (but) it was decided, after talking
to the two men, that the hoax was a harmless joke
that had mushroomed.
. Br the time the facts
were released they were yc~terday's news. And
nothing is c.'eadero than yestel'day 'a ne!Ja. (WKH emphasis).
is one of the most crucial factors in the UFO problem.
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Many writers in our culture, from fanatics and hypocrites to
sincere reporters, are not, after all, committed to complete investigation and understanding of the subject, but to telling and selling
a good story.

Unfortunately there is a selection effect:

if a "flying

saucer" story is investigated too completely, and is found to be a
misperception or a hoax, its interest and sales value are reduced.
Examples of journalists' distortion and slant::.ng, conscious or
unconscious, abound:

mi~informed

amateurs quoted as authorities,

repetition of hearsay evidence, and naive selection of data are examples
of such dubious reporting. The UFO literature is full of the follow i ng
sort of ill-advised criticism of non-believers: Edwards (1966) describes
a case in which a world famous astronomer and authority on galacti~
structure, and two colleagues, reported that they had seen a "circular,
luminous, orange-colored" light pass overhead too slowly to be a meteor.
Noting that on the following day the Air Force,

reche~king

their files,

found that the case was explained by two Vampire jets and a jet trainer
on a routine training flight at 20,000 ft., Edwards then concludes
with the remark, "If a professional astronomer really were incapable
of telling one circular object from th1•ee jet planes at 20,000 feet,
how reliable would his work be regarding an object 40 million miles
away?"

Aside from the facts that the "explanation" was not the astrono-

mer's responsibility and that the latter figure misrepresents the scale
of that astronomer's work by a factor of a billion, this concluding
statement certainly shed no real light on the UFO problem, hut rather
creates a state of mind that may aid acceptance of the author's later
remarks.
Jones (1968) illustrates well the problem of forming a reliable
judgment fL·om diverse reports of individuals on a single phenomenon.
During the war, a British and an American physicist had the task of
establishing from sailors' reports the German pattern of mine-laying
at sea.

One of them went on a field trip and discovered that reported

ranges and bearings were unreliable; only the questi :m of whether the
mine was to the port or starboard was reliably answered.
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With this
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discovery, he solved the problem while his counterpart became bogged
in a mire of meaningless data.

The point is that by actual field

interviews one may get some idea of what happened, but under no
circumstances, simply because a witness says (or is reported to have

said) that he saw a cigar-shaped object, should one assume that a
cigar-shaped object was really there
This well known rule applies in many other fields of investigation.
Jones states: "I have made this discursion into some of my war
experiences because it is relevant to the flying saucer story in that
it illustrates the difficulty of establishing the truth from eyewitness
reports, particularly when events have been witnessed under stress. I
do not, of course, conclude that eyewitness reports must be discarded;
on the contrary, excluding hoaxers and liars, most witnesses have
genuinely seen something, although it may be difficult to decide from
their descriptions what they really haa seen."
There is still another problem:

even if reliable reports are

prepared, communication among investigators is so poor that the reports
may not be read.

Scientific journals have rejected careful analyses

of UFO cases (apparently in fear of initiating fruitless controversy)
in spite of earlier criticism (in the journals' own pages!)

that

the problem is not discussed in the scientific literature .

Even at

the most responsible levels, communication is poor. The House Committee on Science and Astronautics, in its 29 July 1968 hearings, received
accounts of allegedly mysterious cases that already were among the
best-explained of those studied by the Colorado UFO Project.
In order finally to demonstrate the very poor manner in which
the UFO problem has been presented in the past, primarily in the
popular literature, condider two imaginary accounts that could be
written of the Zond IV re-entrv, one by a sensationalizing, but perhaps sincere reporter, and one b:· a more sober investigator.

Of course

each reporter can back up his story with taped interviews and sketches.
A fantastic cigar-shaped ob-

Although there was some

ject that entered the earth's at-

preliminary uncertainty in

mosphere from space on 3 March 1968

Air Force circles as to the
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is unidentified.

Although some Air

Force officials attempted to pass it
off as a satellite re-entry, exPmination of the offiaial Air Force

nature of the bolide of 3 March
1968, after several days study
of the reports it beceme clear

papers indicates a reluctance to
identify it with any known space-

that the event was a satellite
re-entry. This wa! confirmed
some months later.

craft.
The absurdity of the satellite

While the re-entry was
confirmed by the bulk of the

explanation is proved by the reports
of the witnesses who got the best

actual observations, it was
badly misinterpreted by several

look at the object. Witness after
witness described the object as
cigar-shaped, with a row or rows
of windows and a flaming exhaust.
Several others mentioned saucershaped lights visible as the craft
fl~w overhead.
Many observers,

excited witnesses, who wrote
the longest reports and described the object as cigarshaped. There was a tendency
for some observers to interpret the string of disintetrating
meteors as windows in a dark

who apparently did not get such
a good look at the mysterious

craft. Still others interpreted
the yellowish tails of the

craft, merely described a strange
formation of lights.
There is little doubt that
the craft came from space. The

objects as exhausts. Such misconceptions were widely scattered
but in the minority.
Entering the atmosphere,

probability that it was under

the satellite grew incandescent
and began to disintegrate into

powered flight is raised not only
by the exhaust but also by several
observers who saw it change direction.
This event, witnessed by
hundreds, in many states pro-

dozens of pieces, each moving
at its own speed t-ecause of drag.
Autokinesis effects were not
uncommon among the ground observers, as the objects appeared

vides one of the best proofs
yet that some kind of strange

as slowly moving light sources
in the dark sky.

airships have invaded our atmosphere.
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8.

Reports:

The Credible Number of ''Flying Saucers"

Most readers of this report will perhaps be convinced that alien
spaceships or some other unknown phenomena can be involved in only a
very small percentage of all UFO reports or perhaps in none.

Yet there

is a curious tendency on the part of many students of the problem to
imply that the sheer number of reports somehow proves that there must
be some physical reality involved.

For example, J. E. McDonald (1968)

argues before the House Committee on Science and Astronautics, in a
one-paragraph statement on witness credibility:

"

. It seems

tedious to enlarge here on those obvious matters. One can be fooled
of course; but it would be rash indeed to suggest that the thousands
of UFO reports now on record are simply a testimony to confabulation,
as wi 11 be better argued by some [selected cases] . " Jones, who argues
against the probability of any substantial number of flying saucers,
says: "There have been so many flying saucers seen by now, if we were
to believe the accounts, that surely one of them must have broken down
or left some trace of its visits.

It is true that one can explain

the absence of relics by supposing .

fantastic reliability . .

"

It would seem to me that if one begins by studying both witness
reliability and selected cases, and if one thereby realizes that it is
quite conceivable and probable for the great bulk of reports to be
simple mistakes and fabrications, then arguments invoking the enormous
number of reports become irrelevant.
"residual" of puzzling reports.

We are concerned by only a small

This raises another approach to the UFO "residual" reports.
could attempt to answer the question:

We

what is tne maximum frequency

of spaceships that could actually have penetrated our airspace and
still leave us with such meager evidence as we have for their existence?
Obviously if a 30-ft. metal disk hovered

ov~r

the Capitol for some

hours, we would have a multitude of photos, video tapes, and other
hard evidence from different observers in different positions.
Some measure of public reaction to spectacular and unfamiliar
celestial phenomena can be gained from study of fireball reports.
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Six

spectacular fireballs were studieJ to this end using analyses by C. P.
Olivier of the American Meteor ~ociety (1962, 1963, 1967) and reports
in Sky and TeZesoope. Among these, the longest duration was only 31
sec. for the 25 April 1966 object; yet even for an object of such
short duration, a number of photographs were made. In other cases,
dust trains of duration up to 17 min. were photographed and widely
reported. The Zond IV observations are also applicable. These data
permit estimates of the frequency of both visual and photographic
reports.
The fireballs were brighter than the full moon in most cases.
Often they appeared not as point sources, but as a disk about half
the size of the moon. Some of them were bright enough to attract the
attention of persons indoors; some of them were accompanied by thunderlike explosions. All attracted national publicity. In short, they
are remarkable enough to have attracted attention and photographs, and
are thus considered comparable to h~othetical, well-observed "flying
saucers" in public response.
The analysis must take into account the number of inhabitants in
the area of visibility as well as the duration of visibility. We may
call the product of the number of inhabitants times the duration, the
"exposure" of the phenomenon. We can ask how the total number of actual
witnesses is related to tr.e exposure.
For short-period durations (a few minutes) it is reasonable to
expect that the number of witnesses (a fraction of the number of
inhabitants) would be proportional to the exposure. This can also
be assumed about the number of detailed reports recovered by investigators who solicit them, and about the number of photographs. In the
fireball and Zond IV cases there are data giving number of witnesses,
number of recovered reports, or number of photographs. Thus, if N
is the total number of inhabitants, and t is the duration of the event
(sec.), we have a first-order theory of the form
no. witnesses

= Nw = CwNt,
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= Nr = Cr Nt,
photographs = N = C Nt.
p
p

no. recovered reports

no. recovered
It is possible to identify the proportionality constant, C from the
reports mentioned above.

Derived values are listed in Table 4.

The

constant 1/C has dimensions man-sec/witness (or /report, /photographer).
For example, the Air Force files on Zond IV yield 78 reports for a twominute phenomenon visible from a region inhabited by an estimated
7
23,000,000 persons, giving 3.5 x to man-sec to generate one report.
It is clear that the number of photographs generated will depend
on the duration of the phenomenon in a more complex

wa~ ~han

indicated

in our simple equation, since with durations longer th~fi some limit,
more witnesses will have time to obtain a camera. In this approximate
and first-order treatment, this complication is neglected.
Application of Table 4 can be illustrated by the fireball reports.
The original data suggest about 500 reports in five years for these
very bright objects. We assume that the average fireball is visible
roughly 10 sec.

These figures allow us to solve the equation (cited

above) for the number of inhabitants through whose skies pass fire6
balls in five years. If it takes 6 x 10 man-sec. to generate one
report (Table

4 ) , then the fireballs must have been exposed to about

300,000,000 people.

This figure is expected to be accut·ate to some-

thing better than an order of magnitude. That is, every citizen of the
United States evidently has such a fireball in his sky about once every
few years (whether or not he is outside and sees it).

This is in good

accord with known data - Vedder's (1966) estimate of the flux of meteors
of magnitude -15 is one every three to four years over an area of the
size of the United States.
The question before us is how many of the UFO reports could
correspond to real objects in view of the available data.
"residual" of even 2% of the cases reasonable?

Is a

We have three relevant

statistics: (1) National opinion surveys indicate that roughly 5 x 10 6
persons of the total U. S. population believe they have seen UFOs i.n
20-year interval since they were first reported.
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If 2% of these represent

Table 4 ·
;

'

Response to Unusual Aerial Objects*

·:

Fireball
Date

Location

17 November 1955

France

16 Januart 1961

California

23 April 1962

1/C

1/Cw

1 /C

r

6.0

X

10

New Jersey

1.5

X

10

25 March 1963

Maryland

9.1

X

10

9 December 1965

Michigan

5.3

X

10

25 April 1966

New York
(Zond IV)

3 March 1968

5.0

3.1

Adopted
value

10

4

X

X

10

10

p

6

4

3

5.4 X 10
3.5

X

10

6

X

10

6

10

X

<

1.2

X

<

4.0

X

10 10
8
10

s

X

10

5
6
6
7

6

*These figures are understood to apply only to short-duration
sightings, since, obviously, by extending the duration one
cannot obtain more witnesses than the number of inhabitants.
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9

6.0

9

5
really strange unknowns, we should have 1 x 10 witnesses.

(2)

There have been roughly 15,000 recovered cases, representing perhaps
45,000 individuals' reports.

unknowns.

(3)

A 2% residual would give 900 reports of

The project study suggests that the "resi-:iual"

photographs of unidentifieds number of the order of 20.
Combining these three statistics w1th the three constants from
Table 4 we derive three independent estimates of the total

ber of

citizens exposed to the 11high-strangeness residual UFOs" in the last
7
8
9
20 years; viz., 2 x 10 ; 1 x 10 ; and 2 x 10 . It can be s·
that
the accuracy is no bE-tter than a.n order of magnitude. How~v· .;, ) taking
200,000,000 persons as a representative value, the implic,\t.l, •• s are
clear.

The results suggest that merely to generate the 2% residual,

every person in the country has had an UFO visible above his horizon
once in the last 20 years.
Of course, since most man-hours in this country are spent indoors,
or asleep, or paying no attention to the sky, it is not surprising that
very few people have reported seeing such craft.
account the

~rray

But taking into

of automatic surveillance equipment operating in this

country , it does border on the incredible that the "hard" evidence
should be so scanty.

The statistic is similar to the five-year statistic

for brigi.t fireballs, and although the "evidence ~athered over 1n
arbitrary five-year time span for the existence of bright fireballs"
is sir.tilar to that gathered over 20 years for "flying saucers" the
"fireball evidence" is perhaps more convincing : it includes detection
by automatic survey cameras, large
and more reliable witnesses.

number~

of witnesses per incident,

To accept as many as 2% residual cases

as examples of extraordinary aircraft, then, is to accept that an UFO
could fly azound the country in such a way as to be

potenti~ZZy

visible

to, or in the sky of, every citizen for 40 sec. without being positively
recorded or conclusively reported.
9.

Conclusions
As we have already

stated~

some students of the UFO problem have

used the argument, either directly or by implication, that where there
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is so much smoke there must be some fire, i.e. that some of the UFO
r.
.,
~
::.

reports must involve truly extraordinary phenomena such as alien spaceships or unknown meteorological effects.
to the question:

This chapter is addressed

is it conceivable and defensible that all of the UFO

reports could result from mistakes, illusions, unusual conditions, and
fabrications?
The answer appears clearly affirmative, although we claim no
proof that all ruports can be so explained.
stage process:

We have looked at a three-

a perception is received of some unusual apparition;

a aonception is created by interpreting the percept and combining it
with prior concepts; a

Pepo~t

or on some public document.

is eventually made to an investigator
Each step introduces possibilities for

error.
The number of phenomena and combinations of phenomina that can
produce unusual percepts is so enormous that no investigation can
begin with an a priori list of explanations and expect to match one
to each case.

The varjety is effectively infinite and it must be

realized th&t in effect the investigator is asking for a report each
time an unusual percept is generated.

Obviously, this will be fre-

quent.
Our data demonstrates beyond question not only that weird and
erroneous concepts are widely formed, but also that these erroneous
concepts are often precisely those that show up in the UFO phenomenon.
Perhaps as a re~•1lt of their popularization in the UFO literature,
the phenomenon feeds on itself to a certain extent.
Finally, the reporting processes are demonstrably such that very
low signal-to-noise ratio is generated.

That is, certain social forces

conflict with clear, concise, and thorough presentation of UFO reports.
Sarcasm is employed at the expense of logic.

A whole body of literature

exists by virtue of the sensational aspects of the problem.
In conclusion, it appears that the number of truly extraordinary
events, i.e. sightings of alien spaceships or totally unknown physicalmeteorological phenomena, can be limited to the range 0-2\ of all the
available reports, with 0 not being excluded as a defensible result.
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Chapter 3
Psychological Aspects of UFO Reports
Mark W. Rhine
Scientists

invest~gating

the

pheno~;~na

of unidentified flying

objects have been faced with an unusual dilemma:

in the absence of

any "hard data" to evaluate, such as a fragment from an UFO or an
actual visitor from outer space;

th~

scientist is confronted with

the question of abandoning the entire investigation or of relying
on eye-witness reports, a notoriously unreliable source of information.
The scientist is most comfortable with data which can be replicated
and validated by repeated experiment and which his colleagues can
confirm.
One way out of such a dilemma is, of course, to deal only with
"hard data" and to reject eye-witness reports, with the rationalization that such reports are liable to distortion, cannot be "proved,"
or are apt to come from "crackpots."

Such an attitude is as harmful

to the pursuit of truth as is that which is uncritically willing to

An open-minded investigator, honestly
endeavoring to understand UFO phenomena, cannot dismiss eye-witness
reports, which to date represent the only information he has. Neither
~an he accept such reports without scrutiny, for there are many possibilities for error and distortion. An initial attitude of ·~enevolent
skepticism," as suggested by Walker (1968) in his excellent article
on establishing observer creditability, seems appropriate to the
evaluation of eye-witness observations.
P~rception is an extraordirarily complex process by which people
select, organize, and interpret sensory stimulation into a meaningful
picture of the world (Berelson, 1964). Perception is more than just
raw sensory data; it compromises the ~election and interpretation of
this data, and it is just in this evaluation of sensations that
distortions are likely to occur which may render one person's perception
accept any eye-witness report.
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of an event quite different than his neighbor's. There are three broad
sources of error in reporting which are of significance to UFO research:
1) real stimuli which are misidentified (see Section VI, Chapter 1 and
2); 2) unreal stimuli perceived as real; and 3) deliberate falsification.
Errors resulting from misidentification of real stimuli
Optical illusions and the fact that the mind is apt to "play tricks"
are well known. The moon on the horizo~ appears larger than when it is
higher in the sky. A stick in the water seems to be bent. Guilford
(1929) showed that a small stationary source of light in a dark room
wi 11 appear to move about (the autokinetic effect). "Floaters" in the
lens of the eye are perceived as "spots" in the air. The following
lines look to be of different lengths:
1.

(

J

)>--------<(
Measuring shows th~m to be exactly the same length.
These are perceptual distortions which are experienced by everyone. Other distortions may be peculiar to the individual because of
his own psychological needs. It is cammon knowledge that '~eauty is
in the eye of the beholder." Poor children are more apt to overestimate
the size of coins than are rich children (Bruner, 1947). Bruner
showed that coins marked with a dollar sign were rated larger in size
than equal coins marked with a swastika (Bruner, 1948). The psychological
literature is full of reports of similar distortions of size, distance,
and time and their relationship to individual emotional characteristics
(Erikson, 1968; Fergus, 1966; Vernon, 1962). The concept of pePoeptuaZ
de ftmss h used by pS}'Chologists to characterize the l~t:onsc.i.ous. tendency of people to omit perceiving what they do not w~nt to p61ceive
(Erikson, 1968). Volunteers were more apt to recognize ~motionally
neutral words than emotionally laden words when they were briefly flashed
on a screen (McGinnies, 1958).

I

I
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All the above errors in perception occur in "normal" people in
everyday situations. Some types of perceptual distortions are known
to occur to normal people under extraordinary circumstances. Pilots,
under the influence of rapid acceleration, diving, etc. may incur
perceptual problems because of physiological changes which must be
taken into account in evaluation of their sightings (Clark, 1957).
sam~

In

delirious or toxic states (for example, resulting from pneumonia,

drug ingestion, alcohol withdrawal), the patient will misidentify a
stimulus.

The example of a patient calling the doctor or nurse by the

name of some friend or relative is quite common.

Emotionally disturbed

persons are more apt to misperceive than are more balanced individuals,
but it ihould be emphasized that numerous distortions can afflict even
the most "normal" individual and Pnwi ttingly bias his reports.
2.

Errors resulting from perception of unreal stimuli as real
Such errors may be the result of psychopathology, as with the

hallucinations of the psychotic.
! .1·oduct ions

Unable to distinguish his inner

from outer rea 1 i ty, he reports them as real .

Anyone who

has awakened abruptly from a dream not knowing where he is or whether
or not he has been dreaming will recognize this feeling, which in the
·(I

in

.1

Jtic persists in the waking state, as if the psychotic were living
waking dream.

Such states may occur in heal thy people under

conditions of sensory deprivation:

lone sailors have reported imaginary

helmsmen who accompany them, poliomyeU tis victims living in iron lungs
have experienced hallucinations and delusions, often resembling traveling in vehicles resembling the respirator.

Pilots may show detachment

and confusion, (Clark, 1957) and long-distance truck drivers may develop
inattention, disorientation, and hallucinations (McFarland, 1957).
operators show serious lapses of attention (Mackworth, 1950).

Radar

Such

possibilities must be consiuered in evaluating the reports of isolated
people. Isolation experiments have shown the development of halludnations in normal subjects. For an extensive review of this subj~ct,
see Ruff (1966). Such errors may also occur in children, in suggestible
people, in persons of low intelligence, and in those subject to visions.
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3.

Dehberate falsification
People with serious character pathology may lie for many reasons:

fame, notoriety, attention, money.

They constitute a problem not only

to UFO research but to the courts. An exa~ple of this type of person
is the man who confesses to a crime which h~ did not commit.
4.

The crowd effect
The above examples suggest some of the many sources of distortion

in the perceptions of individuals.

Put two or more individuals together,

and the possibi 1i ties for distortion multiply. "Mass hysteria" is a
familiar concept. Charles Mackay (1967) wrote a lengthy volume in 1841
entitled Extl'aordinary Popular Delusions and the Madness of Ct•a..lds in
which he recounted many of the popular follies through the ages.

Two

incidents are of particular interest to UFO investigators because they
show clearly the role of crowd psychology in times of imminent disaster:
one is the great London panic of 1524 in which thousands left the city
to avoid a great flood ·.ihich a fortune-teller predicted and which, of
course, never occurred; the other concerns an epidemic plague which
afflicted Milan in 1630; the populace attributed the disaster to the
Devil (the germ theory was still several centuries off), and one individual, brooding over the calamity unti 1 "he became firmly con vi need
that the wild flights of his own fancy were realities," related being
swept through the streets in an air-borne chariot, accompanied by the
Devil.

Mackay notes in his foreword that "the present [volume] may be

considered more a miscellany of delusions than a history--a chapter
only in the great and awful book of human folly which yet remains to
be written, and which Parson once jestingly said he would write in 500
volumes."

One wonders if future historians may laugh as readily at our

concerns about UFOs as we can about the London panic or the attempts to
explain the plague of Milan.
Sharif (1935) demonstrated in a classic experiment the influence
people have on one another's perceptions.

He had a group of people

observe a stationary light (such as Guilford used) in a darkened room.
Although stationary, the light appeared to move, and in a different
dire<.:! ion to each observer.

The members of the group were ab !e to

eventually reconcile the initially divergent perceptions, and to agree
979

in what direction the light was ''moving."

Such ability to check out

one's impressions with others and to get feedback is a healthy

mech~nism

and accounts for one of the ways in which we confirm our perceptions.
The unavailability of this mechanism may account for some of the mispercepti~n

that occurs under conditions of sensory deprivation.

Although "feedback" from others is usually a healthy mechanism leading
to a correction of misperceptions, under certain conditions it may lead
to an exaggeration of faulty perceptions and to ''mass hysteria."

One of

the best known examples in recent times was the "invasion from Mars" in
1938, when Orson Welles' radio broadcast of a science-fiction drama had

thousands of listeners from coast-to-coast in a state of panic because
they believed the Martians were really invading the earth and that the
end of the world was at hand.

Cantril's study (1966) of this incident,

subtitled A Study in the Psyahology of Pania, makes fascinating reading.
He feels the anxieties of the times, the economic depression, and the
imminent threat of war set the stage for the panic.

He examines the

psychological factors which made some people believe the broadcast to
be true, whereas others regarded it as fiction or were able to ascertain
what was happening (by checking other stations, phoning the police or
newspapers, etc.) .

The believers seemed to have a "set," a preconceived

not1on that God was going to end the world, that an invasion was imminent,
or had some fanciful notions about the possibilites of

s~ience.

When

they heard the broadcast, they immediately accepted it as proving what
they had alreacy believed, and tended to disregard any evidence which
might disprove their immediate

concl~sions.

Others showed poor judgment

in checking out the show, using unreljable sources of confirmation and
accepting their statement that the broadcast was real.

Others, with no

standard of judgment of their own, accepted without question what the
radio said.

Cantril concludes (p. 138) that this susceptible group is

characterized by:
a certain feeling of personal inadequacy.

The indi-

vidual is unable to rely on his own resources to see
him through . . . [he] believes his life and fate are
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very largely dependent on some focus beyond his
control, or on the whim of some supernatural being.
All this adds up to an intense feeling of emotional
insecurity, one which is likely to be augmented as
the situation surrounding the individual appears more
and more threatening . . . [he] wi 11 be highly
susceptible to suggestion when he is face-to-face
with a situation that taxes his own meager selfreliance . . . whatrver critical ability a person
may normally have, it is ineffective if in any given
situation his emotional securities are so great that
they overwhelm his good judgment. Such situations
are likely to be those where the individual him~elf
or something dear to him are threatened.
Another relevant study in social psychology is The June Bug:

A

Study of Hysterical Contagion (Kerckhoff, 1968).

This is an account of a
mysterious illness, manifested by nausea and a generalized rash, which
afflicted some of the workers in a southern textile mill and was popularly attributed to the bite of an insect. The insect turned out to
be non-existent and the symptoms were considered to be "hysterical. 11
Only workers from one division of the factory were afflicted; the
authors attributed the epidemic to the frustration and strain of a
work situation (peculiar to the division in which the afflicted employees
worked) from which there was no socially legitimate way to escape.

The June Bug contains an extensive review of the literature of
''hysterical contagion, 11 which is defined as "the dissemination of symptoms
among a population in a situation where no manifest bas is for the symptoms
may be established," and where "a set of experiences or behaviors which
are heavily laden with the emotion of fear of a mysterious force arc
disseminated through a collectivity . . . [it is] inexplicable in terms
of the usual standards of mechanical, chemical, or physiological causality."
Smelser (1963) is quoted as defining a hysterical belief as one "empowering
an ambiguous element in the environment with a generalized power to destroy."
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The possibility of hysterical contagion must be kept in mind in
the evaluation of some UFO sighting reports.
The psychiatric literature on UFOs should be mentioned briefly.
l

!
~

I
II
1

In comparison with the vast popular literature, the psychiatric literature
is surprisingly scant. The only extensive work of which this author is
aware is a volume by the late Swiss psychoanalyst, C. G. Jung, entitled

FZying Sauoezts: A Modern Myth of Things Seen in the Skies (1959).
Noting the tendency to welcome news about "saucers" and to suppress
skepticism Jung raises the interesting question "why should it be more
desirable for saucers to exist than not?"

He fee.ls that t l eir appear-

ance since WorlJ War II is a reflection of the anxieties of a nuclear
age, in which man possesses the capability of actually destroying the
world.

Saucers may represent man's anxiety that the end of the world

is here, or may represent a superhuman source of salvation. Historically,
man's anxiety and his quest for salvation have been projected in many
legendary and religious forms, but in an era of rapid technological and
scientific advance including space flight, it is not suprising to find
"scientific" rather than religious imagery. Other authors have mentioned
the anxieties of the nuclear age and the personal search for magic as
contributing to some of the belief in UFOs (Meerloo, 1968).
5.

Medical and psychological techniques
It is clear that there are many factors which may influence percep-

tions and reporting.

The investigator must be aware of possible sources

of subjective interpretation by witnesses which may complicate the
problem of arriving at the truth about UFOs. How can the investigator
minimize such subjective error? Walker's recommendations on establishing observer creditabi l ity are excellent. He examines in detail the
anatomic, physiologic, and psychological factors influencing perception
and their many aberrations, and recommends a detailed medical, ophthalmological, and a neurological examination, and in those individuals who
show no organic impairment, a full psychiatric interview. The testimony
of any observer who shows no significant medical or psychological conditions which might distort perception or interpretation must gain in
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creditability. I would suggest that, in addition to Walker's detailed
recommendations, the use of psychological testing (expecially projective
tests such as the Rorschach and the Thematic Apperception Test) be used
when recommended by the psychiatrist. A psychiatric interview, if made
a routine part of the evaluation of observers, should carry no social
stigma.
Two adjuncts to the psychiatric evaluation must be mentioned. The
polygraph (lie detector) may occasionally be used where deliberate falsification is suspected. The test is useful, but not fool-proof. lhe
use of hypnosis has been reported in at least one of the popular
accounts of UFO sightings to establish the "truth" of the observations
(Fuller, 1966). Statements made under hypnosis are gradually acquiring
greater legal acceptability (Katz, 1967; Bryan, 1962), but the fact
remains that neither the evidence adduced from the use of a polygraph
nor that obtained by hypnotic techniques can be relied upon as probative.
Hypnosis has nothing to contribute to the routine evaluation of the
creditability of tha eye-witness. While it may occasionally be useful
as a source of information, is cannot be used as a way of p~oving that
the witness is telling the truth. Sometimes hypnosis can aid in
bringing to conscious awareness, material that has been repressed. But
persons who cannot distinguish their fantasies from reality will, under hypnosis only reveal more of the same fantasies. Their productions under hypnotic
trance will demonstrate only that their reports are "real" to them, even though
they may not in fact have any basis in objective reality. Wolberg (1966) states :
It is essential not to take at face value
memories and experiences recounted in the trance.
Generally, the productions elaborated by a person
during hypnosis are a fusion of real experiences
and fantasies. However, the fantasies in themselves are significant, perhaps, even more than
the actual happenings with which they are blended.
Asking a patient to recall only real events or
to verify the material as true or false, reduces
but does not remove the element of fantasy.
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In addition to the evaluation of individual observers, it would

see• wise in future investigations to make use of sociologists and
psychologists in those cases where more than one person has made a
sighting, to rule out the possibility of hysterical contagion, as well
as to contribute to our knowledge of this condition.

There should be

opportunity to investigate both people who sight UFOs and those who
do not.
This chapter raises more questions than it answers.
many interesting psychological questions:
in UFOs never seen one?

There are

Why have some fervid "be Levers"

Why do some persons who see an UFO regard it

as simply an unidentified aerial phenomenon, while others are sure it
is a "space vehicle ?" Why do some refuse to accept evidence that what
they saw was really an airplane, weather balloon, etc., while others
readily accept such explanations?
await future research.

The an3wers to such questions must

It was not the purpose of the project to explore

the psychology of UFO sighters, but rather to explore the nature of
the UFOs themselves.

l

t
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Chapter 4
Optical Mirage
William Viezee
1. Introduction
An optical mirage is a phenomenon associated with the refraction of
light in the gaseous (cloud-free) atmosphere.

During mirage a visible

image of some distant object is made to appear displaced from the true
position of the object.

The image is produced when the light energy ema-

nating from the distant source travels along a curvilinear instead of a
rectilinear path, the curvilinear path, in turn, arises from abnormal
5!' .. · . lll

variations in density that are invariably associated with abnormal

tem~~ i eture

gradients.

The visible image of the m·.rage can represent shape and color of the
"mirrored" object either exactly or distorted. Distortions most commonly
consist of an exaggerated el~ngation, an exaggerated broaJening, or a complete or partial inve:r.• ·:•
multiple images of a ~ ·
~
separation of the coloi
tion of a mirage.

the obJect shape. Frequently, mirages involve
~our~.1.
Under special conditions, refractive

- ~·

~omponents

of white light can enhance the observa-

Atmospheric scintillation can introduce rapid variations

in position, brightness, and color variations of the image.
When both the observer and the source are stationary, a mirage • an be
observed for several hours.

However, when either one or both are in motion,

a mirage image may appear for a duration of only seconds or minutes.
Although men have observed mirages since the beginning of recorded
history, extensive studies of the phenomenon did not begin till the last
part of the 18th century.

Since that time, however, a large volume of

literature has become available from which emerges a clear picture of the
nature of the mirage.
The comprehensiv~ body of information

pr~sented

here is based on a

survey of the literature, and constitutes the state-of-the-art knowledge
on optical mirages.

The report provides a ready source of up-to-date

information that can be applied to problems involving optical mirages.
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No claim is made that aLl existing pertinent writings have been
collected and read.

The contents of many publications, especially of

those datina back to the last part of the

18t~

Century and the beginning

of the 19th Century are evaluated from available summaries and historical
reviews.

Also, when a particular aspect of the mirage phenomenon is con-

sidered, the collection of pertinent literature is discontinued at the
point where the state-of-the-art knowledge appears clearly defined.

The

collected volume of literature covers the period 1796 to 1967.
In essence, the literature survey yields the following principal
characteristics of the mirage:

(1) Mirages are associated with anomalous

temperature gradients in the atmosphere.

(2) Mirage images are observed

almost exclusively at small angles above or below the horizontal plane
of view; mirages, therefore, require terrain and meteorological conditions
that provide extenqed horizontal visibility.

(3) A mirage can involve

the simultaneous occurrence of more than one image of the "mirrored" object; the images can have grossly distorted forms and unusual coloring.
(4) E.:t.treme brightening and apparent rapid movement of th'"

J.ge image

in and near the horizontal plane can result from the effects of focussing
and interference of wavefronts in selected areas of the refracting layer.
Only minor shortcomings appear to be evident in present knowledge ui
mirage phenomena.

Ultimately, a unified theory is desirable that can deal

with both the macroscopic and microscopic aspects.

Currently, the behavi or

of light refraction on a large scale is represented by means of rays while
the finer details are treated with the wave theory.

More observations are

needed that deal with the microscopic optical effects of the mirage.

The

finer details that arise mostly from focussing and interference are not
convnonly observed.

They require close examination of areas that are highly

selective in time and place.
2.

Cross Section of Surveyed Literature
The contents of this report are based on a survey of literature on

atmospheric refrAction in general and on optical mirages in particular.
The survey began with the review of such basic sources of information on
atmospheric optics as MeteoPoLogiBahe Optik, by Pernter and Exner, Phyv/ca
of the Ail', by Humphreys ,The Nature of Light and CoLour in the Open Ai r,
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by Minnaert, and The

of MeteoroLogy. These sources present
historical summaries, and their contents are to a large extent based on
literature surveys. Key references mentioned in these sources were examined and a large volume of literature was subsequently col~ected by
following successive reference leads. Pertinent information on atmospheric scintillation was obtained from several sources, in particular
from Optiaal SaintiZZation; A Survey of the Literature, by J. R. MeyerArendt. A cross section of the collected literature is listed below.
Because of the wide range of aspects covered, the literature is listed
in the following categories: (1) papers on optical mirage thP. contents
of which are mostly descriptive, (2) papers that propose theoretical
models of atmospheric refraction or optical mirage, (3) papers that compare theory and observation, (4) papers that are concerned with the
application of terrestrial light refraction to meteorology. surveying,
and hydrography, (5) papers that present average values of terrestrial
refraction based on climatology, and (6) papers on atmospheric scintillation. Within each category, publications are arranged chronologically.
In Category 1, descriptive accounts of mirages go back in time to
1796, when Joseph Huddart observed superior mirages near Macao. (Earlier
accounts can be found in MeteoroZogisahe Optik.) Numerous recent observations of abnormal atmospheric refraction can be found in The Marine
Observer. The two "classical" observations most frequently quoted as
having "triggered" a long series of imestigations on optical mirage are
the observations of Vince and Scoresby. Vince (1798) from a posi tiou on
the sea shore obseTved multiple images of ships. some upright and some
inverted, above the ocean horizon; Scoresby (1820) observed elevated
images of ships and coastal lines while navigating near Greenland. Both
observations were carefully dncumented and results were read before
bodies of th~ Royal Society.
Proposed theories of the mirage (category 2) are basically of three
types, that are best represented by the respective works of Tait (1883),
Wegener (1918), and Sir C. V. Raman (1959). Tait (in his efforts to explain the observations by Vince and Scoresby) considers a vertically
Comper~ium
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finite refracting layer having a continuous change in refractive index,
and formulates the ray paths for a plane-stratified atmosphere.

Wegener

(motivated by mirage observations made during his stay in Greenland)
replaces Tait's finite refraction layer with a "reflecting" surface - i.e.,
a surface of discontinuity in the refractive index - and formulates the
ray paths for a spherically stratified atmosphere.

Raman questions

the use of geometric optics in the .theory of the mirage and shows by
means of physical optics that the upper boundary of the refracting layer
resembles a caustic surface in the vicinity of which focussing and interference are the major mir~ge-producing effects. All three theories quite
accurately describe various mirage observations.
Comparisons made between observation and theory (category 3) indicate that the two are compatible- i.e., abnormal light-refraction phenomena
are associated with anomalous atmospheric-temperature structure.

Many in-

vestigations (category 4) are concerned with determining the effects of
light refraction on optical measurements made in such fields as surveying
and hydrography.

Corrections for refraction based on average atmospheric

conditions have been computed (category 5).

Of specific interest to

meteorologists are the attempts to develop inversion techniques for obtaining low-level temperature structure from light-refraction measurements
(category 4).

The temperature profiles that can be obtained do not have

the desired resolution and accuracy. During the last decade, literature
on atmospheric scintillation has become extensive due to its importance
to astronomy, optical communication, and optical ranging.

A selected

number of recent pape~s are presented in category 6.
The publications categorized below represent a cross section of the
various endeavors that have resulted from the Earth's atmosphere having
light-refraction properties.

The body of information is fundamental to

the contents of this report.

In addition to the listed literature, many

other sources of information on atmospheric optics were consulted in its
production.

They are referenced throughout the text, and are compiled

in a bibliography at the end of the report.
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Wollaston, William Hyde, "On Double Images Caused by At3.
mospheric Refraction," Phil. Trans.~ Vol. ~0, pp.239-254
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4.
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Sea," Trans. Roy. Soa. Edinburgh~ Vol. 9, pp. 299-305
(1823).
Parnell, John, "On a Mirage in the English Channel," PhiZ.
5.
Mag.~ Vol. 37, pp. 400-401 (1869).
Forel, F. A., "The Fata Morgana," Proa. Roy. Soa. Edinburgh~
6.
Vol. 32, pp. 175-182 (1911).
7.
Hillers, Wilhelm, "Photographische Aufnahmen einer
mehrfachen Luftspiegelung," Physik. Ze·:tsahr. ~ Vol. 14,
pp. 718-719 (l~l3).
8.
Hillers, Wi~helm, "Einige experimentelle Beitrige Zum
Phiinomen der dreifachen Luftspiegelung nach Vince,"
Physikalisahe Zeitsahrift~ Vol. 15, p. 304 (1914).
Visset, S. W. andJ. Th. Verstelle, "Groene Straal en
9.
Kimduiking," Hemel en Dampkring~ Vol.32, No.3, pp.81-·87
(March 1934).
10.
Meyer, Rudolf, "Der grUne Strahl," Meteoroologisahe
Zeitsahroift~Vol. 56, pp. 342-346 (S~ptember 1939).
Science Service, "Mirage in Desert May fxplain How
11.
Israelites Crossed Red Sea Unharmed," Bull. Am. Met. Soa.,
Vol. 28, p. 186 (1947).
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13.
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St. Amand, Pierre and Harold Cronin, "Atmospheric
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Part 1, (April 1950).
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Menzel, Donald H., "Lenses of Air," Chapter 16 of
Flying Saucers (Harvard Univ. Press, Cambridge, Mass.,
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Biiker, R. E., "Abnonnal Refraction in Red Sea,"
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Gabler, Horst, "Beobachtung einer Luftspiegelung
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Basic Physical Concepts and Atmospheric Variables Involved
in Li&ht Refraction
A.

General

In a vacuum or in a medium of constant density, the energy from a
liaht-emitting source travels along a straight line.

Consequently, a

observer sees the light source at its exact location.

dist~nt

In a

medium of variable density, such as the earth's atmosphere, the direction of

~nergy

refracted.

propagation is deflected from a straight line; i.e.,

Refraction causes an observer to see a distant light source

at an apparent position that differs from the true position by an angular
distance the magnitude of which depends on the degree of refraction, i.e.
on the degree of density variation between the observer and the light
source.

Changes in the direction of energy propagation arise principally

from changes in the speed of energy propagation.

The latter is direc.ly

related to density.
A clear picture of what causes refraction is obtained by

me~ns

of

Huygen's principle which states that each point on a wavefront may be
regarded as the sou:rce or center of "secondary waves" or "sccon-:lary
disturbances,"

At a given instant, the wavefront is the enveloJ.Ie of

the centers of the secondary disturbances.

In the case of a travelling

wavefrvnt the center of each secondary disturbance propagates in a direction

perpendicular to the wavefront.

When the velocity of propagation

varies along the wavefront the dis t urbances travel different distances
so that the orientation of their enveloping surface changes in time,
i.e., the direction of propagation of the wavefront changes.
Practically all large-scale effects of atmospheric refraction can
be exp!ained by the use of geometrical optics, which is the method of
tracing light rays-- i.e., of following directions of energy flow.
laws that form the basis of geometrical

opti~s

The

are the law of reflection

(formulated by Fresnel) and the law of refraction (formulated by Snell).
When a ray of light strikes a sharp boundary that separates two transparent media in which the velocity of light is appreciably different,
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such as a glass plate or a water surface, the light ray is in general
divided into a reflected and a refracted part.

Such surfaces of dis-

continuity in light velocity do not exist in the cloud-free atmosphere.
Instead changes in the speed of energy propagation are continuous and
are large only over layers that are thick compared to the optical wavelengths. It has been shown (J. Wallot, 1919) that, in this case, the
reflected part of the incident radiation is negligible so that all the
energy is contained in the refracted part.

Since in the lower atmos-

phere, where mirages are most common, absorption of optical radiation
in a layer of the thickness of one wavelength is negligible, Snell's
law of refraction forms the basis of practically all investigations of
large-scale optical phenomena that are due to atmospheric refraction
(Paul 5. Epstein, 1930).
B.

Optical Refractive-Index of the Atmosphere

The optical refractive index (n) is defined as the ratio of the
velocity (v) at which monochromatic (single wavelength) light is propagated in a homogeneous, isotropic, non-conductive medium, to the velocity

(o) of light in free space, i.e., n • o/v. In free space, i.e., outside
the earth's atmosphere, n • 1.
Thus, in the case of a monochromatic
light signal travellini throuih a given medium, CJ/t-' >1. In case the liiht
signal is not monochromatic and the velocities (v) of the component waves
vary with wavelength (A), the energy of the signal is propagated with a
group velocity u where u • v -A(dv/dA). The group refractive index is
given by o/u • n - A(dn/dA)
(Jenkins and White, 1957). In the visible
region of the electromagnetic spectrum the dispersion, dn/dX is very
small (see Table 1) and a group index is nearly equal to the index at
the mean wavelength.
For a gas, the refractive index is proportional to the density p of
the gas.
This can be expressed by the Gladstone-Dale relation:

1• _l _ kp ,
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(1)
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Table 1

DEPENDENCE OF OPTICAL REFRACTIVE-INDEX
ON ATMOSPHERIC PRESSURE, TEMPERATURE AND WAVELENGTtl

(a)

Pressure Dependence
Condit1ons: 5455 A , 15vc
P, mb

(b)

n

-

1,000

1. 000274

950

1. 000260

900

1.000246

Temperature Dependence
Conditions: 5455 A , 1013.3 mb
T, oc

(c)

n

0

1.000292

15

1.000277

30

1.000263

Wavelength Dependence
Condi tior,s: 1013.3 mb, 15 .. C

)., A

n

4,000

1.000282

5,000

1. 000278

6,000

1.000276

7,000

1.000275

8,000

1. 000275
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where k is a wavelength-1ependent constant, P and Tare the pressure and
temperature, and H is the

constant.

g~s

The refractive index of a mix-

ture of gases, such as the earth's atmosphere,

j

s generally assumed to

obey the additive rule, that is, the total value of n - 1 is equal to the
sum of the contributions from the constituent gases weighted by their
partial pressures.

When the

is considered as a mixture of dry

~tmosphere

air and water vapor,
(n - l)P = (P - e) (nd -

1)

+ e(nv ..

1)

or
e
P
(nd

n = nd -

- nv)

where P denctes the total pressure of the mixture, e

the partial water

vapor pressure and the subscripts d and v referto dry air and water
vapor, respectively.

Using Eq. (1), the refractive index n of the moist

air at any temperature T and pressure P can

I'! -

1 -

PT0

be

written

(

TP- nd 0

where n. and n are the refractive indices at P0 and -~0

a

v

(about the center of the visible spectrum),
and T0

0

= 273 K,

nd

= 1.000292

and nv

= 1013.3 mb

at~

= 1.000257,

For A = 545SA 0
(7~0

mm Hg)

so that

e)

P ( l-0.12p
n-1• ( 78.7Xl0 -6 )T

For P •

1013.3 mb, maximum values of e/P(a\r saturated with water vapor)

for a range of tropospheric temperatures are as follows:
273

283

288

293

298

303

0.006

0.012

0.017

0.023

0.031

0.042

It is evident that in problems related to

terr~strial

light refraction

the effects of humidity on the atmospheric refractive index are negligible.

It is of interest to compare the formula for the optical refractive-

index with that for radio waves in the
written
(n- 1) • (77.6 x 10-t>J !:_
T
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centim~ter

(1

+

4810
1'

!lfJ'

range.

The latter can be

The formula for the optical refractive index can be wri ttcn
1'

n - 1 • kRT
d

where Rd

~

gas constant for dry air.

By introducing k as a function

of wavelength (Johnson, 1954), a final expression for the optical
refractive-ind~x

in the

atmospher~

B
n-l=A+-a2 - 0

can be written as

t

(2)

01

where the o

are resonance lines and o is the wavenumber in inverse

0

microns (i.e~ 1/A). TI1e latest equation is (Edlen, 1966):
(na- 1)
10 6 = ( 77.497 ) t "v.Ol3) ~q za -1 [ 0.306007 + 88.2581 2+ 0.5868 02
T
130 - o
38.9 X

where

n~

is the refractive index of dry air containing 0.03%

is the partial pressure of dry air, and Za
sibility factor for dry air (Owens, 19t>7).
unity; for Pa

= 1013.25

mb, T

= 28S.l6

"

-·1

co 2 , Pa

is the inverse compresza-l is very close to

K (15 0 C), Za -1 -1

= 4.15

x

10 -4 .

The standard value of Z -l is a~surned, i.e., the ~onstant is
a

1.000415 = 77.5 3 .
7
Table 1 gives the range of n for various ranges of atmospheric
77.49

pre~ sure,

X

t:.!mperature, and wave len6th.

The 1 ~sted values are of suf-

ficicnt accuracy for a discussion of optical mirage.

For a more
6
recer.t version of Eq. (2) and differences in n smaller than 10referenc~

is made to the detailed work by Owens (1967).

Table 1 shows that the optical refractive index of the atmosphere
is a relatively small quantity and that its largest variations with
temperature, pressure and wavelength arc of the order of 10

-5

Such

small changes in the refractive index correspond to relatively small
changes in the direction of optical-energy propagation.

Hence, an

optical image that arises from atmospheric light refraction cannot be
expected to have a large angular displacement from the light source.
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C.

Snc 11' s Law of Refract ion
Snell's law, formulated for the refraction at a boundary, may be

stated as follows:

the refracted ray lies in the plane of inciocnLe,

and the ratio of the si nc of the angle of incidence to the sine of the
angle of refraction iS

The const:.ant i!> equal to the ratio of

~.:onstant.

the indices of refraction of the two media separated by the bourHlJry.
Thus, Snell's law of refraction rc4uires that:
sin~
sin~'

n'
n

=-

where ¢ and¢' are the angles of incidence and refraction respectively
in the first and second medium, while nand n! are the corresponding
values of the refractive index (see Fig. 1).
VERTICAL.
I

n > n1

FIG. 1 SNELL'S LAW OF REFRACTION

The angle of refraction (¢') is always larger than the angle of
inciden~e

(¢)when n > n', and the direction of energy propagation is

from dense-to-rare.

The critical angle of incidence

(~c)

beyond which

no refracted light is possible can be found from Snell's law by substituting ¢ 1

•

90°.

Thus,

n'

sin ¢ a • n-
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For all angles of incidence

c

the incident energy is totally re[lectud,

and the angle of reflection equals the

a~gle

of incidence (Goos and

Haenchen. 194 7) .
Mirages arise u11der atmospheric conditions that im·ol ve "tot fl. reflection."

Under such conditions the direction of energy propap,ation

is from dense-to-rare. and the angle of incidence exceeds the critical
angle such that the energy is not transmitted through the rt!fracting
layer but is ''mirrored."

The concept of total reflect ion is most rigor-

ou sly applied by Wegener in his theoretical model of atmospheric refraction (Wegener. \918).
Snell's law can be put into a form that enables the construction of
a light ray in a horizontal layer wherein the refractive index
c0ntinuously.

Introducing a nondimensional rectangular

system with the x-axis in the horizontal, tan ¢

~.a

c~nnges

coordinate

= dx/dz. where¢ denotes

the angle between the vertical axis and the direction of energy propagation in the plane of the coordinate

Snell's law can now be

~ystem.

applied by writing
tan ¢

sin ¢

= coS¢

and

where n

0

and

~

0

=

~

sin

sin ¢

"o

~in !llo

"

are initial values.

~= "a
1

-

sin

dx
dz

•

"'.J l-sin2~

Substitution gives

~i_n.

nO. siMo

=

;:;-_

2

')

rz£7 sin~0

n

(3)
2

2

no sin

¢a

2

When the refractive index n is expressed as a continuous function of x
and z, the solution to the differential equation (3) gives a curve in tl\l'
x.;.; plane that rcprcst!nts the

..

J:or C.KiiiiiJllc. WIIL'Il n"

dcl'f'llll'oC"',

li~ht

ray

I iu•·urly

emanatin~
WI

to thl· J'oint lu 11 . ·1·0 l .

lh ;; illllllollll~!

; ,,

11

II "

II

E4. (3) can Ul' inll'lo(l'ateu in tht· form
'
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l

X

=

cos

2

dz
~0

z

-

For an initial refractive index n0 and an initial dirrction of energy
flow~ , integration between 0 and z gives:
0

cos
This equation represents a parabola.

2

e0

-

z

Hence, for a medium in

~;\Jch

..,

changes with z in the above prescribed fashion, the rays er,a•:'it _;r;;r, t:::cr.:
a gi'Jen light source are a famj ly of parabolas.
When the ordinate of the nondimen!=lO:-tal coordi·1e1 : e
represent hei ght,2 must repres•':-.t

a

quantity

s :-·=t ~ ·:l i : ~

~·J

a?·, \.) l ~n: :-; ' h:r~ :Mir" :J f

height and a is the scale factor .
By introducing more complicated ·· '!trace : '· '"'
Eq. (3), the path !> J f the refracted

ray~

r.an be obtained and mirage images can be
investigatt~.r.s

have

~uccessfully

~ '1-:c::Y. p-;.·0 ..·5 .i.~:.

~~~~.)

f-rom .:..n e;-. .. e:. ;lr·J 1. :..~h ··· :: '-·:.. •·c c
1.

-Jnstruct\"d.

used this mt. tho•l

t ~.

,: t'r · ~

T.:d t :;:•':i

:r

v~r~. -:. :~

e::p ).c i;;

mirage observations.
Application of Eq. (3) is restricted to light
stratified atmosphere and to refractive-index

:~efr<o r. t ~ ,;·.

pro ~ iles

, r.

c:~ ii .l. '"'' '~

p ~ rm i t

thar

·r~

integration.

D.

Partial

Reflecti~ns

from Atmospheric Layers

The theory of ray tracing or geometrical optics docs no t ind1cat ·~
the exister.ce of partial reflections, which occur wherevez·
abrupt change in the direction ,

~· ~ropagation

t

of a wavefront.

ere is

:1.1',

.o1. ·1 ap.1r r; x ·

imate solution to the wave equat >Ju may be obtained for the rcfle .tion
coefficient applicable to a thin atmospheric layer (Wait, 1962):
?.2

2

R -

sec p
2

j,.)
f

e - 2ik 0 cos~l

z,
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ds

where R is the power reflection coefficient, $ the angle of incidence,

Z is height through R layer bounded by Z1 and Z2, and K0 is the vacuum
wavenumber K0 = 2 w/A • The equation is generally valid only when the
value of R is quite small, say R<lo- 4 •
This result can be applied to atmospheric layers of known thickness
and refr~ctive index distribution; the most convenient model is that in
which dn/dz = canst. for z1 ~ Z ~ z and dn/dz ~ 0 eveTywkere else.
2
Although some authors have argued that the reflection coefficient using
this model depends critically upon the discontinuity in du/dz at the
layer boundaries, it can be shown using continuous analytir models that
the results will be the same for any functional dependence so long as
the transition from dn/dz = 0 to dn/dz = canst. occurs over a space that
is not large compared to the effective wavelength.
length is defined as
R '"

where

~

= K 0 cos~h,

~n

Asec~.

The effective wave-

For the simple linear model, R is given by

h sec ~ s!n<t]'
2

is the total change in n through the layer, and

his the thickness of the layer, h = Z2-Z 1 . For large values of h/A,
and h :mce large values of a, the tenn sina/·a may be approximated as

1/ a for maxima of sin a. Since h/ A is always large for optical wavelengths. e.g. h/A; 2 x 104 for a layer 1 em thick, the power reflection
coefficient may be approximated by

= (: ~) scc6~
2

R

A
Atmospheric layers with u,r
3.0 x 10 -6 an d h s 1 em are known to

exist in the surface boundary layer, e.g. producing inferior mirage.
For visible light with a "center wavelength" of 5.6 x 10 -5 em (0.56u),
>. 0 /h is thus S. 6 x 10-S.
R then becomes
R : 1.6 x 10

-20

1008'

sec

6

~·

This is a very small reflection coefficient, and light from even
the brightest sources reflected at normal incidence by ~uch a layer
would be invisible to the human eye. The situation may be different
at grazing incidence or large 0; for a grazing angle of 1°, 0 = X9°,
6
10
sec~ 0 3.54 x 10
, and
R : 5.6

X

10-lO, 0 = 89°

The critical grazing ana~e, Qc' for a total reflection for the
thin layer under discussion is given by Qc - ~ , which yields a
value of 0.007746 raJ or 26.6'. Substituting 0 • 89° 33.4' in the
equation for R gives
R a 7.4 x ~o-8, • • 89° 33.4 1

Since the human eye is capable of recording differences at least
-8
as great as 3.5 x 10
(Minnaert, 1954), partial reflections of strong
liiht sources may occasionally be visible. The theoretical treatment
discussed here shows that as the critical angle for a mirage is exceeded
there should be a drop in reflected intensity on the order of 10- 7 8
10- , so that instead of a smooth transition from totally to partially
reflecting regimes, there should be a sharp decrease giving the
of a complete disappearance of the reflection.

impressio~

This is i 1 aareement with

observation. The theory also indicates that faint imaaes produced by
partial reflection of very bright light sources, e.a. arc lights, may
be seen at angles somewhat larger than the critical angle for a true
mirage.
E.

Spatial Variations in the Atmo5pherlc Index-of-Refraction
As dtctated by Snell's law, refraction of light in the earth's

atmosphere arises from spatiaZ variations in the optical refractiveindex. Sincen-f(P,T,A) accordina to Eq. (2), the spatial variations of

n(A) can be expressed in terms of the spatial variations of atmospheric
pressure and temperature. Routine measurements of the latter two quantities are made by a network of meteorological surface observations and
upper-air soundings. When the optical wavelength dependence of n is
neglected, Eq. (2) takes the form (for~). 5455 A,
n - 1 • (78. 7

x

10- 6 )

!:T

1009

--

and the aradient of n is g1ven by
Vn • (78.7 x

10"6)(~ VP

-

~

V'

Optical miraaes are most likely to form when atmospheric conditions of
relative calm (no heavy cloudiness, no precipitation or strong winds) and
extended horizontal visibility (<10 miles) are combined with large radiative
heatin& or coolin& of the earth's surface.

Under these conditions the verti-

cal gradients of pressure and temperature are much larger than the horizontal
gradients,

i.e., the atmosphere tends to be horizontally stratified.* Thus,
Vn

or

= ~~

:: • (78.7
an

aa.

-

10-6)(~ ~= ~ :~)

•(78. 7 x

(71L 7

X

10

6

10" )

X

-6 P
)

fz- (~ ":;)

TT ( -3.4 oC/100

m. -

aT
aa

(4)

ThusJ the spatiaL variation in the rejractiv~ indazJ i.e.J Ligh~ refraationJ
Jepends primariLy on the vertiaaL temperatu~ g~ient. When anjaa is
negative and the direction of eneray propag~tion is from dense to rare, the
curvature of light rays in the earth's atmosphere is in the same sense as
that of the earth's surface. Equation (4) shows that an/aa is negative for
all vertical gradients of temperature except those for which the temperature
~ecreases with hei~ht ~ 3.40C/100 m.
No light refraction takes place when
an;aa = O; in this case 3T/3a = -3.4° C/100 m. which is the autoconvective
lapse rate, i.e., the vertical temperature-gradient in an atmosphere of constant density.
Table 2 gives the curvature of a light ray in stconds of
arc per kilometer for various values of 3T/3a near the surfac~ of the earth
(standard P and T). When ray curvature is positive, it is in the same sense
as an earth's curvature.
*When horizontal gradients in the refractive index are present, the complex
mirage images that occur are often referred to as Fata Morgana.

It is

believed, however, that the vertical gradient is the determining factor in
the formation of most images.

1010

J

Table 2
CURVATURE OF LIGHT RAYS FOR VARIOUS VALUES
OF VERTICAL TEMPERATURE-GRADIENT AT
STANDARD CONDITIONS OF PRESSURE
(1013.3 mb) AND TEMPERATURE (273°K)

aT

aa-

CURVATURE OF LIGHT
RAYS ("/km)

(°C/100m)
-3.4
-1.0
-0.5
0

0

5.3
6.4

7.5
22.7
33.0

+6.9
+11.6

From Table 2 it is evident that two types of ver•·ical temperature
variation contribute most to the formation of miraaes; these are temperature inversions [C?T/a.) >0] and temperature lapse rates exceed1na
3.4°C/l00m (the autoconvective lapse rate). Superautoconvectiv~ lapse
rates cause li&ht rays to have neaative curvature (concave upward), and
are responsible for the formation of inferior miraaes (e.a., road miraae).
The curvature of the earth's surface is 33"/km, and thus whenever there
~s a sufficiently strong temperature inversion, light rays propagatina at
low angles will follow the curvature of the earth beyonA the normal
horizon. This is the mechanism responsible for the formation of prominent superior mirages.
F.

Meteoroloaical Conditions Conducive to the Formation of Miraaes
The strenath an~ frequency of vertical temperatuie aradients 1n the
earth's atmosphere are constantly monitored by meteoroloaists. The
laraest temperature chanaes with height are found in the first 1,000 m
above the earth's surface. In this layer, maximum temperature gradients
usually arise from the combined effects of differential air motion and
radiative heating or cooling.

The t~mperaturl" ;'"!crease through a low-level juvcrsion la}"cr \' :Ill
\'ary from a few degrees to as much as 30°C Juring ni~httirnc t:ooling ,,r
tht' ~l'ot:.nd layt>r. Our ing daytime heat inc, the temperature can drop l1 y
as .liG\. :1 as 20°C in the first couple of meters above the ground
1011

1
l
'

'
/

i

f

(Handbook of

~ophysios

and space

Envi~nmQnts,

1965).

Large

I

t~mperature

lapses are aenerally restricted to narrow layers above those ground sur-

~

faces that rapidly absorb but poorly conduct solar radiation.

Temperature

I

inversions that are due to

radi~tive

coolin& are not as selective as to

the nature of the lower boundary and are therefore more common and more
extensive than larae lapses. Temperature inversions can extend over horizontal distances of more than 100 km.
t

l

Large temperature lapses, however,

do not usually e,.tend uninterrupted over distances more than a couple of
kil011eters.
At any aiven

locati~n,

the frequency of occurrence of large temper-

ature lapses is directly related to the frequency of occurrence of warm
Fig.2 shows the average distribution of normal summer sun-

suamy days.

shine across the United States (Visher, 1954).

More than seventy percent

of the possible total is recorded in a larae area extending from the Mississippi to the West Coast.
~arge

Consequently,low-level mirages associated with

temperature lapses may be rather normal phenomena

for summer and winttr of the frequency of occurrence of tem-

Di~tr1bution

perature

inversions~

150 m above ground level are shown for the Ur.i ted

States in Fig. 3 (Hosler, 1961).
period.

in this area.

The data are based on a two-year sampling

Figure 4 shows the distribution across the United States of the

percent.,ge of time that the visibility exceeds 10 km (Eldridge, 1966).
When Figs.
the

and 4 dre combined it is seen that large areas between roughly

J

~ississippi

and the West Coast have a high frequency of extended hori-

zontal visibility and a relatively high frequency of low-level temperature
inversions.

These meteorological conditions are favoroble for the forma-

tion of mirages.

On the basis of the

~limatic

data shown in Figs. 2, 3,

and 4 it can be concluded that at some places a low-level mirage may be a
rather normal phenomenon while in other places it may

b~

highly abnormal.

An example of the sometimes daily recurrence of superior mirage over the

northern part of the Gulf of California is discussed by Ronald Ives (1968).
Temperature

i~versions

in the cloud-free atmosphere are often recorded at

heights up to 6,000 m above the ground.

These elevated inversions usuaily

arise from descending air motions, although radiative processes can be
involved when

v~ry

thin cirrus clouds or haze layers are present.

Narrow

t

\
!
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FIG. 2 DISTRIBUTION OF NORMAL SUMMER SUNSHINE (Percentage of ~ouible Total)

FIG. 3 DISTRIBUTION OF INVERSION FREQUENCY
(Percent of Total Hour•) FOR SUMMER AND WINTER

FIG. 4 DISTRIBUTION OF PERCENTAGE OF TIME THE VISIBILITY IS LESS THAN
10 km FOR SUMMER AND WINTER
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layers ~f high-level temper~ture inversion, e.g., 4°C measured in a
vertical distance of a few meters, extending without appreciable changes
in height for several tens of kilometers in the horizontal direction have
been encountered (Lane, 1965).

Such inversions are conducive to mirage

formation when they are accompanied by extended visibility in the horizontal as well as in the vertical.

A climatology of such inversions

can be obtained from existing meteorological data.

4.

Visual Characteristics of Light-Refraction Phenomena in the
Cloud-Free Atmosphere
A. General
Light refraction as it occurs in the earth's atmosphere can be divided

into random refraction and systematic or regular refraction (Meyer-Arendt,
1965). Random refraction is due to the small-scale (meters or less), rapid
(seconds) temperature fluctuations associated with atmospheric turbulence,
and is responsible for such

~enomena

as the scintillation of stars and

planets, and the shimmer of distant objects.
tion is the

systemati~

Systematic or regular refrac-

deviation of a propagating wavefront by temperature

gradients that are extensive in space LOn the order of several kilometers
or more) and persistent in time (on the order of an hour or more).

Sys-

tematic refraction leaJs to the apparent displacement of a light source
from its true position.

The light source can be outside the atmosphere

(astronomical refraction) or within the atmosphere (terrestrial refraction).
Random and systematic refraction generally act simultaneously so that the
associated effects are superposed.
Values of astronomical and terrestrial refraction computed for average
atmospheric temperature structure are

~·ell dccum~r.ted.

The angular differ-

ence between the apparent zenith distance of a celestial body and its true
zenith distance (as observed from a position near sea level) is zero at
the zenith bJt gradually increases in magnitude away from the zenith to
a maximum of about 35 min. of arc on the horizon. Thirty-five minutes of
arc is very nearly equal to the angle subtended by the sun's or moon's
disc [30 min.), so that when these heavenly bodies appear just above the
horizon they are geometrically just below it.

Figure 5 shows average values

of astronomical refraction as a function of zenith angle.
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FIG. 5. ASTRONOMICAL REFRACTION vs. ZENITH ANGLE CORRESPONDING
TO STANDARD ATMOSPHERE
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increase in refraction toward the horizon causes frequently observed
rlistortions of the sun's or reoon's disc. Normally, the differential
refraction between the point of the lower limb (touching the horizon)
and the point of the upper limb (30 min. above the horizon) amounts to
about 6 min., so that when on the horizon, the sun or moon appears to
an earth-bound observer as an ellipse rather than a circle.

Recent ob-

servations indicate that the setting sun or moon as seen from outside
the earth's atmosphere also appears flattened due to refraction (Cameron,
et al.J 1963).

Under abnormal atmospheria temperature aonditionsJ the

differential refro.atio•z aan be so Large that the rising or setting sun
or moon appem•s in grossly distoroted fo1'f11 (O'Connell 1958).

Terrestrial-refraction angles have been computed as a function of
zenith angle and altitude of the luminous so1;rce (Link and Sekera 1940;
Saunders, 1963). Depending on height, refraction angles computed with
reference to sea level vary from,:s5 sec. of arc at a zenith ane;le of 5°
to ~12 min. of arc at a zenith angle of 86°.

Above 42 km refraction is

negligible.
The importance of the

~eemingly

small astronomical and terrestrial

refraction on visual observations can be evaluated as follows.

Resolv-

ing theory and practice have established that the human eye (which is
~

lens system) cannot resolve, separate clearly, or recognizably identify

tw(l -:>oints that sub tend an angle to the eye of less than 1/16°

= 3. 75

min.

(lolansky 1964; Minna.ert, 1954). Under standard atmospheric-temperature
conditions, angular deviations due to astronomical and terrestrial refraction that are larger than 3.75 min. occur when distant light sources are
0
less than about 14 above the horizon (zenith angle larger than about
76°). Hence, the effects of systematic atmospheric refraction on visual
ohservations of a distant light source (point source) which is less than
about 76° from the zenith can be considered negligible because the average human efe cannot clearly separate the source from its refracted image.
H~~verJ when the luminous point sourae is loaated at about 14° oro less

from the horoizon, the Zoaation and appearanae of the souroae as seen by a
JitJtattt observer are those of its roefroaated image. Close to the horizon,

refraction becomes large enough to affect the visual observations of

1016
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extended sources.

Thus, it is evident that the evaluation of observations

of light sources that are close to the horizon requires knowledge of the
characteristics of refracted images.
B.

Characteristics of the Mirage
1.

Geometry of Illumination and Viewing

When a luminous source is near the horizon,(i.e , near the horizontal
plane of view of its observer) the optical path length through the atmosph~re

is maximum.

In this case, systematic refraction is at a maximum and

the visual effects can be large when layers of anomalous vertical temperature gradient are present.

There are, however, important practical

li~ita

tions as to how much the apparent position of a refracted image can differ
from the true po3ition of the source.

Limits in the viewing geometry can

be determined by Snell's law using limiting values of the optical refractive index.
Observations indicate that a temperature change cf 30°C across
rt. ~ ,~ ·. : ~·ely

thin

(< l

km)

lapse approximates the

.I. ayers
ma~imUM

of temperature inversion or

t~mp~raturc

change that can be expected (Ramdas, 1951).

Thirty degrees Centigrade correspond to a refractive-index change of about
5
.3 x 10- (Brunt, 1929). Combining this n,aximum change in the optical
refractive index with the range of values listed in Table I, the following
limits are suggested as the range of the refractive index (n) that can
be expected in the

lo~er

cloud-free atmosphere.

1.00026

<

n

<

l.OOC29

Substitution of the upper and lower limit into the equation for total
reflection gives
.
Sln~c=

1 · 00026
1.00029 = 0 · 999970

and
HencP., when a horizontal layer or boundary across which n has the a.ssumed
maximum variation of 1.00029 to 1.00026 is illuminated by a light source
(direction of propagation from dP.nse to rare), the angle of incidence has
to exceed 89.5° (1/2° grazing angle) in order to get total reflection and
a possible mirage image.

For :J.ll fJI'ac.:t.ical purpoB es, 0 . [)

0

e all I I( ' r)l)l[ ,; /c -

ered as the near-maximum angle of ill1 .mination thai l.rJill allul.rJ for
forrmatio ;1. of a mirage.

When the

!"f
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ractive index de creas l./3 with height

across the boundary and illumination is from below, the mirage image
appears at a maximum angular distance of about

1° above the true position

of the liaht source as illustrated in Fig. 6a .

1/erw•.:., onv Jt.:yrc1! oj' ..z1•c

must Np:resent about the maximum angular Jistam!e that (!c.m be ,•:q)£•e t. .:d
refra(~ted

bet!Jeen the t::rue position of the light source and its

i.ma!Jl!.

When the image appears above the true position of the source, the mirage
is referred to as a superior mirage.

When the refractive index increases

with height and illumination is from above, an inferior mirage appears,
i.e., the image lies below the true position of the source as shown in
Fig. 6b. In te:nns of ,·ertical temperature gradient, the superior mirage is
associated with an inversion and the inferior mirage with a large temperature-lapse.
lt is lVident that the presence of a layer of large temperatureg:radiellt is

~woessa:ry

but not sufficient for mirage fum:ation.

ir!fJ requireMO'lt :a tie
fp•azir't7 incidence.

pres~nc~

A remain-

of light that illwninates the layer at

incident light can originate from a physical

The

source such as sun, moon, or planet, or it can be skylight or sunlight
reflected from the ground.
Whether the mirage is observed or not depends on the position of the
observer with respect too the light source and the refracting 1ayer.

The

planar gecmetry involved in a mirage observation can be illustrated by
applying Eq. (3):
n sin
0

~

¢1

0

- n02 sin 2

¢1

0

to a rectangular coordinate system in which the abscissa coincides with
the Kround.

For simplicity it is assumed that n2 = n :'

-

0

z

(i.e., the

refractive index,n, decreases with height), so that the solution to
Eq. l3) represents a family of parabolas of the form

x

= n2
0

•
26
s1n
0

(In applying Eq. (3) ~

2n

0

sin

e0

a represents aa

a is the scale factor).

bl 2 cos2
(I

~here

e0

......

a' has units of height and

The family of parabolas, sketched in Fig. 7, can

be thought of as representing the light rays from a point source located
at the origin of the coordinate system.
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Using the upper and lower limit

·•

VERTICAL

MIRAGE
IMAGE

LUMINOUS
SOURCE

(o)

VERTICAL
LUMINOUS

SOURCE

MIRAGE
Itt' AGE

FIG. 6 LIMITING ANGULAR VIEWING GEOMETF'Y OF (a) SUPERIOR MIRAGE ,
(b) INFERIOR MIRAGE
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of the optical refractive index, n
horizo~tal

•

0

0

distan~e

within this

(see Fig. 7).

All miraee images must be

family of parabolas,
the point (

2
2 • n coc;
0

2

0

,

x

= n~ sin 2Q

with respect to this point also,
D 2n~ sin 2 (89.50)
H = n~ cos2 (89.50)
~

For each member of the

is maximum at the point where (d2/dxJ
Q

obs~rved

D can be expressed in terms of the

hei&ht (H) of the refracting layer as follows.

Hence, 0

= 89.5°

distance (D) is covered by the light ray for which Q

(an&les are exaggerated in Fig. 7 ).

i

1.00029 and n • 1.00026, the largest

=4

0

).

= 0,

i.e., at

Since each member is symmetric

tan 89.5°

SOOH, i.e., all mirage images in this particular case are

observed within a distance from the light source that is about 500 times
the thickness of the refracting layer.

For example, when the thickness

of the refracting layer is 10 meters, no mirage observations of a particular object are likely beyond a distance of 5 km.

At about 5 km an image

of the object may appear at an elevation of about 0.5°, while within 5 kJrt
images may appear at increasingly lower elevation angles until the eye can
no longer clearly separate the image from the source.
The preceding discussion applies only to the case where the observer
is located within, or at the boundary of, the mirage-producing layer,
the observer is some distance Pbove or
mirages of

~auch

bel~w

If

the mirage-producing layer,

more distant objects may appear.

From the above, it is evident that principal characteristics of the
optical mirage are the small elevation angles under which the phenomenon
is observed (~1°) and the large distances (tens of kilometers) between
observer and "mirrored" object that are possible.

The geometry of the

mirage explains why many observations are made on or near horizontally
extensive, flat terrain such as deserts, lakes, and oceans and frequently
involve images viewed through binoculars (oases, ships, isladds, coastal
geography).

Furthermore, the above geometry illustrates that the duration

of a mirage observation is critically dependent on whether or not the
source and observer are in relative motion.

For example, when the light

source is moving in such a way that the angle of illumination, Q , oscillo

ates around the critical angle, a stationary observer located at A in
Fig. 7may see a mirage i mage that alternately appears and disappears.

On
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~

the other hand, when the observer is movina relative to the source (from
A to B in Fia. 7), the mirage ima1:e can chanae elf'lvation, thereby creating
an illusion of motion.
2.

Number and Shape of Mirage Images

It has been recognized that systematia refraction of the light from
a sinale source can lead to multiple mirage imaaes the shapes of which
can be complicated. The early observations by Vince (1798) and Scoresby
{1820) included sightings of completely or parti&lly znverted images of

a single distant ship.

From a coastal position on the English Channel,

John Parnell (1869) observed five elevated images, all in
of a lighthouse on th~ French Coast. All five images had
During their observations in Spain, Biot and Arago (1809)
four elevated images of a distant (161 km) light signal.

a vertical line,
different shapes.
observed up to
The images

disappeared and reappeared intermittently and at times joined to form a
narrow vertical column of light which subsequently separated into two
parts, the lower part appearing red and the upper part appearing green.
The above observations resulted from abnormal atmospheric light-refraction
the observed images were distant, and in most cases detailed descriptions
were made with the aid of binoculars.
Practically all theoretical and experimental investigations of optical
mirages (e.g., Wollaston 1800; Hillers 1914; R. W. Wood 1911~ have been
concerned with demonstrating the number and shape of observed imag~s.
Tait's theoretical treatise and Wollaston's laboratory experiment can be
considered classical examples. Tait's terrestrial-refraction model represents a horizontally stratified atmosphere, and a vertically finite refracting layer with a continuous change in refractive index. Under these
~ssumptions the paths of light rays are Tepresented by the solution to the
differential equation:
dx

=

n,, sin
ln2-n2
0

~0

sin2~o

where n can be expressed as a -: •.mtinuous function of height ( 2). Tai t
shows that the number and shape of mirage images depend on the detailed
sti'Uctwoe of the refractive-index profile (temperature pl•ofiZcJ within
the refracting layer. For example, the elevated mirage image of a distant
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object becomes inverted when the refractive index in the upper part of
the refractini layer decreases more £apidly with heiiht than in the lower

!

I
!
l
I

I

•

i

!

part. This "classical" explanation of image inversion is illustrated in
Fig. 8, Shown are the paths of two liiht rays obtained from solving
Eq. (3) for n2 • n~ - a2. Thus, the refractive-index gradient (an/aa) in
the upper part of the refracting layer is much larier than in the lower
part. When the observer's eye is placed at the origin of the X, 2 coordinate system, observed

image-inve~sion

arises from the crossing of Zight

rays.
Apparent vertical stretching (elongation, towering) of a luminous
object due to r~fraction is illustrated in Fig. 9. For the sake of clarity,
height and elevation angles are exaggerated.

A horizontal refracting layer

is assumed that is 10 meters thick and through which the refractive index
(n) decr~ases with h4ight (2) from 1.00029 to 1.00026 according to the
re!ation n2 • (1.00029) 2 - a 2 • Hence, the refraction of a light ray increases with height. It can be shown that a 10-m-high lumi.nous object
placed P.t a horizontal distance of 2 km subtends an angle of approximately
26.5' at the origin.

In the absence of the refracting layer the object

would have subtended ar, .mile of 16.8'. The apparent vertical stretching
is brought about by the refractive-index profile; i.e., the increase in
·~ending' of the light rays with height elevates the upper part of the
luminous source. VerticaZ stretching can Zead an observer to underestimate the true distanae to the Zuminous objeat. Vertic31 shrinking (stooping) of an extended object can be demonstrated similarly by assuming a
refractive-index profile that is associated with a decrease of the gradient
with height. In the case of vertical shrinking. the true geometric distance to the object involved is usually smaller than the apparent distance.
Many examples of image inversion, vertical stretching, and shrinking
due to abnor.mal atmospheric refraction are given in The Marine Observer,
Tait'5 theoretical approach, the emphasis on the r~fractive-index
profile, is basic to many other theoretical investigations of the mirage.
For example, Wilhelm Hillers (1913) shows how two refracted 1mages of a
single light source can be formed when the profile in the refracting
layer is 5uch that the refracted rays are circular. Fig. 10 shows the
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Nortll Allutk Oceu

S.S. Bristol City.

Captain A. L. Webb, O.B.E. Sydney
(C.B.) to Swansea. Observers, the Master and Mr. R.
Whitman, 3Td Officer.
18th September, 1952, 2000 G.M.T. A vessel approaching end-on at 15 miles, with hull just visible, appePred to have elongated masts and funnel (Fig. 1). At

_--m-__
.
-~
-

_--_t---

Fr~ ..\

10 miles the hull also became enlarged and the bow
wave, very prominent (Fig. 2) , appca:rf'd to move up and
down the length of the stem. At 5 miles the vessel
resumed normal shape. At the same time and position a
second vessel, when 10 miles to the s'ward, suddenly
developt d an inverted image which lasted for 15 min
before disappearing (Fig 3). A few minutes later th~
wake appeared, very prominent. resembling heavy surf
which last\.:'d anotht'r 10 min (Fig. 4). Bcforl' pa~sing

--

lrl(.

-

-·_____...:
-...:::- -

-

+

out of view the vessel appeared to take on a "hlock"
shape (Fig. 5), only n~suming its nonnal shape at
brief intervals as the vessd Jippl'd in tht' s 1 ight
swell. Sea Temp. 53°F, air temp. 52°, 1vet bulb 50°.
Calm sea, slight swell.
Position of ship: 48°32'N, 44°50'W.
This observation is also one of superior mirage
and in Fig. 3 thl' inVl'rted ima~l' is ch•arly s~cn. !•1
Figs. 1 and.! tlw Vt'rticall'Xtl'nsion anJ distortion
known as 1oomi ng is wl'Jl markt>J.

Note.

(Reproduced from 7'he .'1art~w
p. 143, July 1953)

,)b~ertJcJ•,
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South Atlantic Ocean
S.S. Tenagodus. Captain W. Broughton. Cape Town to
Algiers. Observers, Mr. J. J. Diston, Chief Officer,
and Mr. J. F. Gristwood, 2nd Officer.

2nd March, 1955, 1730-1800 L.T. About one hour after
leaving Cape Town abnomal refraction was noticed around the horizon
from SW. through N. to E. A large
tanker, 8 miles distant on the port
beam, was considerably distorted;
0
the funnel was greatly elongated and
appeared taller than the masts, and
swayed occasionally. The radar scanner appeared suspended well above the ship. On the starboa~d bow, 28
miles distant, a hill 280 ft high at Ysterfontein
Point was observed to have an inverted image. A few
minutes later there were three inverted images; these
gradually telescoped until the hill appeared as a block.
Temperatures: air 66°F, sea 59°. Slight sea, low swell.
Position of ship: 33°4Y'S., l8°16'E.

'
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( R~produc~d from Tl.r

/llar~n• Obur~u.

Vol. 26, No. 17 2,
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aeometry of this special case.

The refracting layer lies above the

observer and the distant light source. Refraction below the refracting
layer is assumed negliaible, i.e. , light rays are rectilinear.

When

the light rays penetrating the refracting layer arP. circles concentric
about M, two separate rays emanating from the light source reach the
observer's eye and all rays imtermediate and outside these two fail to
be tangent to a concentric circle.
two separate images.

Consequently, the observer views

An example of three observed images uf a distant

hi 11 is shown in the figure on page 1026

in

an excerpt from

'l'he Mar>{ne

ObeeJHJer>.

Tait's arproach cannot be applied indiscriminately to all mirage
phenomena because integration of Eq. (3) is restricted to a selected
range of refractive index profiles.

Furthermore, the effect of the

earth's curvature is excluded so that only mirage phenomena associated
with not-too-distant

obje~ts

can be considered.

Hence, Tait's model

cannot explain mirage observations associated with extraterrestrial
sources such as the sun or the moon.
Alfred Wegener (1918) has developed an atmospheric-refraction model
that explains distorted images of the sun, moon, planets, or stars that
are often observed near the horizon.

Wegener assumes a spherically

stratified atmosphere and reduces the refracting layer to a refracting
boundary or surface of total reflection.

Wegener demonstrated that when

the refracting boundary lies above the observer and the sun is on the
horiLon, the boundary refracts thesolarlight rays in such a way that
the

obs~er

views two separate images of the solar disc, a flattened

upper image and a distorted lower image.

Fig. 11 shows the successive

form of the two images for a setting sun or moon in the presence of a
7° temperature-inversion layer SO m above the observed as computed by
Wegener. The degree of deflection of the incoming light rays and ccnsequcntly the degree of distortion of the solar disc depends on the
refractive-index change or temperature change across the reflecting
boundary.

When the temperature change is small, only a single distorted

image of the solar disc appears.

When the change across the boundary is
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FIG. 11 SUCCESSIVE IMAGES OF SETTING SUN OR MOON DURING CONDITIONS
OF MIRAGE
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very large only the the flat upper part of the

11

spl it" solar image i !'

seen, so that the setting sun appears to vanish above the horizon.

When

1
'
1

the atmosphere is highly stratified, i.e., when several horizontal refracting boundaries are present, the setting sun can appear like a Chinese
Pagoda or like a stack of discs.

The refracted images of the sPtting sun

computed by Wegener's model agree closely with those photographed and
described by D. J.

~.

O'Connell (1958) in connection with a study of the

green and red flash phenomena.

'

~

~
I

Wegener's model is not restricted to luminous sources outside the
earth's atmosphere.

It can be applied to distant terrestrial objects

such as mountains from which emitted light rays are at grazing incidence
to tre top

of the refracting boundary.

Wegener's model of atmospheric

refraction illustrates the characteristics that are basic to many spectacular risings or se'i.:tings of sun, moon, or planet.

Following are three

accounts of such abnormal atmospht:ric-refraction phenomena as given in
The Mar•ir1e Ohseroer.

The atmospheric-refraction models of Tait and

w~gener

quantitatively

explain the basic characteristics of the most commonly observed mirageimages.

Other theoretical investigations arc available that discuss var-

ious special aspects.
Odd

Haub

For example, the theory of the superior mirage by

explains the appearance of up to four images from a single source.

Wilhelm Hillers treats tl1e special case of a lateral mirage, i.e., the
refrY tion of light when .: ,' refractive-index gradient is horizontal, as
may he the case along a wall heated by solar radiation.

~oji

lliJaka and

Gustav Forster discuss the theory of refraction when the surfaces of constant density in the atmosphere are somewhere between horizont&l and
vertical.

Together, these theoretical models explaiu adequately the

varying ways in which a mirage image can appear to an observer.

Current-

ly, there is no single model with a numerical solution to all aspects of
the mirage.

1030

·•

ABNORMAL REFRACTION

Off coast of Portugal

M. V. Au1trolind.
Captain J. F. Wood. Port Said to Bremen . Observer.
Mr. D. Ewan, Chief Officer.
27th April, 1950, 0546..0549 G .M .T . Th;.; accompanying sketches picture
the sequence of shapes assumed by the sun as a result of refraction. After

0

r
Ill

( ·I)

(3)

(:.!)

00
(7)

lt' l

dearing the horiwn thl! sun slowiy regained its normal proportions and Jt
0
an altitude of I~ no refraction was apparent. No land was visihlc ncar the
phenomenon . Wmd N. hllCC 4 . Barometer 10~0 · 3 mb ., air ICI''P · s~· I· .
Sky cloudless.
Posllillll of ship : Latitude 3X 0 04 ' N., Longitude ~o ~4 · W.

t l\t'l'''" lt&tt'lt fl llll i

n., .,,,,,,,,.

(l' , ,.,,,r, \ l,,
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AaNOIMAL llURACOON
Nlrtll A""'k OeeM

O.W.S. W:NtW RM:t.hr. c.pc.iD A. W. Foret. At Oce&n Weather Station A.
Obeerver, Mr. J. BellaalyDe. Jrd Oflicer.
sth May, 1955, uao-:a~ O.M.T. Towardt IUMCt abnormal refraction wu
obaerved, and for a while two IUIII wen viaible. A falle aun wu aten for half ita

.·
I•

.: u::~
Cb,. ..
aaao
dia"'P"W Oil the horiaon, and touchinl the realaun above. The realaun wu partly
oblc:ured by cloud. The falae IUD perailted for 3 or 4 min after the real aun had
lit. A venic:a1 ny with reddilh coloration emnded to about 4 ° above the real aun.

O¥producPd fron1 Th• Martn f Obsrr,r, Vol. 26, Nn, 172, AJ'rd I4 St>l

ABNORMAL REFRACI'ION

bclbla Claa-.el
M.V. Tit~U~n~ StilT. Captain H. W. McNeil.
Mr. N. Johnaon, Jrd Officer

Q
(I)

London to Cura~ao. Observer,

0

(a)

·0

(J)

-

4th January, IQS6. While proceeding down the Engliah Channel at o8oo G.M.T.,
shortly after sunrise, the aun was observed to have a distorted appearance (sketch 1).
By o8ro while the sun continued to rise a false "sun" began to set. Two minutes
later there was a distinct gap between the true sun and the false and by o814 the
false sun was no longer visible. In the area of the rising true aun the sky w~ clear
and a bright orange in colour. A phenomenon similar to aketch 2 was observed at
sunset on the IWile day.
Position of ship: 50° os'N., 01. 0 04'W.
( 1\ooproduc·f'd frnm Thr Maron• Ob•uorr, Vol. 27, Nn. 175 , p.
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3.

Effects from Focussing and Interference

A recent theoretical and

experiment~l

investigation of the optical

mirage is p:· ' :",f'nted by Sir C. V. Raman (1959).

Sir C. V. l{aman demon-

strates that multiple, inverted images of a single object can arise from
interference and focussing of the incident and reflected wavefronts near
the boundary of total reflection.

Raman's work, which is entirely based

on wave theory, suggests the interaction of wavefronts within a refracting
layer as a mechanism in mirage formation.
The occurrence of focussing and interference in situations that give
rise to mirage, Pxamined specifically by Raman, is also evident from various investigations based on geometrical optics.

For example, the crossing

of light rays mentioned in collnection with image inversion implies interference of wavefronts at the points of intersection.
The visual effects from focussing and interference must be considered
in particular when plane-parallel radiation (radiation from a very distant
source) is incident on a layer of total reflection.

ln this case, there

is a constant crossing of light rays within a relatively narrow region of
the refracting layer, as illustrated in Fig. 12 (for the sake of clarity,
height and elevation angles are exaggerated).
collimated light-beam

In Fig. 12, a circular

of diameter A is incident on the lower boundary of

a temperature-inversion layer at angle equal to or exceeding the critical
angle for total reflection. Interference of the incident and reflected
wavefronts occurs in a selected layer near the level of total reflection.
This layer, shaded in Fig. 12, has a maximum thickness B, which is dependent on A.

In the absence of absorption, the amount of radiant energy,

flowing per unit time through nA 2 equals that flowing through 1r8 2 •

When

B is less than A, the energy density at B is larger than at A, so that the
brightness of the refracted light beam increases in the layer of interference.
An example of the ratio of A to B can be stven with the aid of Eq. (3).
It is assumed that the optical refractive index through the inversion
layer varies from n0 = 1.00029 ton = 1.00026 according to n2 = n~ - z.
When the angle of incidence is near the critical angle for total reflection
(Q

0

~ 89.5°), the lisht rays within the inversion layer are parabolas and
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the leveL of total reflection coincides with the upper boundary of the
inversion layer. Under these conditions, it can be shown that
1:

B

A

=

A
16H

where H is the thickness of the temperature-inversion layer.

When the

diameter A of the incident light beam is less than 16H, B is less than
A and a brightening or focussing occurs near the top of the

inv~rsion.

When the angle of incidence of the light beam is larger than the critical angle,- 89.5°, the level of total reflection lies below the upper
boundary of the inversion layer.

In this case, brightening can still

occur near the level of total reflection, but the restrictions on the
required beam-diameter become rather severe.

The above example, based

on a special case, demonstrates that sudden brightening can be encountered near the upper boundary of a refracting layer when optiaal mirages

are associated with a refracting layer that is thick with respect to
the diameter of the incident light beam from a distant sourae and when
the angle of incidence is near the aritical ar~le.
Observations of the brightening phenomenon must be considered rare
in view of the selective location of its occurrence within the temperature-inversion layer and the requirement of plane-parallel incident
radiation. Upper-level inversions seem most likely to produce the
phenomenon. Some photographs showing apparent brightening of "spikf:"
reflections on the edge of the setting sun are shown in 0'Connell(l958,
c.f., p. 158).
Microscopic effects due to interference of wavefronts within the
area of brightening are illustrated in Fig. 13. Wavefronts are indicated rather than light rays. Unless absorption is extremely large,
light rays are normal to the wavefront. A train of plane-parallel waves
is assumed incident on the lower boundary of a refracting layer in which
the refractive-index decreases with height. When the angle of incidence
equals the critical angle, the incident waves are refracted upon entering the refracting layer and are totally reflected at the upper boundary
The crests and troughs of the waves are indicated by solid lines and
dashed lines, respectively. At the upper boundary, the wavefronts of the
incident and reflected waves converge to a focus. The focus is called
a cusp. The upper boundary of the refracting layer resembles a caustic,
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i.e., an envelope of the moving cusps of the propagating wavefronts.
I
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Because of the focussing of wavefronts, a large concentration of radiant
energy is usually found along the caustic (see Raman, 1959).

In the

area where the incoming and outgoing wavefronts interact, destructive
interference is found along AA' and CC' (troughs meeting crests), while
constructive interference is found along 88' (incident and reflected
waves have similar phase).

Hence, brightness variations can be expected

in the interference layer, as demonstrated by Sir C. V. Raman (1959).
To what extent the

micro~copic

effects from interference and focussing

can be observed under actual atmospheric conditions of mirage is not
known.

Undoubtedly, the proper relation between refracting layer and

distant light source must be combined with an observer's position near
the upper boundary of the refracting layer.

lf the dark and bright

bands in the area of interference can be observed, the observer could
easily get the impression that he is viewing a rapidly oscillating light
or a light that is drawing near and moving away at rapid int6rvals.
Nighttime observations by airplane are most likely to provide proper
evidence of this effect.
Currently, the focussing and interference effects are the least
explored and consequently the least discussed of the various aspects
associated with optical mirage.
4.

Refractive Separation of the Color Components
of White Light (Color Separation)

Due to the wavelength dependence of the optical refractive index,
systematic refraction of white light leads to a separation of the composing c!>lors. Visible effects of c•olor separatim1 are most frequently
associate 1 with aetronom{aal refraction.

In this case, the light enters

the atmosphere at an upper boundary where n approaches unity for all
wavelengths.

At an observation site near sea level n is

~avelength-depend

ent, so that from the upper boundary of the atmosphere to the observation
site the indiVidual color components are refracted at different

angles.

The basic composing color of white light may be assumed to be red (24\),
green (38\), and blue-violet 38\); the red is refracted less than the
green, while the green is refracted less than the blue-violet.
visual effects 0f color separation depend onrthe zenith
1037

The

. ~P11 3 ¥AI&

anale of the extraterrestrial light source.

When a white light source

is aore than 50° above the horizon, the color separation is simply too
saall to be resolved by the eye. Close to the horizon it can be observed
only in the case of very small liaht sources. The principle of color
separation in astronomical refraction is illustrated in Fig. 14. The
liaht from an extended source enters the top of the atmosphere and is
separated with respect to color in the order red, green, blue, and
violet.

..,.

A bundle of light rays of diameter D can te selected for which

all colors, upon refraction, converge at 0.
sees the entire color mixture as white.

Hence, an observer at 0

When the extended source has

a diameter larger than D, an area rather than a single point of color
blending is formed. However, when the diameter of the source becomes
less than D, the point of color convergence, 0, recedes from the location of the observer. Now the observer begins to see a gradual refractive
~eparating of color such that red tends to lie below green, and green
t~nds

j

to lie below blue-violet (s~e Fig. '14).
The diameter of the l.iclat t-ea.n from a given extraterrestrial sou:-ce

decreases with respect to an earth-bound observer, with increasing distance from the zenith, as illustrated in Fig. 14. Thus, when the zenith
angle increases, the apparent diameter D of the light source decreases
rapidly to a minimwn value on the horizon. Hence, the chance of having
a light source of diameter less than D is greatest on the horizon. Therefore, coLor Beparatior. is observed most frequently on the horizon, when
the l.ight source is :oeduced to a bright point like a star Ol' a minute portion of the soLar or lunar disc. A prominent example of the visible
effects of color separation is the so-called Green Flash. This phenomenon is sometimes observed when the sun disappears in a clear sky below
a distant horizon. The last star-like point can then be seen to change
rapidly from pale yellow or orange, to green, and finally, blue, or at
least a bluish-green. The vividness of the green, when the sky is exceptionally clear, together with its almost instant ~ppearance and
extremely short duration, has given rise to the name "green flash" for
this phenomenon.
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The same gamut of c.olors, only in reverse order, occasionally is seen
at sunrise. The observations of the Green Flash require an unusually
clear atmosphere such that the sun is yellowish, and not red, as it begins
to sink below the horizon. A red setting sun means that the blue and
green portions of the spectrum are relatively strongly attenuated by the
atmosphere and hence indicates that conditions are not favorable for seeing the greenish segment. Thus, the meteorological conditions required
for observing color separation are even more stringent than those required
for observing optical mirages. Examples of color separation associated
with astronomical refraction are given on the following page in excerpts
from The Marine Observer.
In terrestrial refraction the composing colors of white light are
very seldom separated to the extent that the effects can be observed with
the naked eye. When the wavelength dependence of the refractive index is
put back into Eq. (4),

an=
a.a

77 •5 ( 1

5.15.
+

~

w-

3

1.01
+

).

~

w-)

10 -6

P -3.4°C

T

w)

100 m - ·a.a •

Hence, for a given temperature inversion, the refractive index (n) decreases
somewhat faster with height (I) for). .. 0.~ (blue) than for). = 0. 7 u (red),
so that the blue rays are refracted more than the red rays. However, the
difference is generally too small to be resolved by the eye. Only under
very special conditions can a visible effect be imagined. For example, when
a 100-m-thick inversion layer is assumed to be associat•ld with a t:.T • 30°C,
the change of the refractive index for blue light and red light is respectively. An(0.4 lJ): 3.01 x 10- 5 and An(0.'7 lJ) • 2.93 x 10- 5 . When the optical
refractive indices at the lower boundary of the inversion are n0 (0.4 u) =
1.000282 andn0 (0.7 u) • 1.000275
(corresponding toP •1013.3 mb and
T • 15°C), values at the upper boundary are n0 (0.4 lJ) : 1.000252
and
n(0.7 lJ) : 1.000246.
When white light is incident at the lower boundary
of the inversion at an angle ~ 0 such that
1.000252
1.000246
1.000275 > sin ~o > 1.000282
then the blue rays are totally reflected by the inversion layer but the red
rays are transmitted. Hence, for 4> 0 = 89° 33 1 30" the blue rays are totally
reflected, and for ~ 0 .. 89 0 33 1 54" the red rays are totally reflected. The
visible effects of color separation that can arise when 4> 0 fluctuates from
1040
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SEITING OF THE PLANET
Indian Ocean

i

VE~US

S.S. Stratlmavtr Captain I. 1\f. Sinclair. Austr.1lia to London. Ohscrver,
J. C. \'int, Supernumerary 2nd Officer.
6th December, 1957 at 2105 s.:-.t.T. The accompan\'ill!;! !'ketch illustr.tte~ the

1\lr.

ORAN<;t

0

c .•: 1:1

liED

0
0

0

changes observed in the planet as it was setting. Prismatic binoculars were used to
observe the phenomena.
Position of ship : 01 , 4o'N., 8.{ 32'1::.
Not~. The phenomena seen at the scttm~oe of the hncht plam·t• \\·nus and J upit•:r vary
considerably on different occasions anJ are alwa\ s ant en siHlll
Sonlt:torne• nu duublc
images occur. When rhev are seen, thcv r>ta\· be .o f the same or dllil·r<·nt culours. The
green colour is not always ~een bt'fore the .insta;ll of scttmj!, a> 11 \\3S 111 thts oh>en at1o1t.
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GREEN FLASH
s.diA~Oau

M.V. Driu. Captain F. J. Swallow. Laa Palmu to Buenoe Airea. Obaervcr,
Mr. W. M. Wheatley, Chief Officer.
28th January, 1956. At aunaet the aun, when h~f a diameter above the horiwn,
became lemon-coloured, although the ahapc renwned normal. The final visible
~CpCDt of the aun turned to a vivid electric blue. Viaibility excellent. The alr.y
after aunaet wu colourful with great clarity of cloud shapes and coloun. Cloud
J/8 Cu and Ac.
Poeition of ahip: 18° a.9's., J8° a8'w.
N~*· The name of thia phenomenon 11 aunaet or aunriae ia the " rreen ftuh ", 1reen bemR
the colour moet uaually aeen. It would not be practicable to name it acc:ordinR to the colour
obeerved, •• thae cornpriae varioua ahadn of rreen and blue, alao purple or violet. We have
had more obeervationa of blue, purple or violet ftaahea in recent yean. While theae coloun
are lldmittedly much leu frequently aeen than varioua ahadea of 1reen, it does appear th11t
they are not aa rare u waa fonnerly auppoaed; a probable explanation of thia is that more
obaerven are now watc:hina for the phenomenon.

Red

sea

M.V. Glow,trr. Captain D. A. G. Dickens,
Mr. R. E. Baker, Chief Officer.

R.N.R.

Jeddah to Suez. Observer,

0
19th February, 1956. Abnormal refraction wu oLserved u the aun act, apparently
ahaped u ahown in the alr.etchea. The green ftuh wu seen all the time the upper
hall of the aun w~ diuppearing, apfroximately 30 sec; not only tht' dctach•:d
piccea appear~d green but the edgea o the main body u well.
Po&ition of ahip: 32° o8'N., J8° zs'E.

Nordl Pldftc Oeeu
S.S. Pt:u.ific NOJrtlrwtst. Captain F. H. Perry. Panama to Lot Angeles. Observer,
Mr. W. P. Crone, 4th Officer.
29th January, 1956. Half a minute before setting at bearing a6a Venus appeared
to turn bright red, becoming onngc again just before actting. At the mornent of
actting at 0345 G.M.T. there wu an emenld green ftuh of 1 ace duration. Thi!l
observation wu made with the aid of hirN:ulan. Cloud a •8.
Poeition of ship: Z4° ss'N., IIZ 44'W.
0

0

!R•produrf'd from Tltt llannt Obstr•tr, \'ol. Z7, No , 175, p . 15, Jan . l'l'>il
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GREEN ;~NL ttED FLASHES
South ...dftc Oceu
M.V. Catr~briJ.t:"· Captain P. P. 0. Harrison. Wellin~ton to Balboa. Observers,
the Muter, Mr. P. BO\H·r, Chid Officer, and Mr. L. Money, 4th Officer.
znd May, 1957. \\'ht·n the sun rose :ilt 0700 S.M.T. a green flash was pbinly seen.
There was a bank of cumulus "hose base was 'lne sun's diamch:r above the
horizon and as the sun Jisapp~·arcd behind the cloud a red ftnh occurred lasting

fully 3 aec.
Position of alaip : 3S 51'~ .• 175° 1o'w.
0

SETTING OF THE

PLAN~T

JUPITER

Gulf of Mannar
S. S. Sirsa . Captain N. Maguire. Rangoon to Co~hin. Observer, Mr. J.
Richardson.
3rd December. 1950, 1755 G .M .T . Jupiter on ~tting showed a rc::d spot
on the side nearest to the horizon. The spot was visible through binoculars
and telescope but not to the naked eye. The sky was clear in the vicinity
and the phenomenon was visible from the time that the planet was 20
above t',e horizu.1.
Position of ship: 7° 40 ' N. 77° 47' E.
.\ut1• .
When abnnnno~l rcfrani•m a. prncnt the light of stars or pl;~nets ncar tLc
!wriwn tends to be dong.ltcd into a short spectrum with the red nearest the horiwn
"nd the grc<'n and blue farthest from the horizon. M"ny varieti<'S of phenome n"
result , •:spcddly in the case of the brii!Jlt pl;~nets Jupiter "nd Venus ; these ;~re mon·
olten seen witl. binu, ul.&rs th<lll with un;~idcd vision. At times the pi;~ net may "PPC-'r
duubl<·. on<' r.·d .md on,· gre.:n, or the colour t•f the planet may d•;~nge irum red tu
~rc.·n.
In cases u( ,·xtrenH· refraction the pl•nct nuy be seen to "swim " about with
" l"ter•l 111otion, J<COIII('-'IIicd by changes uf colour . usually frum r,·d tu gre,·n . with
rnomcnt"r) returns tu the nurm01l toluur of the plam·t. Th.: green tluh uf " ' 11 r1"''
or sun5et i~ "n cx"n' pl,· of th.: s;am•· thing ; the uppermost green amag.· of the ~11n ' s
limb h viSibk· for " fr"ctaon of " scwnd ;~fter the 'un h.&S set .
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89° 33' 30" to R9° 33' 54", are illustrated in Fig. 15. It is as!.umed that
the white-light source is far away so that the incident rays are n~ar para-

=

o

llel. For '
89 33' 30" the blue rays are totally reflected by the red
rays penetrate the upper boundary of the inversion. When ~ varies from
0
0
0
89 33' 30" to 89 33' 54" the red rays ar~ alternately transmitted and
totally reflected. Hence, an observer near A may see an elevated image that
is alternately bluish and white, while an observer at 8 may see a reddish
imaae that disappears and reappears. The small fluctuation in ~ can be
0
produced by atmospheric turbulence or short-period changes in the lower
boundary of the inversion. Color changes from red to green that frequently
occur when distant lights are observed can be similarly explained. In
general, visible color separation is the result of a combined action of random and systematic atmospheric refraction.
Thus, unusual color effects that can be observed with the unaided eye
can be associated with miraae phenomena. Occurrence of these effects, however, must be considered unusual in view of the special set of circumstances
required for their development.
S. Effects from Atmospheric Scintillation
Scintillation defines the l'apid variations in apparent brightness,
position, or color of a distant luminous source when viewed through the
atmosphere. If the object lies outstde the earth's atmosphere, as in the
case of stars and planets, the phenomenon is termed astronomical scintillatioll; if the luminous source lies within the atmosphere, the pheno1uf!non
is termed terrestrial scintillation.
Scintillation occurs when small-scale (meters or les~) inhomogeneiti:s
in atmospheric density interference ~ith a propaaating wavefront for a
short duration of seconds or minutes. Such inhomo&eneities are generally
associated with turbulance and convection. Turbulence convection are most
apparent in atmospheric layers close to the earth's surface where they
develop under proper conditions of solar heating, wind velocity, and terrain.
However, they can occur also at high l~vels in the atmosphere. Scintillation has been found associated with atmospheric layers near the tropopause
(30,00C to 40,000 feet).
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Rapid fluctuations in brightness(scintillation in its strictest
sense) are observed most frequently. The reason for this may be that,
on the average, the time interval between moments of nearly maximum
brightness is around 1/10 of a second, a value that coincides with the
frequency to which the human eye is most sensitive. Higher frequencies
of scintillation do occur (30 to SO per second), but their significance
is restricted to measurement made by means of optical equipment such as
telescopes. The apparent brightness fluctuations of a distant source
may be so intense that an observer sees the light source as "flashing
on and off."
Fluctuations in position are often referred to as "shimmer",
"dancing", or "wandering", and involve the apparent jerky or continuous
movement of an image about a mean point. Observations of this phenomenon
are not as common as observations of intensity fluctuations. Under
standard atmospheric conditions, position changes vary from 1" to 30"
of arc, and such displacements can hardly be observed with the naked
eye. Only under abnormal atmospheric conditions are apparent position
changes manifest. Their occurrence is most probably in the case of point
sources, i.e., sources having no apparent diameter. Position changes of
a planet like Venus or Jupiter do occur, but actual observations are
limitP.d to very unusual atmospheric conditions when the changes in direction of the planet's light rays are so large as to be of the same order
of magnitude as the apparent diameter (0.5 to 1.0 minutes of arc).
In the case of an extended luminous source, a slow or rapid "pulsation" can be observed. This contraction and expansion of the image usually
results in apparent changes of the image size. Occasionally, pulsation
of the solar or lunar limb can be observed during setting or rising.
In general, the effects of scintillation are minimum when the luminous source is viewed near the zenith, and mtximum when the source is
viewed near the horizon. When terrestrial light sources are involved,
the scintillation increases with distance and is highly dependent on
the meteorological conditions.
The many detailed discussions of scintillation encountered in the
literature are primarily concerned with the application of optical inst i'umcnts to astronomy, optical communication, and optical ranging. In
1046
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this case, all light sources viewed through the atmosphere exhibit effects
of scintillation irrespective of their position with respect to th~ zenith.
When observations are made with the unaided eye,the above-mentioned effects
of scintillation are manifested only when the observation concern objects
close to the horizon (at low elevation or "low in the sky"). Under these

•

!
i

conditions, the moat apeataouLar visuaL effeata aan be expeated when the
effeate of aaintiLLation (random refraation) are superposed on any visuaL
image that arises from reguLar atmospheria 1'efmation.

I

C.

The following section on aerosol particles has been contributed
by Mr. Gordon D. Thayer of ESSA:
Light scatt2ring by aerosol particles
An apparent optical image formed by light scattered out of a beam

by a thin haze layer may be mistaken for a mirage. The theory of optical
propagation in a scattering, attenuating atmosphere is well covered by
Middleton (1952), an excellent reference containing much material on vision
and the visibility of objects seen through the atmosphere.
The luminance or brightness, B, in e.g. lumens/m 2 , of an extended
object or optical source is invariant with distance except for losses due
to scattering or absorption along the propagation path. Except under conditions of heavy fog, clouds, or smog, absorption is small compared to
scattering, and may be neglected. If the scattering coefficient per unit
length, 0 , is constant, attenuation of a light source of intrinsic brightness B is given by
B

= Boe

-oR.,

where R is the distance of range travelled by the light from the source
to the point of observation. The portion of bnghtness lost by scattering out of the path is given by
B

=B

( 1 - e -oR)

j

s
0
this loss represents light that is scattered in all directions by the

molecules of air and aerosol particles pi•1sent in the propagation path.
Secondary scattering is neglected.
The quantity crR is often called the

optic~l

depth of an atmospheric

although it is a dimensionless quantity. Thus for thin layers
where oR ls small, the scattered light flux, F, in e.g. lumens, is
l~yer,

F ~ oRF

s

0
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F is the light flux incident on the layer.

The intensity, Is' or light flux per unit solid angle, of the
liaht scattered from a small voluae of air, v, is the product of the
incident light lfux, F0 , the voluae scattering function, B'(f), and
the average thickness of the volume. Th~ scattering angle, +, is defined in Fig. 16. The intensity of light scattered at an angle + with
respect to the incident beam is usually defined in terms of the incident
illuminance, E, or flux per unit area in e.g., lumens/m 2 on an element
of volume dv. This results in
di(•) • ES'(•) dv,

hence, I(•) •

[v EB'(•)dv,

which, in the case of a small scattering volume where E and 8'(•) may
be considered nearly constant over the entire volume, reduces to
I(.) ii E0 S'(.)v.

The units of s•c•> are typically lumens scattered per unit solid
anale per unit volume per lumen incident liaht per unit area; I(•) then
is expressed in candles, a unit of liaht intensity equal to one lumen
per steradian. The volume scatterina function is normalized by

J:

2w
S'(•) sin • sin •d• • a;
a
hence for an isotropic scatterer, for which B'(•) • const. • B~. B'• 4-rr·
The volume sc&ttering function relative to an isotropic scatterer is
conveniently defined as
f(+): 4w B'(•)
a
The relative volume scattering function for very clear air has
maxima at • • o• and 1so•, F(•) • 3.3 and 1.7 respectively, and a minimum of • • 90°, f(•) • 0.5. Industrial haze, or smog, has a strong
aaximum at • • o•, F(•) • 8, and a minimum at+ • 120° to 160°,
f(•) • 0.2 , with a weaker secondary maximum at+ • 180°, f(+) • 1.3.
As an example of a scattering situation, consider a very clear
atmosphere with a total vertical optical depth of 0.2; this is about
twice the optical depth of a standard atmosphere of pure air (Middleton,
(1952). The linear scattering coefficient,+, for this atmosphere will
-5 -1
be about 2 x 10 m near the ground. Assume that a haze layer one m
in thickness and with an optical depty of 0.02 exists at 100 m above
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the around; the total optical depth of
be 0.22.

th~

composite atmosphere will

The value of o appropriate to the haze layer is 2 x l0- 2m-l,
3

a factor of 10 areater than for the "clear" at•osphere above and below.
To an obseTVer on the around, the additional extinction of light
caused by the presence of the haze layer, amountina to only 1.6\ of the
incident liaht fro• a source near the zenith, would not be perceptible
except possibly very close to the horizon. Howev~r, liaht scattered
out of an intense beaa by the haze layer could be easily visible.
Assuae that a fairly powerfUl liaht source is aimed straight up from
the around; takina as typical values, e.a., for an automobile sealed
4
be.. unit, an intensity, 10 , of 3 x 10 candles (30,000 candlepower) and
a be.. width of 6°, the liaht flux incident on the layer at h • 100m is
F • 236 lumens,
0
nealecting attenuation in the air below the layer. The beam solid angle,
w , is 7.85 x 10- 3 steradians. The incident illuminance, E , on the
0
0
layer is
Fo 1o
2
E • - • :-1 • 3 lumens/m
o

A

h

2

.

2

where the illuminated area, A • w0 h , 1s 78.5m
The scattering volume,
3
v, is 78.5m since the layer is one meter thick, and the intensity of
the scattered liaht is
I(+) • E0
f(+)v
• 3.75 x l0- 1f(+)
(candles).

ii

If an observer is located 100 m from the light source, he will
observe the scatterod liaht at a distance of ~140 m and a ~cattering
anale,+, of 135°. The apparent source of the scattered light will
appear to be elliptical, rouahly 4° wide and 3° hiah, and will present
2
an area noraal to the observer, An• of 62.6 m • The value off(+) for
a stronaly scatterina medium at • • 135° is about 0.2; th~refore the
liaht scattered toward the observer is
Is • 7.5 x lo-2 candles,
and the apparent briahtness, B , of the scatterina volume will be
2
8 • ~ • 1.2 x 10~ 3 c/m
5

An
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A fairly dark, moonless night sky has a background brightness, ~~
-3
2
of about 10 c/m ; the scattered image would therefore have a total
3
2
brightness of~ 2.2 x 10- c/m and a contrast against th~ night sky of
t • Bs/~ ~

1.2. At this background brightness data given by
(1952) show that the contrast required for 50\ probability of
2
for an object of 3°-4° diameter is about 5.7 x 10- ; t~us the
hypothesized in this example would have a brightness about 20

Middleton
detection
image
times

greater than the minimum detectable, and would no doubt be easily visible as a pale, glowing, elliptical object.
In contrast, the air immediately above and below the haze layer
with a• 2 x 10-S m-l and f(~) • 1.1 at~ • 135° would yield a scattered
brightness of only about 6.6 x 10 -6 c/m 2 per meter thickness. The contrast against the night sky of the light scattered from the beam above
or below the layer would therefore be on the order of 7 x 10
-3

-3

, which

2

is not detectable with a background brightness of 10 c/m according
to Middleton (1952).
2
Increasing the background brightness to 10- 2 c/m , corresponding
to a bright, moonlit night, would decrease the contrast of the scattered
image to 1.2 x 10- 1 , which is about six times the minimum detectable
contrast at that background brightness and the image would therefore
still constitute a fairly obvi~us (object). Perception of light scattered from the rest of the beam under this increased background brightness,
4
with t; 6.6 x 10- , would be out of the question.
The level of background brightness for which the contrast of the
image in this example would be reduced to the point where there is only
a SO% probability of detection by an observer looking in the right direc-1
?
tion is roughly 10
c/m~; this value corresponds to the brightness of
a clear sky about l/2 hour after sunset.
Thus, scattering of light from sources of small beam width by
localized haze layers in the lower atmosphere may cause the appearance
of diffuse, glowing patches of light, moving with movement of the light
source, that could easily be interpreted as a UFO by an observer unfamiliar
with such phenomena. Data given by Middleton (1952) show that with common
light sources and under average nighttime sky conditions, the main beam
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of light could easily be imperceptible by scattered light, while at the
same time the light scattered from a haze patch or l~yer would be easily
visible to an observer; thus the source of the UFO-like image would not
be apparent .
6.

r
~·
f.

Evaluation of the State-of-the-Art Knowledge
During the last decade, active interest in optical mirage appears to
have waned. The reasons for the apparent decline are believed to be twofold. Firstly, on the basis of simple ray-tracing techniques, the mirage
theories satisfact~rily explain the various large-scale aspects of observations. Thus, no disturbing contradictions between theory and observation
have been found. Secondly, although atmospheric refraction remains of
great interest to astronomy, optical communication, and optical ranging,
the phenomenon of the mirage has so far failed to demonstrate a major use.
At the present tiae, there is no sing~e theoretical model that explains
aU the aspects, both macroscopic and ndcroscopic, of the mirage phenomenon.
The absence of such a model must stand as evidence that shortcomings remain
in current knowledge. These shortcomings are most eloquently discussed by
Sir. C. V. Raman (1959), who suggests and actually demonstrates that any
approach to explain the phenomenon must be based on wave-optics rather than
ray-optics. The theory of wave-optics as applied by Sir.C. V. Raman, suggests the presence of some intriguing aspects of the mirage that arise from
the interference and focussing of wavefronts in selected regions of the refracting layer. Raman's experimental studies reveal that when a collimated
pencil of light is incident obliquely on a heated plate in contact with air,
the field of observation exhibits a dark region adjacent to the plate into
which the incident radiation does not penetrate, followed by a layer in
which there is an intense concentration of light and then again by a series
of dark and bright bands of progressively diminishing intensity.
Further theoretical and experimental investigations are warranted in
order to determine to what extent the brightening and brightness variations
that arise from interference and focussing can add unusual effects to observations of phenomenon associated with abnormal refraction in the atmosphere.
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7.

Conclusions
When an unusual optical phenomenon is observed in the atmosphere,

its positive identification as a mirage cannot be made without a physically
meaningful description of what is seen and a complete set of meteorological
and astronomical data. The required "hard" data are practically never available for the specific place and time of observation, so that the descriptive
account remains the only basis for identification; in this case, successful
identification depends on a process of education. Thus, the casual observer
of an optical phenomenon can establish the likelihood that his observation
is a mirage only by being aware of the basic characteristics of mirage and
the physical principles that govern its appearance and behavior.
The conditions required for mirage formation and the principal characteristics of mirage images, as described in this report, are summarized
below. The summary presents a set of standards by which to interpret the
nature of an optical observation in terms of a specific natural atmospheric
phenomenon.
A. Meteorological Conditions
Optical mirages arise from abnormal temperature gradients in the
atmosphere. A temperature decrease with height (temperature lapse) exceeding 3.4°C per 100 m or a temperature increase with height (temperature
inversion) is most commonly responsible for a mirage sighting.
Large temperature lapses are found in the first 10 meters above the
ground during daytime. They occur when ground surfaces are heated by solar
radiation, while during nighttime they can occur when cool air flows over
a relatively warm surface such as a lake. When the temperature decreases
with height more than 3.4°C per 100 m over a horizontal distance of 1 kilometer or more, an observer located within the area of temperature lapse
~

can sight an inferior mirage near the ground (e.g., road mirage, ''water" on
the desert).
Layers of temperature inversion ranging in thickness from a few meters
to several hundred meters may be located on the ground or at various levels
above it. In areas where they are horizontally extensive, an observer
can sight a superior mirdge that usually appears far away (beyond 1 kilometer) and "low in the sky." The strength of the inversion determines the
degree of image-elevation; the stronger the inversion, the higher the image
appears above the horizon. Layers of maximum temperature inversion (30°C)
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are usually found adjacent to the ground.
Calm, clear-weather conditions (no precipitation or high winds) and
aood horizontal visibility are favorable for ~irage formation. Warm days
or wara nights during the summer are most likely to produce the required
temperature gradients.
8.

Geomt'try of Illumination and ViewinJl
The aeometry of illumination and viewing in the case of optical mirage
is determined by the spatial variations of refraction index that occur in
the cloud-free atmosphere, and by Snell's law of refraction, which relates
these variations to changes in the direction of propagating wavefronts.
The spatial variations in refractive index are associated with layers of
temperature inversion or temperature lapse. Variations of 3 x 10- 5 ,
correspondina to temperature changes of 30°C, are considered near maximum.
As a consequence of Snell's law and the small changes in the atmospheric refractive index, an optical mirage develops only when a temperatureinversion layer or a layer of larae temperature lapse is illuminated at
arazina incidence. The requirement of arazina incidence implies that the
source of illumination must be either far away, i.e •• near the horizon, or
very close to or within the layer of temperature aradient. Therefore, both
terrestrial and extraterrestrial sources can be involved. Because of the
distance factor, the actual source of illumination may not be visible. Its
location, however, must always be in the direction in which the mirage image
is observed, i.e. • observer, image and "mirrored" source are located in
the same vertical plane.
Another consequence of Snell's law and the small spatial changes in
refractive index is that noticeable refractive effects are not likely beyond
an anaular distance of approximately 14 degrees above the horizon and that
a superior mirage image is not likely beyond an angular distance of 1 to 2
degrees above the horizon. Hence, mirages appear "low in the sky" and
near the horizontal plane of view. An optical image seen near the zenith
is not attributable to mirage.
Because of the restricted geometry between observer, mirage image, and
source of illumination, the observed image can often be made to disappear
abruptly by moving to higher or lower ground. Furthermore, when mirage
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observations are made from a continuously moving position, the
move also, or can move for a while and then
C.

abrupt ·~y

imag~

can

disappear .

Shape and Color
A mirage can involve more than one image of a single object.

Obser-

vations of up to four separate images. some inverteu and some upright,
are encountered in the literature.

When multiple images occur they all

lie in a single vertical plane or very close to it.
The apparent shape of a mirage can vary form clearly outlined images
of an identifiable object such as a distant ship, landscape, or the sun
or moon, to distorted images that defy any description in terms of known
objects (e.g., fata Morgana).

Apparent stretching either in the vertical

,,.

or in the horizontal plane is common.
During daytime, a mirage can appear silvery white ("water" on the
ground), or dark when projected against a bright sky background, or it
can reflect the general color of the land or seascape.

Distinctly colored

images ranging from red and yellow to green and blue are observed when
unusual conditions of mirage occur near sunrise or sunset (e.g., Red and
Green Flash) or, at night, during rising or setting of the moon or of a
planet such as Venus.
In the

pres~nce

of atmospheric turbu!ance and convection, the effects

of scintillation become superimposed on the large-scale mirage image.
When scintillat i on occurs, extended mirage images appear in constant motion
by changing their shape and brightness.

When the image is small and bright,

as may be the case at night, large fluctuations in brightness and under
unusual conditions in color can give an illusion of blinking, flashing,
side to side oscillation, or motion toward and away
effects

a~sociated

~rom

with scintillation can dominate the

the observer.

v~sual

The

appearance

0f any bright point-object in the area Letween the horizon and approximately
14 degrees above the horilon.

D.

Present Uncertainties
The theory of ray optics adequately explains such observed large-

scale aspects of the mirage as the number of images, image inversion, and
apparent vert1cal stretching and shrinking.

However, if the interference

and focussing of wavefrcnts within the refracting layer are as fundamental
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in airaie formation as purported by Sir C.V. Raman, the ray-tracing technique may have to be replaced by the theory of wave-optics.
Sir C. V. Reman's application of wave-optics to mirage suggests that
under special conditions of illumination, the upper boundary of an atmospheric temperature inver3ion could exhibit a large ~oncentration of
radiant energy due to focussing of wavefronts. Also, interference of
wavefronts could produce alternating layers of high and low brightness.
Under what conditions and to what extent these brightness effects can be
observed in the atmospher~ is not known. Relevant observations have not
been encountered in the literature, although some unusual observations
of the green flash made under mirage conditions (O'Connel, 1958) could
possibly have been caused by the enhancement of brightness in an inversion. The visual effects from focussing and interference of wavefronts
must be considered as the least explored aspect of mirage.

Ii
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Chapter 5
Radar and the Observation of UFOs
Roy H. Blackmer, Jr.
~J

with contributions by
R. J. Allen
R. T. H. Collis
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Herold
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Introduction

This chapter covers studies of radar capabilities and limitations
as they may be related to the apparent manifestation of unidentified
flying objects. The studies were carried out by the Stanford Research
Institute pursuant to a contract with University of Colorado (Order
No. 73403) dated 23 June 1967, under sub-contract to the U.S. Air
Force.
The preceding chapter of this report, entitled "Optical Mirage-A Survey of the Literature," by William Viezee, covers optical phenomena due to atmospheric light refraction.
As they became available other information and interim results of
these studies were informally communicated to the University of Colorado
study project in accordance with the referenced contract.
The purpose of this chapt~r is to provide a basic understanding
of radar, the types of targets it can detect under various conditions,
and a basis upon which specific radar reports may be studied. Studies
of specific UFO incidents were performed by the Colorado project (see
Section III, Chapter 5).
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At first consideration, radar might appear to offer a positive,
non-s\i)jective method of observing UFOs.

Radar seems to reduce data

to range!, altitudes, velocities, and such characteristics as radar
I

I

;

I

reflectivity.

On closer ex.. ination however, the radar method of

looking at an object, althouah mechanically and electronically precise, is in many aspects s.mstant!dly less comprehensive than the
visual approach.

In addition. the very techniques that provide the

objective 11easurements are themselves susceptible to errors and ananalies that can be very misleading.
In this chapter we will consider how clle radar principle applies
to det6ction of targets that may be or appear to be UFOs, and attempt

I

to establish the criteria by which such apparent manifestations must

. I

be judaed in order to identify them.

Since

Wfl

make no ass\IJlptions re-

garding the nature of UFOs we limit ourselves to describing the principles by which radars detect taqets and the ways in which targets
appear when detected.

In a word, we can only specify the nature of

radar detection. of targets in terms of physical principles, both in
regard to real and actual taraets and in regard to mechanisms which
give rise to the apparent manifestation of targets.

It is hoped that

these specJ.fications will assist in the review of specific instances
as they arise.

Even in cases where radar may identify target prop-

erties that cannot be explained within the accepted frame of understanding of our physical world, the authentic Observation of a target having such properties will shed

littl~

or no light on its nature

beyond the characteristics observed, and it will therefore

re~ain

un-

identified.
2.

Radar Systems
R.4.DAR is an acronym for RAdio Detection And Ranging.

It is

a device for detecting certain types of targets and determining
range to the target.

The majority of radars are also capable of

1060

th~

o

r.,.......,"!"• '••

- · ·:. '-""""' ,r.. ~ ..- .,........., , ,. • ..., . . .

I
!

measuring the azimuth and elevation angles of targets.
Radars operate on three fundamental principles:
1)

that radio energy is propagated at uniform and known velocity;

2)

that radio energy is nonnally propagated in nearly straight

3)

lines, the direction of which can be controlled or recog-

,,'.

nized; and

.

\

that radio energy may be reradiated or "reflected" by matter

'i

intercepting the transmitted energy.

-~

Basically radar consists of a transmitter that radiates pulses
of electromagnetic energy through a steerab le antenna, a receiver that
detects and amplifies returned signals, and some type of display that
presents infonnation on received signals.
Radar systems can be separated into three general categories:
1)

operational

2)

special usage systems and

3)

experimental and research systems.

systems~

These include fixed and

portable ground-mounted systems, airborne, and shipborne
systems.
Many types of radars are specifically designed to perform specialized functions.

In general, radars provide either a tracking or a

surveillance function.

The surveillance radar may scan a limited

sector or 360° and display the range and azimuth of all targets on a
PPI (plan position indicator).

Tracking radar locks onto the target

of interest and continually tracks it, providing target coordinates
including range, velocity, altitude, and other data.

The data are

usually in the fonn of punched or magnetic tape with digital display
readout.

Air traffic control, ship navigation, and weather radars

fall into the surveillance category; whereas instrumentation, aircraft automatic landing, missile guidance, and fire control radars
are usually tracking radars.

Some of the newer generation of radar

systems can provide both functions, but at this time these are very
specialized systems of limited number and will not be discussed further.
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In addition to the above general applications, each of the radar
systems have spacial selective functions for various purposes. For
exaple, some radar systems are designed so that they can track moving targets. Signals from stationary targets such as the ground,
buildings, or even slow-mov~ng objects are excluded from the display.
This si•plifies the display and makes it possible to track aircraft
even though they are moving through an area from which strong ground
clutter signals would otherwise mask th~ echo from the aircraft.
In addition to the many radar types, the radar operator has at
his disposal many control functions enabling system parameters to be
changed in order to improve the radar performance for increasing the
detectability of particular types of targets, thereby minimizing interference, weather, and/or clutter effects. These radar system controls
can modify any one or any combination of the following chaTacteristics:
Transmitter output power
Pulse repetition rate
Sensitivity time control
Transmitted pulse width
AGC response time
IF receiver bandwidth
Transmitter operating frequency
Antenna scan rate
Polarization control of radiated and received energy
Skin or transponder beacon tracking
Receiver RF and IF gain
Display control functions
Numerous signal processing techniques for clutter suppression,
weather effects, moving target indication, false alarm rate,
and threshold controls.
The radar operator himself is an important part of radar
systems. He must be well trained and familiar with all of the interecting factors affer:ting the operation and perfonnance of his equipment. When an experienced operator is moved to a new location, an
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important part of his retraining is learning pertinent factors related
to expected anomalies due to local geographical and meteorological
factors.
Two other groups of persons also affect the performance of the
radar system.
ance personnel.

They are the radar design engineer and the radar maintenThe designer seeks to engineer a radar which achieves

the performance desired, in addition to being a system which is both
reliable and maint4inable.

Highly trained maintenance technicians

routinely monitor the system insuring that it is functioning properly and is not being degraded by component system failures or being
affected by other electronic systems that could cause electrical
interference or system failure.
During the past 30 years, radar systems design has considerably
improved.

Radars manufactured today are more complex,

v~rsatile,

sensitive, accurate, more powerful, and provide more data-processing
aids to the operator at the display console.
liable and easier to maintain.

They are also more re-

In the process, they have become more

sensitive to clutter, interference, propugation anomalies, and require
better trained operating and maintenance personnel. Furthermore, with
the increased data-processing aids to the operator, the more diffic.ul t
becomes his target interpretation problem when the radar systems
components begin gradually to degrade or when the propagation environment varies far from average conditions. The more sophisticated radar
systems become, the more sensitive the system is to human, component,
and environmP.ntal degradations.
3.

Radar Fundamentals
Radar detection of targets is based on the fact that radio energy

is reflected or reradiated back to the radar by various mechanisms.
transmitting pulses of energy and then 'listening' for a reflected
return signal, the target is located.
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The period of time the radar

By

I

l

l'
is transmitting one pulse is called the pulse length and is generally
weasured in microseconds (millionths of a second) or expressed in
tel'Bs of the length from the front to the back edge of the pulse . (A
one microsecond pulse is 984 ft. long, since radio waves, like 1ight
travel 186,000 statute mps.) The rate at which pulses are transmitted is called the pulse repetition rate. When pulses are transmitted at a high rate, the receiver listening time between pulse~
for return echoes is reduced as well as the corresponding distance
to which the energy can travel and return. This means that the maximum
unambiguous range is decreased with increasing pulse repetition rate.
More distant targets may still return an echo to the radar after the
next pulse has been transmitted but they are displayed by the radar
as being from the most recent pulse. These so-called multiple trip
echoes may be misleading, since they are displayed at much shorter
ranges than their actual position.
Other important operating characteristics of a radar are its
transmitted power and wavelength (or frequency). The strength of an
echo from a target varies directly with the transmit ted power. lhe
wavelength is important in the detection of certain types of targets
such as those composed of many small particles. When the particles
are small relative to the wavelength, their detectability is greatly
reduced. Thus drizzle is detectable by short wavelength (0.86 em.)
radars but is not generally detectable by longer (23 em.) wavelength
radars.
The outeoing radar energy is concentrated into a be8ln by the
antenna. This radiation of the signal in a specific direction makes
it possible to determine the coordinates of the target from knowledge of the azimuth and elevation angle of the antenna. The desired
antenna pattern varies with the specific purpose for which the radar
was designed. Search radars may have broad vertical beams and narrow
horizontal beams so that the azimuth of targets can be accurately determined. Height finders on the other hand have broad horizontal
beams so that the he"ht of targets Ql1l be accurately determined. In
either case the radiating and receiving surface of the antenna is
usually a section of a paraboloid.
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A circular beam may be described as a cone with maximum radiation
along its axis and tapering off with angular distance from the center.
The beam is described by the angle between the half power points (the
angular distance at which the radiated power is half that along the
axis of the beam). In the case of non-circular beams two angles
are used, one to describe the horizontal beamwidth, a second to
describe the vertical beamwidth. Later in this report the detection
of targets by stray energy outside the main beam will be discussed.
The size of the beam for a given wavelength depends on the size
of the parabola. For a given size parabola the longer the wavelength,
the broader the beam.
When the radiated energy illuminates an object, the energy (except for a small amount that is absorbed as heat) is reradiated
in all directions. The amount that is radiated directly back to the
radar depends on the radar cross-section of the target. Differences
between geometrical cross-section and radar cross-section are related
to the material of which the object is composed, its shape, and also
to the wavelength of the incident radiation.

The radar cross-section

a target is customarily defined as the cross-sectional area of
a perfectly conducting sphere that would return the same amount of
~f

energy to the radar as that returned
cross-section of complicated targets
object's orientation with respect to
a much smaller radfl.r (and geometric)

by the actual target. The radar
such as aircraft depends on the
the radar. A jet aircraft has
cross-section when viewed from

the nose or the tail than when viewed broadside.
Equations relating the various parameters are given, in varying
degrees of complexity, in textbooks on radar. In their simplest
form the equations for average received power are:
For point targets (birds, insects, aircraft, balloons ,. etc.)

p

r

=

(1)
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For plane targets (earths surface at small depression angles)

p = PtG 2 x2 e cTo
r

(4n)3 R3 2

(2)

For volume targets (precipitation)

(3)
(4n) 3 R2 2

Where:
Pr
Pt
G
X
o
R

• average received power
= transmitted power
= Antenna ga: 11
= wavelength
= radar cross-section
= range of target
e = horizontal beamwidth of antenna
c = velocity of radio waves
; • length of transmitted pulse
~
= vertical beamwidth of antenna
n = reflectivity per unit volume
These equations show that the intensity of echo signal varies
according to whether the target is a point, a relatively small ares,
or a very large voh.une such as an extensive region of precipi tatior.' .
The echo signal intensity of point targets varies inversely with the
fourth power of the distance from the radar to the targets. The.
intensity of area targets varies with the cube of the distance, and
that of large volume targets, with the square of the distance.
Figure 1 illustrates how the radar beamwidth and the crosssection •rea or volume of the target interact to give these different
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Fo:-

be detected when it is flyina throuah pre ·
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precipita~ion
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Information on 5ianals returned to the radar by a target may
be presented to an operator in a number of ways; by

light~

or 5ounds

that indicate there is a taraet at a 5elected location; by numbers that
aive the azimuth, elevation anale, and range of a 5elt' c ted taraet ; or
in 'picture' form
u

sh~!na

the antenna rotates.

all taraets within rMae that r-e 1' t'tected
The latter form of presentation ts called

a P 1an Po s i t i on I n d i cat or ( PP I ) . P 1a t e b 5

TI1is photoaraph is a
revolution.

ti~e

s how s a ph or oa ra ph o f a PP I .

exposure equal to the tiee fur one antenna

The center of the photoaraph is tht location of the

radar station .

Concentric circle5 aroWld the center ir.dicate di5-

tance ir011 the stat•on.

In thh cue the range circles arf" at 10

mi . intervals, so the total displayed range is 150 mi .

Sorth 1s

at the top of the photoaraph and lines radiattng from the center are at
10• intervals .

to a •ap .

A PPI display such as this corresponds very c lo5el y

Often overlays wtth locat1ons of cities, state boundartes,

or other pertinent coordinates are superimpo5ed over the PPI to atd
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tu.· Cl ljl.ht "''' !1a~r 'lerlOU'I note of .any 'l !r~JIIl.e !iarjo.!•· f -. unlr· 'l '>

the>· 11ppe11r to lll!o:"rfrr-: •tth the nom11l

tr11ff1 c h<:- 1:'1 VeL!orlrtr, .

1.\en when the unr.aplitlned r:.t!rilorJu · i&r}' LH~rt:'l 11n.· dl~pl~a ) cJ . hr
hiU

little.- tll"lc IIVIIllublc to tr11c~ ~nd &lllllpe the'lc liHKct:'l .

tlmt' is

full>' oc c upied obHrvlng tht' ~no"m tare,.t~ for which

Ill'>

t.r

1'1

rl" :'l pon51ble .
c urrtng '>lranl{e phrnomrna Jut' to pro p agation condltlon'l anJ '> ll '> l~<'l.'~'
In ll.C II eral, !ht· up erat o r '>ei ·Jom hit'> a •u.~·

111

•h1ch tu rr cu rd ttw dl'>playnl Jata f o r

latl·r s tuJy anJ an.al>''>l'> ;,)' '>prCiiall'>l'> .
In 4JJ1tion to the

trili <.: ~lng

of vanou"> liHKrl'>

l~t·

mu·t

.J! -.u h·

at. art• of thr p o ">~ II> III ty of mal fun c t to n of thr r~aJar.

4.

System ~e 1 i ab 1 II t ,''
Tllio typt• s of f.ulurcs occ ur 111 a radar sy'>tem :

Cilt~troph1c

anJ thu ~ e that cauH·

of good lflalnten.i&nct•

proc~dures,

il

!h O'> t' th .&t

.:radu.tl Jq:raJatton .

In '>pitt•

thert• will be :o.y:o. tc:n cc.cnpunt·nt

that occur due tu ~:.-tcrnal t•vt·nt"> such .t:o. I Ct' or 1oo1nd load1n.:.
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.~ rt·

fallurt·'i
r.&ln

on the cabliiiK 11nJ connector"', buJp
~~not

Tile OJlt'rator
~~usually

loc~atod

~aut!

birth In thr frrtl

llhtiiY'• lmtnt'tllutcly illotMrr of
In

~oundproofeJ

lA

.aut!

the tranulittrr, antenna, and rocolVIII(

hllrd~~tllrr.

available to him only the coruolr dl"'plll)"
' ' '~-u•lly

Cata"'trophic "'ystem"' hllu .. e 1"1

IUHI

ftallurn .

'HICh

odnd~lt·"''>

'>lnHitJn· .

lk

ruum rrmutr from
"llu· oprrator

rc~adout

h,a '>

equlpmrnt

"'elf - Cl v ltlrnt tu thr u pt'rtator

When the tran,altter p<:*Cr tub" falh, or thCl antenna drlvc un1t
the operator is

~~Ware

of

thl~

l,.edlately on hi, I'PI JI .. Jd•y .

t.oh,

Hut

when the aain in a re cetvina tube decreaHs, or the .. y..trm noise
slowly increases due t'l a component
tran~al'. ter

de~tr•d•tton,

or the All. In thr

sectioo Lcetru to ao out of tolrran1..r over

prnotl uf

11

days calUIIli ln .: rrM"'ed irequcncy modulatton or "puhe Jitter"

111

thr

trans•ittod puhe, tl!'lle m•y l'l•psr before the opt'rlltor hrcOftlr'> .a•iart·
of thr

~lowl)'

dctenoratlni

~>erfonailncc .

~edu c rJ

"'en"'ltlvlty ur thr

increased receptlon of '-'lltri&neolU t•rKet"' froe KrounJ clutter o r
neart>y reflect ina st ru c turc.-

11

often evidence th11t the.- radar '>f 'drm

is deteriorat ina .
It can bt' considered th11t
radar ml&ht he

~ubJcct

11

IIIIIJor "'ptt'tll CD«<lponrnt of a tfplc•l

to Cilta"'troplc filllurt' cvrry

.' ~.n

to ',00 0 hour"'

of operation (5 to Jt, averagc failure - fret' d&f'i) and th11t gnccful
de1radat1on" of

cat~ponents

occur continually .

l'o"'"Jible f111lure thu'>

becoaes one of the first causes to be conHdert'd 1n analyz1ng un usual radar stahunas .

The next factor w1ll be posslblt· unU5ual

propqation effect'\ to wh1ch the radar is subJect.

Analysis of

traordinary siahtinas is further handicapped by the fact that

t~ • -

th<~

displayed daa of tho siaht1na usually are not recorded and tha• any
explaraat1ons 11ust frequently be based upon interpretations by th ·
o~raton

present at the time of the si&htin&.

The polnt

1 ·~

thilt the

opentor, the radar, and the propa&atlon med1um are •11 fall1!>l •· p.&r!s
of the s y s t e11 .
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5.

Relationships between Echoes and Targets
There are five possible relationships between radar echoes

and targets.
These are:
a) no echo - no target;
b) no echo - when a visual object appears to be in a position
c)
d)
e)

to be detected;
echo - unrelated to a target;
echo - from a target in a position other than that indicated;
echo - from a target at the indicated location.

The first and last possibilities are indicative of normal function.
Possibility b) becomes of importance where there is an object that
is seen visually. Then, from knowledge of the types of targets that
are detectable by the radar, some knowledge of the characteristics of
the visual object could be obtained.
The situations c) where there is an apparent echo but no target
are those when the manifestation on the PPI is due to a signal that
is not a reradiated portion of the transmitted pulse but is due to
another source. These are discussed in a subsequent section of this
chapter.
Situations where th~ echo is from a target not at the indicated
location d) may arise due to one or a combination of the following
reasons. First, abnormal bending of the radar beam may take place
due to atmospheric conditions. Second, a detectable target may be
present beyond the designed range of the radar and be presented on
the display as if it were within the designed range, for example,
multiple-trip echos from artificial satellites with large radar crosssections. Third, stray energy from the antenna may be reflected from
an obstacle to a target in a direction quite different from that in
which the antenna is pointed. Since the echo is presented on the
display along the azimuth toward which the antenna is pointed the displayed position will be incorrect. Finally, targets could be detected
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by radiation in sidt' lobes and would he pre 'i rntt·d on the

di~J · Ia)'

as if they were detected by tht• mMIII hrwn.
encomp~&sses

Possibil i ty t') llst«'d above
situations where

tlu~r~

display system.

Of prirnury concen1 in

n&n~r

tht· hro1ad

of

is u tMrit.'t ut thr locution iPdlcatt·J on thr
tha ~

CUH'

1~

thr ldt·ntlflrutaon

of th, target .
The possible relationship"
interpretation is not simple.

lhtrJ l&hovo shuw tiHat rudur-.copc
~nc1fy

To uttempt tL .

tariet'>,

the operator must know the charucterhtacs of h1s rtaJar; whrther

~t

is operatini properly; wHJ the tn>c of tugds it is cupuhle of Jr
lte must be ver:-- aware of tht· conJit ions or t•venh hy which

tecting.

echoes will be presented on th t' radar in a position that h

differ -

ent fro. the true target location (or in the cll!>e of interference hy
no taraet).

Fin~&lly,

the operator must acqu1re collateral infor -

•ation (weather data, transpol"der, vo lct' comunication, v!su:.l ci1'it'rvations or handover infonnatlon from another radilr l>t•fon· ht· can
be Mhsolutely sure he has identified an

6.

S~anal

u11u~ual

t•cho.

Sources

Sources of electromagnetic radiation thar may
appart'nt echoes on
radiator3

th~

c~~se

real or

radar displMy induJc l·uth radaaton and re-

Sa.e sources, such as ionospheric electron badscattt·r,

the sun, and the planets, art' not

consid~rc~d.

detected onl)' by the most scn!-itl':e of

sine~

rese~&nh

they can be

radars .

As a rad-

iMtor the sun does emit enough ent-rgy at micn•wave wavl'lengths to
produce: a nol!>l' s1gnal.

This signal h:c; been usrd for research

purposes (W-.H.er 19t>2) to ched. the alignment of the radar ar&tenna.
Rad1o sextants have been bu1lt which trad the sun at em. wavl'lengths
by Collins Radio Co.
ly d

Since th1s signal is qu1te weak it 1s unlike-

would be notlct•d during rout1ne operatiou of a search radar .
Reradiators include obJects or atmospheri ; conditions that in-

t~rct'pt

and rt-radtate energy transmitted by the radar .

1n Slit' from tht· s1de of a moWltain to insects .

Objects range

Atmospheric conditions

include IOnized regions such as those caused by lightning discharges
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and inhomogeneities in refractive index caused by sharp discontinuities in temperature and moisture.
Table 1 lists some radiators and reradiators. This list is
incomplete since continuing development of new types of radars or
improvements due to evolutionary growth of existing radars results
in new types of targets becoming detectable.
Table 1
Radiators and Reradiators
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Precipitation
Aircraft
Birds and Insects
Satellites, Space Debris, and Missiles
Ionization Phenomena or Plasmas
Balloons
Chaff, "Window," and "Rope"
Smoke
Distant Ground Retum and "Angels"
Radio Frequency Interference

The signal sources listed have relatively unique sets of
characteristics although in m~y cases there is some overlap. For
example, a fast flying bird with a tailwind could have ground speeds
comparable to a light aircraft with a headwind. At comparable range,
however, the signal intensity would be quite different unless the bird
were in the main be• and the aircraft in a side lobe. This section
will discuss the typical characteristics and behavior of the retum
signals and the auxiliary infomation needed to confirm or reject
them as the sources of a given echo will be mentioned. For example,
as mentioned above, knowledge of wind speed is necessary to detemine
the air speed of a target.
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In 'he
some

~~~cuBton

~pocifl c

of

J ~ t«H.:tuhllity

of the v11rious 'iignal '>ources

frequency h1ar1d'i may IH' mentioned .

..

1~urc}.

lllustrute :,

tho rol11t1onshlp~ hctweon WIIVelon~tth~ 11nd frequency in the vun c u~
bands and shows ~pccific r~&Jur hwnd'i within the fre(ttH•ncy anJ wave lonyth spectrwn.
Predpi Uti on
In the 1940's when rad~&r tochnulojty udvllllceJ to the point where
wavelenaths loB than half a mett·r be~tl&ll to bo fe•~1!Jle, predpit~&tlon hccamt· a
radarwdet,ctable

t~&rjtet.

Li~tda

(19t>l) statrs that the first radar

ston1 c.bserv11tion WL'l 11ade on 20 ~ebruar; 1941 in En~tland w1th u lO
c•.

(S band) wavelength radar .

used for

~teorological

have been

dosi~trted

11nd

Slnct.· thi&t time, radar has ht•cn

purpo~es

and special mett·orolOJtical radars

con~tructt·d ~ prclflcitll r

(Williu", 1952; l{ocknry,

w1del~·

19~8).

~lany

raJ~trs

for prccipltutlon '>tll<llt'"

dc~i~ened

for purposes otht•r

than weather Jetecti')n were f.Jund to be veq adequate a .. prt·ctpltatlon
detectors.

Ligda (195:') studted the di:.trihutlon of prcctpitatiort

over large areL'l of the Un1tcd

~tiatcs

Defense CoiE!and (ADC) Radars dunng

tUin~t

~he

1'1'1

photogn~,h~

from Atr

period 1954 to 1958 and

d•Jring 1959 studied the distribution o f maritime prec1pitat1o11 :.hown
by J PI photographs from rudars aboard ships uf l{adar Pickt•t Squadron
I stationed off the west coil5t of the lJrnted State:-..

Later

?rogram~

concurrent witn several of the meteorological satl'llites ('ta~le,
1968) have also utilized data from AlJC and S~aV)' radars.

designed for other

sp~ci!ic

missions are often capable of

J;i 63; Bltackmt•r,

Thus raJ.ars
detectin~

precipitation and an understanding of the characteristic behavior
and appearance of precipltation is

essen~ial

if the radar operator

is to interpret properly the targets his radar detect:>.
Detailed studies have been mi&dc of characteristics of radar returns
froc precipitation.

In a review of the m1crowave properties of precip-

itation particles Gunn and Ea.st (1954) cLscuss variations in return signal
with waveleng:h and cii
and

iroze~

fferenc~s

water particles.

between the return signal from 1 iquid

Frecipitation consists of a large volume

of particles that ge.lerally fi 11 the beam at moderate ranges .

1074

The

WAVELENGTH
lm

10m
l

1 I 1

-

I

I

I

I

I

I

~

I

I

I

I

I

-...

UHF

CWI
I I

I

I

I

-

I

I

lmn

I C"'
' I

I

I

I

I

I

I

.. --

I

-.

EHF

,

S HF

UL1RA HIGH
FREQUENCY

VERY HIGH
FREQUENCY

..

I

--

...

VHF

IQ
I

EXTREWELY HIGH
f"R[QUENCY

SUPER HIGH
FREQUENCY

•

0

~

11'1

_I

p

s l cJ

L

K

X

I

l

I I 111d
IOO .. Hz
30.,Hz

RADAR
I

I

300t.IHz

I I

I

al1
IC.Hz

I

BANOS
_l _l_ _l__l_l 1

3GHz
rREQUENCY

1

IOGHr

I

I

30GHr

FIG _ COMMON DESIGNATION OF FREQUfNCY BANOS

I I

I

I

t!
tOOGHr

_l___

300GHr

received power at any instant is the resultant of the signals from
the large number of individu~l particles. The particles are constantly changing position relative to each other (and to the
radar site). As a result the signals from the individual particles
so.ett.es add to give a strong return, sometimes subtract to give
a weaker signal. This fluctuation in echo from precipitation is
~adily apparent on scopes that permit examination of the return
fraa individual transmitted pulses. The fluctuation of the return
signal is not, however, apparent to a ra~ar operator monitoring
the PPI of a search radar. This is because the persistence of the
cathode ray tube ~~ed for PPI displays averages or integra:es a
nu.ber of pulses. Of importance to a radar operator concerned with
interpreting the PPI is the variation of signal intensity with wavelength, with pulse length and with precipitation type. Particle!
that are large compared to the wavelength are more readily detectable
than those that are small compared to the wavelength. Light drizzle
may be barely detectable at short ranges while severe thunderstorms
with large raindrops are detectable at ranges of 300 - 400 mi.
When there is large hail falling from a severe thunderstorm the ~e
turn signal may be quite strong.
Radar-detected precipitation may be in a variety of forms from
very widespread continuous areas of stratiform precipitation of
sufficient vertical extent to nearly cover the PPI of a long-range (150
n.mi.) search radar to only one ~r two isolated small sharp ed~ed convective showers. The former is likely to persist for many hours, the
latter for only a fraction of an hour. Between these two extremes
there are many complex mixtures of convective and stratiform precipitation areas of various sizes. One of the distinguishing features
of precipitation echoes is their vertical extent ~1d maximum altitude.
Usually precipitation echoes extend from the surface to altitudes up to
60,000 ft., althc.ugh a more common altitude of tops is 20,000 - 40,000 ft.
Purther, isolated small volumes of precipitation seldom remain .suspended
in the atmosphe=e. The initial echoes from showers and thunderstorms may
appear as small targets at moderate altitudes but subsequently grow
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r3pidly. For exampl~Hilst and MacDowell (1950) examined the
initial echoes f1~m a thunderstorm. Horizontal measurements were made
with a 10 em. radar and the vertical me3surements were made with n
3 em. radar. Their first measurement showed a small horizontal area
and a vertical extent from 11,000 - 18,000 ft. Presumably measurements a short time earlier would have shown smaller dimensions. Subsequently there was rapid growth to an area of 200 sq. mi. and a
vertical extent from the surface to about 30,000 ft. The importance
of this large vertical extent is that such an echo on the PPI of
a search radar with a na~w beam can be present at a variety of
ranges; that is, the beam will not be below the target at short
ranges or above it at long ranges as would be the case with targets
of limited vertical extent.
Since precipitation is less detectable at longer wavelengths
and showers may have a quite short lifetime, it is possible that on
rare occasions precipitation targets could confuse the radar operator.
Consider for example a search radar operating at wavelengths of greater
than 20 em. in an environment ~here short-l!ved showers were occu~ring.
A study by Blackmer (1955) using photographs from a 10 em. radar showed
a peak in echo lifetimes of 25 - 30 min. while the mean lifetime was
42 min. Also using data from an S band radar, Battan (195j) found
a mean echo duration of 23 min. with the greatest number havina lifetimes of 20.0 - 24.9 min. At longer wavelengths with short lifetimes,
it is not impossible that an intense shower would be detectable only
in the brief period during which it was producing hail, because a longwavelength radar might not detect small precipitation particles but
could detect hail. Water-coated hail acts as a la1~e water sphere and
thus gives very strong return signals even at long wavelengths. Geotis
(1963) found that hail echoes are very intense subcells on the order
of 100 M. in size. When a number of short-lived showers or long-lived showers
that were detectable only when hail is falling, are within range of a longwavelength radar, the PPI display could show over a period of time,
a brief echo at one location, then an echo at a n~I location for a
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short period, etc. This might be interpreted as a single echo that
was nearly stationary for a short period then moving abruptly to a
new position.
One of the characteristics of precipitation echoes is that their
.otion is very close to that of the wind direction and speed. This
wind velocity aay not be the saae as that observ~ at the radar site
if the distance to the precipitation is great. Occasions have also
been noted when precipitation echoes within a relatively saall area
have shown differences in aotion due to being moved by different wind
directions at various levels.
In general, however, precipitation is a relatively well behaved
radar target and except for rare instances its extensiveness and orderly
aove.ent readily identifies it to the radar operator monitoring a PPI display.
Aircraft
The tera aircraft includes a wide variety of vehicles froa unpowered sailplanes to the aost advanc~ ailitary jets with speeds
several tiaes that of sound. A target such as an aircraft has a very
coaplex shape that is many tiaes the wavelength of the incident radar
energy. As the energy scattered froa different parts of the aircraft
adds or subtracts froa other parts, the signal returned to the radar
fluctuates. Fluctuations i n the echo can also result froa changes in
the angle at which the aircraft is viewed. That is, when an aircraft
is viewed broadside, its radar (and visual) cross-section is much larger
than when yiewed froa the nose or tail. Skolnik (1962) reports a 15 dB
change in echo intensitr with an aspect change of only 1/3 of a degree.
High frequency fluctuations due to jet turbines (Edrington, 1965) and
propellors (Skolnik, 1962) have also been reported. These fluctuP.tions
are on the order of 1000 cycles per second and would not be apparent on a PPI.
Although aircraft echoes fluctuate due to aspect and propulsion
modulation~. there is a general correlation between !ize of aircraft
and the aaount of signal retu~ed to the radar. An indication of the
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relative detectability of several aircraft as given by the Air Force
(1954) is F-86

~

The

0.46, B-45 • 0. 75, 8-17 • 1.0, B-29 • 1.2.

numbers mean that, if on a given radar a B-17 was jU5t

detectabl~

at 100 mi., an F-86 would be just detectable at 46 mi.
The radar cross-sections of components of a large jet aircraft
was measured with a 71 em. radar (Skolnik 1962) and maximum values in
2
excess of 100 m were found. The fuselage of the large jet when
viewed from the front or rear had a cross-section of about one-half
square meter.

Smaller aircraft would have much smaller radar cross-

section of about one-half square meter.
much smaller

rada~

Smaller aircraft

cross-sections and light aircraft or

~ould

~al

have

!planes of

fiberglass or wooden construction could have extremely small radar
cross-sections.
Another type rf fluctuation in echo signal from aircraft and
similar point targets is due to the nature of rad1o wave propagation.
When a radar wave is propagated over a plane reflecting surface
there will be reflections from that surface to a taraet in addition
to the direct path from the radar to the target.

Figure 3 illustrates

the geometry of beam distortion due to such a plane reflecting surface.
In Fig. 3a an idealized beam pattern in free c;pace h shown.

When

a reflecting surface such as the ground or sea surface is introduced
a portion of the be.il!l wi 11 be reflected from the surface as in Fig. 3b.
A target will thus be illuminated both by a direct wave and a reflected
wave.

The echo siinal from the target back to the radar

trav~ls

the two pat}&s so that the echo is compn!ed of two components.

over

The

resulting echo intensity will depend on the extent to which the two
componePts are ir phase.

Areas along which the two components are

in phase resulting in a stronger signal lie along lines of angular
.
2>.
3>.
5>.
(>. • wavelength and h • antePna
elevat1on of 4"h"' ~ ~ . ..
a
'
height). The twc components are out of phaJe and nearly cancel each

-·,,

other between the madna.

.

The resulting beam pattern thus consists of

a series of lobes as presented schematically in Fig. 3c.

M an

aircraft flies along it will progress through the T'f'gions of maxima
and minima, and the signal will fluctuate from near zero in the minima
to a valu6 near twice the fre -space intensity in the maxima.
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iUSI'~.:s

The forel!otna

a plane,p e rfe r tly reflectina surfa ce .

Since the surface tn the vtctnity of a radar station is aenerally
not " p 1 an o and i t s re f 1c c t i n i 4 u a ltt i e !> vary the s i t u at i on
more

cor.~plcx

than the idcali:.cd ca.' le .

n1e e ffect of these fade "reas

1s

to cau le aircraft t.1raers to
h~

sometimes dtsarpear and then ( if the taraet
~uch

1 s IIU ch

not reached a rar.ac

that th r return sianal is no lonaer detectable) to reappear .

a number of aircraft flyina
ings and

r e appe~r•nces

ab~t

With

it is not inconceivable that the fad-

of the several aircraft would be difficult

to keep track of and could be misinterpreted

a5

a smaller ntnb e r of

targets that were movtng quit e erratically .
Considerina the whole spectrum of vehicles that travel in the
atmosphere, there i'Day be spt:eds
or sp eed5 exceeding

~tach

3.0.

iU

low as zero (hovering he 1i copter)

Correspondingly,

altltude~

v11ry from

the surf.1ce to 50,000- 60,000 ft . (in some cas '! s above 100,000 ft.)
Different types of aircraft, however, are limited in their range of
speeds and altitudes.
erate to

th~e

A hovering helicopter cannot suddenly accelNeither can a

times the speed of sound.

jet hover at 60,000 ft.

super~onic

A characteristic of an aircraft echo on a

PPI is therefore its rrolative unifonnity of movement. To monitor this
movement allowance must be made for farles.

The direction of move-

ment also will be quite independent of \oiind direction at flight l..!vel.
Birds and insects
Possibly the earlirost observation of a radar echo from a bird
was made by R.
ruary, 1939.

~1.

Page ( 1939) of the Naval Research Laboratory in Feb-

lt was

m~tde

with an experimental 200

(the XAf) on the U.S. S . New Yo rk near Puerto Rico .
reported by Lack and Varley (1945), were

ob~erved

watching radar set near Dover during 1941.

~tHz.

radar

Bird echoes, as
on a llJ an. coast-

Visual checks confirmed

bot!"- of these early detections by radar as being returns of iudividual
hirds.

Numerous bird observations by radar have been madl· since,
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,........ ,,..

~~peclally

co•piled by Myres (1964) listlnK M9
t:.utwood (1967).
birda in a fixed
~·

~ blblloKr~ph y

of bird a1arat1ons as 11 evidenced 1n
paper~.

Radar cross-sections
p~sition su~pendcd

of birda in fliaht.

(O )

and

~

~rltten

te•t

by

have bc'en measured of
~nJ

1n a nor - rcflect1na s llnK

The values obtained, sho.,n in Tables

~

~.

and

vary with specie», aspect, and radar wavelenath
Because of the inverae-fourth-power variation
1

~ith

ranae,

bird at ahort ranae in the asin be .. can aive a radar echo com -

parable in intensity to that from an aircraft in the main beam at
For ex ..ple, if a piaeon wi~h ~broadside radar cros s2
section of 100 ca .,ere flyina .,ithin the radar rain beam at a range

a lona ranae.

of 10 ai., it .,ould produce as strona a sianal to the radar as a
6
jet aircraft with a a value of 10 cm 2 (100 m2) rlyina "lthin the
radar aain beaa at a ranae of 100 mi.

Ho.,ever, if the aircraft

~ere

flyina in a side-lobe 40 dB less po.,erful than the main beam in "hich
the bird is flyini both would produce equal intensity signals at the
saae ranae.
at 10

a1 .

If the side lobe were 30 dB down, a bird in the ma1n beam

.,ould look like an aircraft at 17.8 mi . , and if the side

were 20 dB down, the bird at 10 mi. would look like an

a~rcraft

lo~e

at

31.6 ai.

Theoretically the •axiaum detectable ranae as dictated by the
aaount of radar sianal returned from birds can be calculated.
ever,

v~rification

H~w

is not easy due to the d1fficulty of spottina a

bird anci establishina that it belongs to a particular blip on a radar
scope. This is parti~ularly difficult in the presence of sea clutter
as experienced durina nn experiment conducted by Allen and Ligda (1966) at Stan ford Research Institute.

Durin& an experiment conducted by konrad (1968),

individual birds were released from an

aircr~ft

5,500- 6,000 ft . from 8- 10 n.mi. from thd

flyini over water at

~adars.

After separation

of the aircraft from the bird in the radar scope, each individual bird
was automatically tracked for periods up to five minutes, so that thP
taraet observed was positively identified as a bird.

Flocks of

birds have been detected to ranaes of at least 51 n.mi. as reported
by Eastwood and Rider (1965).
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Table 2
SUMMARY OF BIRD RADAR CROSS-SECTION DATA
(from Konrad, Hicks, and Dobson 1968)
Root-meanMean radar
Median radar
square Mean-toRadar Poir.ts
Cross-section cross-section fluctuations median
(cm2)
(cm2)
in cross ratio, p
Band
at
point/sec)
section
(cm2)
16 Grackle
X
230
6.5
24
2.4
s
230
27
13
31
2.2
UHF-W* 230
o. 73
0.58
0.6
1.3
0.37
0.15
0.7
UHF-VHt 230
Grackle
X
116
15
21
7.2
2.1
116
s
23
11
32
2.2
0.41
0.32
0.5
UHF-W 116
1.3
0.03
UHF-VH 116
0.015
0.04
Sparrow
129
X
1.9
1.0
2
1.9
129
11
s
15
11
1.4
0.025
UHF-W 129
0.02
0.02
1.3
UHF-VH 129
Sparrow
X
233
0.60
1.3
2
2.2
s
223
12
11
5
1.1
UHF-W 233
0.020
0.02
0.01
1.1
UHF-VH 233
Pigeon
X
160
15
6.4
28
2.3
s
160
80
32
140
2.5
UHF-W 160
11
8.0
7.0
1.3
UHF-VH 160
1.2
0.7
1.4
*VV, Transmit V6rtica1 polarization and receive vertical polarization.
tVH, Transmit vertical polarization and receive cross-pohrized or
or horizontal component.
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VARIATION Of IUUAR CROSS -'iECTION Wl"llt ASI'L CT

(from Konrad, IIi ds, and Ooh!'ion 19t>8)
~adar

Radar
Band
X
X
X

X
X

X

Aspect•

• (em ;)

Starlin& (Stumu'> vulKans )
ltead
Broads1de
Tail
Pigeon (Columba li vi a)
Head
Broad" ide
Tai 1
House

X
X
X

cross -st.•ct ion

(Passer domesticus)
Head
Broadside
Tail

1.8

25. 0
1.3

1.1

100
1. 0

sparr~

0.2 5
7.0

0. 18

X

Rook (Corvus frug i legus)
Broadside

2SO

X

Turkey buzzard
Unknown

25

UHF•
UHF t

Ouck and chicken
lie ad
Tai 1

--------------·
------*For the cross-section

t 0

250

tJO
24

measurements of the starling, pigeon,
sparrow, J.nd rook, the birds wer~ suspended froru a tower witt
their wings folded; the radar elevation rungle was 18°.
Measurements of the turkey buzzard were ~adc when the bird was
in flight; measurements of the duck and chicken were made
when the birds were standing or squatting. +400 megacycles.

i

j
1084

l

1

Very fc·w birds fly ov•·r 13,000 ft.; most fly below 5,000 ft.
In a survey conc.Juctcc.J by htrrari ( 1966) of USAf reports of birdO&ircuft

collisions Jurina 1\JtJS, 27\ of ull collisions were under

100ft. 28\ between 100 - 2,000 ft . , 21\ hetween 2,000- 3,000
ft. and the 24\ ahovt· 3,000 ft.

If it can be asslaed that the prob-

ability of a bird-aircraft collision is

eq~~lly

likely

~t

all altitudes

(which may not be fully valid due tc clilllb and descent) this should
be somewhat of a
birds.

repr~sentative

f.gure of the height of flight for

There wa.s one reported bird-aircraft strike at 17,000 ft. and

a few sightings above 20,000 ft., however the nl..lllber of birds flying at these altitudes appean to be extremely small.
Eastwood and Rider (1965) repC'rted a rather c0111plete

anal~is

of the height of flight of variCA.s birds observed by radar at the
Marconi

Researc~

Laboratory in Enaland.

Their findings agreed very

closely with tl.e above; about 90\ of all birch were below 5,000 ft.
Birds fly higher at night and during the spring and fall migration
~eriods.

A plot of the averaae altitude distribution over the year

is shO"n in Fig. 4.

All of these figures are probably applicable

as height above the general terrain; i.e., at 5,000 ft. above 1nean
sea level, 90\ of the birds would fly at altitudes below 10,000 ft.m.s.l.
The amount cf cloud cover also affects the height at which birds fly.
Diagrams included by Eastwood and Rider (1965) clearly indicate a
marked tendency for hi&her mean al ~i tude~ to be flown in the presence
of complete cloud cover .
Tar&et airspeed is another means for identifying a bird.

It

can be obtained vectorially from a knowledge of the wind velocity
and

~~e

radar-measured

t.~rget

velocity .

Hollghton (1964) detennined

the airspeed of a limited sampling of the birds by visually identifying each through a telescope aimed by tracking radar Fig. S.
all cast'S the wind speeds
cannot invariably
a1rcraft and a

wer~

less than 5 knots.

disti~guish b~tween

~ird

Target air speed

a helicopter, a slow moving

flying in a high wind without precise knowledge

of the wind at the bird altitude .
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40

PASSERIFORM~S

CARRION CROW
ROOK
JACKO~W

STARLING
FINCHES

c ___.

THRUSHES
SWALLOW
HOUSE MARTIN
SWIFT
ANSER"ORWES
GEESE
DUCK
CHARAORIIFORMS
LAPWING
LARIFORMES
HERRING GULL
COLUWBIFORWS

'----l

WOOD PIGEON
OOMES TIC PIGEON

SPEEO-IInots

FIG. 5 BIRO AIFfSPElD CHART
(from HOUGHTON 1964)

10H7

Flod.s of h1nh somt>tlmt•s produl:t' ran~s
i't~t•st•

expand from u numlwr of fiH·J po111t' .

"·

llll

Wt'rt'

di~pcrsal

roosts at sunrlst'.

of

i~o:Ja

lad.in.,: at that tlmt• .

lsted and Ridf'r tl9b2) vt•rifit'd that radar riP.,:
ca11sed by tht'

starlin~s

"hll'h

-.l· o:'l'

havt• ht•t•n l·.allt•d "nn•:

anae!s" nnd wt'rt' f1rst attrihutt•li to hi nh by I
l:Onfinnini ohH•rvatlons

r.aJar

11

( 1~1;-1\1

.

\ '"t•al

l...&tt•r, I .l'it'-lllld,

an~o:ds

dt· ftllltt·l~

'-t'fl'

tSturnus vulgar1sl from thl':r

After sevt'ra! radar s.:ope observations '-'t'rt'
nn~s

studied, it became possiblt' to pinpoint till' ct·ntt·rs of thl'
and the approximate locations of the roosts.

A numht•r llf ob-.t· n •t•rs

equipped with radio telephones were stationed at each locatio11 and
sianaled the

precis~

moment of emergence of the successivt• flocks

of starlinas from the roost under observations.

These data wen·
dt•finitl'l~·

correlated with the radar scope presentations to confinn
the aeneration of ring angels b)' birds.

The mt'aJI a1r speed of ..;tar-

1 ings leaving the roost was measurt'd as 37 lo.nots .

Under some conditions, slow-moving ring echoes rna' be prodw.:t·d
by the rise of a temperature inversion layer in the early
hours after sun ri st•.

mornin~

S•·a-breez.e fronts have occasion a 11~ · ht•t•n "t't'n

on radar a:• a line. and at othe1 timt•s as a hounJary bt•tl•t't'll sl·attl'n'J
and l:oncentrateJ signal returns
much of the line produced
h~JW

i~

shO\on hy

clS

l·. ast~oo·ooJ

( l~lt,~)

.

ltl'l'

due to the meteorological t•ffects ;UIJ

much by birds and insects is still a matter for spl'culatinn.

However,

L~twood

(l~b7)

cites reports by glider pilots

shari11~

currents with birds takjng advantages of the lift providt•J.

up -

l11is

and some limited study of tt.e characteristics of the radar scope
sianals, produce some indicaticn as to the validity of thL' bird thL•ory.
Some studies have been r.&ade on taraet siinal fluctuation and
.:>ther sianature analysis techiques in connecticn with birds (Eastwood,
1967) and even with insects (Glover, 1966).

Some of the signal character-

istics have been attributed to aspect of the taraet and others to wing
motion.

There is ample evidence that insects are to be found in tht• at-

mosphere

we~l

above

th~

surface.

Apart from flying

inse~ts,

cr~atures

such as spiders can become airborne on strands of gossamer and
aloft in convecti••e air currents.

b~

borne

Gl\d (1939) reports in considcrablt'

detail the results of collecting insects from aircraft ovl'r the southc.•m
U.S. and

~!exic0.

He found concentrations of insects of the ordt•r I Jll'r
1088
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cubil' ki lomctt•rs 111 tht• layt•r between WOO ft. and 4000 ft. aho•1•

th~·

growtd, with man•

times the latter

widd~·

~eight.

spact·d encounters up to four or five

Although more recent data do not appear

to havt· ht•t•n collected, it is conunon for sailplane pi lots to t•xperil' IIC t' many types of insects impinging on the canopy or the leading
t•dges of the wings at altitudt•s cxn•cJing 10,001' ft. ahrwc terrain.
Less commonly, birds ft•t•Jing on
are

ob~ervcd

in~H·cts

carrit•d aloft hy tht•rmals

at similar altitudes.

The radar cross-sf"ctions (,,) of the various it.:-ects listed in

,

Table 4 (measured at w.'lVelenths of 3.~ em.) range fron. 0.01 em ..

,

to 1 . .:!.! em .. for all but the locust which has a maximum

,

9.6 em ...

l,

value of

The ability of any given radar system to detect radar cross-

sections of these low values is a function of its design, its current
performance. and the ab i 1 i ty of the operator

Ultra-sensitive radar

~liT

systems such as the

Lincoln laboratory radars at Wallops Island, Va.
-4 .2
have reported minimum detectable cross-sections at 10 k~. of 6 x 10 em
5
5
2
for the X-banJ, 2.5 x 10- em~ for the S-hand, and 3.4 x 10- cm for
the UIIF radars (Hardy, 1960).

The X-band radar is two orders more sen-

sitive than required to Jetect the listed insects at a range of 10 km.
and probably is functioning close to the limit of detectability.

The

majority of other radar systems in general use today are less sensitive.
Some are not able to dt•tect inst•cts in the lower range of,, valut•s.
Tabulation of a large numbt•r of radar system characteristics has
bt•t•n publislll'J in cLL-.sifit•J JL)cum,•nts by RANU.

~lajor

rnt•tt•rs for somt• airbornt' St'ts an· listed in ;m ;' rticlt•
IIi~ t' :-

radar p;irah~·

Sl•nn and

ll9CJ 3) .
Insect.; art' commonly found at

surpri s in~ly

hi~h

altitudt•s.

Swarms of hut tt.•rfl it'S and other i nst•cts an• found in summe-r on 1·1,000ft. mountain pt•aks in the Rockies.
at ovt•r

~5,000-ft.

A

ft.·'~

inSl'cts have ht•cn rt•portl•d

altitudt.•s in the Himalaya-..

Vcrifilation of insects a~ causing a particular blip on a radnr
scop<.' is l'Vl'n mort' difficult than birds.
as reported

b~·

tdovl'r, t't al

from an aircraft and

ll~lbtl).

trac~~.t•d h~·

;mJ at rangt'S up to IS km.

llo~oo·t•ver,

this was accom;1lished

Singlt' inst.•cts wc.•n• rl'leascd

radar at altitudes from l.h to 3,ll km.

rxpt•rimt•nts of this sort and other

studi~.·s

tnvolving cll'ar atmosplH're probing ''tth high-pt'''tr radars l.\tlas,
llarJy, 19bb and

l~lhS)

l~lllll;

havl' lt•d to val1J t'Ondusit111S that l!l<.1St nf till' dot

Attention has hl't'tl givt•n hy Brownin).:
ltlR9

ll~lNl)

to tht• dc.'tl'l'llliiLitiLlll t)f

...

,

Table 4

t.·
~1

SUMMARY OF INSECT RADAR CROSS -SECTION DATA MEASURED
AT 3.2 Of (from Hajousky et al, 1966)

~

.:
~

t
t

Insect

Body
Length

Body
Diameter

oL

Ol

0112

em"

1

0. 30

0.02

9

3

0. 25

0. 10

13

6

1.00

O.lO

13

6

0.04

0.02

Con~eraent

Lady !eetleHippodamia Convergens

5

3

0.02

0.01

Twelve-spotted Cucumber
Beetle-Diabratica
Duodecimpunctata

8

4

0.14

0.05

1. 22

0. 12

1.5

0.65

0.02

20

4

9.60

0.96

E

3.5

0.10

0.06

~

Diptera
Range Crane FlyTimpuh Simplex

""'

13

Green Bottle FlyLud Ua Ceasar
H)'11enopura
Honey B~e (worker)Aph Mellifera
California Harv~rter AntPogonomyrmex Californicus
Coleoptna

Lepidoptera
·'n.IY Worm MothCirphis Unipuncta

14

Alfalfa CMterpillar Butterfly- 14
Colias Eurytheme
Orthopter
Blue Winged LocustTrimeratropic Dyanipennis
Aranedia
Spider (unidentified)
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the velocity characteristics of some clear-a1r dot angels.

A

5.42 em. pulse Uoppler r_dar with a 1• beam elrvateJ at 30• and
rot ut ing at 4 rpm was useJ in the study. A series of radar soundings
spaced about half to one hour apart were obtala •.::d at 500 ft. altitude
1ntervals up to 3000 ft. using range-gating

techniqu~s.

Temperature,

hwnidi ty and wind data were collected s imul tancously with the radar
soundings.
Three kinds of angel population were distinguished kccording
to their mean deviation from the swarm \elocity, their average vertical
motion, their maximum relative velocities and their o values.

Atmospheric

inhomogeneities or the presence of plant seeds appeared to be ruled
out because of the small back-scattering cross-sections of individual
2
angels (less than approximately 0.1 cm ), their discreteness in space
and velocity, their often quite large mean deviations (up to 4 m sec- 1)
from a uniform velocity, and the fact that the only major upward
velocities occurred after sunset, at a time when the
becoming increasingly stable.

laps~

rate was

The same data suggest insects as the

likeliest cause.
Satellites and space debris
Some of the larger man-made objects tn space (such as the Echo
I and Echo II metallized balloons, Pegasus, and large boosters) have
1arge radar cross -~ections and can be detected by search radars.

For

example, Peterson, (1960) found that occasionl&lly the radar crt>ss2
section of Sputnik II approached 1000 m
Such space objects at
altitudes of around 120 mi. and with speeds of around 18,000 mph could
appear as multiple trip echoes if they were detected on a seurch radar.
Fig. 6 illustrates the possible appearance of the track of a ·
satellite on the PPI of a seArch radar.

ThE figure assumes a satellite

at 120 n. mi. altitude moving radially at a distance of 500 n. mi.
from a radar with an unambiguous range of 200 mi.
angle of the satellite would be about 8°
coverage of many search

radar~)

~hich

(The elevation

is within the vertical

When the satellite is at point A

the echo is displayed on the PPI at point A', 400 mi. less than the
actual range. As the satellite moves to point 8 its range closes
to less than 450 mi. so the echo moves to within SO mi. on the PPI.
From 8 to C the range of the satellite opens to SC1mi. so the echo moves
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FIG. 6 TRACK OF MULTIPLE TRIP SATELLITE ECHO ON

A PPI
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out to 100 mi. aaain.
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An interesting feature of this example is that

while the actual path length from A to C ts 500 mi. the length of the
echo track h only 140 mi .

Thus, if the u

te lli te '-&S

mov i njl

at

18,000 mph the echo would move only 140/500 x 18,000 or 5,040 mph.
At the speed of 18,000 mph the satellite would move 5 mi/sec and
take 100 sec. to move from A to C. It is obvious that the rotation
rate of the anterna wou1d have to be high to map the entire track
of the satellite as it moved from A to C. An ~ntenna rotating at
6 rpm would detect the satellite every 10 sec. and thus get an echo
10 times as the satellite moved from A to C. At slower rotation
rates fewer points along the track would be displayed.
Detection of satellites by search radars would therefore
result in high-speed echoes on the PPI. If the satellite were moving
toward thu radar the echo would move at the satellite velocity
but would probably be detected for a shorter period since as it
approached the radar it would rise above
radar beam.

th~

vertical coverage of the

Ionization phenomena
In 1906 J.J. Thomson showed that ionized particles are capable
of scattering electromagnetic waves. Sources of ionized particles
include lightnin~ strokes, meteors, ~entry vehicles, corona discharges from high voltage lines, and static discharges from highspeed aircraft. Ionospheric layers and the aurora are also ionization
phenomena. These ionization phenomena or plasmas may under certain
cond!tions produce radar echoes on the PPI of a typical search radar.
Plasmas resulting from lightn~na discharaes return echoes which
may be seen on the PPI if the operator is lookini at the right spot at the
right time. A number of investigators (Ligda, 1956; Atlas 1958a) have discussed the app~arance of lightning echoes on the PPI. The echoes
typically vary from a point to irregular elongated shapes up to 100
mi. or more in length.
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A salient feature of ll&htning echoes is the short duration of
the echo from a aiven liahtnin& discharae.

Since the echo

l~ts

about 0.5 sec., it will be evident only on one scan.
The radar cross-section of the ionized column of plasma produced

Ii
'l
f

2

by li&htnina has been estimated by Li&da (1956) to be 60 m depending
on ion density within the plasma and on the wavelenath of the radar
11

illuminating the plasma. Electron densities of 10 Icc are required
for critical (100\) reflection of 3 cm.radar energy; only 10 9 electrons/
cc are required with a 30 em. radar. Thus, lonaer wavelength radars
are more apt to detect li&htning than the shorter wavelength • radars.
There is another factor which aids lightnin& detection at lonaer wavelenaths. The lonaer wavelenath radars detect less precipitation than
the shorter wavelenath radars. Therefore, a li&htning discharge
inside an area of light precipitation might be hidden within the
precipitation ech :' on the PPI of a 3 em. radar, while a 23 em. radar
miaht detect the lightning-produced plasmas but not the precipitation.
Confirmation that short-lived (one scan) echoes were caused by
lightning was based on the fact that there were visual lightning discharges in the area from which the radar received the echoes. Atlas
(1958a), however, estimated (from echo intensities and dimensions) that
discharges may occur that are radar detectable, but are not visible
to the eye. Whether or not there is visible lightning in the area
~f these short echoes, there will undoubtedly be precipitation areas
in the vicir.ity.

The exact distance from precipitation

t~at

lightning

may occur has not been adequately studied. It is known that the probability of radar detection of lightning is greatest when the radar
beam intercepts the upper levels (ice crystal regions) of thunderstorms.

In a mature thunderstorm the ice crystal blowoff or anvil may

extend many tens of miles downwind of the precipitation a..:ea. Atlas
(1958a) illustrates a lightning echo some 10 t~ 20 mi. ahead of the
precipitation echo but within the anvil cloud extending downwind from
the storm.
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ln addition to short duration lightn1ng
longer-lived "ba 11 1igh tning."

strok~s

there is the

Ri tcilie ( 1961) mentions the controversy

surrounding ball lightning and also some of its alleged characteristics
such as
sliding along telephone wires, f~nces, or other metallic objects. Radar detection of bal: lightning under these conditions is
difficult since echoes of the metallic objects and the ground would
tend to mask ball lightning near the surface.
Since search radars can detect echoes of very short duration returned by plasiTias created by ligh tnin~ flashes,
assume that other plasmas could not be detected
if the plasmas were suffic~ently separated from
The radar echoes would probably appear as point

there is no reason to
by search radats
other targets.
targets and if the dur-

ation were sufficient to compute a speed, it would correspond to
that of the plasma. The possible range of speeds of plasma blobs
cannot be given since so little is known about the phenomenon.
In addition to reflections of the radar pulse there is another
source of signals from the lightning discharge, those that are radiated
by the lightning discharge itself.
appear on the PPI

85

These signals, called sferics,

radial rows of dots, as one or more short radial

lines, or as a combination of dots and lines (Ligda,1956). Atlas
(1958b) states that 10 em. and 23 em. radars are good sferics
detectors while radars such as the 3 em. CPS-9 have moderate:.y low
range capabilities in detecting sferic.s.
As with the lightning echo, the sferic duration is very short

Atlas (1958b) found an average 480
~ sec. for 489 sferics measured
during a ~evere squall line on 19 June 1957. As a result such sferic
signals from a aiven lightning cl~.scharge would only be displayed on
oue scan of the PP I.
The aurora is a complex phenomenon caused by ionization of
the upper atmospheric gases by high-speed charged particles e;ni tted
by the s-:Jn. Upon entering the earth's upper atmosphere, these charged
particles are guided by the earth's magnetic field and give rise to
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a luminous display visible only at night.
often in the vicinity

~f

The aurora occurs most

67° geomagnetic latitude.

In the zone

of maximum auroral activity, visual displays can be seen almost every

A direct correlation exists between sunspot activity and the

intensity and extent of aurora.

The incTeased auroral activity follows

a solar disturbance by about one or two days, the time required for
the charged particles to travel from the sun to the earth.
these times, auroras may be seen at latitudes far
normal auroral zones.

remov~d

During
from the

Auroral displays occur in the ionosphere at altitudes ranging
from 54- 67 mi. The ionization which is seen as a visual auroral
display is formed into lona slender columns which are aligned ~ith
the earth's maanetic field. lhis formation results in strong aspect
sensitivity which means that radar reflections occur only when the
radar bean is approximately at right anales to the earth's magnetic
Echo strenath is proportional to the radar wavelength raised

to the third or fifth power; consequently, most radar observations
occur at VHF or lower UHF.
As a result only lower frequency UHF search radars within 1000 mi.

of the Arctic or Antarctic Circles would be capable of detecting
auroral echoes.

The echoes would generally appear at true ranges

of 60 - 180 mi. for a few minutes to several hours.

The echoes

would be mainly stationary and could be either dis!~ibuted or point
targets usually in the magnetic north azimuths in the northern
hemisphere or magnetic south azimuths in the southern
Meteors are small

soli~

hemi~phere,

particles that, when they enter the

earth's atmosphere, leave an ionized trail from which radar echoes
are returned.

~

'
I

Increased auroral activity is found to follow solar magnetic

field.

•
I

clear niaht.
storms.

l·r

The majority are

ranging from 50 - 75

~i.

c~npletely

ablated at altitudes

Visible meteors vary in size from ahout

1 gm. to about 1 ~gm. The ionized trail produced by a 0.1 gm.
meteor is miles long and only a few feet in diameter.
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The meteor particle itself is far too small to be detected. Meteors
ue observed both visually and by radar by the trail of io.1 izatio'l
they produce. Because of the distance and the small cross-section
of the trail, meteor ionization can be detected by radar only when
the trail is orientated at riiht angles to the radar beam.
Althouah most meteor echoes last no more than a fraction of
a se:~nd when observed with VHF radar, a few echoes persist for many
seconds. The duration of the meteor echo is theoretically proportional
to the square of radar wavelength, and the power returned is proportional
to !he wavelenath cubed. For these reasons, meteor echoes are seldom
detected at frequencies above VHF.
Meteor echoes on a low frequency UHF radar usually appear as
point targets with a duration of a few seconds or less. Ranges center
around 120 mi.
Very, very infrequently meteors occur that are larse enough to
survive atmospheric entry. They usually produce a spectacular visual
display, referred to as fireballs. Such meteorites are detectable by
sensitive search radars operating at any
its path.

fr~quency

and at any angle to

Echoes appear as point targets with a duration of a few

seconds. The true range would be less than 120 mi. and the range rate
generally would be less than 20,000 mph.
Balloons
Balloons and instrument packages or reflectors carried by balloons
can be detected by search radars. ~tore than 100 balloons are released
over the United Staces at least twice a day from Weather Bureau, Navy,
and Air Fo~ce Stations for the measurement of upper atmospheric
conditions. A number of these balloons carry radar reflectors as
well as an instrument package, and some are lighted for theodolite
(visual) tracking. Echoes from these point targets move at the speed
of the wind at the al titude of the ballocn. Balloon altitudes vary
widely and may reach 100,000 ft. so that ground speeds vary from
near zero to well over 100 knots. When a balloon bursts and the instrument package abruptly starts a descent which is normally slowed by
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paracht1te, there could be an abrupt change in the behavior of the echo
on the PPI. A balloon that had been rising in a direction away from
the station would show the range gradually increasing. Then if it
desc~nded rapidly the range could appear to decrease which could be
interpreted as a reve~al of course.
"Chaff," "Window," and "Rope"
When raJar was developed as a means for aiming searchlights
and antiaircraft guns during World War II, countermeasures were
pr011ptly devised. What was J&eeded was something inexpensive and expendable that would give a radar return comparable with the echo
from the aircraft. Small metallic foil strips which act as dipole
reflectors were employed. The strips are rel~ased from an aircraft,
and they are wind-scattered which results in a cloud with a rada1
cross-section comparable to a large aircraft.
The tenns "chaff," "window," and "rope" are used to designate
particular types of materials. Chaff consists of various lengths
of aaterial. Chaff having the same length is called window. Rope
is a lona roll of metallic foil or wire designed for broad, lowfrequency response.
Metallized nylon monofilaments have replaced metal foil in the
construction of chaff and window. The nylon type is liahter,
hence has a slower rate of descent, and is ~ore compact. A typical
packaae of X-band chaff is a cylinder 1 in. in diueter and 1. 5 em.
(one half the 3 em. wavelength) long. The cylinder contains approximately
150,000 filuents and weighs 6.5 p. and fonu a cloud with a radar
2
cross-section of about 25 m . The filaments descend at about 2 ft/nc
in still air at lower altitudes, so that if dispensed at 40,000 ft.
they take about four houn to reach the around. Turbulence causes
the chaff cloud to grow and disperse, so that generally the signal
becomes so much weaker that sometimes the chaff cloud cannot be
tracked all the way to the around.

l

1
I
I

I

I

;
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Since chaff contains a large number of elements the radar sigPal
is similar to that from precipitation.

Also it moves with the wind

its altitude. Therefore, it is difficult to distinguish between
precipitation and a cloud of chaff by briefly examining the PP I
c>.t

display. When chaff is distributed alone a relatively extended path
as opposed to only a point distribution, the echo is elongated and cioes
appear to be dissimilar to precipitation.
Rope is a 60 - 80 ft. piece of narrow metallized material such
as mylar. It is weighted at one end and has a drag mechanism at
the other. When deployed it has a rate of descent about twice as
fast as chaff so it would take about two hours to fall from 40,000 ft.
to the surface. Usually a number of rope elements are deployed together
so there will be some increase in the size of the cloud as it descends.
~moke

Hiser (1955) reports detectine smoke from fires at a city disposal
dump about 15 mi. from the site of a 10 em. search radar. The radar
echo from the smoke plume was evident on the PPI extendine in a northeasterly direction to a range of SO mi.

Goldstein (1951)

~entions

a

case where an airplane was directed to an echo observed by a 10 em.
radar. Onl)· several columns of smoke from brush fires were fcund.
Smoke particle size and concentrations are so small that one would
be highly skeptical about echoes from the smoke itself. The returns
m.:!v arise from refractive index discontinuities at the boundarie~:~
'

of the smoke plume. Plank (1~56) suggests that echoes from the vicinity
of fires may be from either particles (neutral or ionized) carriP-~
aloft by convective currents or from atmospheric inhomogeneities created
by the fire.
Distant Ground Return and "Angels"
Local terrain features and, at sea, the ocean surface are detected
by radar. The range to which sucl1 clutter is detected is a function of antenna height, elevation angle and beamwidth, and the
distribution of temperature and

humidi~y
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along the proragation path.

Since normal ground clutter i.s present day after day, radar operators
be com~ f&mi liar with it anri rr.ay even use some prominent points to
check the az i mutha 1 accuracy of the radar.

There are ci rc1.111s tances

in which distant, rarely detected terrain features or surface objects
t

return echoes to a radar.

The phenomenon referred to as "angels" is

;·

also included in this section since at least some of the angels appear

.
;; .

to be distant ground

retu~

!"

scatter of the radar

b~am

that is detected by reflection or forward

by atmospheric inhomoeeneities.

To investigate the phenomena of distant ground return it is
first necessary to review some of the fundamentals of the propagatio~
of electromagnetic radiation through the atmosphere.
reader can find a

The interested

treatment of tropospheric radar

compreh~nsive

prop&&ation in a book on radio meteoroloey by Bean (1966) which covers
in detail the topics in the following brief review.
In a vacuum, electromagnetic energy is propagated in straight
8
lines at the velocity of light, 3 x 10 m/sec. This constant. is usually
designated by the symbol "c." In a homogeneous medium, the direction
of propagation remains constant, but velocity (V) is reduced and

v

c

=--

( 1)

r;<

Where ~ is the magnetic permeability of the medium and
constant and

I;; =

c

n =-

v

where n is the index of refraction.
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K

is its dielectric

When electromagnetic wave energy encounters a surface of
in refractive index in a medium, the wave is partly
partly refracted.*
the refracted ray

(e~)

by the equation:

Sin e'
e~

and

The angle of the incident ray (e) is related to the angle of

Sin e
where e and

~tz-o~d

di~continuity

n

=

(2)

n

are the angles of incidence and refraction respectively

in the first and second medium, and n and

are the values of the re-

n~

The ray is always refracted towards the medium of higher refractive
A portion of the energy will also be reflected in the same

plane and at an angle equal to the angle of incidence if the energy encounters a sudden change in the refractive index; this is a partial
reflection.

Total reflection

o~.:curs

when the angle of incidence ex-

ceeds a critical value given bf (with n
. -1

s1n
fi

n ):
2

n

1

(3)

n2

I

In the atmosphere,

<

I

discontinuiti~s

in refractive index sharp enough

to cause reflection of the incident wave back to the radar are believed
to exist on occasion.

Because of the difficulty in making suitable 111easurE-

ments of the physical factors involved, some uncertainty attends the
understanding of this mechanism under practical conditions.

Detailed

discussion of this aspect of propagation is deferred .until later where
radar 'angels' are described.

In the present context,

discu~sion

of

the effects of refractive index ir1homogeneities will be confined to
refraction.

*For a more complete discussion of atmospheric refraction of electromagnetic rays, see Section I I I, Chapter 5 and Section VIJ Chapter 4/
Note, however, the difference in the factors contributing to the refractive
index at radar and at optical frequencies.
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fractive index for the first and second medium respectively.
index.

l
~
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Where the refractive index gradient is changing continuously as
is nomally the case in the natura! atmosphere p,s the height above
I

'

the ea~th's surface increases, a ray of electro~agnetic energy will
follow a curved path. The change of dire~tion that this produces may
be evaluated by reference to Snell's law by the express ion
"J.tCa +h) cos

:'

r.
f.

.r
\

a•

nss. cos So

(4)

where "h is the refractive index at height h, n is the refractive
5
ia1dex at the surface, a is the radius of the ~pherical earth. B is
the ray elevation angle at height h and So i!. the ray elevation ang lc
at the earth's surface (See Fig. 7).
A most important consequence of this is that the effects of a
vertioat gradient of refractive index are most apparent at la.J
(lo• or less) angtes of e?.evation.
Where the refractive index gradient is constant ("h • ns) or veries
regularly, ~he curvature of the path of rays of radar energy may be
readily determined by reference to the foregoing expressions. In
more complicated conditions more sophisticated techniques are available
for tracing the path of ~uch rays.
In terms of the real atmosphere, at radar frequencies the refractive index varies as a function of pressure, temperature, and water
vapor content. An equation relating the various parameters as iiven
by Smith (1953) is:
(n- 1)

10 6 = 77.6P

+

(5)

T

where P = total pres sure (millibars)
T absolute temperature (degrees Kelvin)
Wh~n

e = partial pressure of wat~r vapor (millibars)
the available data are given in terms of relative humidity,

e may be replaced byes R.H., where es is saturation vapor pressure
at the pressure and temperature of interest and R.H. is relative
humidity expressed as a decimal.
For convenience, the left hand side of the equPtion is commonly
6
designated N (refractivity) and is expressed inN-units, i.e., N = (n-1) 10 .
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FIG. 7 CURVATURE OF ELECTHOMAGNETIC WAVES WITH
HEIGHT
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Values of N are conveniently derived from meteorological parameters
by the use of tables or nomograms, such a~ those given by the U.S.
Navy (1960).
At sea level, a typical value of n is 1.00035, i.e., therefracti ~ i ty is 350 N wti ts. But depending upon pressure, temperature
and humidity the sea level refractivity may range from 250 to 450 N units.
Since pressure, temperature, and water vapor normally decrease
with height the refractivity normally decreases with altitude. In a
'standard' atmosphere, typical of temperate latitudes (with a thermal
lapse of 2•C/lOOO ft. and uniform R.H. of 6J\, the gradient (lapse
rate) of refractivity is 12 N-units/1000 ft. 39 N. km-l in the lower
levels. For a constant gradient of this ma1:nitude, a ray will have
a curvature of about l/4th that of the earth's surface (the radar
horiron in this case is about 15\ further than the geometrical horizon).
For short distances the geometry is equivalent to straight-line propagation over an effective earth with a radius 4/3 as large as the
true earth.
A device frequently used to facilitate the consideration of propagation geometry and radar coverage takes advantage of this fact. If
a fictitious earth radius is adopted that is 4/3 the earth's true radius,
radar rays in the standard atmosphere may be drawn as straight lines,
which will preserve the same relationship to the redrawn earth's
surface as is the case in reality.
In atmospheres having different constant gradients of refractivity
appropriate factors may be applied to the earth's true radiu~ to
accomplish a similar result. Typical values .lre given in Table 5.

ll04
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Table 5
Effective earth radius for
several atmospheres

Atmosphere

Typical

dN

Effective earth radius
for typical dN
dz

dz

1.33 actual radius

Standard

-12 N-units/1000 ft.;
-39 km - 1

Subrefracti ve

+10 (> 0); +33

"Normal"*

-15(0 to -24); -50 km-

Superrefraction

-30 (24-48); -100 km- 1

Trapping

km -1

-48 (or greater);
-1
-157 km

0.82
1

1.47
2.68
<»

(or negative;
i.e., concave earth)

*For an average temperate zone climate; northern climates (e.g.
England) tend to be "standard," tropical climates tend to be nearsuperrefractive (e.g. -80 km

-1

).
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It i ' important to recognize the limitations of this device, for
even in standard atmospheres initially horizontal rays rapidly reach
higher atmospheric levels, at which the refractivity gradient can no
longer be represented by the same constant. Again, as will be discussed
below 1 atmospheric conditions frequently depart from the "standard"
conditions. The effect of variation in the refractivity gradient on
the curvature of radar rays is shown in Fig. 8. Apart from showing
the range of curvatures in atmospheres having constant refractivity
gradients, this figure indicates the way in which rays can be deflected
in passing through atmospheric layers. More specifically, the deflection
of a ray in milliradians (At) in passing through a layer with constant
N-gradient is given by:

soo

(tan a8

+

tan

Br)

(7)

where the subscripts 8 and T refer to the bottom and top of the layer
respectively. The values of 8 are determined at each level in terms of
S0 ) Ns (surface refractivity)) Nh (refractivity at height h) and h,
using Snell's Law (equation 4 ) .
Procedures based on these relationships r.1ay be used to trace d:e path
of rays to determine the detailed effect of refraction on radar propagation under any given condition of atmospheric stratification.
The broad pattern of refracti vc effects, however, is as follows:
Where the general refractivity gradient lies between 0 N-units/1,000 ft.
1
and 24 N -units/1,000 ft. (100 km- ) propagation is described as rtormaL
Refractivity gradients less than 0 N-units/1,000 ft. are subref~ative
and cause upward bending of radar waves with a reduction of distance to
the radar horizon. Such conditions may occur where the temperature
lapse rate is well above average, or where the atmosphere is drier
at lower levels than aloft.
Where the refractivity gradient exceeds 24-N units/ 1, 000 ft.
conditions are said to be euperrefraative and radar waves curve down
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more strongly.

Such conditions result from thermal inversions, i.e.,

where temperature increases with height, or where the decrease of
water vapor content with height is excessive.
1
For refractivity gr~dients greater than 48-N/1,000 ft. (157 km- ),
the ray curvature will be greater than that of the earth's sur face and
trapping is said to occur.
This condition gives rise to marked anomalies in propagation and,
provided the layer through which such a

gradie~t

occurs is deep enough,

the radar energy will be guided within a duct bounded by the earth's
surface and the upper level of the layer.

In such cases, exceptionally

long detection ranges are achieved, well beyond the normal radar horizon
(See Fig. 8).
Where a marked negative refractive gradient oc~urs
in a layer adjacent to the ground, a surface duct is formed (Fig. 9a).
/JJ1 elevate:! layer of strcng negative gradient can also produce ducting
(Fig. 9b).
Surface ducts are commonly caused by radiative cooling of the earth's
surface at night, leading to a thermal inversion in the air near the
surface.

In this case, the extreme refractivity gradient is mainly

due to temperature effects and such ducts can occur in quite dry air.
Where humidity at the surface is higher than usual and falls off
rapidly with height, a strong negative refractivity gradient is also
established.

Evaporation from water surfaces or wet soil can produce

these conditions and a particularly common example occurs in warm dry
air from the land when it is advected over the sea.

This type of duct

is commonly found in tropical areas, where temperature and humidity
both decrease with height; the inversion type of duct is more common
in temperate and artie areas (Bean, 1966).
Elevated layers of extreme refractivity gradient are caused by similar
meteorological mechanisms but often occur on a somewhat broader scale.
Certain areas of the world a~e ~articularly prone to such layers; the
California coastal area is cl good example. Plate 66 (Blackmer, 1960)
shows an example of the PII during a trapping situation off the California
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Coast.

In this case echoes were presented on the PPI on second and

third sweeps but could be correlated with islands and mountain0us
terrain.

Elevated layers such as this are commonly found in the south-

east (northeast at S latitudes) quadraAts of trade-wind anticyclonic
systems.
The anomalous propagation to which such irregular refractivity conditions aive rise is of considerable significance to the problem of
taraet identification and false targets.

In the first place, the whole

basis of the radar technique depends upon knowing the direction in which
the radar energy is propagated. For normal practic~propagation must
be close to rectilinear. When the radar energy is being strongly curved,
information on a target's location derived from the position of the
radar antenna can thus be highly erroneous.

Again, echoes may be re-

ceived from the ground or from other targets that are not normally
within the range of the radar or within its 'field of view' at any
given antenna elevation.

Ground echoes from beyond the normal radar

horizon are cases in point.
An especially significant condition arises when the antenna is

elevated in a direction which is near a critical rutglc for trapping or
ducting.

In this case, while much of the energy may be propagated in

a direction approximating that intended, because of

th~

finite dimensions

of the radar beam, some energy may be severely refracted.

This is

illustrated diagrammatically in Figure 10.
With such a mechanism an aircraft could be tracked fai rlr accurately,
but in addition, echoes could be received from the ground (intetmittently
if the surface reflectivity or propagation conditions are variable as
might be the case in areas of thunderstorms) .

Such echoes

~ould

be

displayed as though they were due to targets seen at the angle of
elevation of the antenna, and thus at heights which would depend upon
their range.

A great variety of such

~ossibilities

upon the geometry involved, the refractive
the terrain.
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can occur depending

condition~

and the nature of

••

The range of possibilities is further extended if the distribution
of radar energy in the side lobes is taken into consideration.
a side lobes strength 30dB below

With

the main beam (a factor of 1000 in

power), a side lobes target will yield a return equal in streneth to the
main beam return of an identical target at a range 5.6 times greater
4th root of 1,000). Thus a target detectable at 100 mi. in the
main beam might be detected by the (first) side lobes at a range of
(t~e

up to 18 mi.
Anomalous propagation of the type described is also significant
in determining the distribution of energy within the envelope of the
main beam, particularly in broad vertical beam systems.

At low aneles

some energy within the beam impinges on the earth's surface near the
radar and is reflected, still within the envelope of the beam.

Because

the path follow~d by such energy is necessarily longer than the direct
path and because of the wave nature of the energy, in-phase and out-ofphase interference will occur, leading to a vertical lobe structure
in the beam envelope (see Fig. 10 ).

Anomalous propagation conditions

can readily produce variations in the normal distribution of enerey
within the beam due to this mechanism and thus can easily lead to
unexpected variations in signal intensity from distant targets.
It is important to recoenize the difficulties that are inherent in
establishing whether propagation conditions are anomalous in certain
cases.

Where the gradient of

~efractivity

extends uniformly over large

horizontal areas, there is little difficulty in determining the situation
either from

conv~ntional

meteorological data or from the manifestation

of the anomalous performance of the radar itself (for example, the
detection of ground clutter to abnormally large ranges).
it is possible to infer, with

som~

In some cases

confidence, from the meteorological

conditions (especially if data on the vertical profile of temperature
and

ht~idity

In many

are available) that anomalous propagation is not present.

cas~s,

however, the causative conditions may be very variable

in space and time, and it is then difficult to be at all confident
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FIG.IO DUCTING OF A FORTION OF THE RADAR BEAM . BOTH SURFACE AND
ELEVATED TARGET ARE DETECTED
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about the nature of propagation at any particular time or in any p ticular
place.

Even if timely radiosonde data are available from a nearby

location, the information they provide on the thermal and humidit·
gradient is often inadequate for the assessment of .the refr11cti ve ..ndi tions. In partiCular, special experimental observations have s. .a
that shallow layers of abnormal refractivity commonly occur eithet
close to the surface or at various levels aloft.
It is often possible to infer only the likelihood ~T improbability
of anomalous propagation conditions by reference to the general meteorological
conditions that prevail. Thus one would expect normal propagation in
the daytime in a \ltell-II'ixed, unstable airstr~am with moderatt: winds
over a dry surface, while expecting marked superrefraction over moist
ground during a caJ:a clear night following the passage of a front that
brought precipitation in the late afternoon.
Localized conditions favorable for superrefraction are Also caused
by showers and thunderstorm3 (Ligda, 1956). The cold downdraft
beneath thunderstorms can cause colder air near the surface than aloft
while evaporation from the rain and rain-soaked surface, causes locally
higher humidities.
In addition to the detection of distant 1:round targets by refraction of the radar beam, there is the possibility of reflection or
foward scatter of the beam to ground targets. Whether or not layers
that would reflect the beam to·the ground would also be detected ty
the radar has been part of the controversy concerning the nature of
invisible targets in clear air. lhese so-called "ange 1" echoes have
been observed since the early days of radar (Plank, 1956; Atlas, 195g
and 1964; Atlas, 1966a). Detailed case studit·s of selected angel situations illustrate the di!ficulty of determini~g the nature of the
targets causina the angel echoes. For example, Ligda and Bieler, (1958) discuss
a line of angel echoes coincident with the location of ~ cloudless cold
front. They discuss the likelihood that the 1ine was due to differences
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in refractivity btl tween the two air 11uses or to flyi ni debrb, leaves,
p~er, saall twias, birds, insects, etc., carried aloft by turbulence
durina the frontal passqe. Althouah surface weather instruments recorded a drop
of 13•p in less than an hour, this sharp te~~perature chanee toeether with
the chanee in both vapor pressure and atmospheric pressure did not
appear to be sufficient to cause eradier.ts of refractivity of sufficient
strenath to produce the observed echo line. In spite of this difference
b~tween refractivity eradients based on surface observations (of
pressure, temperature, and moisture) and those required to explain the
source of the echo, Lieda and Bieler found serious objections to any
hypothesis other than that the echo was due to refractivity gradients.
They mention the need for instruments cap~le of measuring sharp refractivity
aradients.
Atlas (1959) studied in detail a situation at Salina, Kans. on
10 Septeaber 1956 where cellular and striated echoes covered ouch of
the PPI to ranees of 85 mi. He concluded that the echoes were due
to forward scatter from a patterned array of refractive index inhomoaeneities to around taraets and back. Recently Hardy and Katz
(lg68) discussed a very similar radar pattern. They concluded that insects
were responsible for the echoes and that cellular pattern of insects
was due to atmospheric circulation. Atlas (1968c) agreed th~t insects may be responsible for some echoes but that the forward scatter
explanation is valid in other instances.
Investigations of angel echoes with hiah-power, high-resolution
radars at three diffe~ent wavelengths have mad~ it possible to learn
much about the nature of targets producing various types of angel
echoes. Simultaneous observations at 3 em. , 10. 7 em. , and 71.5 em. with
the ultrasensitive MIT Lincoln Laboratory Radars at Wallops Island, Va.
have been described by Hardy, Atl~ and Glover (1Y66), Atlas and
Hardy (1966&), and Hardy and Katz (1968a). They found two basic types
of anael echoes: dot or point echoes and diffuse echoes with horizontal extent. The dot angels are i~coherent at long ranges or when
viewed with broad beams but are disc·rete cohe·r ent echoes when viewed
by a radar with high resolution. ~hey may occur in well defined layers
and may have movements different from the win1l at their altitude. Their
cross-sections and wavelength dependence are 1;onsistent with radar returns
to be expected from insects. Since no other ~xplanation fits all the
observations of these dot angels, it is concluded that the targets are
insects.
1114

Extensive diffuse echo layers have been noted at a variety of
heiahts and sometimes exhibit an undulation or wave motion. The
heiaht of these layers coincides with levels at which refractive
inhomogeneities may ~e exp~cted, e.a., at the tropopause. It can
be shown theoretically (as summarized by Hardy (1968b) that the
measured radar reflectivity of such layers accords well with the
theory of the scattering of electromagnetic energy by dielectric
inhomoaeneity due to Tatarski (1966). The reflectivity n is related
to wavelenath A and the r.oefficient c2 , which describes the degree
of refractive inhomoaeneity due to turbulence, by the expression

n .. 0.39 cn2 A- 113

(10)

from which it will be seen that such layers are more likelt to be
detected by radars operating at shorter wavelenaths. Althouah,
because this simple relationship does not apply in the dissipation
ranae of the turbulence spectrum the laraest values of n occur at
about 5 em (Atlas 1966b). These phenomena have t9en much studied
recently in connection with the detection of clear air turl)Uleace.
(Hardy, 1968b; Otters ten, 1968: and Atlas, 1968b). It is concluded
that such turbulence may be detected with ultra hiah perf.omance
radars but only when well marked. (Note th~t the si~ifi~ant phyJical feature detected, i.e., the· C:~electric inhomoaeneities, is caused
in these cases by the turbulent condition of the atJr~osphere.)
Radars of the type norm~lly used for tracking ~~d surveill~nce are
unli\:t;-ly to detect such layers. On ~ltu :. thel' han~ ; \. hks heen suggest-.•,1 that on occasion at low levels where mar!<t'!d intdrm:udng of dry
And 1noi-st ai. r is pre-"!ent, dielectr~.c inhomoaeneitjes "-"ill be sufficiently
marked and be present in suffichr.t quantity to prod Jce detectlah le
echoes •.;.itn radars of relatively modest. !~ t~rformance.
1
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Measurements made by Atlas (1953, 1959) and others indicated
that atmospheric layers occasionally exist having power reflection
. i ents, at norma 1 1nc
. id ence, o f 10 - 14 or greater (i.e., 140 db
coe ff 1e
attenuation). The power reflection coefficient of such layers would
be greatly magnified if the radar energy impinged on the layer at a
small grazing angle. The increase is roughly proportional to the 6th
power of the cosecant of the grazing (i.e., elevation) angl~.
Thus at a grazing angle of about 10 mrad, the reflected signal would
2
be as hi&h as 10- (a 20 db attenuation). Under actual atmospheric conditions the partially reflected signal of ground objects for example,
would be expected to be detectable only at grazing angles (and thus,
initial elevation angles) low enough to produce return signals above
the noise threshold of the radar recf·iver. This would produce a
"forbidden cone" effect, where no such &nanalous signals would be detected closer than a certain range (because of elevation angle, range
relation of a layer at a constant height); this has been actually
observed in several cases (see Section III, Chapter 5).
It is conceivable that there could be rare occasions when only
isolated atmospheric inhomogeneities existed or when the inhomogeneities
were such that only the most reflective ground targets were detectable.
In such situations only one or two unusual ground targets would appear
on the PPI. Levine (1960), in a discussion of mapping with radar,
points out how certain combinations of ground and man-made structures
act as 'corner reflectors' and return a much stronger signal to the
radar than is retu~ed by surrounding features. The sides of buildings
and adjacent level terrain, or even fences and level terrain, constitute
such reflectors. He states that in areas where fences and buildings
are predominantly oriented north-south and east-west, the 'glint' echoes
from the corner reflector effect appear at the cardinal points of
the compass and have therefore been called a "cardinal point effect."
In addition, different types of veeetation have different reflectivities
and these vary further according to whether they are wet or dry.
From the above discussion it is obvious that the identification
of targets as being ground return

d~e

i
l

I

to forward scatter or reflection

1
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is difficult in any but the most obvious situations.
Sti 11 it should
be realized that situations do occur when only very localized areas
of ground retu~ may be detected and due to the detection mechanism the
location of the intersection of the radar beam with the ground may
vary from sweep to sweep of the radar antenna. The problem of verifying
whether the target is ground return is greatly complicated by the fact
that measurements of refractivity gradients cannot currently be made
in sufficient detail around the radar site to describe with precision
the medium through which the radar beam is being propagated.
Radio Frequency Interference
During the past 15 years, electromagnetic compatibility (EMC) has
emerged as a new branch of engineering concerned with the increasing
problems of radio f~equency interference ~I) and the overcrowding
of the radio frequency spectrum. The EMC problem is increasing so
rapidly that considerable engineering efforts are included iu the design,
development, RFI testing and production of all new electronic equipment from the electric razor and TV set to the most 3ophisticated of
electronic equipments, such as computer and radar systems. This is
true for entertainment, civil, industrial, commercial, and military
equipment. The problems are compounded not only because the frequency
spectrum is overcrowded, but much earlier generation equipment, which
is more susceptible to and is a more likely source of interference,
is not made obsolete or scrapped. New generation equipment is potentially
capable of interaction problems among thems~lves, as well as playing
havoc with older equipment. Each year ~ees new users bringing new
equipment into the frequency spectrum: such as UHF television,
6arage door openers, automatic landing control systems, city traffic
management and control systems, and a vast array of new electronic
devices being introduced into tactical and strategic defense systems.
RFI contributes to the information displayed on radar scopes. It
is caused by the radiation of spurious and/or undesired radio frequency
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signals from other non-associated electronic equipment, such as
navigational aids, data processing computers, voice communication systems, other radars, and from more common sources, such as
ignition and electric motor control systems.
from the radar

syst~m's

RFI can also be emitted

own components, causing self-induced inter-

ference.

Much interference may be sporadic, producing only a short lived
'echo.'

There may be instances, however, when the

interferenc~

occurs

at regular intervals that could nearly coincide with the antenna rotation
rate so that the spurious 'echo' might appear to be in approximately
the same position or close enough to it

~hat

the oprrator would assume

there was a target moving across the scope.
Radio frequency interference can enter the radar system in many
places:
(1)

In the transmitter where it can affect the stability and
fidelity of the transmitted output pulse waveform;

(2)

In the receiver local signal-generating and amplifying
circuitry where its effects can be similar to the transmitter perturbations;

(3)

In the external transmitter/receiver space link where the
interference effectiveness depends upon its intensity,
frequency, power level, direction of arr1val and signal
spectral characteristics.

External interference entering on the link through the antenna
input is the most common of these possible interference sources. P1ate f7
shows some of the more easily recognizable radio frequency interference patterns from other radar systems.
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This type of interference

·•

considerably reduces the effectiveness of the rndar, but this type of
interference, taken alone, is usually readily identifiable by operating
personnel.

This might not be as true when it occurs in conjunction with

extraordinary meteorological, propagation, and equipment degradation
phenomena.
The phot1Jgraphs in Plate 66 are time exposures of the PPI. The
camera shutter is left open for a full rotation of the antenna so the
photograph is generated by t he intensity of the cathode ray tube
electron beam as it rotates with the antenna. This is in contrast
to an instantaneous photograph that would be brightest ~1here the trace
was located at the instant of exposure and, depending on the persistence
of the cathode ray tube, much less bright in other regions.

While

the interference in these photographs appears as lines it would appear
as points at any given instant. The lines are generated by the time
exposure as the points move in or out11ard along the electron beam.
The photographs also show precipitation echoes.

Examination of the

photographs sh~~s that the interference does not mask the lar~er precipitation echoes to any appreciable extent but might mask small
point targets .
A radar receiver has a limited bandwidth over which it will accept
and detect electromagnetic signals.

In this acceptanr.e band, the re-

ceiver reproduces the signals at the receiver output and displays them
on the radar presentation display.

Thus any interfering signals that

fall within this band wi!l be detected and displayed by the very sensitive
receiver.

In a:1 S-band (2gh L.) pulse radar, the typical bandwidth of the

receiver will be 20 - 50 ghz. Any weak signals in this frequency band
will be detected. Even out-of-band signals can interfere if they are
of sufficient signal intensity to overpower the receiver out-of-band rejection characteristics.

For instance, a very strong out-of-band s : gnal

of 10 watts might be typically attenuated by the receiver preselection
filter by 60 db, reducing it to a signal of -20 db.
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this can still be a powerful signal, as it

~ight

have a sensitivity

of displaying signals as weak as from -SO to -80 db or less.

It

is also likely that the out-of-band interference will be derived from
the

nonlin~ar

interaction of the desired return signal and the out-of-

band interfering signa!.

The resulting interaction (mixing) of these

I~

signals in the receiver can generate stU 1 weaker intennodulation

i

jection of the unwanted frequencies in the receiver. The inadequacy
is caused by insufficient out-of-band filtf'r rejection couple:! with

r

f

products that fall within the passband of the system circuits so that
they are displayed.

Spurious responses can occur at other than the fre-

quer:cy to which the radar is tuned because of inadequacies in the .-e-

a high level of RFI.
Increasingly more powerful transmitters and more sensitive receiver
radar systems need even greater relative suppression of unwanted
emission, to prevent the absolute levt:l of out-of-band interference
from rising to intolerable levels, thus causing interference to and
from other electronic systems.
Even if normally operating radars are not affected by this
interference most of the time, the degradation of the radar components
or of nearby systems can cause the temporary increase in interference
at the radar site.
problem.

Radar personnel are continually concerned with this

Such acts as opening an electronic cabinet can cause the local

RFI to increase sufficiently to create an RFI nuisance to the radar
system.
Each radar system has been designed to fulfill a s1ngle class
of target tracking function, being optimized to provide proper and
reliable target data a high percentage of the time. However, all systems,
including radar systems, have their limitations. Thus, it must be
recognized that there will be times when other systems will interfere,
component parts wi 11 either gradually degrade or catastrophically fai 1,
propagation and meteorological conditions will deviate far from the
normal environment, and maintenance and operating personnel will
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occasionally fail to function effectively. For all radar and other
electronic systems, an increasing amount of effot~ is expended to reduce the occurrence of these degradations or failures and to minimize their effects.
Lobes and Reflections
Because of radar engineering design limitations, it is not possible
to direct all of the transmitter energy into the main antenna beam
and small but measurable amounts of energy are transmitted in many
other directions. Similarly, energy can be received from such directions,
in what are known ~ the side lobes of the antenna, and can give rise
to erroneous directional information. Particularly complicated situations arise when side lob~ problems are associated with building
or gr~und reflection mechanisms. For example, if a radar antenna
is radiating 100,000 watts peak power in the main beam, 100 watts can
be simultaneously radiated from a -30 db side lobe in another direction.
Fig. 11 (adapted from Skolnik> 1962) shows. a radiation pattern for
a particular parabolic reflector. Note that if the main beam is
radiating 100 KW, the first side lobe, the first minor and the
spillover lobe radiate about 100 watts. This 100-watt radiation will
be reflected from large targets in this side lobe heading but will be
shown on the PPI as having the same bearing as the main beam of the
antenna. This display of a false tar&et is called a ghost. In
this particular instance two targets having identical radar crosssections would appear as returns of equal intensity if one were in
the main beam and the other in the side lobe but 5.6 times closer
to the radar.
Highly reflective targets can often be detect~d in the side
lobes. Thus a single large target detected in the numerous side lobes
can be displayed in a number of places simultaneously. Since, in radar
displays, target echoes are represented as being in the direction in
which the antenna is pointing, not in the directioit from which the
energy is returning at the time of the detection, side lobe echoes from
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a single target can be shown as a collection of false targets.

Such

target outputs from side lobe returns are generally systematically
lccated in the display relative to the main beam return signal.

There-

fore, in general, side lobe retu!n signals are readily identifiable
by the operator and will tend to cause obliteration of other nearby
taraet returns. ~ide lobe return signals usually bear a fixed relationship of adjacent blips on an arc about each side of the main
target return. This is a common problem in ship radars where another
ship is being scanned broadside.

The highly reflective ship might

have a return sianal that will occur at the true range of the ship,
but will be contained in an arc exceedina 10° or 15° instead of a single
narrow blip.
Detection from vertical side lobes can cause strange effects
when "radio dusting" is present.

Many radars are constructed so that

the antenna cannot be pointed at very low elevation angle,, in order
to avoid the most severe anomalous propagation effects or, more often,
to 11void around reflections. Assume, for example, a radar with a beam
width of (nominally) 1°, having a minimum at say 1.5° and a side lobe
at 2°. Assume also that the antenna is constrained to elevation angles
of 1.5° or greater. If a surface duct is present, the strongest
signals would be attained by pointing the antenna (and the main beam)
at an elevation angle of 0°, but this cannot be done. However, ducted
targets could be detected with the first (vertical) side lobe, and in
this case the maximum AP signals (ducted) would be attained at an
apparent elevation angle of 2° (so that the main side lobe was at 0°),
and the intensity of these false target signals would decrease or
even disappear if the antenna were lowered to its minimum setting of
1,5°. This sort of behavior has apparently led some investigators of
specific UFO incidents to discow1t the possibility of anomalous propagation as the source of unknown radar tar~ets.
Smith (1962) discusses the effects of side lobes on observed echo
patterns during thunderstorms and periods of anomalous propagation.
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both situations echoes were observed extending from the surface up to
70,000 ft. (the upper limit of the RHI scope). Before these vertical
protnasions to high altitudes were observed during anomalous prop-

I<
I
!

qation conditions when the echoes were known to be from ground clutter,
it was not realized that they were from side lobes. As a result, the
side lobe echoes had not been recognized when measuring thunderstorm
heights and reported heights were much too great. On the ruJI side
lobe, echoes took the form of narrow echo protru~ious above the location
of strong targets. These protrusions were often segmented due to nulls
between side lobes, but in some cases were continuous.
One effect of such lobes is that when the antenna of a search radar
is elevated (so that at longer ranges no ground return should be
evident) ducted side lobe radiation results in echoes on the PPI. Without understanding what is happening, the operator would logically
assume a strong target at high altitudes.
Angle of arrival measurements by a radar, like other measurement devices, will be limited in accuracy by noise and interference.
Other limiting factors can be the reflection caused by the wave characteristics of electromagnetic radiation. Reflections from the ground in
front of the antenna ~ystem or from a nearby building or mountain can
be minimlzed by proper antenna location. These effects can seldom
be reduced to zero and are detrimental to an extent that depends on the
antenna lobe pattern, geographical, and extraordinary meteorological
conditions, thus causing residual reflection problems.
Another phen~enon explaining strange and erratic raddr returns
has been observed with echoes occurring at locations where no targets
are to be found. Analysis of these observations shows that the echoes
are from ground or airborne objects which are being detected by
~adiation reflected from mirror-like plane surfaces of vehicles or
buildings in the neighborhood of tht radar. If the reflector is
moving, then the reflected ground target behaves like a moving target.
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It changes its apparent distance and direction relative to the radar.
The double reflecting return echo is shown in the PPI display in the
direction at which the first reflecting surface is found. The echo
may, however, be displayed at a point at which there is no actual target. Moving objects, such as automobiles or other objects capable of
reflecting electromagnetic waves .may be obscured on the PPI by ground
clutter so they are not identified. It is obvious that ghost echoes
can show movement which is not possible with real vehicles. Many
unusual PPI observations have been explained in this manner.
Mechanisms of multiple reflections which &erve to produce ghosts
are illustrated in Fig. 12· These involve specular reflection from
the first target, effectively deflecting a ~ianificant amount of radar
e~ergy to a second target at a different azimuth, which is oriented so
as to reflect most of the rad1ation incident on it. Either of the reflectina targets can be stationary or moving objects. In Fig.l2 the
radar is at the point labeled "1." A reflector is a point "2" and
real targets are at tht• points labeled "3." Due to reflections frllm
the reflector to the ta1·gets, ghost echoes wi 11 appear at the points
labeled "4." The appearance of the ghost on the PPI is one possible
explanation for perplexing unidentified target motions. If one of the
two reflectors is an aircraft and undertlkes any maneuvers, the path
followed by the ghost is especially erratic. As vi~wed on a PPI
scope perhaps it first recedes from, then "flies" parallel to, and
finally overtakes or appears to collide or pass the real aircraft.
Fig. 13 (adapted from Levine 1960) shows the outline of a conventional aircraft surveillance radar PPI (included within the circle).
The solid line (A) shows the return echo path of an aircraft traveling
at 300 knots. The dashed lin~ (B) snows the echo path that will also
result when sufficient radar energy is scattered from the aircraft to
a promin tnt ground reflector located at C, and then reflected back to
the aircraft and then to the receiver. In this example, the aircraft
is the first of the reflectors, so that the phantom echo always occurs
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at the same azimuthal bearing as the aircraft, while its range always
exceeds that of the aircraft.

Consequently, on the PPI, the path of

this ghost always lies outside the aircraft path.

However, if the air-

craft overflies the ground object, the phantom echo and the aircraft
echo will almost merge.

In add:tion, as the apparent range of the phantom

is greater with the same radial speed as the aircraft, the apparent
velocity of the ghost
to-phantow

dista~ce

~ill

be magnified by the ratio of the aircraft-

from the radar.

2,000 knots in this manner.

The phantom can appear to exceed

In Fig.l3 the ghost is moving at 900 knots

along a portion of the ghost track.
Fig.l3 and

~he

discussion above relate to the case when the air-

craft j_s the ... rs t of two reflectors.

For the conditions with the ground

object as the first of the two reflectors, the phantom echo always
occurs at the sar.Je azimuth bearing as the ground object.

For example,

in Fig.l4 (also adapted from Levine, 1960) the solid line (A) applies
to scattering from the first reflector to the aircraft and back to the
receiver. The inward and outward . :-r: •• '·sions of this path actually
occur along a single radial line ~ ~ . ... the radar site through the first
reflector.
In any actual situation: on1y fractional portions of the ghost
echo paths might be of sufficient signal strength to appear on the
display.

Those particular returns that are closest to the ground object

or where the reflector has the most favorable reflecting properties
will most likely be displayed. In a radar detecting only moving targets, a stationary ground object might not appear as a target on the
scope.

Thus, ir, this manner, the operator's ability to correlate ghosts

to a reflecting surface is considerably reduced, especially when many
known targets are on the display.

From Figs. 13 and 14, it is shown that

the phantom echo fell outside the display and then returned during a
later portion of the flight. Thus, if only portions of the phantom
track are & detectable signal, and if (this would usually be the case) there
are several targets on the display at once, the operator would find
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it very difficult to discern whether the phantom was real or ghost.
He is concerned about the erratic behavior of a target, but he is
most concerned by the potential and displayed near-misses to known
targets.
In general doubly reflecting ground targets must be of sufficient
size and have good radar-reflecting properties to serve as radarreflectors.

Reflectors can be moving or stationary.

Reflectors

that fit this description include sloping terrain, sloping metal
roofs, metal buildings, nearby ground structures, or large trucks
and trailers.
Fig. 13 illustrates the possible sporadic nature of reflection
echoes. Plate 68a, taken when stratiform precipitation was o:curring,
documents the fact that there is a sector to the east that is blocked
'
by some object. Plate68b shows normal ground clutter plus a few
probable aircraft.

Plate68c shows the appearance of the PPI when

anomalous propagation was causing more extensive ground clutter.

In

this photograph there is an echo in the sector in which precipitation
could not be detected.

This ghost echo was found to

b~

produced by

reflection from the object causing the blocking to a ground target
in the opposite direction. Plate 68d shows the geometry of the
situation. The line labeled "orientation of reflector" was found by
folding a large tracing of the ground target and ghost echo. When
folded along this line, there was near perfect correspondence between
the two.
More complex reflection occurrences require a rare combination of
reflector/target radar geometry and reflectivities.
that they occur occasionally.

Analysis indicates

However, unless accurate data are re-

corded at the time of the event, ray tracing techniques will be almost
impossible to use in order to reconstruct the possible circumstances.
In addition to phantoms, caused by reflecting objects, other types of
spurious target returns can be

occurr~ng

at the same time, further in-

creasing the difficJlty of analyzing the unusual sighting.
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Such things

'.

as extraordinary meteorolcgical conditions, and multiple-time-around
echoes can also be contributing effects, making the analysis that much
more difficult.

When interference problems, operator interpretation,

and equipment reliability factors are included, one begins to realize
that the explanation of reported unusual observations requires extensive research for each

incid~nt,

and such research

i~

not possible un-

less all pertinent information has been documented in detail.
7.

Evaluation of Radar echoes to Identify Targets
When there is an echo on the PPI of a search radar, the

must determine the nature of the target.

op~rator

The information he has is

relative signal intensity, some knowledge of fluctuation in intensity,
position, velocity, and behavior relative to other targets.

In addition

he may be able to infer altitude if he is able to elevate the beam and
reduce the gain to find an angle of maximum signal intensity.

Previous

sections of this chapter have briefly described a number of targets that
search radars are capable oi detecting.

From the discussion it is

apparent that there is overlap in the characteristics of different
types of targets.

Signal intensities, for example, range over several

orders of magnitude.

Wind-borne and powered targets may have com-

parable ground speeds depending on the wind speed. Many different
Thus there is no specific
tjpes of targets show echo fluctuetions.
set of characteristics that will permit a given echo to be unambiguously
identified as a specific target.

At best all onr can do is say that

a given echo probably is, or is not, a specific target based on some of
the observed characteristics.
Target Velocity
Determination of the direction and speed of an ecto in the PPI of
a search radar requires some assumptions.

A long range search radaT

antenna generally rotates at about 4 - 8 rpm.
rotates through 360° in 10 sec. (=36° /sec),

At 6 rpm, an antenna
If the horizontal beam-

width of the antenna is 3.6° a point target will be within the beam
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for 0.1 sec. as the beam sweeps past.

beam aaain sweeps the target.

Then 9.9 sec. elapse until the

If on this next revolution there is an

echo in the aeneral vicinity of the target detected on the previous sweep
the operator must decide whether this echo is from the same target
that was detected previously or is from a new target.

If he assumes

the two echoes are from the same target, he can then compute a velocity.
If his assumption was correct, if his computations are accurate, and
if the target is at the indicated locations, the computed ground
speed is correct. If, however, the two echoes are not from the same
target or are from a target that is not at the indicated location, then
the computed speed will have no meaning.
The speed computed from the displacement of the echoes from a
target at the indicated location represents the ground speed of the
target.

To aid in the identification of slow moving targets _. it is

necessary to determine its airspeed.

This requires knowledge of the

wind velocity at the location including altitude and time of the detection, and the assumption that the target is in essentially level
flight.

It is o.:=ten difficult to detennine precisely the wind velocity

at a given point due to the wide spacing of stations that measure
winds aloft and the six-hour interval between observations.

Except

in complex situations, it is usually possible, however, to extrapolate
measured winds for a given location with sufficient accuracy to determine whether the target velocity and wind velocity have sufficient
similarity to justify a conclusion that the target is probably windborne.

Conversely if there is a large disparity between wind velocity

and target velocity a logical conclusion would be that the target
could not be windborne.
When an echo that has been moving in an orderly manner on the PPI
s .ddenly disappears, the information for computing its speed also
disappears.

Any attempts to guess the speed would require the operator

to make specific

assumptio~s

of the reason for the disappearance.

He

might assume that the target moved out of range during the brief time
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required for one antenna revolution. Such an assumption would probably
require a very high speed target. Or the operator might assume that
the target decreased altitude to a position below the radar horizon.
If the target was located close to the radar horizon, an altitude
change of a few tens of feet would be sufficient for it to disappear
and the required speed (vertical velocity) w~uld be quite small.
Taraet Intensity and Fluctuations
The power received from a point taraet is directly proportional
to the radar scattering cross-section of the taraet and inversely
proportional to the fourth power of the dis tanc" frQn the radar t~> the
target. Therefore, for an ~qual signal to be received from two taraets,
a target 10 mi. from the radar would have to have a radar cross-section
10,000 times as large as a target at 1 mi. Examples of targets with
differences in cross-sections of this order of maanitude
are birds with cross-sections of p.01 m 2 or less and aircraft with
2
cross-sections of up to 100 m . Intensity differences such as th~se
can be measured (by aain reduction to threshold of detectio~), but
the nature of display systems such~ PPI's is such that differences
are considerably reduced. An echu on the PPI is canposed of many
small dots that result from an electron beam that excites the coatina
on the face of the tube causing it to emit light. The coating may be
designed to emit light only ~·.then the electron beam excites it or may
continue to emit light for some time after the excitation has ceased
(persistence). The latter is usually the case for PPI 's where the
operator depends on persistence to see the 360° coverage ?rovided by
the rotating antenna. Haworth (1948) states that fran 150 - 200 spots
can be resolved along the radius of magnetically deflected radar tubes.
Gunn (1963) points out that since the PPI trace lines converge at the
center the light output per unit area of the tube face will decrease
with increasing radial distance from the center. As a result echoes
near the center are 'painted' with a higher intensity than echoes of
comparable strength anywhere else on the display. These characteristics
of tha display system act to conceal further the relative magnitudes
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of the sianal intensity c-': targets at different ranges, so that the
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operator loses much of the available radar information when it is
displayed on th3 PPI. Fluctuations are smoothed out, and the intensities
are normalized to some extent. The result is that he can give some
information on an unknown target in canparison ·, Ji th a known target at
the s~e range. Positive knowledge of the nature of a target at a
aiven range can only result from auxilliary data. For example, if the
operator is in contact with an aircraft that is over a given point and
he h55 an echo at tha~ point he will logically assume the echo is from
the aircraft if the echo is moving on the course and at the speed reported
by the pilot. He could then compare the intensity and fluctuations of
other targets at that range with those of the known target and draw some
conclusions as to whether they might be larger or smaller than the aircraft.
Behavior Relative To Other Targets_
Very little can be said about a target from the examination of
a single echo but some information can be obtained by compar:·.ng the
echo with other echoes on the remainder of the PPI. When th~ echo
is interpreted in terms of the appearance and behavior of otner echoes
a lo&ical explanation may become evident.
For example, the author has seen isolated targets on the PPI
th•t were moving toward the radar in a direction opposite to that
of the wind, so that it was obvious that they could not be windborne.
A slight elevation of the antenna caused them to disappear ~o it was
apparent that they were at low levels. No attempt was made to send
aircraft to the vicinity to look for target;;. All other attempts to
interpret the nature of real targets on that half of the PPr that
would return the displayed echoes were futile. When the remainder
of the PPI was examined it was found that the speed of a line of thunderstonns moving toward the station was the same as that .Jf the echoe~.
to the east. The direction of movement, however, was the same as that
of the wind and not opposite, as with the echoes to the east. Further,
the distance to the thunderstorms to the west was the same as the
distance to the unknown echoes to the east. With this additional information it seemed likely that the echoes to the east were reflections
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of portions of the thunderstorms to the west.
the reflections were subsequently identified

The obstacles causing
a~

large nearby chimneys

that extended only slightly higher than the height of the radar so that
when the antenna was elevated slightly the chimneys were below the main
beam and no longer caused reflections.
Since the reflectors (chimneys) were very narrow, the reflection
echoes were very nhrrow but their length was equal to the diameter of
the precipitation area.
shaped) appearance.

The echoes therefore had a long, narrow (cigar-

Since the apparent lengths in so1r.e cases were

10 - 15 mi. they were not mistaken for some type of flying vehicle.

Although the solution of the case discussed here is a simple,
and, on the surface, obvious one, it does demonstrate the

n~cessity

of studying the entire PPI, not just one or two odd echoes. The
case also illustrates how echo characteristics become distorted when
the return is frcm a target not at the indicated locatio'l.

The long,

narrow shapes of the reflection echoes, a vertical extent of only
1o

-

2° at ranges less than 50 mi., and movement against tl-te wind all

tended to rule out precipitation as the target.
The problem of identifying reflectionJ is very difficult.

The

simplest case is where the reflector and reflected target are both fixed.
The reflected ech o ·" always 1n the same position and whether it
appears or not de p, ' " on propagation conditions and if the reflector
is of limited vertical extent on antenna elevation anglP-.
When the

reflec~or

is fixed and the target is moving the reflected

echo also moves but in a different direction than the true target.

Still

the geometry is relatively simple and the reflected echo will move
toward or away from the radar along a radial line extending from the
radar across the reflector.

The reflected echo will appear to move

toward the radar when the distance from the radar to the true target
is decreasing and away from the radar when the distance from the radar
to the true target is increasing. The apparent speed of the reflected echo toward or away from the radar corresponds to th~ speed
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the true target toward or away from the reflector.

This is not

its actual ground speed. A target could move at 500 knots along a
constant-distance circle from the reflector, yet the reflected echo
would be stationary. Only if the target moved directly townd or
away from the reflector would the reflected echo have the same speed
as the target; but the speed of the reflected echo can never exceed
that of the target.
When the reflector is moving and the target is st~tionary (see
discussion of Fig.l3) the reflected echo track is always further from
the radar than the reflector track. The reflection echo will follow
roughly the same track as the reflector but its apparent speed may
be much greater depending on the distance between the reflector and
target. When the reflector is far from the target the apparent speed
of the reflected echo will be much greater than the true speed of the
reflector. When the reflector is very close to the target the :;·eflected
echo will be close to the position of the reflector and its apparent
speed will be comparable to that of the reflector.
The situation where both the reflector and the target are moving
is very complex. The apparent speed of the reflected echo will depend
on the relative speeds of both reflector and target. When the reflector is moving slowly, the condition of a stationary reflector will
be approached but not quite realized. That i3, the reflected echo
will have a maximum apparent speed that does not greatly exceed that
of the target, but since the reflector is mOVing, the reflection echo
will not be restricted to motion along a single radial line.
When the reflector is moving rapidly compared to the target, the
result is similar to the case of a fixed targe·t, that is the reflected
echo track approximates the reflector track but its apparent speed
will be greater. When the target moves, the track correspondence is
not as good and the reflected echo's a.pparent speed may greatly
exceed that of the reflector.
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The most complex cases are those in which a moving reflector
is not illuminating a single target but may show a different target
on each scan of the radar. I~ these cases there is no correspondence
between reflected echo track and reflector track. Speed computations
in these cas~s are erroneously based on multiple taraets. Attempts
to compute a speed therefore produce values that can vary from sane
very low spee~s to thousands of knots.
It is obvious from the precedina discussion that it is nearly
impossible to identify an unknown t~rget workina in real time at
the PPI. To establish that an unknown is a reflection echo requires a
determination of whether it is at the same aztmuth 13 a reflector.
Since any one of many otlter echoes could be the possible reflector, the
geomt:try would have to be applied to each one in tum. When mDDerou:~
echoes are on the PPI this is impossible.
Much valuable information can be recorded for later detailed
5tudy by photographing the PPI with a radarscope camer~ during each
revolution of the radar antenna. Later the films can be studied,
either 1\S
time-h.pse motion pictures or frame by frame. For many
Y' ·
t;pe of radarscope photography hu been used for studies
oi. _ _,J· - _:etect ~;d precipitation pat~erns and has provided ir.sights
into I" c .•rolo:-~ical phenomena that would have been impossible from
subjective verbal descriptions of the echo patterns.
Radarscope photographs of the PPI have all the limitations of
the PPI presentation itself. They cannot show intensity difZerences
or minor intensity fluctuations. They do have the powerful advantage
of making it possible to review a puzzling echo hundreds of times at
various rates of viewing and to study the appearance and behavior of
att echoes before, durin&.and after the episode. Only by the study
of radarscope films and many other supporting data is it possible to
arrive at even a tentative conclusion that a given echo cannot be
explained.

1
I

I

J. B7
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- · ·~ ~
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Conclusions
Radar is a valuable

in~trument

for detecting and ranging targets

that are not visible to an observer due to darkness, extreme distance,
int~rvening

rain, cloud cover, haze, or smog.

or reflect from, atmospheric
the eye.

disc~ntinuities

Radar can also detect,
that are not visible to

The echoes of real targets and apparent targets that result

frore RFilreflections, or system noise may on occasion produce scope
presentations that are extremely difficult or impossible to interpret.
The major difficulty is that while radar is designed to beam radiation
in a specific direction and detect targets within a specific distance,
it does not always do so.

The transmitted radiation, while concentrated

in a main ~earn, goes out as well, in many other directions. Portions
of the main beam and the lobes may be reflected in other directions
by nea:rby objects, by solid targets a considerable distance fro;n the
radar, or by layers or small volumes of atmospheric inhomogeneities.
All of this radiation in various directions is refracted by atmospheric
temperature and moisture profiles to deviate further from its original
path.

Portions of this radiation that impinge upon any of a wide

variety of targets are reflected back along a recirrocal path and presented on the PPI as if they were at the position determined by the
antenna elevation and azimuth, and the time required for the most recently transmitted pulse to travel out and back.

Some of the displayed

echoes will represent targets at the indicated locations.

Some of the

displayed echoes will be from targets not at the indicated position,
and some of the echoes will not represent targets at all,

but will

be due to system noise or RFI. Since radar does not differentiate
between the unique characteristics of different types of targets, it
is impossible for even the most experienced radar operator to look at
the PPI and positively identify all echoes on the scope.
Some auxiliary information on the possible nature of the targets
may be derived from the study of the appearance of the PPI on successive
antenna revolutions or from a series of PPI photographs.
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These successive
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presentations show the inte1~reter apparent motion and changes in
intensity. This additional information is useful but still does not
permit positive identification of the target. Only such g~neralizations
may be made as that the target appears to be moving at 250 knots so
it cannot be precipitation, birds, or a ballcon. To even make this
generalization the operator has to know or aake some assumptions
about the probable wind speed in the vicinity of the a~arent target.
The data presented on thG PP! of a single radar, therefore, do not
permit the operator to say very much abo~t the possible nature of a
target displayed as an echo on the PPI. Many additional data are
required such as meteorological conditions between the radar and tha
apparent location of the target, and euxiliary radar information
such as target elevation angle and the bearing of the target from
another radar. The detection of a target at the same location by
two or more radars with different characteristics would usually rule
out multiple trip ec.ioes, rE'!flections, and detection by side lobes.
Surveillance by more than one radar would also aid in establishing continuity along an echo track if the rotation r~te of the two radars
\.,.as such that they were 180° apart so that one would "see" the echo
when the other was "looking" 180° from it. The problem of determining
speed is based on the assumption that a single target has moved a
specific distance during the time that the beam is not aimed at it.
In many cases this may be an erroneous assumption, and it requires
either continuous tracking or surveillance by num,! rous radars to determine whether only a single target is involved.
It is hoped that this discussion of radar has convinced the reader
that radar data are only a tool to be used in conjunction with many
other bits of information for the solution of various prohlems. Radar
alone cannot specify the exact nature of all targets especially when
it was probably specifically designed to detect specific target types.
It can only provide the operator with some generalized information about
the target and he can only draw some general concltJSions based on a
number of assumptions he must make. If he makes the wrong assumption,
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he will come to an erroneous conclusion.
Thi5 does not mean that radar could not be a useful tool in
any further studies of the UFO problem; it simply points out the need
for, and problems of, gathering photographic and other data from a
numbe1 of different types of radar on specific incidents before t!1e
data could be carefully analyzed and interpreted with any degree of
confidence.

1140

•

Bibliography
Allen, R.J. and M.G.H. Ligda. "Services for Bird Counter Study
and Design," FinaZ Report, Contmat DA 42-00? AMC-306 (YJ,
Stanford Research Institute, Menlo Park, (1966).
Atlas, D.

"Radar Lightning Echoes and Atmospherics in Vertical
Cross Section," Reaent Advanoee in Atmosp~er-ia EZeot'I'iaity,
Pergamon Press, New York, (1958a), 441-459.
"Radar as a Lightning Detector," Prooa. Se?Jenth Wx.
Radar Conf., Miami Beach, Fla. (Available from American
Meteorological Society, Boston, Mass.), (1958b), C-1- C-8.
"Sub-Horizon Radar Echoes by Scatter Propagation,"
J. GeophyeioaZ Res., Vol. 64, (1959), 1205-1218.

"Advances in Radar Meteorology," Advances in Geophyeiae,
Vol. 10, Acadomic Press, New York, (1964), 317-478.
"Further Remarks on Atmospheric Probing by Ultrasensitive
Radar," Paper presented to the Panel on Remote Atmospheric
Frobing of the National Academy of Sciences, Chicago, Ill.,
(1968).
Atlas, D. and K.R. Hardy. "Radar Analysis of the Clear Atmosphere:
Angels," Paper presented to the XV General Assembly of
the International Scientific Radio Union, Munich, (1966a).
Atlas, D., K.R. Hardy, and K. Naito. "Optimizing the Radar Detection
of Clear Air Turbulence," J. AppZ. Meteoro., Vol. 5, (1966b),
450-460.
Battan, L.J. "Duration of Connective Radar Cloud Units," Bu.ZZ.AMS,
Vol. 34, ( 1953), 224-228.
Bauer, J .R. "The Suggested Role of Stratified Elevated Layers in
Transhorizon Short Wave Radio Propagation, "Teah.Rep.,
No. 124, Lincoln Lab. M.I.T., (1956).
Bean, 8. R. and E .J. Dutton. "Radio Meteorology," NBS Monograph 92,
U.S. Government Printing Office, Washington, D.C. (1966).
Blackmer, R.H., Jr. "The Lifetime of Small Precipitation Echoes,"
Prooo. Fifth Wx. Radar Conf. Asbury Park, N.J., (1955),
103-108.
"Anomalous Echoes Observed By Shipbome Radars," Proo.
Eighth Wx. Radar Conf., San Francisco, Calif. (available
from AMS, Boston, Mass.), (1960), 33-38.

1141

Blackmer, R.ll. Jr. and S.M. Serebreny. "Analysis of Maritime Precipitation Using Radar Data and Satellite Cloud Photographs,"
J. Appl. Meteoro., Vol. 7, (1968), 122-131.
Bonham, L.L. and L.V. Blake.

"Radar Echoes from Birds and Insects,"

The Soientifio Monthly, (April, 1956), 204-209.
Borden, R.C. and T. K. Vickers. "A Preliminary Study of Unidentified
Targets Observed on Air Traffic Control Radars," Teahnioal
Development Reporot No. 180, Civil Aeronautics Adminst.ration
Technical Development and Evaluation Center, Indianapolis,
(1953) .
Browning, D.A. and D. Atlas. "Velocity Olaracteristics of Some
Clear-Air Dot Angels," J. Atmos. Soi.~ Vol. 23, (1966),
592-604.
Eastwood, E. Radaro OmithoZ.ogy, Methuen and Co., Ltd., 11 New
Fetter Lane, London, 1967.
Eastwood E., G.A. Isted and G.C. Rider. "Radar Ring Angels and
the Roosting Behaviour of Starlings," Proc. Royal Soc.,
London, Vol. 156, (1962), Z42-267.
Eastwood, E. and G.C. R;_der. "Some Radar Measurements of the Altitude
of Bird Flight," Bl'itish Birods, Vol. 58, (1965), 393-420.
Edrington, T.S.

"The Amplitude Statistics of Aircrr.ft l<adar Echoes,"

Trans. IEEE, Vol. MIL 9, (1965), 10-16.
Ferrari, V.J. "An Epidemiologic Study of USAF Bird Strike Damage
and Injury, 1960 to 1965," Life Sciences Divis ion, Norton
Air Force Base, California, ( 1966) .
Geotis, S.G.

"Some Radar Measur~mcnts of Hailstones," J. Appl.
Vol. 2, (1963), 270-275.

~eteoro.,

Glick, P.A., ''The Distribution of Insects, Spiders and Mites in
the Air," Tech. Bull. No. 673, U.S. Dept. of Agriculture,
(1939).
Goldstein, H., D.E. Kerr, and A.E. Bent. "Meteorological Echoes,"
M.I.T. Rad. Lab. Ser-ies, McGraw Hill, New York, Vol. 13,
(1951)' 588-640.
Glover, K.M., K.R. Hardy, C.R. Landry, and T. Konrad. "Radar Characteristics of Known Ir,sects in Free Flight," Proc., Twelfth
Wx. Radar Conf., Norman, Oklahoma, (1966), 254-258.
GWln, K.L.S.

"Tube Face Filters for Line Space Compensation,"
Tenth Wx. Radar Conf., Washington, D.C. (available
from AMS, Boston, Mass.), (1963), 361-364.

P~oc.

1142

•

•

"Tube Space r: 1ters for Line Space Canpensations J II
Pl'oo. Tenth Wx. Radar Conf., Wash., D.C., (1965).
Gunn, K.L.S., and T.W.R. East.

''The Microwave Properties of Precipitation Particles," Q.J. Roy. M6teor.Soo., Vol. 80,
(1954), 552-5t5.

Hajovsky, R.G., A.P. Deam, and A.H. La C:rone. "Radar Reflections
from Insects in the Lower Atmosphere," IEEE Trans.,
Vnl. AP-14, (1966), 224-227.
Hansford, R.F. (Editor) Raa"io Aids to Cit 1iZ Navigation, Heywood
dnd Co. Ltd., London, 1960.
Hardy, K.R., D. Atlas, and K.M. Glcve.r. ''Multiwavelength Backscatter Fran the Clear Atmosphere,"''· Gs'+hys. Res.,
71, No. 6, (1966), 1537-1552.
Hardy, K.R. and I. Katz. "Probing the Atmosphere with High Power,
High Resolution Radars," Paper presented to the Panel on
Remote Atmospheric Probing of the National Academy of
Sciences, Chicago, Ill., (196l!a).
Haworth, L.J. "Introduction to Cathode Ray Tube Displays," M.I.T.
Rad. Lab. Series, Vol. 22, Edited by T. Soller, M.A. Starr,
and C. E. Valley, Jr., ~lcGraw Hi 11, New York, (1948).
Hilst, G.R., andG.P. MacDowell. "RadarMeasurements of the Initial
Growth of Thunderstorms," BuZZ.AMS, 31, (1950), 95-99.
Hiser, H.W. "Some Interesting Radar Observations at the Univers:i.. ty
of Miami,u Pl'oc. Fifth W:t. Radar Conf., Asbury Park, N.J.,
(1955), 287-293.
Houghton, E. "Detection, Recog11ition and Identification of Birds
on Radar," Proc. Eleventh W:c. Radar Conf ... (1964), 14-21.
Konrad, T.G., J.J. Hicks, and E.B. Dobson. ''Radar Characteristics
of Birds in Flight," Saienae, Vol. 159, (1968), 274-280.
Lack, D. and G.C. Varley. "IJetection of Birds by Radar," Nature,
Vol. 156, (1945) .
La Grone, A., A. Deam, and G. Walker.
1965), 680, 895.
Lane, J.A.

Radio Sci. J. Res. (1964,

"Small Scale Irregularities of the Radio Refractive
Index of the Troposphere," Natul'B, Vol. 204, (1964),
438-440.

1143

...
. ·""'

R~Pamrnetry,

Levine, D.

'~
'·

McGraw Hill, N.Y. 1960.

Ligda, M.G .H. "Radar Storm Observation," Canpendit111 of Meteorology,
AMS, Boston, Waverly Press, Baltimore, Md., 1951, 1265-1262.

"The Radar Observation of Lightning," J. A tmos. and Tel'NstnaZ Physics, Vol. 9, (1956), 329-346.
'~iddle-Latitude Precipitation Patterns as Observed
by Radar" (a collection of composite radar observations),
Soientifio Report No. 1, Contraot AF 19(604)-1564, Texas
A6M College, College Station, T~x., (1957).

"Radar Observations of Blackbird Flights," Te:ras J.
of Saience, Vol. 10, (19~8), 225-265.
Lijda M.G.H., and S.G. Bigler. "Radar Echoes From a Cloudless
Cold Front," J. Meteor., Vol. 15, (1958), 494-501.
Ligda, M.G.H., R.T.H. Collis, and R.H. Blackmer, Jr. "A Radar
Study of Maritime Precipitation Echoes," FinaZ Repo'l't,
Contruct NOaa 59-6170-a, SRI Project 2829, Stanford
Research Institute, Menlo Park, Calif., (1960).
Myres, M. T. "Technical Details of Radar Equipment Detecting Birds,
and a Bibliography of Papers Reporting the Observation of
Birds with Radar," FieZd Note No.9, The Associate Committee
on Bird Hazards to. Aircraft, National Research Counci 1
of Canada, Ottawa, (1964).
Nagle, R.E. and R.H. Blackmer, Jr. "The Use of Synoptic-Scale
Weather Radar Observations in the Interpretation of
Satellite Cloud Observations,'' FinaZ Repol't, Contraot
AF 19 (628) -284, SRI Project 3947, Stanford Research
Institute, Menlo Park, Calif., (1963).
Page, R.M.

"Radar Goes to Sea," (Unpublished report of early tests
of the XAF radar by the U.S. Naval Research Laboratory.
Described by Bonham and Blake 1956, (1939).

Pererson, A.M, R.L. Leadabrand, W.E. Jaye, R.B. Dyce, L.T. Dolphin,
R.I. Presnell, L.H. Rorden, and J. C. Schobom. "Radar Echoes Obtained from Earth Satellites, 1957, Alpha and 1957, Beta,"
Avionics Research, Pergamon Press, N.Y., (1960), 140-145.
"A Meteorological Study of Radar Angels," GeophysicaZ
Research Papers No. 52, Air Force Cambrid~e Res. Lah.,
Bedford, Mass., (1956).

Plank, V.G.

1144

•
.. . . . . . . . . . . . - · ··

... .

• •

..

..,

~

••

·--~

•

,.. .... ... _..,

Plank, V.G., R.M. Cunningham, and G.F. Campen, Jr. ''The Refractive
Index Struc'L:Jt·~ of a Cumulus Boundary and Implications
Conccrnlng Radio Wave Reflection,'' Proc. S1::rt1z W:r. Radar
Conf. Cambridge, ~lass., (1957), 273-280.
Rainey, R.C. "Radar Observations of Locust Swarms,"
157, No. 3784, (1967), 98-99.
Ritchie, D.J.

Ball

Lightnir~,

Science.:~

Vol.

Consultants Bureau, New York, 1961, 70.

Rockney, V.D. "The WSR-57 Radar," Proc. Seventh W:r. Radar r:onf.,
Miami Beach, F!orida, (1958), F-14 to F-20.
Schelling, J.G., C.R. Burrows, and E.B. Ferrell. "Ultra-short
Wave PropagatiCin," Prooa. IRE, Vol. 21, (1933), 427-463.
Senn, H.V. and H.W. Hiser. ''Major Radar Parameters for Airborne
Weather Reconnaissance," PPoc. Tenth W:r. Rada.l' Conf.,
Washington, D.C. (available from the AMS, Boston, Hass.),
(1963) J 341-347.
Skolnik, M.I. Introduction to Radar Systems, McGraw Ifill, New
York, 1962, 648.
Sr.1ith, E.K. Jr. and S. Weintraub. "The Constants in the Equation
for Atmospheric Refractive Index at Radio Frequencies."
Proc IRE, Vol. 41, {1953), 1035-1037.
Smith, R. L. "Vertical Echo Prot1·usions Observed by WSR-5 7 Radar,"
Proogress Reporot No. 10 on WSR-5 7 Radar Progroam, Dept.
of Commerce, Weather Bureau. Washington, D.C., (1962),
20-30.
U.S. Air Force.

"Ground Radar Equipment Characteristics Digest,"
50-12, Air Defense Canrnand, Colorado Springs, Colo.,
(1954).

ADQf

U.S. Navy.

"Meteorological Aspects of Radio Radar Propagation,"
NAVWEPS 50-IP-550, U.S. Navy Weather Research Facility,
Norfolk, Virginia, (1960).

Walker, W.

"Use of Sun to Check WSR-5 7 Azimuth and Height Accuracy,"
Progress Report No. 10 on WSR-5? Radar Progroam, lJ. S. L>ept.
of Commerce, Washingtor., (1962), 15-19.

Williams, E.L. "Pro~ress Report on the AN/CPS-9 Radar Program,"
Proc. Third W:r. Radar Conf. McGi 11 University, ~fontr(:al,
(1952).

1145

-- -----

- - - ·------·---- -- ----

- -

--- -- -· ·

.....

.. . . lti . . '\'J' tllt ~ ..... .. -

••

0\apter 6
Sonic Bo011

.

,,

Williu BlUHn

tntroduction
Observers of unidentified flying objects report a variety of
sound effects associated with the phenomenon. S~te report sharp,
explosive sound during rapid acceleration or high-speed flight.
Others refer to humming, whining or whirring noise while the UFO
is hovering or moving at relatively slow speeds (Hall, 1964). Still
others mention whistling or swishing sounds suggestive of rushing air.
l.

M·'lre remarkable than any of the foregoing, however, are reports
that describe the UFO as moving at velocities far in excess of the
maximum spc~a of sound in the earth's atmosphere without producing
any noise or shock wave that would normally be expected under such
condi t ic1ns of atmospheric displacement. No characteristic ''boom"
is heard in these instances.
The absence of a sonic boom in these cases remains a mystery.
Possible explanations are that: a) actual speed was overestimated;
h) a natural atmospheric effect that could suppress the sonic boom
was present; or c) the object or phenomenon did not displace the
atmospheric gases through which it was passing at supersonic speeds.
In this chapter we shall present the basic concepts involved
in the production of the sonic boom or shock wave resulting from
the passage of an object through the atmosphere at speeds gre~ter
than that of sound at the altitude of flight. Natural effects that
are theoretically capable of ren1ering such shock waves inaudible at
ground level will also be discussed, as will curTent research aimed
at suppression of sonic booms by aircraft design modification and
other means .
In general, it would be unrewarding to analyze each UFO report
in conjunction with meteorological data to determine if a sonic boom
from a particular object flying at supersonic speed would be heard
at ground level. The diff~:ulties are two-fold: first, the existing state of knowledge concerning meteorological effects on sonic
booms is sufficient only to provide information in terms of statitical probabilities (Roberts, 1967); and second, local meteoro·.ogical
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features which occur

~etwecn

weather observinp, statiQns and/or

which occur betweP.n the times of scheduled observations would not be
observed.
2.

Sonic Boom
Sound

Gen~ration

~~ve~

are a manifestation of the compressibility of air.

A source capahlc of compressing air produces pressure

fluctu~tions,

called sound or compression waves, which travel through the atmosphere.

The

peak ~.

und troughs of the waves correspond to maxima an,}

minima of the pressure fluctuations. The leading edge of the wavl'
or wave front is afproximately spherical in shape, and the pressur~
disturbance propagates away from the source in a series of concentric spheres.

The speed of propagation of these waves, the sound

speed, varies with the temperature and pressure of the air through
which the waves travel.

lhc maximum value for speed of sound

wav~s

is generally at ground level and reaches about 760 mph.

TI1e sound

speed may shew considerable variation in the atmosphere,

altcrnat~ly

decreasing and

increa~ing

with altitude.

A minimum value of :.so mph

is reached at approximately 50 miles above the earth's surf.:tcc.

!low-

ever, the~e values are principally a funct~on of altitude, but they also
vary with the time of day, season and latitude and 1ong: tude. Th~
following are approximate average values:
Height (feet)
0

Sreed of Sound (miles per hour)
760

10,000

735

20,000

707
679

30,000

Pressure

disturban~es

are generated w: ~never a body, such as

an airplane, moves through the atmosphere aHd displaces the air around
it.

In subsonic flight the speed of the aircraft is less than

th~

local sound speed a:;d the wave disturbances propagate away from the
plane in all dir~rtions. These pre:>sure variations are generally weak
and too slowly varying to he detected t-y the ear (Carlson, l90h).

11 ·' 7

An ai t--:THft -;: r :. ,r~lli ~g at supersonic speeds 11oves faster than the
distu.rb~J :, ~

pressure

,, it • .,nerates.

s!\1fay~ c.h~t~~.l ~f ~t;., ·~ave
~~f:l~si".e p(')int~

prC'+-ubel·auce

i~
~n

tront and the spherical waves emitted at suc-

'< 1

'\c fl.ight path bec011e tangent to lines sloping

nJ ,J · [t

b~c:k~o.-~nl f~om tht bciW

f• eft -;,f wh f rh

:..)f Ute plane.

·;i,~ s~,,~,.\

the

the

no wind.

·i~ ·.~

Shock waves are formed by each
However, with distance, the

~xterior.

coalesce into two large shock fronts,

t\l

f~onts t~iters t ,ct

gnmn~

puh parillel to the

These lines fonn a crlne, the sur-

'he t 1w and to the tail of the plane.

A~tribut~d ~o

lt~FJWS ~.otw

wave.

p l ~ :i ;, !>

't .tri'i'J! ~l1ocir fronu tc~J

usually

When this occurs the plane is

level ground from a hypothetical flight

Jurface at constant sound speed and with

indicated tt.ln'n i'' pressure rise and fall is responsible

f r:.r· d.•: sonic L>um5 heai·d at the earth's surface.
.~~

hllr.rd

r~t:

Fig. la

"t~d

''bow" and

Two booms will be

J •· shocks successively pass over an

but the rar may nut 1lways register the separate shocks when

obs~rver

<:he}' a..:e u ..·

,~ifff'~~: :n

int~!l~~ ~

ies (Carlson, 1966) or when the observer

The ratia c·f a ir<:raft spe ~d to tht" sound speed at its altitude
; ::; cU led the tvi3(l numl:'-t. ·
is
1

h~c.!'1:,

h~cause

w1hcr (W1lson,

at:n.::. ~w ,~ r

<.•f

1:}~2).

Robat~

(!9on h

:ruughly

h~tw,!en ~about

·\·t·

limiting value at which no sonic boOIJI

i:"H:

c effects, is called the cutoff

-''l:;.. .Hes made by

c:.t

:; t.:· u :n. ed
·~ ::;.1

1.(·

't~at

~ -~

~ilson

Mach

(1962), Kane (1966) and

the cutoff Mach number ranJleS

depending on atmospheric conditions
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whel·~
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!·,~:ld

f• ; .•~t·

f r, _.

r.; ~,.,.

:'ront and the ground become! !UIUillc-r
r.··,;,ative to the sound speed.

r.ot t·e heard at ground level until thl'

..,i 1 ~~ ' (1962) has estimated that thf'
:"s 25 •id 1 t:S <>-·ay frOift the point on the around

:-c•m v 1e>~.

m~lC'h

In thl!'l

;:he s.';JnJ c boo.n is he.trJ.

lUR

SSURE

A
SONIC

IIO'lM

. I\ ....... ...... ........ ..... ..... .. ...... ..... ... ... ....................................... SONIC
BOOM

Fig. la
··"''' • Wl\\' 1.., 'n•att•J hy the passage through the air of a supersonic air1' ""'' ' ,·uall"H' t' into two 1a rge cone- shaped shock fronts, shown here in
,,~~-;

...,,.l·t ion, that LJfl' carried along with the airplane. Each front is
.. n · ~o: 11111 nf l·ompn•sscd air that creates a distinct "pressure jump" at the
~~ nu.nd.
llll' changes in atmospheric pressure are heard by an observer as
'"'" o;onal· booms in 'iliCCl'ssion.

,
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Fig. lb
SONIC BOOM arises because a supersonic airplane moves faster than the
pressure disturbances, or sound waves, it propagates. A stationary
source (left) emits spherical sound waves that move outward like concentric ripples. If the source moves at less than the speed of sound
(middle)~ waves emitted at successive positions are crowded in the direction
of movement; they overtake the moving source and "warn" the air of its
approach. But disturbances from the earlier emissions of a supersonic
source (right) cannot overtake the source, which arrives without warning
and creates a shock wave. The spheres become tangent ~o the sides of
the shock wave cone.
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3.

Atmospheric Effects on Sonic Boom Propagation
When the actual wind and temperature variations that occur in
the atmo~phere are taken into account, the simple conical pattern of
the shock front may become quite distorted. The sound speed generally
decreases with altitude between the ground and the plane. Therefore,
as a propagating shock wave descends toward the ground, the portion
of the wave front closest to the earth moves faster than the portions
above. If the sound speed decreases sufficiently rapidly with altitude, the wave front may become perdendicular to the ground. !n this
situation the shock never reaches the ground because it begins to
travel parallel to the ground before it gets there (Carson, 1966).
Physical requirements for such &n effect, however, are unlikely,
even under extremely abnormal atmospheric conditions. In any event,
an object moving through the atmosphere at any altitude parallel to
the earth's surface, at a speed greater th&n the speed of sound at
ground level would inevitably produce a sonic boom.
The decrease of sound speed with altitude also affects the portion
of the wave front that spreads out to the sides of the plane. An investigation of the effect by Kane (1966), under cc·nditions of no wind,
shows that the lateral extent of the sonic boom at ground level ranges
from about 10 to 35 miles on either side of the ground track of
the plane. Furthermore, the intensity of the shock wave will be diminished as it spreads out. Consequently the boom will become less
intense on either side of the flight track.
When wind is present, the wave front progresses at a rate which
is the sum of the sound speed and the wind speed. Therefore the effect
on the wave front by the temperature decrease is counteracted if a
tail wind increases with altitude. If a tail wind decreases with altitude the distortion of the wave fr0nt caused by the temperature variation is reinforced, while a head wind produces the opposite effect.
The situation becomes more complicated when the horizontal variations
of wind and temperature are considered.
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Other atmospheric features could produce
patterns at the ground.

Alnong these are:

unu~ual

sonic hoom

turbulent air motions in

th<.~

lowest few thousand feet oi the at11osphere, the type of clouds pres<'nt
and thei : spatial distribution, and temperature inversions.

None of

these meteorological phenomena have been studied in sufficient detail
to produce conclusive results about their effects on sonic booms. !lowever preliminary investigations have been reported
4.

(Rob~rts,

1967).

Design Modifications and ManeuvP-rs
Although various government agencies, industrial organizations

and university research projects are currently engaged in seeking
methods to reduce sonic boom intensities, all known practical supersonic airplane designs will produce sonic booms (National Academy of
Sciences, 1967).

Furthermore, according to

th~

Academy report, "The

possibility that unconventional configurations may be devised which
will yield significant reductions cannot be disallowed but, at present, the

fu~ure

must be

vi~wed

in terms of small reductions obtained

through better understanding of theory, design refinements of conventional aircraft and improvements in propulsive efficiency and operating procedures."

Research efforts are continuing in a•1 effort to

find an unconventional design, with practical aerodynamic characteristics, which wou~J minimize or eliminate the soni~ boom.
The various research efforts to suppress sonic boom intensities
which are under investigation are reviewed below.
Th~

pressure distribution at ground level, shown in Fig. la and lh

is the so-called "farfield" signature.

The shock fronts emanating

from protuberances on the aircraft have little effect on the pressure
pulse at ground level.

The sonic boom can be reduced, but not nec-

essarily eliminated, if the aircraft climbs at subsonic speeds before
making the transition to supersonic speeds at high-altitud~ cruising
levels.

Optimization of the arrangement of the various components,

such as the shape and position of the wings, may lessen sonic boom
intensity.

Long, slender and

blend~d
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configurations appear to offer

acn:.dr~amic

the best compromio.;t' between maximum
sonic boom levels.
by

~l·:> i;.:u

!~educt

ion of the peak

prt~ssures

modifications i..; also being attempted.

"strl'tdll~d"

lo~o.

performanct' and
at ground

For example,

I

ll'Vl'
;t

dl'stgn IJotlld alter thl' point at 1•llicll the various wavt'"

form a bow and tail shock.

th~s

With

type of design a lt:'ss rapid

r~tt'

uf pressure risc would ht• produced at ground levC'I and rt>ll"l'tjlll'lltly
less auJ i b I L' boom woul J resu It (Me I.e an, I ~l(.l,;

~ ·\S,

;1

I ~1(17) .

Aircraft accC'Icrations and m.IIF'U\'l'rs at various ;dtit11des

l·:lll"l'

sonic booms of varying intensitil'S in locali:t• regions at ot· ahuve
ground level.

It is p(lssihll', Juring common flight mant•uvers, to

produce local pressure huilJups

1~hich

may hL' more than twice as large

as those produced by the samt.' air.::raft in level, unaccekratl'd

fli~~ht.

TI1e subsequent "supcrboorns" occur .tt isolateJ points at ground IL'Vt'l
in contrast to the ordinary hl1oms that

mov~

w·ith the ·tircraft.

Linti-

tations on rapid accdL'rntlons anJ maneuvers would reduce the int<.>nsi ty
and frequenty of "supcrhooms" hut could not he expe-.:ted to suppress
sonic booms altogether (Maglieri, 1966).
In subsonic flight, prt'ssure di sturhances propagatt• aheaJ of the
aircral-t altl'ring the airstream in such a way that abrupt prcssun·
changes do not occur.
trubanccs cannot

In supersonic flight however, pressure dis-

propa~~atc

ahead.

Jn order to prevent the hu i ldup

of a shod wave in supersonic flight, the

~orth

rup Corporation is

currently working on a methoJ to moJify the airstream through an
electromagnetic force fieiJ concentrated at the nose of the ;tircraft.
"111is work is still in preliminary stages anJ experiments have only
hccn undertaken in 1,ind tunnels (:\viation \\'eel; and Sp;Kc Technology,
1ll6R 1 •

S.

Comments
Although sonic boom research has progressed rapidly since the

early 1950's, the complete su:)!'rcssion of sonic hooms at ground levcl
by means of

prt'~·cnt

technology Joes not appear imminent.

II

S~

l11is docs

.J
not mean that sonic booms aTe always heard in conjunction with supersonic flight.

Some meteorological factors occasionally could reduce

sonic boom intensities or, even more rarely, prevent sonic oooms from
r~aching

the ground at all.

However, the reported total absence of

sonic booms from UFOs in supersonic flight and undergoing rapid accelerations or intricate maneuvers, particularly near the earth's
surface, cannot be explained on the basis of current knowledge.

On

the contrary, intense sonic booms are expected under such conditions.
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Chapter 7
Atmospheric Electricity and Plasma Interpretations
of UFOs
Martin D. Altschuler
Research into atmospheric electricity is important and difficult .
Although many aspects are now becoming clear, much remains controversial or unknown.

Even common events, such as the thundcrstonn and

the lightning flash, continue to provide fascinating ·. ;;hallenges
to science.
Electric fields arc produced by clouds, fog, rain, sleet, snow,
tornadoes, dust devils, volcanos, earthquakes, meteors, and contaminants
in air.

On mow1tains, electrical

a~tivity

often becomes intense.

Experienced climbers can tell bi zar:-e stories of mountaintop e lcctrici ty.

Researchers themselves have often been astonished at nature's

complexity.

Ball l.i.ghtning, for example. although witnessed andre-

ported many times in the past, has only with difficulty been established as a genuine scientific problem.

Years of patient effort

were required to distinguish ball lightning from retinal lfterimages and optical illusions.

In view of the numerous manifestations

of atmospheric electricity, it is reasonable to try to determine
whether or not some luminescent UFOs arc indicative of yet another
electrical phenomenon of nature.
Much resear(.;h has been done theoretically, in the laboratory,
and in the field that bears on the problems of atmospheric electricity
and the plasma state of matter.
unusual (and

oft~n

Here we emphasize the aore

speculative) aspects of these subjects and their

possible correlation with descriptions of UFO behavior.

People who

have witnessed unusual electrical phenomena of the types reviewed

11~(1

in this chapter arc invited to send reports to
Dr. Bernard \'onnegut
Earth Science Building, Room 323
State University of New York at Albany

1400 Washington Avenue
Albany, New York

12203

or phone them to 518-457-4607 or 518-457-3898.
The author thanks Drs. Sydney Chapman, John Fi ror, Sad ami
~1atsushi ta,

and J. Doyne Sartor of the Nat iona 1 Center for Atmospheric

Rl•search, and Professor .Julius London of till' Department of

Astro~cophysics,

for infonnat ive and pleasant discussions, and for useful rl'fen•nct'S.
1s

.,

•

manus~.:ript,

llnivt•rsity of Colorado, for reviewing portions of this

~·

lie

also indebted to lrr. Edmond M. Dewan of the Air Force Cambridge

Research Lahoratori es for a file of useful reprints.
1.

Definition of a Plasma
In its lowest energy state, an atom contains an equal number of
~lectrically

electrons and protons, and is

neutral.

By

gainin~

or

losing electrons, an atom or molecule can acquire an electric charge.
A charged atom or molecule is called an ion.

If some of the atoms of

a gas hccome ions, thl' gas is said to be partially-ioni:cd.

l\1tcn there

arc ,_mough ions or l'lcctrons to affect the physical properties of the gas,
the gas is called a plasma.

11h: "plasma state of matter'' refers tc an

ionized medium.
An atom may become ioni:e1J by (a) absorbing a quantum of high
l'Jtergy

ele, · troma~n ·_· Lic

radiation, (h) colliding with a fast particle

(atom, 1on, or electron), (c) capturing an electron.

In processes

(a) and (b), atoms lose one or more electrons and bccoml' positive ions.
In process (c), atoms gain an electron and become negative ions.
'l11e ionization of the outermost layers of the atmosphere (above 65 km)
is caused primarily by the absorption of solar ultraviolet radiation
and x-radiation

(pro~.:css

la)).

Tite weak ionization in the 10\"l'r :1tmoc;phen·

is largely an effect of cosmic ray particles (mostly fast protons)

1 1:. -

) ...

(process (b)).

•·f'tt.if'l.• .· · ~ • .t-

"' .. .

Free electrons in the lower atmosphere are quickly

captured by oxygen molecules, which then become negative ions (process
(c)~.

When large electric fields are present, electrons and ions are
to high velocities in short distances, and may acquire
enouah kinetic energy to ionize neutral atoms upon collision. The
acc~lorated

new charges are accelerated in turn by the electric field, collide
with sti!l other neutral atoms, and produce more electrons and ions.
The ionization of a neutral gas by the acceleration of a few electrons
and ions in a large electric field is called an avalanche process. The
avalanche process is responsible for coronal point discharge (St.
Elmo's fire), lightning flashes, neon and fluorescent lighting, and
Geiger counters.
Since electrons can be accelerated by high-frequency electric
fields, ionization is sometimes possible in the presence of microwaves. High tel!lperature shock waves surrounding metec.rs and reentering space vehicles also cause ionization in the atmosphere.
When a free electron and a positive ion collide, the electron
may be captured.

When a negative and a positive ion collide, an

electron may be transferred from the negative to the positive ion.
In such collisions, called recombination processes, ions are neutralized
and bec~me atoms or molecules. In the lower atmosphere, plasma
(such as that created in a lightning flash) is rapidly neutralized
through such processes.
2.

Radiation may be emitted during recombination.

Occurrence of Plasma

Probably 99\ of all the matter in the universe is in the plasma
state. With~n the stars, hydrogen, helium, and the other abundant
atoms are completely ionized.
The visible surface of the sun, called the photosphere, is
host to a mysterious plasma phenomenon, the sunspot.

The strong

I

•
I

!

I

l
'
11 SR

magnetic fie!ds which emanate from sunspots interact with the
of the oute.L· so lear atmosphere.

, d~sm.J

As a consequence, violent <.>V('nts,

known as solar flares, arc often generated in reg ions w1H'n· tht'
gradient is large.

ma~r.t· t • ,-

During a solar flare, ions and electrons arc

ac-

celerated out of the sun's atmosphere into interplanetary space.

~orne

of these fast charged partides interact with the earth's magnetic
environment, and contribute to short-wave radio blackouts, auroras
(Northern and Southern

Light~) ,

and geomagnetic storms.

Basic plasma research is vh,d in many technological areas.

In

the field of communic3tion, problems arise in connection with radio and
radar trcsnsmission through plasma regions such as the ic-nosphere and
the ionized sheath surrounding re-entering spacecraft.

L~oratory

efforts are under way to control the reactions of nuclear fusion for
power generation.

If successful, present experiments may lead to

efficient sources of power which do not require fossil fuel or fissicmable materials.

In the field of space technology, engineers are de-

veloping low thrust ion rocket engines to propel the next generation
of interplanetary spaceships.
3.

Plasma Properties of the, Lower Atmosj:her!
The lower atmosphere

(b~low

60 km) is not a plasma under normal

In every cubic meter of air at sea level, the fair weath~"r
25
atmosphere contains roughly 3 x 10
el6ctrically neutral molecules
7
8
and only ab~ut 5 x 10 ions. About 10 ion pairs are created per
conditions.

cubic meter every second by ionizing radiation, and a like number are
neutralized by recombination

pr~cesses.

1s several hundred seconds.

When dust particles are present, light

The lifetime of a light ion

ions are rapidly absorbed, and long-lived heavy ions are created.

Ovrr

land at ground level, gamma rays emitted by natural radioactive substances are the primary cause of atmospheric ionization.
few hundred meters

ov~r

Above a

land, and everywhere over the oceans, cosmic

ray particles and secondaries are the major source of ionization.
In the lower atmosphere (below 60 km) unattached electrons arc immediately captured by oxygen molecules.
The presence of even a few ions in the lower atmosphere means
that air is not a perfect insulator.

An electric charge ?laced on

a metal sphere which is insulated from the ground and suspended in
air, will leak into the atmosphere; the higher the altitude of the
sphere, the faster will be the leakage of electric charge.
Where air pollution is prevalent, the light ions are collected
on heavy dust particles, creating heavy less-mobile ions. The electrical
conductivity of polluted air is often ten times less than that of
clean air.
The earth's atmosphere may be represented as a leaky diel~ctric
mcdit~ bounded by electrically conducting layers (or equipotentials)
~t

sea level and at about 60 km height.

zero reference or grounri potential.

ThE

Sea level is taken as the
layer at 60 km, now called

the elcctrosphere, is the lowest level in the atmosphere of unifonn
electrical potential.

This article dea1s with the electrical effects

that are possible in the lower atmosphere, where UFO' s arc rcportl•d.
4.

The Fair Weather Electric Field
At

~ea

level in fair weather, there exists sn average electrir

field of about 130 vol t/m di rect~d downward.

The poter.t i al of the

clectrosphere is about 300,000 volts positive with respect to the
earth's surface. The earth's surface contains over its enti~ area
a net negative charge of 5 x 10 5 coulombs (or 10- 9 coulomh/m 2). An
equal positive cl1argc resides in the atmosphere above the ground.
air is not a perfect insulator, an electric current of 1800
amp (or 3.6 x 10- 12 amp/m 2 ) flows downward (i.e. positive ions migrate

Becaus~

downward, negative ions migrate upward).

At higher altitudes, the

current remains constant but the electric field decreases as the
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electrical conductivity increases. At the height of commercial jet
aircraft (12 km), the electrical potential of air has reached 90%
of the p tential of the elcctrosphere (i.e. about 270,000 volts).
This indicates that most of the positive charge resides in the troposphere in the form of positive ions.
With the values known for the electrical conductivity of
air, the negative charge on the earth's surface should leak away in
about five minutes. To maintain the negative charge ?n the earth's
surface, and ccnseq,1ently the electric field of the lower atmosphere,
a charging mechanism is needed which acts continuously.
5.

and the Electric Circuit of the Atmosphere
Thunderstorms maintain tne fair weather electrostatic field.
Every hour, ::;eve:ral hundred thousand lightning flashes and coronal
Thu~derstorms

point discharges trans fer negative charge from the bases of thunderclouds to the ground. The average charge transmitted by a lightning
flash is estimated to be about 20 coulombs. Pos1tive ions also
ri!c from the tops of thunderclouds.
Many theories have been proposed to explain how negative and
positive charges are separated in a thundercloud. The mechanism must
(1} give a positive charge to the upper part of the cloud and a negative charge to the lower part of the cloud,
(~) provide a charge sepaTation rate of several amperes.
It is generally believed that as precipitation particles fall
they acquire negative electric charge. Conse-quently, negative
charge is carried to the bottom of the cloud. A detailed under~tand
ing of the mechanisms involved in transferrin~& charge between precipitation particle's (and air pollutants) 's of 1111jor scientific
importance.
Strong evidence that thundercloud• act •• hatteri•• for the atmosphere is provided by thl' d~lly flu•·tuatlon• In the htr wt'athcor

lltd

•

....,
' '·

• "'\..... . .,

... *'""""'.. ' •. "

f

electric field.

Over the oceans the fair weather electric field

fluctuates 15 to 20\ about its m~an value, and reaches a maximum
at 1900 Greenwich M~an Time everywhere over the earth regardless
of the local time. Smaller secondary maxima occur at 1500 GMT and
at 0700 GMT. Much of the earth's thunderstorm activity occurs in
tropical regions during midafternoon when surface heating is most
apt to produce s~rong convection. At 1900 GMT, it is midafternoon
in the Amazon basin; at 1500 GMT, it is midafternoon in Africa; at
0700 GMT, it is midafternoon in Indonesia. The minimum fair weather
field occurs at 0300 GMT when it is midafternoon in the middle of
the Paci fi c Ocean .
If each thunderstorm supplies a charging current of 1 amp, there
must be at least 1800 thunderstorm5 raging simultaneously over the
earth at any one time to maintain the fair weather electric field.
This is not an unreasonable estimate. It seems probable, therefore,
that thunderstorms are the prime cause of the earth's electrical
activity.
6.

Properties of Lightning
C1;rrent surges in the atmosphere are known as lightning. Lightning
limits the maanitude of the electrical dipole of a thundercloud. Only

about 20\ of all lightning flashes are between cloud and groLnd.
The majority of flashes occur within clouds. Here we briefly describe only the cloud-t~ground evP.nt, for which better information
is available.
What appears to the ~ye as a single lightning flash is actually
a number of individual charge surges, called strokes, recurring in
rapid sucession. A flash consists of between one and forty main
strokes, each of which is preceded by a leader stroke. The median
number of strokes in a lightning flash is about three.
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When electric field strengths build up to values of about 3 x 10 6
volt/m near the edge of a cloud, avalanche processes become important.
The visible lightning event begins with the initiation of a stepped
leader from the cloud region where the electric field is most intense.
The stepped leaser is aconducting channel, perhaps a few centimeters
in diameter, which is at essentially the same potential as the base
of the cloud. Consequently, as the leader progresses downward away
from the cloud, the electric field (i.e. the potential gt·adient)
between the tip of the leader and the surrounding air continually
increases, so that further ionization becomes easier.
After advancing about 20 meters (the exact dista~ce depending
on the field strength), the leader pauses for about SO microseconds,
forges ahead another 20 meters, stops again, and so on. (It is
believed that the ionization of the air immediately ahead of the stepp,~d
leader is initiated by an avalanche region called o pilot streamer.)
The ste~ped leader advances down~ard toward the ground along a zigzag
path roughly parallel to the electric field. After about 100 steps
and SO milliseconds, the stepped leader has almost traversed the
2 km or so between the cloud base and the ground. When the stepped
leader descends to about 20 meters altitude, it is met by a positive
streamer from the earth. (The potential difference between the cloud
and the ground may reach 10 8 or 10 9 volts before & lightning flash).

As soon as the conducting channel between the cloud and the ground
is completed, the main (or •turn) stroke begins. In less than 10
microseconds, a current ot about 20,000 amp is forcing its way through
a conducting channel only a few millimeters in diameter. (The maximum
current ever recorded in a 1ightning flash was 345,000 amp.) On
9
the average, about 10 joules (an energy equivalent to 14 ton of TNT)
are released in the flash event.
The temperatur~ in the lightning channel, measured spectroscopially,
reaches 30,000°K only 12 microseconds after the passage of the tip of
the return stroke, but decays so rapidly that it falls to 5,000°K in about
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SO aicroseconds. If thermalization is achieved, these temperatures
are hot enouah to cause considerable dissociation and ionization of
air molecu!es. Some scientists argue, however, that thermal temperatures
never exceed a few thousand degrees Kelvin. The precise time variAtion
of the thermal temperature is important in estimating lightning damage
by acoustic shocks .
Maanetic field strengths associated with lightning are in the
4
neiahborhood of 1 tesla (•10 gauss), so that the pJasma pinch effect
is pl'Obably of importance. Possible magnetic effects of a lightning
stroke have been considered in connection with ball and bead lightning.
After the first leader and return stroke, the ligt.tning flash
may continue with another current surge along the same conducting
channel. lhis second stroke is initiated by a dart leader, which advances continuously (not in steps) and ~ore rapidly than the stepped
leader. The dart leader follows the main channel to the ground and
igr:ores the ungrounded branch channels of the f:l. rst stroke. When the
dart leader reaches the ground) a return stroke follows.
Recombination processes work ra,idly in the atmosphere. Or.ly
100 nlilliseconds after the cessation of a return stroke, the lightning
channel is no longer sufficiently conducting to guide a dart leader.
The lightning flash is then completed. Another stroke from the same
part of a cloud must follow a completely new path, one created by
a new stepped leader. For this reason, reports of ball lightning
lastin& as long as a few seconds were discounted or considered to
be aft~rimages of the eye. There is still no satisfactory explanation
for long-lived isolated electrical luminesc~nce in the atmosphere.
7.

Ball Lightning
Among the most mysterious manifestations of atmospheric electricity
is the phenomenon of ball lightr.ing or Kugelblitz. A glowing
ball either (1) appears after a cloud-to-ground lightning flash and
remains near the ground, or (2) is first seen in midair, descending
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from a cloud or arising from no obvious cause, thereafter remaining
aloft until it vanishes.

Coli is ions wl th aircraft have caused verified

damage, indicat:;ng that ball lightning is not restricted to gr:>und
level.
Most

~itnesses

report that ball lightning is clearly visible in

daylight i:llthough not as bright as an ordinary lightning flash.
Some 85°u of the observers agree that the size and brightness of
the ball remains roughly

co~stant

throughout the period of observation

and that no changes occur even immediately prior to its disappearance.
A minority report brightening and color changes just before the ball
vanishes.
most

oth~r

The colors red, urange, and yellow are most common, but
colors are seen occasionally.

Some researchers believe

that blue or blue-white Kugelblitz is associated with higher
energy, although there is no statistical ba.sis for such an assertion.
The reported diameters of Kugelbli tz range between 5 and 80 em with
a median of about 30 em.
lightning:

(1) a solid

One survey lists three complexions of ball
appearan~e

with a dull or reflecting surface,

or a solid core within a translucent envelope, (2) a rotating structure,
suggestive of internal motions, (3) a structure with a burning appearance.
About 1/3 of the witnesses detect

The last type seems most common.

internal motions or rotation of the ball itself, although this may
depend on the distance of the observer.
A majority of onlookers report the motion of the ball to be
slow (about 2 meters/sec.) and horizontal, With
wind or by the ground.
of 25 m/sec.

110

apparent

guidan~C' by

thl'

Gne in six obse1 vcrs report spce,1 s in excess

Several reports do indicate some

or power lines and by grounded objects.
(burning sulfur) is often reported

b~'

guidanc~

from telephone

An odor of brimstone

nearby observers, cspt'ci ally

at the time of decay.
The median lifetime of ball lightning is roughly four seconds, with
10~

reporting over 30 seconds.

Determination of lifetime is difficult

because (1) sjbjective time during an exciting event is often !n error,

I
f
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and (2) few observers see a ball from the time it is created until the
time it disappears. In any case, since an ordinary lightning channel
can remain electrically conducting for only 0.1 second, a 10 se~ond
lifetiae is two orders of magnitude beyond expectation.
Not long ago, considerable scientific discussion ensued on the
question of whether ball lightning is a real phenomenon. Scientists
believed that ball lightning could be (1) a retinal aft~rimar,e of
a lightning flash, (2) an intense coronal point discharge near a
lightning target below a thundercloud, (3) some burning or incandescent material thrown from the impact point of a lightning bolt.
Today most researchers believe that Kugelblitz is a genuine electrical
effect. A recent survey indicates that ball lightning may be extremely commonplace, but that the observer must be relatively close
to the ball to be ••le to see it. Kugelblitz is probably invisible
or indistinguishable in daylight at distances greater than 40 meters,
which would explain why it is incorrectly believed to be a rare phenomenon.
The median distance between an observer outdoors and ball lightning
is 30 meters. Sometimes ball lightning floats through bnHdings.
The median distance between indoor observers &nd ball lightning is only
3 meters. The reported distance of the observer seems to be closely
correlated with the reported size of the ball. A more distant observer
is (1) less likely to notice luminous balls of small diameter, and
(2) more likely tn misjudge the diameter. The second difficulty is
somewhat mitigated since in most cases of ball lightning terrestrial
landmarks can be used for reference in estimating distances and sizes.
On the other hand, estimates of the distance and size of a luminous
sphere seen against the sky can be quite inaccurate.
In one report, a red lightning ball the size of a large orange
fell into a rain barrel which contained about 18 liters of water.
The water boiled for a few minutes and was too hot to touch even after
20 minutes. Assuming (1) that the water temperature was initially 20°C,
(2) that 1 liter of water evaporated, and (~) that 17 liters were
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raised to 90°C, one needs roughly 8 x 10
to 2 kg of TNT).

6

joules of energy (equivalent

For a ball 10 em in diameter (the size of a large

h
orange), the energy density is ten
5 x 10

9

3

joule/m .

But if all the

air in a volume were singly-ionized, the energy density would be only
3
1.6 x 10 8 joule/m . Both the energy content and the energy density
of ball lightning as derived from the singular rain barrel observation seem incompatibJe with the non-explosive character of most
Kugelblitz. Although many lightning balls endt a loud explosive (or
i~plosive)

noise upon decay, effects characteristic of the release

of energies of the order of 2 kg of TNT have rarely been reported
(understandably if the obse!"ver was within 3

meter~).

Moreover,

explosive or implosive decays have been noted indoors with no apparent
heat or damage to nearby ceramic

obje~ts.

Nevertheless, there are

enough well-documented cases of extremely high energy Kugelblitz
to make the water barrel report V'!ry believable.

Probably there is

a wide range of possible energies for a lightning hal!, with the vast
majority of Kugelblitz possessing energy densities less than that of
singly-ionized air.

The minimum possible energy of a lightning ball

is that required to illumine a sphere ahout 25 em in diameter with the
brightness of a fluorescent lamp. IH th 10% efficiency, this means a
source of 250 watts for 4 sec., or ahout tnnn joules of energy. We
can only conclude with certainty that the energy of a lightning ball
3
7
lies somewhere between 10 and 10 joules.
Theoretical efforts have focused on the energy estimate of the
rain barrel observation. To maintain a fully-ionized, perhaps
doubly-ionized mass of air requires either (1) a large amount of energy
concentrated in a small volume and shielded from the surrounding air
by a remarkably stable envelope, or (2) a continuous energy flow into
a small volume, rresumably by focusing power from the environment.
Theories which attempt to bottle fully-ionized plasma by magneti~
fields or magnetovortex rings are faced with severe stability problems.
There is no known way to contain plasma in the atmosphere for as long

}]h:'

as a few seconds. Moreover, a fully-ionized plasma ball would be
hotter and probably less rlense than the surrounding air, so that it

·.

t
'

would tend to rise rather than descend or move horizontally. Chemical
combustion th~ories cannot explain the high energy content or the remarkable antics of the ball. Nuclear reactions would require an
electri~ potential of at least 106 volts between the center and surface
of the ball, and a mean free path for the ions as long as the potential
gap. This situation seems unlikely, and faces similar problem~ of stability.
Theories which depend on an outside source of energy such as
microwaves or concentrated d-e fields cannot explain how ball lightning
can survive indoors.
If energies as high as several megajoules are not required, we
can try other hypotheses. One suggestion is that the lightning ball
is a miniature thundercloud of dust particles. with a very efficient
charge separation process. Continuous low energy lightning flashes are
illuminating the cloud. Another idea is that a small amount of hydrocarbon, less than that required for combustion, is suddenly subjected to strona electric fields. The hydrocarbons become ionized and
form more complex hydrocarbon molecules which clump together. EventuaJly
there is enough combustible material in the center to allow a burning
core. If the concentration of hydrocarbon decreases, the ball disappears; if the concentration increases, the ball ignites explosively.
(This represents the swamp gas theory for ball lightning).
Much depends on a reliable energy estimate for the Kugelblitz.
If the energy is as high as indicated by the water barxel report, we
have a real dilemma. At present no mechanism has been proposed for
Kugelblitz which can successfully explain all the different types of
reports. Probably several completely different procP.sses can produce
luminescent spheres in the atmosphere.
We conclude this section with summaries of several eyewitness
reports of Kugelblitz.
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The first few cases concern aircraft.
1.

A commercial airliner (LI-2) was struck by ball lightning on 12

August 1956 while flying in the lower Tambosk region of the USSR.

Before

being struck, the aircraft had been flying at 3.3 km altitude through
a slowly moving cold front which contained dense tr.underclouds.

During

a penetration of one thundercloud, where the air temperature was about
-3°C, the crew saw a rapidly approaching dark red almost orange fireball 25 to 30 em in diameter to the front and left

~f

the aircraft.

At a distance of not more than 30 to 40 em in front of the nose, the
ball swerved and collided with a blade of the left propeller, exploded
in a blinding white flash, and left a flaming tail along the left
side of the fuselage.

'The sound of the explosion was loud enough

to be heard over the noise of the engine.
could be found.

No substantial

d~age

One of the left p!'opeller blades had a small fused

area 4 ern along the blade and less than 1 em in depth.

Around

the damaged region was a small area of soot, which was easily wiped off.
2.

In 1952, a T-33 jet trainer Nas flying near

~loody

AFB in Georgia.

Because of a thunderstonn, the pilot Nas told to proceed to Mobile,
Ala.

As the T-33 rolled out onto a westerly

headin~

at 4 km

altitude, it collided with a ''big orange ball of fire" that hit the
nose head-on.

The jolt was such that the student pilot believed there

had been a midair collision with anothc:-- aircraft.

The low frequency

radio compass no longer functioned, and they had to receive radio
guidance to another base.
find a single mark or hole.

On examination of the aircraft, they did not
The only damage was to the radio compass

unit in the nose of the T-33 '"hich was practically melted inside
and was rendered useless.

After the radio compass was replaced, every-

thing functioned normally.
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3.
Another pilot distinguishes ball lightning from balls of St.
Elmo's fiN, and states that he has only seen "true" ball lightning
near severe thunderstorms associated with squall lines, mountainous
terrain, and significant cloud-to~loud lightning. He defin~c; "true''
ball li&htning as having the following characteristics: (1) diameters
between 15 and 30 meters, (2) never oYiginates outside the main thunderstorm cloud, (3) generates from a single point and expands in exactly
the same manner as the fireball of an atomic explosion, but with a longer
lifetime, (4) earphones detect soft sibilant hiss, easily distinguishable from crash static, which gradually increases in loudness concurrent
with the growth of the ball, then rapidly decreases iu loudness after
peak brightness, (5) no apparent thunder. He consider!' smaller luminous
balls seen near his aircraft to be. St. Elmo's fire. If Kugelblitz
Nithin clouds can be as large as is estimated by this pilot, then
ground-based observations reflect only weak manifestations of th~ phenomenon.
4.

l
I

In Klass's book there is a remarkable photograph

taken by an RCAF pilot in 1956, which seems to confirm the above observations. The pilot was flying westward at 11 km altitude over the
foothills of the c~~adian Rockies near Macleod, Alberta, through what
he describes as the most intense thunderstorm he ever saw in North
America. Cloud pillars extended above 12 km. The sun was setting behind
the mountains and was obscured from view. The ground was dark. Thr\Jugh
a break in the clouds he observed a bright stationary light with sharply
defined edges "like a shiny silver dollar." The light was nestled
deep within the thunderstorm, suspended above some cumulus reported
at 4 k!ll altitude. The object remained in view for 45 seconds as he
flew across the cloud break. The diameter of the light is estimated
to be at least 15 to 30 meters.

~
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The following case is indicative of higi&- energy ball lightning.
5.
At 3:30 p.m. on 26 April 1939, following a moderate rainstorm at
Roche-fort-sur-Mer (France), an extremely brilliailt flash of lightning
branched into three directions. At the first impact point, a witneJs
described a ball 15 to 20 em in diamete~ and 2.5 meters above the ground
which passed only 4 meters in front of him. He felt a brP.eze of air
at the same time. The globe climbed an iron cable which it melted an~
pulverized, producing smoke in the process. The ~lectrical conduits
of an adjoining house were burned and the meter was damaged. The
observer, who was instal1ing a gas pipe, received a shock. At the
second impact polnt several workers saw a globe also 15 to 20 em in
diameter touch the top of a crane. Ther~ ensued a great explosive
noise accompanied by a blue spark as large as an ann which flew 40
meters and struck the forehead of a dock worker, knocking him to the
ground. A dozen shovelers working 10 to 50 meters frorn the crane received
sh•.Jcks and w~re knocked over, one oeing thrown 60 em into the air.
The shovels were torn from their hands and thrown 3 or 4 meters away.
No smoke or odor was perceived. At the crane, current flowed along
the electric cable. boiled the circuit breaker board and the windings
of the crane's electric motor. The chief electrician rPceived a
violent shock and was unable to free his hands from the controls.
At the third impact point, a ball of fire as large as two fists hit a
lightning rod and descended along the conductor to the grour1d, disappearing
behind a building. Two workers saw a ball of fire roll very rapidly
along the ground.
In Hcmover, Germany during a July thunderstorm in 1914, a iirc6.
ball the size of an egg came through the win iow, left a burnt spot near
the ceiling, travelled down the curtain, and disappeared in the floor.
No burnt marks were found in the floor or curtains, hut the ceilin~
had a slightly charred mark the size of a penny.
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Cases like these are not unusual. Ball lightning has been
known to cut wires and cables, to kill or burn animals and people, to
set fire to beds and barns, to chase people, to explode in chimneys, and
to ooze through keyholes and cracks in the floor. It lias even been
reported in the passenger compartment of a DC-3 aircraft. Moreover,
lightning conducto~ are not always able to dissipate the energy of
Kugelblitz. In St. Petersburg, Fla., during the .summer of 1951 an
elderly woman was found burned. to death in an armchair near an
open window. Above one meter, there were indications of intense heat
melted candles, cracked mirror, etc. A temperature of 1400°C would
have been needed to produce such effects. But below one meter there
was only one small burned spot on the rug and the m~lted plastic
cover of an electric outlet. A fuse had blown, stopping a clock in
the early morning hours. Since lightning is comm~n near St. Petersburg,
this case has all the marks of Kugelbli tz.
7.
"On 3 ~larch 1557, Diane of France, illegitimate daughter of
Henri II, thon the Dauphin, married Francois de Montmorency. On
the night of their wedding, an oscillating flame came into their
bedroom through the window, went from corner to corner, and finally
to the nuptial bed, where it bu~t Diane's hair and night attire.
It did them no other harm, but their terror can be imagined."
8.

Coronal Effects
A sharp
point which extends from a charged conducting surface
is a region of maximum electric field. During a thunde~storm, therefore, we can expect large electric fields near trees, towers, ta!l
buildings, the masts of sailing ships, ar.d all other points rising
from the earth's conducting surface.
If the electric field becomes large enough, avalanche processes
can cause electrical breakdown of the surrounding air and a sustained
coronal discharge. Coronal effects may transfer more charge between

1172

cloud and

gro~nd

than does 1ightr,ing.

St. Elmo's fire appears as a glowing luminescence hovering
above a pointed object or near a wire conductor.

It is usually

oval or ball shaped, between 10 and 40 em in diameter, and has a
glowing blue-white appearance.

Its lifetime exceeds that of ball

lightning, sometimes lasting several minutes. The decay is silent
but may be sudden or slow. Sometimes hissing or buzzing noises
can be detected.
The primary difference between ball lightning and St. Elmo's
fire is that St. Elmo's fire remains near a conductor. It has been
observed to move along wires and aircraft surfaces, sometimes pulsating.
Foo-fi.ghters are probably a manifestation of St. Elmo's fire.

Eye-

witnes:; reports of coronal discharge are presented in Section 14 .

llere

is an account of St. Elmo's fire from the same pilot who gave observation 3 of the previous SC'Ction.
"The smaller 'hall lightning' I have always associated as being
the phenomenon known as St. Elmo's fire; however, St. Elmo's f~re
generally consists of an infrequ~nt blanket covering the leading edges
an~

trailing edges of an aircraft.

It does not blind or brip.hten

but is merely irritating as it prevents clear radio reception.

The

'small ball' formation varies in size from two inches (5 em) to a
foot and a half (46 em) in diameter and generally 'rolls around' the
aircraft apparently unaffected by the movement of the aircraft.

On

one occasion a small ball (about six inches ( 15 em) in diameter) of
yellowish-white lightning fonnL·J on my left tiptank in an F-948 then
rolled casually across the wing, up over the canopy, across the right
1d ng

to the tiptank and thence commenced a return, which I didn't note,

but l ~~as advised by my observer that it disappeared as spontaneously
as it had arisen.
have seen this form several times but rarely for
as long as a period which I would estimate to be about two minutes in
Juration.

So~~timcs

the balls are blue,

blu~-green,

it appears to favor the blue-green and yellow-white.

or white though
It might be

of interest to you to know that subsequent to the 'small ball' rolling
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over ay aircraft, the aircraft was struck three times by conventional
liahtnina bolts which melted four inches (10 em) off the trailing
edae of each tiptank and fused about a four inch section covering
IIY tail liah ts • "

l

\

~

II
~

9.

lanis Fatuus
In swamps and marshes, methane, 01 (and also phosphine PH ),
4
3
is released by decaying organic matter. When the methane ignites,
either by spontaneous collbustion or by electrical discharges produced durin& times of thunderstorm activity, luminous globes which
float above the swamp can be seen. These are not plasma effects,
but resemble them in appearance . . They are called Ignis Fatuus
(foolish fire), jack-o-lanterns,will-o-the-wisp, or simply swamp
(or marsh) gas. The colors are reported to be yellow, sometimes red
or blue. Thunderstorms an~ other electrical activity around swamps
seem to stimulate this effect.
Occasionally observers have placed their hands into these luminescent aases without feeling any heat. Dry reeds did not catch fire.
Copper rods did not heat up. Occasionally however paper was ignited.
There is little doubt that Ignis Fatuus is the source of some
ghost stories and UFO reports.
10.

Tornado Liahtnina
In certain situations, cold dry air (from the Rocky Mountains)
flows over warm moist air (from the Gulf of Mexico) which is moving
in a different horizontal direction. As a result, wind shear and
strong convection produce active thunderstorm cells along a line of
instability some tens of kilometers ahead of the cold front. These
thunderstorm cells and the opaque clouds connecting them are known as
a squall line. Squall lines are the source of most tornadoes.
The characteri~tic feature of the tornado is the funnel-shaped
clou~ that hangs from the sky and moves around like the trunk of an
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elephant. The destructive capability of the tornado is the result of
an extremely sudden pressure drop of roughly 0.1 atmosphere between
the ins1de and outside of the funnel.

Winds can range in speed

from 100 to 330 m/sec.
Without question, the most concentrated ana powerful manifestations
of atmospheric electricity occur in conjunction with tornadoes.
Tornadoes are associated with continuous lightning, point discharges,
and ball lightning. Early theories of the 19th century maintained
that the tornado is a conducting channel for lightning between cloud
and ground. Present thought attributes the origin of tornadoes to
violent convective air motions near squall lines.
Although many convective events, such as isolated thunderstonns, dust devils, hurricanes, etc., occur in the atmosphere,
these have energy concentrations much smaller than that of a tornado.
Consequently, several researchers believe that a tornado can be
maintained only by an intense and continuous lightning discharge along
its axis. Such a discharge heats the air within the funnel, thereby
causing violent updrafts and vortex motions. Whether or not this
theory is correct, there is little doubt that the electrical power
10
generated during a single tornado event is at least 2 x 10 watts,
or about 1/10 of the combined power output of all the electrical
generators in the United States.
From radio emissions (spherics), it is estimated that about 20
lightning flashes occur each second in a tornado cloud. Assuming
20 coulombs per lightning discharge, the average current flowing
through a tornado is about 400 amperes. Magnetic field measurements
near a tornado indicate that such a current is not unreasonable. Using
9
10
10 joules per lightning flash, we find 2 x 10 w~tts for the electrical
power generated by a tornado.
Such estimates may be too conservative.
reported to he brighter, bluer, and more
storm counterpart.

Tornado lightning is

int~nse

than its thunder-

Long before a tornado is observed, li&htning
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interlaces the clouds. About 15 lli.nutes prior to the appearanc~ of
the funnel, the li&htnina becoaes intense and continuous. After the
funnel descends, the sky is reported to be in a blaze of light with
never ceasina sheet lightning.
Larae hailstones are com.~nly produced both by tornadoes and by
severe isolated thunderstoras. Hail is closely correlated with intense
electrical activity. Observations of burned, wilted, and dehydrated
veaetation, and odors of brimston"' (burning sulfur) provide further
evidence of electrical action. The tornado funnel is usually preceded
by a peculiar whining sound, a noise indicative of coronal discharge.
Eyewitness accounts are interesting in the present context
because it has been suggested that many UFOs are luminous tornado
clouds whose funnels have not reached the ground:
"After a tornado passed over Nonnan, Oklahoma and headed north,
personnel at Tinker Field heard a sharp hissing sound overhead combined with a lowpitched continuous roar. We were conscious of an
unusual and oppressive sensation. The noise source was definitely
above us. When it was nearest us, I saw the sky above gradually
grow li&hter, then fade to black. The light was greenish in color.
Associated with the light was a strong sensation of heat radiating
downward. The noise increased in volume and then faded out as though
it came from the south and passed us going north. ThP. rain hacl stopped
while this phenomenon was overh~ad."
1.

2. "As the s torn. was directly east of me, I could see fire up near
the top of the funnel that looked like a child's Fourth of July
pinwheel. There were rapidly rotating clouds passing in front of the
top of the funnel. These clouds were illuminated only by the luminous
band of light. The li&ht would arow dim when these clouds were in
front, and then it would arow bright again as I could see between
the clouds. As near as I can explain, I would say that the light
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was the same color as an electric arc-welder but very much brighter.
The light was so intense that I had to look away when there were no
clouds in front of it."
3.

''The funnel from the cloud to the ground was lit up.

a steady deep blue light
fire in

th~

very bri&ht.

It was

It had an orange-color

center from the cloud to the ground.

my field, it took a swath about 100 yards wide.

As it came along
As it swung from

left to right, it looked like a giant neon tube in the air, or a
flagman at a railroad crossing.
the orange fire or electricity
the funnel

ana

As it swung along the grotmd level,
~~·ould

gush out from the bottom of

the updraft would take it up in the air causing

a terrific light-- and it was gone!

As it swung to the other side,

the orange fire would flare up and do the same."
4.

"There was a screaming, hissing sound coming directly from the

end of the

funn~l.

into the heart of

I looked up, and to my astonishment I saw right
the

tornado.

There was a circular opening

in the centt:·r of the funnc 1, about fifty to one hundred ft. ( 15 to 30 m)
in diameter and extending straight upward fer a distance of at least
half a mile (800 m), as best

T

could judge under t:le circumstances.

The walls of this opening were rotating clouds and the whole was
brilliantly lighted with constant flashes of lightning, which zigzagged from side to side."
5.

"We looked up into what appeared to be an enormous

bright

ins~de

all round.

hollow cylinder

with lightning flashes, but black as blackest

ni~ht

The noise was like ten mi Ilion bees pIus a roar that

beggars all descriptions."

b.

"A few minutes after the storm passed, there was a taste and

smell in the air liJ...l' that of burnt sulfur.

1177

The air was clammy,

and it was hard for ae to breathe.
saothered. 11

,.

The sensation was like being

7. 11
burned up the trees that 1ay within its ci rcunference, and
uprooted those which were upon its line of passage. The former, in
fact, were foW'ld with the side which was exposed to the stom
completely scorched and burned, whereas the opposite side remained
green and fresh. 11
8. H • • • suddenly it turned white outc;ide. Th 4 s whi t~ness definitely
was not fog. I would say it appeared to be giving off a light of its
own . 11
~.

The beautiful electric blue light that was arowtd the tornado
was something to see, and balls of orange and lightning came from
the cone point of the tornado . 11
11

10. "The most interesting thing I remember is a surface glow -some three or four feet deep -- rolling noise, etc . 11
If a researcher had never heard of a tornado, and were asked to
co~pare the eyewitness accounts of tornadoes (such as these) with
those concerning UFOs, he would probably find the tornado reports
to be more fantastic and incredible. Luminous tornado clouds with
no funnels to the ground are possible causes of several UFO reports.
11.

Dust Devil Electricity
Durin& the heat ~f the day, the air temperature is high at the
desert f'oor but decreases rapidly with height. At some critical
temperature g~adient (called the autoconvective lapse rate) violent
upward convection of heated air occurs. Under certain desert conditions, the upward convection may be rather intense in small areas.
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Rapidly rising air is replaced by cooler air winch flows inwanl
horizontally and asymmetrically, thereby creating a vertical vortex
funne:. Such a desert vortex made visible by dust and sand particles,
is known as a dust devil. Unlike the tornado, however, the dust devil·
begins from the ground and rises upward.

Although it can sometimes

blow a man over, it is much less powerful than a tornado.
Recent measurements indicate that strong electric fields are
generated by dust devils.

The precise nature of the charge separation

process is not understood, hut in this

c~se

at least, the electrical

effects are almost certainly the result of convective motions and
particle interactions.
Luminescent effects of dust devils have never been reported anu
would be extren:ely difficult to detect in the daytime. Since dust
dvvils do not occur at night when the desert floor is cooler than the
air above, this pheno1nenon can not explain UFOs reported at night.
12.

Volcano Lightning
Undersea volcanic eruptions began on the morning of 14 November

1963, only 23 km from the southern coast of Iceland, where

water

t~e

depth was 130 m. Within 10 days an island was created which was
nearly 1 km l~ng and 100 m above sea level. Motion pictures showed
clouds rising vertically at 12 m/sec to an altitude of 9 km.
of 1 December contained intense, almost continuous

1 ight,

The cloud

presumably

the result of large dust particles and perhaps electret effects
of sulfur.
Aircraft flights through the volcanic cloud were made during
periods of no lightning.

Large electric fields were

me~~ured,

sometimes

exceeding 11,000 volt/m.
The production of lightning by volcanos is of considerahle
interest for atmospheric electricity. Nevertheless, there is no
evident relation between volcano lightning and UFO reports.
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13.

Earthquake-Associated Sky Lu.inescence
Intense electrical activity has often been reported prior to,
during, and after earthquakes. Unusual lUIIinescent phenomena seen
in the sky have been classified into categories: (1) indefinite
instantaneous illumination: (a) lightning (and brightenings), (b)
sparks or sprinkles of light, (c) thin luminous stripes or streamers;
(2) well-defined and mobile luminous masses: (a) fireballs (ball
lightning), (b) columns of fire (vertical), (c) beams of fire (presumably
horizontal or oblique), (d) luminous funnels; (3) bright flames
and emanatious: (a) flames, (b) !ittle flames, (c) many sparks,
(d) luminous vapor; (4) phosphoresct-nce of sky and clouds: (a)
diffused light in the sky, (b) luminous clouds. The classification
is somewhat ambiguous, but is rather descriptive of luminous events
associated with earthquakes.
The earliest description of such phenomena was given by Tacitus,
who describes the earthquake of the Achaian cities in 373 B.C.E.
Japane!;e records describe luminous effects during many severe earthquakes. In the Kamakura Earthquake of 1257, bluish flames were seen
to emerge from fissures opened in the ground.
Flying luminous objects are mentioned in connection with the
earthquake at Yedo (Tokyo) during the winter of lo72. A fireball
resembling a paper-lantern \o.·as seen flying through the sky toward the
east. During the Tosa e!lrthquake of 1698, a number of fireballs
shaped like wheels were seen flying in different directions. In
the case of the Great Genroku Earthquake of 31 Decemb~r 1730 in
Tokaido, luminous "bodies" and luminous "air" were reported during
the nights preceding the day of severest shock. Afterwards a kind of
luminosity resembling sheet lightning was observed for about 20 days,
even when there were no clouds in the sky. One record of the Shir.ano
Earthquake of 1847 states: "Under the dark sky, a fiery cloud appeared
in the direction of Mt. Izuna. It was seen to make a whirling motion
and then disappeared. Immediately afterward, a roaring sound was
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heard, followed by severe earthquakes."

In Kyoto in August, 1830, it

is reported that during the night preceding the earthquake lum1nous
phenomena were seen in the whole sky; at times, illumination emitted
from the ground was comparable in brightness to daylight. In the
Kwanto Earthquake of 1 September 1923, a staff member of the Central
Meteorological Observatory saw a kind of stationary fireball in the
sky of Tokyo.

The earthquake at Izu, 26 November 1930, was studied in detail
for associated atmospheric luminescence. Many reports of sightings
were obtained. The day prior to the quake, at 4 p .m~, a nwnber of
fishermen observed a spherical luminous body to the west of Mt. Amagi,
which moved northwest at considerable speed . Fireballs (ball lightning)
and luminous clouds were repeatedly observed. A funnel-shaped light
resembling a searchlight was also seen. Most witnesses reported
p;.~le blue or white illumination, but others reponed reddish or
orange colors.
That large electrical potentials can be created by the slippage
or shearing of rocks is not surprising. Neverd1elcss, associated
ball lightning and luminous ~louds are of significance to this
study. Of possible importance is the use of electrical measurements
to provide some advance warning of an impendbg earthquake.
14.

Mountaintop Electricity

Mountains are sharp projections which rise from the conducting
surface of the earth. The electrical notential of a mountain is essentially
equal to that of the surrounding lowlands. Consequently, when an
electric field is set up between cloud and ground, the potential gradient
(or electric field strength) reaches a maximum between the mc•untaintop
and the overlying ~louds.
The large potential gradient which often exists on a mountaintop
may give rise to a number of events related to coronal discharge.
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Physioloaical effects of large electric fields are frequently reported
by mountaineers. Many of these effects are also occasionally reported
in connection with UFOs. In this section we summarize eyewitness reports fr<JQ moun taint Jps .
1. A graduate student of the University of Colorado was climbing
Chimborazo, a high and isolated mountain in Ecuador. The summit
is a large flat plateau 400 meters in diameter and 6266 meters above
sea level. He and a companion left their camp at 5700 meters on
the morning of 1 ~arch 1968. At 10 a,m. clouds started forming at
the peak, and a small amount of graupel began to fall. When they
reached the summit, between 2 and 2:30 p,m,, there was considerable
cloudiness. Just as they were about to take the traditional photograph of conquest, the graupel began to fall more heavily. Suddenly
they felt an odd sensation about their heads, described as mild
dectric shocks and crackling and buzzing sounds. Their alwninum
glacier goggles began to vibrate, and their hair stood on end.
The climbers dived into the snow and waited. Thunder was heard in
the distance. They found that whenever they raised their heads
off the ground, the electrical effects recurred. It seemed as if
there were an oppressive layer 50 em above the surface. After waiting
half an hour, the climbers crawled off the peak on their bellies.
They proceeded in this manner for an hour and a half, 400 meters across
the plateau and down the slope. After descending 60 meters, they found
they could stand up. By this time the fall of gra~~el and the sounds
of thunder had ceased.
During the 1870's and 1880's, the Harvard College Observatory
maintained a meteorological station at the top of Pike's Peak. The
journal of this expedition makes fascinating reading:
2. "16 July 1874. A very severe thunderstorm passed over the summit
between 1 and 3 p.m., accompanied by mixed rain and hail. Sharp
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flashes and reports came through the lightning arrester, to the terror
~

of several 1 ady visitors; outside the builc'
were still more startling.

the electric effects

The strange crackling of the hail, mentioned

before, was again heard, and at the same

1

.

the observer's whiskers

became strongly electrified and repellent ..... td gave quite audible
hissing sounds.

In spite of the cap wotn, ..ne observer's scalp

appeared to be pricked with hundreds of re.1 hot needles, and a burning
~ensation

was felt on face and hands.

Silent lightning was seen

in all directions in the evening, and ground-currents passed incessantly
through the arrester."
3.

"21 July 1874.

Not only did the constant crackling of the fallen

hail indicate the highly electrified state of the summit, but from the
very rocks proceeded a pecuHar chattering noise, as if they were
shaken by subterranean convulsions."
4.

"25 May 1876.

At 6 p.m. continued thunder was heard overhead

and southeast of the peak.
usual crackling noise.

The arrester was continually making the

About this time, while outdoors, the observer

heard a peculiar "singing" at two or three places on the wire very
similar to that of crickets.

When the observer approached near one

of these places the sound would cease, but would recommence as soon
as he withdrew two or three feet distant."
5.

"18 August 1876.

During the evening the most curiously beautiful

phenomenon ever seen by the observer was witnessed, in company with
the assistant and four visitors.

Mention has

~een

made in journal of

25 Hay and 13 July of a peculiar "singing" or rather "sizzing"
noise on the wire, but on those occasions it occurred in the daytime.
Tonight it was heard again, but the line for an e1ghth of a mile (200m)
was distinctly outlined in hriJ liant light, which was thrown cut
from the wire in beautiful scintillations.
these little jets of flame very plainly.

Near us we could observe
They were invariably in

the shape of a quadrant, and the rays concentrated at the surface of
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the line in a small mass about the size of a currant, which had a bluish
tinge.

These little quadrants of light were constantly jumping from

one point to another of the line, now pcinting in one direction, and
again in another.

There was no heat to the light, and

·~hen

the wire

was touched, cnly the slightest tingling sensation was felt.
•'.

Not only

was the wire outlined in this manner, but every exposed metallic point
and surface was similarly tipped or covered.

The anemometer cups

appeared as four balls of fire r~volving slowly round a common center;
the wind vane was outlined with the same phcsphorescent light, and
one of the visitors was very much alarmed by sparks which were plainly
visible in his hair, though none appeared in the others'.

At the time

of the phenomenon snow was falling, and it has been previously noticed
that the "singing" noise is never heard except when the atmosphere is
very damp, and rain, hall, or snow is falling."
t>.

"16 June 1879.

(During afternoon).

One of those ele.:tric storms

peculiar and common to Pike's Peak prevailed. A queer hissing sound
issued from the telegraph line, the wind-vane post, and another post
stanr'ing in a deep snow drift near by.

Observer stepped out co view

the phenomenon, but was not standing in the snow drift long, when the
buzz started from the top of his head; his hair became restless,

sam~

and feeling a strange creeping sensation all over his body, he made
'4uh:k

7.

~tcps

for the station."

"10 July 1879.

At 5 p.m. the hail turned to snow, and ceased at

5:JO p.m., the wind being gentle throughout.

On stepping to the door

at 6 p .m., observer states t.hat he felt a peculiar sensation about
the whole body, similar to that of an awakening limb after being
benumbed; that his hair stood straight out from his head, and seemed
to produce a peculiar "singing" noise like that of burning

e~ergreens;

the telegraph line and all metallic instruments producing a noise like
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that of swarming bees.

When he put on his hat, the prickly sensation

became so intense that he was compelled to remove it, his forehead
smarting as though is had been burned for fully three hours later.
At 7 p.m. the electric storm had ceased."
With the exception of tornado situations described earlier (where
heat is also present), it is not likely that electrical sensations
are anywhere more intense than on mountaintops.

UFO reports sometimes

indicate creepy, crawling sensations, much less pronounced, however,
than those experienced by mountaineers.
15.

Meteor Ionization and

~feteor

Sounds

atmosphere of a solid particle (or meteoroid) fron interplanet3ry space.
Most meteoroids, particularly those that appear on schedule during certain times of the year, are probably dust balls which follow the 0rbit
When they enter thE atmosphere they produce short-li \'ed

streaks of light commonly known as shoot in& stars.
A fireball or bolide

(Gr~ek

for javelin) is a meteor with a luminosity

that equals or exceeds that of t!1e brightest planet .,; (apparent magnitude
-5).

A soli~ object called a meteotitP may be deposited on the

~arth's

surface after a b0 1 ide, but nev 1·r llfter scheduled meteor sho":crs.
appearance ('fa

bo~ide

or ir t in.e with

'~ omet

·n,c

is random, nnd not correlated either in space
orbits and the usu:1l m•?teor showers.

Bol i1 cs arc

believed to be caused by solhl fragments frum t.w asteroid belt. whereas
the scheduled Jll('teors arc
When a

:.1~

·. e )foiJ pa:. ::

l

au·
'S

~d

by dt:.it halls from ;.:omctary orhi ts.

throubh the t.:pper atmosphere, a shod,

wave is generated, accun.panieu by intense heating of the surrounding
air and the meteoroiJ

surfac~s.

Atoms which boil off the meteoroid

surface possess t-hermal spct:ds of about 1 km/sec and directed velod ties
of up to

7~

km/scc.

'lhey collide with surrounding air molecult>s, and

cre3te an envelope of ioni:.ation and excit?tion.
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A meteor is a streak of light produced by the interaction with the

of a comet.

·'~•

A mct e ori~c only a fl'" tens

r
.. -
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of centiaeters wide may be surrounded by an ionized sheath of gas some
tens of aeters or more in diameter.

De-excitation and recombination

processes give rise to the long visible trail behind the meteoroid.
Meteor trails are visible at altitudes between 110 and 70 km.
The brightest bolides can cast shadows over a radius of 650 km.
To be as bright as the full moon, meteoroids of at least 100 kg are
required.

About 1500 meteoroids enter the earth's atmosphere each

year, each with a mass greater than 100 kg.
The visual appearance of a bolide differs considerably from that
of a shooting star.

Vivid colors and color changes are common.

Bolides

have been seen to break apart, with fragments circling slowly on the way
down or flying in a line or in an apparent formation. The trajectory of
a bolide can appear almost horizontal to the observer. Because of the
extreme brightness and the large diameter of the ionization envelope,
distances to bolides are always underestimated, particularly if it should
flare up toward the end of the descent. Odors of brimstone near the
point have also been reported.
Meteor trains associated with bolides sometimes remain luminescent

im~act

for an hour or so. Such a train may appear as a glowing column about
one kilometer in diameter. The mechanism which allows certain meteor trains
to glow for so long a time is not known. Radar trails of ordinary
meteors last only 0.5 sec. Spectral analysis of glowing meteor trails
reveals many bright emission lines from excited air atoms. Radiation
from the hot surface of a meteoroid has also been detected on rare
occasions. These emission lines reveal only common elements (such as
iron, sodium, magnesium, and ot~er minerals), implying a chemical conposition similar to the earth and to the asteroids.

During the day,

a bolide train is seen as a pillar of dust at lower altitudes rather
than as a glowing column in the upper atmosphere.
Some minutes after exceptionally bright bolides, some witnesses
have heard sounds decribed as thunder, the boom
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a cannon, rifle or

'

pistol fire, etc.

These sounds are produced by the fall and deceleration

of a massive meteorite or of several fragments.
heard while the bolide was still descending from the sky, perhaps a
.~bove

the ground.

These sounds are described as

hissing, swishing, whizzing, whirring, buzzing, and crackling, and are
attributed to bolides with an average apparent magnitude of -13
(a:,out the brightness of the full moon).

Such noises could not have

propagated all the way from the meteorite, since sound travels too
slowly.
At one time it was believed that people who observed bolides imagined
the sounds, as a psychological association with noise from sparklers and
other fireworks.

~fete or

sounds are now regarded as physical effects.

On several occasions the observer first heard the noise and then looked
upward to seek the cause.

(Similar noise has also been reported during

times of auroral activity.)
One hypothesis is that low frequency electromagnetic radiation is
emitted by bright bolides and

d~tected

by human

s~nse

organs.

lluman

subjects exposed to radar beams of low intensity have perceived sensations
of sound described as buzzing, clicking, hissing, or knocking, depending
on the transmitter characteristics.

A pulse-nodulatP.d signal with a

peak electromagnetic radiation flux of 4

.,

watt/m~

at the observer was

perceived as sound by subjects wh;)SC audible hearing was good ahove
5 kHz.

If the background noise exceeded 90 decibels, the radio frequency

sound was masked, but
earplugs improved the reception .
...
l..luring the fall of one of the largest bolides, near Sikhote-Alin,
ncar Vladiovo3tok (USSR), an electrician on a telephone pole received
a strong electric shock from disconnected wires at the instant the bolide
became ·;is ib le.

TI1e shock may have been due to other causes, hut the

possibility of strong electromagnetic effects is not ruled out.
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At present, measuTeaents made during smaller meteor events (of
the dust ball variety) give no indication of significant radio emission.
Magnetic effects are insignificant.
Another conjecture is that atomic collisions in the vicinity of a
aeteorite bring about a separation of charge alor.g the ionization trail
of the bolide. For coronal discharge effects to occur at ground level,
however, the bolide would have to separate many thousands (or even tens
of thousands) of coulombs about 30 km. along its ionization trail.

Such

a process seems unlikely.
The noises which appear simultaneously with the bolide are not
understood. If strong electrical fields accompany a bolide, other effects
such as lightning or ball lightning may occur. Both lightning and hall
lightning have occasionally been report~d in clear non-stormy weather.
There arc also several reports of large chunks of ice falling out of
cloudless skies. They are not believed to have fallen from aircr~ft.
The ice chunks may arise from electrical effects of bolides, or (more
probably) may be the meteorites themselves.
16.

Micrometeorites of Antimatter
Tite existence of anti-protons, anti-electrons, anti-neutwons, etc.

is no longer a subject for speculation.

A particle and its anti-particle

annihilate one another on contact, creating radiant energy. Consequently,
we do not fir.d antimatter on the earth. It is not known how much antimatter exists elsewhere in the univ~rsc.
In June of 1908, a bolide of enormous magnitude fell near the
Tunguska River about 800 km. north of Lake Baikal in Siberia. The
light was possibly as bright as the sun and was seen over a radius of
70C to 1000 km.

as 1000 km.

Acoustic noises from the shoe~ were heard as far away
No trace of a crater has ever been found, but within a

radius ~f 40 km., exposed trees were flattened with their tops pointing radially away from the epicenter. Witnesses felt intense heat on
their skin. Metal objects near the imract point were mcltl'd. Tn•es
were scorched for 18 km around. An earthquake was detected on scismor.raphs
at th<' Irkutsk ~tagnetic and Meteorological Ohscrvatory which corresponds
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in time to the impact of the bolide.

Barometric waves circled the globe.

Magnetic disturbances were reported on many continents.
released by the Tunguska bolide is estimated between 10

The energy
16

and 10

17 .

JOUles

(the energy range of hydrogen bomhs).
Several million tons of dust may have been injected into the atmosphere.

For several

we~ks

after the event, luminous clouds in Europe and

Western Siberia made it possible in certain areas tc read at midnight under
the open sky.

The observatory at Irkutsk could not see the stars.

traveller noted in his diary that night never came.

A

The nature of these

luminous clouds is still a matter of debate.
The composition of the bolide and the cause of the explosion arc not
known.

A very massive meteorite should impact with the ground and leave

a large crater teven though the meteorite and part of the ground would
be inunediately vaporized). The Tunguska bolide, however, apparently

~

,,t,

expioded some 3 km or so above ground level.
Several hypotheses have been advanced concerning the ni.ture of the
bolide and the explosion: (1) a meteorite of large initial mass with an
almost horizontal trajectory; (2) a collision with a comet

containin~

an

ice or dust nucleus; (3) a high energy chemical reaction initiated by
radicals in a head of a comet; (4) a nuclear explosion initiated by the
shock wave of a large

m~teorite;

(5) an antimatter meteoroid of a few

hundred grams.
The first two hypotheses are conventional.

Even so, it is extremely

difficult to evaluate quantitatively the optical, acoustical, anJ thermal
effects that might occur under all possible circumstances.

The remaining

hypotheses were proposed to explain the thermal effects.
The fourth

hyp~thesis

seems unlikely.

magnitude would require that large

A fission reaction of such

almost-~ritical

material be suddenly brought together.

masses 0f fissionable

A fusion reaction would require

an initial temperature of several million degrees Kelvin.
these possibilities seems reasonable.
The fifth hypothesis has measurable consequences.

Neither of
When matter and

antimatter come into contact, they annihilate each other, and produce ganuna
ray, kaons, and pions.

If an antimatter meteoroid were to collide with the

atmosphere, regativc pions would be produced. The nuclei of the surrounding air atoms would absorb the negative pions and release tht.• llt.'lltron~.
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Nitrogen nuclei would capture the neutrons and be turned into radioactive
carbon 14.

As carbon dioxide, the radiocarbon would be dispersed through-

out the atmosphere and be absorbed by living organisms.
The energy of the Tunguska bolide was estimated from a study of
the destruction that occurred.

The initial quantity of antimatter and

the amount of radioactive carbon dioxide produced was then estimated.
Sections of trees which grew in 1908

were analysed for radiocarbon.

The conclusion of several scientists is that the Tunguska meteor was
probably not composed of antimatter.

The best guess is that a comet

collided with the earth in June, 1908.
Nevertheless, the hypothesis of antimatter meteorites is intriguing.
If a significant amount of

antim~tter

does exist in the universe, it is

possible that antimattt>r supernovae might eject tiny grains of anti-mass
at relativistic speeds. Such a grain might penetrate our galaxy and
collide with the earth's atmosphere. Entering at relativistic speeds,
the grain might survive until it reached the troposphere.

A fraction

of a m1crogram of antimatter would destroy an equal mass of matter and
release many megajoules of energy, perhaps creating luminous spheres.
However, the annihilation of a fast antimaaer meteorite has never
been calculated in detail, and possible visual effects are unknown.
~tor~ov('r,

sinct" small grains of antimatter would leave virtually no

trace, this hypothesis remains as pure speculation.
17.

Plasma Theories for UFOs

Two articles and one popular book have been written on plasma
interpretations of UFOs by P. J. Klass. Klass was impressed by reports
of UFOs in close association with high tension power lines ncar
Exeter, New Hampshire.

Many popular books assert that IJFOs are extra-

terrestrial spaceships which hover over power lines to refuel.
believes that some UFOs are an unusual form of
analogous to St. Elmo's fire.

1190

coron~l

discharge

Klass

In his first article, ball lightning is assumed to be a manifestation of extreme coronal discharge.
and the

Ex~tt.""r

Klass points out that ball lightning

ljfOs compare favorably with regard to color, shape, sound,

dynamics, lifct 1me, and

siz~.

According to those reports, the

of the UFOs ranged from the size of a basketb3ll to 60 meters.

di~eters

This size

range may be due to the difficulty uf making distance estimates at night
without visible reference points.

Exeter is close

eno~gh

to the sea for

salt to form on high tension wires and had very little rainfall that
summer to wash away the salt, thus

~roviding

points from which coronal

discharge could occur.
Criticisms are (1) that other seacoast towns with high tension wires
did not report UFO activity during the drought period, and (2) the luminosity, although neat the wires, was occasionally some angular distance
away.
Klass also examined other UFO reports including those seen at aircraft altitudes.

In his second article, which is concerned with the

general UFO problem he asserts that ball lightning may occur under many
situations, and consequently may be the cause of many unusual UFO sightings.

Various aspects of ball lightning and the laboratory creation of

luminous plasma by r11icrowaves and gas discharges are briefly discussed.
Klass argues that plasma blobs would have the same characteristics and
would cause the same effects as those occasionally attributed to UFOs,
including the abrupt (sometimes explosive) disappearances, maneuvers
near aircraft, rapid accelerations, stalled automobiles, heat, prickling
sensations, irritated eyes, etc.

lie discusses one observation of an UFO

seen through Polaroid sunglasses and one report of an agitated magnetic
compass.
Tht> book, UFOs Identified, is an

expa~&ded

version of the two art i-

cJcs, and contains background of the author's investigation.

He

discusses ball lightning, the behavior and appearance of UFOs, radar
and photographic evidence, the various rt:actions to his articles, and
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an account of a couple who claim they were held prisoner in an UFO.

The

book does not attempt to summarize any of the fundamental principles of
ataospheric electricity, plasma physics, or atmospheric dynamics.
About reports of automobiles stalled near UFOs: Klas5 w~ites:
"Because a plasma contains a cloud of electrifi~d particles, there is
no doubt that if an auto battery were enveloped by such a plasma the
battery could be short-circuited. But it is difficult to explain how
an UFO-plasma could gain entry to the car battery in the enRine compartllent without first dissipating its energy to the metal body vf the
car.

Another possible explanation is based on the fact that an electric

charge in the vicinity of a conducting surface, such as a car's hood,
creates a mirror image of itself on the opposite side of the conducting
surfa\.:c." The implication here is mistaken: the image charge discussed
in electrical theory is not an actual ch~rge on the other side of a
metal

~hield,

but a mathematical fiction that is used to describe the

alteration of the electric field by redistribution of electric charges
on the metal shield.
Alleged automobile

malf~nctions

are discussed in Section III,

Chapter 5 of this revort, and was purposely omit ted here.

However,

a few rem1rks may be in order. As Klass points out, some motorists
have reported that both headlights and engine failed. Others have
reported that only the engine or only the headlights failed.

Often

police cars have chased UFOs for tens of kilometers so engine failure
does not always occur. Moreover, no unusual
so far heen detected in auto bodies.

ma~netic

When radar was secretly being developed by the

patterns have
RAF prior to

the London Blitz (World War I I), some of the local people of Burnhamon-Crouch were convinced that the mysterious masts recently erected had
stopped passing automobiles. Presumably when the purpose of radar
became known, cars were no longer stalled.
In addition to ball lightning and coronal discharge, he also
su~gests

tornado clouds with no funnel to
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~round,

luminescence

~enerated

during snowstorms, rotating dust vortices, and small charged
ice crystals.

Another one of his ideas is that occasionally a highly

charged aircraft may release ions into a large wingtip vortex.
The vortex remains luminous for awhile, to be encountered shortly
thereafter by another aircraft.

Although coronal effects occur on

aircraft surfaces, it is unlikely that a lightning ball could detach
from an aircraft and remain luminous for more than a few seconds.
18.

Plasma UFO Conference
On

27 and 28 October 1967, several physicists expert in either

plasma physics or atmospheric electricity met in Boulder, f-olo. to
discuss the UFO problem with staff members of this project.
Participants in the plasma UFO conference were:
Marx Brook:

New Mexico Inst. of Mining and Technology

Keith A. Brueckner:

University of California (San Diego)

Nicholas C. Christofilos: University of California (Livennore)
Ronald T. H. Collis: Stanford Research Institute
Edmond M. Dewan:

Air Force Cambridge Research Lab.

Herman W. Hoerlin:

Los Alamos Scienti fie Lab.

BerndT. Matthias:

University of California (San Diego)

Arnold T. Nordsieck:

Santa Barbara, California

Marshall N. Rosenbluth:

James Forrestal Research Center

John H. Taylor: Unive~sity of California (San Diego)
UFO Study Members
Various aspects of atmospheric electricity were reviewed, such as
ball lightning, and tornado and earthquake luminescence.
UFO reports were presented for discussion.

Unusual

These included a taped

report by a B-47 pilot whose plane was paced for a considerable time
by a glowing object. Ground radar reported a pacing blip which
appeared to be 16 km from the aircraft. After review the unanimous conclusion was that the object was not a plasma or an
electrical luminosity produced by the atmosphere.
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Participants with a background in theoretical or experimental
plasaa physics felt that containaent of plasma by magnetic fields
is not likely under atmospheric conditions for more than a second or
so. One participant listed the characteristics that would be expected to acca.pany a large plasma. These are (1) thermal emission,
(2) production of ozone and odor of N2o, (3) convective air motions,
(4) electrical and acoustic noise, (5) unusual meteorological conditions.
Another plasma physicist noted that a plasma explanation of
certain UFO reports would require an energy density large enough
to cause an explosive decay. Atmospheric physicists, however, remarked that several reports of ball lightning do indicate unusually
high energy densities.
All participants agreed that the UFO cases presented contained
insufficient data for a definitive scientific conclusion.
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Electrical Propulsion in Space, Gabriel Giannini:
~larch,

American,
17.

Scientific

1961.

Electric Propulsion, Robert G. Jahu:

American Scientist, vol ,

s2, p. 2v7, 1964.

Section 3:
1. Exploring the .\tmosphere, G .M. B. Dobson:

Clarendon Press Oxford,

1963.

2.

The Science of 1\'eather, John A. Day:

Addison Wesley Boll<s, 1966.

3.

Introduction to the Atmosphere, Herbert Riehl:

4.

Meteorology, Wi 11 i am L. Donn:

5.

W~~ther,

~lcGraw-lli

~lcGraw-llill,

1965.

11, 1965.

Philip D. Thompson and Robert O'Brien:

Time-Life

Books, 1965.

An advanced
7.

tre~tise

is:

Physics of the Atmosphere, P.N. Tverskoi:

Israel Program for

S .ient i fie Trans lations, Jerusalem, 1965 (Russ ian edition, 1962)
(NASA TT.F-288, IJ.S. Dept. of Commerce}.
Sections 4, 5, 6:
In addit1on to Chalmcr's book cited earlier, detailed treatises are:
1.

Electricity of the
Chubarina:
1967.

Frv~

At'llosphere, I.t-1. Imyanitov and E.V.

Israel Program fO'l. Scientific Translations, .Jerusalem,

(Russian edition, 1965) (NASA TT J=-425, U.S. Dept. of

ColtiJierce).
2.

Physics of Lightning, D. .J. Malan: English Univ. Press, 1963.
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Temperatuze in a lightning stroke is discussed in:
3.

Pressure Pulse from a Lightning Stroke, E.L. Hill, and J.D.
Robb:

Journal of Geophysic31 Research, vol. 73, p. 1883, 1968.

An elemental')' account of lightning is:

4.

T:1e Lightning Book, Peter E. Viemeister:

Doubleday, 1961.

A recent theory of charge separation in thunderstorms is:
5.

The Role of Particle Interactions in the Distribution of Electricity
in Thunderstorms, .J.D. Sartor:

Journal of Atmospheric Sciences,

vol. 24, p. 601, 1967.
Section 7:
Surveys of ball lightning are:
1.

Preliminary Report on Ball Lightning, J. Rand McNally, Jr.:
Second Annual ~leeting, Div. of Plasma Phys., Amer. Phys. Soc.,

2.

Gatlinburg, T~nn. Nov. 2-5, 1960.
Ball Lightning Characteristics, Warren D. Rayle:

3.

January , 1966.
Bal 1 . :,.· , .l ing, James Dale Barry :

NASA TN D-3188,

Master's Thesis, California

Stat r ..•,!lege, 1966.
4.

Ball

L~ghtning,

J. Dale Barry:

Jou:;:nal of Atmospheric and Terrestrial

Physics, vol. 29, p. 1095, 1967.
Bibliographies of earlier ball lightning work are contained in
reference #3 above and in:
5.

Ball Lightning Bibliography 1950-·1960:

Science and Technology

Division, Library ofCongress, 1961.
6.

Ball Lightning (A Collection of Soviet Research in English
Translation), Donald

.I.

Ritchie (editor): Consultants Bureau,

New York, 1961.
A theory based on standing microwave patterns is given in:
7.

The Nature of Ball Lightning, P.L . Kapitsa: in Ball Lightning,
Con~ultants Bureau, N.Y., 1961 (Doklady Akademii Nauk SSSR,
vol. 101, p. 245, 1955).
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A theory based on external d-e electric fields in given in:
8.

Ball Lightning, David Finkelstein and Julio Rubinstein:

Physical

Review, vol. 135, p. A390, 1964.
9.

A Theory of Ball Lightning, Martin A. Uman and Carl W. Helstrom:
Journal of Geophysical Research, vol. 71, p. 19 75, 1966.

Theories based on magnetic containment are given by:
10.

Ball Lightning and Self-Containing Electromagnetic Fields, Philip
0.

~

American Journal of Physics, vol. 33, p. 119, 1965.

hnson:

11.

Ball Lightning, E.R. Wooding: Nature, vol. 199, p. 272, 1963.

12.

On

Magnetohydrodynamical Equilibrium Configurations, V.O. Shafranov:

in Ball Lightning, Consultants Bureau, N.Y., 1961 (Zhurnal
Eksperimentalnoi i Tcoreticheskoi Fiziki, vol. 37, p. 224, 1959).
13.

Magneto-Vortex Rings, Yu. P. Ladikov:

in Ball Lightning, Con-

sultants Bureau, N.Y., 1961

Akademii Nauk SSSR,

Mekhanika i

(I zvestiya

No.4, p. 7, July-Aug., 1960).

~lashinostroyenie,

A theory of ball lightning as a miniature

14.

~l·,

·r· :~ rcloud i~

Ball Lightning as a Physical Phenomenon, c.L. Hill:

given in:
Journal

of Geophysical Research, vol. 65, p. 1947, 1960.
The creation of ball lightning by man-made devices is
15.

Ball Lightning and Plasmoids, Paul A. Silberg:

dis~u~sed

in:

Journal of

Geophysical Research, vol. 67, p. 4941, 1962.
Lall lightnint: : .; burning hydrocarbon is discussed in:
16.

Laboratory Ball
Physics,

VOl.

Lightnin~,

Dale Barry:

,J.

Journal of Terrcs trial

30, p. 313, 196M.

The above i is t of ide as on the nature of hall lightning is far from
exhaustive.
17.

A skeptical view of ball lightning theories is given in:

Attempted Explanations of

B~ll

Lightning, Edmond t-1. Dewan:

Physical Sciences Research Pape1·

~67,

AFCRL-64-927, November, 1964.

An elementary review of ball lightning is:
18.

Ball Lightning, H.W. Lewis:

Scientific American, March, 1963.

The first eyewitness account rresented in this review is found in:
19.

The Nature of Ball Lightning, G.I. Kogan-Be1etskii:

in Ball

Lightning, Consultants Bureau, N.Y., 1961 (Prioroda, No. 4, p. 71,
195 7) .
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Eyewitness accounts 2, 3, 5, 6, 7, and mar.y others even more incredible
are fowtd in:
20.

Eyewitness Accounts of Kugelblitz, Edmond M. Dewan:

CRD-25, (Air

Force Cambridge Research Laboratories) March, 1964.
Account 4 concerns a photograph taken by Robert J. Childerhose of the
RCAF.

The description is fowtd in the book by Klass, which is cited

below.
The strange case in St. Petersburg, Florida is discussed in:
21.

Theory of the Lightning Balls and Its Application to the Atmospheric
Phenomenon Called "Flying Saucers," Carl Benedicks:

Ark i v for

Geofysik (Sweden), vel. 2, p. 1, 1954.
Section 8:
An advanced treatise, primarily concerned with laboratory experiments, is:
1.

Electrical Coronas (Their Basic Physical ~fechanisms), Leonard
B. Loeb: Univ. of California Press, 1965.

See also:
2.

"High Voltage Transmissions," L.O. Barthold and H.G. Pfeiffer:
Scientific American,

3.

~tay,

1964.

Corona Chemistry, John A. Coffman and William R. Browne:

Scientific

American, June, 1965.
Section 9:
See reference H3 in ball lightning, and
1. The Nature of Light and Colour in the Open Air, M.

~innaert:

Oover Pub 1. , 1954.
Section 10:
1. Tornadoes of the United States, Snowden D. Flora:

Univ. of

Oklahoma Press, 1954.
2.

Tornadoes, Morris Tepper:

Scientific American, May, 1958.
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3.

\

On the Mechanics of a Tornado, J.R. Fulks:

National Severe Storms

Project Report No. 4, U.S. Dept. of Commerce, February, 1962.
4.

Electrical Theory of Tornadoes, Bernard Vonnegut:
Geophysical Research, vol. 65,

5.

Tornadoes:
VOl.

~·

Journal of

203, 1960.

Mechanism and Control, Stirling A. Colgate:

Science,

157, p. 1431, 1967.

Magnetic measurements near a tornado are reported in:
6.

t,.

Electric Currents Accompanying Tornado Activity, Marx Brook:
Science, vol. 157, p. 1434, 1967.

The eyewitness reports used in this review came from a number of
sources, and were collected in:
7.

Electromag~etic

Phenomena in Tornadoes, Paul ~.Silberg:
Progress, Raytheon Company, Sept. - Oct., 1961.

8.

Ueh~dration

Electronic

and Burning Produced by the Tornado, P.A. Silberg:

Journal of the Atmospheric Sciences, vol. 23, p. 202, 1966.
LLUilinous PhPnomena in Nocturnal Tornadoes, B. Vonnegut and James
R. We)'cr:

Science, vol. 153, p. 1213, 1966.

Sect ion !.1:
1.

The Electric Field of a Large Dust Devi 1, G.D. Freier:
Geophysica

2.

,Journal of

Research, vol. 65, p. 3504, 1960.

The Electr1c Field of a New

~texico

Dust Devil, W.D. Crozier:

Journal of Geophysical Research, vol. 69, p. 5427, 1964.
Section 12:
1.

Whirlwinds Produced :·y the Eruption of Surtsey Volcano, Sigurdur
Thorarinsson and Bernard Vonnegut:

2.

Bulletin American

~leteorc 1. ogical

Society, vol. 45, p. 440, 1964.
Electricity in Volcanic Clouds, Robert Anderson et al.:

Science,

vol . 148, p. 1179, 1965
Section 13:
1. On Luminous Phenomena Accompanying Earthquakes, Torahiko Terada:
Bulletin of the Eat·thquake Research lnst i tute, Tokyo lmperi al
U11iv~rsity,

v:>l. 9, p. 225, 1931.
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2.

Raccolta e Classificazione di Fenomeni Luminosi Osservati nei
Terremoti, lgnazio Galli:

Bolletin~

della Societa ltaliana,

vo 1. 14 ' p . 2 2 1 ' 1910 .
for background:

3.

Long Earthquake Waves, Jack Oliver:

Scientific American, March,

1959.

4.

The Plastic Layers of the Earth's Mantle, Don L. Anderson:

Scientific

American, July, 1962.
Section 14:
1.

Personal communication from Thomas Bowen, Dept. of Anthropology,
University of Colorado, 1968.

2.

Extract from Dai 1y .Journal, SUimli t of Pike's Peak, Colorado:
Annals of the Observatory of Harvard College, vol. 22, p. 459,
1.889.

Section 15:
1.

Meteors, Comets, and

~teteori tes,

Gerald S.

Ha1~kins:

McGraw-IIi 11,

1964.
2.

Meteorites, Fritz lleide:

Univ. of Chicago Press, 1964 (German

edit ion, 195 7}
3.

Out of the Sky (An Introduction to Meteoritics), II.H. Nininger:
Dover Pub1., 1952.

4.

Strange Sounds from the Sky,

~tary

F. Romig and Donald L. Lamar:

Sky and Telescope, October, 1964.
5.

Principles of

~leteoritics,

E.L. Krinov:

Pergamon Press, 1960

(translated from Russian).
6.

Giant

~leteorites,

E.L. Krinov:

Pergamon Press, 1966 (translated

from Russian).
7.

Meteor Science and Engineering, D.W.R. McKinley:

8.

Fossil

~leteorite

Craters, C.S. Beals:

~lc·...iraw-llill,

1961.

Scientific American, .July,

1958.

9.

High Speed Imvact, A.L

Charters:

Scientific American, October, 1960.
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10.

Note on Persistent Meteor Trails, Sydney Chapman:
and the

Au~orae,

in The Airglow

(Belfast Symposium, 1955), E.M. Armstrong and A.

Dalaarno (editors), Pergamon Press, 1956.
Section 16:
The description of the 1908 bolide is found in reference 16 above
by Krinov. Evidence that anti-matter is not involved, is discussed
in:
1. Possible Anti-Matter Content of the Tunguska Meteor of 1908, Clyde
2.

Cowan, C.R. Alturi, and W.F. Libby: Nature, vol. 206, p. 861, 1965.
Nun-anti-matter Nature of the Tunguska Meteor, L. Marshall:

Nature, vol. 212, p. 1226, 1966.
Anti-matter in the universe is discussed in:
3. Anti-~lattcr, Geoffrey Burbidge and Fred Hoyle: Scientific
American, April, 1958.
4. Worlds-Antiworlds, Hannes Alfv~n: W.H. Freeman and Co., 1966.
S.

Anti-Matter and Cosmology, Hannes Alfv6n:

Scientific American,

Apri ~ , 196 7.
Chemical radicals are discussP.d in:
6.

Frozen Frt!e Radicals, Charles H. Herzfeld and Arnold
Scientific American,

7.

~larch,

~1.

Bass:

195 7.

Production and Reactions of Free Radicals in Outer Space, F.
0. Rice:

American Scientist, vol. 54, p. 158, 1966.

Also for background:
8. Chemistry at High Velocities, Richard Wolfgang:
American, .January, 1966.
An alien spaceship theory is advocated in:
~.
Unidentified Flying Objects, Felix Zigel:
1968.

Scientific

Soviet Life, February,

Section 17:
1. Plasma Theory May Explain Many UFO's, Philip J. Klass: Aviation
Week and Space Technology, p. 48, August 22, 1966.
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2.

Many UFOs are Identified as Plasmas, Philip J. Klass:

3.

Week and Space Technology, p. 54, October 3, 1966.
UFOs Identified, Philip J. Klass: Random House, 1961.

___

Aviation

Stalled automobiles in cunnection with radar are mentioned in:
4. Full Circle (The Tactics of Air Fighting 1914-1964), Group
Captain John E. Johnson: Ballantine Books, 1964.
Vortices created by aircraft are discussed in:
5. Boundary Layer, Joseph J. Cornish III: Scientific American,
August, 1954.
6.
7.

Shape and Flow, Ascher H. Shapiro: Doubleday Anchor Books, 1961.
Ainnan's Infonnation ~1anual, Part I: Feder&! Aviation Administration,
November, 196 7.
·!,

Criticisms of Klass' ideas are found in:
8.

UFOs:

I

An International Scientific Problem, James E. McDonald:

Astronautics Symposium, Canadian Aeronautics and Space Institute.
Montreal Canada, 12 March 1968.
1
Section 18:
The difficulties involved in the magnetic confinement of a plasma
are dis•:ussed in:
1. Leakage Problems in Fu:;ion Reactors, Francis F. Olen: Scientific
American, July. 1967.
Section 19:
In addition to the aspects of atmospheric electricity mentioned in
this review, many other physical phenomena and psychological effects
may be involved in many (if not all) sightings, For background reading
in addition to Minnaert's book cited in Section 9:
1. Flying Saucers, Donald H. ~tenzel: Harvard Univ. Press, 1953.
2. The World of Flying Saucers, Donald H. Menzel and Lyle G.
Boyd: Doubleday &Co., 1963.
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3.
4.
5.

6.

f.r
i
\

7.
8.

9.

10.

Aftertaaaes, G.S. Brindley: Scientific A.erican, October, 1963.
Illusion of Muvement, Paul A. Kolers: Scientific American, October,
1964.
Texture and Visual Perception, Bela Julesz: Scientific American,
February, 1965.
Psycholoaical Tille, John Cohen: Scientific American, November,
1964.
Aerial Miaration of Insects, C.G. Johnson: Scientific American,
December, 1963.
Biological Luminescence, W.O. McElroy and H.H. Seliger: Scientific
American, Decenbcr, 1962.

Various Colorado newspapers, April 11, 1966.
The Elements Rage, Frank W. Lane: Chilton Books, 1965.
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Chapter 8
Balloons - Types, Flight Profiles and Visibility
Vincent E. Lally

{
•'

1. In>es of balloons
Three kinds of balloons can give rise to UFO sightings:

neoprene

or rubber balloons which expand during ascent from six feet to 30 ft.
in diameter; polyethylene balloons which are partially inflated on the
ground and fill out at float altitude to a diameter of 100ft. to 400ft.;
and small super-pressure ball'Jons called "ghost" balloons.
Neoprene balloons
When neoprene or rubber balloons which are used to carry radiosondes
begin their ascent, they have a diameter of six feet. They continue to
expand as they rise, and the balloons that reach an altitude of 140,000 ft.
are 55 ft. in diameter.

All of these balloons shatter when they reach

a volume at which a weakness develops.
as high as 156,000 ft., higher than

th~

One of these balloons has flown
largest polyethylene balloons.

These balloons are used to make measurements of air temperature, humidity,
an~

winds. Appr~ximately 90\ of the neoprene balloons reach 80,000 ft.;
prcbably 50\ of them reach 100,000 ft. The neoprene balloon at any
altitude has a brighter reflectance
"ghost" balloon.

th~n

either the polyethylene or the

It is opaque on the ground.

As it rises and expands,

its skin becomes thinner and reflects and scatters light.
used in quite

lar.~e

They are

numbers in many places for routine observation

because of their low cost.

,\bout 100,000 of these a year are flown in

the United States, with most launches at scheduled times from airports
and military installations.

During their ascent up to 20,000 ft., the

neoprene balloons arc visible to the naked eye during the daytime, uut
once they attain an altitude of 20,000 ft. or higher they cannot be
seen from the ground.
Super-pressure balloons
l11e other small ballc.ons are the super-pressure "ghost" balloons.
In general these hav~ payloads of a few grams. The balloons are usually

~- - - --

- - - -- ··- -

-- ·-- -- - ----- - ----- -

I

It

spherical and size is a function of altitude; five feet in diameter at
20,000 ft., seven feet at 40,000 ft., ten feet at 60,000 ft. A few
larger balloons have been flown at higher altitudes. Over 300 super-

~
f.

I

pressure balloons have been flown in the Southern Hemisphere. Several
balloons have flown for over 300 days in the Southern Hemisphere with
two balloons still flying which have been in the air for more than 11
mo. Not more than 20 long duration flights have been made in the
Northern Hemisphere.
Polyethylene balloons

•

At launch polyethylene balloons are filled with a gas bubble
varying from 20 - 70 ft. in diameter. Twenty feet of gas will lift
a small balloon to 100,000 ft. A 70-ft. bubble is required to carry
the Stratosccpe II with a 7,000-lb. telescope. Scientists flying this
type of balloon usually want to attain altitudes between 80,000 and
120,000 ft. to gather data on atmospheric radiation or composition.
The "cosmic rar community" is the largest user of "ghost" balloons.
The diameter of these balloons at altitude is anywher~ from 60 - 250 ft.
The 250-ft. size is for tt,e Stratoscope II system. The largest balloons,
those approximateing 300ft., are designed for very high altitudes.
7
The largest balloon that has been flown to date holds 2.6 x 10 cu. ft.
of gas and is just under 400 ft. in diameter. There are a large number
of 10,000.000 cu. ft. balloons being flown approximately half from
Palestine, Tex. A few years ago the most common balloon was the
3,000,000 cu. ft. size.
2.

VisibEi ty
The relative visibility of a balloon depends on its type, size,

material, time-of-day, and altitude. The human eye can usually detect
a balloon against a bright sky background when the intercepted ar~ is

o.s

mil or greater. The radiosonde balloon is visible in daylight to
a distance of two to four miles. During ascent, the "ghost" balloon
is visible against the bright sky background at a distance of about
twc miles.

At altitude the intercepted arc of "ghost" balloon varies
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The polyethylene balloon pro·1ides a

target of one to two mils at altitude.
The large polyethylene balloons absorb about S\ of sunlight;
however, they scatter and reradiate as much as 20 - 30% of the incident light.

This scattering is very much a function of angle.

Polyethylene

balloons are always visible at altitude during daylight hours when the
sky is clear.

It is often difticult to focus the eyes on thP balloon,

but once seen it is easy to relocate the balloon.

lhe "ghost" balloon

is not visible above 20,000 ft. during daylight hours.
Polyethylene balloons are shaped more like a pear than a sphere,
although they always ~~pear spherical from the ground to the naked eye.
Glass fiber tapes affixed to the gore seams are used to strengthen
polyethylene balloons carrying heavy payloads. Observed from the ground
through a telescope, a shell ~ffe c t gives a taped balloon a saucer-like
appearance. The tape itself, which is the basic reflecting element,
is quite shi.ny and reflects well. On ver)' lightly loaded S)~tems the
balloons are tape less; heavier loads require the glass fiber tapes.
As seen through the telescope, then, the taped balloons appe~r much
shinier and are distinguished by their scalloped appearance.
3.

Derelicts and cutdown
Another phenomenon that might be witnessed b;1 an observer during

the day is what is know; as the "cutting down" of a balloon.

When the

decision has been made to terminate a balloon's flight, the tracking
aircraft will send a destruct signal to the balloon's control and
command mechanism and a squib will fire.
and shatter the ballocn.

This \vill detach the payload

The payload is then tracked by the plane ns

it parachutes to the ground.

Occasionally, however, the balloon will

not ;;hatter.
The shattering of a ualloon during payload

detachm:;~t

is easily

visible (especially in the late 'lfternoon or early morning). llowever,
the entire operation is no~. The payload chute is only 60 ft. in
diameter so that it is barely visible.
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The tracking plane which sends

-~· -

the destruct signal may be 30- 40 mi. away from the balloon.

The

"cutting down" of a balloon is usually accomplished one or two hours
before sunset or just after dawn so that the pilot can visually track
the parachute down.

When the balloon does shatter, a large part of

the balloon comes down in one piece as a flapping mass.
little

sid~

motion or apparent hovering.

1here is

Its speed of decent depends

on how the balloon breaks up.
With
1966 where

i~provcd
t~e

balloon materials, there were a number of cases in

balloon diJ not shatter but continued its ascent.

Normally, if the balloon does not shatter, it should rise so fast
after the shock that the gas does not escape rapidly enough to
prevent bur!:iting. Occasionally the balloou will begin to stretch,
and if there is no weakness in it, the balloon could remain aloft at
that higher altitude for four or five days.

It might fly at 130,Ll00

or 140,00'1 ft. until sunset at which time the gas will cool, reducing
the volume by 5\.
feet.

1his causes the balloon to descend a few thousand

ln daytime, at high altitudes the balloon's skin tends to run

As the balloon cools in the
evening, it starts to descend because it has lost its volume. When
it gets to approximately 60,000- 70,000 ft., where the atmospheric
temperatures are colder, the balloon is warmer than ambient temperature.
It then picks up the 5~ lost solar heat and continues to float alon~
colder than the atmospheric temperature.

at this altitude until the next morning when.it warms up and returns.
to maximum altitude.
For example, a 1,000,000 cu. ft. balloon, launched in France
c~1e

down in Montana in August 1966,

27 days.

4.

afte~

havink remained aloft for

This balloon had been traveling at 60,000 to 100,000 ft.

Balloon motion
Actual balloon movement during the day is no more discernible than

the movemeut of hands on a clock.
to

mov~

At many times a balloon will appear

if there are clouds in the sky just as a flagpole might seem

to fall over when one is looking at it while lying on his back.
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The moon

•

demonstrates this same phenomenon when it st>ems to move ar.ross fields
nnd jump fences while looked at from a moving automobile.

Anytimt> tht"rt'

are clouds, a balloon may appear to move at extreme speed.
A small balloon observed in the first few thousand feet of ascent,
of course, will be 4uitc obviously mavin.:.

Our very lar.:e balloons

dimb at a rate of 700- 1,000 ft/min; radiosonde balloons ascend
1,000- 1,200 ft/min.

at

As these balloons reach higher altitude!', they

could encounter strong 10ind shears (changes in velocity associated with
changes in altitude) of the order of 30 knots/1,000 ft.
velocity could
would not

ma~c

chan~e

a

lienee,

by as mud1 as 30 knots in a minute, hut even this

lar~,tc l-han~c

in po'>ition.

·nw

angular movc.·mcnt would

always lc small ovc.•r any unc-m1nute: pcnod.
With respect to da·light

sightin~s.

pilots invariably estimatc

that balloons they sec arc considerably lower than their true.· l1t•ight.
For example, a pilot

flyin~

at 30,000 or 40,0UO ft. will 'Jl'o\ays report

that the balloon is between 10,000 and 40,000 ft. above him.
never say it is 100,000 ft. above him.

lie will

The difficulty arises because

no one conceives of a balloon 300 ft. in diameter.

There is no depth

to the balloon and no background which permits an estimate of either
size or distance.

A frequent occurrence in Boulder, Colo., when

sc~rchin~

for a

balloon which has been recePtly launched, 1s to focus on the fluffy
balls trom a cottommocl trt•f'

floatin~

SO- ton ft. above tl:c observer.

TI1e cottonwood ball has bCl•n tracked on sever.ll occasions for

t~o.·ll

to

three minutes before its mot ion co·w inced the observer that it 1•as
a one-inch cottonwood hall at 100 ft. and not a 10-ft. balloon at
10,000 ft.

5.

Twilight

~ffects

Just after sunset, a balloon may still be in

sunlig~t.

At this

time the contrast becomes sharp and the balloon is clearly visible.

A good bright balloon appears at least as bright as the

hri~htest

we ever see Venus when the planet is high in the sky: 11lis "twilight
effect" may continue from 20 min. to two hours.
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At hi11h altitudes we have another striking effect for
few minutes before the sun sets at balloon altitude.

th~

last

This is cause-d

by the sun reflecting off the balloon producing a rosy pink and later
bright red color as the sun's rays pass through a hazy atmosphere and
only the red end of the spectrum reaches the balloon.

J:enera~ed

This ha ..;

reports of fiery objects i•• the sky.
The neoprene balloons are also visible at twilight .

.-n Australian

scientist mede experiments at NCAR for about a vear using a new tcchn1que
for 11easuring

lie flew a neoprene balloon with a little stopper

oz~ne.

attached which permitted the gas to

es~ape

and enabled the talloon to

remain aloft for one or two hours at altitude instead of ascending und
bursting.

To make measurements of the reflectance of the sun on

the balloon and determine the ozone concentration, he launched the
balloons so that they would reach 100,000 ft. above the observing site
just after suPsct.

"Jllese balloons were plainly visible about sunset,

continued to becOMe brighter and brighter, and then receded to a faint
glow before disdppearing.
b.

Lighted balloons
Small rubber pilot balloons are still being used in many countries.

For n1ght soundings these two-foot

dia~eter

by small car.dlcs placed under the balloon.
holder has been used.

rubber balloons are tracked
A singl') candle in a little

The holder creates an even glow and keeps the

candle from going out.

The candle has been replaced in most countries

by small battery-powered bulbs of approximately two

candl~

power.

Although the pilot balloon tracked by theodolite is no longer in common
use in the U. S., a light is still used on radiosonde

~alloons

at

night to assist the observer to acquire the balloon, particularly if
the night is dark and the trackers have had difficulty locking the
radar set on the target.

The blinking, bobbing light swaying under a

pilot balloon or radiosonde balloon produces an exciting and attractive
UFO.

'ille

h\A t·e((uir..:::,

th .. ~ la:ge polyethylene scientific balloons

carry lights when below 60,000 ft. at night.
awesome sight as they slowly ascend.
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They can provide an

7.

Frequency of ri i ghts
About 100 polyethylene talloons arc flown each year from

Tex.

Palt·~tinc,

San An..:elo, Tex. has hecn an active launch area with ao; mnnr as
Chi~.:o,

100- 200 per year.

Calif., durin.: the winter months has about

ten flit.:hts, and llolloman AFB,
SO- 100 per year.

~.

~1.

(White Sands), has approximately

Minneapolis remains still a center of balloon

aL·tivitics with 20- 'lO fliJ.:hts per year-- usually of small poly<.·thylcrw
ba !loons.
In addition, there an• other field programs during the year that
ar<: undertaken by uni vcrs it i es and manufacturers.
an• made from CarJwgton, l.nJ.:lanll t•ach summer.
program is conJuctt·J from Ain· sur

I

Ten to 2!l fl i g'lt s

A continuing flight

'.\Jior, France.

l~u~sia,

Australia,

lnJia, and Bra::i 1 havt• active flight programs using largL' polyPth (•lt·nc
ba I loons.
About 100,000 of the

smal~

nco;:>rcnt· balloons are flo\\n each >·car

in the United Statts for routine observation.
flights constitute a vast undocumented area.
sent :JP four times
time.

ada~·.

Radiosonde balloon
They arc generally

Flight schedules are all based on (;recm•ich

At some times of the year at some places in the country, the

balloons will be going into altitude at twilight.

There are approximately

100 sites in the United State's that .;enJ up radiosondes four tiri.es a
Jay.

Rl·~ords

in Ashcvilll',

of launch tim ·.:- anJ location for the s e balloons are l.t•pt
~.

C.

A radiosonde balloon asccntl:ng to 100,t)()0 ft. at

t~o.· ilight

anti the,,

shattering can be the sourcl' of reports of a fiery object in the :·d. . ies
which disappC'ars in a hurst of fl:unt•.

H.

Balloon UFOs
Two situation s arc illustratL•tl that have produced UI-'U I"C('Orts.

ln .January

l~lh.l,

·t

hrgt• balloon was flown from the Gl<.•n C;111yon llam

area ncar

Pa~o,

payload.

lhc balloon, which was flying at 135,000 ft., had encountered

Ari:.

It

t•xtrcmcly strong winds.

~o.· as

a b,OOll,liOO cu. ft. balloo'l with a light

About thTl'<' hours after it reached altitud<.'

it was decided to cut the balloon dowra.

over Okla.

By this time the balloon was

It did not burst during payload

detachmen ~ .

its integrity and continued to ascend to 140,000 ft.

but maintained

When, just after

sunset, it car.e Jver the East Coast at 140,000 ft., a number of pilot
reports were received of a balloon sighted at 60,000 - 70,000 ft.
Because it was at twilight on a very clear day, a number of people saw
the balloon. This triggered a rash of flying saucer stories. For
example, in Va. the people of a small town gathered a posse together to
go out into a field to pick up the little green men. The sherrif
attempted to halt them, but after a gun-waving en,ounter was forced
to give up.

The towns people then went out into the field and fortunately

failed to find their little men.
At altitudes of 5,000 - 10,000 ft. we fly a different kind of
''ghost" balloon.

TI1is cylinder-shaped balloon is approximately 20 ft.

long ar.d about two feet in diameter. We flew one of these from Boulder
on 23 June 1965 at an altitude of 6,500 ft. We lost the balloon
after a few hours.

It went through some rather heavy showers, and

seventeen days later over the Azores a silvery object like a long
spear was sighted in the sky.

At the same time as the silvery object

was seen -- all of the clocks on the Azores stepped.

Later investigation

determined that an electrician short-circuited the island's clock power
supply while he was working on a fuse box.
9.

Conclusions
The public at large and even many scient!sts are unaware of the

great number )f balloon launchings that occur every year in all parts
of the world.

The majority of such launchings are for meteorological

studies, but some relate to other atmospheric or astronomical research.
By far 11ost of the balloons launched for whatever purpose go

unobserved except by
Th~y

tho~e

directly interested in their performance.

perform their missions and are cutdowr1 or burst unnoticed by the

public.

This is due to the fact that most launchings

tak~

place at

times and under conditions which make observation -- and misidentification
of them unlikely or impossible.

As a result, when a balloon is observed

j

i
1
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j
j

under unusual conditions by individuals not familiar with the kinds
of devices descrtbed in this chapter it may be
as an UFO.

erroneou~ly

reported

~-

~,._ ,

. .,.,...,... ...

Chapter 9
ln•tru~ntation

for UFO Searches

Frederick Ayer II
1.

lnt roduct ion
Most of the thousands of existinK reports of UFO phenomena

are poor sourc•:o; of infonnation.

They contain little or no data,

a·&·e reports of hoaxes, or are the result of misidentification of
familiar objects.
provide

concr~tc

Only a very small percentage of these reports
information from which any inferences can be

drawn.
The need for instrumented observation of UFO phenomena arises
from the fact that an observer's unaided senses are not reliable
recorders of scientific data.

Further, the ability of an ol.:server

to supply useful information is affected by hi.s training, his state
of mind at the time of the observation, and his suggestibility, both
dul'ing and after the event.

Accuracy requires instrunents to measure

precisely data such as angles, apparent or real velocities, distance,
color, and luminance.
Even an observer with optimal training, objective state of mind,
and minimal suggestibility is hard pressed when unassisted by instruments, to provide useful scienti fie in format ion. This is especially
true in the case of UFO phenomena, which are typically of short duration, occur ir. an unfamiliar environment, and lack points of reference from which reasonable inferences as to distance, size, and velocity can be drawn.
Even when instruments are available to
the

~nalyst

h~m.

the observer and

of his report must be aware of a process inherent in any

scientific inquiry; namely, the tendency of the investigator to look
for evidence to support or discoamt a given

hypothesi~.

In this state

of mind, the investigator tends to disregard all data from his instruments that arc

irrel~vant

to his predetermined goMl.

An air traffic

controller, for example, concentrates on radar echoes that he feels
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quite certain are those that come from those aircraft for which he is
responsible.

A

met~orologist

data on the radar scope:

focusses his attention on quite different

thunderstorm, tornado, and frontal activity.

The military observer pays less heed to natural phenomena and concentrates on data on the scope that

mi~ht

sign~fy

the approach of

b~l:istic

or orbiting bodies.
In other words, almost all investigative processes begin with a
built-in "filter" designeJ to minimize whatever, for tlw investigator
concerned,

constitute~

another man's data.

"noise."

But ont' man's noise is frequently

·n~e phy~icist

interested in the elastic scattering

cross-section of pi-mesons interacting with protons hegins hi.; a:1:1lysis
by setting up criteria that tend to

~liminate

all inelastic events.

This filtering process turned out to be at work when researchers
in atmospheric

p~ysics

examined the read-out of a scanning photometer,

an instrument normally used in studies of airglow.

'lhe device scans

a sector of the sky and records the result as a trace on paper tape.
The zodiacal light and the
planets as sharp spikes.

~lilky

Way appear as broad humps; stars and

An UFO would also appear as such a spike,

but its motion would cause the spike to appear in different parts of
the sky in successive scans.
Would the operator of the scanner notice 5uch a trace?
he ignore it, along with the star and planet "noise"?

Or

~auld

Since his atten-

tion is focussed on the traces that indicate airglow, it seemed I ih•ly
that he would fail to notice any trace attributable to an UFO.
This proved to be the case.

Examination by rroject investigators

of a zodiacal light photometer read-out made at the time of a visual sighting revealed fou: spikes in successive scans that could not
be attributed to stars or planets.
had ignored them.

The personnel analyz in~ the data

Geometric reconstruction of the object's path

~stah

lished that the photometer had recorded a ballistic missile in trajectory
over the Pacific Ocean.

Oetails are found in Section

~

l' f this

chapter, •:ua 1caka I a I I."
But even if the operator of an instrument fails to notice what,
to him, i5 noise, another operator employing the same device for a
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diiferent purpose has access to all the recorded data :md can therefot::: !'earch for the specific infomation of

inter~st.

to hirr.

As

demonstrated in the case of the scanfl.ing photometer, the instrllllent

can be eaployed to provide a record of an UFO that can later be subjected to scientific analysis.

Not all existing instruments, however,

have adequate resolving power or other design features for effective
searches for UFO phenomena.
Future studies of UFO phenomena should, in my judgment, be based
upon information recorded by suitable instruments.
discuss

e_,isting

instruments and instrument systen1s with special

ref··:o-c nc..: to their suitability for an UFO search.
ge~t

This chapter will
It will also sug-

wha t im;trumf' nts and instrument systems might be devised that
mu . r <':t :: 1:: ·i t.'ld suitable data for the study of UFC phenomena.

1\ . L:

•

2.

The All-Sky Camera
The all- "k)' camera was developed in order that permanent photo-

~raphic

,,

·ora ~

reco rds of · he time of ocn1rrence, intensity and location of
:" '1 airgl0w display~ could be made automatically.

During the

International Geo...,hysical Year, . (1957-1958) 114 all-sky cameras were
in operation at :; tes from near the North Pole to the South Pole.
The

camera~

are designed t c photograph about 160• of the sky

and to record angular distances from the zenith by means of lights.
Photosensitive detectors switch the cameras on at dark and off at
daylight.

Exposures are short and can be set to any desired value.

Local or Universal Time and length of exposure are recorded on each frame.
Tahle

1 lists the salient points of the cameras of several participating

countries.

For further details see:

.\nnals (1962) Gartlein (1947).

The film is e ·x amined by trained personnel and the data on auroral
position and brightness in each of three are-as, as a function of time,
are entered on a five-line fol'llat called an "as cap lot.." The three
areas are the northern, zenith and southern.

The northern and south-

ern zones cover the regions lying between 60• and

so•

from the zenith,

and the zenith area takes in the whole of the sky between 60• and
the zenith.
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Table 1
~~atur~s of Some

I. G. '.

All-Sky Cameras

Country
U.S.A.

film
width
mm.
lb

Number of
exposures
per hour

h0-80
altt•mating

Canada

35

oO

·rime
Accuracv

Exposur<.•
Film
in seconds Type.•

10-20,
15,-t8

4-40
alternatiug

~-----

... 10 Sl'C. to
Eastman
+
KodaJ...
' mi nutt•s
Tri -x,
I 1 ford liP- 3

-

Eastman
Kodak

-++

3 S<.'C. to
1 minute

Tri -x
Pan.

Canada

!b

U.S.S.H.

35

.Iapan

16

oO

30

12,60,120,
180

~ •• 10.20
a1 tema-

a 1 ~ t' mat i n g

ting

240

13

Eastman
Kodak
Tr.i -x
!'kg.

+ 1 'll i nut c.•

lli~h

+

2.5 s•.•c.

S<'nsitivi t v
~c~at i Vt'
l'an.
lligh
Sl'llSi

+ 0.3 minutt•s

t i Vi ty

1

Pan.
Argentina

lh

60,48

20

Eastman
Kot~ak

Tri -X
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+

1 minute.•

I
,'

At a height of 100 ka., the lowest altitude at which auroras
generally exist, the c..era covers a region of about 3° of latitude.
Most of the cameras record on 16 1111a. film, and thn di•eter of
the circular sky iaage is about 10 mm. Since the individual silver
grains in the eaulsion are of the order of 1~ (z 0.001 mm.) in diameter, an
t.age· less than 2\Jp i.s very poorly resolved. To produce a 20~
iaage, an object 100 km.distant would have to be no less than 600
aeters in diaaeter. It is apparent that the resolution of such an
instrument is not adequate for objects of more terrestrially common
dimensions.
The sensitivity of the all-sky camera is also disappointingly
low for purposes of UFO search. For instance. referring to point
sources, Dr. Gerald M. Rothberg, in his report on one month's observation with one of these cameras. states that five miles is "roughly
the m..utimtl't distance at which we can detect the landing lights on
comaercial airliners. as determined from photographs of planes. . . "
The sky-coverage of these instruments is very good, however.
amounting to about 83\ of a hemisphere of the same radius. However.
each camera can sample only about 0.2\ of the volume of sky 100 km.
high over the continental United States, which amounts to about
3
8
9 X 10 km •
A thorough test of a 16 mm, U.S. all-sky camera was made by
Dr. Rothberg during August 1967. (Case 27) The camera was operated
for about 150 hours on seventeen nights. Exposures started at dusk
and ended at dawn. The caJDera made one 40- sec. exposure per minute.
The total nuaber of frames taken was about 9,000 during a period when
106 local UFO sightings were reported. Rothberg states that
••• continued at high frequency during the feasibility
study, less than 12 of 9,00U all-sky camera exposures
contained iaages not iamediately identifiable. Only
two of these coincided in time and azimuth with a
sirhting report. St~dy of one negative suggests that
the imaae is ei tber that of a meteor whose path was at
or nearly at a right anrle to the focal plane or that
an emulsion defect or impurity is responsible for the
image. The other negative's image was identified
as a probable aircraft. (Case 27).
1218

One UFO sighting was definitely recorded by the camera; the
objects were three garment-bag balloons which were photographed repeatedly over a period of 15 min.
In appraising the value of the all-sky camera as the instrument
to use in any follow-up investigations, Dr. Rothberg is "less than
enthusiastic about (their) use" for an lFO search.
Put very simply, a camera designed for the observation nf airglow
and auroral phenomena, b~th of which are large, amorphous luminous
regions, does not have the resolution necessary for investigatin~
phenomena such as fireballs, ball lightning, tornadoes, or UFOs.
3.

lhe Prairie Network
Instrumented meteor astronomy is a comparatively young field

dating back not much before 1936 when the Harvard Meteor Project began.
Determination of mass distributions, size and composition has been
difficult because results have to be arrived at by inference only
instead of from studies of samples collected in the field
Current theory holds that meteors originate from two sources:
comets ancl asteroids.

It is thought that meteors which survive long

enough in our atmosphere to reacla the surface are asteroidal in origin.
From spectrost:.opic evidence it appears as if comets were composed of
solid particles - "dust" - 1\'eakly bound by material which can exist
in solid form only at very low temperatures.

Only the dust can exist

for an appreciable time in the solar system, and it is these solids
which appear as cometary meteoroids.

As a matter of

intere~t,

this

does not preclude the deep penetration of our atmosphere by lar~e
cometary fragments. The Tunguska Meteor of 1908 is thought to have
been such a fragment, and the devastating effect of this encounter
is still visible today (Krinov, 1963).
Almost all meteorites in museum collections

wer~

found accidentally

and the time of landing for about half of them is unknown.
to increase the

recov~ry

Seekin~

rate and to pinpoint the time of arrival,

the Smithsonian Institution began to
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d~sign

the Prairie Network in

the earl1 1960s (McCrosky, 1965) in such a way as to increase the area
coveraae ovt r that of the ltarvud Project and to improve the prohab i 1it y
of

observi~~ lara~.

bright objects.

Between 1936 and 1963 four tech-

nical advances proved particularly important in the basic desir,n of
the system:
ew~ulsions,

the Super-Schmidt camera, much faster photographic
radar, and the image orthicon.

The Super-Schmidt and

hi~h

speed film were originally used in an effort to determine the trajectories
_.,
of faint meteors having initial masses of -10 .. gm. The radar and image
orthicon have been combined into a system for the study of meteors
which are fainter than the Super-Schmidts were capable of detecting,
and which are presumed to be of cometary origin.

A grant from NASA

established the network and the first prototype photographic station
went into operation at Havana, Ill. in

~larch

1963.

the network first functioned when ten stations

About a year later,

bc~Jn

working reliably.

The complete network now ..:onsists of 16 stations of
four cameras each, located at the apices of a set of nesting equilateral
triangles having a separation of 225 km.

Each of the four cameras is

aligned with a cardinal point of the compass with the
9.5 sq. in. film oriented vertically.

dia~onal

of its

l11e optical axis of the camera

is elevated at an angle of 35° to the horizon, hut as the effective
field of the present lenses is -tooo one corner of the film will
photogruph -too below the horizon and the extreme of the opposite
corner falls short of covering the zenith by -too (Sec Fig. 1)
As a result, there are five blind spots, one vertical and the other four
at true compass bearings of 45°, 135°, 225° and 315°, amounting to
about 20\ of the total hemisphere.

All 16 interlocking stations
2
cover a total impact area of 1, 500,000 km .
The Super-Schmidts are capable of recording stars ~ith a photo-

graphic magnitude of as low as M "' +3, but the netwo1·k cameras
pg
have considerably lower sensitivity, computed at M = -3.
pg
Tile angular velocity of the meteorite is determined by interrupting the streak of its path on the film by means of a shutter that
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1
1
runs continuously.

The shutter motion is interrupted at regular

I

intervals in order to produce a timing code that indicates time in
reference to a clock face photographed on each frame.
fixing the

ti~e

This pcrnlits

of passage with respect to the exposure interval.

The standard exposure is three hours so that three to four
fr~s

are produced each night.

Operation of the camera is controlled

by photosensitive switches that turn the system on at twilight and
off at dawn.

To prevent fogging by moonlight or other bright sky

conditions, each camera is equipped with both a neutral density
filter and a diaphragm activated by a photometer.
Other features insure the prope!" exposure csnd recording of time
intervals of meteors having a photographic magnitude greater than

M
pg

2

-6.
Stellar magnitudes are stated on a logarithmic scale.

A

di ffrrcncc of five magnitudes corresponds to a ratio of brightness
of 100.

Because the astronomers tradition ally have referred to a

bright star as being of "the first magmtude," ar.d less bright stars
as being "second matini tude" or "third magnitude" stars, thE' sign given

to a magnitude is inverse to its brightness.
by

An object of M -1 is,
v

this convention, 100 times brighter than an object of M +4 (a
v

difference of five magnitudes).
bodies are:

~1agnitudes

sun -26.72; full moon

~-12;

of some familiar heavenly

Venus -3.2 to -4.3; Vega +0. 1;

Polaris +2.1. The faintest magnitude visible to the normal, unaided
human cy(; is about +6.
Photograrhic (~1 ) and radar (M d) magnitudes are rclatl'd to
pg
ra
v~~ual magnitudes by coefficients which arc functions of the wavelength
of the radiation as well as the characteristics of the detector.
Although a meteor may be recorded by more than two cameras or
stations, only two views are necessary to determine altitude, velocity,
and azimuth.

The two best views are those in which the line joining

them is the most nearly perpendicular to the trajectory.
pairs will detect meteors at altitudes of 40-120 km.

Such stt.•rco-

If the measure-

ments indicate that the meteor may land in a region relatively

I
~

J
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accessible to network personnel, a third view of the traj(:ctory, downstream
from the first pair, and where the meteor has fallen tv an altitude
of between 10 and 40 km., is then measured to determine the rate of
momentum loss from which the impact ellipse is computed.
Exposed film from one-half of the stations is ccllccted every
two weeks and

scan~ed

at field headquarters in Lincoln, Neb.

·n,e rat<' of acquisition of film is -soo multi-station and -son
single-station meteors per year.

Frames with meteors frum one station

arc cut out of the film strip and a search is made for views of the
same event taken at other stations.

The assembled events arc then

sent to Camhridge, Mass. for measurement.

It is necessary to meas-

ure the length of every interval on the meteor track produced hy the
shutter, the positions of about forty stars, and to make densitometric
measurements of the trace.
One of the most important functions of the network is to facilitate recovery of meteoritic material.

l~e

network's design

1s

adequate

to provide an "impact error" of 100 meters for the ''best determined
objects."

But such accuracy fails to guarantee recovery because the

object of search is nearly indi3tinguishable from the more common
field stones.
no recovery.

One recent search occupying ISO man-days resulted in
Since the start of the project some SOO man-days of

search have yielded no recoveries.
In contrast, the Canadian "network," which was not yet in
operatiun hy June 19hR, has already recovered at

lca~t

one meteor

hy careful and extensive interrogations of persons who had wi tnesscd
meteor falls.

Similarly, in Czechoslovakia, four pieces, out of the

many which make up the Pribram meteor, were recovered before the
impact point had been determined from data obtained by
staiton system not designed for this

12~3

pur~ose.

<.a

simple hv-

·JA -.;"'' ···

4.

,..

.

Evaluation of the Prairie Network

Colorado project scientists atte.pted to evaluate the usefulness
of the Prairie Network as an instru.ented syste. for UFO searches. A
list of UFO siahtings dating back to 1965 that occurred within the
network li•its was presented ~o the supervisor of the field headquarters in Lincoln, Neb. He was requested to produce those plates
which •ight conceivably have been able to photograph the objects which
eave rise to the sightings. Information supplied to the supervisor
was deliberately liaited to case nuaber, year, •onth, day, ti•e, city,
duration, direction, and location. Duration of the sighting was given
in •inutes. Direction in the sighting reports referred either to
the direction in which the observer was looking, or the directicn of
motion of the object. Location was specified by the coordinates of
an atla3. Presenting the information in this form avoided biases
based on preconceptions and placed more emphasis on the immediate
environs of the sighting point. The assumption that an UFO was in
the immediate neighborhood of the sighting was made so as to combat
tendency to attribute sightings to distant objects, that is, to
astror.omical bodies.
A map was prepa~ed for each case (see Fig. 2) and each fila
scanned for exceptionally bright objects and planes or satellites.
~ny

Tracks of bright meteors were never seen because the films on which
they appeared had been sent to Cambridge, but the azimuth, elevation,
and trajectory of these meteors w~re available and correlated with
the sighting report. Angular positions of bright objects were roughly
determined by means of a template.
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The following criteria were applied to the reports and to the
filas:
Not operating (NO): cameras do not operate before dusk
or after dawn and they sometimes malf\D'lction or run
out of film.
Met~or

1

l

(M): a fireball with a known trajectory c011puted by
its film tracks at several stations.
Overcast (0): this applied to cases where two nearby
stations were so overcast that no star images
showed, and where there was little information
on films from more distant stations.
No

•

(NI): this classification was used when
the report failed to state the direction in which
the observer was looking or the direction in which

informatio~

the object w&s moving, or both.
No conclusion (NC): the report information was so fragmentary that no correlation between the objects on
the photograph and thos£ reported, was possible, or
the films gave no information which could confirm
that an object was seen.
Inconclusive identification (II): if the photogr1phic
evidence showed the presence of a body which could
have been responsible for the sighting with a fair
degree of probability, the case was ca 11 ed inconclusively identified.
Conclusive identification (CI): when description in the
visual report was confi:nned with a high degree of
probability in all characteristics, the case was
considered to be conclusively identified.
The following rules were adopted:
a) All NI cases became NC
b) No NO cases were labelled NC
c) Som~ 0 cases were classified NC
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Of 114 cases, two were identified as meteors, one conclusively
and oae inconclusively, fovr cases received concl•JSive and 14 inconclusive identifications.

Of the remaining

ca~cs

80 were classified

NC;and 14, NI or NI combined with NO and 0.
The sighting identified

conclusiv~ly

as a meteor was made by a

couple who were driving north on

Hi~hway

Great Bend, Kans., at 2200 CST.

They reported that they saw ". .

281, six miles north of

a flash or burst of fireworks above car, not unlike the usual Fourth
of July fireworks, except that this was much larger and much
The fireworks or sparkles

w~re

hi~he:.:.

varicolored and out of them emerged

a disc-like object about the size of an ordinary wash tub.

and traveling at a tremendvus spcC'd.

Its

direction was north-northeast and in a straight line . . . . It did
not require more than five seconds to reach a distance that made it
invisible .
Two

"

phras~s

in this statement needed clarification:

and "its direction was north-northeast."

"above us"

The observer explained that

"above us meant through the upper part of the windshield."

lfe said

that his (and his wife's) attention was called to the object by the
flash of the burst, which they saw just to the west of north, and
it vanished while still slightly west of north.

lie insisted that the

object was traveling north-northwest, explaining the
saying that he often confused west \\J.th east.

cor~ection

by

He was therefore cer-

tain that it could not have been on the NW to SE course dt'tcrmined
from the photographic data, and that it was not a meteor because it
was rising, not falling.

Questioned as to the time, he said that

10:00 P .~t. was approximate and that the duration of the sighting was

short, probably less than the five seconds referred to.
Six stations of the Prairie Network photographed a me-tL'or at
about 10:10 P.M., determined that it passed over J{cpublican City, Neb.
at an altitude of some 50 km., and predicted that its point of impact
was nea1· Downs, Kans.

Repwlican City lies a few degrees west of north

from the sighting point at a distance of about 177 km., and Downs
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object was as red as fire, but it appeared solid with a very definite, sharp edge .

~

.... .

I
J

!
!
I
'

an equal nuaber of dearees east of north at a distance of about
116 b.

Asswaina a 11ean distance of 145 km. , the observer saw the

aeteor at an elevation of approximately 19°.

The elevation of the

top of a windshield of an Ameri.can two-door sedan from the eye level
of a •an of average height is about 25° or less.
The observer's impression was that the object was r1s1ng.
~ould

Thi~

be expected if it were approaching him at a constant altitude.

His strong feeling that it was on a northerly course, and therefore
receding, is explained by recalling the very short time during which
he saw it.

'.,..'

Considering the general agreement as to time, elevation and region
of viewing, the probability is high that the object seen was the meteor
photographed.
The second case was labeled inconclusive because, in spite of
the paucity of information available about it, there was a relatively
~lose

agreement between the time of the sighting (0001 CST, 26 January

1967) and the time of a meteor recorded on three network stations
(2341 :51 CST, 25 January 1967).

The discrepancy of only 18 minutes

leads to a probable identification of the sighting as the meteor,
but the identification cannot be made conclusive.
A striking example of the lack of correlation that can occur
between a familiar ob ect and the interpretation of a sighting is
related in the case where a large, helmet-shaped, lwninous body appeared overhead from behind a cliff.

The observer was driving west.

He reported that the object stayed nearly overhead for 45 min. until
it

disappea1~d

behind a hill to the southwest at an altitude of about

40°.
Network photographs show the moon moving from 245° to 270° at a
starting elevation of 85° dropping to 45°.

Stars and a plane also

appeared on the film, but their positions did not tally with the report.
Neither the observer nor the Air Force interviewer mention"!d that
the moon was visible, but the conclusion appears to be inescapable
that the object seen was the moon.

A summary of the results of this

I
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study is presented jn Table 2.
Bearing in mind that Prairie Network optics and geometry were
designed to detect bright astronomical objects at high angular velocities, it is not surprising that 100% of the conclusive and 67\ of
the inconclusive identifications

~late

to astronomical objects.

In

fact, any future investigation utilizing the network should guard
against a possible bias arising from its design features.

...

~

The network's identification of 18% of all sightings with a
fair degree of probaoility, does not constitute as poor a pcrfonnance
as might be thought since 34% could not be recorded

beca~~c

of over-

cast and 43% were so deficient in information that, e ·Jcn if an object
had been recorded by the film it would have been im!'ossi h 1. l · to correlate it with the sighting.

5.

The Tombaugh Survey
In 1923, Dr. 1\',H. Pickering calle :l attention to the possibility

that undisccvered small natural earth satellites might exist.
1952, after a long period of searching for
"lost" aste!'oids, during which the planet
1~.

t~ans-ncpt·~.mic
Plu~o

In

planets and

was found, Ur. Clyde

Tombaugh began a search for -;mall satellites which might he in cir-

cular geocentric orbits having radii between 5 ,oro and 2u ,000 mi.
In searching for small, h igh-ve loci ty bodies having a lwninanr:e
close to the photographic threshold, it is essential to avoid "trailing"; that is, the image must he kept stationary with respt:ct to the
film.

For example, if a star image 0.04 mm. in

di~eter

trails over

the emulsion for a distance of 10 mrn., its brightness at any point
will be diminished in the ratio 0.04/10.0

= 1/250

times.

sulting trail image may be below the film's threshold.

ThereTherefore,

Ur. Tombaugh 's experimental method was based on searching the surfaces of a large nwnber of spherical she.ils, each concentric with tlte
earth.

The angular velocity of the search in each shell was made equal

to the angular velocity a body moving in the gravitational field of
the earth would have at a geocentric distance equal to the
that shell. (Tombaugh, 1959).
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Table 2
Prairie Network Study
Summary of Sighting Identifications

NI

NO

0

0

0

5

Neb.

4

6

Kans.

3

9

0
1

10
14

9

10

7

2

27

17

3

2

1

11

8

State

s.

Oak

Mo.
Iowa

0

t0tal

NC

CI

II

2

0

3

8

1

1
0

3

1

3

3

0

2

M

inconclusively
astron011ical
2

1
1

3

I

'

Ill.

11

16

5

33

27

0

1

1

0

Ok1a

3

3

3

14

9

0

2

2

Total

34

43

12

114

80

2

4

14

4

8

% Total

30

38

11

70

2

4

12

100

67
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The mini'llizing of trailir.g penni tted
to the My,p,

= +15

in a 2 min. exposure.

th~

1

recording of images down

A dark rock, four feet in

diameter, having a reflectivity equal to that of the moon, at a geocentric distance of 26,200 miles, would produce an image of this
photographic magnitude.
The project was terminated at the end of June 1956.

The number

of concentric shells searched was over 100, resulting in a collection
of 13,450 photographs.

A few dozen possible natural satellite images

having photographic magnitudes lying betwetn +16 and +14 were found
and

attempt~

were made to recapture them by repeatedly photographing

tne shells in which they occurred, but

~ith

no success.

The conclusion

is that these images were either film defects, very small asteroids
in elliptical orbits around the sun, or natural satellites in ellip-

'1

tical, rather than circular, orbits around the earth.

1
I

As a by-product of this project, a search for moon satellites was
made during the lunar eclipse of November 1956.

Three telescopes,

monitored by a sky photometer, produced a total of 25 plates, recording point images down to about Mpg

= +17.

Some 500 canditiates were

found in the region between the moon's surface and a !unicentric distance of 37,000 miles, but none survived a detailed analysis.
A program of visual observation for nearby objects ai; very low
latitudt·s began at the end of 1955 and continued through 1958. The
equatorial plane, at distances between 600 and 2,500 miles from the
surface of the earth, was searched with a twelve inch Newtonian reflecting telescope and 10 X 80 binoculars. The telescope had a limiting visual magnitude of +11 at 100 miles and+ 13 at 2,400 miles,
while the
and ofMy

binoculars could detect objects ofMv = +8 at 100 miles

= +9 at 2,800 miles. No satellites were seen. In the words

of the report:
It is most unlikely that any objects larger than [two
feet in diameter at an altitude of 100 miles or twenty
feet at 2,:;oo miles as seen by binoculars, and several
inches at 100 miles or three feet at 2 ,!>00 miles as seen
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hy the telescope] existed . . . . during 1956, or
~hat any natural objects have since entered these
regions.
The method used by Dr. Tombaugh, while admirably suited to orhiting bodies, is not appropriate for the observation of aerial phenomena
~1at

are not constrained in circular orbits.

If their distances

l- :

from the cameras were large they would not be detected due
to the effect of trailing. For this reason a search on satellite
survey films for reported UFOs was not attempted.
6.

Scanning Photometers

Photometry of the ni~ht sky is carried out by means of photomultipliers which sweep out circles parallel to the horizon (almucantars) at various zenith angles Z(Z = 90°-altitude). Photometers used in
airglow studies have a 5° field and sweep at the rate of 10°/sec
horizontally and 5° /sec vertically.

A "sky survey" consi5ts in mak-

ing 360° sweeps at each of six zenith angles as follows : scanning
clockwise at Z = so• at the rate of 10°/sec, counter-clockwise at
Z = 75° at 5°/sec and repeating the process at the same rate at Z = 70o,
60°, 40°, and o•. A survey requires 4.1 min. Often a seriflS of surveys i~ made using different filters depending on the nature of the
investigation.
The output of the instrument consists of pulses, the amplitude
of which is proportional to the intensity of the light sensed by the
photometer. In older models the output is recorded analogically br
a pen on paper tape. Since the distance along the length ("x" axis)
of the tape is proportional to the time of the scan, it is therefore
an indicator of the azimuth and zenith angle of the light source
represented by the pulse.

Data are analysed by

measurin~

the

~eight

of pulses of interest ("y'' axis) and detennining their azimuth at each
zenith angle. This measurement is done manually or in the new model, by
recording the coordinates directly on machine-readable magnetic tape.
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The anguJar size of the field, sweep rate, and other quantities
differ depending on the use to which the instrument will be put.

A

zodiacal light photometer, for example, has a narrorwer field, 3°,
scans at about 2°/sec and

swe~ps

out almucantars at much smaller

zenith distances, that is at altitudes much closer to the zenith.
Bodies brighter than M

v

= +3

can readily be identified by their

angular coordinates coupled with pulse height which is a
their magnitude.

~easurc

of

In practice, however, identification is rarely

carried out because investigators of airglow and zodiacal light are
interested in diffuse light phenomena rather than in single bright
objects.
The sky coverage of the photometers is large since they can be
made to scan an entire
cameras.

he~isphere

as in the case of the all-sky

The fact that they do not do so in the same short period

of time as the cameras is not very important since at large distances
the linear sweep speed approaches the velocity of light.

Because

their observations are made over a longer period of time and their
angular data is recorded over a very much larger area, they have a
greater resolutiun; azimuth and altitude are presented more accurately
and the direction of motion is non-ambiguous.
Colorado project scientists thoroughly searched two such photometer sky surveys.

The first search was made on

~n

airglow survey

chosen at random and the results are summarized in section 7 of
this chaptP.r. The second search was prompted by a visual sighting by
three trained persons of a bright object in retrograde (E to W)
motion during the operation of a zodiacal light photometer.
Scanning photometers can also sense different colors on separate
surveys.

The 1nstrument's ability to measure the degree and direction

of polarization can also aid in determining whether the object is
self-luminous or its light is reflected.

For these reasons, and

because of their relatively extensive sky coverage, scanning
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photometers can be considered useful intruments in the conduct of
UFO searches.
7.

Haleakal a I
A search was made of the taped output of an airglow photomett'r
survey recorded around midnight, Hawaiian Standard Time (HST), 11-12
February 1966 in order to see if all bright obje:ts could be identified
as stars or planets. This survey was chosen at random from a sample
of surveys made under particularly good conditions, that is, on nights
during the dark of the moon with the minimum interference from clouds.
The taped data, consisting of bri&htness as a function of azimuth, was
plotted by machine in two ways, the first showing the raw data
which included light from all sources, and the second, the raw data
from which the background of zodiacal light, Milky Way and integrated
starlight had been subtracted.

On both plots, individual stars and

planets stand out as narrow pulses, their height being proportional
to their apparent magnitudes. The brightness is measured in terms
of the number of lOth visual magnitude stars per square degree of sky,
that is, in "S 10 (vis)" units.
The observations of that night were made through three filters
successively:

G300 ~ 5

A,

5577 ~ 5 ~ and 5300 ~ 25

X.

As each sur-

vey through each filter requires about four minutes, successive sweeps
at the same zenith distance through the same filter occur at -15 min.
intervals, and one sweep at, say Z = 80°, will be followed by a sweep
at Z = 75 ° about 36 seconds later and repeated at the same altitude
about 15.5 min. later.
No stars or planets show~d up in the surveys through the 6300 X
0

and 5577 A filters, but
many more appeared when
all star pulses greater
to a star atlas, except

probab1y because of its broader band-pass,
the 5300 Afilter was used. In this survey,
than My = +3 were accounted for by refere.1ce
for two. These have been desi~nated as Uniden-

tified Bright Objects (UBO), having the coordinates given
3 and 4) below (see also Figs. 5 and 6).
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HALEAKALA I
HALEAKALA OBSERVATORY, HAWAII
PLOT OF AIRGLOW SCANNING PHOTOMEl'"ER
FEB. 11-12, 1966
SIDEREAL TIME 133°
HAWAIIAN STANDARD TIME 2350h
FILTER TRANSMISSION 53001
ALMUCANTAR ELEVATION 10°
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i
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Azimuth

HST

Angle Z

235(1

0005

The pulses were separated by 4° in azimuth and

s•

in altitude.

lltc azimuthal

I

error in this photometer can be as great as~ 4°. Since the field is
s• and the point source can be sensed equally well ov~r almost the
entire width of the field, the altitude uncertainty may

be~

5°.

1
~

From the recorded values of the angles, if the two pulses were
made by one body, it moved an angular distance of

~ = 142+52 = 6.s•

_

~..

0.11~4 rad

!

If the errors are in phase, then, maximally:
~max

-.
=~
(4+4)~

+ (5+5)

2

= 12.8° ~ 0.2240 rad

and minimally

~min = {(4-4)2

+

(5-5)2

= oo

The fact that the UBO appeared on 0nly two sweeps out of many surveys
may be interpreted to mean that it vanished in the shadow of the earth at
Z = 75°. This situation is shown two-dimensionally in Figs. 3 and 4.
In Fig. 5, which is a view of the earth, looking toward the southern
hemisphere, Haleakala (21°N) lies on the earth-sun line at 2400 HST, and
the edge of the earth's shadow is parallel to it. In the first approximation, the distance d from Halenkala to the shadow l~ne in an easterly
direction is
d - R = 6371 km.

and
OH = d/cos 10° = 6469 km.
The nominal, maximum and minimum distances travelled by the object are:
73~ km.
OB
nom = 6469 X 0.1134 =
OB
= 6469 X 0.2240 = 1449 km.
max
0 km.
OB
!llin =
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in 15 min., for a velocity of:

;l

V
= 48.S km/min
nom
Vmax = 96.6 km/min
V . = 0 km/min
m1n
These velocities should be compared with those of the UBO in
Haleakala I I, that is, ·· 142 mi/min = 228 km/min. If the UBO was in
orbit, the distance OB is the projection of its path SB making an
angle a with the line of sight. Assuming that the velocity in
Haleakala II is typical, then
9
SinS nom - 48
228· · - 0.214

and the object was in a highly elliptical orbit.
distance 08 might have been the

p~ojection

Alternatively, the

of the apogee of the bal-

listic trajectory of a body launched in a retrograde direction.
Investigation showed that no sub-orbital missiles were launched
from Vandenherg AFB or Pt. Mugu IJntil one or more hours after this
sighting. The Aerial Phenomena Office at Wright-Patterson AFB suggests
that it might have been an artlficial satellite on which information
is not readily available. The object is thus in the unidentified
category.

·.
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8.

Haleakala II
On 10-11 SeptP.mber 1967 three observers at the Haleakala Observa-

tory who were operating two scanning photomelt •:rs saw a bright object
move from NE toW at a low elevation. Th~ paper tape outputs of each
inst~ent were examined, the airglow photometer was operating with
red filters &nd did not record anything which stood ovt against the
background, but the zodiacal light photometer detected the object
0

four times through a 5080 ~ 30 A filter. Other prominent astronomical
features, such as 11 Canis Majoris, labelled nCMa were readily identified.
The characteristics and operation of this photometer are somewhat different from the one used in airglow measurements. Its field
is 3°; its sweep rate is 2°/sec; and almucantar increments are 1°.
Because the focus of attention is the brightness of the zodiacal light
a few degrees on each Jide of the plane of the ecliptic, the sweep
was restricted to 160° starting from 0°T, each sweep being completed
in 80 sec.
The survey in which the UBO appeared began at 0419 HST and ended
at 0451 HST, on 11 September.

The tape record is reproduced in Fig. 1

and the data summarized in Table 3.
The object was identified as OP 8038, a sub-orbital missile,
lifted off Vandenberg ArB at 0425 HST. The great circle distance,
d, betweer, launch and observation points, is calculated from the rough

whi~

coordinates:
Lat.

Long.
120.7°W.

Vandenberg
Haleakala
and it is foWld that
d

= 3767.

km.

The position of Haleakala with respect to the shadow-line of the
earth is shown in Fig. 5, which is a view of the earth with the southern hemisphere to\\'ard the reader. On 11 September the sun rose ;tt 0618.
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Table 3

Photometer Data of UBO Sighting
.~!~htins

1st
2nd
3rd
4th

HST
Elevation
h m s
04 34 25
14°
04 35 28
1S 0
04 37 45
16°
04 38 37
17°

Azimuth

------

47°
41°
36°
37°

= ljl

min

~

LOS
2.28
0.87

60

T

so
-10

At 0439 HST the point of observation, H, was 70° east of its position at midnight. The distance to the point where the body was last
seen is HO which, from known quantities is
HO = 638 km,

so that by the time the object

van~shed,

it had travelled a great circle

distance
d .. - 3100 km

in 13m 37 s for an average velocity over the earth's surface of
V - 228 km/min.

The distance, d, of the body from the observer at each sighting
until iss disappearance, which is assumed to be coincident with the
time vf last observation, is shown in Fig. 6. From the angular velocity, the angle of approad,, B, can be approximately computed; the
0
relevant quantities are listed in Table 4, where w ,wr is the angular displacement in degrees and radians, respectively, ~ is the projected displacement in kilometers and V the average velocity between
each observing inte1·val, in km/min. The measure of ellipticity is,
as before, Sin B = V/228, where B is the angle between the trajectory
and the line of sight.
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The data were obtained directly from the output tape, eliminating
almost completely errors due to manual data reduction. Backlash errors
in aziauth are negligible. As a field is only 3°, the uncertainty in
altitute is smaller than with a larger field, and remains ±1.5°, the
error in + for the first interval -5\, for the second -10\ and very high
for the third. However, it must be emphasized that the geometrical
reconstruction was quite crude and errors introduced by it a~e probably
areater than instrumental errors. Absence of information about the trajectory introduces the most serious uncertainty and the values for d,
+, V and B should be regarded skeptically. The errors shown in Table 4
for
are derived entirely from the uncertainty in the field.
Table 4

Sigh tina
Interval

0

w

wr

d

~

v

Sin S

~a

1-2

6.2::~ o.1o(:~;

1595

172

164

0.72

46°

2-3

s .+.5
• .l_.l

.

089+.009
-.002

1356

121

53

0.23

13°

3-4

1.(1:!

.

023+.024
-.005

836

19

22

0.10

60
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Even thouah the reconstruction is very approximate, the magnitude of S indicates a sub-orbital trajectory, because when last
seen the body wu
6382

S X 6371 - 194 km.
above the surface of the earth, and at this distance it would be expected that S = 17• for an object in orbit.
h - 638 sin 17•

+

Radar
The use of radar has spread into many diversified fields since its
introduction as an aircraft-tracking instrument at the beginning of
World War II. One of the first non-military uses it was put to was
tracking weather balloons. Not long after, it was discovered that,
given the proper wavelength, radar could detect clouds and the position
of rain and hail in storms. Since then its use has extended to tracking satellites, investigating the atmospheres of several planets in
the solar system, including our own, det~rmining the trajectory of
meteors and predicting their points of impact and stt:dying lightning
and violent storms (Battan, 1962).
In general, radar provides information for determining the velocity, range, elevation and admuth of the reflecting objects in its
field of View. Indirectly, it will furnish some data on the state of
the matter which is backscattaring (reflecting) radio energy; other
variables such as temperature and index of refraction can sometimes
be inferred.
The resolving power of radar, defined as the minimum distance between two objects (or two parts of one object) necessary to make them
appear separate, is poor. Details oi the shape of the reflecting object and other features can never be det~~ined except in the most
genersl way and only when the object is very much larger thm the radaT
wavelength. Rayleigh's criterion states, essentially, that, in order
for two objects to appear separate, the wavelength of the electromagnetic radiation that illuminates them must be of the same order of
9.
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magnitude as, or smaller than, the distance between them. This principle applied to the most common types of radars used in weather surveillance, explains their lack of resolving power bec.ause the.ir wavelengths are ten centimenters or greater. In addition, the argument
that the resolving power of the all-sky camera is poor because the
ratio of image size to emulsion silver grain size is small, applies
here: if the range of a typical weather radar is 450 km., the ratio
of the area of the image of even large solid objects to the area
covered by the scope is exceedingly small.
The range resolving power of radar is also dependent upon pulse
duration. The limit of resolution in the direction of propagation is
half the linear dimension of the pulse because at intervals less than
that the echo formed by the leading \.·dgc of the pulse reaching the
more distant object over I aps tht> echo formed by the trailing edge
of the pulse returning from the nearer object. Thus, if the radar is
"looking" at two objects in its "line of sight," and if its pulse
duration is 1 ~sec., it will not display as separate from each o~her,
in-line targets whose ranges differ by less than 500 ft.
Radar reports information in three coordinates: range, elevation,
and azimuth. The resolving power in the range coordinate is determined by pulse duration. Resolving power in elevation and azimuth
depend upon the same conditions that applr to optical resolution.
Rayleigh's criterion for the optical resolution of a telescope can
be used for this purpose, if the radar antenna is circular and its
diameter is regarded as its ape~ture. Resolving power is proportional
to the ratio of the wavelength to aperture (diameter). This is
another way of saying that the ratio determines the angular beam
width of a radar transmitting-receiving antenna. Resolving power is
determined for this case by the equation
r .. 70° cl)
D

where A is wavelength, D is antenna diameter, and 70°(= 1.22 rad.) is
the angular size of aiffraction disc image of a point source for
unit ~ ratio as derived by Rayleigh. (For .Jther than
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antennas with a circular aperture. resolving power must be separately
ca.puted for the vertical and horizontal planes). Applying the equation
to a radar with a wavelangth of 3 em., and whose parabolic antenna has
a diaaeter of 3 a., the beam width, and therefore the resolving power,
is found to be 0.7°of arc in elev tion and azimuth.
Radar is frequently able to see targets virtually undetectable
by the unaided eye or on photographic film. This greater sensitivity
is due to marked differences in the signal-to-noise ratio of wavelengths employed by radar compared to the optical wavelengths upon
which the eye and the camera must rely. The atmosphere is almost completely transparent to radar wavel~ngths between 3 em. and 10 em. It
s~atters such waves hardly at all.
At optical wavelengths, it is still
relatively transparent, but air scatters energy appreciably, especially
at the short (blue) wavelengths (Rayleigh scattering): hence, the blue
sky. In addition, unlike the radar case, there is a powerful source
of optical noise present in the daytime sky -- the sun. Thus, a pale
blue object seen against the sky is nearly invisible to the retina or
to photographic film, yet, if constructed of metal, the object will
reflect radar waves strongly.
Design of a radar to track targets very much smaller than the
wavelength takes into account that for a given wavelength, backscattering power varies as the sixttl power of the target size (Rayleigh's
Law of Sca~tering) and, conversely, for a given target size the power
varies inversely as the fourth power of the wavelength. Furthermore,
atmospheric attenuation of the beam increases as frequency increases.
The balancing of these factors results in the choice of a 10-20 em.
wavelength for radar which are to survey extensive storms such as hurricanes; 3-10 em. for tracking metallic objects; and 1-3 em. for studies
of rain and hail distributions (Battan, 1959).
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The first exact theory of scattering of

elect~agnetic

by a spherP- was developed by Gustav Mie in 1908.

waves

In this theory, the

dielectric constant and therefore the index of refraction of the sphere
determines in large part the amo~~t of backscatter at any wavelength
(Born, 1964). For example, the backscatter from a hailstone is enormously greater than that from a raindrop of equal size, and, as a result, radar can provide data for estimating the amount of ice or hail
in a storm cloud. In effect, therefore, it can give information on the
state of matter in the scattering object, for example; it can distinguish between wet and dry ha1lstones.
Ananalous reflections called "angels" can sometimes be ascribed
to c~rtain atmospheric conditions. Temperature inversions cause rapid
cl1anges in the ind~x of atmospheric refraction at the interfaces of
the layc.•rs and such changes can give rise to radar echoes exactly as
similar conditions account for mi tages in the case of visible wavelengths. (See Section III, Chapter 5
Section VI, Chapter 5.
As would be expectt•d from Maxwe 11' s equations, radar echoes wi 11
be produced by regions of high ionization where there is an appreciable density of free chargcj. This is the reason ~hy lightning paths
an· visible to radar. The density of charges in the trail of a meteor
is different from that in the immediately surrounding space, and the
radar echo arises from this difference in space charge, not by reflection from the nucleus of the meteor itself (Lovell, 1954). Depending
upon the magnitude of the radar "cross-section" some "angels" can be
ascribed to echoes from birds or even insects. "Cross-secti )n" is
better defined as the ratio of the reflected power per unit solid
angle to the incident power density; in other words, it is a measure
of the effectiveness of the target in reflecting radiation and will
have a different value for fH~ch wavelength. Inasmuch as birds and
insects are usually smaller than radar wavrlengths, their actual dimensions cannot be measured, although their radar cross-section can be
(Glover, 1966). This quantity, for several species of birds and insects
is tabulated below as a function of radar wavelength:
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Table 5
, I

Mean crosssection cm2
1.0
3.0 X 10- 3
15.0
2
2.5 X 10- (a)
1.9
80.0
Pigeon
11.0
15.0
Pigeon
1.1 head
100.0 broadside
1.0 tail
(a) Transmitted beam vertically polarized; received echo also
vertically polarized.
(Table taken from Glover (1966) and Conrad (1968).
Tar1et
Haw both
Honeybee
Sparrow

Wavelensth
10.7
10.7
10.2
71.5
3.5
10.2
71.5 (a)
3.5
3.5

The extreme sensitivity of radar is well illustrated here: The
insect taraets were at least 10 km. distant and the birds at ranges
between 10 and 20 km. when the measurements were made. Because of
the poor resolution of the radars, the cross-section is simply a
measurement of relative backscattered power and now the actual spatial
extent of the object on the radar scope. In other words, the moth can
be distinguished from the sparrow only by determinations of the power
received rather than by shape and size; the head of a pigeon cannot be
differentiated from the tail.
The radar return does, however, contain information which provides a basis for identifying an unknown
point taraet as a bird .••.
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Thus, the radar return from sinale bird• In
flight differs ... from other possible point or dot
targets, such as aircraft, swans of lnaecta,
several birds together, or small clouds or other
meteorological structures (Conrad, 1968).
Weather Radar:
Of the 14 types of radars used by the U.S. Weather Bureau 'nly
the WSR-57 which is equipped with a 35 mm. camera appear~ to h~ adaptable to UFO s~arches. The salient features of this instrument arc
enumerated below:

WSR-57
Peak
Sweep
Power Beam Character- Scopes R
AltiOutput Width
istics
ange tude
K.W.
20 Automatic,
10.3 (j and 0.5 micro/sec 500
PPI 464krn. -100
RlH
manual in
to
2.5 em. plan- at 658 pulses
R
+40°
per sec. or
altitude
ed but not
or azimuth
A
yet on order) 4.0 micro/sec
at 164 pulses
at 0-24°/sec
per sec.
Wave
Length
em.

Pulse Length
Rep. rate

{Source: ~.s. Dept of Commerce)
These radars are placed around the perimeter of the Weather Network and are interspersed with the eastern stations of the Praric
Network in Minnesota, Iowa, Kansas, Oklahoma, Missouri and Illinois.
They are, therefore, well located to furnish corroboration of sightings
in any future investigations.
The sky coverage of these radars is obviously less than that of
the airglow photometers since they are limited in their choice of
elevation and they have only a 2° sweep width.
The photographic program which has been carried over the last few
years consists in taking one scope picture of one sweep every 15 min.
in times of clear weather and more frequently when storms were developing. These films are available for inspection, bt•t the Colorado project
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ll&de no attempt to search for confirmatory evidence of reported sightings
because each photograph covers only 1.7\ of each hour of elapsed time.
Meteor Radar
I

:

t

The facilities of the Radar Meteor Project of the Sm~thsonian
Institution are located at Long Branch, some seven miles south of
Havana, Ill.

They consist of a network of eight receivers and one

4 Mw, 40 MHz transmitter, with antennas bearing ll3°T.

This dir-

ection was chosen as the most favorable one for the detection of
faint meteor trails.
The main lobe of the radiation pattern from the two transmitting
antennas is inclined upward at 45° and has a half-power horizontal
width of~ 20° and a half-power vertical width of- 11°.
Pulses of 6 ~sec. duration are emitted at the rate of about 1300 per
second, so that the echo from an object 200 km. distant will retu~n
within one pulse cycle. An object in the beam at 200 km. will be
about 140 km. above Decatur, Ill. The Havana radar is thus designed
to scan approximately the same volume of sky monitored by an image
orthicon located at Sidell, (near Urbana) Ill. (see se~tion 12).
The radar will detect meteors as faint as mrad = +13 for counting purposes, and "'rad = +1. and will acquire echoes from 3,000-4,000
meteors/hr.
The system is capable of receiving echoes from objects at almost any distance from the transmitter. In order to limit the infonnation to "sui table" meteors, meteor-recogn~. tion logic has recently
been installed which filters out extraneous signals such as those
from aircraft. These echoes are, however, visible on the monitoring
oscilloscopes and are characterized by a persistence greater than
that of meteors.

Data pertaining to "suitable" echoes is recorded

on magnetic tape.

Similar, but unfiltered data is simultaneously

recorded on film (Smithsonian, 1966).
During 1967, many non-meteoritic echoes were seen on the oscilloscopes and recorded in the Havana ing book. Using the film record,
the Colorado project sought to dete!:mine how many of the UFOs sighted
during 1967 in a radius of - 140 ~m. from Havana, had resulted in an
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Of nine cases (the

same used to test the orthicon), seven had occurred when the station
was not operating.

The P.ighth case covered a series of sightings

over a period of 10 days during which the station was operating.
fortunately, only very sketchy observing data were available.

Un-

The

object was seen from Kilbourne, about five miles south of the transmitter, "over the west south-west horizon." Station attendants had
been alerted that unusual objects had been seen in the area.

The

absence of entries in the log book implies that nothing unusual
appeared on the scopes.

This is not surprising because echoes of

objects very close to the station are lost in the display formed
by the transmitted pulse, particularly at low altitudes.
jects had been farther away but bearing

~140°T

If the ob-

(WSW) they would not

have been located within the main lobe of radiation bearing -113°T.
Objects outside this zone of maximum transmitted power would return echoes
too faint to be observed against background "noise."
The ninth object is the one that the image orthicon recorded in
a test run on November 7th, 1967 at 2330
identified as a
because
10.

~he

fireb~ll.

+ 3

m.

It was subsequently

No simultaneous radar sighting

wa~

made

radar was not in operation.

The Image Orthicon
One of the important problc;hS in meteor physics is the cross-

correlation by simultaneuus I3dar and optical meteor

obse~vations

of

ionization and luminous efficiencies . . ~ functions of veloci tv.
The development of the i ·nage o-rthicon has made such cro!;s-correlation studies feasible.

The i1strument i:";

~

ccnventior.al vidicon tele-

vision camera modified so as to increase its sensitivity.

This

~s

achieved by addL1g an imag·:· intensifif'-: aread of the scanning mechanism in the camera.

Th~

ASA rating of 100,000.

result yields a sensitivity equivalent to an
Such f'Xtreme sensitivity permits detection of

meteors having a limiting magnitude of about +7.

This is well within

the equiva l ent M d range detectable by radar, and considerably supcrra
ior to the capability of any photographic system except the 48 in.
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Schmidt telescope at Mt. Palomar. Tests show that
will detect 20-30 meteoroids per hour.

th~

image orthicon

The image orthicon site in Sidell, Ill., about 35 mi. SE of Urbana,
was chosen by the Smithsonian Institution with two objectives in mind.

k

;

Usina a lens having a 16° field (the optimum lens for meteor surveys),
the imaae orthicon is sited to survey approximately the same area
of sky over Decatur as that covered by the 20° beam of the Long Branch
radar ~s~e previous section). But whereas the radar is sited so as to track
the meteor trails at about right angles, the image orthicon is located so

.,

that its optical axis is more nearly parallel to the meteors' paths.
Linked by microwave and radio, the radar and the image orthicon
are able to determine times within l0- 2sec., thereby minimizing ambiguities as to the identity of the objects observed.
As in conventional television, an 8'15-line scan samples the tube
target in two sets of sweeps of alternate lines, each requiring 1/60
~cc.
When the alternate sweeps are interlaced, flicker and resolution are greatly improved. The electronic image is recordEd on magnetic tape and can be immediately played back for viewing on a monitor. Used in this way, the high sensitivity of the image orthicon
permits the acquisition of moving aer1al objects that would be undetectable photographically because of the effect of tr~iling. Photographlc records of the monitor images can be recorded by a 35 mm.
camera operating at any desired frame speed.
The sensitivity of some image orthicons can be further increased
by operating them in the integrating mode. In this procedure, the
electronic image is swept away less frequently, thereby allowing the
photoelectron population due to ultrafaint images to build up. The
Smithsonian image orthicon has no provision for this technique, nor
does its camera permit the making of time-lapse photographs which
are preferable when the device is operating in the integrating mode
(Williams, 1968).
During 1967 there were nine sightings of UFOs within a distance
of ~ 200 km. from Urbana. (These were the same sightings which were
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correlated with the radar records.) Eight of the sightings occurred
before testing of the image orthicon began in August. The ninth was
a sighting on 7 November at 2230 ~ 3 min., of a bright object between
Urbana, Ill. and Lafayette, Ind. This event was recorded on the image
orthicon tape during a test. A film of the tape clearly shows a
bright mass moving rapidly across a corner of the field. The object
is badly resolved due to its great brightness, but the shape of the
image suggests that the meteoroid h.:-i a ueady broken into two pie•:es.
Preceding the meteoroid image is a large ghost image which is ~~t
result of reflections between the lens elements. Just prior to the
appearance of the meteor, a small object can be seen moving at 90°
to the fireball trajectory. This object has been identified by WrightPatterson AFB as a satellite.
11.

Proton Magnetometers
The variation in the magnitude and direction of both the horizontal and vertical components of the earth's magnetic field is of such
importance in geophysics that a network of some 240 geomagnetic observatories have been deployed by severa~ countries at stations all over
the globe (NAS 1968).
Thirteen of these stations exist in the continental United States and of these, three are situated on the western
edge of the Prairie and Weather Radar networks.
Most of the instruments at the geomagnetic stations are proton
'lliese instruments have a sensitivity of about 1 y
magnetometers.
(=

10-S gauss) in magnetic field strength.

This means that the in-

strument is capablft of detecting at a distance of 185 m. the field
strength along the axis of a single-turn circular conductor 20 m.
in diameter in which a 100 amp. direct current is flowing. In addition
to this extreme sensitivity to field-strength fluctuations, the proton
magnetometer is capable of detecting 0.1' of arc in declination, defined as the deviation of the horizontal component of the earth's magnetic field from 0°T.

Since the mean strength of the earth's magnetic
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field at •idlatitudes is about 50,000 y, the instruments are sensitive to about one part in 50,000 of the earth's field.
Assuaina a model consisting of a line current in the vortex
extendin& froa the ground to a height of 10 km. and an image current
of equal lenath in the earth, Brook (1967) calculates that the current in a tornado, which caused a lSy deflection in a magnetometer
9.6 ka. distant, was about 1,000 amp. Revising the model to make
it more realistic, he assumes that a 20 km. horizontal line current
6 km. above the earth joins a 6 km. vertical line current to the
earth toaether with an equal earth image. The current necessary to
produce th~ observed lSy field is then only 225 amp.
Consideration of the electromagnetic effects produced by tornadoes suaaests that some UFO sightings may have been stimulated by
these storms, and that continued photographic, geomagnetic and radar
observations would be useful in studying them.
The claim that UFOs produce powerful magnetic fields could also
be investiaated by proton magnetometer measurements. The problem,
however, is a familiar one: thus far ~t has not been possible to
bring instrumentation to the scene of a sighting while UFO phenomena
were still observable.
Papers by Vonnegut and Weyer (1966) and Colgate (1967) contain
extensive lists of references en tornado energy phenomena. Much of
the information for this section was supplied by Dr. Joseph H. Rush,
High Altitude Observatory, National Center for Atmospheric Research,
Boulder, Colo.
12.

Lasers
The use of lasers in t~acking objects is analogous to the use of
radar, the principal difference lying simply in the wavelength of the
radiation in the emitted pulse. As in radar tracking, the information
obtained is range, azimuth, and altitude, but the accuracy of laser
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ranging is expected to be better than in 3 em. radar by a factor of two,
hecause of the smaller effect of atmospheric water vapor on the refrac-

{

;1

tive index at the laser wavclengt~.
The extremely good collimation of a laser beam, where the angular spread is less than 2 x l0- 5radians (a few seconds of arc), is
a two-edged sword insofar as the development of laser ranging is
concerned.

The narrow beam increases the accuracy of azimuthal data

and diminishes the transmitted power required to yield a detectable
return signal; but this very narrowness increases the difficulty of
scoring a hit on a rapidly moving object in low orbit.
Laser ranging has

be~n

in the developmental stage for only a

few years and, at the present state of the art would be of only limited value in UFO investigations.

However, laser technology is ad-

vancing rapidly and it seems quite probable that future laser ranging devices could be useful in UFO searches.
13.

Observations and Comments
The description of a phenomenon requires the collection of many

of its qualitative and quantitative aspects.

If the data relating to

these aspects is sufficient to permit the construction of a model then
this model can be identified as belonging to one or another known category of phenomena if their mutual similarities are numerous enough.
Conversely, if the similarities are not numerous enough, it may be
necessary to identify the model as a member of a completely new category.
In the majority of UFO sibhtings, the amount, type and quality of
the data have been insufficient even to describe the event, to say nothing of identifying it with a kn0wn classification.

Data from many other

sightings have been adequate for identification with familiar phenomena.
to a reasonable level of confidence, but in no case hnve the- data been
either detailed or accurate enough to class the event as a new phenomon.
The lack of instrumented observations has curtailed investigation
of a number of eveuts which sounded fascinating and on the threshold
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of revealin& soaethin& novel. No matter how detailed or how intelligent
the reports of observers, qualitative statements could not serve to define an unfamiliar phenomenon. To do so requires a quantitative description of a nuaber of basic characteristics, some of which are listed
below:
1. Di11ensions.
2. Position, that is, coordinates in some frame of reference,
usually with respect to the observer.
3. Shape.
4. Mass.
5. Motion - velocity and accelerations, particularly with
reference to the method of propulsion.
6. Interactions with other systems - effects of electric
and magnetic fields on surrounding objects, emission
of energy in the form of exhausts, light and sound,
aerodynamic lift, ionization.
7. Matter primarily involved - the composition and state
of matter and its temperature, rigidity and structure.
8. Origin ·- the genesis of the phenomenon, the conditions
which gave rise to it, its presence in and mode of transport to the region in which it was observed.
Instrumentation to acquire knowledge of these characteristics must
be designed with appropriate regard for the behavior shown both by UFOs
and.some other phenomena which can be loosely classed together as objects difficult to identify. Any instrumentation for the detection and
identification of these objects must be elastic enough to cover the wide
range of expected behavior. A comparison of various salient characteristics
of some objects observed in the atmosphere is set out in Table 6.
An explanation of some of the statements in the table is of interest:
Duration:
1) The large majority of meteors have been obse~ved to have
a duration shorter than 15 sec. Thus if a meteor moving at 30 km/sec
at an altitude of 80 km. is visible over 160° of sky, its path
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Table 6
Characteristics of Some Objects Observed in the Atmosphere
Meteors

N

V1

·~

Satellites and
Satellite re-entries

Aircraft

UFOs

Tornadoes

Point source (P.S.) ur
extended object (E.O.)

P.S. unless
fireball

P.S. unless
re-entry

Self-lwninous

yes

reflected light yes, navigation yes?*
yes (re-entries) lights

yes, at night

Luminance

high

low

low

low

low

Dir~ction

of motionunpredictable, linear,
ballistic or orbital

linear or
ballistic

linear or
orbital

straight or
slowly ~urving

slowly varying

unpredictable

Electromagnetic
effects, other
than visual

some
evidence
exists**

none

none

possible
but not
established**

sometimes

P.S. by night
E.O. by day

P.S. by night
E.O. by day

E.O.

t:o

;;:.

high

i

·I

Close approach to
or contact with
ground

infrequently

re-entry
only

yes

yes

Distance to observer

many miles

many miles

from close
to far

usually several from close to
miles
many miles

*(Vonnegut and Weyer 1966)
**(Romig, 1963)
***(Vonnegut, 1968)
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Table 6 (cont'd)
Characteristics of Some Objects Observed in the Atmosphere
Meteors
Duration of appearance
Velocity range

Tornadoes

;nin.

a few sec.
to many ain.

<5

min.

<5

km/sec

<8

km/sec

<0.6

Altitude

10-100 km.

100 - 2 , 200 km •

Direction

isotropic

Constant;
W to E, polar
or E to W

UFOs

Aircraft

sec.

1-15

< 17

Sate 11 i tes and
Satellite re-entries

<26

km/sec
km.

<0.03
> 13
< 19

km/sec

a few sec. to
•any min.

unpredictllble
zero to very
high

ka. and
Jaa.

1

.....
N

0\
0

Other

isotropic
characteristic ilhainat ion

isotropic

isotropic
most c0111on
in central
states

no apparent
geographical
distribution
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length will be
80 km.
d = 2x

= 900

km.

tan 10°
so that it will have a maximum distance from the observer of
450 km.

Therefore, it will be vbible for not more than
900
t == 30 sec.
30

However, most meteors do not usually have the luminance to be
seen at a distance of 450 km.
2)

In the case of satellites, one which has a 90 min.

period at an altitude of 200 km., and can be seen over 160°
of sky, will be visible for about 4.5 min.
3)

Tornadoes occasionally persist for a long time and travel

many miles.
Velocity range:
1)

The lowest meteor velocity (prior to the last few

seconds before impact) is

~

17 km/sec.

The greatest velocity

imparted artificially to a small object is

~

14 km/sec by

means of a four-stage rocket in a ballistic trajectory and a
final boost with a shaped charge. (McCrosky, 1968)
2)

Satellites with a near-escape velocity of 17,000 mph

have a velocity of only 7.6 km/sec.
3)

For aircraft, 2,000 km/hr or

4)

A tornado usually moves at 5-70 mph., (0.002-0.03 km/scc).

1)

The Prairie Network attempts to get stereo-pairs of

~0.6

km/sec.

Altitude:
meteor photographs for trajectories at 40-80 km. in altitude
and downstream single photos at 10-40 km. altitude to predict
the point of impact.
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2)
ranae of
3)
4)

Perigee and apogee of most satellites lie in the
100-2,000 ka.
Aircraft: 26 km. = 16 mi. : 80,000 ft.
Vonnegut (1968) states that although thunderstorms

spawn tornadoes, the higher the storm the greater the probability of formation. "Ordinary" thunderstorms at an altitude of
about 8 mi. rarely produce tornadoes while those at 12 mi.
often do.
Azimuth:
1) Meteors appear in a region bounded by a few degrees
on each side of the plane of the ecliptic and their trajectories will be oriented isotropically with ~espect to their
points of origin.
2) Satellites lauched from Cape Kennedy will travel from
west to east, with a small southward component; those launched
from Vandenberg AFB are most often in a polar orbit, though some
are in retrograde orbit.
3) Aircraft, of course, will be seen moving in any direction.
4) Tornadoes seem to have no observable directional pattern.

·~

Review and Discussion of Several Instrumental Methods
1) The Prairie Network covers about 80% of the volume
of space above each camera station. This is as good a coverage
as can be found with any instrument except certain types of
radar, all-sky cameras, and airglow photometers.
2) The coverage is continuous, during periods of good visibility from dusk to dawn, or, roughly, about 30\ out of every day.
Radar has the advantage of daytime coverage over optical 5ystems,
but resolution and identification is not as good. The presence
of "angels" and other anomalies, complicates the interpretations.
3) Certain other means of detection, such as photometric
scans, have much longer ranges and therefore probe very much
larger volumes of sky. But these systems suffer from the same
disadvantages as radar.
4) No other optical network exists which is as extensive as
the Prairie Network, the coverage of which is -o .13 of the sky
over the U. S.
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5)

The network has been designed to produce data which allows

the direct computation of altitude, azimuth, velocity, and

bri~htness

from which loss of momentum and impact coordinates can be found.
Radar will acquire the same data but will record neither the visual
identifying signals emitted hy a plane nor the brightness of a meteor.
6)

Objects recorded by a photographic time exposure show a con-

tinuous projection of their position in time.

In many radars the

object is located only once every sweep and since each sweep may have
a period of six to 15 sec., rapid course changes may result in an
inability to identify successive images as belonging to the same
object.
7)

Although the network is at present purely pictorial, it may

shortly be improved by the addition of a spectrometric camera at each
station.
8)

Devices such as airglow photometers cover the sky well but

also have shortcomings similar to radar because each scan at a
given zenith angle requires a relatively long time and a complete
sky survey requires several
9)

~lost

s~ans

taking several minutes.

photometric scanners plot intensities as a function

of time on paper tape.

Reduction of this data to coordinates is

not as accurate as interpretation of the network film, although
it is good enough for airglow and aurora studies.
10)

Differentiation between near-orbital or ballistic objt'ct.-.

and the star background is much simpler in network photographs than
em photometric

tapes because star trajectories on film ar<.' obvious,
whereas on tapes a pulse produced by a reflecting or self-luminous
s~an

object can be distinguished from a pulse produced by a star only

hy

comparing its coordinates with those given for stars.
11)

Scanning radar sky coverage is very good, but identifica-

tion of objects photographed on the radar scopes is much

rnr:Jn'

difficult that objects seen photographically, both because

flf

poor

resolution and because of the lack of characteristic patterns such
as flashing lights on planc5, and so forth.

Weather r3dar, however,

would be a useful adjunct to a photographic patrol,

pa~·til·ttlarl~·
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since a portion of the weather radar system is interlaced with
the network.
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In general, it can be said that the most effective

use of radar lies in confirmation of velocity, range and direction.
12)

Image Orthicons and Vidicons:

The use of these photo-

electric devices is growing, largely because their sensitivity
4
is greater thPn film by a factor up to 10
Such syst~ms can also
store a11d reproduce the image immediately.

ThesP attributes make

them valuable instruments in investigations of aerial phenomena
of any kind, including UFOs.
13)

A number of UFO reports have indicated electrolilagnetic

interactions with terrestrial systems:

radio and 1V interference,

stalled internal combustion engines, and the like. It woula be
desirable to investi~ate the frequency with which UFOs exhibit
such interactions as well as the field strengths and direction.
No network of stations making routine recordings of atmospheric
electric potential exists at present in the U.S. Electric potential measuring devices might be incorporated into joint geomagnetic weather radar and Prairie Network system at a
14)

There have been persistent reports

~hat

lat~r

tirr1e.

sometimes sounds

accompany the passage of large meteors (fireballs) and the re-entry
of satellite debris.

There is evidence that these sounds have

been heard at great distances, sometimes simultaneously with the
time of passage. Titis suggests that fireballs give rise to electromagnetic fields which either interact with the surroundings of
the observer, or directly with the observer himself, to produce
audible waves ~Romig, 1963, 1964). Stations containing geomagnetic
or electric potential measuring devices should also be equipped with
tape recorders and appropriate acoustical sensjng devices.
15)

Other instruments such &s ultra-violet and infra-red sensors,

and radiation-counters would also be desirable.
Existing Instrument Systems of Limited Value
l.)

The Super-SchT!lidt cameras developed for meteor studies

are sensitive aod have a 55° field but they are few in numher
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and individually cover

o~ly

a hundredth of the area of sky covered

by one Prairie Network station. The Baker-Nunn cameras which
were designed for satellite tracking have a much smaller field,
and although there are perhaps 16 of them in all, they arc scattered all over the world.
2)

Sky surveys made through large astronomical telescopes

cnver too little sky at each exposure.

Because of their slow

photographic speed, only very bright objects moving
to the star background will be
3)

wi~h

re~orded.

The Tombaugh Survey for small natural earth satellites

was an ,. xtremely systematic search (Tombaugh, 1959).
niquL

respect

~ould

This tech-

hardly be suitable for photographing UFOs.

The capabilities of existing instrumental systems to record the
characteristics necessary for qllantitative descriptions of UFOs vary
widely. The Prairie Networx can supply data on position and motion
at all times; under ideal

c~nditions

it might be capable of deter-

mining dimensions and : ;: · ·.,· ;,ut it cannot directly describe mass, interactions, the matter
of locomotion.

ai ~ c ~ 1ated

with the event, its origin or manner

Radar is more limited in its information 1eturn.

It can report

position and motion, even when the phenomenon is invisible to the network, but it cannot furnish information on any other characteristic,
with the possible exception of the state of matter.

Photometric scan-

ners are even more limited.
Determining mass and kind of matter, and extensive analysis of
the structure and organization of an UFO require that such an object,
if one exists, be made continuously available for instrumented study.
If all the eight characteristics listed at the beginning of this
section describe adequately an UFO, then no r.etwork, simple or complex
as presently constituted, can help us far along the road toward the
identification 0f that type of event which today defies explanation.
What is required is a modified and extended network, so designed
that its component systems complement each ether, ar.d so integrated
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data in a form suitable for inter-

More specifically. the netwo:rk should be organized along the following lines:
1.

In the interests of economy and speed, arrangements should

be made to have access to the output of the Prairie Network, and
the cooperation of its investigators.
2.

Simil~r

arrangements should be made with the Weather Radar

Network and a program of photography developed along lines suitable
for the acquisition of data on tornadoes and other transient phenomomena not detectable by time-exposure photographs.
3. Simultaneous observations with the several geomagnetic
observatories which lie in or near the combined Prairie NetworkWeather Radar nets shou1d be provided for.
4. Link these three networks, and other devices, such as
tape recorders and radiation monitors, together to a single time
base. This step is important, for example, in testing reports
that fireballs have been heard at the same time as t,.
appearanc•:-: ,
although their distance from the observer would normally reauire
a many-second interval between sight and sound.
5. The tedium of a patrol can be relieved by the installation
of various automatic sensors, but the degree of discrimination
offered by these devices is often not as great as that of the human
eye.

It is true that the eye is, in general, incapable of making

quantitative and reliable observations suitable for network studies,
but it is a very sensitive detector with a wide angle of view and
search, and these qualities should be used. It will be recalled
that Tombaugh supplemented instrumental with visual search for
small natural satellites. Visual search could probably benefit
from a tie to an "early warning" communications network of amateur
radio operators.
6. Photoelectric and electromagnetic
sensors cannot only
.
~ive

early warning of the approach of an event of interest, hut

also arc capahlc of actuating Jctccting and

rc~.~ording

instrum~.·nts

j
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much more rapidly than the human on patrol.
7.

The operation of the network can be made flexible.

Costs can be reduced by maintaining a minimum staff in maximum
collaboration with other search organizations.
8.

Combined network operations should start as soon as the

photographic, radar and geomagnetic nets are linked in time. Installation of additional instrumentation should be deferred until
a backing of observations has been studied.
The cost of a program organized in this way should be two to three
orders of magnitude less than most current proposals.

The capital and

operating expenses of the Smithsonian Meteorite Recovery Project can be
taken as a measure of these costs.
the Prairie Network

It is estimated that to duplicate

would cost about $150,000, not

includin~

the

cost of the cameras and lenses which were lent by the U.S. Air Force.
It is difficult to arrive at that part of the total operating expense for meteorite research applicable to a11 LiFO network because the
cost figures include operation and data reduction of Super-Schmidt cameras at Wallops Island, and the new image orthicon installation at
Urbana in conjunction with the radar at Havana, Ill.

The total annual

expense, however, can serve as a guide for the proposed combined network:
Running and maintenance, Lincoln, Neb.

$25,000

Supplies: film, chemicals for 64
cameras ($500/camera/year)

32,000

Scanning of film

10,000

Data reduction, all projects

65,000

Astronomers' salaries etc.

28.000
$160,000

Assuming that the combined network will not have to bear any of
these costs, it would seem that, initially, at least, its expenses could
be limited to the

sal~ries

of a principal investigator, a junicr in-

vestigator and one technician, the cost of film exposed by the Weather
Radar scope cameras, travelling expenses and miscellaneous items.
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would be surprising if expenses would exceed $50,000 annually.
Because of the rarity of the UFO phenomena, the investigation
should continue for a minimum of five years. It is anticipated that
the total cost would exceed $250,000, however, because preliminary
results would suggest equipment modifications and additions.
14.

Recommendations

The pr~blems involved in sightings of UFOs warrant the mounting
of an instrumented effort to arrive at reasonable identifications of
the several phenomena involved, and to add to the limited knowle~ge
which exists about those phenomena. Present knowledge amounts to
little more than suppositions.
Popular preoccupation with the notion that UFOs may be intelligently
guided extraterrestrial space ships has had one undesirable effect: it
has imb£'ddcd in the term "UFO" the unfortunate connotation that if a
phenomenon is unidentified it must somehow be extra-terrestrial .
It has become apparent that the clarification of the "unidentifiable 1\" referred to by Hynek (1966) may more likely result from investigatin~
several rare phenomena, rather than one. If evidence of extraterrestrial
intelligence is uncovered by the study, then the goal of the research
cara be changed and a full-scale investigation launched.
Until that time comes - if it does - the pursuit of knowledge
abcut the less dramatic phenomena can gc on in a modest way, using already established facilities, extended when, as and if the need arises,
with additional equipment.
With the de-emphasizing of the ETI hypothesis must also come a complete
elimination of the term "UFO."

Its connection with an otherwise soundly-

based research program can serve only to impair that prograJal's effectiveness. After all, it is beginning to look like a misnomer in certain cases: the sighting may not involve an "object," meaning a solid
mass; it may not "fly" in the sense of having aerodynamic lift , and
often it remains "unidentified" only briefly.
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suggestions have been made o~ investigating what will
now be called "strange phenomena." Dr. James E. McDonald, of the
Sev~ral

University of Arizona has recommended a program of several steps, the
cost of which would range from "a few tens of millions of dollars" to
"global expenditures at the level of billions of U.S. dollars per year.ro
(McDonald, 1967, 1968).

w.

T. Powers of the Dearborn Observatory has discussed the design
of a new photographic network covering 1\ of the area of the United
States; the cost for this coverage would amount to about $2xl06 and
$2xl0 7 for a 10\ coverage of the U.S. (Powers, 1968). Dr. G. H. Rothberg
in his report to this project of an attempt at first-hand observations
and UFO photography reconunends new camera design and a "small" effort
costing perhaps $lxl0 7 (see Case 27).
Larr.y W. Bryant, after suggesting an Earth-surveillance satellite especially designed for the ~urpose of monitoring UFO activities, finds that it might cost $Sxl0 and
require five years' effort from funding and design until launch (Bryant,
1967).
The UFO phenomenon is extremely rare. Whereas some 500 meteors
per year have trajectories which can be reconstructed from photographs,

i

.~

and none has been recovered in the three or four years of the Prairie
Network's existence, Hynek states that only 600 UFO sightings since
1947 have remained unidentified by the Ail Force (Hynek, 1966).
If
this number is adopted as the equivalent of the "1\ unidentifiable"
events, sightings due to strange phenomena occur at the rate of only
30 per year. Other arguments further lower this figure to 18 or less
per year (Page, 1968).
The number of sightings of rare phenomena is so low that it is
impossible to make a meaningful geographical distribution. Whether
the site of the Prairie - Weather Radar - Geomagnetic Net\l•ork will
eventually turn out to be the best location cannot now be predicted;
its present advantage lies in the fact that the three detecting systems
are interlaced over a small area, thus facilitating an investigation
involving several disciplines.
'I
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It is because these sightings are so infrequent that the recomaendation is made to use existing facilities, wher&ver they happen to
be, and to proceed with such studies in a measured and thoughtful
•anner.
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Chapter 10

I'

Statistical Analysis
Paul Julian
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For the most part, statistics is a

I

m~thod

of

investigation that is used when other methods
are of no avail; it is often a last resort and
forlorn hope.

M. J. Moroney, Faats

f~om

Figures.

Statistical analysis may be described as the quantitative treatment of uncertainty. In the broad sense, it is certainly more than

I·~

that. To many people the term 'statistics' is synonymous with 'data'
and a large portion of those who d~ statistical analysis concern

).

'i
1

themselves with collecting and $Umrnari:ing data. But when data so
treated are used to formulate and test hypotheses, probability is
immediately involved and the quantitative treatment of uncertainty
begins.
The malaise engendered when one deals with uncertainty and an
insufficient knowledge of statistics probably account for the viewpoint expressed by Mort'ney. Many people, scientists among them, are
uncomfortable dealing with uncertainty (even though, without being
aware of the fact, they are constantly doing so) and their opinion of
statistics is consequently somewhat colored.
We are interested here in whether or not statistical analysis
of UFO sighting reports is likely to be informative as to what the
phenomena are but not as to how they are reported.

We make a distinc-

tion, initially, between studying the phenomena of UFOs and studying
how people report UFOs. It is likely that the two cannot be completely
untangled and, further, that the former is impossible without some
idea of the latter.

However, attempts have been made and probably will

in the future be made to use aggregated sighting report data to study
the UFO phenomena because that data source is certainly the largest.
and most comprehensive of any we have available with which to attack

----- -----·-- - - - -··· ~ -- --- - -
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the problea. Throughout this chapter we will be concerned, then, with
the role of statistical methodology in studying the UFO phenomena.
Since statistics deal with uncertainty it might seem an attractive
candidate for a central methodology in UFO research. The purpose of
this chapter is to discuss the place of statistical analysis in the
study of t.he UFO problem. We will be specifically interested in the
testing of hypotheses and with decision procedures and not simply in
the aggregation of data.
The nature of the UFO probl~m coupled with the nature of statistical
methodology, first of all, results in questions posed in the hypotheses
which may not be particularly satisfying. For example, we might want
to ask "Is there a 95\ for 90\ or 99\) chance that UFO sighting reports
include observations of objects not of ter·restrial origin?" But hy
the nature of the data we are forced to ask questions such as "Is there
a ~•5\ (etc.) chance that the characteristics of reports classified as
'knowns' differ from those for which no explanation has been suggested?"
One reason for the inability to ask questions or state hypotheses
which are directed specifically at solving the problem of UFO phenomena
i3 that they occur in nature and out of our direct control. Except
perhaps for some psychological studies, we cannot place 'the UFO problem'
in a laboratory and measure and study it -- we must accept it as it
happens. In statistical terms, we cannot design statistical experiments to test particular question.
The second, and more profound, difficulty is presented by the
rather obvious fact that it is impossible to formulate meaningful
statements, questions, or hypotheses about the manifestations of
unknown phenomena. We can, of cour~e, examine the data and see what
manifestations there a.re in the sample data, but we are severely
limited in the nature of the conclusions we can draw, again, because
of the unknown nature of the phenomena. The difference here is subtle,
perhaps, but important.
An instructive, but certainly not unique, way of looking at this
difference is to i~voke the traditional dichotomy between inductive and
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deductive reasoning in science.

The deductive approach would operate

by, say, assuming that UFOs are a manifestation of Extra Terrestrial
Intelligence; or, perhaps, simply represent a class of unknown atmospheric optical or

electro~agnetic

phenomena.

Given one or the other

assumption it would next follow that some hypotheses about the characteristics of UFO reports be constructed. But because in both assumptions
we are dealing with something unknown, how would we go about setting
up such hypotheses? Such an approach from a statistical point of view
at any rate seems so difficult to pursue as to be essentially valueless.

An inductive approach would, in this case, be something as follows.
Let us aggregate a sample of UFO reports and examine their charaderistics
with the objectiv~of establishing beyond some reasonable doubt that
the charac~eristics are thus and so. From there we must try to build
a theory which explains those characteristics.
Nearly all science operates in practice by a combination and
alternation of inductive and deductive methods and in both statistics
as a research tool is generally used. However there are some important
differences in statistical method depending upon whether we look at
that data or evidence in order to formulate a hypothesis or whether
we wish to establish a degree of reliability for the validity of what
we hypothesize. Perhaps the commonest misuse of statistics is represented
Jy efforts to do both of these at once.
In stat i • i cAl language, the expression of hypothesis formation
after the fac t , after examining the data, is called a posteriori hypothesis formation. The erection of a hypothesis before the data are
examined is called a priori formation. The former follows rather easily
as a result of the inductive approach and the latter from the deductive
method. A posteriori hypothesis formation unless properly tested
represents the previously mentioned attempt simultaneously to formulate a hypothesis and establish its significance.
In addition to the difficulties in hypothesis formation presented
by the UFO problem, there is another problem \ihich should be discussed.
'lhis problem, nearly always 8 crucial one and not as unique to the UFO
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problem as the one just mentioned, is the sampling problem.

Granted

that some hypothesis be fol'llulated either a priori or a post:eroioroi,
we then must test the hypothesis on a randomly selected sample of data.
We cannot enter into a complete discussion of random sample selection
here, but must simply point out that if we hope to establish the true
statistical significance of a hypothesis the selection of sighting
reports ~annot be biased either in favor of or against that hypothesis
to be tested.
For example, let us suppose that we want to test the hypothesis
that UFO sighting reports contain a significant (in some statistical
sense) number in which the estimated apparent speed exceeds sonic or
aircraft speed.

Such an experiment could be set up and a sample of

report data gathered on which to test the hypothesis. However, unless
great care is used in selecting cases for inclusion in the sample,
a non-random component is likely to be encountered. This is because
it is very likely that it is precisely beaause the UFO exhibited what
to someone was supersonic speed that it is reported and included in
UFO fil~s of one sort or another. Such a bias in the sample negates
the possibility of a statistically reliable answer t c- the question
embodied in the hypothesis.
The preceding example brings up a very perplexing problem. Just
what should ~onstitute the population of UFO reports? Should we
include all UFO reports regardless of probable explanation, or just
those reports for which no rational explanation can be given? It
seems intuitively obvious that an observation which is almost certainly
of, for example, Venus should not be included in the population of UFOs.
But the possible dangers of biasing the sample of reports examined
by such intu•. ti ve reasoning seem to be serious, to say nothing of the
problem of determining the division between kn6lwn and unknown cases.
Again, it seems that the unknown nature of the phenomena poses some
serious questions as to the definition of the population and therefore
to the kinds of question we might ask of report data.
Some UFO literature has used aggregates of report data to search
for "trends" or "patterns," either implicitly or explicitly stated.
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The basic assumption seems to have been that trends and patterns in UFO
reports might provide information on the nature of the phenomenon.

This

approach appears to be mostly inductive -- perha?s not surprisingly so
in view of the difficulties in the deductive approach in the UFO problem.
There are two important comments on this assumption.

The first is

that any examination of report data is bound to turn up some pattern
we would be quite surprised it the

r~por~s

were completely

feat~reless.

The second is that, as already mentioned, since the patterns were
detected from the sample in hand some procedure for testing the significance of the patterns on independent clata samples is necessary.
The Vallees (1966) recommend a search for spatial and temporal
patterns in the report data.

They report 1)

a claimed tendency for

report positions in a given calendar day to be located in patterns
that can be joined by nets of straight lin~s (the controversial
'orthoteny' hypothesis), 2) a difference in the diurnal variation of
different types of UFO reports, and 3) a 26-month periodicity (adjusted
for annual variation) in report data. Only in the first instance do
the Vallees report any test as tc the statistical significance of the
claimed pattern.

They establish some basic criteria giving the distri-

bution of the number of points deterr.lining straight lines used to join
nets of points when the points are randomly distributed in space.

They

do not report, however, testing the straight line hypothesis on a data
s anp.e other than the one used to formula.te the orthoteny hypothesis.
For the moment, let us assume that all three features may be
tested according to the methodology of statistical hypothesis testing
and any one proves significa.lt -- that is, thP. null hrpothesis of
1) a spatially random distribution of daily report locations, or
2)

no difference in the diurnal variation of types of sightings, or

3)

8.

temporally random distribution of monthly total number of reports

is rejected at, say, the 95% level.

Therefore, we conclude with a risk

of 95% that some non-random spatial or temporal variation occurs in
sighting report data.

This 'risk level' is a .neasure of how confident

we can be of rejecting the null hypothesis when it is in reality true.
Most statistical tests arc of this

ba~ic

type.
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Ho~ever

there is another type of statistical error which is

inherent in this type of hypothesis testing which generally speakin~
should be taken into account. We should (if possible) try to deterrr.. ne what is the risk of accepting the null hypothesis when it is in
fact false.

Normally this type of enor is guarded against by formu-

lating the problt''l\ so that the status quo is represented l.Jy the null
hypothesis.

fhe I'ationale for this choice is that it is better to

err on the conservative side, since generally the risk of accepting
the status quo (null hypothesis) when it is in fact false is higher
than the risk of rejecting it when actually trJe. The complete formulation of the problem in these terms would be an exercise in decision
theory.

Because of the interest aroused by the UFO problem, both

s cientific and social interest, it appears that a most interesting
and appealing exercise would be an attempt to formulate some problems
in terms of decision theory.
Even assuming that the decision problem can be attacked and solveJ
and~-

accept the rejection of one of the null hypotheses, what have

we l<.·arned?

Obviously we are faced with strong evidence that there is

:-.ometlting very peculiar about the distribution in space oT time of
sighting reports.

But the use we could make of this pecuUarity in

dra1·· ing condus ions about the nature of UFOs would be limi tE!d bz,cause
'-· f numerous alternative explanations of a peculiar distribution of

reports.

Statistical reasoning in this hypothetical situation could

tell us that the reports are significantly non-random in their spatial
or temporal distribution and that the probability is large that there
is something there to investigate, but statistical reasoning could
tell us nothing about how to intePpi'et this non-randomness.

In addition

the word 'significance' is used in the statistical sense and has no
connotation at all of 'importance.'
A useful analogy here might be the cigarette smoking-lung cancer
relationship which has also been a

~torm

center of controversy.

The

statistical significance of a relationship between the two has been
established to be

v~ry

high and almost everyone accepts the level of
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l
statistical significance as indicative of a relationship.

llowever, this

significance in no way proves a aausal rclationshir between smoking and
lung cancer -- that is merely one of a number of alternative explanations
of the statistical result.
significance

l~vcl

investigate.

Most people, in addition, would accept the

as evidence

th~t

The usc of statistical

there is certainly something to
evidenc~

to choose what to do next

rather than to choose between terminal acts involves decision theory,
rather than classical statistical hypothesis testing.

This type of

analysis has already been mentioned above.
To sumrnari z.e, the UFO phenomena presents some diffiL Jlt and
challenging problems to statistical methodology.

We arc dealing with

unknown phenomena, at least in part, which is manifested by subjective,
qualitative reports from observers with a wide
to report what they sec.

~; 1 : ectrum

of ability

We cannot place the phcnonwna in the luhora-

tory to study them and design experiments on thern.

lherc arc very

fundamental problems such as defining the population to be usf'd in
statistical studies, and fonnulating hypotheses about charactcrist lcs
or report data

.1 ~J oste ri oi •i

and attempting to interpret these as

mani fes tat ions of unknown phenomena.
'Ihe vhysical scientist conversant with statistics and statistical
mcthodolog}' is 1 H.c ly to ..:orne to one of twu cundus iuus about the
possibility of productive usc of statistics in the UFO problem.

Con-

sidering the difficulties described above h£: may conclude that the
methodology of

~tatistical

analysis docs nut offpr satisfying answers

to the important, central question:; of the Uf.:"J phenomena, and that
efforts should ve directed :tt increas i nr understanding of atmospheric
optics, etc.

Ol'

in attempting to make: some

quantity associnteJ 1vith an UFO.

mea~urement

of some physical

Or he might take the position that

difficulties of statistical analysis in this instance should n0t
prevent efforts to make analyses, because the risk of throwing away
valuable information by ignoring sighting report dat<J should not he
overlooked.

11lis

po~ition must

be taken with some care, however, for

ill' would hl' taking it as "a last rl'sort and forlorn hope" as
(lll t ~;

it .
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The social scientist, or. the other hand, might take a different
position. Instead of concerning himself with report stghtings as u
measure of a physical phenomena he might be attracted by the data as
a source of information on psychologicAl and social-psychological
problems of perception, reporting, etc.
qualified to pursue this pojnt further..

We do not regard ourselves as
Mention of it was made at

the beginning of this chapter and additional discussion may be found
in Section VI in Chapters 1 and 2.
As

~

an~lysis

result of

consid~ring

the problem of the role of statistical

of report data in investigating UFO phenomena we conclude that

very grave difficulties arc present involving rather fundamental aspects
of statistical methodology.

It is our feeling that little value to the

p.,ysi ::al sciences wi 11 result from "searching" the report data for
"significant" features.
•tua!ify this view in two ways:

1·;L'

First, we are not able, of

,., trsc, to perceive the futm·e and it may be that an innovative worker

paying careful attention to the demands of methodology might well
produ•;c a study which represents a real increase in knowledge at-out
lJFOs.

We should in this regard give the decision-theory approach some

thought:
~'rror

we should attempt to evaluate the consequences of statistical

of both kinds and to consider the problems posed ty question of

the "wh<.'re do we go from here?" type.
U~O ~cports

Second, efforts to investigate

rather than the UFO phenomena seem to offer fertile ground

for future study.
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SPECIAL
RF:PORT OF THE
USAF SCIENTIFIC ADVISORY BOARD
AD HOC COHMITTEE TO REVI 1-:\V
PROJECT "BLUE BOOK"
MARCH 1966
I.

INTRODUCTION

As requested in a memorandum from Major General E. B.
LeBailly, Secretary of the Air Force Office of Information,
datPd 28 September 1965 (Tab A), an SAB Ad Hoc Committee
met on 3 r:'chruary 1966 to review Project "Blue Book".
The objectives of the Committ~e are to review the resources
and methods of investigation prescribed by Project "Blue
Book'' and lt~ advise thL Air Force of any improvements that
can be m:~de in the program to enhance the Air Force's
capabilit y in carrying out its responsibility . .
In order to bring themselves up to date, the m~mb~rs of
the Committee initiallv reviewed the findings of previous
scientific panels charged with looking into the UFO
problem. Particular attention was given to the report
of the Robertson panel which was rendered in January 1953.
The Committee next heard briEfings from the AFSC Foreign
Technolog:' Division, which is the cognizant Air Force
agency that collates information on UFO sightings and
monitors investigations of individual cases. F5nally,
the Committee reviewed selected case histories of UFO
sightings with particular emphasis on those that have
not been identified.

II.

DISCUSSION

Although about 6% (646) of all sightings (10,147) in
the years 1947 through 1965 are listed by the Air Force
as "Unidentified", it appears to the CoDIDittee that
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most n1 thl' CiiSl'S so listL'd are simply those i., which
the infllt"lllrJtion availahlt• does not prnvitle an .:tdt•quate
basis rlll. .:.lll:llysis. In this COilllL'Ctillll it is important
also tll notl' th~-IL 11ll unidL·nti fit.·d oh_iccts other than
thlJSl' nf .111 ilSl l"dlllllllil',ll nalurt.• llaV ..! l'VL'r ht.'l'll obst.•rvcd
during rnutinl astronnmicai studiL·S, in spite nf the
large mnuht.·r of obsL·rv i ng hours '"'hi ch havl' bc('n dt.•voted
to thL' sky. As L'Xamplt.•s of this the Palomar Obst•rvatory
Sky Atlas contains snml' 5000 plates made with large
ins trunwn ts with witll' field of vi(.'W; the Harvard Mt.• tt•or
Projc>ct nf 19)4-19)8 provided some 3300 hours of
observation~ the 5mithsoraian Visual Prairie Network
proviJl'd 2500 observing hours. Not a siPgle unidentified object has been reported as appearing on
any of these plates or been sighted visually in all
tht•sc obsl•n:ltions.
The Committee concluded that in the 19 years since the
first UFO was sighted there has been no evidence that
unidentified flying objects are a threat to our national
security. Having arrived at this conclusion the
Committee then turned its attention to ccnsidering how
the Air Force sh0uld handle the scientific aspects of
the UFO problem. Unavoidably these are also r~lated to
Air Force public relaliuns, a subject on which ~he
Committee is not expert. Thus the recommendations
which follow are made simply from the scientific point
of view.
III.

CONCLUSIONS AND RECOMMENDATIONS

It is the opinion of the Conunittee that the present
Air Force program dealing with UFO sightings has been
well organized, although the resources assigned to it
(only one officer, a sergeant, and secretary) have
been quite limited. In 19 years and more than 10,000
sightings recorded and classified, there appears to be
no verified and fully satisfactory evidence of any
case that is clearly outside the framework of presently
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known sci encc and techno logy. Nt•ver the 1ess, thl'rL' is
always the possibility that analysis of new sightings
may pr)v~de SL'r•H.! adtlitions to sciL•ntific knmJlL~Ligc of
value to the Air Force. Moreover, some of the case
records which lhv Commit tee looked that were 1is ted as
"idcnt i fi L·d" were sight ings where the evidence co 11 ected
was too meager or too ~ndefinitc to permit positive
listing in the identified category. Because of this
the Committee recommends thal the present program be
strengthened to provide opportunity for scientific
investigation of selected sightings in more detail and
depth than has been possible to date.
To accomplish this it is recommended that:
A. C0ntracts be negotiated with a few selected
universities to provide scientific teams to investigate
promptly and in depth certain selected sightings of UFO's.
Each team should include at least one psychologist,
preferably one interested in clinical psychology, and
at least one physical s~ientist, preferably an
astronomer or geophysicist familiar with atmospheric
physics. The universities should be chosen to provide
good geographical distribution, and should be within
convenient distance of a b~se of the Air Force Systems
Command (AFSC).
B. At each AFSC base an ofEcer skilled in
investigation (but not necessarily with scientific
training) should be designated to work with the
corresponding university team for that geographical
s.ection. The local representative of the Air Force
Office of Special Investigations (OSI) might be a
logical choice for this.
C. One university or one not-for-profit organization should be selected to coo~dinate the work of
the teams mentioned under A above, and also to ~ake
certain of very close conmrunication and coordination
with the office of Project Blue Bouk.
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It is thought that IH•rh<lps 100 sightings a year might
be subjected to this clnse study, and that possibly
an ~lVL'rage of 10 n1;m days might hL· rerr : in•d per
sighting so studiL·d. ThL· information i'roviced by
such a program might bring to I ight nL'W facts of
scientific value, anti would almc,st certainly provide
a far better basis than we have t~day for decision on
a long term UFO program.

The scientific reports nn thcSL' selected sightings,
supplenll'nting the present program of the Project Blue
Book office, should strengthen the public position of
the Air Force an UFO' s.
It is, there fore, reco""l'llendC:d
that:
A. These reports be printed in full and be
able on request.

av a i~

B. Suitable abstracts or condensed version~ ~ e
printed tmd inc ludL·d in, or as supplements to, ~- h f!
published reports l)f P roje~t Blue Book.
C. The f p nn of r~port (as typified t,.. ' 'rroj•.•t:;,_
Blue Book" dated 1 February 1966) be expa n c:>~~, a nd.
anything which might suggL•st that inL1r"'.;J <. Iml i~; f. , i ' :f·.
withheld (such as the "'ord~ng .:m page·) ..,_( th€' ,~1; • . -; , _
cited reference) bl.· d,· leted. The fo·. -r. ::f. th~s ,· qm~·- l
c.1n be of great importance in secur ; --,{, public u .· h .>r -·
standing a:1d s~nuld be given deta ·: r ~ ·J study tw -'i f ~
appropriate Air Force o f fice.
D. The reports "Projec~ .- :l u ·:~ Bnok '
given wide unsolicitt:d circlt !;u: ion amnc-tg
members cf the Congn'ss a~ ...~. 1 l~. ~ c .. public
a further aid to pu~llic ~~vJ.? I i?t<.l\din?, (,r
approach being takL'n h\' th ~ · .\it' f· ' !: C•.' in
UFO problem.

S~i1iJld

he
r>i.' .J'·Jtin(.·r. l.
pers <:'l n & "'s
the c;c i entifj~
atl ..i..:.~. ln g, th.,>

DEPARTMENT OF THE AIR FORCE
WASHINGTON

MEMORANDUM FOR MILITARY DIRECTOR, SCIENI'IFIC ADVISORY BOARD
SUBJECT:

Unidentified Flying ObJects (UFOs)

In keeping With its air defense role, the Air Force has the
responsibility for the investigation of unidentified flying objects
reported over the United States. The name of this project is Blue
Book (Attachment l). Procedures for conducting this program are
established by Air Force Regulation 200-2 (Attachment 2).
The Air Force has conducted Project Blue Book since 1948. As
of 30 June 1965, a total of r;2.67 reports had been investigated by
the Air Force. Of these r;2.67 reports, 663 cannot be explained.
It has been determined by the Assistant Deputy Chief of Staff/
Plans and Operaticns that Project Blue Book is a worthwhile program
which deserves the support of all staff agencies and major camnands
anci that the Air Force should continue to investigate and analyze
all UFO reports in order to assure that such objects do not present
a threat to our national security. The Assistant Deputy Chief of
Staff/Plans and Operations has detemined also that ~he Foreign
Technology Division (FTD) at Wright-Patterson Air Force Base should
continue to exercise its presently assigned responsibilities concerning UFOs.
To date, the Air Force has found no evidence that any of the
UFO reports reflect a threat to our national security. However,
many of the reports that cannot be explained have cane from intelligent and technically well qualified individuals whose integrity cannot be doubted. In addition, the reports received officially by the
Air Force include only a fraction of the spectacular reports which
are publicized by many private UFO organizations.
Accordingly, it is requested that a working scientific panel
composed of both physical and social scientists be organized to
review Project Blu., Book -- its resources, methods, and findings -and to advise the Air Force as to any improvements that should
be made in the program in order to carry out the Air Force 1 s
assigned responsibility.

1?.86
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Doctor J. Allen Hynek who is the Chainnan of tl.c VeurhCJn&
Observatory Rt Northwestern University is the ~;Jcientifil: conoultt.ult
to PrCJjeet Blu~ Book. He has !ndico.ted a w1ll1.nr.;ncau tCJ work Wi ~;t1
such a panel in order to place thi.: ptoble!D in its proper ucrJ!)el:tive.

I~
I.
A
~

'

Doctor Hynek has discus~ed this problem with Doctor Winston
R. l-larl~ey 1 the former Air Force Chief Scientist.
t

~ 8. &:. ~. (_(__

~.'B.

LeBAILLY

MaJor General, USAF
Director of Information

2 Attachments
1. Blue Book Report
2. AFR 200-2
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AD HOC COMMITTEE ON

UNIDENTIFIED FLYING OBJECTS (UFOs)

AGENDA
Thuradav, 3 February 1966
0800

Welcoming Remarks

Commander or
Vice Commander, FTD

0805

Introduction

Dr. O'Brien, SAB

0810

The Air Force Problem

Lt Col Spaulding,
SAFOI

0830

Briefing on Project
Blue Book

Major Quintanilla,
FTD

1000

Break

1015

Review of Selected
Case Histories

1145

Lunch

1315

Executive and Writing
Session

FTD Staff

22 December 1965
1288

~ •

•• ._

• 1': •

SPECIAL
REPORT OF THE USAF SCIENTIFIC ADVISORY BOARD
AD HOC COMMITTEE TO REVIEW PROJECT "BLUE BOOK"
DISTRIBUI'ION
SYMBOL

COPIES

Secretary of the Air Force Office of Information

SAFOI

25

Military Director, DCS/R&D

AFRDC

1

Committee Members (1 each)
Dr. Brian O'Brien (Chairman)
Dr. Launor F. Carter
Mr. Jesse Orlansky
Dr. Richard Porter
Dr. Carl Sagan
Dr. Willis H. ware

6

Com:.ander, Foreign Technology Division

5

DeS/Foreign Technology (AFSC)

SCF

2

Chairman, SAB

AFBSA

1

SAB Secretariat

AFBSA

1
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Meeting atatiaticl bearing on thi1
report including all times, dates,
placea, a liating of peraon1 in
attendance and purpoae1 therefor,
together with their affiliation•
and material reviewed and diacuaaed,
are available in the SAB Secretariat
offices for review by authorized
peraona or agencie•.

~y~.~
HAROLD A. STEINER, Lt Colonel, USAF
Assistant Secretary
USAF Scientific Advisory Board
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APPENDIX 8:

UNIDENTIFIED ~LYING OaJECTS

AFR NO. 80-17.

AFR 80-17
AIR FORCE
NO. H0-17

Rl<~GULATION

DEPARTMENT OF THE AIR FORCE
Wuhlngton, D. C. 19 September 1966

Reaearc=h And Development

UNIDENTIFIED FLYING OBJECTS (UFO)

I
1

Thi• r~gulation eatabUah~• tM Air Fore~ program for ln~•tl.-tlng and tUtGI11zln1 UFO•
over th~ Unlt~d Statt•. It promd~s for unlfo•m invettlgative prautlur~• and r~lft!M ollnformatlon. Thr lnve•tlgation• and antJI,•w• pr~acrlbed ar~ nltlt~d dlr~dl11 to tla~ Air Fore~·•
r~1pon.tbilit11 lor the oir d~lente ()/ tla~ Unlt~d Stat~•· Tlw U#'O P,.,.ram r~quir~• prompt
rrporting and rapid evaluatlon of data for tuee~11ful ld~ntlllcatlon. Strld eompllane~ with
this regulation it mandator11.

•

'i
\
I

SECTION A-GENERAL PROVISIONS

Porogrrapli
ExplanatiQn of Terms _ _
Program Objective• _____ _
Program Responsibilitiea _..

1
2
3

SECTION B-PUBLIC RELATIONS, INFORMATION, CONTACfS,
AND RELEASES
~sponae to Pu i>lic I nt""'st . _ . _. _ . _. __ . _ . _. . _. _
_. ___ _. _. __. . _
____ . - -- ----- - - ·- -- · --- -- -- --· ------- · -Releasing Information

S

SECTION C-PREPARING AND SUBMITTING REPORTS
General Information __ ____ . _____ ______ ___ _ · -- - - . _____ ·---- -- - -- Guidance in Preparing Reports ___ . . ______ __ ___ _. __ . . __ _____ ____ . _ _
Transmittal of Reports ____ - -- -- - · -- - - - - --- -- - · -- ----- · -- -- -- -· Negative or Inapplicable Data ____ -- · ____- - ---- - . _-- - - - ----- --- -- - -Comment& of Investigating Otllcer . .. . -- __ - -- --- - - - -- - - -- ---- -- - - - - -Basic Rtoportinc Data and Format . - _- -- _. -- . -- __-. - - - - .. - . _.
Reporting Physical Jo:vidence . . .
___ _ ---- ·- ___ ___ _ _

SECTION A--GENERAL PROVISIONS

1. Explanation of Terms. To insure proper
&nd uniform usage of terms in UFO investigations, reports, and analyses, an explanation
of common terms follows:
a. Unidentified Fl71ing Objerts. Any aerial
phen\lmenon or objec~ whici: is unknown or
appears out of the ordinary to the observer.
b. Familiar or Known Objects/ Plt,enomena.. Aircraft, aircraft lights, astronomical
bodies (meteors, planets, stars, comets, sun,
moon), balloons, birds fireworks, missiles,
rockets, satellites, searchlights, weather phenomena (clouds, contrails, dust devils), and
other natural phenomena.
Z.. Program Objectives. Air Force interest in
UFOs is two-fold: to determine if the UFO

4

6

7
8
9
10
11
12

is a possible threat to the United States and
to use the scientific or technical data gained
from study of UFO reports. To attain these
objectives, it is necesssary to e>..plain or identify the stimulus which caused the observer
to report hia obbervation a." an unidentified
flying object.
a. Air De/ernu•. The majority of UFOs reported to the Air Force have been conventional or familiar objects which present no
threat to our security.
(1) It is possible that foreign countries
may develop flying whicles of revolutionary
configuration or propulsion.
(2) Frequently, some alleged UFOs are
determined to be aircraft. Air Deftmse Command (ADC) it~~ responsible for identification

This r•plation auperiM'CIN A•'R ZN-2, ZO July 1M2
OPR: AFRSTA
J)JSTRIBUTION: S
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AFR 80-17
of aircraft. Except a~ aircraft are determined to be the stimulul4 for a llFO report,
aircraft are not to be re()\lrtcd under tlat!
provisions of this regulation.
b. 'I'f'rll1,il'tll and Srif'nfi/iC'. The Air Fore(•
.viii analyze reports of UFOs submitted to
it to attain the J'rogram ohj('ctives. In this
connection these facts are of importance:
(l) The need for further ~cientilic
knowledge in geophysics, astronomy, and
physics of the upper atmosphfre which may
he provided hy study and analysis 11f lJFOs
and similar aeri11l phenomena.
(2) The neffi to rl'J>Ort all pertinent factor~ that have a direct bearing on scifntific
analysi~ and conclusious of UFO sightings.
(3) The need and the importance of
complete case information. Analysis has explained all hut a small percentagE' of the
sightings whirh have been reported to the
Air For~e. The ones that have not been explained are can·iNI statistically a~ "unidentified." Because of the human factors involved and Lccausc anaiysis of a l iFO sighting depends primarily on a personal impression ancl interpretation h.v the ohserver
rather than on scicnlilic data or facts obtained under controlled condition!', the elimination of of all unidentifeds is improhahle.
However, if n10re immediate, detailed, and
objecti\'e data on the unidt>ntifieds had been
available and promptly reported, perhaps
these, too, could have been idenlitied.
3. Program Responsibilities:
a. Pro!Jrnm Monitor. The Deputy Chief of
Staff, Research and DevelolJmcnt, is responsible fo1 · the over:all program . evaluation of
investi~ative procedures, and t.he concluct of
separate scienti fie investigations.
h. Rt·twm·N·s. The .\ir Force Systems Commaud will support tl (! prog-ram with current
resources within the Foreign 'i'e.::hnology Di vision ( F TD) at Wright-Patterson Air Force
Base, Ohio, to continue the Project Hlur Rook
effort. Other A F~(' r·l·som·ct.•s normally U!;ed
by Jo'TD for this effort will continue· to he
made available.
c. /u r .·sfigafion . Each commanrler of an
Air Force base will provide a (j FO investigati•;'-' capability. When notiCl· of a UFO
sighting is receivc.. l. an investig-ation will he
implemented to dett•r.nint> the stimulus for
the sightiny. Au Air Foret.• base recei\'inll
the notice of a lJFO sighting may not be the
base near(';,;t the locale of the sighting. In
that event, the reported l' FO si)!hting will be
referred to the Air Fore(• base neare-:t the
sighting for action .

1292

EXCgPTIONS: FTD at Wright-Patterson
Air Foret• Base, Ohio, inde(lf'ndently or with
th help uf pertinent Air Force activities,
may conduct any other investigati<m to conclud~ i~; analysis Ol' fmdings. IIQ lJSA F may
arrange for separate in\'esti~ations .
d. :1nal!lsiH. FTD will:
( 1) Analyze and e\'aluate all information and evidence re1K~ 1·ted to hases on those
UFOs which are not identifi·d at the ba.~e
level.
(:!) llsf' other (;overnment agencies,
private ir.dustrial companies, and contractor
personnel to assist in analyzing and evaluating l.lFO reports, as necesssary.
e. FindiniJH. FTD, Wright-Patterson AFB,
Ohio, will prepare a final casP. report on each
sighting reported to it after the data have
been properly evaluated. If the final repor~
is deemed significant, FTD will send the report of its findings to AF~C (SCFA), Andrews AFH, Wash DC 20331, which wi!l send
a report to IIQ USAF (AFRDC), Wash DC
:!0330.
f . Coowration. All Air Force activities
will cooperate with UFO investigators to
insure that pertinent informatic.n relative
to investigations of UFO sightings are
promptly obtained . When fe:~sible, this will
include furnishing air or ground transportation and other assistance.
SECTION B-PUBLIC RELATIONS,
I~FORMATION, CONTACTS,
AND RELI:ASJ.:S

.J. Rt-sponse to Public Interest. The Secretary of the Air Force, Onic(' of Information
(SAF-01), maintains conwct with the public and the news media on all aspecl" of the
UFO proJ(ram and rt>lated activities. Private ir.dividU~iJS or organizations desiriug
Air Force interviews, hrielings, lectures, or
private discussioms on UFOs will be inntructed to di:-ect their reque~; ts to SA F -01.
Air F'orce members not officially connected
with U f<'() investigations CO'.'ered hv this
regulation will refmin from any action or
comment on UFO reports w}aich may mislead or cause the public b constru~ these
opinions as otlicial Air Force .findings
5. Relea!'jing Information. SA fo' OJ i.~ the
agency responsible fur relea11ing information to the public and to the nPws media.

a. Cou.fln·.~sionul
,.,uirit·!~. The OfJice

und

/'n;(itlt·nfittl

/n-

of Legislativf• Liaison

will:
(I) With the assistanct• of SAJ.'-01, an-

I
'

AFR
swer all Congressional and Presidential
queries rega1·ding UFOs forwarded to the
Air Force.
(2) Process requests from Congreesional sources in accordance with AFR 11-7.
h. SAF-01 will:
( 1) Respond to cono..sponoence from
individuals 1·equesting information on the
lJFO Program and evaluations of sightings.
(2) Release information 011 UFO :-~ight
ings aud results of investigations to the general pubhc.
(3) Send corresJ>ondence queries which
are purely technical and scientific to FTD
for information on which t.o hase a reply.
c. gXt't' /lfions. In respon:-;e to local inquiries regarding UFOs reported in the
vicinity of an Air Force uase, the hase commander may 1·elease information to the news
media or the public after the sighting ltas
heen positively identified. If the stimulus for
the sighting is difficult to identi!y at the base
lt>vel, the commanC:er may state that the
sighting is under investigation and conclusions will be released by SAF-01 after the
investi~ation is comvleted. The commander
mav also state that the A)r Foree will review and analy:te the results of the investigation. Any further inquiries will be
directed to SAF-01.
SECTION C-PREPARING AND
SUBMITTING REPORTS
6. General Information:
a. The Deputy Chief of Staff, Research
and DeveloJ.~ment, USAF and the ADC have
a direct anrl immediate interest in UFOs
reported within tile US. All Air Force activities will conduct lJFO investigations to the
extent necessary for reporting action (see
paragraphs !J, 10, 11, and 12). Investigation may be carried beyond this point when
the preparing otncer believes the scientific
or ]mhlic relations aspect of the case warrants further investigation. ]n this case. the
investigator will coordinate his con tin Jed
investigation with FTD.
b. Paragraph 7 will be used a.~ a. guide for
screenings, investigations, and l'eportings.
Paragraph 11 is an outline of the reporting
format.
c. Inquiries should be referred to SAF01 (see paragraph 5).
d. If possible, an individual selected as a
UFO investigator should have a scientific o1·
technical background and experience as an
investigator.
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e. Reporb required by this regulation are
excluded from assignment of a rt>ports control symhol in accurtience with paraJtTaph
3k, AFR 300-!l.
7. (;uidanc:e in Preparing RtoportH. The U14efulness nf a UFO report dt•pends largely
otl accumcy, timelint>:-:s, skill and r~our·ce
fulness of the J>t>rsou who r~eh•es the initial
infotmation and makes the rep01t. Following are aids for ~c1·eeninl!. t•valuating and
reporting sightings:
a. Activities 1·eceiving initial reports of
aerial objects and phenomena will scr~n the
information to determine if the t·eport concel'lls a valid UFO as defined in paragraph
1a. ReporL..., raPt falling within that definition do not ret)uirc further action. Aircraft
flares, jet exhausts, condensation trails,
blinking ot· steady liJChts observt'd ut night,
lights circling near airports and airways, an:t
other aircraft phenomena should not he reported a.-. they du not fall within the definition of a UFO.

J.:XCEPTION: Reports of known ol,jecb
will be made to FTD when this inf01 mation
originally had heen reported l,y local news
media as a UFO and the witness has contactPd the Air Force. (Do NOT solicit reports.) Ne"Ns releases should be included a.-.
an attachment with the report (see paragraph 8c).
b. Detailed study will he made of the logic,
consistency, and authenticity of the observer's report. An interview with the observer·,
by persons preparing the report, is especially valuable in determining the reliability
of the source and the validity of the information. Factors for particular attention are
the observer's age, occupation, and education, and whether he has a technical or
scientific background. A report that a witness is completely familiar with certain as1>ects of a sighting should incti<·all' SJlecific
4ualifications to substantiate :-;ud· familiarity.
c. The following procedut·es will assist the
investigating otllcer in completinl! the report
and arriving at a conclusion as required in
para~·raph 11.
(1) When feasible, contact loc.'\1 aircraft control and warnir.g (ACW) units,
and pilots and crews of aircraft aloft at the
time and place of sightin~·. Contact nny pE't'sons m· organizations that may have additional datn o11 the l ~FO or cnn \'erify evidence--visual, electronir, m· other.
(2) Consult military or ci\'ilian weather
forecasters for data 011 tracks of weather

' ,. ..,. ''*·?'f"'f' .....· . ...• ...,(.
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,

balloons or any unusual meteorological activity that ma)' have a bearing on the stimulus for the UFO.
(3) Consult navigators and astronomers in th~ area to detenniite if any astronomie~.l body or phenomenon might account
for the sighting.
( 4) Consult military and civilian tower
operMton, air operations units, and airlines
to determine if the sighting could have been
an aircraft. Local units of the Federal A viation Agency (FAA) can be of assistance in
this regard.
( 5) Consult persons who may know of
experimental aircraft of unusual configuration, rocket and guided missile firings, or
aerial tests in the area.
(6) Consult local and State police,
county sheriffs, forest rangers, and other
civil officials who may have been in the area
at the time of the sighting or have knowledge of other witnesses.
8. Transmittal of Reports:
a. Timeliness. Report all information on
UFOs promptly. Electrical transmission with
a "Priority" precedence is authorized.
b. Submission of Reports. Submit multiple-addressed electrical reports to:
(1) ADC.
(2) Nearest Air Division (Defe&~:.:t').
(3) FTD WPAFB. (First line uf text:
FOR TDETR.)
(4) CSAF. (First line of text: FOR
AFRDC.)
(5) OSAF. (First line of text: FOR
SAF-OI.)
c. Written Reports. In the event followup action requires a letter report, send it t<>
FTD {TDETR), Wright-Patterson AFB,
Ohio 45433. FTD wiJI send the reports to interested organizations in the US and to
SAF-OI if required.
d. Reports /1·om Civilians. Advise civilj ans to report UFOs to the nearest Air Force
bade.
e. Negative or Inapplicable Data. If specific information is lacking, refrain from using
the words "m~gative" or "unidentified" unless all logical leads to obtain the information outlined in paragraph 11 have been
exhausted. For example, the information on
weather conditions in the area, as requested
in paragraph llg, is obtainable from th.e
local military or civilian weather facility.
Use the !'hrase "not applicable (NA)" only
when the 4uestion really does not apply to
the sighting under investigation.

lC. Comments of InvestigatiJig Oflleer. This
officer will rnake an initial analysis and com-
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ment on the possihle cause or identity of the
stimulus in a supporting ~tatement. He will
make every effort to obtain pertinent items
of information and to test all possible leads,
clues, and hypotheses. The investigating officer who receives the initial report is in a
better position to conduct an on-the-spot survey and follow-up than subsequent investigative personnel and analysts who may be
far rtmoved from the area and who may
arrive too late to obtain vital data or information necessary for firm conclusions. The
investigating officer's comments and conclusions will be in the last paragraph of the
report submitted through channels. The reporting official will contact FTD (Area Code
513, 257-0916 or 257-6678) for verbal authority to continue investigations.
11. Basic Reporting Data and J.'ormat. Show
the abbreviation "UFO" at the beginning of
the text of all electrical reports and in the
subject of any follow-up written reports. Include required data in all electrical reports,
in the order shown below:
n. Description of the Object(s):
(1) Shape.
(2) Si~e compared to a known object.
(3) Color.
(4) Number.
(5) Formation, if more than one.
(6) Any discernible features or details.
(7) Tail, trail, or exhaust, including its
size.
(8) Sound.
(9) Other pertinent or unusual features.
b. Description of Course of Object(s):
(1) What first called ·.he attention of
observer(s) to the objed(s)?
(2) An&·le of elevation and azimuth of
object(s) when first observed. (Use theodolite or compass measurement if possible.)
(8) Angle of elevation of objcct{s) upon
disappearanc~. (Use theodolite or compass
measurement if possible.)
(4) Description of flight path and
maneuvers of object(s). (Use elevations and
azimuth, not altitude.)
(5) How did the object(s) cHsappear?
(Instantaneously to the North, for example.)
(6) How long were the nlJject(s) visible? (Be sper-ific-5 minutes, 1 hour, etc.)
c. Manner of Observation:
(1) Use one or any combination of the
following items: Grou-:1d-visual, air-visual,
ground-electronic, air-electronic. (If electronic, specify type of radar.)
(2) Statement as to optiral aids (tele-

I
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scopes, binoculars, etc.) used and description thereof.
( 3) If the sighting occurred while airborne, give type of aircraft, identification
number, altitude, heading, speed, and home
station.
d. Time and Date of S;ghting:
( 1) Greenwich date-time group of sighting and local time.
(2) Light conditions (use one of the
following terms: Night, day, dawn, dusk).
c. Location of Observer(s). Give exact
latitude and longitude coordinates of each
observer, and / or geographical position. In
electrical reports, give a position with ref~r
ence to a known landmark in addition to the
coordinateG. For example, liSe "2 mi N of
Deeville"; "3 mi 8W of Blue Lake," to preclude errors due to teletype garhling of figures.
f. Identifying Information on Observer(s):
(1) Civilian-Name, age, mailing address, occupation, education and estimate of
reliability.
(2) Military-Name, grade, organizatiott, duty, and estimate of reliaLility.
~. Weather and Winds-Aloft Conditions at
Time and Place of Sightings:
( 1) Observer(s) account of weather
conditions.
(2) Report from nearest AWS or US
Weatlt~r Bureau Office of wind direction
and velocity in degrees and knots at surface, 6,000', 10,000', 16,000', 20,000', 30,000',
50,000', and 80,000', if available.
(3) Ceiling.
(4) Visibility.
( 5) Amount of cloud cover.
(6) Thunderstorms in area and quadrant in which located.
(7) Vertical temperature gradient.
h. Any other unusual activity or condition, meteorological, astronomical, or otherwise, that might account for the sighting.
i. Interception or identification action
taken (such action is authorized whenever
feasible and in compliance with existing air
defense directives) .
j. Location, approximate altitude, and
general direction of flight of any air traffic
or balloon releases in the area that might
possibly account for the sighting.
k. Position title and comments of the preparing officer, including his preliminary
analysis of the possible cause of the sightings(s). (See paragraph 10.)
12. R~portin~ PhyKinl
a. l'hofOI/I'IIJihit·:

Evident·~:

( 1) Still Photographs. Forward the
original negative to FTD (TDETR), WrightPatterson AFB, Ohio 45433, and indicate
the place, time, and date the photograph was
taken.
(2} Motion Pictures. Obtain th~ original film. Examine the film strip for RJ>parent
cuts, alterations, obliterations, or defects. In
the report comment on any irregularities,
particularly in films received from other than
official sources.
(3) Supplemental Photographic Information. ~egatives and prints often are insufficient to provide certain valid data or
permit firm conclusions. Information that
aids in plotting or in estimating distances,
apparent size ar.d nature of object, probable
velocity, and movement& includes:
(a) Type and make of camera.
(b) Type, focal length, and make of
lens.
(c) Brand and type of film.
(d) Shutter speed used.
(e) Lens opening used; that is, "f"
stop.
(f) Filters used.
(g) Was tripod or solid stand used.
(h) Was "panning" used.
(i) Exact; direction camera was
pointing with relation to true North, and its
angle with res~t to the ground.
(4) Other Camera Data. If supplemental information is unobtainable, the minimlim camera data required are the type of
camera, and the smallest and largest "f" stop
and shutter speed readings of the camera.
(5) Radar. Forward two copif's of each
still camera photographic print. Title radarscope photographic prinl'> per AFR !lf>-7.
Classify radarscope photographs per AFR

20fi-1.
NOTE: If possible, develop film before

forwarding. Mark undeveloped film clearly
to indicate this fact, to avoid destruction hy
exposure through mail channels to final addressees.
o. Maft•rial. Air Force echelons receiving
suspected or actual UFO material will safeguard it to prevent any defacing m· alterations which might 1·educe il'> value for intelligence examination and analysis.
c. Photogmph.~, Mofion Pil'lurt·s, and Nt·gatil~es S~tbmiftt•d by lndit·id~tal.~. Individuals
often submit photographic and motion picture material as part of their lJFO reports.
All original material submitted will he returned to the inrlividmtl after completion of
necessary studies, analysis, ancl duplication
hy the Air Force.
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APPENOIX 8:

AFR NO. 80-17(C2).

lJNIDF.NTIFIEO FLYIN(; OR.JECTS

CHANGE 2, AFR 80-17

DEPARTMENT OF THE AIR FOIWF.
Washinaton, 90 September 1968

AIR FORCE REGULATION
NO. 80-17(C2)

RMearch and Dnelopment
l:NIDENTIF~D

FLYING OBJECTS (UFO)

AFR 83-17, 19 Septe•ber 1166, aacl chanre 1, H October 1917, are th.. l:'ed aa rolhwa:

8b(3). 1-"'TD WPAFB.

(First line of text: FOR TDPT (UFO).)

8b(6). Delete.
BY ORDER OF THE SECRETARY OF THE AIR ~ORC'~

J. P. 1\f<'CONNELL,
Chief of Staff

OFFICIAL

JOHN F. RASH, Colonel, I'SAF
Director of A.dministratit·e Sen,icet

DISTRIBUTION: S
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ml, USAF
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'

AFR NO. 80-17(Cl).

UNIDENTIFIED FLYING

O"J!~r:TS

CHANGE 1, AFR 80-17
AIR FORCE REGULATION
NO. 80-17(Cl)

DEPARTMENT OF THE AIR FORCE
Washington, !6 Octobe1· 1967
Reeearch and Devtlopment

UNIDENTIFIED FLYING OBJECfS (UFO)
AFR 80-17, lt Septe•ber 1111. Ia claanpd aa follow•:

*3e. ln.ve•tigation. Each commander of an
Air Force base within the United States will
provide a UFO ... sighting for action.

8b(6). University of Colorado, Boulder CO
80802, Dr. Condon. (Mail copy of message
form.)

3c. EXCEPTIONS: FTD at Wright-Patter-

*8c. Rep(Jrts. If followup uction is required

son ... for separate investigations. The University of Colorado, under a research agreement with the Air Force, wiH conduct a study
of UFOs. This prorram (to run &}>proximately 15 months) wiJl be C'onducted independently and without restrictions. The
univenity wiJI enlist the assistance of other
conveniently located institutions that can field
investigative teams. All UFO reports will be
submitted to the University of Colorado,
which will b~ given the fuHest cooperation of
all UFO Investigating Officers. Every effort
will be made to keep all UFO repvrts unclassified. However, if it is necessary to
clussify a report because of method of det· ~
tion or other factcrs not related to the UF 0,
a separate report including all possible information wiH be sent to the University of
Colorado.
~ The Deputy Chief oi Staff, ... reported
within the United States. All Air Fo1·c~ activities within the United States will conduct
UFO ... investigation with FTD.

on electrically transmitted reports, prepare
an investigative repor! on AF Form 117,
"Sighting of Unidentified Phe!lomena Questionnaire," which will be reproduced locally
on 8" x lOt;/' paper in accordance with attachment 1 (9 pages). Send the completed
investigative report to FTD (TDETR),
Wright-P&tterson AFB OH 45488. FTD will
send the reports to interested organizabions
in the United SbltP.s and to Secretarv of the
Air Force (SAFOI), Wash DC 20880, if
required.
Se. Negativr _r Inapplicable Data. Renumber
as paragraph 9.

llk. Position title, name, rank, official address, telephone area code, office and home
telephone, and C<'mments of the preparing
officer, including his preliminary aiUI.ly.sis of
the po~;sible cause of the sighting. (See paragraph 10.)

By ORDER OF THE SECRETARY OF THE AIR FORCE
J.P. McCONNELL, General, VS.4F

0FF1t:IAL

Chief of Staff

R. J. PUGH, Colonel, USAF
Director of AdminiJtrative Services

Thl1 r•1ulatlon IUpen.dN AFK

~17A,

H

1 Attachment
AF Form 117, "Sighting of Unidentified
Phenomena Questionnaire"

Novemher

OPR: AFRDDG
DISTRIBUTION: S
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SIGHTING Of UNIDEKTIFIEC PHENOMENA QUESTIOIIAIRE
THIS QUESTIONNAIRE HAS BEEN PREPARED !l> THAT YOU CAN GIVE THE U. S. AIR FORCE AS MUCH INJo.ORMATION
AS PO~IBLE CONCERNING THE UNIDENTIFIED PHENOMENON THAT YOU HAVE OBSERVED. PLEASE TRY TO
ANSWE-R ALU OF THE Ql.IESTIONS. THE INFORMATION YOU GIVE WILJ. BE USED FOR RESEARCH PURPOSES
YOUR NAME WILft. NOT BE U!;ED IN CONNECTION WITH ANY OF YOUR S-TATEMENTS OR CONCLUSIONS WITHOUT
YOUR PERMISSidN. RETURN TO AIR FORCE BASE INVESTIGATOR FOR FORWARDING TO FTD (TDETN), WRIGHT·
PATTERSON AFB,OHI0"5"33,1AW AFR8v- i7. (IF ADDITIONAL SHEETS ARF NFF.DED FOR NARUATIVE OR .ctKETCHE.c>
ATTACH SECURELY TV THIS FORM OR ANNOTATE WITH YOUR NAME FOR IDF.NTIFICATION.J
1. WHEN DID YOU SEE THE PHENOMENON'

MONTH

DAY

YEAR

2. WHAT TIME DID YOU io'IRST SIGHT THE PHENOMENON•

HOUR

[JF".M.

MINUTES

3 . WHAT TIME DIO YOU LAST !>IGHT THE PHENOMENON'

~----------------------~--------~H~O~U~R:==========~M~I~N~U~T~E~S~======~(~~·~]A=·~M~·--~L=-~JP~·=M·~~
'

0

4. TIME / ZONE

.

0

I

EASTERN

0

CENTRAL

[l STAN I

DAYLIGHT SAVINGS

0

0

MOUNTAIN

ARD

[J OTHER

PACIFIC

5

WHERE WERE YOU WHEN YOU SAW THE PHENOMENON• IF IN CITY. GillE THE NEAREST STREET ADDRESS AND INDICATE ON
A HAND DRAWN MAP WHERE YOU WERE STANDING WITH REFERENCE TO THE ADDRESS . IF IN THE COUNTRY . IDENTIFY THE
HIGHWAY YOU WERE ON OR NEAR AND TRY TO FIX A DISTANCE AND DIRECTION I"I'IOM SOME RECOGNIZABLE LANDMARK.

6

IMAGINE YOU ARE AT THE F>OINT SHOWN IN THE SKETCH. F'LACE AN "A ON THE CURVED LINE TC SHOW HOW HIGH THE
PHF.;NOMENON WAS AtiOVE THE HORIZON. OR SKYLINE . WHEN FIRST SEEN . PLACE A s• ON THE SAME CURVEt' LINE TO
SHOW HOW HIGH ABOVE THE HORIZON THE PHENOMENON WAS WHEN LAST SEEN .

90

"L .

,.

11'1

~

I
I

I

'

I

/

II

I
I
I
I I
I l ., ; /

Jt....,;
OBSERVER ~·

FORM
AUG e7

.p

I

I'

AF

,..,

I

117

/
/

/

"'

/
.. \!I·

\

Attachment 1
(Becomes Attachment 1 to AFR 80-17)
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lA. NOW IMAOINIE YOU Aftl ATTHIE CINTIE .. 0, THIE COM,.AII .. OSE. "LACI! AN •A• ON THI! COM,.ASS TO INDICATP: THE
Dt"IECTION 1'0 THIE "HINOMIENON WHEN ""IT SEEN. ~LACE A •B• 0~ THE COMPASS TO INDICATE THE DIRI!CTION TO
THIE "hiNOMENON WHIN LAST IIIN.

1 . IN THE IKITCH BILOW, ~LACE AN •A• AT THE "OSITION OF THE PHENOMI!NON WHEN FIRST SEEN. AND A •e• AT THE
"OSITION OF THI! "HINOMI!NON WHEN LA,T IEEN. CONNECT THE •A• AND •B• WITH A LINE TO AP'"ROXIMATE THE
MOVEMENT 01" THE "HENt'MINON B:!TWEEN •A• AND •B•. THAT IS, SCHEMATICALLY SHOW WHETHER THE MOVEMENT
A""EA .. ED TO BE STRAIGHT, CU .. VED OA ZIG-ZAG. AIEFEA TO SMALLEA SKI!TCH AS AN EXAMPLE OF HOW TO COMPLETE
THE LAAGEA SKI!TCH.

Attaeh. .nt 1
(Becomea Attadnnent 1 to AFR 80-17)
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••

WHE .. E WE .. E YOU WHIN YOU lAW THI ftHINOMINON? (Chd

IN IIIIIIDINTIAL IICTION 0 ' CITY

IN IUILDING
I~

CAlli

0

D AI fiAIIINOIIII

AS D.. IVIIII

IN OfiiiC COUNTftVIIDI
NIAft Alfti'IILD

IN IOAT
IN AllllfiLANI

_,,ro'''••• .,ode.)

IN IUIINIIIIICTION 0, CITY

OUTDOOIIII

0

0

AlfiiLOT

'LV I NO OVIft CITY

AI flAiliNG 1ft

'LYINO OVIIII OftEN COUNTftV

OTHIIII

OTHIIII
A.

IF YOU WI .. IIN A VEHICLE, COMftLETI ,.HI 'OLLOWING:
HOW I'AST Wl!:llll!: YOU MOVING?

WHAT DUtiCTION Wlllll YOU MOVING'
NOitTH

EAST

liOUTH

WElT

NOitTHEAST

SOUTHEAST

NOitTHWI!ST

SOUTHWEST

DID YOU STO .. ANYTIME WHILE O&IEIIIVING THE
.. HI!:NOMI!:NONt
DYES

ONo

I!:X .. LAIN WHETHI!:ft SUCH MOVEMENT AFFECTS VOUIII SKI!TCHES IN ITEMS' AND I.

DI!:SCitlll!: TV .. I!: Ul' VIIHICLI YOU WEltE IN AND TVfiE 0, IIIOAD, TEIIIIIIAIN Olt IODY 01' WATEIII YOU TRAVERSED DUitiNG
THE SIGHTING. STATE WHETHEIII WINDOWS Olt CONVI!:ItTIILI TO .. WEIIIE U.. Olt DOWN .

'
J
,I

I
•;

HOW MUCH OTHI!:It TltAI'I'IC WAS THI!:Itl!:t

DID YOU NOTICE ANY AllllfiLANIS?

hl

01" SIGHTING THE .. HI!:NOMI!:NON AND

••I.INGTH OF TllitE

VIS ~NO . If •v1s,• DESCftlll! WHEN THEY WEltE l!f SIGHT IIIELATIVE TO THE TIME
HEM: HEY WEltE IN THE SKY IIIELATIVI! TO THt: POSITION OJI' THE PHENOMI! ... ON .

HOW LONG WAS THE PHENOMENON IN SlliHTt

I

CEIIIT AIN OF TIME

I

I' AI lilLY CEitTAIN

I

j

NOT VI!:IIIY SUitE

I JUST

A GUUS

HOW WAS TIME DETEIIIMIN I!:Dt

P.

WAS THE .. HENOMI!:NON IN SIGHT CONTINUOUSLY'
YES
MOVEMENT 0111 THE II!:HAVIOIII 01' THE PHENOMENO , AND D
II'EAitANCU ON .. III[VIOUS SKETCHES.

J;! 111111!
NO. IF •No ,• INDICATE WHETHEIII THIS IS DUE TO YOUIII
SUCH I'OVEME.H 0111 IEHAVIOIII . INDICATE DISAP-

Attaeh.ent 1

(Beee.... Attae....t 1 to AFR 80-17)
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te. " TMIItl Wlltl MOlt I TMAN ONI

~HI.NOMINON, MOW MANY Wlltl THEitl' DltAW A ~ICTUit! TO SHOW HOW THEY WEltE
AltltANOID. DID THII AltltANOIIIINT CHANOI DURING TMIIIOMTINOl

I.

I~I.C:.,Y

ITitlaT

TNI MAJOit IOUM:I 01' ILLUMINATION ~ltlla:NT DURING THE I'OHTING, SUCH AS THE SUN, HEADLIGHTS OR
lTC. I'Oit TlltltaiTitiAL ILLUMINATION, I~ICII'Y DISTANCE TO LIGHT SOURCE.

LAM~,

11. OIVa A lltlll' DUCM~TION 01' TMa ~HINOMaNON, INDICATING WHITMalt IT A~~tAitiD DAitK OR LIGHT, WHIETHER IT
lti;I'LICTID LIGHT 01t WAIIILI'·LUMINOUI AND WHAT COLOIIII YOU NOTICED . DISCitllll YOUR IMPRESSION 01" WlfiETHER
IT WAI IOLID Olt TltANI~AitiNT, WHITMalt aDOISWIItl SHAlt~ Olt I'UZZY. DISCitlll THE SHA"'I! 0111 INDICATE IF IT
A~~IAitiD AI A ~INT 01' LIGHT. INDICATa COM~AitiiONI WITH OTHIIt OISEIIIVID (IIJt:CTS, LIKE STA._S, A LIGHT OR
OTHIIt OIJICT IN YOUit I'IILD 01' VIIW.

Attaeh. .nt I
(Bico. . Attacll-t I to AFR 80-17)
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u.

YES

010 THE PHENOMENON

NO

UNKNOWN

MOVE IN A STftAIGHT LIN£'
STAND STILL AT ANYTI M£•

--·------------------------------------------------------ ----------- ------~-- -- -

SUDDENLY S.. EED U" AND ftUN AWAY•
--------------------------·-... EAt< UP IN PAitTS AND I[)(I>LODE'

f.--

CHANGE COLOft'
GIVE OFF SMOKE•

~ - --

----------- - -

CHANGE BRIGHTNESS•

· ·-- - -

- .... - -

...

t- - . ---- --

-- --- - - -

---

- - -

-------- ----- --.. - - . - ·- -·---- - -CHANGE SHAPE•
-------- - - -- - --- - - - -- - . .......
FLASH OR FLICKER•

--- --- -- -------- -- ----

DISAPPEAR AND REAPPEAR'

-- --- - t---- - -- ------ ---t--- ---

--- - - - -- -

SPIN LIKE A TOP•
------------------------ - - --· MAKE A NOISE'
FLUTTER OR WOBBLE•

--- -- -

- ---- - -- - ----- - - -- -- ---

.

----

141. WHAT DREW YOUR ATTENTION TO THE PHENOMENON•

-A . - - - - - - - - - - - - - - - - - - - - - - - - - - --------- - - - ------------ .
HO'If OlD IT FINALLY DISAPPEAR•

e.

u•o THE
[1 YE'i

PHENOMENoN MovE BEHIND ·oR IN FRONT oF soMETI-'ING . LIKE A cLouD . rREE."
[]NO. IF •yEs,• DESCRIBE .

---

oR''BLili.oiNG .-r- ANY-riMt:-;- - --

Attat'hmtnt 1
(lleHmee Attat'hment I to AFR ~17)
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~ICTU"II THAT WILL IHOW THI! SHA~I! 0' THE rHENOMI!MON. INCLUDI! AND LABEL ANY DETAILS THi\T MIGHT
HAVI AII'~EAIUD AI WINOI 0" ~~TftUIIONI, AND INDICATE EAHAUIT Oft VA~Oft TftA.ILS. INDIC~TE BY AN AftltOW TH£
Dlfti!CTION THI ~HI!NOIIIINON WAI MOVING.

tl. Df'AW A

II . WHAT WAI THII ANGULA" 1111? HOLD A MATCH AT Aftll"' LENGTH IN "'ONT OF A KNOWN o•JECT. SUCH AS A ST"UT
LAIIP 0" THIIIIOON. NOTII HOW MUCH OF THI o•JECT IS CO\IEftiiD .y THE HEAD OF THE MATCH . NOW IF YOU HAD
.EIN A.LE TO ~lft,OftM THIIIIX~IIftiiCINT AT THE TIMII 0' THE liGHTING, liTIMATE WHAT ,.AACTION OF THE
~HINOMINON WOULD HAVII .liEN COVIIU!D BY THE MATCH HIIAD.

AttuhiHnt 1
(Beco_. Attacll. .nt 1 to AFR 80-17)
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17. DID YOU OISEIItVE THI ~HENOMI:NON THIItOUOH A:4Y 0, TMI 'OLLOWING?
TY~E.

F'IL Tt: .. , LINS

~AI:ICIU~TION

0 .. OTHIIIt

A~~LICAILE

CAMI:IItA VII:WIIIt

EYEGLASSES
SUNGLASSES

IINOCULAIItl

WINDSHIELD

TILI:ICO~I

SIDE WINDOW 0' VEHICLI

THEODOLITE

WINDOWPANE

II WHAT WAS YOUIIt IMP"!SSION

zo

ri)

OTHI:IIt

A. DO YOU OlltDINAftiLY W!A" GLASSES'
PHENOMENON'

INCLUOC I"'OMIATION ON IIODIL,

DATA.

QYn

QNO

0, THE I"'I!ED 0' THE

GIVE !STIMATE OF'

Qns

I. DO YOU USE lltEADING GLAIIEit

QNO

11. WHAT WAS YOUIIt IM~ .. ESSION 0, THI DISTANCE 0' THE
PHENOMENON' GIVE ESTIMATE OF' CISTANCE

S~i!ED

IN OlltDER THAT W! MAY OITAIN AS CLF.AIIt A PICTUIItE AS POSSIILE OF' WHAT YOU SAW, OESCIItiiE IN YOU" OWN WOIItOS
A COMMON OIJI!CT 0" OIJ!CTS WHICH, WHEN PLAf:t:D IH THE SKY, SIMILA" TO WHE .. E YOU NOTED THE PHENOMENON ,
WOULD I!IEAIIt SOME "!S!MILANCI! TO WHAT YOU SAW. OESC"III!: SIMILA .. ITit:S AND DIF''E"ENC!S I!IETW!EN THE
COMMON OIJECT AND WHAT YOU SAW .

•

21 . DID YOU NOTICE ANY ODOR , NOISE. OR HEAT EMANATING '"OM THE ,.HENOMENO.• 0" ANY !''ECTON YOUIIIS!LP:,

ANIMALS 0" MACHIHIRY IN liiE VICINITY'

0YU

0

NO . " "YES . • DISCIItiiE .

'

A. DID THE "'HENOMENON DISTU"I THE GlltOUND Ollt LEAVE ANY IIHYSICAL EVIDE:>!CE.
IP: •yEs,• DESCIItlll.

QYU

QNO.

PAGE 7 OF' 9 PAGES

Attach. .nt I

(Deco_. Atwh. .nt J to AFR 80-17)
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•. MAvtl 'rOU IVIR HIN TMtl OR A ••LAR ~~I---MOM .IPORI?
LOCATION.

0

Yll

0

NO. IP •v11,• GIVI DATI AND

D. WAS AIIYOIII wtTM YOU AT TMI T - YOU lAW TMI ~MINOIIIIMON?

0

Yll

0

NO. IP •v11.• OtD THIY Ill IT TOO?

ova o-.

A. I.IIT TMIIR NAIIII AND ADDRIIIII

...

OIVI THI POLL.OWINO IN~OM1ATION A80UT YDURKL.I'

I.AIT NA-. PIRIT NAill, MIDDI.I NAill

INDICATI ADOtTtOMAL. INPO ... ATtON INCLUDING

H

WMIN AND TO WHOIII 010 YOU

RI~RT

OCCU~ATION

AND ANY IX .. IRIINCI WHICH MAY •1 "IRTININT.

TMAT YOU MAO SIGH TID TMII ""INDIIINONt

NAMI

DAY

fltONTH

DAY

lilt() NTH

zt DATI YOU CDWLirTIO TMII QUIITtONNAIRI.

~AGI

I 01' t

Attada...t 1

(BUlB 1 Attadl.._t1e. APR 80-1'1)

1306

~AGES

AFR 80-17(Cl)
27 . INI"OIUIATION WHICH YOU I"EEL IS PERTINENT 8UT WHI;;H IS NOT ADEQUATELY COVEIU:O IN THIS QUESTIONNAIRE,
AL TEitNATIVELY PltOVIOE A NAIU,ATIVE EXPLANATION 01" THE SIGHTING.
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Attachment I
Attachment I to AFR 80-17)

PA<·~-·

APPENDIX 8:

AFR NO. 80-17A.

UNIDENTIFIED FLYINC OBJECTS

CHANGE

AFR 80-17A

AIR FORCE REGULATION

DEPARTMENT OF THE AIR FORCE
Washina-ton, 8 November 1966

NO. 80-17A

Rlllal'ch and Development

UNIDENTIFIED FLYING OBJECfS (UFO)
An 11-17, It

I
I

t

'

'

I

Settt••.., liM, Ia claaapd •• follower

k. EXCEPTIONS: FTD at Wright-Patterson . .. for separate investigations. The University of Colorado will, under a research agreement with the Air Force, conduct a ~tudy
of UFOs. This program (to run approximately 15 months) will he conducted independently and without restrictions. The university will enlist the a.111sist?.nce of otht>r conveniently
loeated institutions that can field investigative teams. All UFO reports will be submitted
to the University of Colorado, which will be given the fullt>st coopel'ntiou of all UF'O Investigatinw Offtcers. Every effort will be made t:> keep all UFO . reports unclassified.
However, if it is necessary to classify a report because of method of detection or othu
factors not related to the UFO, a separate report including all possible information will
be sent to the University of Colorado.
8b(l). University of Colorado, Boulder, Colorado 80802, ATTN: Dr. Condon. (Mail copy
of meuqe fonn.)
8e. Neptiv4 or Inapplicable Data. Renumber as paragraph 9.
llk. Position title, aame, rank. official hddressl telephone area code, office and home phone,
and comments of the preparing officer incluaing his preliminary analysis of the possible cause ot the sighting(s). (See paragraph 10.)
BY OIDD

or THE SECRETARY OF THE AIR FORCE
J. P. McCONNELL
General, U. S. Air Forc8
Chief of Staff

OmCIAL

R. J. PUGH
Coloftel, USAF
Director of Admini8trative Service•

DISTRIBUTION: S
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APPENOIX C: PRESENTATICN AT ARIZONA ACADEMY OF SCIENCE MEETINC,
29 APRIL 1967, BY GERARD KUIPER, LUNAR AND PLANETARY
LABORATORY, UNIVERSITY OF ARIZONA

It i1 difficult to

•~rize

poeed by the UfO reporte.

!I
I

adequately the very coaplex ect of proble.e

I think that Dr. McDonald i1 perfon.ins a eervice to

rcience and the country in atte.pting to raiee the etandarde of reportins and

,

I

analy1i1; but I would differ with hia on eeveral pointe of ..phaeie.
My owa
became

i~volv. .ent

popula~.

with UFO report• date• back to 1947

w~en

they firet

I va1 then Director of the Univereity of Chicago'• Yerke•

Obeervatory in South•rn Wieconein, and the Chicago Daily New• and other newepaper1
contacted .. freauently for ay evaluation ae report• were
eervicee.

receiv~d

I wa1 alao intel"'llittantly teaching at Chicago on Campue and approached

by etudentl who had aade

pu~zling

obeervationa of their own.

were ueually diepoeed of rather eaeily.
tion1 of the

~lanet

Jupiter

ee~n

a UFO "obeervation11 of my owa!

••~

Theue latter report•

Several of thea were related to obaerva-

around 4 AM between paaaing

cl~uda.

1 aleo aade

It occurred at the McDonald Obeervatory, in day-

ti.e, while I waa obaerving the planet Venue with the 82-inch
... zed to

fraa the wire

in the daytiae eky a nuaber of objecta, almoat

with the approxi. . te brightneaa of Venue.

tele3~ope.
•~ellar

I wae

in appearance,

Quick focal meaauremenca with the

t•leecope'a finder• eatabliahed that theae object• were a few

hundr~d

feet above

the obaervatory and aoved approxiaately with the direction aud velocity of the
wiud.

They turned out to

~e

epiden floating over the Rocky Mountain• on their

1309
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: ·....... ·•·.

-

veba, cauatna briattt atar•Uke di.ffracti.o·n 1. ., .. vhen aeen almoat in the
direction of the aun.
I alao learned firat hand of reporta circulating in Southern California
durin& viaita to Mt.

Paloaa~.

In that area there waa a cult which organized aunaet

1
I

;

or eunriae aeetinaa for the obaervation of UPO'a, the detaila of which were truly
aatounding.

The Palomar a1tronomers were accuaed by meabera of the cult of keeping•'

their ••creta on the UFO'• aee., and captured (one of which wa1 the 18-foot diameter
bovl•ahaped Hartmann diaphragm u1ed in teating the 200-inch HGle telescope!). I
became acquainted with the role of Mr. Adaa1ki who lived at the foot of Palomar Mt.
and vho teamed up with an lngli1hman who waa a writer.

Together they produced a

book, "Plying Saucers Have Landed," that became a best seller.

The lore concerning

authora of thia book who frequently \•iaited Mt. Palomar, was the subject of much
conver.ation among the Palomar and Mt. Wihon 1ervice staffs, and revealed much on
the reliability or lack thereof in the material pretented.
I ahould correct a etatement that haa been made that acientiats have ehied
away fro. UFO report11 for fear of ridicule.
atate categorically that thia is nonsenae.

As a practicing acientiat, I want to
A scientiat's research is aelf-directed.

Be knowa how limited and cut-up ia the time he can devote to research, between his
nu.erou1 other duties.

He aelects hia area of inveatigation not because of presaure1

but becauae he aeea the poaaibility of making aome aignificant scientific advance.
We are living in a period of exploaive growth of acience, and the scientist baa
doaena of choic••·

He 1elect1 in much tbu ••e aanner inli\ich a hiker aelects a

path over a dangeroua mountain alope or through a jungle.
againlt

ti~

At all timet he fighta

and he knowa that hia acientific reputation ia at atake.

judgment wa1 right, he will get reaulta and be praiaed by hia peera.

If hie
A acientiat

would conaider the diacovery of evidence of life on another planet as perhapa the
gre~teat

contribution he could make and one that miaht earn him the Nobel Priae.

But thi1 i1 no reaaon for him to chaae every will·o'·the-wiap.

A scientist chooaea

1310
. ........... . . . . . . . ..

J ~.,:.O,•

.

hia field of inquiry becauae he believe• it holdlreal pra.iae.

If l&ter hia

choice prove• wrong, he will feel vary badly aDd try to aharpeD hia criteria before
he aeta out again.
attracted to the

Thua, if aociety findathAt .oat acienti1t1 have not been

uro probl•, the explanation .uat be that they ha•• not been

iapreaaed with the UPO reporta.
I.
I

In .y awn caae, after havina exaained aevera'

dozeD of th.. durin& the paet twenty yeara, I have found
of further attention.

n~tbing

that waa worthy

•'

Bach acientiat auat, of courae, aake thia kind of deciaion

for hiaaelf. Anyone who ia curioua

o~

iapreaaed baa the privileae to follow th..

up and it free to aolicit the intereat of

ot~ra.

The tubject of the UPO reports may be put in perapective by looking at two
aomewhat analogou1 caae1:

(1) the announc.MtDt of the diacovery of axtraterrettrial

living organi ..a in Mteoritet; and (2) the ca1e of Martian "canall." Moat people,
even scientiata, hava little appreciation for the extr... hottility to life of
outer 1pace; and .oat of u1, through education or cultural tradition, would like
to believe t"at life on earth i l not alone.

!very • trav in the wind that aight

point toward the exiatence of life elaevhere i1 teiz•d upon and aade an object of
veneration, if not of a new cult.
In bc·th the detection of organima in aeteorite fall• and in eatablilhing
that tome UPO'• may coae fro. outer apace, ve have the difficulty that our teat
areal. the earth and ita atmoaphere. are literally crowded with

or~aniams

and

J!dgeta; and that the abDoaphere itaelf exhibita ever•chanaina aeteorological and
electrical phenomena.

The probl.. ia .ore difficult than finding a needle in a

hayatack; it ia finding a piece of extra-terreatrial hay in a terreatrial hayatack,
often on the basil of reports of believer• in extra·terrettrial hay.

The

i~itially

enthuaiattic report• of finda of extra·terreatrial organt ..e in .. teoritea are nov
attributed to terre1trial contaainationa.

The "unpopular" achntht who at the

outaet diacounted thh "evidence" aa prepouerout baa been vindicated; but aociety
baa auffered "the lou of a dreu," and aoae of
1311
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to.thoaa who daatroyad the dra...
The

·t

i

~aaala

of Mara were reported by Schiaparalli, a vell·knovn ItaliaD

I

I

aclutiat of the la1t cefttury, who uda tb• the balia of . . jor •peculation oft
the preaaDCa of illtelli&lllt life oft Mar1.
•~thuaiaatic pa~IODI

The•• idaaa were takeft over by

with literary interaat iD the

u. s.

and further d•velopad.
.

'ftae careful ob1arven vi th better tale1copa1 vho COfttiftued to denounce the "caull"

a1 optical aluliOill vera ca1tiaated.

•'

Thia COfttrovar•y brouaht diarepute to planetary

acleDca aad weakened ita 1tatu1 in univeraitiea.

To thi1 day the affect• have not

belft ovarca.. 111d affect even the NASA progr... adveraely through inadequate

1
!

acada.ic aclentific 1upport. Marifter IV ae..a to have dofta what theae careful
ob1arvara of the pa1t
public

~nd

h~lf

century ware unable to do, n... ly, to de1troy in the

the ayth of the canala of Mara and all that it

if 1uch vera nece111ry, that

ev~n

i~lied.

report• by acienti1t1 .. Y at. times be found to be

pr... tura or fooliah and that no aubjact ia ao well e1tabli•hed that
.ora careful

acie~tific

Thi1 indicatea,

contin~ed

and

inveltiaation 11 auperfluout.

Jafora leaviDI the aubject of the Martian canal• it 11 inttructive to tee
how the cult va1 perpetuated in the ...1-profettional literature for decadea.
uay yeara

w.

H. Pickerill&, the brother of the famou1 Harvard aatronomer 1.

For

c.

Pickerina, coll•ctad ... teur obaervationt of Martian caula and published the retulta
ill 44 reporta in Popular Aatron011y.

The amateur obaervara were "rated" by the

nuaber of "canall" they had noted.

Tbu1, there waa a pr•ium on reporting ..ny

canala.

Pickarin& hi..elf co.pared th.. in one of thete Popular Astronomy report•

with the h•daaa he had •••n while flyina over the Azore1, •peculating that the
Martian canal• were heda•• de•ianad to prevent duet and veaetation from blowina
froa oaa ana to another (the "hada••" ware often hundred• of aU11 lona and 25-100
aile• wide).
What then, uy be raaarded •• tclentific "truth" and a proper ttand•rd of
findina thil truth?

How

doe• thil affect tile tciefttht' 1 poll tion to the UFO' 1?

I believe that ao1t acienti1t1

h~!d

one or
1312
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of their leftior colleagues iD 1uch

-

-~ --- -- - - ----~~--~ --~..,.

....... ,.. " ~'""'

....--·---...·- ----

hiah resard that they limit their ataadard of reference laraely to the..

Ia

phyaica, in the 1920'• and 30'a, liela Bohr had thia diatinction in lurope, aad
later

Fe~i

in the

u. s.

To a peraon aerioualy propoaina that 100 or .ore of the 10,000 UPO'• recorded
arrived on •arth fr011 outer apace, a few queation• ahould be put.

One i• ·that of

the planet• in our aolar ayat• (other than earth) only Mara appear 1
to have a reaote paaaibility of harborina life.

The very tenuoua aa.oaphere

(around preaaure about 11 of the terreatrial abaoaphere) and the abaence of free
oxyaen, coupled with the extr... ly low water-vapor content and the penetration
of near•ultr~violet
radiatian to the Martian aurface, coabine a~oat certainly
.....
to exclude Mara aa a auitable breedina around for eneraetic "beina•" auch aa would
f

build and man "apace vehiclea." If it ia auuaed inatead that the UFO'•

COIN

froa

outaide th• aolar ay1tem, one finda that the neareat poaaible location would be
planet• accompanyiDI atara more than 4·10 liaht

y~r•

away.

~ince

it ia tapoaaible

to exceed the velocity of li&ht and or even approach it with finite eneraiea,
one auat aaau.e that the apace voyas•• would la•t decade• or centuriea.

Then

it

i1 hard to ••• how there could have been a audden increaae in a few year•; alao,
how any civilization could afford 10 ..ny ai11iona per year, all to
planet!

Thia ia certainly entirely inconceivable here.

being• would wiah to

i~v~atiaate

~

diatant

Further, why intelliaeat

reaote deaerta (auch aa in Hew Mexico) inatead

of obviou• evidence of ihtelliaence on earth, auch aa large citiea.

Al•o, why

thia reEote development would occur juat aa our own develop.ent of aircraft and
in a total life apan of the univerae of over 10 billion yeare.
apace vehicle• took place~ Further, why have no uro•. been Oblerved by groupe
of competent obaervera workina over aany year• in 1uch countrie1 •• England

GK..ber•

of the Britiah Altronomical Aaaociation).

Finally, it ha1 been 1tated at thia -eetina that the Robertson Report waa
unfortunate and waa used to 1uppre11 evidence.

Since it 11 ad.itted ev•n by uro

advocate• .that aame 991 are terre1trial and baaed on faulty interpretation, it
au1t have aeeaed proper for a re1ponaible aroup adviiing the Government to caution
aaainat hyateria at the ti.. when our ailitary force• were experi.. nting with new
1313

---- - -- ---------- ---- - - - -- -

--- ·-

..4
'

equi,..at, actntiatl- udq nw type1 of ballooDI ud other atiiOtphertc
•.wicea,aad iDtarnatioaal teftaionl were hiah.

Siace it 11 the Depart.ent of

m.femae ~t ha1 the ~uty to auard aaain1t unwanted aerial invaliOD, it 11 losical
aad proper that they have the raapoftaibility for vatchiaa for unexpected aircraft

aad other aerial davicea; aad it would 11.. proper for the lobartaOD Report to
CODteia a atat...at that ao hoatile craft had

10

far beeft li&htad.

It i1 reiterated that DO areater proar••• ia acience caa be . .de than throuah
dilcovery of a totally ..., phasa.aftOD·

However, oaly when U10 ob1ervationa are . .de

that conviaee a Du.bar of co.peteat aciaDtiatl that ao.ethiftl really aisnificant
..y have occurred, will they drop

thai~

active proar..a aad redirect their afforta.

The aaar abaeaca of preaent acientific participatioD can ODly reflect that the
report• have baeA found vantiag.
qaii\U oaa propoaea that UPO reporu . . rit acientific iaquiry, one auat a lao
adait that in no other field of inquiry the acientiat ia ao haDdicapped by an odd
and diacouraaiDI ••••blase of "data." More thaa 901 of thaaa reporu are found
to be hoaxea or poor accouata of vell·knova or trivial eventa.

Under thoae cir-

cu.ataacea an unexplained reaidue of perbapa 101 11 no baaia to believe in airaclea.
It ia .ore raaaoa&ble to aaauae that thia reaidue i1 ao diatorted or incomplete
•• to defy all analyaia.
If thia vera a period ia aciance of exceptional dullDeaa, it misht be 1till
poaaible to arou1e intereat; but with the incredible proar••• currently being . .de
ia all fielda of the Datural and bioloaical aciencea, few profaalional 1cienti1t1
will feel called upOD to enter the Junale.
Siace the Departaent of Defenae ha1 both the obligatioD aftd the aeana to

t

I

\

l

obaerve foreian apacecraft aDd aiailar device, and aince thia Departaent al1o haa
acceaa to inforaatiOD on expert. .fttal "aircraft," thh chaDnel appeare to be the
oaly loaical one to brina • ..aaura of reliability and aaDity into thia aubjact.
Uatil aot 100 but !!! caae ia eatabliahed to be of acientific intereat, the
1314
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entire subject will re.ain fanciful to aoat practicina acientiata.
quote Binatein, whoae opinion waa aaked on

uro

reporta:

"I •

They ..Y

aura they aaw

aoaathina."
In aaaeaaing the UPO report• one auat .aka allovancea for the lack of
experience of moat obaervera in reportina preciaely and objectively on 4&tural
phenomena.

Thua

in ths reporta, the obaervationa th..aelvea may be buried beneath

interpretation• that reflect the mental reference frame of tha reportera. Kuch
of the preaent aeneration haa been

~·

w~aned

on acience fiction, and the UlQ reporta

Earlier aeneration' had different background• and believed in

~nd rep~rted

aeeina mermaida on rocka, miraclea, and more recently, aea terpenta.
It it aurpritingly difficult to deviae adequate tcientific aurveya of very
rare natural phenomena.

The experience of the Smithaonian Prairie Meteorite

Network, oraanized throuah numeroua

~tationa

equipped with the most modern camerat

and aupportina electronic equipment, illuatratea this point:

No meteorites have

ao far been recovered from tbe maaa of excellent photographic trajectories obtained
over a period of about 3 yeara.
lightning (a
phenomena.

ph~nomenon

Similarly, no adequate data yet exist of ball

known for at leut a century) and other atmospheric plasma

Nevertheless, a apecial effort could be made in the Department

or

Defenae or the Feder•l Aviation Agency, largely with existing facilities, to obtain
reliable recorda of any unexpected objects or phenomena that may occur in our
atmoaphere.

thia would clear away the preaent junale of uncertainty, hopes,

di,illuaionment, and fruetr&Lion; and would probably le&d to new diticoveriea
about our environment.
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D: LETTER- J.E. LIPP
TO BRIGADIER GENERAL PlTIT
PROJECT "SIGN" NO F-TR-2274- lA APPENDIX "D"
APPEND!~

13 December 1948

AL-1009

Brigadier General Putt
United States Air Force
Director of Research and Development
Office, Deputy Chief of Staff, Materiel
Washinaton 25, D.C.
Dear General Putt:
Please refer to your letter of 18 Noveaber 1948 relative to the "flying
object" problell and to Mr. Collbohm's reply dated 24 November 1948. In
paragraph (b) of the reply, Mr. Collbohm pTomised (amona other things)
to send a discussiora of the "special design and perfo:rmance characteristics that are believed to distinauish space ships."
This present letter gives, in very general terms a description of the
li~elihood of a visit from other worlds as an engineering problem and
SOile points regardina the use of space vehicles as compared with descriptions of the flying objects. Mr. Collbohm will deliver copies to Colonel
McCoy at Wright-Patterson Air Base during the RAND briefing there witnin
the next few days.
A aood beainnina is to discuss some possible places of origin of visitina space ships. Astronomers are largely in agreement that only one
member of the Solar system (besides Earth) can ~upport higher forms of
life. It is the planet Mars. Even Mars appears quite desolate and inhospitable so that ~ race would be more occupied with survival than we
are on Earth. Reference 1 aives adequate descriptions of conditions on
the various planets and satellites. A quotation from Ref. 1 (p.229) can
well be included here.
''Whether intelliaent beings exist to appreciate these
splendors of the Martian landscape is pure speculation.
If we have correctly reconstructed the history of Mars,
there is little reason to believe that the life processes
may not have followed a course similar to terrestrial
evolution. Wtth this assumption, three aeneral possibilities e•erge. Intelligent beinas may have protected
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themselves against the excessively slow loss of atmosphere, oxygen and water, by constructing homes and
cities* with the physical conditions scientifically controlled. As a second possibility, evolution may have
developed a being who can withstand the rigors of the
Martian climate. Or the race may have perished.
"These possibilities have been sufficiently expanded in
the pseudo-scientific literature to make further amplification superfluous. However, there may exist some interesting restrictions to the anatomy and physiology of a Martian.
Rarity of the atmosphere, for example, may require a completely altered respiratory systerr for warm-blooded creatures.
If the atmospheric pressure is much below the vapor pressure
of water at the body temperature of the individual, the process
of breathina with our type of lunas becomes impossible. On
Mars the critical pressure for a body temperature of 98.6°F.
occurs when a column of the atmosphere contains one sixth th~
mass of a similar colum11 on the Earth. For a l>ody temperature
of 77°F. the critical mLss ratic is reduced to about one
twelfth, and at 60°F. to about one twenty-fourth. These
critical values are of the same order as the valuus estimated
for the Martian atmosphere. Accordinaly the anatomy and physioloay of a Martian may bo radically different from ours but this is all conjecture.
"We do not know the oriain of life, even on Earth. Wo aro
unable to observe uny sians of intoll iaent Hfo on Mars. The
reader may form his own opinion. If he beli·JVos that the life
force is universal and that intelliaent beinas may huve once
developed on Mars, he has only to imaaine that they persisted
for countless aenerations in a rare atmosphert loo'hich is nearly
devoid of oxysen and water, and on a planet where the niahts
are much colder than our arctic winters. The existence of
intelliaent life on Mars is not impossible but it is completely
unproven."
It is not too unreasonable to go a step further and consider Venus as
a possible home for intelliaent life. The atmosphere, to be sur~.
apparently consists mostly of carbon dioxide with deep clouds of formaldehyde droplets, and there seems to be little or no woter. Yet living
organisms miaht develop in chemical environments tha: are stranae to
us: the veaetable kinadom, for example, operates on a fundament a 11~'
different eneray cycle from Man. Bodies might be constructed and operated with different chamicals and other physical principles than any
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of the creatures we know. One thing is evident: fishes, insects, and
.....1s all aanufacture within their own bodies complex cheaical compounds that do not exist as ainerals. To this extent, life is selfsufficient and aiaht well adapt itself to any environment within certain
liaits of teaperature (and size of creature).
Venua has two handicaps relative to Mars. Her mass, and gravity, are
nearly as lara• as for the Earth (Mars is smaller) and her cloudy atmosphere would discouraae astronomy, hence space travel. The remaining
Solar planets are such poor prospects that they can be ignored.
In the next few paraaraphs, we shall speak of Mars. It should be understood that aost of the remarks apply equally well to Venus.
Various people have suaaested that an advanced race may have been visiting
Earth froa Mars or Venus at intervals from der.ades to eons. Reports of
objects in the sky seem to have been handed down through the generations.
If this were true, a race of such knowledge and power wculd have established
soae fora of direct contact. They could see that Earth's inhabitants
would be helpless to do interplanetary harm. If afraid of carrying diseases
home, they would at least try to communicate. :t is hard to believe that
any technically accomplished race would come hore, flaunt its auility in
mysterious ways and then simply go away. To this writer, long-time practice of space travel implies advanced enaineering and science, weapons
and ways of thinkina. It is not plausible (as many fiction writers do)
to aix space ships with broadswords. Furtheraore, a race which had enough
initiative to explore amona the planets would hardly be too timid to
follow throuah when the job was accomplished.
One other hypothesis needs to be discussed. It is that the Martians have
kept a lon1-t•~ routine watch on Earth and have been alarmed by the sight
of our A-boab shota as evidence that we are warlike and on the threshold
of space travel. (Venua ia eliminated here becauae her cloudy atmo~pherc
would aakt auch a aurvey iapractical). The first flyina objects were
siahted in the Sprina of 1g47, after a total 5 atomic bomb explosions,
i.e., AlaaoJordo, Hiroshiaa, Naaasaki, Crosll'oads A and Crossroads B.
Of theae, the firat two were in positions to be seen from Mars, the third
was very doubtful (at the tdae of Earth'• disc in daylight) and the last
two were on the wrona aide of Earth. It ia likely that Martian astronomers
with their thin ataosphere, could build telescopes bia enouah to sec A-bomb
exploaiona on Bartl:, even thouah we were 165 and 153 million miles away,
reapectively, on the Aluoaordo and Hiroahiaa datea. The weakest point in
the hypothtlis il that a continual, defen1ive watch of Earth for long periods
of tiae (perhap• thousand& of years) would be dull 1port, and no race that
re1eabltd Man would undertake it. We haven't even considered the idea for
Venu• or Marl, for exa.plt.
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The chance that Martians, under such widely divergent conditions, would
have a civilization resemblin~ our own is extremely remote. It is particularly unlikely that their civilization would he within a half century
of our own state of advancement. Yet in the last SO years we have just
started to use aircraft and in the next SO years we will almost certainly
start exploring space.
Thus it appears that space travel from another point within the Solar
system is possible but very unlikely. Odds are at least a thousand-toone aaainst it.
This leaves the totality of planets of other stars in the Galaxy as possible sources. Many modern astronomers believe that planets are fairly
normal and loaical affairs in the life history of a star (rather than
~ataclysmic oddities) so that many planets can be expected to exist in
space.
To narrow the field a little, some loose specifications can be written for
the star about which the home base planet would revolve. Let us say that
the star should bear a family resemblance to the Sun, which is a member
of the so-called "main-sequence" of stars, i.e., we eliminate white dwarfs,
red giants and supergiants. For a description of these types, see reference 2, chapter 5. There is no specific reason for makina this assumption
except to simp::.ify discussion: we are still considering thll! majority of
stars.
Next, true variable stars can be eliminated, since conditions on a planet
attached to a variable star would fluctuate too wildly to perm!t life.
The number of stars deleted here is negli&ibly small. Reference 3, paaes
76 and 85 indicate that the most common types are too briaht to be in
nearby space unnoticed. Lastly, we shall omit binary or multiple stars,
since the conditions for s:able planet orbits are obscure in such cases.
About a third of the stars are eliminated by this restriction.
As our best known sample of space we can take a volume with the Sun at
the center and a radius of 16 light years. A compilation of the 47 known
stars, including the Sun, within this volume is given in reference 4,
pages 52 to 57. Eliminating according to the above discussion: Th~ee
are white dwarfs, eight binaries account for 16 stars and two trinaries
account for 6 more. The remainder, 22 stars, can be considered as eligible for habitable planets.
Assuming the above volume to be typical, the contPnts of any other
reasonable volume can be found by varying the numh~& of st 1rs proportionat~ly with the volume, or with the radius cubed, 5e • 22 x ( r )3, where
~
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Se is nu.ber of eli&ible stars and r is
li&ht years. (This formula shou£d only
16 li&ht years. For smaller samples we
only one known eliaible star other than
years).

the radius of the volume in
be used for radii greater than
c•ll for a recount. For example,
the Sun lies w~thin eight light

Having an estimate of the number of useable stars, it is now necessary to 11ake a auess as to the number of habitable planets. We i1ave
only one observed sample, the Solar system, and the guess must be made
with low confidence, since intelligent life may not be randomly distributed
at all.
The Sun has nine planets, arranaed in a fairly regular progression
of orbits (see reference 1, Appendix I) that lends credence to theories
that 11any stars have planets. Of the nine planets, (one, the Earth) is
coapletely suitable for life. Two more (in adjacent orbits) are near
alsses: Mars has extremely riaorous livina conditions and Venus has an
unsuitable ataosphere. Viewed very broadiy indeed, this could mean that
each star would have a series of planets so spaced that one, or possibly
two, would have correct temperatures, correct moisture content and atmosphere to support civilized life. Let us assume that there is, on the
averaae, one habitable planet per eligible star.
There is no line of reasoning or evidence which can indicate whether
life will actually develop on a planet where the conditions are suitable.
Here aaain, the Earth may be unique rather than a random sample. This
writer can only inject some personal intuition into the discussion with
the view that life is not unique on Earth, or even the random result of
a low probability, but is practically inevitable in the right conditions.
This is to say, the n•~ber of inhabited planets is equal to those that
are suitable!
One more item needs to be considered. Knowina nothin& at all about
other races, we must assume that Man is averaae as to technical advance•ent, environmental difficulties, etc. That is, one half of the other
planets are behind us and have no space travel and the other half are
ahead and have various levels of space travel. We can thus imagine that
in our sample volume there are 11 races of beinas who have begun space
explorations. The formula on paae 3 above now becomes
R • 11 X ( r ) 3

16

where R is the number of races explorin& space in a spherical volume of
radius r > 16 li&ht years.
Ar,uaents like those applied to Martians on paae 2 need not apply
to rtces from other star systems. Instead of beina a first port-of-call,
Earth would possibly be r~ached only after 11any centuries of development
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and exploration with space ships, so that a vis
to be far in advance of Man.

lng race would be expected

To summarize the discussion thus far: t~
nance of space travelers
existing at planets attached to neighboring st. ~ is very much greater
than the chance of space-traveling Martians. '"e one can be viewed almost as a certainty (if the assumptions are ac~:pted), whereas the other
is very slight indeed.
In order to estimate the relative chances that visitors from Mars or
star X could come to the Earth and act like "flying objects", some discussion of characteristics of space ships is necessary.
To handle the simple case first, a trip from Mars to Earth shoHld be
feasible using a rocket-powered vehicle. Once her~. the rocket would
probably use ~~re fuel in slowing down for a landing than it did in initial
takeoff, due to Earth's higher gravitational force.
A rough estimate of one way performance can be found by adding socalled "escape velocity" of Mars to that of the Earth plus the total energy
change (kinetic and potential) used in changing from one planetary orbit
to the other. These are 3.1, 7.0, end 10.7 miles per second, respectively,
g1v1ng a total required performance of 20.8 miles per second for a one-way
flight. Barring a suicide mission, the vehicle "'·ould have to land and
replenish or else carry a 100\ reserve for the trip home.
Let us assume the Martians have developed a nuclear, hydrogen-propell~d
vehicle (the most efficient basic arrangement that has been conceived here
on Earth) which uses half its stages to get here and the remaining stages
to return to Mars, thus completing a round trip without refueling, but
slowing down enough in our atmosphere to be easily visible (i.e., practically making a landing). Since it is nuclear-powe~ed, gas temp~ratures
will be limited to the maximum operating temperatures that materials can
withstand (heat must transfer from the pile to the gas. so cooling can't
be used in the pile). The highest melting point compound of uranium which
we can find is uranium carbide. It has a m~lting point of 4560°R. Assume
the Martians are capable of realizing a gas temperature of 4500°R l=25000K),
and that they also have alloys which make high motor pressures (3000 psi)
economical. ThEn the specific impulse will be I = 1035 seconds and the
exhaust velocity will be c = 33,400 ft/sec (reference 5). Calculation shows
that using a single stage for each leg of the journey would require a fuel/
gross weight ratio of 0.96 (for each stage) too high to be practi~al. Using
two stages each way (four altogether) bring~ the required fuel ratio down
to 0.81, a value that can be realized.
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If, by the development of s!rong alloys, the basic weight could be
kept to 10\ of the total wieght for each stage, a residue of 9\ could be
used for payload. A four-stage vehicle would then have a gross weight
(100) • 15,000 times as gr~at as the payload; thus, if the payload were

T

2,000 pounds, the gross weight would be 30 million pounds at initial takeoff (Earth pounds).

Of course, if we allow the Martians to refuel, the v~hicle could have
only two staaes* and the gross weight would be only (100) = 123 times the

I
>.

9

payload, i.e., 250,000 pounds. This would require bringing electrolytic
and refrigerating equipment and sitting at the South Pole long enough to
extract fuel for the journey home, since they have not asked us for supplies.
Our oceans (electrolysis to make H2) would be obvious to Martian telescopes
and they might conceivably follow such a plan, particularly if they came
here without foreknowledge that Earth has a civilization.
Requirements for a trip from a planet attached to some star other than
the Sun can be calculated in a similar manner. Here the e ergy (or velocity) required has more parts: (a) escape from the planet, (b) escape from
the star, (c) enough velocity to traversP. a few light years of space in
reasonable time, (d) deceleration toward the Sun, (e) deceleratioT'. toward
the Earth. The nearest "eligible" star is an object called Wolf 359 (see
reference 4, p. 52), at a distanz of 8.0 light years. It is small, having
an absolute magnitude of 16.6 and is typical of "red dwarfs" which make
up ruore than half of the eligible populations. By comparison with similar
stars of known mass, this star is estimated to laave a mass roughly 0.03
as great as the sun. Since the star has a low luminosity (being much cooler
and smaller than the Sun) a habitable planet would need to be in a small
orbit for warmth.
Of tt.e changes of energy required as listed in the preceding paraaraph, item (c), velocity to traverse intervening space, is so large as to
make the oth .... rs completely negligible. If the visitors were long-lived
and could "hibernate" for 80 years both coming and going, tr.en 1/10 the
speed of light would be required, i.e., the enormous velocity of 18,000
miles per second. This is completely beyond the reach of any predicted
level of rocket propulsion.
* Actually three stages. On the trip to Earth, the first stage would be
filled with fuel, the second stage would contain partial fuel, the third
would be empty. The first staae would be thrown away during flight. On
the trip back to Mars, the second and third stages would be filled with
fuel. The aross weiaht of the initial vehicle would be of the order of
aaanitude of a two-staa• rocket.

l
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If a race were far enough advanced to make really efficient use of
energy, then a large part of the mass of the nucle~r material might
be converted into jet energy. We have no idea how to do this, in fact reference 6 indicates that the materials required to withstand the temperatures,
etc., may be fundamentally unottainable. Let us start from a jet-propellantto-gross-weight ratio of 0.75. If the total amount of expended material
(nuclear plus propellant) can be 0.85 of the gross weight, then the nuclear
material expended can be 0.10 of the gross. Using an efficiency of 0.5 for
converting nuclear energy to jet energy and neglecting relativistic mass corrections, then a rocket velocity of half the velocity of light could be
attained . This would mean a transit time of 16 years each way from the
star Wolf 359, or longer times from other eligible stars. To try to go much
faster would mean spending much energy on relativistic change in mass and
therefore operating at lowered efficiency.
nucl~ar

To summarize this section of the discussion, it can be said that a trip
from Mars is a logical engineering advance over our own present technical
status, but that a trip from another star system requires improvements of
propulsion that we have not yet conceived.
Combining the efforts of all the science-fiction writers, we could conjure up a large number of hypothetical methods of transportation like gravity
shields, space overdrives, teleports, simulators, energy beams and so on.
Conceivably, among the myriads of stellar systems in th6 Galaxy, one or mDre
races have discovered methods of travel that would be fantastic by our standards. Yet the larger the volume of space that must be included in order to
strengthen this possibility, the lower will be the chance that the race involved would ever find the earth. The Galaxy has a diameter of roughly
100,000 light years and a total mass about two hundred billion times that of
the Sun (reference 4). Other galaxies have been photographed dnd estimated
i~ numbers of several hundred million (reference 2, p.4) at distances up to
billions of light years (reference 7, p. 158). The numb";· of stars in the
known universe is enormous, yet so are the dista11ces involved. A superrace (unless they occur frequently) would not be likely to stumble upon
Planet III of Sol, a fifth-magnitude star in the rarefied outskirts of the
Galaxy.
A descriptiDn of the probable operat: inp, characteristics of space ships
must be base•~ ()fl the assumption that they will be rockets, since this is the
only form c.f propulsion that we know will fum.tion in outer space. Below
are listed a few of the significant factors of rocketry in relation to the
"flying objects".
(a) Maneuverability. A spc-:ial-pury<.~sf' rocket can be made as maneuverable as we lH~, l':tth very tlie1• accelerations either along or normal to the
flight path. However, a high-periomance space :;hip -fill certainly be large
and unwieldy and could hardJy be de~igned to maneuver frivolously around in
the Earth's atmosphere. The oPly economical maneuver would be to come down
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and ao up .are or less vertically.
(b) Fuel reserves. It is hard to see how a single rocket ship could
carry enouah utra fuel to make re}>eated descents into the Earth's atmorphere. The larae nuaber of flying objects reported in quick succession
c~uld only •ean a larae nuaber of visitina craft.
TWo possibilities thus are presented. First,& number of space ships
could have co.e as a aroup. This would only be done if full-dress contact
were to be established. Second, numerous small craft might descend from a
.ather ship which coasts around ~he Earth in a satellite orbit. But this
could aean that the smaller craft would have to be rockets of satellite
perfol'll&nce, and to contain them the mother ship would have to be truly
enor110us.
(c) Appearance. A vertically descending rocket might well appear as
a luainous disk to a person directly below. Observers at a distance, however, ~ould surely identify the rocket for what it really i~. There would
probably be more reports of oblique views than of end-on views. Of course,
the shape need not be typical of ~ur rockets; yet the exhaust should be easy
to see.

One or two additional aeneral remarks amy be relevant to space ships as
"flyina objects". The distribution of flying objects is peculiar, to say
the least. As far as this writer knows, all incidents have occurred within
the United States, whereas visiting spacemen could be expected to scatter
their visits more or less uniformly over the globe. The small area covered
indicates stronaly that the flying objets are of Earthly origin, whether
physical or psychological.
, l

Th~ lack of purpose apparent in the various episodes is also puzzling.
Only one motive can be assigned; that the space men are "feeling out" our
defenses without wantin~ to be belligerent. If so, they must have been
satisfied lona ago that we can't catch them. It seems fruitless for them
to keep repeating the same experiment.

Conclusions:
Although visits from outer space are believed to be possible, they are
believed to be very improbable. In particular, the actions attributed to
the "flying objects" reported durin& 1947 and 1948 seem inconsistent with the
requirements for space travel.
Very truly yours,

J. E. Li~p
Missiles Division
JEL:sp
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APPENDIX E: REPORT ON Nt.MERICAL EXPERIMF.NT ON 'mE POS~TRLE
EXISTENCE OF AN ''ANTI-EAR'rn," BY DR. R. L. DUNCCJ48E,
U.S. NAVAL OBSERVATORY

'lo experimentally detennine the dynamical etrects ot a planet
located co the other aide ot the Sun tra:l the Earth, an extra body was
introduced rt thb position in· the initial conditions tor a simultaneous
DWM!rical integration ot the equations ot motions tor the major planets
ot the solar syatem.
'ftle n\lllerical integration used was the Stuatpt-Schubart program,
deacribed in Publications ot the Astronomischen Rechen-Institut,
Heidelberg, No. 18 (1966). The calculations were pertormed on an IBM
3&J/40 eanputer at the u. S. Naval Observatory.

The initial c~rdinates and velocities were derived trom those
liVen in the above reference by integrating the S)Htem to the desired
epoch. All the planets tram V~nus to Pluto were included; the mass ot
Mercury was included with that of the Sun. On runs in which the antiEarth planet, Clarion, was included, its initial coordinate and velocity
vectors were taken ~o be the negative or those tor the Earth-t-toon bnryeenter at epoeh.
·
The initial epoch~ J.D. 244 0000.5 and the integration, using
a 2 day rtep length, was done back...vd to J.D. 240 0000.5, a period or
aPfroxiDut.tel.v 112 years. FrODI the integrated coordinates an ephemeris
va. generated at a 40 day interval.
Pour integrations were made.

'nle first vas the sollr system alone,

tor use u a canpariaon star.dard. TM other three included Clarion

vith three different mass values: Earth + Mooo, Moon, and zero. These
three integrations were then compared to the solar syste:n standarJ il!tegration and the differences tor &11 the planeta were expressed in ecliptic
longitude, latitude, and radius vector. In addition, the separation of
Clarion trom a straight line through the perturbed Earth-t·~oon barycenter
and Sun was car.puted in longit•.lde, latitude, and radius V'!ctor.
Since the principal perturbations occur in longitude, the followir~
diacusaion of the three cases is confined to a description or the amplitude of the diffP-rences in this coordinste.
CUe 1.

Mass of Clarion equals Earth + Moon mass.

Separation of Clarion 1"rom the center or the Sun exceeded the mean
aolar radius or 960" &tter about 10,000 days and reached an &"'!!pli tude of
10,000" in 112 years. Perturbations of Venus exceeded l" after 8o day:;,
while perturbations or the Earth and Mars exceeded 1" afte.r 100 days.
At the end of 112 years the perturbations induced by Clarion in the motionr.
ot Venus, Earth, and Mars reached 1200", 38o0", and 166o" respccti ve 1y.
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CUe 2.

Mus ot Clarion equals mua ot Moon.

Separation ot Clarion trom the center ot the Sun exceeded the
Ilea solar radius atter 17 ,6oo days and in 112 ,years had reached 3470".
Perturbations ot the Earth exceeded 1" atter 5120 days and reached 26"
1D 112 years. Perturbations ot Venua and Mus exceeded 1" atter 2160
days and 28oo days respectively, and ·reached 15" and 20" respectivel,y
in 112 years.
CUe 3.

Clarion assumed to have zero mass.

[

i

•I
!

Aa expected there was no effect on the motions ot the other planets,
but the se~aration ot Clarion trom the Sun was very nearly the same
amplitude as tor Case 2.

Conclusions:
The separation ot Clarion fran the line joining the Earth and the
Sun shows a variation with increasing amplitude in time, the. effect b 'ng
moat pronounced tor the largest assumed mass. During the 112 years c~fered
by the integration the separation becomes large enough in all cases that
Clarion should have been directly observed, particularly at times of morning or evening twilight and during total solar eclipses. The most obvious
ettect ot the presence ot Clarion, however, is its influence on the positions ot the other planets. During the paat 150 years prer.ise observations
by means ot meridian circles have been made of the motions ot the principal
planets ot the solar lfStern. Ditterences introduced, by the pre6ence ot
&D anti-Earth (Clarion) of non-nrgligible mass, in the motions of Ver.ua,
Earth, and t-Iara could not have remained undetected in this period.
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FAA NOTICE N7230.29
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NOTICE

PID!IAL AYIAT10M AG!MCY
Vaeht111tn, D.c.

I

" 7230. 21

I

4/4/67
C:..C.II.....
Detea 12/31/67

SUIU: UIOlnNG OP UMlDINTlniD PLYIMG OBJBCTS (l.lSa AT 7230-96)

1.

PURPO~E.
This notice establishes procedures for reporting of unidentified
flyina objects (UFO's) by air traffic contTo1 specialists.

2.

EFFECTIVE DATE.

3.

REFERENCES.

4.

The University of Colorado is ccnducting a study project on
d~tailed and credible data.
Since air traffic control specialists are skilled observers and in many
facilities have access to radar, their cooperation is invaluable to the
project success.

5.

PROCEDURES. All reports submitted for this project are on a voluntary
basis, but it should be noted that reports will be held in strict
confidence and no details of sightings or names of persons will be
released to news media. Telephone reports of radar UFO sightings shall
not include names of radar sites from which the data was derived. This
is to preclude release of classified information on joint-use radar.

7366.7.

April 20, 1967.

Aeronautical COtiiiiUnications and Pi lot Services Handbook

&\CKGROUND.

0Fo 1s. one of their problems is to develop

a.

b.

Initial reports on UFO sightings should be transmitted immeciiately
on the FTS system to the University of Colorado by dialing
8-303-447-1000 and requ~sting phone number 443-6762. When the
switchboard operator at the University of Colorado answers, advise
that the Federal Aviation Agency is calling with a UFO report and
the party designated to accept the call will be connected.
Report should be brief and include such information as:
(1)

Tim~,

place and duration of
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(2)

Method of observation (radar, visual or both).
name of radar site.

Do not includg

(3)

Number of objects

(4)

Size, distance and motion of object.

(5)

Name of person calling and facility of employment.

s~en.

c.

After initial reports of sightings, a later fallow up by Universtiy
of Colorado and collaborating scientists at other universities will
take place in the form of int,rviews. Interviews will be conducted
only on those sightings that holrl special interest for UFO research
and will be held at the convenience of the personnel. If the interview concerns a UPO siahtina derived from joint-use radar, security
clearances at the secret level must be confirmed for the interview
aroup. A li~tina of those persons cleared will be provided to the
air route traf!1c control centers throuah Compli.nce and Security
channels.

d.

Sightina information r~ceived from outside s~urces shall be handled
as specified in Handbook 7300.7, paragraph 463.

APPROVED APRIL 4, 1967
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APPENDIX G:

U. S. WEATHER BUREAU OPERATIONS MANUAL LETTER 67-16

Opar;rtions r.~~:nu:l
Letter b 1-16

WEATHER BUREAU
SILVER S'RING, MARYLAND 20910

Date ef luu••

November 1, 1967

'" leply Ieier Te.

S"ltjects

W1421

Effectin D•••• Novesaber 1, 1967
file With.

Report1ft1 of Unidentified Flying Objects

The

B•99

------------------------------

of Colorado, under sponsorship of the U.S. Air Force,
Since "ESSA scientists and personnel
are uona the most skilled and ::areful observers to be found," the
lmiversity has asked our coopevation.
~iversity

is conductina a study of UFO's.

Al~ reports submitted for this project are on a volunt&ry basis and
wiJl be held in strict confidence by the University of Colorado.

Weather Bureau observers at stations in the 48 contienous United States
are requested to report any UFO siahtin,s to the University of Colorado
by FTS system, telephone 303-447-1000 and request number 443-6762. When
the switchboard opera!or at the University of Colorado answers, advise
that the Weather Bureau is calling with a UFO report and the party
designated to accept the call will be connected.
Include in the report such information as:
(1)
(2)
(3)
(4~

Time, place and duration of sighting
Number of objects seen
Size, distance and motion if known
Your name and station

The University may arrange an interview with, and at the convenience of,
the person making the report if the sighting holds special interest for
UFO research.
Your cooperation in this important project is appreciated.

.i(('¥

This CJ.tl. is intended for information only at stations in Alaska and in
the Pacific s i nce they are not included in this program. ~j_
~ -

I

~~

Karl R...'ohannesscn
Associate Director
Meteorological Operations
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APPENDIX H: U. S. DEPT. OF AGRICULTURE FOREST SER\'ICE,
ROCKY MTN. REGION, MEMORANDUM TO FOREST SUPERVISORS
TO:

File No.

Forest Supervisors

FROM:

D. S. Nordwall, Regional
Forester, By John B. Srnit~

SUBJECT:

Date:

1740
5100

November 24, 1967

Memorandums of Understanding
Fire Control

Dr. Edward Condon, Department of Physics, University of Colorado, Boulder
has requested Region 2 of the Forest Service to cooperate with the
University on its UFO (Unidentified Flying Objects) Study. Although the
study terminates .June 30, 1968s they are anxious to provide a procedure
for getting reports from Forest Service observers.
From their standpoint, this is not for the purpose of getting r.tore data,
but to get better data. Forest S~rvice people, because of experience,
background, and training, should be able to provide more accurate reports-if they observe a UFO. Sud'. reports would become part of a scientific
study, and involvements with reporters or news sources should be avoided.
The University has also requested reports from FAA and the Weather Bureau.
Standard procedure for Ranger Districts and National Forests to use to
report a UFO follows:
A.

B.

Report information should include:
1.

Time, place, and

2.

Number of objects seen and description of each.

3.

Positive identification of a substantive object.

4.

Size, distance, and motion if known.

S.

Observer's name and station.

~~ration

of sighting.

Report procedure:
1.

Ranger District and Forest personnel should report through
the Forest Dispatcher (or Forest Supervisor).

2.

Forest Dis~atcher should notify th~Regional Dispatcher or,
if no answer, call persons in order listed in the Emergen~y
Forest Fire Plan.
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Regional Dispatcher (or alternate) will report to Mr.
Robert J. Low, University Project Coordinator, UFO
Study. On the FTS systea, call 303-447-1000 and ask
for 443-2211 to reach Mr. Low.

So far as we know, Forest Service people in Region 2 have not sighted a
UFO, but the above establishes procedur~, and a report should be made if
a UFO is sighted.
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APPENDIX I: INDIVIDUALS WHO PARTICIPATED
IN l~E EARLY WARNING NETWORK

Fowler, Raymond E.
Friezo, James V.
Frye, Ronald K.
Funk, Carl F.
Giunir.gs, Dr. G. K.
Grant, Mrs. Verne
Gregory, Jeanne L.
Hab~r. Dan
Harder, Dr. J~es
lleiglig, Robert B.
Henry, Dr. Richard C.
lnderwiesen, F. H.
Johnson, ~frs. Jeanne Booth
Kammer, David
Klingaman, David C.
Lansden, David V.
Larson, Mrs. June
Laufer, Dr. L. Gerald
Lewis, Robert M.
Lillian, Irving
Loftin, Capt. Robert E.
Lob·, Lloyd A.
MacDonald, Cynthia M.
McCown, Lowell E.
~lcLeod, John F.
~feloney, John
Moo.J, DC'UI', las A.
Morse, Robert F.
Moss, Richard D.
Murdock, Roy t..

Alexander, Frank
Anderson, Dr. Kenneth V.
Ansevin, Dr. Krystyna
Arms trona, W. P.
Biller, Dr. Harold
Boltjes, Dr. Ben H.
Brake, Robert V.
Bryan, Kenneth E .
Buckalew, Dr. Mary
Cahn, Dr. Harold A.
Callina, Joseph A.
Cecin, Jose A.
Cerny, Paul C.
Ciarleglio, Frank J.
Clapp, Mrs. Carol
Cleaver, Marshall
Cobb, Mrs. Robert
Conron, Frederick E.
Craia, Clark
Darling, Spenser
Davis, Luckett V.
Dibb lee, Grant
Donavan, William D.
Dorris, Ralph ~t.
Duncan, Robert A.
Earley, Georg~ W.
Eldridge, Rayffiond
Emerson, Col. Robert B.
Epperson, Mrs. Idabel
Faulkner, Richard Louis
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Murphy, Terry

Webb, Walter N.

Murphy, William
Murray, Dr. Robert
Olson, Donald L.
Park, Dr. Nelson A.
Peterson, Dr. W. C.
Reichman, Louis
Rice, Dr. Herman
Robie, Carl
Roth, Herbert
Rowe, Dr. William E.
Russell, Betty
Rygwalski, Eugene
Salisgury, Dr. Frank B.
Sanders, Rayford R.
Sayer, Dr. Gordon C.
Scegner, Dr. James
Schneider, Dr. Richard V.
Scott, Thom&s J.
Seam&iids, Robert E.
Seff, Dr. Philip
SippreH, James
Smith, Eugene P.
Sorensen, A~thur
Stokesberry, John L.
Strand, Lt. Col. Howard C.
Stringfield, Leonard H.
Stroud, Walter J.
Sutton, Charle~ M.
Swann, Dr. A. Henry
Tull, Cla:1cy D.
Utke, Dr. ~llen R.
Wambaugh, Helen A.

Wi 11 i ams , Roy P .
Worstell, Paula
Zechman, Richard W.
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APPENDIX J:

~ARLY

WARNING REPORT FORM

i

~
I

Date

----

--------------------------------------

.I

I.

Zone

Time

Classification

Place

---------------------

Direction disappeared

Duration
I#

-------------------

Visual observers

Radar?
--------------------------------------------------------

I#

Objects

Size

------

Color
------------------------------------------------Motion

Shape
Distance

--------------------------------------------------

Other features
Westher
Known traffic
·~·hserver

Age_ _ _ _ __

-- Name
Address
Phone

Reporter -- N•

Occupation
---------------------------

.;

A . j ... e.;S

Phone

Occupation
---------------------------------

Date

Receiver --

Time
-------------------------------

---------------

Please fill in all possible blanks with relevant information.
Use the back of this sheet for a running description of the event.
DRS -- 6/6/67

~Rev)
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APPENDIX K:
1.

INSTRUMENTS AND MIS1.:cLLANEOUS
a.
b.
c.
d.
e.
f.
g.
h.
i.
j .

k.
1.
m.
n.
o.
p.
q.
r.
s.
2.

Camera (diffraction grating, filters, operating instructions
if necessary, and film)
Movie Camera
-Binoculars
Geiger Counter
Flashlight
Compass
Magnifying Glass
Sample Containers
Tape Recorder (Tapes)
Tape Measure
Plaster Casting Material
Pocket Spectroscope
Geologist's Kit
Strine
Star Finder
Nautical Almanac
Elevation Indicator
Arc Indicator (Size )
Police Radiomonitor

PAPER
a.
b.
c.
d.
e.
f.

&·
h.
i.
j.
k.
3.

FIELD KIT INVENTORY LIST

Notebook and Address Book (Contacts)
Identification Card
Copy of Contract
Orders
Letter of Authorization
Maps (of specific areas)
Road Atlas
Auto Sun-visor Identification Card
Sighting Report Forms/Interview Forms
Copies of 80-17A, 80-17
Tax Exempt Certificates

PERSONAL
a.
b.
c.
d.
e.
f.

NOTE:

Boots
Warm Clothing if necessary
Air Tickets (or others)
Money or Traveler's Checks
Credit Cards
Briefcase

i

I

Carry essentials on person - airline luggage can be delayed.

!

1336
I

--

--·

·

-~ · -

...

_

..

__.

... ...

__
,,

APPENDIX L: WEATHER CONDITIONS AND RADAR ECHOES
NEAR WASHINGTON, D.C., AND NORFOLK, VA.,
ON 19-20 AND 26-27 JULY 1952

ofortJn W C,.ow

Phone (3031 7.2-8b65 or 7Sb-3971

CERTIFIED

CONSULTING METEOROLOGIST

2422 South Downing Street

Denver, Colorado 80210

April 1, 1968

The following is a summary of weather condition• surrounding UFO visual
dightings and co-incident radar echoes near Waohington, D.C. and Norfolk,
Virginia on the nights of July 19·20, 1952, and July 26-27, 1952,

SOURCES OF DATA
Radioaonde and wind data from Washington, D.C., Norfolk, Virginia, and Richmond, Virginia
Surface weather observation• surrounding the times of sighting• from Waahington National Airport
Bolling AFB
Andrews AFB
Norfolk, Virginia
Newport News, Virginia
Langley AFB

GENERAL WEATHER SITUATION
The ~eneral weathE:r situation during both nights was 11 hot and musgy."
Maxima temperatures of the previous day, the minima and maxima on the
following day were:
19th
max.

20th
llin, -max.

26th

27th
min,-mux,

Washington
Norfolk
On the night of the 19-20 a large, flat high-preaaure area of 1020 millibars

was located over the Middle Mississippi Valley and a very minor
trough exiated off the east C033t. There were no fronts in the immediate
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area of either Wa3hinston or Norfolk.
Wit to ea1t.

The

~eneral

flow of air was from

~~the night of the 26-27, both Wa1hington and Norfolk were near the
center of a flat high-pres1ure ~edge extending from Texas to several
hundred miles ea1t of New York City. A light drift from south to north
characterized the air flow outward from the centr~l p~rtion of the
wed~e.
Again, ther~ were no fronts infue immediate area of either 5tation.

THE INCIDENCE OF SCATTEilED CLOl.'DS

It would have been possible for obaervers on the ground to have seen
tull cloud• at both low nnd middle heishts at various time~ durin:-:, each
of the two nights. Some cloud cover - mo1tly scattered clouds - was

recorded by nearly all the observing stAtions where trair'!d observers
were on duty. A summary of cloud cover conditions is as follows:
a.

~

Waahington on the night of July 19-20.

At 9:30P.M. the observer mentioned a few altocumulus ~t 8,000
feet. th.. e al tocuiTkllo.JI were not mentio:led 1.n subsequent . reports
until 0454 A.M. on the morning of the 20th when asain in the
rem&rka coluam a few altocumulus were mentiot.ed. The hourly
1uaury indicate• a height of these clouds observed near sunrise
at 18,000 feet and movement of the cloud from the northwest. The
obaervcr at Bolling AFB, just across the river from Washington
National Airport, recorded various quantltieR of ~iddte cloud
e1timated at 12,000 and 15,000 feet durina t~e early part of th!
night before 10:30 P.M. No such clouds ~o~ere reported between
10:30 P.M. r.nd 3:30A.M. At 4:30A.M. the observer on d'tty ct
Bolling AFB reported 1cattered .:loudB at 14,000 feet .-:nd 01 few
cumulus clo;.~ds at 5,000 feet. Obaervers at both Hashi'llgton
National Airport and Sollil'~ AFB reported various amo,s:tts of
cirru1 clouds at 25,000 feet.

No low or middle cloude were beina reported durin¥ the darker
portion of the niKht. It i1 ~ot uncommon that obaervation1
made hy ttoined obaerver1 durin~ brief trips outdoors from a
liahted room to viev a darkened aky fail to report ICl'ttncd
cloud conditiona. Another ob1trver who hAl rem~ined outside lon~
enough for hia aya1 to adjuat to darkened co~ditiona can often
aee aome 1cattered c\.oud1. Condition• of cloudineu on thil ni¥ht
would let 10111e sco~ttered clonda form and diuipate in .1 rear.on.1bly
•hort period of time in any one portion of the 1ky.
There uy have been -. few cloud a
vi1ible to around obaervara in the Wa1hinaton ~roA although
they were not being reported by the official ob•ervinK 1tntiona.
Both th~ 19-20 and 26-27 ni¥hts occurred durin¥ the dnrker portion
of the month 1ince c full moon in July, 19)2, occurred on July 7.
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At Norfolk on the night of July 19-20.

The sc3ttcred conditions at 4,000 feet .:tnd varying quantities of
cloud at 3pproximately 12,000 feet '"'ould have made it possible
for a few scattered clouds to have been seen on an int~rmittent
basis at various times durins the night.

b,

•

At Washington the night of July 26-27.
Clear conditions prevailed throuehout most of the night but
when daylisht began to arrive between 4:00 and 5:00A.M., cloudi·
ness was reported .:ts <' few stratocumullls at 2,000 feet ~nd some
thin scattered cirrus at 25,000 feet. It "'ould have been
possible for some cloud3 to have been viaible in the ~rea during
the darker portion of the niGht if .:1~ observer permitted his
eyes to 3djust to the darkness.

At Norfolk the nlght of July 26-27,
The cloud conditions in the Norfolk area varied considerably
between tLe Norfolk Municipal Airport and the obsP.rvations made
at L3ngley AFB several miles north of there, Lan~lP.y report~d
~lear conditions while broken or overc£1st cloudiness '~as bc:!in~
reported near 5,000 feet at the Norfolk Municipal Airport.
!here would have been ~ marginal area of di3sipating cloud cover somewhere bet\o~een Norfolk Municipal Airport
and Langley AFB, Thu-;, multiple ohf>ervers col•ld have had a wide
variety of possible cloud si.ghtin~s.
TE"lPERATUllE, MOISTURE AND WIND PROFILES

The conc:litions of the ••tmosphere were cnpz:.ble of lf.enerating :tnomolous
propagation on weather radar displays on both ni~hts. In Batt an's book
on RADAR ~l!TECIU1Qr.Y, puhli.sheti in 19 59, page 21, is found the tollo\Jing:
''Nocturn.:.tl radiation, vhich occ~trs on clear ni ;Jht5, e~!)cci..:.d lv in
the !:lUtmler when the 0round is moiRt, l~[ldt to a temp~r:•ture invurtiion
-'t the :.;round nnd c sharp dacre.~s~ in moist,Jrc \.'ith hei;~ht. It i~
found thc.t t.,cse conditions frequently ?>roducc ahnormlll prop.•g..:tion,
which becomes D&ore pronoLonced ao the temper.lt••r~ .Jnd humidity laps~
r:lt~:: become lart_;!£r • • • • • , These ~CJnditjo:"'s which f••vor duct~ .Jt
the ground o::cur IIK'st frequently "v~r l.'lrft' l.llld .:.rc.:ts in ti1e t;otmmcr
.::nd ccn be thought of :\s situations of 1 r:-tdi.:ttive supcn·cfr~cti.on' ··•
More recent studie.; of <lnomclous propLlgat:ion on r;..dar h.::ve bcl!n m.. Jc ;1t
Tex"'~ A & M.
Tncy h;1vc further confirmed th;~ :lpp~...trance of r :; J: r l~choc:.;
durinlj :li.:jh!: .md c..1rly morninc; hour:.; und.:r clear ~; i~y cl'ndlt.iouf. ..·hen 10\,
level inversions ~1nd fl~tcl.m: ti.n~·. r:uonti.ties of mois•••rc ch .r. •.:t• ·t· L. ::'-' tl1c
.wrro•mc'in~ .:r:mosphcre.

1339

---- -

- - -- - - - -- -· - - - --- --

-~

•

-t '

. ':·

--- ~ - · ----- -..- ~ - --·

~ ----

... ..,.. -_ • .,._ ,._,_ .• _ ..., ............,.. ..,. ...... ~ . .. ....,......m'!. ~~~ - ~"'f..'- -. ... ... ~ .. ~ ............

t

. .

....

.... . ~

~

.. . . . ,

,.. .... ~.

In Figures 1-4 .• profiles of temperat•are and de\-1 point, plus wind direction
and velocity, are precentcd. In most instances the verth~al pr(')file::;
near the sround would hl\ve had several desrees vartation in r.nd around
•ecb of the two station• where tha radars were located. Usin~ s~rface
temperature• at the aeveral airports and the actual radar sights, there
would have been v&riations of from J-50F. in the first few hundred feet.
Relatively small change in the vertical profiles would h3ve occurred
during the ni£;ht •t elevations greater than 2,500 feet. Respective
percentaae• of relative hwaidity are recorded next to the mohtt!re profile.
The daahed linea report obaervations made at 10:00 P.M. The solid lines
report valuea at 10:00 A.M. the follo\."'ing morning. The profUea would have
changed gradually during the night-time hours but uould have re~1ined
sa.ewhere between theae two soundinga. The &reateat variability in the
local area would have been in the lowest few hundred feet. Near the
aurface, indication• for 4:00 A.M. were made from surf~ce oba~rvations.
Of ao.e ~portance is the f~ct th•t rain ahowerw were reported in the
Waahinaton area during lc1te afternoon on the 19th of July. Amounts
reported at the three atationa in the Washington nree ran&ed from .10
throu~h .1~.
Thia would have wet the ~round and furnished a variable
110iltnare source in different portions !lf the surrounding country side.
SUtt4AIY

It ia the author'• opinion that hot, humid air prevailed on both nishta
in both Waahtnaton and Norfolk. The ganernl we&ther would have been
conaidered fair weather by the trained l)btervers at the variou3 airports
and they may not have reported all the scattered clouda which act".Jally
exiated. 1 It would have been conlidered an 11 eaay ahift". Visibilities
remained above six miles at all timea. The horizontal movement of
acattered clouda, plus formation •nd dislipation of aome fe111 lc·w cloud.s,
both could have been seen at various timea by ground observers whose cyea
were well adjuated to the darkened sky. Anomoloua prop3Kntion could have
been ·obaerved on weather radar units during both nights at both locationt.
The echoea diJe to anomoloua propagation would have had horizontal motion
aimilar to the clouds.

~f!~
Certified Consulting
Meteorologist
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APPENDIX M: SOURCES OF COLLEGE SURVEY DATA AND
PERSONS INSTRUMENTAL IN OBTAINING DATA
Institutions

Data Resource Persons

Arizona State University
Bemidji State Colleae
Carleton Colleae

Professor
Professor
Professor
Professor
Professor

John W. Reich
Kathryn Bradfield
William R. Kirtner
R. Thomas Rosln
Dennis Livinaston
Profe~svr Paul Moller
Professor Arnold Binder

Urli vers i ty of California

at Davis
University of California
at Irvine
University of Colorado

Professor Neil G. Fahrion
Professor Joshua Gerow
rrofessor RObert Roaers
Mr. Victot' Joe
Professor John Means
Professor John I. Kitsuse
Mr. Herbert Strentz
Professor Donna M. Gelfand
Professor Donald P. Hartman
Professor Thornton Paae

University of Montana
Northwestern Uni vtr.d ty
llni versi ty of Utlh
Wesleyan University
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APPENDIX N:

UFO OPINION QUESTIONNAIRE

The following statements all have to do wi th Unidentified Flying Objects -- ortc, ,
called ''U-F-O's."

One type ofU-F-0 is a "flyir.c; saucer."

The statements r..r<:

l uca ~ ,

or opinion!', not necessarily far.ts -- so people differ in the degree to whici1 Ll1cy
believe them to be true or false.
For each of the statements shown ·c;elm·r, please i ndicate the degree to which you :·ce :.
the statement to be either true o~ false:
1.

Definitely f~lse means that yo:J. arc fully convi nced the statement i~
false, and you would act without hesitat.ion on this belief. You wol,l ci
question the wisdom of anyone who disagreed with you.

2.

Probably false means that you are not sure whether the statement is
true or false, but that if you had to act on it, you would reGard "., he
statement as more likely false than true. Your opinion might be cha n c ~ d
by discussion with another person.

3.

Probably true means that you are not sure whether the statement is true
or false, but that if you t ad to ac t on it, you would regard the s t a ement as more likely true than false. Your opinion might be chanGed by
discussion with another person.

4. Definitel.y true means that you are fully convinced tha<:. the statement is
true, and you would act wi Lhout hesi t ation on this belief.
question the wisdom of anyone who d~sagreed with you.

You would

To i ndicat ~ your belief, place an X in the appropriate box next to the i tern.
skip a ny item.
Definitely
False
1.

Some flying saucers have tried to
communicate with us.

2.

All UFO reports can be explained
either as well understood happeni n!: :.; or as hoaxes.

3.

'!'he Air Force is ·ioing an adequs.te
.j ob of investigation of UFO reporLs and UFOs generally.

..

J.

~o

~.

A 1;ovurnmcnt B.Bency maintains a
'l'OJ• S(~cret file of UFO reports
t.hat are deliberately withheld from
t.i:c JHiblic.

Probably
False

Do no .

I

Probably Definl .dy
Tr1. .
i
True

I

actual, physical evidence has
(Jver been obtained from a UFO.
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Definitely
False

6.

No airline pilots have seen UFOs.

1.

Most people would not report seeing
a UFO for fear of losing a job.

8.

No authentic photographs have ever
been taken of UFOs.

9.

Persons who believe they have comrr.unicated with visitors from outer
space are mentally ill.

10.

The Air Force has been told to explain all UFO sightings reported to
them as natural or man-made happenings or events.

11.

Earth has been visited at least once
ir. its hist.ory by beings from another
world.

12.

The covernment should spend more

Probably !Probably Defin:! tely
Tn c
True
False

-

I

~oney

t han i~ does now to study what UFOs
are and. where they come from.
13.

II
I

Intell igent forms of life cannot
exist elsewhere in the universe.

l

l

14. Flying saucers can be expl ainea
scientifically without any impornew discoveries.

t~nt

I

Some UFOs have landed and left marks
i n a .c grouni.

!

16.

Most UFOs are due to s ~~~~ t defense
p roj ects, either ours or anothe r
country's.

I

l'( .

UFOs are reported throughollt the
v1orld.

15.

l il .

19 .
20 .

i

I

i

I

I

II

There have never been a~y UFO sight i ncs in Soviet Russia.

'

I

I

I1 cople vtant to believe t hat life exist:::

Ii

e1 :.:ewherc than on Earth .
2 1.

'l.'b! 1·•!

have bct!n good radar

r e ;;or1 . ~;

-

of

UFOs .

i
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I

•!

.

(;ovc rnrr.cnt ha::; done a gooU. j ob
of e:~: r.m:ininc UFO reports .

T i· J · ~

II

I
I
I

t

l
I

!
!

!

·I

I

I

l

Der'i :;itely
False
22.

The re is no government secrecy
about UFOs.

23.

People have seen space ships t hat
did not come from this planet.

Probably
False

Probu.b1y
'l'ru.. :

D· ·t ' i 1. : . ·I:.
'l r·

I
I

I
I:
!
I

i

I
24.

Some UFO reports have come frot'l
astronomers.

25.

Even the most unusual UFO report
could be explained by the la••s of
science it' we knew enough sci er.ce.

I

I
I

I
I

26.

I

People who do not believe in
flying saucers-must be stupid.

I

I

27.

UFO reports have not been taken
se riously by any government
aeency.

I

I
I

28.

Government secrecy about UFO~ is
an idea made up by the newspapers.

29.

Science has established that there
are such things as ·~nidenti fied
Flying Obj~cts."

!

I
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APPFMID. 0:

A-B SCALE

This scale is an abridgment of Rotter's 1-E Scale (Rotter, 1966), which
measures the tendency of the individual to perceive events as contingent
on his own behavior or

independe~t

of it (i.e., contingent upon forces

external to him).
llere are six sets of statements.

For each set please tell me

which comes closer to being true, in your opinion.

There are

no right or wrong answers -- just pick one statement in each
set that comes closest to how you feel.
A.

B.

First
Without the right breats one cannot be an effective le£der.

1

- or that Capable people who fail to become leaders have not taken
advantage of their opportunities.

2

Next, which comes closest to your opinion Becoming a suc~css }s a matter of hard work, luck has
little or nothing to do with it.
- or that Getting a good job depends mainly on being in the right
place at the ~ight time.

c.

D.

Which comes closest to your opinion Who gets to be the boss often depends on who was lucky
enough to be in the right place first.

1

- or that Getting people to do the right thing d~pends upon ability,
luck has little or nothing to do with it.

2

Which comes closest to your opinion As far as world affairs are concerned, mnst of us are
victim · of forces we can ne~ther understand nor control.
- or that By taking an activepart in politi.al and social affairs
the people can centro! worid events.
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1

2

A-8 SCALE (cont'd)

E.

Next,
Most people don't realize the extent to which their
lives are controlled by accidental happenings.
- or that There really is no such thing as "luck."

F.

2

Finally,
Many times I feel that I have little influence over
things that happen to me.
- or that It is impossible for me to bel1eve that change or
luck plays an important role in my life.
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2

INSTRUCTIONS FOR THE A-B

SCAL:.~

Ea:h item consists of a pair of statements lettered a or b. For each
set, circle the letter which stands for the one which comes closer_ to bein.2J.!ue,
m your opinion. There are ~ o r1ght or wrong a~1swers -- just pkk one statement
in each set that comes closest to how you feel.
a

b

1.

a) Children get into tluuble because their parents punish them
too much.
b) The trouble with most children nowadays is that their parents
are too easy with them.

a

b

2.

a) In the l:Jng run people get the respect they deserve i.n this world.
b) Unfortunately, an individual's worth often passes unrecognized
nCJ matter how hard he tries.

a

b

S.

a) Without the right breaks one cannot be an effective leader.
b) Capable people who fail to become leaders have not taken
advantage of their opportunities.

a

b

4.

a) Becoming a success is ~ matter of hard work, luck has little
or nothing to du with it.
b) Getting a good job depends mainly on being in the right place
at the right time.

a

b

5.

a) When I make plans, I arn almost certain that I can make them
work.
b) It is net always wise to plan too far ahead because many things
turn out to be a matter of good or bad fortune anyhow.

a

b

6.

a) In my case getting what I want has little or nothing to do with
luck.
b) Many times we might just as well decide what to do by flippin'}
a coin.

a

b

7.

a) Who gets to be the boss often depends on who was lucky enough
to be in the right place first.
b) Getting people to do the right thing depends upon a~ility, luck
has little or nothing to do with it,

a

b

8.

a) As far as world affairs are concerned, most of us are the
victims of forces we can neither understand, nor control.
b) By taking an active part in political and social affairs the
people can control world events.
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a

b

9. a) Most people don't rt: •..d:.!.•. the extent to which their lives are
b)

l

14
-~

a

b

10.

a)
b)

cont_rolled by accidental happenings.
':"here really is no such thing as "lucl<. "

It is hard to know whethe1" or n:::>t a person really li!tes yo"J..
How many friends you have depends upon how nice a person
y0u are.

a)

a

b

11.

A good leader expects people lo decide for themselves what.
they should de.
b) A good leader makes it clear to everybody what their jobs are.

a

b

12.

a)

Many times I feel that 1 have little influence over the things
that happen to me.
b) It is impossible for me to believe that chance or luck plays an
important role in my life.
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APPENDIX P:

CURRENT EVENTS QUESTIONNAIRE

OPINIONS ON CURRENT ISSUES

For each of the statements .-~hown below, please indicated whether you feel the
statement is: D~finite:ly True. Probably True, Probably False, or Definitely
False.
Definitely Probably
False
False

VIET NAM

1.

The U. S. should intensify bomb ing
in VietNam.

2.

The U. S. Government sh0uld
work harder toward peace negotiations in Viet Nam.

3.

More troops should be senl to
VietNam.

4.

The United States should get out
->f Viet Nam.

Probably Definitely
True
True

..

WAR ON POVERTY
1.

The War on Poverty is necessary
to help the poor become selfsufficient.

2.

ToJ much money ls going into
govermrent programs to fight
poverty.

3.

Poor people should h12ip thems-;;1 ve s, instead of relying on the
Government for help.

4.

The pr:Jblem s uf the poor and
uneducated is properly a maj or
conce rn of the Federal Government.

-- 1-

tI

I
I

t----

I

KENNEDY ASSASSINA TICN
1.

2.

Kennedy was shot by a man who
was not a part of any conspiracy
to kill the President.

I

Lee Har•Jey Cswald was a
member of, or was 1l ~Jed by, a
:;ec: r et <Jroup who want ed Kennedy
dearl.
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.

I

.,..,.

tlf,,., ,..,

I

•

·-

r--·

.

!1·

Defin itely Probably
False
False
3.

The Warren Report's ~ .:mclusi.:>n
th~t C' swald 1 al .'Jnc and without
help 1 as.sas:..; inatl~d Kennedy is
correct.

4.

Either a f1Jrei')n l..l,wermnent vr a
secret bran~h of the U.S.
Government was responstble for
the Kennedy assassination.

r'r~)l1ab l y

Ddin ikly

True

TtttP

RACE PROBLEMS

1.

The Communists have .stirred up
NeJroes and poor whites.

2.

Society, as a w~1ole, ; s resp ~)ns
ible fl1r the current racial
tensions.

3.

Racial discrimination .s primarily to blame for the summer
r iots.

4.

The minor:ty groups want to
m..:.ve t.:;c. fast.

I
..

I

I

·-

_j

i

l
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APPENDIX Q: WEATHER CONDITIONS IN THE AREA BETWEEN
DALLAS AND MINERAL WELLS. TEXAS. 19 SEPTEMBER 1957

cfo,.en W Ll'ow

CERfiFIEO
CONSULTING METEOROLOGIST

Ph"''" (JI\J) 1.• Rbo ~ " ' /O,b W71

June 10,

l~bl-1

Tht~

follo""ing is il sumn:try of \·Jeuther conditions to detcnninl! \· ·h~ther
or not the atmosphere ,,•.:s favorable to producing optical mir :: ~es a nd
anGPalous radar propa~ation ft'r .tn area from 50 miles c .:1 st of Dall..&s
to Mineral Wells. Tex.t s . dltrins the tim~ period from 2:00 lloMo to 3:00A.M ••
Central Standard Time • S~ptcmber 19, 1~57, for <tn aircr.tft tly!.ng i.n that
region at elcv•ttions between 10,000 to 30,000 feet.
SOURC~S

01-' DATA

R;,tdiosonde .md wind dat..& frotn C.JrS\•:ell AfB .lt Fort Worth
Surf .tce weather observations surr\lunc.!ing the time of UFu

sihhtin~s

from -

l.ove Fi~ld - D..1llas, N..w.>L Air Sta tion - Dall •.1s. C•;rter 1:-'icld Fort Worth, Mineral Wells, Tyler. Cullcbt: St a t.i.JII, l,crri.n :\FI>,
Connolly AFB, Gray Af~.
A special study "On the ~ffects of Atmospheri~ Refraction on R.Jdat· ~..>l' v lllld
Pattcrns5 by the Department of Oceono~r ..Lp hy and t-lctcoroluL~ •
Texas A & M University, 19o3.
National Bure.-.u of Stundard;:; Monograph \.J 2 "lladio Meteorology".

u.s.

Department of Commerce, 1<)6n.

t:ENIRAL WEATH£& SITUATiON
The weather '~hich prevailed in the entire northeast part of Texas durin!~
the early mornin ~ hours of September 19 • 195 7, r..: on s isted uf .1 stablt• .tir
utass with clear conditions. Air movement ne.·•r the surfi..lc~ '-'·'S frl.lm the
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southeast at all stations. Table I on the following page presents the
~ctual condition for ceilin~visibility, te~perature, dew point, wind
direction and velocity at the surface fo;; several surrounding stations.
Figure l p:-esents the conditions at 2:00 A.M. for these sa~e stations and
is representative of conditions that continued beyond 3:00A.M.
VERTICAL PROFILE OF TDIPERATURE, HUMIDITY AND WIND
The vertical soundingsof the at~osph2re made about three hours before the
UFO sighting& and an equal ti~e following gives the vertic~l profile of
atmospheric conditions in the immediate vicinity of the si~htings. The
radiosondes wetre reieased at ll;JO P.M. and 5:30 A.M. respectively frotU
Carswell AFB which is near Fort Worth, Texas.
Probably the most significant portion of the profile is the very rapid
decrease in moisture content at a level between 6000 feet and 7000 feet.
Temperatures increased with height in thil same layer. Beneath this
inversion layer the wind direction changed from southerly in the lower
part of the atmosphere to a westerly and north~rly direction at approxi~~tely
6000 feet. Wind velocities increased during the ni~ht in the layer bet\veen
2000 fe~t and 5000 feet. Fi~ure 2 presents this pattern for the two
different soundings.
EFFECTS OF TEMPERATlJU AND truMIDITY ON llEFRACTIVE INDEX
If a radio ray (includin~ radar) is pr~pagatcd in free space, where there
is ~o atmosphere, the path followed by the ray is a straight line.
However, a ray that is propagated through the earth's atmosphere encounters
variations in the at~oapheric refractive index along its trajectory th~t
·c aused the ray p.&th to become curved. The total ongular refraction ~f
the ray path between two points is couaonly called the ''bending" of the
ray. This ''bending" i.s strona?.lY influenced by rupid changes in refractive
index within the atmosphere ..md such rapid ch-.tnging in refr~ctivc index
is caused by rapid chan6es in the moisture in the air. Tha t£pical
temeeratare inversion pe~its the temperature to increase over a farily
short increase in height, while at the same time the amount of moi.sture
decreases rapidly. Experimental work has develor;>ed relationships between
the moisture content and the refractive index so that data obtained in
the vertic ~ l soundin~ of temper~ture and humidity from a radiosonde can be
converted to corresponding values of refractivl! index. Fig11re 3 presents
the profile of refractive index that directly corresfonds with the verticHl
temperature and humidity profile in Fig1Jre 2.
1~ Figure 3 a critical gradient line is drawn for change in refractive
index with height. Luter di.scussion will indicate the importance of this
critical gradient.

STANDAilD ATMOSPtiERE VERSUS ACTUAL ATMOSPHERE

when only a &tandard atmosphere is considered
and humidity with height is quite gradual and
due to r;-spid decreasl!s in humidity. Figure 4
for a st-.tndard ntmospheric profile in the top
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the change in temperature
th(;:re are no sharp ch<mges
e-,ivcs the typic a l profiles
part of the fir,-.Jrc. Thl!

Table I.

Hourly Weather Conditions Observed Early Morning Hours,
September 19, 1957

l,
~

2:00 A.M.

Ceilin&

visibilttx

Wind
Direction &

Temperature

Dew Point
66°F

I~'

Velocit~

Perrin AFB

clear

15 miles

72°F

Mineral Wells

clear

25

72

66

SE 9

Ft. Worth

clear

15+

72

66

SE 10

Naval Air Station

clear

15

75

6·)

SE 16

Love Field-Dallas

clear

15

74

68

SE 10

Tyler

cl.aar

12

70

67

SE 5

Connally AFB

clear

15

73

67

SSE 3

Gray AFB

clear

15

73

67

SE 4

SE 9
~

3:00 A.M.
Perrin AFB

clear

15

71

66

SE 9

Mineral Wells

clear

25

71

66

SE 10

Ft. Worth

clear

15+

72

67

SE 9

Naval Air Station

clear

15

75

69

SE 14

Love Field-Dallas

clear

15

73

67

SE 10

Tyler

clear

12

70

66

~E

Conn.illy AFB

clear

15

72

67

SSE 3

Gray AFB

clear

15

72

64

SSE 6
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Profiles of Te~aperature, Dew Point, Relati w thai eli ty, Wir.d Direction and
Velocity at Ft. Worth, Texu, clud.aa llipt •d early •nilla hours,
Septe.ber 18-19, 1gs7.
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Fi1. 3 llfractivity profiles at Ft. Worth, Texas, ca,.we11 AFB, 11:30 p.a.
Septe.ber 18 and 5:30 •·•·· September 19, 1gs7. Note critical
aradient of N for aicrowave ductina in the vicinity of 6000 feet
to 7000 feet a1tit\!de.
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\
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\
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SURFACE BASED LAYER
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t
ELEVATED LAVER
Fia. 4 Typical refractive index (N) profiles and Joundina
curves for three refractive index •odels. Solid
curves on the riaht are for te•perature--dashed curves
for dew point temperature.
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I
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middle portion and the lower portion of Figure 4 indicate the correspondin~ effect on the change in refractive index with height es inversions
are obaerved near the surface and at aome elevated layer. In both of
the non-atandMrd pattern• the gradi•nt of N ia somewhat greater than the
critical valu" capable of producing duct1nt: of rnicro\1/avc ener~y.
EXTIAORD INAIY RADAR ECHOES

Of special iaportance 1n thia inveatigation waa some reaearch work done
at Iexaa A & M uaing their 3.2-Cm. AN/CPS-9 weather radar. The report,
prepared by L. B. Cobb and v. E. Moyer, covers research carried out in
1962 ~nd 1963, supported by National Science Fou~dation Grant NSF G-13834.
Ihia atudy w3a particularly interested in abnormal PPI presentations of
radar echoea that occurred durin~ clear weather.
the effect of atmospheric refraction on microwave propagatior. in the lower
tropoapher~ i1 a problem with which r~dio engineers and radio meteorologiltl ~ave been vitally concerned since World War II. Prior to that
ti!lll, the speed of propagation of electromagnetic energy had been considered to be a constant, that of the speed of light in a vacuum. As radar,
missiles, an : other radio-controlled equipment were developed and became
more complex, evidence of small changes in the speed of propagation due
to atmospheric conditions began to mount. These small changes in speed
are very important as they cause refraction, or a change in the direction
of propagation, of the el~ctromagnetic energy. Radar trapping, errors
in the positioning of targets, the radio hole, fading of radio siKnals,
and ••enomalous" echoes on weather radar scopes are some of the problems
encountered. Any observer who makes critical deductions based on radar
observations may be tricked into bad decidions unless he is familiar with
the limitations of the equipment under nonstandard atmospheric conditions.
Radar echoes of unknown origin near a vertical beam above the earth's
surface are coiiiDOnly called "angels". Unusual echoes from the surface
are generaily referred to as "anomalous propagation" or "AP". Both of
the5e phenomena have been a1cribed to abnormal r,.fraction of the radio ray.
A study of abnorm.ll radar echoes made at Texas A & M dealt primarily with
anomalous propagation brought about by ducting or bending of radar beams
due tc inversions near the surface. They studied the exp.:insion of ground
clutter echoes due to increased gradient of refractive index near the
surface. They examined large areas of anomalous echoes separated from
the normal ground clutter patter~ brouBht about by both strong suriace
inversions and strong upper level inversions.
The index of refraction, n, of electromagnetic energy in a non-dispersive
medium such as the troposphere is defined as the ratio of the speed of
prop~gation in a vacuum to the speed of propagation in the medium:
ll •

c

VllCUUm

vair

( 1)

The speed of radar energy in the atmosphere is slightly less than the
speed in a vacuum, so that the index of refraction always is very close
to, but in exce~s of, unity. A typical example is 1.000287. J.o'or convJ.ence in handling, the index of refractio~ is converted to rt
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t•re~=ractive modulus," N, which i l referred to most frequently as
"rdractivity":

6

( 2)

N • (n - 1) 10 ,

The refractivity for the above example would be 287.
The index of refraction is a function of temper~ture, pressure, and
humidity, their relationohip being Kiven by the equation
N • (n - 1) 106

M!

~+
T
T

(3)

where ~ i1 the total atmospheric preeaure in millibars, ~ ia the ~artial
presaure of atmospheric water vapor in millibara, ! is the temperature in
degrees Kelvin, and the conetant1 ~ (• 76.6 deK/'mb)* and! (• 4810 deg)*
are average valuea recommended by Smith and Weintraub. ~ is the dielectric
constant for dry air and ! is the water vapor dipol& moment. The formula
is correct to within
per cent for the temperature range of -SOC to
40C and the frequency range of 30 me/sec to 30 kmc/aec. The actual amount
of refr&ction is small, never exceedin& a fraction of a degree: it is
usually expreaeed in milliradians, or "mila." Therefore, !!!!!.!, operation•
~ ~ influenced !2!! when 12! angle between the refracting layer and
lli radar ray is very .!!!!!ll•

o.s

Standard propagation occura when the atmosphere is stratified vertically
in such a way that a lapse of 12 N-units occurs in each 1000 ft. Under
these conditions, a horizontal rad.ar ray will be bent downward slightly
due to increasirg velocity aloft. This increase in velocity is very small;
c.c;., in the titr.e it takes the horizontal ray to tz-avel l mi <it the surface,
it will travel 1 mi. pius 3/4 in. at a heit;ht 1000 ft above the surf.1ce.
This has the effect of extending the ri.ldar horizon about 15 per cent beyond
the geometric horizon.
Nonstandard propa~ation ~orill result when the temperature or ~o~ .· :::er cont~nt
of the atmosphere vary signific<lntly from so-c.:11led "stand.ad" V;Jlues.
Substandard refraction, i.e., less downward bending or possihle .:.1:tual
upward bending of the r~dar ray, will occur if the r~{r~ctivity is constant
or increases with height. The propa~ation is SIJperst.tnd.Jrd if the
refractivity decreases with height at ~ rate exceeding the standard rate.
This causes an increased downward bending of the rc1y. If the velocity
difference between the surfttce J.nd 1000 ft achieves Jin./mi of horizontal
tri:ivt!l, a:l occurs with a refractivity of -I•BN/1000 ft., a ray \<O'ill h'-lvc
the same curvature as the e;.trth \·,ith r~f;ul t ;:nt :.:,re.:Jtly extended horizon::;,
a condition referred to as "ducting."
Superreh'action normaliy results from ! combination of increasing tempera~! ~~ decreasing humidities with heiaht.
N\Jcturnal rddidtion.•l cooling
at the surfJcc and normal lack of ni~httihte convt!ction wi 11 causl' .: temperature inversion, if other physical p:irameters ar~ favor <.ble. Thcst!
*slightly different than values presented by Bcnn nnd Dutton.
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conditions are conducive to the formation of superrefractive str.:•ta in
the lower troposphere. The formation of superrcfrac tivc str;lta is f.:1vored
by cleRr skies and lo\ol wind speeds.
Elevatt!d :.;upcrrefractivc layers also occur with temperature inversions
or in stable layers in which there is <l d'!crease in moist,tre \Jith hei~ht.
Subsidence inversi,ns are the most coumon cause of this situation.
LOCAL TEilllAIN SURROUNDING COLLEGE STATION, TEXAS

When the be:1m of a radar uni!: is used to cover a lar~e horizontal are.:1 from 200 to 300 mile:> - the elevation o1ngle of the beam must be at or ncar
zero. Near the radar site, even \olhe11 the ~ntenn.• is several feet ..1bovc
the ~round, part of the energy is "echoeJ'' hack from nearby objects tJnd/or
the 0 round itself. As the energy ~oes farther .1nd farther from the rad.1r
site the curvature of the earth permits the beam to extend into the •·ir
mass higher and higher above the earth's surface. The local tert"Jin
surrounding any particular radar location helps define the tpyical ground
pattern. Figure 5 sho\ols the topognphic map of area within 1.50 miles of
College Station, Texas.
N<ltMAL GROUNJ) PATTEJlN

A standard pottern must be determined if one wishes to ascertain the
degree of abnormality of nonstandard patterns. Figure 6 presents the
PPI (Plan Pcsition Indicator) pattern for Colleue Station \Jith the elev.Jtion
anBle set at 0° and a full gain setting of the receiver. It is the ground
return pattern auociated with standard refraction in the atmosphere. The
black circle shown in Figure 6 encloses an area inside 25 miles from the
radar site ~t Collece St~tion (CCL). The terrain features in Figure 5
are reflected in this normal ground pattern. For .example, the line of
echoes oriented southwest - northeast (approximately 25 miles so~th of
CLL) represents the ridge which rises south of Yegua Creek west of Navasota.
The low ground along the three streams - Brazos River, Yegua Cree~,
Navasota River - is indicated by the converging blue lines which join to
form the expanded Brazos River near Navasota before it heads southeastward
t:o empty into the Gulf at Freeport.
Fi~ure

6 can be reproduced with a 0° beam angle and a near standard
atmosphere day after day at College Stdtion, Texas, and can be considered
the normal g~our.d pattern. A standard pattern must be determined if one
wishes to ascertain the degree of abnormality of nonstandard patterns.
EXPANSION OF NORMAL GROUND PATTERN

I

I

Eleven cases ,:ere studied in which anomalous propagation caused an
expansion o! the normal ground pattern . The amount of additional echo
observed varies from scattered, su1all additions to large areas of anomalous
echoes which extend beyond the 50 mi range. The eleven cases were divided
roughly according to whether they had small or lar~e amounts of AP.
Examples from each division are shown in Figures 7 and 8. The black circles
enclose the same 25 mile radius area in these figures as in Figure 6.
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Fig. 5 Topographic Map of Area within 150-mi Radius of CLL.
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Fig. 6

0808CST 12 February 1963, Range: 50 mi.
Ground Pattern for AN/CPS-9 Radar located at CLL.

Norm~1

!'

~

l

0843CST, 27 March 1962, Range: SO mi.
Fig. 7 Expansion of Ground Pattern by Anomalous Echoes.

2320CST, 18 April 1962, Hange: SO mi.
Fig. 8 Expansion of Ground Pattern by Anomalous Echoes.

----- ·- · ----- - ----- --- -- ·-

--··-··- ··-· ...... - -

The common feature of all ceses was a aurface refracting layer less than
2000 ft thick, overlain by air of standard or near-standard refraction.
The difference in refractivity between the two division-. is refJ.ected
in the extent to which th.t ground pattei:'n is expanded. The smaller
expanaions of AP echoes are auociated with smaller refractivity values,
and larger amounts with larger values. All cases with creater amounts
of AP were from periods of higher temperatures than thoae with lesser
amounts. Warmer air masses, with their larger values of temperature and
humidity, have greater values of refractivity. However, the Kradient
of !. rather than the disc~ete values of N, is most important in determining the refracting properties of an air mass.
The difference in amount of anomalous echoes appear to depend upon the
gradient and thickness of the surface refractin~ layer. All of the smaller
amounts occurred with gradients between 18N/1000 ft nnd JON/1000 ft; the
larger amounts occurred with gradients between 26N/1000 ft and 40N/1000
ft. In general, the refracting layer was thicker when the larger amounts
of anomalous echoes were observed. However, the thickness of the surface
refracting layer was le ~ ~ than 1600 ft in all case~.
The anomalous echoes are related t, the topographic features. Comparison
of Figure 7 with a map of the terrain shows that the exces9 echoes
(indicated by white arrows) are reflections from billa at those locations.
These hills are not detected under standard refractive conditions, but
are delected when the radar ray is bent one and one-half to two times the
Sltandard rate of bending. Greater bending of the tay will cause additional
topographic features to be presented on the PPI (Figure 8).
LAJl.GE AREAS OF ECHO SEPARATED FROf THE NciMAL GROUND PATTERN
The examples that are included in this group are those which have anomalous
echoes at a considerable distance from the normal ground pattern. In
some cases, these echoes encircle the local area; in others, they are
confined to one or two quadrants. In most cases, they a~pear to be caused
by an elevated ducting layer.
Two ex~mples of anomalous echoes which enc!rcle the local area are considered first. Figures 9 and 10 are examples of "radial patterns" which
occurred on 7 May 1962 and 12 February 1962. The black circles ag<dn :;how
an area of 25 miles radius nearest CLL. A polaroid photograph is presented
for 7 May because the re ,;•Jlar photogra1-•hs were not useable. In the cas·e
of 12 February, there had been a complete cing of echoes earlier, but
those in the eastern quadrants haj be~un to dis.:1ppear by 0820CST, \vhen
the photograph was tak~n. The refractivity profiles for both dates were
very similar.
A large anticyclone was lo<!ated over the Gulf of Mexico at the surface,
with a smaller high-pressure area aloft centered over Texu, on both
7 May 1962 and 12 February 1962. Thus, there was a layer of moist Gulf
'lir near the surface, overlain by a very dry layer caused hy subsidence.
Nocturnal radiational cot)ling at the surface, together uith the subsidence wa1111ing aloft, created a very sharp inversion. These are the ideal
conditions !2£ the £ormation of ~ e:evated superrefractive layer, with
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a. 0820CST, 7 May 1962, Rang~: 300 mi.
Fig. 9 Radial Pattern of Anomalous Echoes Associated with an
Elevated Refracting Layer.

Fig. 10

b. 0820CST, 12 February 1962, Range: 225 mi.
Radial Pattern of Anomalous Echoes Associated with
an Elevated Refracting Layer.
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near-atan4ard refractive conditf.rms above and below the layer. The effect
of the elevated layer on the rad¥r ray ia dependent on the location of
the antenna relative to the layer, and on the antenna elevation angle.
If the antenna is located well below the layer, total bending of the ray
may be conaiderable at low elevation angle~, but the ray will emerge on
the top aide of the layer. When the antenna is located just below the
layer (within aeveral thousand feet) and elevated less than 2 deg, the
ray may be trapped or totally refracted.
There are several characteristic• which distinguish these echoes from
thoae Jiscuased previoualy. First, ~ radial pattern is caused by total
or near-total refraction from an elevated layer, so that its location is
dependent on the vertical diotance between the radar and the layer, as
well ~• on the antenna elevation angle. Terrain features are of 5econdary
importance in giving the pattern its shape and location. Second, these
echoes usually persist longer because it takes much more convective
mixing to destroy an elevated layer th~n is needed to destroy a layer
next to the surface. Third, elements of .:. second ring of echoes ure often
observed; they probably result from a second ''bounce" of the ray bet~o~een
the surface and the refr~cting layer.
A good example o~ anomalous echoes associated with the formation of an
elevated refracting layer occurred during t~e night of 27 April 1962.
An elongated low-pressure trough aloft, extending from Illinois to central
Texas, trig:;ered severe thunderstorms as it moved eastward during the day.
Clearing occurred over the southern half of the state during the afternoon·,
bu'L thunderstorms continned in the Dallas-Shreveport area. Moist Gulf
air was flowing northward aloft, ahe<td of the trough, at the time of the
0000111' radiosonde soundings; it was replaced by very dry air !rom the west
.'lfter p4ssage of the trou~h. Figure 11 shows the refractivity profiles
for S n Antonio (SAT) .:.nd Lake Charles (LCII) at OGOO Universal Time (trr)
•·nd 1200UT, 28 April (1800CST, 27 April and Ot.JOOCST; 28 April); the
profile for Ft. Worth (ACF) is not sho\-m as it diu not ch~n~e .1ppreciabl]
from one sounding to the next. The formation of an elcvat2d superrcfr :1ctive
l.1yer is clearly indicated at both stations bet\Icen the times of the two
soundine;s. Fi6ure 12 shows the AP echoes which had formed in the couthern
quadrants by 2250CST (skies were then clear); the echoes to the north
\Jere cuusec! by thunderstorms.
The last (:Xample to b~ considered in this (•,roup occurr~d on 9 Fehr•Jary
l'J62 (Fi :.;ure lJ;..--e). SkLc:. "ere generally clear over I he state, ~xecpt
!or come early morning fo:.; 3lon:; the co~~:;t ::nd lm.,r :>tr:.1tus clo~td::> : hi~],
dissipated .JC the t~mpcr.:.tturc incrca~cd. A l.tr; ~e hi;jl : -pressur~ <1re-.: \ : .Is
situated over the ::;out!1eastcrn United States, so that Parm, moist :lir , .•. :,;
flo1.1inJ northward from the Gulf at the lower levels. Cold, dry ;Jir :.:loft
b~d entered Tex.Js from the northwest; the 1200trr t·efr~ctivity profiles
F: .... ·•rc 14) :. ndicatc that this air had not reached LCH. Very :;t:-on:;
supcrrefractive layers existed at ACF ;•nd SAT; it .:Appears to be a reason~blc assumption that such a l.:1ycr exi::;tcd ·•t CLL also, if one considers the
amount of anom;:.lous echoes that were occurrin3 (Figure 13a---e). iloth
the profiles and the photographs demonstrate that the p.1ttern w.;.s not a
true r .1dial p..1ttern .:.~t 0850CST, .Jlthout.:h echoes occurred in all direction:;.
Durin;; the next 15 min, heating and convective mixing ber;an to destroy
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Fig. 12

22SOCST, 27 April 1962, Range: 300 mi.
Anooalous Echoes Associated with the Fonnation of an
Elevatad Refracting Layer.

a. OSSOCST, 9 February 1962, Range: 300 mi.
Fig. 13a Anomalous Echoes caused by a Strong Super-refractive
Layer at the Surface.
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b.

c.
Fig. 13b & c.

OYO SCST, 9 February 1962,

0931CST, 9

F~bruary

Range : 300 mi.

1962, Range : 300 mi.

AnomaloU!• Echoes caused b)' a Strong Super-refractive
layer at the Surface.
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Fig. 13d

0944CST, 9 February 1962,

1018CST, 9 February 1962,

Range: 300 mi.

Range: 300 mi.

& e. Anomalous Echoes caused by a Strong Super-refractive
Layer at the Surface.

.. ·• .........

the superrefractive l~yer next to the surface; an elevated layer was
the echoes moved outward from the center (Figure 13b).
Continued heating and convection during the next 26 min destroyed much
of the r.:1dial pattern (Figure 13c, 0931CST); in the following 13 min, all
the echoes in the northwest quadrant disappeared and new echoes appeared
in the southwest qu~drant (figure 13d, 0944CST). Nearly all the echoes
had dis.:.1ppeared by 1021 CST, except ::.everal in the eastern quL.&uriint~
beyond 100 mi, indicating that the low-level refracting layer was virtually
destroyed. This ex~mple tends to confirm ~11 previo~9 conclusions concerning the relationship between anomalous echoes and th~ location ~nd
strength of superrefractive layers.
cre~ted ~nd

OPTICAL AND RADIO PROPAGATION

In Chapter 13 of the Handbook of Geophysics for ~\ir Force Designers,
published by the u. s. Air Force in 1957, various equations, tables, and
nomograms are presented covering electrom.:1gnetic wave propagation in the
lower atmosphere. Figures 15 and 16, as copied from that book, show how
refr.lctive modulua valus vary with altitude for both optical and radio
wavelen~ths.
As shown in Figure 16 the two curves for optical and r3dio
wavelengths converge at altitudes greater than 20,000 feet. Thia would
indicate that any abnormal ducting of optical and/or radar type images
tnibht be similarly distorted to observers in aircraft flying above 20,000
feet when atmospheric .Jbnormalities o.lre uni\&Uely favorable for .:.1nomalous
propagation.
AI1.CRAFI PENETRATION OF CLEAR AIR ''ANGELS"
At the Ninth Weather R..:dar Conference in Kansas City in 19ol, R. (~. Tillman,

R. E. Ruskin, and M. N. Robinson of the u. s. Naval Research Laboratory,
reported on the trackin~ of Jpproxim;1tely 500 clear air ~'un3el" echoas.
Moat of the "angels" plott~d h.:.~d radar c~·oss sections betwe~n .1pproxim'l tely
0. 2 .Jnd 3 cm2.
The maximum detectable range usually fell between 2,000 and 4,000 yards.
On occa.;ion, distinct angels with the <1ppearance -.nd char;lctcristics of
LJre~e ..~irplunes or vt:ssels were tr;.tckud, prt:senting tilraets rou~hly 100
times the minimum detectable target ut th;..t r3n 6 e. The physical extent
of most of the an~ela, as deduced from manud ly varying the range setting
acroso the tar 0et, waa approximately 35 yarda.

A seriea of attempt• was ~~U~Lde to vector an instrumented WV-2 SuperConstellation Hircraft through the apparent location of thtl an~el echoe¥.
Of 28 attempts, 4 were succe1sful. The plane was directed by radio by
the r.1d.:1r oper:1tors, using the altitude anti heading inform:ttiCln from the
plottin~ boilrds.
On th~ .four succeuful runs the ph.nc passed directly
throu~h the telescope cross hairs, and its rudar return WJS visible in the
range notch of the A-scopes. In c~ch case the radar shifted to this
stronber target. However, in one run it was possible to unlock moment:Jrily
from the plune and to pi<:k up the .:.~ngcl .:l~;.!in. On L1nother occasion, the
;me;el echo disappc:1red ,,·hen the .. ircr. ft p..1ssed through. Thl.! aircr.· ft
instr ·lm~ntation included: a rapid-response refrac tomcter, . 1 vortt!>.: thermometer, electric field and conductivity instruments, :Jnd sp.\Ce ch ~. rge
detector. In none of the four im:t.1'1CCS was there ~ny correL•tion between
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of these in:.;truments and the .Jngel loc ::: tion. Slight t1trbulcnce
\o:a s encountered in close proximity of several of the an~els, but no dehnit~
correlation could be ~scertaincd.

SUHMARY
Cloudless skies .md good visibility prevailed at the time of the U'f'O
sightings in an ~rca from 50 miles east of Dallas to Mineral Wells,
Texas in the early morning hours of September 19, 1957. Therefore, the
UFO sighting& were not related to cloudiness, lightnin5, or radar echot!:;
from shower .1ctivity near the flight path.
The vertical profile of the atmosphere as measured .:lt Ft. Worth did contain
a sharp temperature inversion ne.'lr the 6000 - 7000 foot level ( Figur~ 2).
The temperature increu.sed and moisture content decreased rapidly \o.'ith
height in this layer. The change \·.'i th height was great enough to pcrmi t
a corresponding gradient of refractive index near the critic~l level
'ilhich allows extennvt'! anomalous propagation of either optical or radar
energy (see Figures 3 and lb). The :1ircraft crcto~, although flyint_~ above
the ducting layer, could have been receiving echoes and/or im~ges of
objects or lights many miles from the puth of the aircraft. The ground
operators of r1dar, located belov the ducting lnyt-'1:', probably \1ere observing echoes which were part of an anomalous propagation pattern transmitted to tht:.m due to tile elevated refracting layer.
The air mass itself would have been changing slowly with respect to time
during th•! night time hours. From a fixed position the ground radar
oper,.tors would have been able to detect anomalous propagation near one
particular position for fairly long periods. By contrast the airborne
equipment would have been c~nstantly ch.1nging its ~osition relative to
both the surrounding atmosphere and terrain. The probable ducting of
images from consider.tble distances through the layered atmosphere would
have tended to keep the ima~:;es in the same geuerill direction from th~
aircraft and <~t some distance away from the aircraft itself. This is in
some ways similar to the observation of a rainbow from <.1 r..oving automobile.
It is worthy to note that a large fraction of the reports on detailed
research which havE: been used as references for the conclusions in this
study have publication dates after September 1957. Even in 1968 it is not
likely that the results of such research are common knowledg~ to a high
fraction of aircraft cre\o~s who might on rare occasions fly near <i "ducting
layer" which is invisible in a clGudlcss atmosphere.
The detailed observations are bein~ ret.'lined in my files.
be of further use to you pl~ase let me know.

LWC:dd
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APPENDIX R: LEITER FROM GENERAL N. F. TWit\ING
TO COMMANDING GENERAL, ARMY AIR FORCES
23 SEPTEMBER 1947
SUBJECT:

AMC Opinion Concerning ''Flying Discs"

TO:

Commanding General
Army Air Forces
Washington 25, D. C.
ATTENTION: Brig. General George Schulaen
AC/AS-2

..

23 Septe1ubE'r 1947

1. A~ requested by AC/AS-2 there is preseJtted below the considered
opinion of this Co~~m~and concerning the so-called "Flying Discs". This
opinion is based on interrogation report data furnished by AC/AS-2 and
preliminary studies by personnftl of T-2 and Aircraft Laboratory, Engineering Division T-3. This opinion was arrived at in a conference between
personnel from the Air Institute of Technology, Intelliaence T-2, Office,
Chief of Engineerina Division, and the Aircraft, Powor Plant and Propeller
Laboratories of Enaineerina Division T-3.

2.

It is the opinion that:

a. The phenomenon reported is something real and not visionary
or fictitious.
b. There are objects probably approximating the shape of a
disc, of such appreciable size as to appear to b~ as )arge as man-made
air' craft.
c. There is a possibility that some of the incidents may be
caused by natural phenomena, such as meteors.
d. The reported operating characteristics such as extreme
rates of climb, maneuverability (particularly in roll), and action which
must be considered evasive when sighted or contacted by friendly aircraft and radar, lend belief to the possibility that some of the objects
are controlled either manually, automatically or remotely.
e.

The apparent common description of the objE'cts is as follows:
(1)

Metallic or light reflecting surface.

COPY
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(2)

Absence of trail, except in a few instances when the
object appArently was operating under high performance conditions.

(3)

Circular or t:lliptlcal in shRpe, flat on bottom and
domed on top.

(4)

Several reports of ~ell kept formation flights varying
from three to nine objects.

(S)

Normally no associated sound, except in three instances
a substantial rumbling roar was noted.

(6)

Level flight speeds normally above 300 knots are estimated.

f.
It is possible within the present U. S. knowledge -- provided extensive detailed development is undertaken -- to construct a
piloted aircraft which has the general description of the object in subparagraph (e) above which would be capable of an approximate range of
7000 miles at subsonic speeds.
g.
Any developments in this country along the lines indicated
would be extremely expensive, time consuming and at the considerable expense of current projects and therefore, if directed, shoulrl be set up independently of existing projects.
h.

3.

Due consideration must be given the following: (1)

The possibility that these objects are of domestic
origin - ~he product of some high security project
not known to AC/AS-2 or this Command.

(2)

The lack of physical evidence in the shape of C'!'ash
recovered exhibits w.1ich would undeniably prov~ the
e~i~!~nce of these objects.

(3)

n.e possibility that some foreign nation has a form
of propulsion pQssibly nuclear, which is outside of
our d~mestic knowledge.

It is recommended that:

a. Headquarters, Army Air Forces issue a directive assigning
a priority, security classification and Code t-1ame for & detailed study of
this matter to include the preparation of complete sets of all available
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and pertinent data which will then be made available to the Army, Navy,
Atomic Energy CoDIIIissicn, JRDB, the Air F:>rce Scientific Advisory Group,
NACA, and the RAND and NEPA projects for comments and recommendations,
with a preliminary report to be forwarded withing 15 days of receipt of
the data and a detailed report thereafter every 30 days as the investigation develops. A complete interchange of data should be effected.
4. Awaiting a specific directive AMC will continue the investigation within its current resources in order to more closely define the
nature of the phenomenon. Detailed Essential Elements of Information
will be formulated immediately for transmittal thru channels.

N. F. TWINING
Lieutenant General, U. S. A.
Cormnanding
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APPENDIX S: DIRECTIVE - MAJOR GENERAL L. C. CRAIGIE TO Cat+IANDING GENERAL
WRIGHT FIELD (WRIGHT-PATTERSON AFB) - DISPOSITION AND SECURITY FOR PROJECT
"SIGN", DATED 30 DECEMBER 1947.

(COPY)
30 December 1947
SUBJECT:

Flyin& Discs

TO:

Commandina General
Air Material Command
Wright Field, Dayton, Ohio
Attn: TSDIH

1. Reference is made to three inclosures, memoranda from your office
to this headquarters, subject as above.
2. It is Air Force policy not to ignore tcports of sightings and
phenomena in the atmo~phere but to recognize that part of its mission is
to collect, collate, evaluate and act on information of this nature.
3. In implementina this policy, it is desired that thE Air Material
Command set up a project whose purpose is to collect, collate, evaluate and
distribute to interested government agencies and contractors all information
concerning sightings and phenomena in the atmosphere whi:h can '>e construt~d
to be of concern to the national security. It is desired that appropriate
recommendations be forwarded to this Headquarters, wherever action is indicated which falls outside the field of the Air Material Command.
4. It is suaaested that the activities of this project include the
preparation and distribution of an initial re~ort, as recommended in Inclosure 1, and that subsequent reports be issued on a quarterly basis.
Supplementary reports should be issued at more frequent intervals should
the need for same be indicated. This project is assigned priority 2A, with
a secu,.ity classification of "restrited" and Code Name of "SIGN". Where
data of a classification higher than re~tricted is handled by the project
such data should be classified accordinaly. A complete interchange of data
should be effected as recommended in Inclosure 1.
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such data should be classified accordingly. A complete interchange of
data should be effected as recommended in Inclosure 1.
BY COMMAND OF THE CHIEF OF STAFF:

L. C. CRAIGIE
Major General, U.S.Air Force
Director of Research and Development
Office, Deputy Chief of Staff, Material
4 I nels
1. Memo dtd 23 Sept '47
from AMC to AC/AS-2
(Gen Schulgen)
2. Memo dtd 24 Sept '47
from AMC to AC/AS-2
{Gen McDonald)
3. Memo dtd 1g Dec '47
to Gen Craigie
RIR
from Dir of Intell. w/2 Dools
4.
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APPENDIX T: G. E. VALLEY, INTERPRETATION OF REPORTS OF UNIDENTIFIED
FLYING OBJECTS, PROJECT "SIGN", NC . F-TR-2274-IA, APPENDIX "C".

Appendix "C"
So.e Considerations Affecting the Interpretation of Reports of Unidentified
Flying Objects
By
G. E. Valley, Member Scientific Advisory Board,
Office of the Chief of Staff, United States Air fore~
The writer has studied summary abstracts and ca..ents p~rtaininK
to unidentified flying objects, which were forwarded by Air force lntelliaence. These remarks are divided into three main parts: the first part
is a sh~rt summary of the reports; the second part consists of a general
survey of various possibilities of accountin& for the reports; the third
part contains certa1n recommendations for future action.
PART I •• SW'IRT SlHotARY OF OBSERVATIONS
The reports can be grouped as follows:
Grouf 1 -- The most numerous reports indicate the daytime observatfon
of metall1c disk-like objects, roughly in diameter ten times their thickness. There is some suggestion that the cross section is assymctrical and
rather like a turtle shell. Reports agree that these objects are capable
of high acceleration and velocity; they often are sighted in groups, sometimes in formation. Sometimes they flutter.
Grou~ 2 -- The second group consists of reports of lights observed at
night. T ese are also capable of high speed and acceleration. They are
less commonly seen in groups. They usu lly appear to b~ sharply defined
lu~inous objects.

Group 3 -- The thirq group consists of reports of various kinds of
rockets, in aeneral appearing somewhat like V-2 rockets.
Group 4 -- The fourth group contains report~ of various devices whirh,
in the writer's opinion, are sounding balloons of unusual shape such as are
made by the General Mills Company to Navy contract.
Group 5
The fifth group includes repo1 .s of objects in which little
can be pla~ed.

crede~ce

S-11750
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General Remarks
In general, it is noted that few, if any, reports indicate that th~
observed objects make any noise or radio interference. Nor are there
many indications of any material affects or physical damage attributable
to the observed objects.
Summary -- PART I
This report will consider mainly the reports of Groups 1 and 2.
PART II -- ON POSSIBLE EXPLANATIONS OF THE REPORTS
Section A -- ~nat can be deduced concernin the nature of an unknown
aerial object from a sinale sia tina?
Here, there are two problems: first, how much can be deduced concernina the nature of the objects from aeometrical calculations alone;
second, how much more can be deduced if. in addition, it is assumed that
the objects obey the laws of nature as we know them.
Concernina the first problem, it can be stated that only ratios of
lenaths, and rates of chanae of such ratios, can be accurately determined.
Thus, the ranae and size of such objects cannot be deterained; and it is
noticeable that report! of size of the ob erved objects are widely at
variance. However, anales, such as the anal• subtended by the object, can
be observed. Likewise there is fair aareement abnna several observers
that the diameter of the objects of Group 1 is ab~ut ten times their thickness. Althouah velocity cannot be determined, anaular velocity can be,
and in particular the flutter frequency could, in principle, be determined.
All that can be concluded about the ranae and size of the object~,
from aeometrical considerations alone, is: 1) from the fact that estim~ted
sizes vary so widely, the objects were actually tither of iffertnt »izes,
or more likely, that they were far enou~h from the observers so that binocular vision produced no stereoscopic effect; this only means that they were
farther off than about thirty feet; 2) since objects were seen to disappear
behind trees, buildinas, clouds, etc., they are lara• enouah to be visible
at the ranaes of those recoanizable obj•cts.
Now,it is obviously of prime importance to estimate the size and mass
of the observed objects. This may be ~ossible to some extent if it is
permissible to assume that thoy obey the l•ws of physics. Since the objects have not been ooservtd to produce any physical effects, other than the
one case in which a cloud was evaporated alona the trajectory, it is not
certain that the laws of mechanics, for instance, would be sufficient.

S-11750
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But suppose that machanical laws alone are sufficient, then the
followina example is sufficient proof that at least a length could, in
principle, be determined: suppose a simple pendulum were observed suspended in the sky; then after observina its frequency of oscillation,
we could deduce froa the laws of mechanics its precise length.
This suaaests that somethina could be deduced from the observed
flutterina motion of some of the objects of Group 1. Assume that we
know the anaular frequency and anaular amplitude of this fluttering
motion (they ~an be measured in principle from a motion picture). Then
for purposes of calculation assume the object to be thirty feet in diameter, to be as riaid as a normal aircraft wing of 30-foot span, to be
constructed of material of the optimum weiaht-st~dn&th ratio and to be
a structure of most efficient design. It is now possible to calculate
how heavy the object ~t be merely to remain riaid under the observed
angular motion. Let the calculation be made for a plurality of assumed
sizes 1, 2, 4, 8, 16, 32, 64 ---- up to say 200 feet, and let calculated
wass be plotted versus assumed size. The non-linear character of the
curve 5hould indicate an appror.imate upper limit to the size of the object.
I£, in addition, it is assumed that the flutter is due to aerodynamic forces, it is possible that more precise information could be
obtained.
The required anaular data can probably be extra:ted from the witnesses most relaibly by the use of a demonstration model which can be
made to oscillate or flutter in a known way.
Suamary --PART II, Section A
Geometrical calculations alone cannot yield the size of objects
observed from a single station; such observation toaether with the
assumption that the objects are essentially aircraft, can be used to
set reasonable limits of size.
Section 8 -- Jhe yossibility of supporting and propelling a solid
object by unusual means.
Since some observers have obviously colored their reports with
talk of rays, jets, beams, space-ships, and the like, it is well to
examine what possibilities exist along these lines. This is also important in view of the conclusions of PART II, Section A, of this
report.

I

I

~

I
I
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Method I -- Propulsion and support by Mans of "rays" or ''beus".
By "rays" or ''beams" are 11eant either purely electroaaanetic radiation or else radiation which is laraely corpuscular like cathode-rays
or cosmic-rays or cyclotron-beams.
Now, it is obvious that any device propelled or supported by such
means is fundamentally a reaction device. it is fundaaental in the
theory of such devices that a aiven ..aunt of eneray is most efficiently
spent if the momentum thrown back or down is lara•. This aeans that a
larae mass should be aiven a small acceleration -- a theorem well understood by helicopter desianers.
The beau or rays mentioned do the contrary, a sull us5 is aiven
1 very hiah velocity, consequently enormous powers, areater than the
total world's power capacity, would be needed to support even the smallest object by such means.
Method II -- Direct use of Earth's Maanetic Field
One observer (incident 68) noticed a violent action of a hand··held
c011pass. If we assume from this that the objects produced a aaanetic
field, cc.,s:a•u·able with the Earth's field, nuely, 0.1 aauss, and that
the observer found that the object subtend~ an anal• Q at his position,
then the ampere-turns of the required electroaaanet is aiven by:
lOR
ni • ~ where R is the ranae of the object.
g

For instance, if R is one kilOdeter and the object is 10 meters in diaaeter, then ni ~ 1 billion ampere-turns.
Now if the object were actually only 10 meters away and were correspondinaly smaller; namely, 10 em in diameter, it would still require 10
million ampere-turns.
These fiaures are a little in excess of what can be conveniently
done on the around. They make it seem unlikely that the effect was
actually observed.
Now, the Earth's maanetic field would react on such a maanet to
produce not only a torque but also a force. This force depends not directly on the Earth's field intensity but on its irreaularity or aradient.
This forc0 is obviously minutt since the chana• in field over a distance
of 10 meters (assumed diaaeter of the object) is scarcely measureable,
moreover the aradient is not predictable but chana•• due to local ore
deposits. Thus, even if the effect were lara• enouah to use, it would
stil. be unreliable and unp~edictable.
5-11750
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Method III -- Support of an electrically-charged object by
causing it to move transverse to the Earth's magnetic
field.
A positively-charged body moving from west to ea~t, or a negatively-charged body moving from east to west will experience an upward
force due to the Earth's magnetic field.

I
f

A sphere 10 meters diameter moving at a speed of one kilometer/
second would experience an upward force of one pound at the equator
if charged to a potential of 5 ~ 1012 volts. This is obviously ridiculous.

I

•i

Section D -- The anti-gravity shield

I
\

It has been proposed, by various writers, perhaps first by ILG.Wells,
that it might be possible to construct a means of shielding a massive
body from the influ~nce of gravity. Such an object would then float.
Recently, there appeared in the press a notice that a prominent economist
has offered to support research on such an enterprise.
Obviously, con~ervation of energy demands th4t considerable energy
be given the ~upported oh.iect in order to place it on the shield. However, this amount of energy is in no way prohibitive, and furthermore
it can be gotten back when the object lands.
Aside from the fact that we have no suggestions as to how such a
device is to be made, the various theories cf general relativity all agree
in assuming that gravitational force and force due to acceleration are
indistinguishable, and from this assumption the theories predict certain
effects which are in fact observed. The assumption, therefore, is proba~ly
correct, and a corollary of it is essentially that only by means cf an
acceleration can gravity be counteracted. This, we can successfully do
for instance by making an artif1cial satellite, but this presumably is
not what has been observed.
Summarv -- PART II, Section 8
Several unorthodox means of supporting or propelling a solid object
have been considered, all are impracticable. This finding lends credence
to th~ tentative proposed assumption of Part ~1, that the objects are
supported and propelled by some normal means, or else that they arc not
solids. No discussion of th~ type of Part II, Section 8, can, in principle, of course, be complete.
Sectlon C -- Possible causes for the reports
Classification I -- Natural terrestrial phenomena
1.

The observations may be due to some effect such as ball of
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liahtning.
The writer has no suggestions on this essentially meteoroloaical subject.
2.

Th~

objects may be some kind of animal.

Even in the celebrated case of incident 172 where the light was
chased by a PSl for half an hour and which was reported by the pilot to
be intelliaently directed, we can make this rem~rk. For considering that
an intelliaence capable of making so remarkable device would not be likely
to play around in so idle a manner as described by the pilot.
In this connection, it would be well to examine if some of the
li&hts observed at niaht were not fire-flie1.
3. The observed objects may be hallucinatory or paycholoaical
in oriain. It is of prime importance to study this ~ossibility because
we can le•rn from it somethina of the character of the population; its
response under attack; anJ also somethina about the reliability of visual
observation.
One would like to assume that the positions held by many of
the reported observers auarantee their observations. Unfott~~!tely,
there were many reports of curious phenomena by pilots durina the war
-- the incident of the fire-ball fi&hters comes to mind. Further,
mariners have been reportina sea-serpents for hundreds of years yet no
one has yet produced a photoaraph.
It would be interestina to tabulate the responses to see how
reliable were the reports on the Japanese balloons durin& the war. There
we had a phenomenon proven to be real.
It is interesti~a that the reports swiftly reach a maximum
frequency durina the end of June 1947 Rnd then slowly taper off. We can
assume that this is actually an indicatio~ of how many objects were actually about, or, quite differently, we can take this frequency curve as
indicatina somethina about mass psycholoay.
This point can be tested. Suppose tt.e population is momentarily
excited; hc·w does the frequency of reports vary with time·! A study of
crank letters received after the recent publicity aiven to the satellite
proaram should aive the required frequency distribution.
It is probably necessary but certainly not sufficient that the
unidentified-object curve and the crank-letter curve should be similar
in order for the flyina disks to be classes as hallucinations.
S-11750
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A large-scale experiment was made at the time of the Orson Welles'
"Martian" broadcast. Some records of this must persist in newspaper files.

I
I
I

Classification II --

Man-mad~

terrestrial phenomena

1. Th~ objects may be Russian aircraft. If this were so, then the
considerations of Sections A and 8 indicate that we would ha~e plenty to
worry about. It is the author's opinion that only an accidental discovery of a degree of novelty never before achieved could suffice to
explain such devices. It is doubtful whether a potential enemy would
arouse our curiosity in so idle a fashion.

r

Classification Ill

l

Extra terrestrial objects.

1. Meteors: It is noteworthy that the British physicist Lovell
writin& in "Physics Today" mentions the radar discovery of a new daytime aet~orite stream which reached its maximum during June 1947. The
reported objects lose liltle of their interest, however, if they are of
meteoritic origin.
2. Animals: Although the objects are descirbed act more like animals than anything else, there are few reliable reports on extraterrestrial animals.
3.

Space Ships:

The following considerations pertain:

a. If there is an extra terrestrial civilization which can
make such objects as are reported then it is most probable that its
development is far in advance of ours. This at·gument can be supported
on probability arguments alone without recourse to astronomical hypotheses.
b. Such a civilization might observe that on Earth we now have
bombs and are fast developing rockets. In view of the past history
Ol Aankind, they should be alarmed.
We should, therefore, expect at this
time above all to behold such visitations.
~

~ic

Since the acts of mankind most easily observed from a distance are
A-bomb explosions we should expect some relation to obtain between the
time of A-bomb explosions, the time at which the space ships are seen, and
the time required for such ships to arrive from and return to home-base.
PART Ill -- RECOMMENDATIONS
1.

The file should be continued.

2.

A meteorologist should compute the approximate energy required
S-11750
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to evaporate as much cloud :ts shown in the incident 26 photographs. Together with an aerodynamici;t he should examine whether a meter•\te of
unusual shape could move as observed.
3. The calculations suagested in Part II, Section A, shc-••F be
by an aerodynamicist with such changes as his more , Jiled
knowledge may sugaest.
e:~timated

4. The mass-psychology studies outlined in Part II, Sectl~n C,
Classification I 3 should be carried out by a competent staff ,,f statisticisns and mass-psycholoaists.
5. Interviewing agents should carry objects or moving pictures for
comparison with reporter's memories. These devices should be properly
designed by a psychologist experienc~d in problems pertaining to aircraft
and design of aircraft-control equipment so that he shall have some grasp
of what it is that is to be found out. If the Air Force has reason to
be seriously interested in these reports, it should take immediate steps
to interrogate the reporters more precisely.
6. A person skilled in the optics of the eye and of the atmoJphere
should investigate the particular point that several reports agree in
describing the objects as being about ten times as wide as they are thick;
the point being to see if there is a plurality of actual shapes which
appear so, under conditions approachina limitina resolution or detectable
contrast.

S-11750
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APPENDIX U: REPORT OF MEETINGS OF SCIENTIFIC ADVISORY PANEL
ON UNIDENTitiED FLYING OBJECTS (ROBERTSON PANEL)
14-18 JANUARY 1953
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Report of Nootin.:;s of thl).
.
.. Sci cntific Advj sory }Janel on
;
"Unidentified t"'lyinz Objocts, JanUAry ll~ - 18, 1953

SU'JJr;CT

!
f

PURPOSE

The purpose or this v.or..orancl· : 1 is t.o present:

a. A brief history of tho rr.cotinzs Clf tho.
On Unidentified Flyin~ Objects (Part
b.

Advisory Panel

I),

An unoffici£'.1 suppler:;ont to tho ..,fficial Par..::l Repc,rt:
. ~etting forth
Mc•~bcrs

co~.•.,~nts

a.ncl suc;gcstions of the Panel

\orhich thei bcli.ovcd were inappropriate for inclusion

in the fo:-rr.~l report. (Part II).

After consideration of the subject of "unidentified fiying
objects" at the 4
the

D~cer.:oer

foll~Hing

:r.eating of tho

action was &&reed:
will:

"The

a.

Enlist the services of selected scientists to

.-

review and aooraise the a?ailable avjd3nce in the
light of

pe:-tin~~t

scientific theo:-ies •••• "

FollO'wi·1g the delezatio:l of this action to tho:1!.
and .?relim.in.:!.ry

1394·

investi~aticn,

I
(
i

rI

In

an Advisor.y Panel or selected scientists was assenabled.

I

'cooperation with the Air Teclurl.ca.l Intellieence Center, case

I

}. i.stories or reported sightings and related Mterial were

I

Made nvnilable for their study and consideration.

t

l

Present at tho initial ~oetinc (C9.)0 Wednesday,
we:re:

Robcrts~.~n ~

Dr. H. P.

~

Dr.

14 Jnnuar,y)

Dr. Thornton

Paee, Dr. Samuol A. Goudsmit,

and tho wri tor.

'Panel Menaber, Dr. Lloyd

ner, was absent until.Fridny afternoon.
were present

throu~hout

y.

as~is't

Berk-

Mossrs.

the sessions to familiarize themselves

in administra +.ive support or the meetings.

(A list or personnel concerned with the meetings is given in
Tab A.

The

opened tho meeting, reviewing CD. interest in the
'.t'his review included the Jl'lentiol'} ot

subject and action taken.
the,

~Study Group or August 1952

culminating in the briefing or the
briefing, 4 December
Robertson and

the ATIC November 21

consideration, visit to ATIC
• and'

ooncern over potential dan&ers

to national aecurity indirectly related to theee aightings _.

Mr.

onwnerated these potential dangors.

introducti or., Dr •

FollCMing thia

turned the meeting over to
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with the subject, represent the substnntivo interest or their
Divisions, 1.nd

I
I
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Dr.

r • ~. • ..: ;

•.. , ...

l ~;·:.. ' :;

.;__._ ..: 1!·.~ ...~ .. -~- ~~

Ch:1irman of tho Panel.

. ..,.. ..... .,.,.... ... ,-........ ..... .

-~

Ir.

~
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..-, ~

••• •-.• •~ ~-
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_

•
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•
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Dr. Robertson cm:r..cr.:t tc..:l ·

tho cvicloncc AVAil:tb1o and roqucslcd consideration of specific
reports t!nd letters be Ul.kcn by certain individuD-ls prc:.ent (Tab D):
For example, ca:;e
siehtin~s

hi~t..orios involvin~

rA<.!.:.r or r01-dAr AT1d visual

'H:ro :;elected for Dr.

Fireball phenomena,

noctt~nal

wnilo

lichts, and

investigation \ororc routed to Dr. PAce.

r~ports

of Green

~u~costed procraro~

of

Jo'olla..ring these remarks,

the znotion pictur~s of the siehtin~s At Tremonton, Utah (2 July 1952)
and Great Falls, 1-tontana (15 Aucust 1950) 'o~cro sho\om.

Tho me~ting

adjourned ai 1200.
~mmn~sn\Y

AF1Tm:oou

The second rnoetin.: of.' ihe Panel opened at.

11~00.

USN, a11d l'.r. ______ of tho USN Photo
Laboratory, Anaco5tin 1
the films

mc~tioncn

pro~ent~d

above.

discussion as elabor.1tcd upon below.

-

Inlorpre~a

tho results of their

This analysis evoked

Lt..

tion

analy~os

of

con~iderable

Besides Panel me:r.hci'S and

CI f\ person."lel, Capt. E. J. Rup;c ll, Dr.
;

(2-a-2), and Dr.
were p:::-or.cnt.
Follo~-line;

Hr. E.

_r.

han.:llin~

the Photo Interprehtion L2b presentation,

t\uppcl t spoke for about· 40 minutes on ATIC 111othods of
and cvaluatin[; reports of

ir".p.·cvc the quality of reports.

siehtin~s

The

rncetin~

and their efforts to
was adjourne-1 at 1715.
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The third <mu fourth

..

r•icoiin~:; of

.. . _,.. ..
I

tho Panel were held

•'

''

.•

:'

Thur~d\\J,

at 0900 with a two-hour break for luncheon.

--:·:r. Ru;.;-.:.1

rllctT.bcr:; nnd CTA personr.cl, t-:r. Huppc1 t. and Dr.

wcrv pro sent for both scs:;ions.

In tho

rnorr;i.r:~,

t con-

tinucd his bricfin;?; on ATIC collection and analysi~ proccclures.
Tho Project STOlU( support a t _ • · " - · · · - -· · ----~·~ ····' ..... ·---w~s

described by Dr.

--._.,. .......

~ . number

of case histories wcro dis-

cussed in detail and :». motion picture film of scaculls was shown.
A two hour break for hmch wn:; taken at 1200.

THUP..SD.\ Y AF'J.' F:lliOOi~
At 1400 hours

cave a 40-Minute bricfin: or

Project 'n'IIN:CLE, tho invostizatory project conducted by the ;.ir
Force

~{r.tcor.:>lo:;ical Ro~o~rch

briefing ho

point~d

Center at

Ca1o1brid~.J 1

out tho rn11ny problcrn:; of

}<tass.

scttin~

In this

up and

~~~nnin~

24-hour instrwncntntion watches of patrol cau.cras searching for
siehtincs of U.F.O.•s.
At

1615---------------------~

joined the meeting with

•...·;·:.·-...,._________ . expressed his surport of the Pan< 1 •'s
efforts and stated three personal opinions:
a.

That greater use of Air Force intoll1gence officers :n
the field (for follow~up invostieAtion) appeared desirable.
but that they required thorough briefin;.
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of tho rcport!i ::.:: po!;:;iblc.
e. That sotno inci·c:t:.o in the A'l'IC section dovot.cci to U.F.O.
ant~lysis W-l~

Thi!;

in(B.c."ltcd.

zr.cuLin~ \-1"-:i adjon!'~1od

at 1700.

F1UDAY r:ormlNG

The fifth sos:;ion of tho Panel convened at 0900 with the

s.:tmo

pcrsot~nr;l prc~cnt

as enumerated for Thursday (-.rith tho cxcel>tion

of

·--

_______

,

-

Frorn 0900 .- 1000 there was ceneral d:l scu:;:;ion c.r.d study or
re~erenco

material.

A~so,

---- re.,.d a

certain observations and concluslons.

prep~rcd

At 1000

paper

---

~~king
~

..ve a

bricfinz on his fifteen months cxporienco in \-Tashincton as P,·oject
Officc·r for U.F.O. 's and hi:; personal
consldcr~blc

discus:;ion of individual

to which he refcrr(;d.

cor:t~lusior&s.
cas~

discus~cd

AF?Ei'u~OO)j

was present.

of the

and

l~~cheon.

This session opened at 1400.

Mem~er,

-

cxanJn~~

Ruppel t, and _ __ The meeting adjourned

with }:essrs.

FaiDAY

histories of sichtings
_ presentation, a

r'ollowinJ

nunmcr of additional case histories wcro

at 1200 for

There was

Beside~

Panel

~embers

Dr. Lloyd V. Berkner, as Panel

was present at this meeting for the first time.
~eetin~s

and CIA

Progress

was reviewed by the Panel Chairman and tentati7e

.,

., ...

~

.. -

..

r

• ·• i
I

•

'::~ .. ~ ...... .. ,
•

..·!·.

conclu:>iom• rc.lchcd.

~

~

-~

A ccnnraJ discus:;ion followoo nnc.l tentative

recorn:r.cn1atior.s considered.

It was

a~eod

draft a report of the Panol to
P.:1.n..::l tho noxl xnornlr,e.

At 0945 th13

.•.-

\ · • '. . , .... , ,

... ~ •• ·..,t..~.tl·

1'1•u

Chniru~an

that

uloc.t.in~

that the
ev~nin~

Ch~irr:'ldn

should

revi~w

by the

for

ndjourn.:.-d tal.. l'll!i.

opcnod the seventh ses:;ion and sub1tdttcd

a rouch draft of the Panol Hcport to the zr,cmbers.

This draft had

been rcvicucd and approved e.?.rlier by Dr. Borkne...-.

The next tuo
.. '

and onc-!lalr hours were con::;utncd in discl.:.s::;ion and revision of tho
draft.

At llCO tho

~octinc

joined the

-.;

.r.1'

r,
..I

and reported th.1t he

I

had sho\·.'ll and discu:.sed a copy of tho initial rough draft. to
tho Director of Intellicenco, USAF, whoso reaction was 1'avoru'Jle.

At

1200 the mcctinc was adjourned.

At 1400 the eichth and final
Discl!ssion a::'ld

ret~ordin~

mcotin~

of the Panel was opened.

of certain sentcnce;s of the Report occupied.

the first ho•1rs. (A copy of tho final report is appended as 'l'ab C.)
This was 1'ol1o'..zed by a review of work accomplished by the Panel
and restatement of individual Panel Member's opinions and suegestions
on details that were felt inappropriate for inclusion in the
report.

It was agreed that the writer would incorporate

corr.ments in an internal report to the
represents tnis

infor~Ation.

~

·' ...

;::'·
~ ~ ·• ;·:::••
.: •
~

.....

..( . ·~

, ' · ... . ... .,

r .-~

•:· .. ·1·

i.

·- - ~
.r

..

·•.~ •......~-... ' •,

' . _.. '
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.
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r' ... .

•

.

.. · · · ·- .-~
•
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•

~. ~ ,·

• ~~!J

Tho Pnnol Hembors woro imprc::scd (a:. h.:1vo bocn others, includpcrso~~cl) in tho 1~ck of sourrl ~~t.:1 in tho grcnt u~jority

in~

of co.:.o hi:;;tor lc:;;

al~o,

in tl.o

1nc:~

of speedy fo) }eM-Up du& primrily

to the modest size nnd 1irr.i ted fncili tics or the J.TIC sectio:i concernc.d.

I
;.

Among tho cnse histories of significant siehtings discussed in detail
vero tho

~I

fo)~ouine:

Bellefontaine, Ohio (1 Auzust 195?.); 7reutonton, Utah (2 July 1952);

I

GrcA t Falls, Mont.:1n.:1 (15 Aucu:;t 1950); Yaak, :·lonlAn.l (1 September

l

I

19.52); Washington, D. C. a~:ca (19 July 195~); and liu.ncda A.F.B.,

!

J:1pru1

(5 Au~ust 1952), Port Huron, Mlchican (29 July 1952); and

Prosquo Isle, Maine (10 October 1952).
After

review and discussion of these cases (and about 15 others,

in loss detail), the Panel concluded th.:1t reasonable explanations
could be suegosted for most sichtings and "by deduction and scientific
Jncthod it cou.1d be induced (&ivcn additioml data) that other cases
lni.r;ht be expl<lined :J.n a similar manner".

The Panel pointed. out that

because of tho brevlty of sorno si~htin~s (e.g. 2-) seconds) and thn
illabilit:,• of tho witncssc~ to express themselves clearly (serr.-lntics)
that conclusive explanations aoul.d· not be expected for every case
reported.
~e a

Fw·therroore, it was considered that, normally, it would

grc.:1t waste of effort to try to solve JTiost

~Jc::;s

ot the sightincs,

such action would benefit a traininz and educational pro:;raro

(seo bclo~.r).

Tho l.Titin:;s of Charles For'- -.rAre t"cfcr~ncc:d to sho~.r

l"·

,';-,.. · :' .. ,
I

·:

':·.. .

..

•
(

:

.-l

,. -~ I : : "', e,,· Jr
• o

~

' •

. .'
14~0

J,

',

. -. -

'
"-

.

. -~

1

- )I'...,

•

- • •

,_ _____ _

'\.

,r ·. =· .. . . : . , - · ·:~ . . . ... \ , . : ·.: ·- ~ .-.
.
. . . . . . ....
(·.I ,I , , ,

''str<Jn.::~

that

ye.:~.rs.

for a

_

. .... , .·• J

•

.

.,.._. ......

#

~.,.,

~'

'

.,. I

....

~·•

. . , _...

-t~·

.. • .. '

~- •

.--·

•

\~

·•

•

• 1~

n~jority

obviou~~

Ua;;,.t thurc wa:> rao

thine~

of tho

no:r.i.c.-~1 spcciali ~;t:; on tho

. .. ,. ,_ :.
.
, •'

~r1e prc~cnce

r.ccn.

P.:~no1

sjn~le

thLt specialists in such

111eteorolo~, ~c.:rodynam:ics,
~bility

would extend tho

corios of little-known

pr.wc<1 of

v~l\1(,:

~clditional

of tho Panel to

or

:... t o:-.N,

j

n their

fields

~s

It 1-rns

ps]chology,

reco~nize ~any ~ore

cate-

D\i·!GY.:~

thr~.:. t

th~ t

there wo.s no ov .lc!.:.:nco of

to national sccuri ty in tho objects siehtod.

si :)~tod

Tho::o wore unexplaincd

by aircraft pilots durin:

~forld

liar II in both

EuropeAn and Far East theaters of opcr.,.tion llheroin "balls or lieht."
would fJy ne1r or with the aircraft and rnmtcuvcr rapidly.

They we:·J

beliovrd t6 bo electrostatic (sitr~lar to S~. Elmo's fire) or eloctr)tnacnctic phc"\ornenn or possibly light rencctions from ice crystals
in the air, but their exact cause or naturo was never defined.
Robcrtsc•• an1

had been

co~cerncd

Both

in the investibation of

the:;c pl~enozr.~•'la, but David T. Griegs (Professor of Geophysics at
tho University of California at Los
bean the most

I

rad~r ~nd ~~tro-

phcnomcn~.

Instances of "Foo Fichtors" were cited.
phcnom.::n.:.

I

s~

ornitholor;y and military air operations

Tho Panvl concluded ur.anj mously
a direct

_ _ __

C;XpJanution

.

~

LACK 0?

~ . T- ......,n.

--·,i-:•-:-•,

confident rccn.c3ni tion of ·.l:lc.r•.:.:ncn~ r..:.la ted to tc.c::..r ~.. .:.c.:..cL.

0~

.t-ttfii.,..

thl!les in the sl:y" h::sd bcc:n Nco:txlccl for hlinrlrcds of

It ap;_)c.lrcd

~pparont

ft

kn~~lcd~c~ble

Angeles) is believed to have

person on this subject.

If the term

"flying s<mc~rs" had been popular in 194) - 194.5, those objects would

.. ,,
...
v. •...;- .__.;...,.~ ~ .. :.·

...... .. ~ •. ,.,... -•, A •' •
,
.
t
'
) ~ ,, . ~ ... .' ' " ·. :•' ;- ·. 7

~
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.

~

/ ···. :. ... !:·· ·: ..: . ._. . ··_:. :'\ : -_·; "!f :
'~

call in~

.;/I -:;:

the~: n~111es.

It

. . ..
•' ..' ' ~! l.•

\.

w~.;

.

-..•.• )

.:-.-.

.

,

.. .

-.

,._,. '":•:-·..,

•

~. ~

!

\... .. . ~. ~ . -......... !. ;t.,;

••

the~o

their fc:cline thn t

p!1en.:...r. :::-.~ ar.:.

~!

t

not beyond tho dotr.'l in Of

prc~~nt kncvrlcd~o

of physical scionCOS, heM eVer,

t
l
I

It was the Panel's opinion

th~t

conccr~

some of tho Air Force

over U.F.O. 's (notwith~~nd:i.n: Air Defen:;c CoiTIITilnd anxiety over fast
radar tracks) ~a~ problbly caused by publjc pressure.

Tho result

todoy is that tho Ail'.F'oreo has instituted a fine channel for
roccivin~

reports of nearly anythin3 anyor.o sees in the

fails to understand.

whic~l

~uch

sp~co

as

travel and

Tho rcsu) t is the mss recdpt of lo.,:-r;rado reports

tend to overlo"d

chan~1cls

of co:nmuni cation with r..a. terial quite

irrelevent to hostile objects that mieht
agro~d

and

Thifi h.:1s been partic-ularly cneoli.r.l[:cd in popu-

lar articles on this and otl1c1" subjects,
science fiction.

sk~

eencrally thnt this

~~s

to~e

day

poor-q~3lity

or

little, if any, scientific data was of no value.

ap~ear.

The Panel

reports containine
Quite tho opposite,

it \oras possibJy dangerous in havin;; a ll".ilitary se1·vieo foster pub) ic

concern in "nocturnnl rneand<.;rine lichts".

Tho ilr.:'licnti-'n beint;,

since the interested agency \:as militnry, that thcso objects were
or

~~.jr,ht

thr~.lts

be potcntb.l direct

to n.1tional security.

inely, the · .cod for dcJe:r.ph.lsizltion made itself apparent.

Acco:-dCotr..'Tients

c-n a pussi':Jlc c :it.:.c1ticnal p:·v,::rarn are en•u cratod below •
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It \<l!)oS the Oi>in1on or Dr. Robertson

t.h:\~

the

•

.; •

.:. · • ••

"~:tuce:.r"

~-···· ··.1

proulcm

had bc-::n found t.o be cllffcrcnt. in n:J.turc fro1•i tho du'-.oction llnd
£.'Ujclc..:~ rni~silc=-

invcstir;:J.tion of Gcrrr..1n V-1 ond V-2
opcration~l

u::o in \-Tor)d \-!.:..r II.

In thb

prior to their

19!;.J-l91:/~

ir.t.u11 i ~ •. t.co

opor~tio•1 (c;~OSSI3C~o1), there was cxcclleut intclli~cnce a.nd by June
191:1~

there W:J.S ll!n.teri.ll evidence of the existence of

obtn:i ned fro:n crJ.::hed vchiclor. in
invczt.icatinc

te~m o.

"ht~.rd\o~are" rcsultin~

of- the

1-rl~p"

dan~or

exists.

harduaro"

This evidence c;avo tho

b:J.sls upon which to operate.

Tho o.bsanco of o.ny
"~rill-

from W1expl.line:d U.F.O. sir,hlin:s lend:; a

nature to tho ATJC proble:r.;.

eation, to d:,to,
or

S\o~odcn.

11

S~l·oncly

Tho rcsul t.s of their invc:;ti-

indic.lte th.lt no cvidc.ncc of hostile act
cur~<.:nt

Furthermore, tho

.

reportin{; systc:n 1-rould

have little V.lluo in the case of detection of

enc~

attack by coQven-

tional aircr••oft or cuided rnj ssiles; under such conditions "hardHaro"
would be

avail~blc ~1most
~

at onco.

t.PTIFACTS Or EXTR.A'l't."r?.:1F.S'DI!J, ORIGIIJ
It was intcrostine to

no~o

that nono of tho men•bars of tho

Panel were loath to acce!Jt

tht~.t

this earth rr.izht be visited by extra-

ter~~~trial

intelliecnt

not find was
trt~.velers.

a~

Mr.

bein~s

evidence that

of some sort, some day.
re~atcd

\-!hat they did

the objects siehted to space

in his prescnta tion, sho..red

ho~or

he had el ~. ·lcavin~

inat.(ld each of the known and p!"obable causes of siz:;ht.ings
"extr:J.-terrestrial" as the on1y one
backr,round a:; an aeronautical

ru1r.a~nin~

cn~inoor L1r\

in rr.<.ny casos.

technical intclli&tmce

,. • • •

141''!-

hiiTi

"-." '-'

-

p

..._ 0-.· 00-~ .- :

. -"""'
.

~
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.. .. l.. :
~

~

.

~..

.. .. ..
~

... .,.-

_~·

~

-

or;:..c.:;r (P,•ojoct OificeL", };I,lJl~lXlOK ro:r
sl:i ~)1tcJ.

15

.:lcco~ll

HO't:cvc1·, tho r.:uwl could not

cited by hir.

becau~c

:J.fiY of tho c.1se:.

they were r<nl, unoV<LlU:J.tecl. :report::;.

c.lsc:; · ar.d il) othc:..·::; the tln:c of

sicht.:iJJ~ WJ.s

in~prcs~ion::;.

su::;p.i.cion of vi::;u.ll

I'IOnth~) could not be

so shc,rt

:J.~

to c:J.uso

It was noted b.r Dr. Goudsmit anc!

othol"s that. extr:J.tcrrc:;triul artifacts, if they did ox.ist, aru no
cau:;c

fo~

Dlarm; r.1 thor, they arc in the realm of natural

su'uject to

~cientific

study, just a:; co:.mi.c ro..ys were :J.l the tiroo

of their ulscovery 20 to
whit;h Dr.

T~o"oortson

JO

yc~r::: a~o.

This

l-1<"•.;;

an altitude in

did not concur, as he felt that. such artifacts

would be of illl.'llo::di.ate and r;rc.lt concern not onJy to the
tn a.ll countl:"ios.

phono:J.cn~

v.

S. but

(Nothinc like a co.::t."'lon threat to unite people~;!)

Dr. PD;-o noted th.;t. prvscnt astronor...1.c~l

'kno~·rlcd~e

of the solar

systc11. ;-.·~:•cs tho cxist(mc~ of int.cllizen•... bcin~s (as we Y.no;.r the
tcr1a) <'hc;:ho::-c th<m on the earth extrc;r.cJy unli_kely, and tho
.cor.r.cntr:!!, ion of thai,.. attention by a.ny control\ablo moans conriLed.
to

~ny o~c continc~t

!~~t~

:s;: "'Ot<,_l}l'AH,

of tho earth quite

pr~posterous.

SIGHTING

This cu:.;c was considm·cd si&nific:mt
doc~.: ,

of tho excelJ.c;1t

nL.1ry cvidonc<. !n the form of Kcxi:l.cl.ro::-.o r.:ot.ion picture fDrr.s

(.;'!J.:~"J.t 1600 framcf).

J.1'J.C • s

b~cause

inLcrpi"~tation,

The Panel studied these films, the case r.istory,
and received a brierinz by

repnsciltativc~.

the U.i:! Pl1vt o Interpretation T..abo1·atory on thoir ar,alysis ()f the
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~\

__,.:· :.

·.... . -

··~ ~!

.
.,

.

~no~r-

ine

~pp:Lrcnt

~ir:ht
th~t.

ilnd relative n:otion of

inton:::i.ty.

It

01.nd v:trintion in their
repre:;r:mt~tive~

t.hf'l op:in-tc.n or ih.J P.I.T .•

W3S

the objects ..;iehted \o:erc not

..

bird~,

we;rc "not reflections bccclu:;c thoro
throu~h

~bjcct.:.

\ot<l:>

b.1Hoonr. or
no

blinkin~

~::.rcr~ft,

\·thilc

p~sdn~

60° of :trc" and l-Tcro, therefore, "st::lf-lurd.nous". Plots of

rnotion ancl V.:lrilliion in 1 i.cht inten:d ty of tho object:; \o7cro disp1aycd.

vlllile the Panel Nc1:;bcrs were irr.prc:;:.cd by the evident

enthus.i..as:~:,

coll.ld no:.

indr..;;iq and nxtent of effort of the; P .I .L. le.:trn, they
:ccpt tho conclusions roached.

this wore as

a.

Sorne ef the re;.·l::;ons for

i"ollo~·rs:

A serni-sphcrical object enn re.lclily procluco a renoction
o£ sunliel1t wi t.hout "blinl\in£:" throue;h

b,

Althou~h

r.o

d.:~.t

. · . -, available on the "albedo" of birds or

pol~othylono b~ 1~ ~) ons
~otions,

60° ot arc travol.

in

bri~ht

sunl.icht, tho nppnrent

sizes and brichtnossos of tho objects were

considerEd strongly to suzgo:;t birds, pa:r·ticulnrly after

the Panel viewed a short film showinB hieh ronectivity
of seagulls ir, brizht sunli8ht.
c.

P.I.L. description of the objects sichtcd as "circular,
bluish--vrhi to" in color would be expected in cases of
Sk-JCCUl.<lr rcnections of sunlight frorn convex surfaces w'htlre
the brilliance of the
of the

r~flcction

would obscure other portions

ob~act.

.·, , • . 1

\.. .

·

·~.....

.

, :..-~.

... ·.•,;

.
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Tncro w.:ts no valjd rc:!:;o:n for Lho att.c::.pt. to relate tho object::;

d:iroctive.

The o·ojocts in tho Great Falls

stron~ly sucp~~t~d

bci}l~

of

flicht.in~

arc.:

rcnoction::; of aircraft kno:·:n to

havo been in tho area..
f.

'l'hc

intcn~i'..y chttn~o

in the Trcm(mton lir:ht::;

~1as

too e1·cat

for acceptance of tho P .I.L. hypothesis lhat the app3rent
moticn and
hieh

£•

intcn=>i ty of tho liehts indicated extremely

in sru:lll orbital paths.

Apparent )ach: of "id:lnce of invcsU~.lt.Cirs by those familiar
with

h.

spc~d

chan~ir·C

U.F.O. reports and explanations.

Analysis or lieht inten::;ity of objects r.:<lde from duplicate
rather than orieinal film.

The origim.l filiT'. 1-1as noted to

hzwc a u.uch liehtcr back~round (affcct!.n~ relative bri[;htnass
of object) and the objoct~ appeared much less bright.
i.

~o:athod

cf obtain in~ data of lieht ir.tcnsi ty appeared raul ty

because of unsuitability of e~uipment a}d qucstionable
ass'..ll'lption::; in mAkin8 a'lorases of readings.
j.

}lo uata had been obtained on the sensitivity of Xoda.chNr:".e
intcn~ities usin~

film to light of various

the same

ca~er~

typo at the same lens opcnincs.
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p1 o"..~" [. ".. tlw end of the

fj}r~t •

..

a.ctin~

c:J.lclL"lnt.j llC ''I-'PJ.l'cnl ''G" forcvz
tr.:.ck~.

IL

\~a::;

up0n objects frorn their

co;1c1udcd Uw. t the ro:mlts of such tests -..rould prob-

ab1y ]c .... d to crcd:i.tahlo E':i:})l;,.nltions of value in
tra.ininc proLrm•l.
m.1npo~.;~r

app<~.ront

<~.n

educatior.al or

Hm.:cver, the Panel noted thn t tho cost in technical

(.ffo1·t rcql\i. red to follou up ar.d explain every one of the

tbot.:S<1nJ or r.orc rcportz recci-rcd throu.:;h ch~nnols cacn yc':lr (1 ,900 in
ju~;tificd.

1952) cou) d not be
s:i chiin~:.,

~or

It wa~ felt th::l t there l-ri11 a.h:ays b.::
1£:c:..in~,

\o:hich cotnp1c-tc dat.a iz

th.1t can only bo

c~:pln.i nnd ~:i Lh disprorortiCliHl tc effort ar:d ·wi lh a lone tirr.c dcl.:ly, i.f

at all.
an:~
h.lV\)

'.i.'hc lone; dela.y in cxpl.1in~nc a siGiltinc ~ends to elin:inrtte

intd}it;(;ncc value.

Tho

educat.ion:~.J.

o:r trainins pro[;rat:t should

<ts a IT1:l.jor purpose the elin•i.nn.tion of p0pul.:!.r feeling that every

:>:it;ht:; ;::;, no r..attcr ho;. poor the data, r..ust bo explained in detail.

Attc:1tion sh)uld

b~

dircctcJ to the

rcqulrc:~.cnt a:~.onz scientist~

t1-:at

a r...;~; ;.: ...':1.;::-..:on'l, to bo accepted, rr.ust be cor9letcly a:1d convinclr..:;;1y
C.oca::;.~ .. t:-:1.

In other words, tho burJ..::n of proof is on lhe

,
·', ..... .

·· ·-- - - · -
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al thouch evltle~1ee of nny di:rcct. thrc:\ t. from U,c:;o ;.ir;ht.in0~

a.

\o!.l.S

Xisidentification of -.ct.ua.l cnc;.;l art:if<:ct.!> Ly clcfcn:;c

..

porsonnel.

b.

t

f

0vC;rlo:tJinc of c:~c:recw!y rcpor t.lnc ch:.nncl!: with '' fd ~c"
info:c;;i·.tion ("noise to :;icn:.J.l r.1.t.io" an:-.lor;y- Uorkncr).

c.

Su~)jcctivity

of public to

I1L"l~5

hy!;t.cr.ia and r;rc-1tcr vul-

ncrilbility to possible cncr'lY p:.;yc~vlor;ic<~l uarfa."re.
Allhouch not tho concern of CIA, the fl rst
~y

tlo~o

ir.tolliccnc~

seriously affect tho Air Defense

bo studied by experts, possibly unde-r

Anc.

of these problems
system, and should

If U. F.0. 's become dis-

credited in a rc:tction to the "flyine s.luc:n·" scaro, or if reporting cr.(.;.'L."lcls arc sa.t·Jratcd \tlth false and poorly docu:r.cntcd reports,
our capability of

detcctin~

hostile

ac~ivi

ty l:ill be reduced.

Dr. Pa.:u not.:d that znorc co:::pctent scrccnio3 or fil terine of reported
sieht.in~s

at or near the snurce is rcquircj, and that this can bcf.t

The rr..ap pl·ep1red by ATIC

shm-~ln.:;

c.:::o.:;!"'a;>hic locations of

offi~ially

rcJ'ortcd :mcxplaincd slt:~tincs (1952 only) ~:~s ex~u~incd by the Par.el.
This

z.~:~ ?

sho;rC;d clusters in certain s tl·.:.. tc~ic areas such as Ll'S

Ala;:~o.s.

This rnii)ll be explained on the basi:; of 2lf-hour watchful guar.:l ar.d

r •.

L

1408

,.

• .

..

"-·~-' ·- ·

~

- •

• •

..

.. ··... .:_ ,., __ .. .l.W

j
\

hand, tht.·!·c h .1~l ;.;c;.;n no .:;:i. chtin~::; in tho vlcini.ty of' ::cn:;itivc:

.

there nppc ....r .::d to be nC\

lo~lc:<l

relationship to

popul~tion

ccntc:-:; •

'l'hc P<mo1 cc-nJd find no ready c:;q,Janation for these clusters.

It

was noted, ho:-r cvcr, that if terre:: trial artifacts were to bo oh;.·.··rvo:l
i 1. vzcuJcl bo J ikoly that they l-rould be soon first ncar forcic-n nrc~:;

'l'hc Panel l-J3.s of the opinion that tho present ATIC prozrarll to
place 100 inexpensive

35

u~.

stereo

c~mcrns

h~nds

in the

of various

airport control to'.-rcr operators would prob'lbly produce little vnl ..1abJo data related to U.r,.O.•s.

However, it 1-ras rccor;nizcd that

such action \rou.ld tend to allay public concern in tho subject until
an oducation;;l proeram had taken effect.

It was belic.,cd that pro-

cm.. r:;ncnt of th ese :arnerus vras p-'lrtly tho result of public pressure
in July 1952.

\-lith tho poor results of the year-long Project

TI-IDJKLE proc;rarn of 24-hours instru."'lcntation 1-;atch {t>-TO frames of

film shm·ring nothins distineuishable), a widespread pro~rarn of sk-ywatchinz would not be expected to yield rnuch direct data of' value.
1'horc >-tas considerable discussion of a possible "sky patrol" _by
a~ateur

astronomers

Dr.

and by wide-angle ~ameras (Pace).

Paee

ar.d Dr. Robortson pointed out that at prosent a considerable fraction

:-:.: ..~ ;~·j

,.
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z;i,lppinc pro.:;rmns :1 t tho varj ous loc:\ t.i.o:n:; listcrl bdoir.
t~.ttcat.ion Cll'

thc:;o 01st1·ono:acrs is lnrccJy directed

towar..:l idcn'tii'icJ rather th.:m Wliclcntifj eel objects 1 no ca!:e of any

stdi:..int;

cr.~clcnlified

A ca:>;) l:J.s c:i..tcd Hhcro
cxpo:mrc in ord•Jr to
part of the sh·y.

Such

object. is knO\m to Dr. Paea or Dr .....
• __,

~n ~st.·ot1o:.:c1·

photo~raph

an

rufusod to interrupt his

alle~cd si~htin~

in a different

to say that, if a.

This led Dr.

wa tchit1~ cnuld bo an adjunct of

plt~.nncd

pro~rarn

nf

astrono1nical pror;ratns, li ttlo

cost uould bo involved and that the trained a.strono:ni cal personnel
11\ieht. photocraph a sichtin~ of an unidentified object.

'l'he location of some of those pro£;rC.uiS and their directors are
boli<:·vod to be:

a.

Harvard University, Cambridge a.r.d ~:ci-1 ?-:exico (meteor p.1troll-'Whipple.

b.

Yc•·kt")s Observatory, U:1ivcrsity of Chicar;o and Fort·Davis, Tcxls

(several pro~rams)--~einol (auroras), Kuiper (asteroids),
}~or~an (wide an~le ca:-r.cra).

c.

University of Alaska, Fairbanks (~urorac)--1~vcy

d.

Do:-Univn Obs'orvatory, Ott.:n·ra (rr.eteors)--~-iillJT',an

e.

PaJo:11lr Observatory, California (sky lllnp)--Ninkowski

f.

Lick Cbs ·:·rva i.ory, Cal ifomia (sky u.ap)--Sh.::..nc

l'- ..

;,

.·

.

.... - ....:.:....; ' ~---~· ::

•.
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~trol

or opti<:."'l l nation-\:rj,clo ::;l:y
and th!l t. lhc

_

encoura~cr;cnt

·.

of arrutour

sto1·ics in tho public r.:..in·l.

c~:~:c·:-as

for

pos(;~,

\o;c11

..

This

•.. ..

~...., i •. J .. "" • : '

• .• • • i ~

:_,.Ill ~ ;.. .."

:~.st:ronop:or:;

Ho~wvcr,

undcrt..:~l~o

to

such

tho i:;suo or Ndar scope

l'Ccul i.ar rad.:1.r echoes l-:vuld servo several pt-.r-

inclt.!din3 tho bci tor

.:~::;

•:....,

-~(:·-=:.· -

is worun.rhllo at tho pro:;c.nl tir::o.

SJ.tiCcl·"

rec.)rdln~

r ,'' ,.

tJr,
~·
• . •... ,• .

t

...

undcr~tanclin~

or radar intcri'c;,rcnc · as

id• ..:ltlfic.ltion of U.F.O. 's.

ch~~.:~ctcristic

problem of radar operation wherein the pulse

sicml (of approxirr.a tcly the sa1no frc'lucncy) from station A rr..:1.y be
tr:~.ck

picked up on the screen or station B ar.d shm.r as a hic;h-spccd
rra~

or scrios of dot::;

U.F.O. reports.

rocozn-tzcd to hlvc probably c<1Uscd a number or
unclcrlir.~d

l'nis problem uas

by inforn:.ltion received

indicati r.~ ADC concern in so1vinz this problc:n of sieoal ident'ii'ica tion
bcforo service usc of very hic:;h-spccd

(1955-::.9.:)6). Dr.
wa~.

~ircraft.

Bcr~:ncr believed that one ans\:er to this probleo1
rcc~ivine;

the uso of a "doppler filter" in the

suc;e;c:.tcC. th:-, t t..he

or cuidcd tr..issilcs

problct:~

ci.rcui t.

Dr.

rr.tcht be better solved by the usc of a

"controlled ji ttcr" wherein the

oper~tor

recaivinc; "very fast trac:,s"

(on the order of 1000- 10,000 m.p.h.) would opera to

.:1

circ~i t t.;hic::

wodd Oi.lt·:-r slightly his statio;'l 1 S pulse frequency rate,
received on the sc:-ccn h<d bcc."' caust:'d by

r::~tual

If the

interference with

another shtion, the track ltou]cl nm: sho·,; itself at a diffcrc:1t

.... . .....
'- ·

.'

.'
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of tho screen, if it still
•• • #

...

a1Jpc.:~.rcd .:~.t

all.

Dr.

:;olution \IOns sh:plcr and would cost rauch

lcs~

than

a "uopplcr fiJ t.-::r".

l,'·
•

\.

': .:. ··~~-·,

i~chnic.1l

folt :;uch a

"' ·.. -;

.

Two

r.::po~·tcd

cases uc1·o

"'
in October 191}9, \omen

co~Mic

ll.p:'a.rcntJy whHo a. "V" of

ex.:~.rr.incd:

one at Pa.lotr.::tr !·!ountain, C..1liforni<:.,

ray counters \-rent "off scale for a

fJy.i..n~

::.:lUccr:;

W:l:.

ob!;crve;d

sorio:; of ob;.;u:rva.tions by tho "Los Ala111os D.i..rcl
Au:ust 1950 to
quoc1•ly.

J~nunry

\or ere

scco11Js",

:,1·.r.l t.1·ro, a.

\ofa.tchcr~ Associ~iion"

1951, when co!;n;ic ray coincidence counters

Circuit dia.:;rams and records

Dr.

vi~u . ,JJy;

fe;~-r

from

bch.:~.vcd

available for tho latter, and

"was able quickly to point out that tho recorded data were

W'\doubtodJ.y duo to instrument.:~.). effects thZ~. t ":ould hav o been reco{7lized
as such by more

~xporionccd

observers.

Tho implication that radio!lctivo effects uorc corrulatcd with
W'\idcnt.ificd

nyilt~

objects in these tuo ca:::c:; \;as, therefore, rejected

by tho Panol.
"L~)Lirt. ..

'fO''\T tnc:r-!:1•,\r

_~.:._1_ _ .:..:. ~ -~ _-_;_··-- ~

The P.:..nel 's concept of a broad education-ll pro.:ran
Clfforts of all concerncJ ar;c::1c!.cs
ai1.1s:

tra.inin~

H.l5 th.:~.t j

intcr;ratin~

t should have two rc.ajor

ar.cl "dcbu."l!>inc;".

The traininz airn would rc$ult. in pro!J.::r rec--r;ni tion of unusu<1lJy
illP~.llla.tcd objects

(e.e.,

baJ.loon:;, aircraft. reflections) as Hell as

n~~ura.l pr.cno.~cna (meteors, fircbJ.lls, rr.~ru,::cs, nocti lucent clouds).

Both vir,a.ll

~·ll'l

radar recoznition ar.::

- ..,

,.. . .....
t:...-'

·:

':'-'

... . .. .......
·. ..·
~
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, ... .

conc~rn.::J.

There would be r..any

'
l

level~

L1

~:...:i: ccucatio~1

personnel.

Relative:

frorn enlisted per:oonncl to con-.manu and rc:;'=!arch

C;rnph.'l~is

and dczrea of explanation of different

procri:.n!> uould corrc~pcncl to the catcco:.. ics of duty (c.e., radar opc1•atc.r~;
1

pi lnt~;

co~'1tl·ol

t.c.uar opcr.:. tors; Ground

Ob;.·~:rvcr

officc1:.:. :.n:l enJ is ted r11cn in otncr ca tccorics.)
:rc~m1

Thi:; tr&.L:i nin.::; should

t.. in a •·:.lrkcd reductio;, in reports cau5cd by ra.iside:ntificat..ion

rc~.ul t:n.t

and

Corll'- porson.::1cl; and

confuzion.

?i10 "d~bun!dn..;" aim wottld re~ult in reduction in puLlic ljl~Gr~.:zt..

in "flyjn~ .s~uce:r.:;" whici1 tocl~y ovokcs a stron~ psycholoeical reaction.

'l'his

e:d~:cdion

cou.1_d bo accomplished by

tnot:i.on pictures, and popular art..idcs.

ll'...lS!)

rncdia such as television,

Ba:>is of such education would

be actual caso histories which had boon puzzling at first but later

explained.

As in tho

~ase

of co1.jurine tricks, thcro is rnuch Jess

stirnu)ation if tho "secret" i:> kno\·m.

Such a procrarn should tend to

rc;ducc tht3 curr.c:1t e;ullibility of the public a6ld conscqucnt.)y their
susceptibility to clever hostile propagar-.cl.l.
~~ncrCJ.l

Tho P.1nc:'. notcj that tho

ab ::;( :-. ' () of Russian prop.1canda ba.:;ed on a subject with s.:> mrn1y

obviou.s po: .,

.'1.ties for exploitation :-rJ.zht ir.dicat · n

po~siblc Russi~~

official poJ:: -y.
Members of the Panel had various
nine of such

~.n educatio~1al

pro2:rar1.

su.;:;.;c~ tions

It

,.,.as

fcl t

t>:>ych.l'lc·eists f.1rr.iliar with rn.1ss· psycholo.:Y should
<>nrl

~:ct c> nt

of the prozr.7irn.

rcl.'l. ted to ti1e planstr~:1.::lY

th<d..

advis~

on the

n.:~.ture

In this connection, Dr. Eadley Cantrn

(h incct.o:1 Univcrsl ty) was sue;ecstcd.

Cantril authored "Invasion fron

~~f..-.~

L..
I
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1
f

~~.:~ors," (a st.ud.f in the psycholor;y of panic, written about the farnou~
Or~on Wollcs radio bro.:~.dcast in

l9Je) and has since pcrforrnr;d advanced

labol'ol tory stu lies in tho field or porcC;ption.

aui tabl c as

co~sul tant

psycholocists.

Also, someone

nss col!INUnications tochniqu:::::;, pcrhtips an
helpful.
or

Tho n:l.tnOS or Don

advcrtisin~

Arthur Godfrey was l'lc!'ltioncd as po:.sibJy a

corn:·~•mic~t..tc·n rcachln~

farnili:~r

~-~.;,.rquis

with

expert., would bCI

valu::~.blc

ch.1r.I.cl

Dr. Dorkncr

a tnnss audience of certain levels.

suecostcd tho U. S. ND.v,y (m!R) Special Dovic<:s Center, Sands Point, L. I.,
as a potentially valuD.blo
proerarn.

orr;::~.nizatirn

to assist in such an

Tho to:l.chinr; techniques used by this

iduntific:l.tion during tho past war
education::~.l

task.

'-lS

cited

a~

a~ency

educatio~l

for aircraft

:..n eX<H11plo of a similar

The J:1rn HD.ndy Cl. which rntdc tlorld H:1r II trainine

filr.1s (rnot'ion picture c.nd slide strips) was'c.lso sur~ostcd, as wclJ. as
Walt. Dlsnay, Inc. aniJTkl.ted cartoons.

sue~cstcd

Dr.

that the

atr.o;. tour aslronou1crs in the U. S. vJ.ght bo a JlOtcnti_al sourco of enthusia~tic
club~,

tulent "lo spread the gospel".

It was believed that business

high schools, col le~cs, and television stations \tould

pleased to cooperate in the

sho~-ling

if prepared in an interesting

a~l

be

of docwn(.nt.:lry typo rnotion picturi:;S

~~~er.

The

u~o

of true cases

sho~~ng

fjr:;t the ""\)·story" and then tho "explanJ.tion" would be forceful.
';o plan and execute such a proerGlll, tb') Panel be1 ievcd
mean task.

\T.ls

no

'l'ile current investigatory group at J.TIC would, of necessity,

h:1vu to be cltJ'".oly intee,rated fe-r support with respect to not only the

1414
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I
historic JJ cases but the current ones.
more

susc~ptiblc:

Recent cases arc probably much

to explan.'ltion than olc.lor ones; first, because of

ATIC's experience and, secondly, their knowledeo of

~ost

plausible

'l'hc Pnncl boliovod that sorr.o e:xp:1nsion of the ATIC e_1'o1·t

cxpl:tn'lticm~.

\<:ould certainly be required to support such a pror;ram.
:in:-~ppropriate

to

bo required.

Cn~tain

It was believed

exactly ho\or large a Table Qf Orcanhation would

~; tate

Ruppclt of ATIC unofficially proposod, for

pu:-po=~s

of analy1.inr, and cvaluntine reports:
a.

An

b.

Four officer invcsticators

c.

A briLfin~ officer

d.

An ADC

e.

A wcath~r and balloon data officer

r.

An astronomical consultant

g.

A group Leader, with administrative assistant, file clerks and

an~lysts'

panol of four officers

li~ison

officer

stenor.raphcrs.
?his

propC'!;~l

rr.ct with e;encrally favorable comment.

The Panel

. .Ll.::v• d that, with ATIC' s support, the educational program of "training and dcbunki ng" outlined above might bo required for a rninir.;u;n of
on.c: :m.; one-half to two years.

At tho end of this time, the dancers

related to "flyinr, s.:tuccrs 11 should h.:1ve been greatly reduced if nvt
clininrttcd.
concern~d

necessity.

Cooperation from other military services and

ag~ncies

(e.g., Federal Civil Defense Administration) would be a
In

invcsti~ating sig~ificant

cases (such as the Tremonton.

utah, sigilli nb', controlled experiments mizhl tc required.

An cX .:! ;J:pl£'

•"~'' ~' ':' ~;-...... ~,'t
L•

a,. ••' _, "'•' ' ' , •. ~' •

\.....1 ~ ~~'i..; •.-..,~ .. ~ ~i~~. i
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Hc:n] d be 1h.: ;;lloto~~npliln~ of "pillow balloont." at rlifferer.t ciisl:.r1c.:.:;.

under sjrrJ.il:-.r w :at.l1cr coll•litions at. the silo.
'l'hc holp of one or t\-10 psychologhts :mel
t.o proc.h1co

t.r:dn·in~

filrn!i woulrl b()

nc:c()::f.~l·y

u:-Hor~

jn

:-~deli

L:i cm.

considcNd th:\t AJ'If;' s efforts, temporarily cxp:,.:vJcd as
could be n;o!:t usoful in
H. s !'C<:Oir;;J,cnd:\ tions.

implcmcniin~

any

:~.ction

~ubcontl'[tctor

:md a

The: P.1 r1cl

necc~s:<ry,

tllhn as a result of

Experience and rccordz in ATIC would be of v olur:

in Luth t.ho pul:>lic educational and service traininr; proe1·am cnvisaLC;u.
D,•. Robertson at. least was of t.he cpj nion that after pablic eullibi1 ity
lcs~cn c d

and the service

ore.1ni1.niion~,

to sift. out the wore rcadiJy

cx~1<lincd

such as .ADC, h.ld been tra:ir. cd
spurious sichUncs, there would

still be a role for a very modest-sized ATIC section to cope \-lith the
rcsidllum of itcrns of pos.!iiblc scientific inicJl:ieence value.

This

sect~ on should concentrate on cncreoticalJy follouin~ up (pcrh-"\ps on

the ndvico of qu:.1lified Air 'Force Scientific Advisory Board rr.ember.3)
those cases
cn~rr:y

~hi~h

:r:-:ifac:ts.

ads0 !l.ainly fror.1

seemed to indicate the evidence of unconventional
Reports of such artifacts uou)d be expected to
~!estern

outposts in far clor.or prvxir.1ity to the

I1·cn Curtain than Lubbock, Texas!
m:()??I CL\ L Ii:VESTIG..\ TE::J
----

The Panel

too~

GROUPS

cocnizance of the existence of such eroups as

t~~

"Civj :~ar. Fly in.:; Saucer Investicators" (Los .An:eles) ar.d the "Aeri~l
Pl·.--;li.1r..0:la R(;scarch Orc;anj_7.ation (vlisconsin)".
s~.:.c:1

o;·Lanizc;. tions

~hould

It wa:. believed that

be, Wllched because of their potentially
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TAB A
HEP0it'l' OF TilE SCIENTiFIC PANEL
ON
UNIIJlo:~nH'IED

Jo'LYJ NG OBJr:CTS

1.
·----.. ---·--·' th~. undersicnccl Pni10l of Scicnt:if:ic Conwlt:mtr. h:15 Ir.c· 4:. to
cv:1lu:Llc any por.r.:i.blo

thrc:~t

to

n:~t.ion.,l

security posed by Unidcnt.Hicd

Fly inc Obj cct s ( "Flyinr, Sau~cr~") 1 and to 111.1 kc rccommcnd:d.:i onG

th r: l'<'v ll.

Th0 Panel h:1s r c: cdvcd the cvlckllCC ns presented by cogn:i7..:mt inte11 :iccncc ar,cnclcr., pt·im.i rlly tho /d 1' 'l'cchni c:tl Inicllicenco Center, and has
rcvlc:.tcd n sc)cct.:ion of tho bc.:::;t docwncntcd inddcnts.

2.

As n

a.

rc~ult o~

its considerations, tho Panel conchldcs:

That the evidence presented on

Unidcr~tifi(.d Flyin~

Objects showr. no indicat.ion tho.t those phcnomenn constitute
a direct

phy~.ical

threat to no.tional security.

\·:·:: firmly bolicvo that there is no rc.:::;iduum of c;:. ·.· 5 which indicate<.
phcnoir.<Jna ~:hich al'e attr:ibutable to forcicn ' ;,rtifo.cts co.p:~.blc of hostile
ads, anti th.:1t tht·riJ is no cv1C:cncc that the pilCnorr.cna indicatc5 a &w c·J
for thu r(·vision of current scit;nlific concepts.

J.

The P<mol further cot:c-111d.-,s:

a.

That the continued er•• phasis on the reportinG of

these phenomena docs, in these
th:-eat to the orderly

p~rlou5 ti~cs,

functionin~

result in a

of the protective orz;.ns

of the body politic.
\:c cite as ex.:1mplcs the cloeeine of channels of co~~unication by irrelcvunt

I

;

i
j
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:it.,;i(.:.t:ior.s of

ho~tilc

nat:i.on~l

action, :md the cultivation of a rnorbid

pzycholoeY in wh:i.c:h skillful hostile prop:1eanda could induce hysterical
behavior and h.:lrtr.iul distrust of duly consc.itutcd authority.
In oruor JJ;o::t. o.frocl:i.voly to strun~lhrm t.hn n:.t.ion~l facilitio.-.

lJ..

for tho

or

t:im~:,)y rcpo~nition

and the appropriate h:mdline of true indications

hostile action, and to rnin:i.rnize the concomit.ent dancers alluded to

above, the: P:.ncl
a.

r c con:·ncnd~:

'l'hnt the nntional security

accnci~s

take immediate steps

to slr:i.p the Unidentified Flying Objects of the special status they
have been given and tbe aura of mystery they have unfortuna·::.cly
acquired;

b.

That the national security agenc:ies institute policies

on intelliecnce, training, and public educ:1tion designed to pr?pare
the rnatcrial defenses and the morale of
JllOSt

promptl~·

th~

countr,y to recognize

and to react rnost effectively to true indications

of. host.ilc intent or action.
\·:.:- s u~g(l :;t thnt these aims rnay be achieved by an intcr;rated pror;rarn
desi~nod

to reassure tho public of the total lack of cvldci1Ce of ,inimic:-.1

forces behind tho phenomena, to train personnel to recoenize and reject
false indications quickly and effectively, and to strcnr;then rcr;ular
clnm1.:,ls for the evaluation of and pro1r.pt reaction to true indications
o:' hostile measures.

Ld

Is/ Llcyd V. Berkner
Associated Universities,

H. P. Robcrtsot~~air~r.-.7-::!..;.;n'--='__
Cnli fornia lnstituto of 'l'echnology

Ir.~.

Is/ S. A. Goudsm~t
Brookhaven National~L-a~b-o-~-D~i-o-~~i-c-3

.~t. ,r.•
_.'l.~
.
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't'AR B
SCIEN'rJFIC ADVISORY I'ANEL ON
Ull:J:DEN'l'JFH~D ~'LYING

Ol3JECTS

14 - 1? January 195J
EVIDENCt:
1.

Pm:s~

Sovcnty .. five case historiof: of sjr,htin~s 1951 - 1952 (r.cle:ct.ed by
ATIC us those best documented).

2.· A1'1C St:.tu!; and Pro~rcss Reports of Project. GHUIXi!•; .'\ud
BLIJio: llOOi< ( codo narnc-s for ATIC study of subject).

Projcc~

).

Pror,rcsr. Rcport.s of Project STORK _
------- -- - - - - - - - - - .
•contract work supporting ATIC).

4.

Swr.."::ary R(port of Si~htjnr;s at Holloman Air Force Base, New Mexico.

S.

Report of rSAF Research Center, Cambridr,c, Mass., Invcstigntion
"Green Fir(' ball" Phenomon.!l. (Project '!'HINKLE).

6.

Outline of Investieation of U.F.O.'s Proposed by Kirtland Air Force
Base (Projtct POUNCE).

?.

Notion Picture Filmc; of sir,htings at Trem)nton, Utah, 2 July 1952
and Gr('at Falls, Nontana, Aueust 1950.

B.

SUtnmny Rerort of 89 selected cases of sie;htings of various
calceorics (Formations, Blinkinz Lights, Hoverinr, etc.).

9.

Draft of m;;nucl:

o~

"How to Hake a FLYOBRPT", prepared at ATIC.

10.

Chart Shot·d nr; Plot of Geoeraphic Location of Unexplained Sizhtin.:;~
in the United State~ durin~ 1952.

11.

Chart Shomng Balloon La.unchine Sites in the United States.

12.

Charts ShoHine Selected Actual Balloon Flieht Paths and Rchtion
to Reported Sightines.

1).

Charts Showing Frequency of Reports of Sightings, 1948 -

1952.

14. Charts Showine Categories of Explanations of Sightinr;s.

15.

Kod~chror::c

Transparencies of Polyethylene Film Balloons in Drieht
Snnli&':1t S},oHinc High Reflectivity.

•
,__ ,..,-"'.]
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l .... :~ . . '. ~ •, I
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.16. Motion pict.uro of

17.
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~ca~ulls in bri[~ht sunlir;!1t showin~ hizh rcfle:ctivity.

Intolliccnce Reports Rclatjng to U.S.S.R. Interest in U. S. Siehtings.

18. Snmples of Official USAF Rcportinc Forms nnd Copies of Pertinent
Air Fore"• Arrny 4nd

N~vy

OrdCirG Jlolo.tine t.o Subject.

19.

SarnplQ Pol:(.ct.hylcnc "Pillow" Dallcon (54 inchos square).

20.

"Vari~tion~ in Radar Covora~c", Jj'.:·:r• l0:'.. (~.:.nuc.l illur.tratine; unusual
opera tin~ charact.cd~tics of Scrv .ico ra<.iar).

21.

Miscellaneous official lottors and foreign intelligonce roports
dealing with subject.

22.

Copies of popular published works doaline with subject (articloa
in periodicals, nnwGpapor clippinas and books).
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APPENDIX V:

TilE NATURAL PHILOSOPHY OF FLYING SAUCERS, R. V. JONES
- -- -- - -

..1 conld more easily believe that two Yankee professors
would lie than that stones would fall from heaven." If
President Thomas Jefferson could say this so unluckily in
1107, what should we say today to the contention that our
ec.rth i:. vi<ited not merely by stones but by craft manned by
intclli¥ent beings? Jefferson's disbelief had in effect already
been dealt with by Chladni, famous for his vibratin& plates,
in 1 bottle with the French Academy that had reached its
bciaht about 1790. By that time, as Paneth has said, men
or ~ience were rar too sophisticated to accept such yarns
as that stones should fall out of the sky; but Chladni, who
was 1 lawyer as well as a scientist, bel:eved from his legal
experience that eyewitnesses to meteorite falls were
Jenuinely describing a natural phenomenon. After a 10
year battle, he ultimately convinced the French Academy
that it wu wrong, and that meteorites were real.
P'.:rhaps my one cl:iim to be writing this article is that to
aome utent I share Chladni's experience, for as an
Intelligence Officer I had orten to investigate the evidence
or witnesses when it conflicted with established 'science',
and sometimes it was the 'science' that was wrong. Let me
therefore look as dispassionately as possible &t the character of the evidence regarding 'ftying saucers'. The phrase
itself dates from 24 June 1947, but it seems that the apparitions to which it refers had occurred many times before
then. Whether or not it was in the heavens that Ezekiel
saw his wheels, the sky was a sufficient source of signs for
the Roman augurs to scan it in their prog~ostic routine
and it seems to have encouraged the Emperor Constantine
handsomely with a x-p celestial monogram before the
battle of th~ Milvian Bridge. In the same tradition, some
or us can remember the Angels of Mons.
It may ind~ed turn out that apparitions have been seen
in the sky as long as human records have been kept In his
Jlistory of tlte Engli.f!t Ch11rch anrt People, Bede (735)
described what would today almost certainly be claimed
IS nying saucers; and I remember reading an lith or 12th
century account where: an object in the sky had caused
.. multum terrorem" to the brothers in a monastery. And
pcrhar·i for almvst a~ lorg, the tendency of humanity to
scare it~clf has b1·en e~ploited by the hoa~cr. I have
read th:lt Ne1\lon a~ a boy of 12 cau c.:d r.wch alarm in his
Linc,,lnshir.: 1il!.tgt: by fl) ing a kite '' ith a lantern at night.
There \\as much conce·n in [n!'bnd in !SS2 when as
objective an (lb~rrvcr as E. W. i'taundcr of the Royal
Obsrr1·atory saw what he considered to be a celestial
~isitor . The ohjc.:t wa ~ :~l~o seen on the Continent by a
future ~ob.:ll :~ urcat.: , tk far&lOU' sr~ctrOSCllp i st Zeeman.
It \\aS described in vJri,,u< 11 .1ys - - 'srind!: sh.ll'.:d', 'li~· a
torpcd,,, or we:~1·er's shuttle', 'like 3 di .; cu~ s~~n on edge:'
and ~o fvrth . It 11 as s:~ i ,l In .~iow 11 ith :1 ''hit ish colour.

a, .... ,, L'll ~ k.:tur,• ,.;, .;n "' r!·c :-:,,rth L..-•,·rn O;.tn, h ,,r th~ !rhtiture
1nJ S."'"'l)· ~ ·"It~."~ :":"'·"t!.· ,.\'tr•' l1· ' :l: i::! l " (,,.;,·ty.

·- - - - - --

From measurements made on it, it must have been very
larse - perhaps 70 miles Jon& and ~ituated more than
100 mile~ above the earth's surface. Although Maunder
said that it was different from any auroral phenomenon
that he bad seen, it is noteworthy that there was an intense
magnetic storm at the time, ccinciding with one of the
largest sunspots ever recorded. It is therefore likely that
Maunder's object Win an unusu11l feature of an auroral
displly. There was another scare in 1897, when something
like a winsed cigar p.-ojecting a brilliant light from its
bead was seen over Oakl:1nd, California (Fort 1941).
Similar objects were soon seen throughout the United
States, but while some were vndoubtedly the work of
hoaxers, the cause of the origtnal incident remains obscure.
My own contact with the subject goes back to about
1925, when I was told at Oxted in Surrey of a bright light
that slowly made its way actoss the sky every night. In
fact, I knew of one m:\rried couple who sat up all night
watching it. It was Venus, which had attracted them by its
brilliance; they had never before noticed that all the
planets and stars seem to move across the sky. Venus,
indeed, has caused much trouble through the years. In
1940 or 19·H there was an alarm that the Germans had a
new high flying aircraft, because this was what was re ..
port.:d by the predictor crew of an antiaircraft battery
somewhere, I think, in the Borders. The aircraft, they said,
was showing a light and they bad determined its height
with their rangefinder. The answer was, as far as I cnn
remember, 26 000 ft and we wondered how they had
mnnaged to get such a precise measurement. Investigations
showed that this was the last gradu:tion on their range
LCale and that what they had tried to range upon was, once
again, Venus. The same explanation has been true >f
several flying saucers th:ll have been drawn to my attention
in the north of Scotland; it ha~ sometimes been possible
to predict the nights on which reports would come in,
dep.:nding on '' hethcr or not Venus was bright and visible.
It is necess:uy, in any discussion of flyine s:Hicers, to
consider the nature of the evidence concerning them; it
may therefore be relevant if I recount s0me of my e~reri
cnccs :n similar matters, for the ll'n~ions associated with
war provided fertile grounJ f,,r th~ conception of app:tritions. I can r.:member the Rus.;ians with the: snow on their
boots who c::me to Britain in 1914. One of my uncles was
among the: hundreds of pc"ple who s:tw them althouzh, in
his ca~e. he could not see the snow becat! se they were in a
train r.oing l'ICr a raih1 ay bridge:. In f:~ c t no detachment
of Ru~sian troops ever came Ill th is country. Years later
I '''"S tl'IJ the: e\phnation by the Chi~f of our Secret
Service. In rrewar days th.:re used lo be larr..: consignments of err~ imrortcd from Ru,sia, and l"ne of the: ports
at which they were bnded was Ahadecn. An agent in
Ahen'•:l·,, (In this p:>r~icular oc.:asinn ~ent a tck!,'.r.tm tl' hi'\
Lo'lrk'n hc.td·.~u:~rtcrs to warn them that the ef~'· ' h~d b:c n
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anded and w:re on the train. With telegraphic economy
be sen~ a signal such ~ts .. 100000 Russian~ now on way from
Aberdeen to London" and inadvertently started the
lea(nd.
The years l>efore 1939 were full of stories of an engine
slopping ray. As I heard the story in 1937 or 1938 it was
that an fnglish family on holiday in Germany would be
travelling in a car when its engine would suddenly fail,
invariably on a country road, and usually at the edge of
a wood. A German sentry would then step out of the trees
and tell them that there were special tests in progre)s and
that they would be unable to proceed. Some time later he
would come back and tell them that it was all right for
them to start the engine again and the engine would
immediately fire and they were able to drive off.
By this time I was becoming concerned with Intelligence,
and one of my tasks was to ascertain the truth about the
mysterious rays. At about the same time someone thought
that it was a pity that the Germans should have a monopoly in the story and a parallel story was deliberately
spread, hinting that we, too, had a ray. Within a short
time we in Intelligence were flooded out with stories of
similar events in England. We were astonished at the circumstantial detail that the public had added. 1n one
instanc··, said to have occurred on Salisbury Plain, it was
no ordmary family that were in their car, but a family of
Quakers - and Quakers, it was added, were well known
for tel~ing the truth.
Eventually, I got to the bottom of the story. The places
most mentioned in Germany were the regions around the
Brocken in the Harz, and the Feldberg near Frankfurt.
These were the sites of the first two television towers in
Germany. A Jewish radio announcer at Frankfurt who
escaped to this country was at first puzzled when I told
bim the story and then, with a chuckle, he told me that
be could see how it had happened. In the days before the
television transmitters had been erected, the engineers
made field strength surveys, but these surveys were rendered dillicult by interference from the engines of motor
vehicles. Under an authoritarian regime such as that of the
Nazis it was simple to eliminate this trouble by stopping
all cars in the area around the survey receiver for the
period of the test. Sentries, who were probably provided
by the German Air Force, were posted on the roads, and
at tht appointed hour would emerge and stop all vehicles
At the end of the test they would then give the drivers
permission to proceed. It only required a simple transposition in the story as subsequently told by a dri\er for the
vehicle to have stupped before the sentry appeared, giving
rise to a two yc:ar chase after the truth .
The beginning of the second World War took me for a
few weeks to Harrogate, where part of the Air Ministry
was evacuated. I soon s:m a flying saucer. It was high in
the blue of a clear midday sky, gleaming white, and appearing h:trdly to mo\e. Everyone stopped to watch it, but it
was m.-rely an escaped balloon. Such objects appeared
throushout the war and were e\·en reported hy tighter
pilots who tried to intercept them, only to find th;tt the
objects were too high. There were indeed enough such
incidents for part of the Intelligence Organintion to suppose th;~t the Germans had developed a special high flying
version of the Junkers 86 aircr.tft known as the Ju 86P,
P indicating that the cahin was pressurized (an unusual
step in thosc days) for the crew. It was further surposcd
that th~se Ju 86Ps were flying photographic recl,nnai~s:tnces
of this country and that we wen: powerless to inter.:ept
them. J do11bt in fact whether :tny such reconn:tis ~ :tnces
were made-- certainly, and \'cry surprisingly, there was

no photographic reconnaissance of London by the Ger•
mans from lO January 1941 until JO September 1944 when
the Me 262 jet became available.
1940 was a arand timt for scares. Many people saw ftares
fired up by Fifth Columnists to guide the German bombers
to their targets; I even had an eyewitness account from an
RAF friend who had worked with me in finding the German navigational beams. I was involved in a hunt for
Fifth Columnists in Norfolk in which the details were far
more convincing than those of any Flying Saucer story
that I havt encountered but the explanntion turned out to
be quite innocen1. Happily, observations of curiom lights
were not confined to one side. 1 was delighted to watch
the pilots of Ka~pfgruppe 100 (the 'crack' beam bombing
unit of the German Air Force) conduct a three week test
of a theory that our Ob;erver Corps was indicating th;;
presence of German bombers to our fighters by switching
on red lights whenever a German bomber was overhead.
At the end of the check the Kgr 100 crews reported that
they had confirmed the observation, despite the fact that
we were doing no such thing.
Air crew, because of the intense strain involved, appeared to be especially susceptible to apparitions. Air
Commodore Helmore, one of our ablest pilots in World
War I, recalled to me in 1939 that he and his contemporaries had been scared of a particular kind of German
antiaircraft shell which burst with a purple flash. The
legend was that these shells somehow radiated venereal
disease- one can only gues'i at the chain of events that
led up to these speculations.
In World War II our bomber crews repeatedly reported
that they were shadowed by German single er.gine night
fighters carrying yellow lights in their noses. The oddness
of this observation was that, apart from the difficulty of
putting a light in the no~e of a single engine air.:raft, there
were at that time no German single engine lightets flying
at night. No one ever completely explained the story.
When I did get a chance to ask a German nightfighter crew
whether they knew whnt the explanation was they said
that they also knew that no single engine fighters were
flying but that they had seen much the same thing as I
described to them . American aircraf;, later in the war, also
saw what may ha'e been the same phenomenon, both over
Europe and O\'er Japan. One theory, ad\'anced by Professor Menzel (1953), wh,, has studied such incident~ in
detail, is that it may have been some efTect of light reflected
from conden~ation in 11 ing tip eddies.
Another of the aircrew thc:oriC", which ultimately did us
\'Cry great harm, 11as that the contrl,J of German searchJiehts wns myst.:riously put out of action if our bomber
switched on it~. radar idcntific:ttion device. Some of our
most experi.:nced and cool headed pilots believed this
story, altlwugh one could sec: that it was ridiculous. Even
if, by som.: accidc:nt, the German radar contr,,( h:td been
upset origin:tlly by the radiation from our identification
set, the Germans IH.,uld very clearly ha1e remedied the
defect and used the radiation from our set a~ a means of
identifying and locating our bombers- for we had
thcro:bi presented them 11 ith the answer to one of th.: mcst
diflicult pwbkms in comb:1t, that of getting your enemy
positi1cty to :dc:ntify himself. They indeed e\ph,ited this
h·dmique !lm :m!s the end of the \\ ar 11 hen th~· ir main
radar equ ipment \\JS jammed, and it cost us many
bl,nthers to.f,,r,; 11 e p~rsuaded the C0•nmand th.1t it must
get the I!T !<'h S\\ildlc:d on·. There \\:IS :tn0thcr St0fy thnt
a b~er bl•llk thnn1 n out of a ~ , ·mher IHwld defeat the
Germ:tn r.,lLII, :tntl I can r<' lliCilll•a l0rd Chrn1dl's
huiiiPfllliS qu,·qion "~fuq it h.: :1 frc<.h\ ''!'''nt•d b,,tlk?"
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bcin£ solemnly recorded in the minutes of a War Cabinet
discussion.
I had oRen to assess the evidence of eyewitnesses but
even when these were observers who were anxious to help
us, it wu 10metimes surprising how much in error their
descriptions could be. I ri!Ccived, for uample, three 1 ~ports
within a few weeks of one another in 1941 reaarding
Orrman constructioni\.1 activity on Mont Pin~on in Nor·
mndy. One report said that it was an underground
aerodrome, the second that it was a long range gun and
the third that it was a radio mast about 1100 ft high. Faced
with such diversity, I auessed that none of these dcscrip·
tions was correct but that, from the site, the construction
wu probmbly a radio nn,·iantiona! beam station, with an
aerial (which wos, incidentally, about 40ft hi,h) which
could be rotated on a turntable of about 100ft diameter.
Photoaraphic: reconnaissance show~d that my aucss was
correct; it also illustrated a more general point that w:toesscs were usually riaht when they said that something
bad happened at a particular place, although they could
be wildly wrong about what had happened.
Another example that occurred, not to me but to Professor Charles Kittel, the American solid state physicist,
may also be" salutary. He and a British theoretical physicist
were aiven the problem of establishing the pattern on which
the Germans laid their mines at se:t, the principal evidence
being drrived from the reports of mines11eeper crews rcaarding the range and be:tring of the mines as they were
exploded by the passage of minesweepers. Kittel proposed
to ao on a minesweeping sortie, to get the feel of the
evidence. His British counterpart refused to go, on the
arounds that since they would only be making one trip the
evidence that they were likely to obtain would be highly
special to that particular trip and might colour their
aeneral judgement Kittel at once found out lhe surprising
fact that the reports of the crews \\ere completely unrc ;_
able as regards range and bearing estimation, and that t' : ~
only part of the evidence on which he could rely \1 H
whether the explosion had occurred to port or starboard.
I believe that he managed to solve the problem of the
pattern on this evidence alone, but that his eoll:ague remained perple,ed until the end of the war through accept·
in& the ran1es and bearings as accurate.
I have made this discursion into some of my war
experience because it is relevant to the flying sJucer story
in that it illustrates the diOiculty of establishing the truth
from eyewitness reporB, particularly when events have
been witnessed under stn~•s. I do not, of cour!>e, conclude
that eyewitn~ss reports must b~ discardd; on the contrary, excluding hoJxers and li:trs, most witnesses have
aenuir.cly seen something, although it may be difficult to
decide from their descriptions \\hat they really had seen.
The end of the w:tr brllught me an experience that was
directly connected \\ith the tl}in,; saucer problem. In f:1ct,
although the term \\:lS inn~nted in America as the result of
something seen by Kenneth Arnold, piloting a pri\·:tte
plane ncar Mt Ranier on 24 June 19.t7, the modern scare
about strange cclcsti:11 objects started in $\\eden e:~rly in
19-16. I \I :IS Director of lntcllicence on the Air Staff at the
time and I had Ill do:cide \\ h~ther or not there was :~ny
thing in the stor)'. I am not sure of the incident that started
it ofT, hut the gener.1l atnH'sphcre \\a.; one of apprehe-nsion
regarding the intL·ntil1 11'\ of the Ru,)ians, now that their
pll)t-war attitude- w:1s bc'''ming cl.:.1r. It \\J~. f1•r C\amplc-,
the time of \\'in~t~•n Churchill"s 'i,·,,n curt.1in' speech. At
any r01tc, a num~r of s!l•rics l-tegan about peopl~ seeing
thing' in the sky o,·cr S\\cden, and thi' rained such v0lume
th:1: the s,,cdish Gcncr.1l St;,n· a,J\cd the popubtion in

aencral to keep its eyes open. The result, of course, was
an immediate spate of reports. Many of these could be
quickly dismissed by explanations such as wild geese seen
at -. distance, but one oc two were so widely rcp"lrted
that they must have been something more unusual.
Some of the technical officers on my staff were quite
convinced and subscribed to the Swedish expl:w~ation that
the objects were long range flying bombs being sent over
Sweden by the Russians. Even such a cool headed judge
as Field Marshal Smuts was convinced enough to refer
to them in a broadcast talk as evidence of the Russi:1n
threat. T01e belief was strongly aided by what I think must
have been two unusually bright meteors, which were
clearly visible in daylight. One of these led to many reports
almost simultaneously, from a wide area of Sweden; '"
enthusiastic Intelligence offie~:r joined all the reports up
into one track according to the times of the individual
reports and this track seemed to show that the object
sometimes hovered and sometimes flew for hundreds of
miles within half a minute. What he had failed to notice
was that almost every report said that the object had been
seen to the cast of the observer, and this would have been
impossible if his track was genuine. The explanation, of
course, was that the individual times of sighting that were
reported represented the scatter of errors in the individual
watches of the observers, and that they had 1111 been wit·
nessing one event; this was a large, bright meteor that had
appeared over the Gulf of Finland.
However, such a simple explanation did not satisfy
some of my officers, who clearly disapproved of my
scepticism. I pointed out to them that since we had two
years before studied the behaviour of German flying bombs,
we knew the order of reliability of such missiles, which
was such that 10% or so would come down accidentally
through engine failure. The Russians were supposedly
cruising their flying bombs at more than twice the range
that the Germans had achieved, and it was unlikely that
they were so advanced technologically as to achieve a
substantially greater reliability at 200 miles than the:
Of!rrr ns h:td reached at iOO miles. Even, therefore, if they
"' re c ro•y trying to frighten the Swedes, they could hardly
· ~lp it if some of their mi~siles crashed on Swedish terri·
· The alleged sightings over S\wden were now so many
t~.;,
~n giving the Russian the greatest possible credit
for reliability, there ought to be at least 10 missiles already
cr: )· .• d in ~w.. den. I would therefore only believe the
stor!' if som~:une brought me in a piece of a missile.
l diti not have to wait long. The other Director of
l. .tell;gence o,, t• . Air Staff, an Air Commodore who
t"'r.d ·-i tc ~ict. witi' th<'se who believed in the story, tdephoN.: n • tc My ~at ·'tile the S\\edes h:td not actually
picked · :'1 a era. he'- r ·is,ilc, someone had seen objects fall
fror .1c of tl e :nissili:s and had collected them. The
Swco. ,:, '- ~ ~ . ·.11 , :aff IJanJed them to us for examination;
they were -. n.i .; • iar.~ot:• collection of irregular lumps of
material. 1 he p.·· ·e · j remember hest was pcrh.1ps three
inches ~"ross. ~rey, ~ ,·ous and shiny, :tnd with a density
not ~
ollOil' than that of \\:Iter. Ch~rles Franl.: (now
h .
~- F•.u·k of Rristol) and I !oCJked at it and at one
anot
and burhcd: but since we had been set a silly
problc we thought that \\e Wl"luld de:tl with it in .1 suitable mann.·r, and so we sent the colkction of specimens
to the chem:.-al d~·r:trlm~nt at rarnborough for a formal
analysis. We did nut foresee the scare that \\as then to
arise; Farnborough, instead of send in~ the report of their
an:~lysis directly back to us, sent it to the technic:~l officers
who were among the believers.
l\1y Air Comnwdore friend telephoned me to s.1y th:1t
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be now had the Farnborough report a'lrl that it substantiated the idea that the specimens bad come from something quite mysterious, because one of them contained
ov~r 98% or an unknown chemical element. It was the
lfCY porous spe.:imen that was the cause or the trouble;
Farnborough had analysed it for such element5 as iron,
manganese and so forth and had four.d traces of all of
them adding up to less than 2%. The rema;ning 98% they
had been unable to identify. Charles Frank and I were
delight('d. I telephoned the head of the chemical department at Farnborough (now a Fellow of the Royal Society)
and asked him whether he really belie\cd in the analysis
that his Section had done. When he said that he did, I
asked ~im how he could be satisfied with an analysis that
len 98% of the StJbstance unidenti~ed, and he agreed that
it was rather a puzzle. I then aske·~ t.i:n whether •hey had
tested for carbon. There was something of an explosion at
the other end of the telephone. Carbon would not have
shown up in any of the standard test~. but one had only
to look at the material, as Charles Frank and I had done,
to see that it was a lump of coke.
These were the only specimens that were ever claimed to
bave come from a Russian Hyicg bomb, and the story might
then t.ave died. ~ut by this trme it had aone round the
world and we rc:ceived a signal rrom the British mis~:on in
Tokyo because Gcne;al MacArthur had asked them to
enquire into the story th•lt a missile bad fallen in England
during the prevrous few weeks. The same Air Commo~ore
telephoned me, asking how he shculd reply to the signar.
I rotd him lbal, so far as rknew, nolhing UKe a misslte had
rallen in England since the end of the war, and to this he
rr.e~d · "
· · it mfibl · up w· WiWT.haM
incident.'' When I asked him what Westerham incident,
he said: "Good God, I was supposed not to tell you about
that." And then, of course, t,e had to tell me.
It transrired that on the previous Saturday one of my
technical officers had recei\·ed a ttle~honc call from a rl'ldn
..,ho said :hat his name was Gunyon, and that one of these
newfangled contraptions had frllen -:>ut or the sky into one
or his fields, and that he thought it was the Air Ministry's
business to come and remo\'C it. The technical c,ificer concerned happened to be one cf the believers and he saw a
chance of convincing his Director that the Russian flying
bomb really existed. He thererore asked farmer Gunyon
how to find hi\ farm, and was told that if one drove from
Croydon to Westt'rham one should loo\: out foi a public
bouse called 'The White Dog' and driv(' up the lane beside
it, and that the farm was at the end of the lane. Th,~
technical intelli&ence resoun:cs of the Air Ministry wr re
immcdiatrly mobili1ed and lhe two staff cars ful' of
oOiccrs set orr to find farmer Gun)'On. When they gor. in!o
the ri&ht area, they \\ere disappointed to find no pltt"t!i.:
house of the right n:tmr.. But, being good lntrl!igence
officers, they reali1c:d th.tt the name may have : ~'"'' ' '' litis·
heard O\cr the telephone. They thercrorc enqllir .J wheth.-r
there were any public houses with ,;mil.1r nan·cs, and they
were soon directed to one c:rllcd 'The Whit•: Hart'. They
y,·ere beginning, in any e\cnt, to need a ~r i nl., at•d t lw ~
asked the publican .. hcthcr he knew whcrr f;.·~ r mcr Guu,rJ.J1\
li\'Cd. Th.: pubkcep.:r drd n"t knO\\ anjo rol' bJ· tl>e n:~n• ·.: ,,,.
Gunyon but, :tz:~ ; n, they :r~l.cd '' he~h ,:r he knew of ;lO J ·
one with a name th:tt they could ha\ e ,., ;,t:thr• f,•r Gun} lla
O\Ct the td,·phonc. ll.tppil), he die'. There \\;1S a f1rmcr
called llunyan ;~h,Hit tl~rc.: miles O\ C'r the t11Jl, and •hi>
1\toni,hc,l m:tn duly rc.-c:i"'' th .; b:l r,_Hcc ~~fAir Tl'\."1·
nic:~l Jntl'lli~,·nn:. tlllim;llcly, ho· s.IIi,fic,l them that he h.~ ,l
not td,·Plh'll.:'<lll.c Air ~lini,t•• .11d t'!t:lt .111 hi ~ fi,ld ·, I·ICr.:
iu ... - , _; ~-' : "! .... . 1 :.-.y h ...... 1• ...: ~.~~ : ., ~ ...1 1 ond,_. li . On th..:
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way, in seekin& an explanation, they ro:tcluded that their
Director had decided to have some fun with them and had
made them waste their Saturday on a wild goose chase,
just lo teach them a lesson for their credulity. The onl ~
satisfaction left to them, they thought, was not to le' tll'.ir
Director know how well he hnd su<;<"eeded, and they '.1ad
therefore decided that they would not tell me wha' had
happened. Although I appreciated their respecl in ~ivina
me credit for such a happy hoax, I had in fact no' hin.'C to
do with n, and I still do not know who thou&ht o'i it Even
af'ter that, some still believed in a Russian fl~ tng oomb,
but the scare in S\\Cden and Britain arad11ally dieG do'' n.
Even so, the Swedish Sl.'are had sensitize.;) the western
world so much that Kenneth Arnold's 194"1 stor.y set up a
secondary scar\: in America that quickly o·.ersl.adowed the
primary source. Arnold was flying his •Jwn a!rcran r•ur
Mt Ranier in Washington State on 2: J>Jne, \oh:n he sa~v
"a chain or small saucer-like things at lc.:st ll\'e mile~ lunr
swerving in and out of the high mr 11nt.1in p~a!.:s". There
h no reason to doubt that Arnold 1 :nuir.ely s~w !~.~met~.:.,~
but, as D. H. Menzel h~s sugges·~J. it may havt ~e;n r.o
more than snow swirling ofT t'.te p;:aks cr sr.1a!l ciC':J.Jl
forming over them. Arnold's ! ,o•y tri~gered d'~· 1.1 \"ave ·'···
s:ahtings, with saucers appeJrin~ almcn ~:·ily •.'v-;.r o~~
part or the other of the Untc:d St:ttes er.d :;i1i::.. th!; nu~ 
sians were at that time rousidered i l'lc:t~..ltlr · ·f !'M •. in,!!
apparitions cruise at sue '' a long &a.nge. ~vm.: •:,,e. (·<1.i r:
had to be found . The r:ni•cd Stal.:s Ah F<1:u: went f.ven
further than the RoF l Air Force h-Jd Oll tt! an,• Sl!t "'~ an
official in\·estigat ioo ·t- .·vjecr 'Sau•;~.:1 ' on 22 l ~t, , u .~ ry d43
(this was succeC'der' ir. Fe~ruary 1949 ty 'Projecl Gn1~5c'
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today). Eventua .I), in .lan•.tary 19B, a ~pcci:!.l Panel und(:
CIA and USA:: ~u<>;•ic:es wa~ calb~ to ass~ •~ the e·1idcn.:-e.
The Chaiml<.n
tho: Pa li.el was H. P. ~ot>ert~or., tiae
distinguishe J • ebt i~ i ~t. nn('. with him .-·ere L W. A\vare1,
L V. Ber~ , L,, S. A. G t:~ url~IT'i'. ~r.C: T. t . Page. Ti'l~y ,·oneluded, ~w·:ll . that th·re \\::IS l'llo t \'aC:en.:e (or a.1y ",ntefacts or tt host!IC l'.:>rtign power", a11d that there ~ho:~ld
be a "Jr~•.lt•l .•nt; "r th: rl}Hlg ~a•Jce.·~··.
The .,,.rr<;;r, of the Rl.lb<.;boll P::~d :lid mJc ~ to rest~Jn•
a cdr:~•·l vi<'w •.,f fl)· ing \iJUC'e ~ st•' r:rs and to olf~et •'1e
efl'OCi> Of put,!icltj' s.•c J.. ing eh~1rlatans ; (>1.1! ~~~C p,,nel Cl,Uid
M L, of'.:o iHS<' qt;.-il Ute enthus iasts \lilO t:l~in,•: d to disC'crn
ir. its ..:~:h lciU~ootE a r:mge of 1roti\'~~ !hat in::ll.dd the
'wh•tocwa~hint r.f the t Jnited S ~. ~.:~s Air J'orn an•i i'!: inahility to cope l".tth tho! innJcr:., cc:!estial or otitea ••isc
(others e·•cn jlOAllbtcd th:tt thc unrort~III:IIC U:Al: had
il~elf st:rrtrd the flying ~auc~r Sll•ric' by t;j';ng o•.1t a r.c~w
5ccrel "' r.:tporo). If I may inh:rjcct a pcrson;:rl con;;ncnt
here, it h:rpper.~ th:tt I kn"w II. P. Roberhon \H~J:; he \>as
tl•<' reprc sc·nt.1ti~c appl•i ntcd ir 19-ll b)' the America!!
CHefs vf St:lif !o dLY;ll( \1 h.:•b (If n0t \', C' in nri!ain "ere
bt~inl! ho:r \t•1 hy th' C.cr111a n rer-ar~i••.; tl:c c\istC'ncc of
~he v.I fl)'i11:; t.Clmt'o. 11<: \\;t) im'''t'u;:lldy 1.'<':1'·:atcerl b)' our
tvidcnte,::nd \\C O\\C him mi•ch . !' ·JI~ lor l1is pcrson:tl heir
and for tl•c pr.0mp1n.:~> 0f the Am w cw tcchni•al ~upport
that rolkmcd hi; ~'t • ndu~ : on . lk \\;I < Jht :rys ~s J.n '•,iolh ~···
anyone I know to C: •!.•h' i'!'> lhc tr.1th . ;~nd ~...: ,,,,ul•l n.: ..·r
h:we m:ldc: an at:cn,r i t•l surr· css it if it Pfll l l:ll unp;II:Ot·
abl.~; rile s.tmc i\ ir il\: r~f th·· oth· r mcmt>,·r" C"f hi~ 1':1nd
\\ho art kthHI n Ill rn;:. l\'c1 < thd ,·~.~. th.:ir find i n~~ h:nc
rec:ntlv o~·en critk i' ' '' a ~· .l io , ,•\rc,i1f"y by a di,tin£ui ~ hcd
r.t~lcoro ! 0 ~: is t , Dr hr>teo; E. Mclbn .. l,l (lll67) of tlu
Uni\'er)it): ,. . r Ari / ,111.1 :lll'j hy nr ! 1\l:,·u lf .•• tcl.; (1966),
Dir~..:llH l'f the n~ .. rbu rlo Oht: r ', ,d \l i ) ··i ~orthm:~{(:; II
Un i\'crsity . Or ll)ud."s criti,:i, r" ~~ !he ~ · N~ intcr : .. •; n.~
ior tit.: f:t ct th:tt h.: tn:; b.:,: :i r,,r :· ~ ) ) : .: r, ;• i.' ' " ' ' · : '• : ..
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tbe United State~ Air rulC't, and he was an asscciat~
member 4if Lhe i<.cobertson P1w.el. For mo*t of this time
t.e held that &aucers were fict~oi'ls, and he CO:'Itributcd an
article t(\ l.he .Cncydtipa~dia .8rita1111ica (19~4) th:il threw
11.'\\Jtb doubt on iheir existence. :\.eecntly, how~v.-:~. he
·~pcllfl to havl! thlln&ed ~is mind, and ~.t new believes
that there are StJffic..ent une~plained p!~es of sound evidence to justi'y a new eY.l\:ninntiora. As 11 result, the Ur;Led
States Air Force hu set up a fr"'~h investigation at th~
University of Colorad.,, Bouldr·, headed by Dr [dwarc!
Condon, the former Director of the Na;ic:l:t! Bure3u •'lf
Standtrds. The study was initiated i:l O~t~ber 19fi6 and
is expected to take 18 month! at fL CC'I\t or $300 000.
It 'fipears · that the Ituuians, ~oo, have been fa(;JOS
slmil.ar doubu, rot Ait Force Genera! Anatcli Stolyarov
W retentty been appo!nted ... Cld of I c;ommittec Ql
iavutilation (Th~ Tlmts, 1l November 1967). A!ain, tt.is
oomes some )'e&n aner .Pra\·Ja bd publi$h:d •>fTki!\l
deniaiJ or ~yin& !llt.C~I'f in i~Sl.
Let us .:o.1Sici.:r the dL~eultie'l that race these new inwstlptions. Apart rto!;, tl·,e liars and !l"u:ers who have
done mo;~ch t.:l cor.fu;.c the issue, and tho'f• wi:!1,S5t'S who
haves simply had haUucinations, tht.re art mMy witnesses
who have ~el'\uinely obw···td 3Cml':tlling. SCJme or th~~
witnets~ ~•ve seen mannaade vehicles such tu balloons,
alrcrall, r~kt.t~ and satellites., but hllve misidentified
them in unf:umli~r tir~umstanc~s. O'hcrs have seen
natural phe~tomena itH~lLJding mira&el, ice haloes, mock
am~ Broc:l:en lll'•oit!, lr.rlrP.I':IIhu dotJcis, ptc:s,phc~escencc
at ICI, ball !iahtnina. V'enuz 111nd so rurth. Some have seen
snd :o,:-v;: cvee phof.oJrarhed C'onvincing artefacts such as

lb. · • - t

c•' - - ~ -

:a .

J

•

•

turouih c:ornr!ex l'elrnction at lhe edge of one of the
cabin wi:-d.-,w,, Others lt•ve C'l;lstc-vtd unl!)~lll ech~ on
!*da~ ~..:ft-tns auch as :he 'rina MJels' due to the momin~
fli~tilt of 1tulinas.
The ro~goiFii t:tplanations lctOvltt for the m,5 ... rity or
lyio& uucer reports. The aize cr the une~;(plel;,ed residue
ma:y bf'l &•u8ed from the statement 'Jf the .,,;nder Secretary
of State for Defence !n the Holjsr. :.' Commons on 9
November 1967. 0'fer the pcrioo 1 Janoary 1959 to 30
September 1967, 625 reports w-:.re recdved by the Ministry
or Defence; 70 remain l•:.expl3ined after investigat;:l'l'\.
For comrari~on, the l.meritan figur~s. aiven by the Stair
of Project BlueboC.tn a report of February 1966, are 681"i
alleaed sightin~s l!1 the years 1953-65 inclusive; or the,c.
1248 were .eported too v3guely to allow an attempt Jt
e:!plllt>'!ilon. Of the: rc:m::inins: 5569, there were 237 fc·r
w!t ~~h explanations c:ould not be: found.
Summarizing the British and American experience, it
apre:m that perhaps lOX of the alleged sightings cannot
be exrbinc:d. In this residue, it is probable that the majority
or "·Hnesses ha,·e made: substantial errors in their descriptions. A point or di~putc is whether, a ncr such errors h'lVC
been allowed for, there is enough left that is uncxplr.incd
to make us tt- :nk th:tt there is a aap in our knnw!l'dge
either or natural phenomena or or an extraterrestial ir .
vasion or our ntmo\rhere, perhaps by intt-lligeutly controlled sr:tce~raft.
Those who h:t\'C: pressed the l:lst explanari~n. and
especially those who ha,·e believed in little: men from Venus
or Mars, must have been discouraged by thf' l:ttest evid~ncc:
rccardin~ surface conditi<.'ns on those pl:lnets. But I doubt
"'hcthc-.r they ,,jll be any more finally discour:~gcd th:tn
\\ere those who bclie\·ed in th~: Russi:tn flying bomhs ovcr
S\\~·~.kn. Hope is not the only thing thaL sprir.gs eternal
b lhc human br.:ast. 11 Farth pro,·cs (O b.: t:•e one planet
in th..: sol.!r syst.:m that supp<'·ts intelligent Iii;:, it is still
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pussible thilt intelligent heings froST! k more distr. nl s)·~tem
have found the wa)' to cross intervening sp<t:~ in ~mall
cran without agelng on the long journey; an~. a;:·.ho•;;!>: it
is unlikely, it is just possible that lhf' -:raft are smo!l (;,~..,uab
r.ot to have shown up on astronomical ,r radar surveys.
Jesse C.reenstein of Mt Wilson and P2.tomar Q~se~-. ~>tarie~
bts cl\:cula:ed tllP.t a vehicle 100ft in diameter WIJi,l•i
easily show up 3t a hei&ht of SO miles on any or the SCoCO
plates of !he p~; ,"nar St:y Sun·ey.
PerhaDz 1 may be permitted \o make some remarks on
resoiving the confusion of evid~:nce, fo: I h<lve ha(4 to do
thi! before. In particular, Thad to sorl o•Jt the true from
thr= f&lse in the scare of 194) about 1he tlu"eat or ihe Ger·
ma!', rocket. 1,, th: early s!aaes thi! was not diffi::l:lt, since
there 'o>:ere few rtports. and !hey were substantiall~ .aecret
and indcS"=ndent. But -.- th~ storie~ Rrtw, it was almost
impossible to tell whelhe; or r.ci a Ji&rticui3r report came
from s_,meone whJ aienuhcl: knew something or whether
he w•a repcs~inJ a rumour. By t!lat tim~ there was no
question abo~t whether or t:t·t t!lere was a rocket- t~•.:
Gt:e:~tion was who.t it weiahed. Finally I found a ~.>uch·
stone- I would :1...:cept a weight or;iy from a r-;port that
had tlso 1..m:~~ior.~ct th•.i ''"11id !'x:tgen w-:.s one of the
~uel, , which I b}' thf.: icnew to l',e trv~. The result was
spectacubr; out or hundreds or t'ljJtflictina reports this
touchstone selectd •.l":l,v n··c, ind these pointed consistently
to a total weight of about 'ons with a warhead from one
to two ton!, in conira~istinction to the 80 tons with a
10 ton warhcl\d that !.ad been mooted. These five survivina
report! t~us lrJ •ne to the correct answer.
Unfortun~cely, I have not found a similar. touc~stone
fly '-c* - - -- .. ~
- •
pr. •1;,\bilities from what we know about the physical
·...-o :ld, but we cannot reject the flying saucer hypothesis
simply because it is unlikely. This would merely lead to the
danaer of repeatina the error of the French Academy reaardina meteorites. But arc ftyina saucers simply of the
first order or unlikeline!S? I think not, for I would apply
the same araument as I used reaardina the apparitions in
Sweden. There have been so many ftying s3ucers seen by
now, it we were to believe the ~tcc:ounts, that surely one or
them must hne tJroken down or left some trace of its
v:sit. It is true that one can explain the absence of relics
~y supposing that the saucers hl\ve a fantastic reliability,
~t!i this adds another or<.lcr of unlikeliness. At least the
~- ."t·nt.~ Academy had some actual meteorites to examine.
; l\. 'nk that this is where the natural philosoph~:- must
tak... ~ .'. :, stand, for there is a well tried course in such a
situation. This is to apply 'Occam's razor'- hypotheses
are not to be: multiplied without necessity. or all the
possible explanations for a set or observations, the one
with the mimmum of ~upposition should be accepted, until
it is proved wrong. Otherwise one lives in a re:~rsomely
imaginative world in which rational conduct becomes
impo~sible. There is a story of one of my more eccentric
c:ollcagucs that will illustrate what r mean. He was at the
time a Fellow or one or the men's colleges in Oxford, but
he happened also to tutor some or the women students in
philosophy. One of the Girls went into his room for. a
tutorial one day, only to find thrll he seemed not to be
there. However, she was accustomed to some of the
curiosities in his bch:tviour :tnd she was not unduly sur·
priscd when, a minu!e or two after she h:td s:tt down, hi5
voice boomed from l111dcr the t.tble: "Read your ess:ty!"
This she proccedrd to d·='· and then waited for his com·
ments. So111.:thi.,e that s~c had s:tid reminded him of
Occam's r:t7.or and he proceeded to give her an cx:~mple.
Poking his hrad out r;om under the tablecloth he s:tid:

!'

.•

..Supposing thot I was to say to you thot there is a tiger
outside the door, but that the tiger is frightened of me so
that every time I go to the door to see it, it runs oway and
hides round the corner. If I were to tell you that this was
the explanatior. of why I see no tiger outside my door,
you would say that I was mad- or, at least, a little
peculiar!" Arc flying soucers a~ imaginary as my colleague's tiger?
Of course, the difficulty in applying Occam's razor is in
deciding which (xplanation of flying saucers involves the
minimum hypothesis. Jefferson was committing scientific
suicide with the razor when he preferred to believe thar
professors would lie. And it is also true that the explanation with the minimum or hypothesis is not always the
right one. I can recall just one occ~sion when Occam led
me astray in this way. This was towards the end of 1943
when the method of propulsion of the German flying
bombs was unknown. I thought that I was able to deduce
it from a set or' facts as follows. On the plans of one of the
flying bomb sites that had been sent to us by one of our
spio:s, backed up by whlt we could sec on aerial photoaraphs, there seemed to be one fuel store on each site.
Indeed, it was so labelled on the plan. The store was
dividr.d into two parts, and I concluded from the disposition of the entrances and blast walls that two kinds of
fuel were to be used and that the designer was taking
unusual precautions to prevent them from coming i:lto
contact. I already knew of two such fuels, hydrogen peroxide and sodium permanganate. These were already being
US<'d in rocket propelled glider bombs, and I even managed
to establish that some of the servicing crews for these
particular fuels v:ere being allocated to the flying bomb
11ites. Moreo ..·er, when I checked the o,colume of peroxide
th:1t could be hc!d in the store, it was enough to propel
20 peroxide r~JCkets to London, and this was consistent
with the storage in the rest of the site for 20 flying bomb
bodies. There was therefiJre no need to postulate any
other engine, on this evidence, for the flying bomb bo:yond
a development of tt.e peroxide rocket engine. Everything
was consistent and had been well supported by evidence.
And yet the conclusion was wrong. A more complicated
hypothesis turned out to be right. The peroxide was used
mr.rely for firing the bombs from their catapults, and their
main means of propulsion was a new type of engine, the
Argus tube, which burned ordinary fuel. The reason that
this ordinary f:.~el did not show up on the site was that the
bombs arrived already filled with fuel from a central store.
At the same time, I must emph:1size that in compensation for this one instance where Occnm's razor Jed me
astray, there were many instances where it led me to the
truth when many other people were confused. The essential
thing in applying th~ Razor is that one must be completely
honest in realizing that, while it dictates the best operational course. it can lead to the wrong result and one must
not cling to the simple explanation to which it !cads if
subsequent observations show that this is incorrect.
Here it is advisable to remember the ad\ icc of Pasteur
(1854):
Preconceived Jde:ts are like search1i&hts which illumine the
path of the cxrcrimcnter and serve him as a sui de to interroJatc nature. 1'hey become a d:mscr only if he transf0rms
them into fhcd 1dc:~s --- this is why I should like to sec these
profound words inscrib.:d on the thn:,hold of all the tcm(.:~
of 's<"icncc: 'Th~~ greatest derangement or the mind i~ to b.:licve in somethins because one wishes it to be so.'
Keeping all these facts in mind, the balance of the
evidence rc~ardlng nying s:mccrs ('IS I sec it- viewed
01r.1;r,5t tlo-:· criti~:.1l sia:ations in •::hid1 I us::u tlJ h:l';c :o
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decide on courses of action based on evidence from eyewitnesses and other sources- is heavily against their
being intelligently controlled vehicles. But I also know
that, even if the current American and Russian investiJ:ations come to this same conclusion or even a stronJ:er one,
it will not discourage the flying saucer believers. For these
investigations are faced with the impossible job, if ftyina
saucers do not exist, of proving a completely ncgntive case.
This is one of the most difficult of all Intelligence tasks.
and even if the investigation is a~ thorough as humanly
possible, the flying saucer exponents will always be able
to conjure new hypotheses that had not been considered.
If known natural phenomena are insufficient to explain
everything that has been genuinely seen, the alternative to
the intelligently controlled vehicles is an as yet unrecognized natural phenomenon. This is distinctly possibleihe case may be simi!::r to that of ball lightning, the
occurrence of which has long been both asserted and displ•ted. But ball li3htning has been seen by many observers
with a scientific tt::ining, including a Deputy Director of
the Mtteorological Office. In this it appears (apart from a
few recent reports from Russia) to differ from the flying
saucer and since there is no reason to expect that scientists
are more likely to be favoured relatively to laymen by ball
lightning than by flying saucers, we may conclude that
either the snueers are much rarer even than the comparatively rare ball lightning, or that the latter has often
been mistnken by Jay observers for saucers.
In coming to a conclusion about the existence of flying
saucers, there is a strong temptation to be overcautious,
because if you turn out to be wrong in dcnyir.g their
existence the error will be blazoned in the history of
science; but if you merely turn out to be right, there will
be little credit in proving a negative case. My own position
has been that if at any time in the last 20 years I had had to
take a vital decision one way or the other according to
whether I thought that flying saucers were fact or fantasy,
Russian .or extratcrrcstial (why has Chiraa never bern
credited, by the way?); I would have taken that decision on
the assumption thai they were either a fantasy or an incorrect identificntion or a rare and unrccognizrd phenomenon; and while I commend any genuine search for new
phenomena, little short of a tangible relic would dispel my
scepticism of flying saucers.
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Alcohol and Tobacco Tax Divis ion, Internal R.<:v')r'.IJe Service, r• ,rticular l y Mr. Maynard J. Pro who arrang·~d for the neutron activation
analysis of a magnesium sample mentioned in Case 4 (p. ~91).
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his staff, particularly Dr. Jacques Vallee and Dr. William Powers.
Illinois Institute of Technology Research Institute, for the loan
of the all-sky camera used in Case 27 (p. 508).
National Center for Atmospheric Research, and its director, Dr.
Walter Orr Roberts, for the services of: Dr. Joseph II. Rush, who consulted on instrumentation problems and critically edited many of the
case reports in Section IV;

Dr. Vincent Lally

in preparing Section VI,

Chapter 8; Dr. Paul Julian in preparing Section VI, Chapter 10; Dr.
Martin AltschulPr in preparing Section VI, Chapter 7;
Dr ..Julian
Shedlovsky, who provded in format ion on radio- .tcti vi ty induced in
various materials on

exposu~e

to radiation in outer space; and for many

consultations on special problems.
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And, finally, I would like to add my special thanks tc the t}~ists
and editorial assistants who handlerl the monumental task of typing,
proofing, correcting, and assembling this report, remaining with the
study until its completion: Miss Beth Allman, Miss Ashley Bak~r~ Mrs.
Carol Lov~, Miss Brenda Montalvo and Mrs. Sue Wood. And, above all,
to Mrs. Kathryn Shapley, who served loyally and effici~ntly as my
secretary throughout the entir~ study.

1432

...

~

...... ~

-

~

. . ..,

. . . ... .

" "' - -

,,__ ..,.

·

..

.. . . . . .. "ltt ,

,. . .

..

.. ...

I
\

APPENDIX X: AU'IliORS IJ'JD EDITORS
STAFF OF THE COLORADO PROJECT

JOHN B. AHRENS (Research Psychologist)received his B. S. at the University of Wyomin& where he assisted Dr. D. Foulkes in research.
ROBERT J. ALLEN (Section VI, Chapter 5) senior research engineer, Radar
Aerophysics Group, Sta~ford Research Institute, specialized in the development of acoustic miss-distance scoring 3ystem~ for small arms and
special radar-data processing unit. He holds the degrees of B.S. EE.,
B. S . , and M. S .
BETH ALLMAN (Assistant Editor) holds a B.A. (University of Colorado) in
comparati vt: literature . Prior to her work on this 1·eport, she was engaged in personnel work at Thompson-~amo-Woolridge and as a production
assistant fox· Henry Z. Walck, Publishers.
D. ALTSCHULER (Section VI, Chapter 7) is associated with NCAR as
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FREDbkiCK AYER II (Section VI, Chapter 9) received his M.S. (New York
University)in physics. He has been consultar.t and research associate
at the Brookhaven National Laboratory, and has recently done research
on high-energy physics at the University of Colorado.
VICTORIA SIEGFRIED BARKER (Indexer) received her B.S. (Stanford) in
library science. She has served as librarian for the University of
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Department of Commerce, National Bureau of Standards (1951-1964).
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EDWARD U. CONDON (Scientific Director) is professor of Physics and Astro?hysics, and i~ a Fellow of the Joint Institute for Labor&tory Astrophysics
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Fireba~l,Gr.eat,Feb.1913: report of,
960-962
Fireballs: as probable explanation,
560-562(Case 36),947-948,
963,1253
in earthquakes,1180
radar detection of,1097
reports o£,969-973
sound from, 1264
See also Bolides
"Firefly eff~ct," see Glenn partie les
Fisherville,Va.,case-Dec.1964:
radioactivity claimed,130
Flames: in earthquake,1180
"Flaps": clustering of reports.
17,31
Flares: as probable explanation,
88,103,S1S-520(Case 29),
710,713,714(Casc SS)
Flares,solar see Solar flares
Flashing see Scintillation
"Flying flapjack" plane: possihle
sighting of,R46
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Fontes,Olivo T.: quoted on Case 48,
121,637-639,881-882
quoted on Ubatuba,Brazil case,
139-140
Foo-fighters: related to St. Elmo's
fire, 1173
Ford Motor Company,l53
investigators of automobile
malfunction,432,433
Forest Service see U.S. Forest
Service
Fort,Charles: quoted on sightings,
821,826,827
Fort Belvoir,Va.case Sept.1957,78,
122,655-665(Case 50),740,
Plates 32-40
Fort Monmouth,N.J.incident,Sept.
1951,857-859
Fortenberry,Williarn,364
Fowler,Raymond E.,88
quoted on Case 6,408
quoted on extra-terrestrial
intel1igence,911-913
fuller,John G.: article on
Colorado project _915
quoted on power outage lo4-166
Ful1er,John G.:Incident at Exeter,
164-166,899
ful1 er ,John G.: The Interrupted
Journey (Barney and Betty
Hi 11 case) , 899

Gemini 11,276,739,Plate 17,18
observations from,298,302
Gemini 11-Agena see Agena 11
Gemi~i 12: observations from,
305-306
Gemini flights,298
log of manned flights,270
observations from,268-312
time in orbit,269
Geminid meteors: as probable
exp1anation,221
Genroku earthquake,Japan,Oec.1730:
luminous effects of, 1180
Geomagnetic storms: relation to
solar flares,1159
Geo~agnetic observatories: instruments of, 1255
recommendations for,1266
Geometrical optics see Optics,
geometrical - Ghost see Radar, ghost
"Ghostoalloons" see Balloons,
super-pressure; nalloons
polyethylene
G1enn,John H.Jr.: observations
by,289-290,303-305
Glenn particles,285,303-305
See also Spacecraft,
observations from
Glossary of Meteorology: quoted
on mirage definition,
5Sl(Case 35)
Godman Air Force Base,Ky.,847
Gonnan,George F.: pilot in
Fargo,N.O. case,848-~~~
Goose Air Fcrce Base, Labrador
case, Dec .1952,188-189
Goose Bay, Labrador,case .June
19:4,207-210
Goudsmit,Samuel A. ,867
Grand Marai~.Minn.casP Sept. 1966,
17R-181
Grass ,space sec "Space grass"
Graupel see BTSo Hail
Great Bend,Kans.case,1227-1228
Great Falls ~ir Base,Mont.,75-76
Great Falls, Mont.case Aug.1950,
75,119 626-635(Case 47)
motion picture,740,Platc 27
Greece,Ministry of NationarDefense National Meteor
Service: reports file in,
926
"Green flash": of thl' sun, lii~R-

Gallup Poll: on flying saucers
(1947 and 1950), 1.0,
316,317 ,338;(19oo) ,60,61,
316-323,337-339,355
Gemini 4: observa~ions from,
307-309
Gemini 5,288
observati~ns from,293,300,
304. 30~.
photograph of REP,739,Plate 19
(;emini 6: observations from, 304
rendezvous of,302
rendezvous with Gemini 7,
739,Plate 21
Gemini 6-12~
Gemini 7,288,307,309-311
observations from,276,292,
739,Plate 16
rendezvous of,302
rendezvous with Gemini 6,
739, Plate 21
sketch of auroral arch,739,
Plate lh

1040, 1 OSS- IS!•
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Green,Gabriel, Let's Face the Facts
about Flying Saucers:auoted
on ancient sighting, 824,828,
829-831
Ground clutter:radar detection of,
1099-1117,1123-1124
Ground markings:a1leged from UFOs,
128-131
Ground return,distant see Distant
ground returil
Groups:susceptibility of, 980-981
Grudge,project,see Project Grudge
Gulf of Mexico,La. coast case Dec.
1952, 220-223
Gulf of Mexico,"Sebago"case Nov.
1957, 247,250-253
Gulfstream Aircraft,Huntsville,Ala.
case March 1966, 113,116,
702-709 (Case 54),741-742,
Plate 52-57
ltaggarty,John, 829
Hail :electric fields associated
with, 1176,1182-1184
Haleakala Observatory:I,Feb.l966,
1234-1239
II,Sept.l967, 1241-1246
Il,method of investigation,l215
Halford-Watkins,Carol, 135-136
Hall,Asaph:discovered moons of Mars,
45
ltall,Richard: on alleged ring
imprints, 1:9
on "angel hair", 132
llall,Richard, The UFO Evidence,
2l,lulindex of reports, 31
.:allucination:development of, 978
sec also Hoaxes
llaneda Air Force Basc,Japan,case
Aug.l952, 184,186-188
llarder, James A. :on Truckee case,
35,883
Harvard College Observatory, Pike's
Peak Station:expedition of
1870's, quot e ~ on mountair.top
thunderstorms, 118!-1185
Harvard Meteor Project (1954-1958),
65 ,90b ,1219,1220
Hauser Research and Engineering
Company:in Case 3, 388
Havana,lll. photographic station,
12.?0
see also Radar MeteQr Project,
Long Branch, Ill.
Hayes, Allen:in Case 38, 57b
1448
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Haynesville,La. case, 87-101
Heilmaier, Erich Paul:on Antarctic
events, 149
Herold ,C., 58
Hidden data see Photographs:data,
hidden
Highwood Ranger Station,Alberta,
case, 720-728(Case 57)
Hill,Barney and Betty,case, 899
Hillsdale,Mich. case Mar.l9bb,
899-902
lloax:as possible explanation, 724,
725' 727
as probable explanation, 51,
89-92,125-126,506-507 (Case
26),847,851,8b2,943,965-96b
categories of, 114,115
of ancient reports, 8l9-S40
of Book of Dzyan, 835
of Byland Abbey mss., 829-830
optical, 114-115,738,Platc 10-12
photographic, 114,120,714(Case 55)
photographic discrcpa~cies, 498502 (Case 24) ,637-b40(Cas~ 48),
671-696(Case 52),724-727(Casc
57)
phtsica1, 114-ll5,122,738,Plate
8-9
reasons for, 979
Hokkaido,Japan,case,Feb.l953, 181-182
Holloman Air Force Base, 223-224
Holy Bible see Bible
Hooven,Frederick J.:quoted on magnetic mapping, 153-156
Hope,Major K.J.:on photographs(Casc 57),
723-724
Hors~ case,Colo. (Case 32) ,527-531
Hostile action:recognition of,8b6,870
Hot-air balloons see Balloons,hot-air
Howard,J .H., 364 Humidity gradients in atmosphere ~Atmosphere,humidity graJients in
Hurricanes, 1175
Husted,A. ,Sgt,in Case 50, ho4
Huygen's principle, 1000
Hynek, J.Allen, 21,70b(Casc 54)
in Case 8, 416-417; in Case lo,445
in Case 38,575
in Project Grudge rcport,Aug.l949,
851
on Bismarck,N.D.case, 198-200
on Dexter and 11111 sda lc .~li dl.
cases, 899
on field teams, 24
on Louisvillc,Ky.case, R48
on single-observer sight1ngs, 105

·~··

llvnck, .J. Allen (con't)
· on unidentified sightings, 1269
quoted, hearings on UFO problems,
910,911
quoted on Case 2, 186-387
report of Case 57, 724,7~7
source of data, 110
llypnosis, 983
in Case 42, 598-599
llypothcsd :
l'\'aluation of, 840-841
formation of, 12 7 3-1~74
testing of, 1272-127H passim
llvs tt'r i a :contagion of, 981-982,984
· sec also Mass hysteria
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Ion rocket engines:develG?ment of,
1159
Ionization of mattcr,llS7-JJSR
Ionized particles:ratlar dl'tcction
of,1073,1C93-J097
Iris (goddess):myths of,818-819
Irkutsk M&knetic anJ Meteorological
O~servaton

t 1~8-1189

Izu,Japan, earthq~l<~h·, Nov.l~l30:
luminous cffl'L'ts of, t IRI

Iceland volcanic eruptions: Nov.l963
elcctri~ fields of, 1179
Identified Flying Object: defincd,l4
I !:IT Spt'd rum 19hh: quoted on Northcast poWl'r outage, 1-:'0-171
Ignis Fatuus, 1174
JLE
Sl'l' lntclligl'nt Life Elsewhere
Illusions, optical sec Optical illusions
Tmage inversion, 1022-1023
lmagl' orthicon, 1253-1255
aerial coverage by,l2b4
Imagination:~s probable explanation,92-94
Imprints see Landing-gear imprints;
Ring imprints
lnl'idl·nt No.40, July 1947:
ProJect l;rudgc report quuccd on 852-853
lndJcnt No.SI, Scpt.Hl47:
l'roJcct l;rudgc report quoted on 853 - HS.t
lnduL'tiVt' reasoning,1272-1273
lnseds: radar detection of, 1073,
1088-1091 '1114, 1249- 1251
lnstrumentatiol': use of, in CaSl' 27,508-510
lntt•ll igC"C''.!, l'Xtratcrrcs ·. :rial ~
t:xtratcrr~·"t rial lntl'll igl'llce
lntl'l1igcnt Life Uscwhere tiLE),3b-4b
opinions on, td
lntt· rnational l;et Acquainted Progrrun
Denmark, 8° ·l
lntl'rna1 Revenue Sl•rvicc sec U.S.,
Internal Revenue Service
lntl'rpretation: of sighting reports,
943-974
lnt~rstell~r distances, 37-40
lntcrvil'ldng of witnl'sscs see
Witnesses, interview'I"'fi'g of
"Invasion from ~Iars", 980
lm· ~..·rsions
sec Imagt' invcr ~ ion;
Temperature inVl'rsion
Investigators: availability of,Sb-87
equipment of, 8h
sell'ction of data by, 1215
1449

Jack-o-lanterns, 1174
JANAP sec Joint Armv-Navv-J\ir
Jessup:W.:on Byland Ahh~·y sighting,R28
.Jet exhaust strcam:as prohahlt'
cxplanation,!lh-1
.Joint Annv-Navv-Air l'uhlil'ation,l4b,lll
on reports.of ~ightinRs,R87-889
.Jones,R.V. :qtlllCl'J on l'Yl'l..-itness
cn·d i hi 1 i ty, %·1, 9<><• ~lhi, 9b9
.J ucncma n , F rl'Jl' rid. H. :on llha tuba ,
Br a ;: i 1 l' a s l' , 1·I .:
.Jung,C.J. :quoted on :Hh:i~.·nt sightin&s,825
Flying Sauce1:~:on am.jt•tit:~s ,9t'~
.Jupiter,planct:as proba b l~.· l';\planation,l93, l'l9-..!llO,·HIS ,110
(Case 6) ,440 -·1·11 (Casl' 1-l),
5b3,571-574 [Case ~7)
1 i fe on, 41
1\amaJ..ura t•arthquakl' t.:S 7: luminous
t:•ffect ..; 11f. II Sll
1\alstron,l;.\\'. : quotl•d on l:; l :· t · ~ .:,
b71-h7..!
Kl•cl,.Johu :\.:on "span· grass",l33
quoted on E\'A di s l·ard..; ,30b
1\elJysh.~l.\'.

,924

1\cJlogg,W.W. ,913
Keph•r's LH~s:appli~..· d to satl'llitt•

orbits,.:79,.:.so
1\erd..hoff,A.C. anJ 1\.1\'.Rad, Th~
JUOl~- ~, ljllOt l'J, 9S I - Keyhoc,UonalJ L. :din·-:tor of Nll';\P,
19
discontinueJ r~porting,33
founded N!CAP,87b
on Fargo ,N .ll. l'llSt.', 8·19
"Flying Saucers are Hl'al"lin
True ~lagazin") .19, q, 8Sb
Key hoe ,firma 1d E. , !:}_y i ng S<~uccrs from
Out_cr ~·-~>- ~Sl
quo~

:r.o- s ~ -:-

1\inchdol.' Air For~· ~.· Has~.· .~1irh.
~.:a:;t.•. Sept . 19t,-, .: .1- - . .: 1~1
"-irtland Air Forn• Ra~v.~.~!. ~.:asl'
Nov.l9S7,~li.~l.'
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Klass, P.J.,ll70,1190
Klass, P.J., UFOs Identified,
discussed,quoted,ll91-1193
Konradsen,K.G.:quoted on Danish
study programs,925-926
Kugelblitz se~ Ball lightning
Kuiper,Gerard P. :quoted on outer
space searching, 20
Kwanto,Japan,earthquake,Sept.l923:
luminous effects of, 1181
Kyoto,Japan,earthquake, 1830:
luminous effects of,ll81
Labrador case,June 1954,207-210
Lackenheath case,Aug.l956,24S-246
Lakeville,Conn.case,Jan.l967,
733-736,742,Plate 64
Landing-gea~ imprints,alleged,
129,131
Langmuir,Irving:on Phoenix,Ariz.
incident, 8S3
Lasers:tracking by, 1256-1257
La~nmower's muffler:as explanation,
137
LeBailly ,E. B. ,Maj.Gen., USAF:
quoted on Project Blue Book,
902-903' 905
Lehner,Ernst and Johanna, Lure and
Lore of Outer Space:quoted on
Chinese celestrial globe, 816
Lens flares:as UFO images, 113,114,
738, Plate 6
Lenticular clouds see Clouds, lenticular
-Leshkovtsev,V.:quoted on sightings,
924-925
Leslie,De~mond, and George Adamski,
Flying Saucers Have Landed,879
quoted on Byland Abbey sightings,
828-829
Leonid shower, 293
Levelland,Texas event,Nov.l9S7, 161
Lcvy,John:in Case 38, 577
Lieu, Finn, 134
Light:scattering, 1047-1052
Light waves:anomalous propagation of,
173-266 Eassim
causes of refraction, 1000-10~1
color separation of, 1037-1044,
lOSS
propagation of, 46-49
refraction of, 998,1014-1017,10S2
refractive index of,l000-1004,
1009-1010, 1054
sign&l-to-noise ratio, 1248
1450

Lighted balloons see Balloons,
lighted
Lightning:properties of, 1156,1158,
1162-1164,1171-1188 passim
radar detection of, 1093-1095
see also Ball lightning; Thunderstorms; Tornado lightning;
Volcano lightning
Lipp,James E., 8Sl
letter on ILE, 37
Literature, UFO:effect on children,8
Local debris see Spacecraft,observations from
Look special ed.,l967, on flying
- - saucers, 49,51
Lorenzen, Co~al, 860
head of APRO, 19
on alleged landing gear imprints,
1?8-129
on luminous haze, 132
on Ubatuba,Brazil case, 54,138-139,
142

Lorenzen, Coral, Flying Saucers:The
Startling Evidence of the Invasion from Outer Space:
quoted, 879
The Great Flying Saucer Hoax,879
on Case 4, 391
Lorenzen, James:head of APRO,l9
Los Alamos Scientific Laboratory
event(l950,1951,19S2), 147
Louisiana-Texas case,Sept. 1957,
203-207
Louisville,Ky .• case,Jan.l948,847-848
Lovel J ,James A. ,Jr. :quoted on "bogie",
310-311
quoted on discards, 305-306
quoted on rendezvous, 302
Low,Robert J., 915-~17
appointed to Colorado project, viii
quoted on Fuller article, 915
"Unexplained Electric Power Interruptions", 161-171
Lowell, Percival:on canals on Mars,45
Lower atmosphere see Atmosphere,lower
Lowes,John Livingston:quoted on
ancient sightings, 826-827
Luminescence:from bolide, 1186,1189,
1190
from earthquakes, 1180-1182
Luminescence, snowstorm see Snowstorm
luminescence
Luminous particles see Spacecraft,
observations from

.

McChord Air Force Base,Seattle,Wash.
case,Oct.l959, 219-220
McDivitt, James A.: observations by,
307-309
McDonald,James E., 927,928
in Case SO, 657-662
in Case 52, 683-684,690,692
on future research,l269
on northeast power outage,l67
quoted on extraterrestrial
hypothesis,34
quoted on numbers of reports,
969
reports in other parts of the
world, 16
source of data, 110
McGuire Air Force Base, N.J.:
reports to,32
Mach number,ll48
Mackay, Charles, ExtraoTdinary Ponular Delusions and the
Madness of Crowds:quoted,979
McKinley,J.L.:quoted on power outages,
163-164
McLaughlin ,R. B. ,Cmdr, USN, "How
Scientists Tracked Flying
Saucers":quoted on sighting,
(1950), 856
McMinnvi1le,Ore. case,May 1950, 112,
119,607-625,739, Plate 23-24
article on,856
Magazine articles:on cases (1947),
847; (1950) 855-856; (1952),
862-864
Magnesiurn,~etal, 54
as probable exp1anation,391-396
(Case 4)
1n Ubatuba,Brazil case,l38-143
Magnet, project see Project magnet
Magnetic disturbances, 1189
observational program for,67
See also Geomagnetic storms
Magnetic fields:effect on automobiles, 53,151-161,172,582-588
(Case 39)
Magnetic field,earth:disturbances of,
53,148-150,172,1255,1256
sea level average, 1160-1162
strength detection of,l255,1256
Magnetic mapping:car bodies,
153-161,172
~lagnetometet's ,proton ~ Proton magnetometers
.
Malfunctions of automobiles see
Automobile malfunctionsMalfunction of radar see Radar, malfunction of 1451

Maney,C.A. :on "angel hair",lll-132
on ring imprints, 129
Manhattan Beach,Calif. case,Feb.l957,
133
Man-made device see Artifacts
Manning, T.E., 9rsMantell, Thomas:in Louisville,Ky case,
847-848
Mapping,magnetic see Magnetic wapping
Marconi Resear~h Laboratory,England,
1085
The Marine Observer: quoted on astronomical refraction,l040,1044
quoted on atmospheric refraction,
1028,1030
Marliens,France incident, May 1967,
136
Mars,planet:gravitational pull of,
42-43
life on, 41,44-46
Marsh gas, 1174
"Martian Invasion Ucfense Program",
875
Marynov,D. :quoted on sightings,
924-925
Mass hysteria, 979-982
Material deposited,alleged, 131-133
Matter,ionization of see Ionization
of matter
Maury Island incident, (194 7),11<', 84t>, 965
Menzel,Donald II., 21,46-47,925,927
"Do Flying Saucers ~love in Straight
Lines?", 891-892
Flying Saucers, 879
Menzel, D.H.and L.G.Boyd:on Case 49,
647
Menzel,D.H. and L.G.doyd, The World
of Flying Sau~ers:on Case 48,
637 ,639-MO
Mercury 6:observations from, 289-290
Mercury 7:observations from, 9,290,
303-305
Mercury 8:observations from, 290-291,
293
Mercury 9:observations from. 291,294
Mercury flights, 288
log of manned flights, 270
observations assigned. 271-273
observations from, 268-312
time in orbit, 269
Mercury, planet: life on, 41
Merint reports:security for, 888
Merritt,Everitt,photogrammetist
50-Sl

Metallic material: from St. Lawrence
River case, 135-136
from Case 42, 137-138
from Ubatuba case, 138-14)

\'

Meteor sounds see Noise
Meteorite Recovery Project see
S.ithsonian Meteorite-Recovery Project
Meteorites:electric fields of,
1185-1188,1189,1190
photographs of path, 1220
radar detection of, 1097
recovery of, 1223
trajectories of, 281
Meteoroids:as probable explanation,
947-948,1255
detection of, 1254
electric fields produced by,
1185-1186, 1189
source of, 1219
Meteorological conditions:summarized,
261,263
Meteoroloaical optics see Optics,
atmospheric
Meteors:as probable explanation,
196,203,223,236,250,253,
508-510 (Case 27), 560-562
(Case 36), 948-961 passim,
1227-1228
characteristics of,l258-l262
electric fields of,ll56,1158,
1185-1188
flux of, 971
luminosity of, 293
observed from spacecraft, 293
radar trackina of, 1252-1253
research on, 1219-1229,1252-1254
source of, 1219
Meteors, Geminid ser Geminid meteors
Meteor trai1s:radar detection of,
1096-1097
described, 1186
Methodology, statistical see
Statistical methodology
Michaux,C.~ .• Handbook of the Physical Pruperties of the Pl~net
Mars, 44
Michel, Aime, 890-892
on "anael hair", 132
Micrometeorites, 1188-1190
Middleton,W.E.Knowles, Vision through
the Atmo, pbere, 1047
Mie,Gustav, 1249
~iilitary communication channels see
f.ommunication channels
Military installations:reports near,
32, 3!
Miller,Stanley L.: on life proteins,
40
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Millman, Peter M., in Case 22, 492
of Canadian UFO study program,
921-922
on sinale obserier sightings,l05
Minr.aert, M.: on lights from swamps,
900-901
quoted on Case 54, 706
Mirage: as probable explanation,
209-21C,226-227,541,551-5S4,
555-557 (Case 35)
characteristics of, 988,1017 - 1030,
1053-1056
formation of, 551,553,554-557
(Case 35)
Mirage imaaes: brightening of, 10331037
focu!ng of, ~033-1037,1052,10551056
number and shape of, 1022-1030
~irage, optical, 191,192,987-1056
defined, 987
distortions, 987
duration, 987,1020-1022
literature of, 957-999
Mirfak, star:probably sighted, 1~8
Misidentification: as probable
explanation, 51
of real stimuli, 977
Misinterpretation:as probable explanation, 94-100,943-974
Missile, sub-orbital:as probable
explanation, 1241
Mohawk Airlines case, 213-214
Moon:as ~robable explanation, 1228
photoaraph~d,

113

trails of, 738, Plate 3
fraaments,as probable explanation,
947-948
Moon satell!tes see Satellites,moon
Moroney,N.J., FaCtS from figures:
quoted on statistics, 1771, 1277
Moseley, James W.: on flying sa\..cer
captured, 128
operator of Saucers, 19
Motion:judgment of, 9~4,938
Mt.Palomar Observatory ev~nt Oct.1949,
147
Mt.Palomar Observatory Sky Atlas,906
Mt.Palomar Schmidt telescope, 1254
Mountaintop electricity:physiological effects of, 1182-1185
Mountaintops:electric fields on .
1156' 1181-1185
Murruw,Edward R.:television show,8Sb
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Mustel,E.:quoted on sightings,
924-925
Mystery see Secrecy
Narashimhan,C.V.:quoted on United
Nations, 927
Nash,W.B., 364
N~ti~nal Academy of Sciences,918
to review Colorado project, ix
National Academy of Sciences,
Space Science Board, Biology
and Exploration of Mars, 44
National Aeronautics and Space
Administration (NASA) see
U.S.National Aeronautics-and
Space Administration
National Center for Atmospheric
Research (NCAR), 5
support of Colorado project,
viii,ix
National dcfcnse:rclation of reports
to, 7
National Investigations Committee
for Aerial Phenomena (NICAP),
19,32,33,85,325,328-330,582588 {Case 39),644-645 (Case
49), 657-662 (Case SO)
field teams, 23
file of UFO reports, 31
founded, 876
in Case 52, b7l-697
incorporated, 893
investigation by, 94
on Chiles-1\'hitted case, 963
publi shed reports of Project
Grudge and Project Hlue Book,
8S 7

reports of cases, 73
sighting reports rcceived(1967),
ll4

of Jata, 110,178
types of reports investigated,
105
Nat innal Opini oll Resean·h Cent('r,
so~rcc

~~37

:\ational Research Council, Ottawa,
Upper Atmosphere Research
Section: Non-Meteoritic
Sighting File, 9~~
Nation&! Science foun~ation see U.S.
National Science Foundation
National security: threat to,
7,18,864,86S-871,893,9U3,90b,
909
~aval Photog1aphic Interpretation
Ct•nter set• U.S. Naval l'hotographi~.:lt\tcrpretation Center
14)~

NCAR sec National Center for Atmos--pheric Research
Negatives see Films
Nemuro AF Detachment, liokkaido,Japan,
case Feb.l953, 181-li2
Neoprene balloons ~Balloons, neoprene
Neptune, p 1 a net: life on, 41
Nests see "Saucer nests"
Networr-Qf observing stations:possibilities of, 64-67
New Mexico aircraft flight case
April 1966, 114,710-714
New Zealand:study program in, 926
Niagara Falls ,N.Y., case .July 1957,
219
NICAP see National Investigations
Committee for Aerial Phenomena
Noise:from bolides, 1186-1187,1188-1189
from electric storms, 7,1183-1184
from fireball of Feb.l913, 960,962
from meteorites, 1187
from meteors, 1185,1186,1187-1188
in tornadoes, 1176,1177
Nolli,Gianfranco:on "Tulli papyrus",
839
Non-event:e.g.Case 19, 100-102,466-467
Non-Meteoritic Sighting File,Canada,
922
Non-sighters:demographic analysis of,
325,337-338
reporting by, 338-348
responses to opinion survcv, 350
NORAU see North Amt•rican Air De!'C'r1 st·
Command
North American Air Def"nse Command,29t;
catalogue of objects in orbit,294,
308
identifi~ation of :ond IV, 949
in Case 52, 687-690,696
on Gemini 4 sighting, 308
North American Power Systems Interconnection Commi ttet• .July 1967.
164
Northeast power outagL' ~fa rch 1965,
164-171
Northrop Corporaticn, 1153
Nuclear explosion:as possible explanation of bolide, 1189
Null hypothesis see Reports, null
hypothesis-ipplied to
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Objects in space see Artifacts;
Space objects; Spacecraft;
Satellites
O'Brien, Brian, i,l0,18,903-904
O'Brien Committee, 109,893-913,
916
quoted on project recommendations, 10,11,18
recommendations of, 907-908
report commented on, 909
report quoted, 905-908
Observatories, aeomagnetic see
Geomaanetic observatoriesObserver: ability of, 1~!4-1215
conceptions see Conceptions of
observer-screditability of, 976,982-983
defects of vision, 47
psychology of, 984
See also Sighters
Odess8.Wi5h. case, Dec. 1952, 210212
O'Keefe, John A.: on Glenn effect,
304-305
Old Testament see Bible
Olivier, Otarles P.: analysis of
fireball reports, 970
in Case 36, 562
Olmsted Air Force Base: reports to,
32
Olsen, T., The Reference for OutStandinf UFO Reports:
index o reports, 31
npinion on UFOs, 315-362
correlated to age and education,
355-361
Opinion, public see P~lic opinion
Opinion Research~nter ~ National
Opinion Research Center
Opinion Research Corporation, 60,
62
Caravan surveys, 316-317, 325,
326. 337
Oppenheimer, J. Robert, 867, 875
Optical illusion: nature of, 977
Optical miraae see Mirage, optical
Optical refractiVe index ~ Light
waves, refractive index
Optical scintillation see
Scintillation Optical waves see Light waves
Optics, atmospneric, 46-47
Optics , geometrical: of mirage,
1000, 1007, 1054

Optics, meteorological see Optics,
atmospheric
--Orbiting Solar Observatory, 285-286
Orcadas Naval Station, Antarctica,
event July 1965, 148-150
Orlansky, Jesse: member O'Brien
committee, 904
Orthicon see Image orthicon
Orthoteny:-defined, 890
Ostrom, Carl E: in Case 38, 580
on forest damag~. 130-131
Oswego, Oregon, inciden~. Sept. 1947,
853-854
Ottawa New Sciences Cluh, 135-13o
Outer Space Affairs Group sec United
Nations, Outer Space Affairs
Group
Owls: as probable explanation, 468,
472-473 (Case 20)
Page, R.M., The Origin of Radar, 55
Page, Thornton, 868-869
Polomar Observatory see Mt. Palomar
Observatory Panoramic Research Laboratory, 852853
Paris, Texas case, March 1967, 196
Particles, ionized see Ionized
particles
Pearson Product Moment Coefficients,
333. 357
Pennsylvan:.a Power & Light Company
outage, Jwte 1967, lo2
Pegasus B: observed from spacecraft,
308-309
Percept: formulation of, 937-939
influences on, 940
Perception, 976-981
causes of, 943-948, 962-964,~74
defined, 937
distortions of, 977-981
errors in, 977-979
medical and psychological tests
of, 982
process of, 930-941
Perception, visual, 46
Physical effects, 52-SS, 128-144,
146-172
PhysioloKical cfft.·~.:t", 1-1(,
Phobos, moon of Mar..,, ,~,
Phoenix, Ariz. inddent, .July

from l'rojt·~.:t
report, 85 2- H!"· .~

quoted

1~117,
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Photoelectric sensors: recommendations for, 1266
Photographic effects: common
classes of, 113
Phctographic evidence: discussed
by Klass, 1191-1192
Photographic network: for future
research, 1269
Photographs: as evidence, 89-90,108
classification of cases, 116,
117, 118
conclusions summarized, 124-125
criteria for study, 120-121
data, hidden,. 110-111
diagnostic characteristics, 115
fabrication of, 120
first reported, July 4, 1947,
845
from spacecraft: Proton III,
298,299, Plate 17,18
from spacecraft: Radar Evaluation Pod, 300, 739, Plate 19
Gemini program, 302, Plate 18,19
in Case 7, 411-415
in Case 24, ~98-502
in Case 46, 607-625
in Case 47, 628-635
in Case 48, 637-640
in Case 49, 641-653
in Case 50, 655-665
in Case 51, 667-670
in Case 52, 671-697
in Case 53, 115, 698-700
in Case 54, 702-709
in Case 55, 710-714
in Case 56, 716-718
in Case 57, 720,722-727
in Case 58, 729-732
in Case 59, 733,735,736
in Phoenix, Ariz. case, 852-853
of fireballs, 970-971
of meteors, 1219-1229
of RCAF pilot, 1956, 1170
of stars, 1219-1229
priorities for study of, 116
quality of, 112
study of, 49-52
types of, 111
unexplained ~.:ascs, J(l~l,l19
uncxp1ai lll.'U l':tSl'~ summari L.l'U,
1.!5-llu
ai r~low:

l'l~otometcr,

scar~hin~.

Photometers, scanning, 1232-1234
analysis of data of, 1215
in UFO searches, 66
space coverage by, 1263,1265
Photometer, zodiacal light: scanning,
1241-1246
Pibal balloon see Weather halloon
Pickering, W. ~ 1229
Pike's Peak Station sec Harvard
College Observatory, Pike's
Peak Station
Pilct balloons see Balloons, lighted
Plan Position Indicator see R~dar
Plan Position Indicator
Planets see namts of individual
planets
Plasma, 1156-1194
characteristics expected, 1194
radar detection of, 1073,109'1097
Plasma blobs: as possible explanation, 1191
Plasma UFO Conference, Boulder. Colo.
Oct. 1967, 1193-1194
Plastic balloons see Balloons, neoprene; Balloo~s. polyethylene
Pluto, planet, 1229
life on, 41
Poe, William E: quoted in Case 52,
685
Polls see Colorkdo Study of Public
Attitudes, 1968; Gallup; , ,, inion
ncs~arch C~rpora~ion-Caravan

Surveys; Public Opinion
Pollux, star: probably :: ighted, 198
Polyethylene balloons see Balloons,
polyethylene Polygraph: use of, 983
Population: samples of, 325-332
Port Townsend, Wash. case: soil
tests, 131
Powell, Bill: in Case 46, 610
Power line faults: as probable
explanation, 503 (Case 25)
Power systems see Electric power
systems-Powers, W. T.: on futurl' res('arch,

1269
l'rairil· Network, h!i -loh, lll,l."ol,
12~!1, l.!h I ,I.!IJ~I
as ·•oun:l' of Jata, Ill
rapahi litil'S of, l~h;l

evaluation of, 12~4-122~
field headquarters of, 1223,1224

1234-1239
sky coverage by, 1263
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operation of, 1219-1229
rec~endations for, 1266
reports, filas classified, 1227
siahtinas by, 1224, 1230
space coveraae by, 1262-1264
Pranks see Hoax~s
Precipitation: radar detection of,
1073,1074-1078
Pre~ident's Commission on Law
Enforcement and Administration, 339
Presnell, R. I., 58
Presque Isle State Park, Penna.
incident, July 1966:
landina gear imprint at,
129
Price, William, 12
Pro, Maynard, J.: analysis in Case
4, 393
analysis of metal, 141
Product Moment Coefficients see
Pearson Product Moment
Coefficients
Project Blue Book, 7,10,11,18,74,76,
80,82,99-100,129,134,147,
379,381-385 (Case 2), 397398(Case 5),325,328-330,551
(Case 35), 642-652 ~sim
(Case 49), 685,693 (Case
52),713 (Case 55)
correspondence re Case 47. 627632

est.blishment of, 857.860
file of UFO reports. 31
operatina instructions. 884
personnel investigating
Michigan cases, 899-902
report on Zond IV. 949.950
reports for 1953 to 65, 893
reports of cases. 73
review of, ~03,905-908
source of data. 110.178
source ot reports, 33
Project Grudge, 851-866
establishment of, 850,857
reactivated Oct. 1941, 857
recommendations of, 853-855,857
Projt'ct Magnet, 9n
l'rojl'Ct Second Storey: study program of, 922
Project Sign, 844-851
final report quoted,(l949,)
850-851
final report quoted by Keyhoe,
851

Project Sian, Estimate of the Situation: Conclusions of. 849
Proton Il"i7 observed from spacecraft ,
298-300
Proton maanetometers; described , 12551256
Proximel stimulus: ambiguity of,
932-934
Psychiatric evaluation: of observers
recommended, 983
Vsychiatric problems, 6
Psychiatric studies: possibility of,
64
Psychic predictions, 100 (Case 19)
Psycholoaical studies: possibility
of, 63
Psychological testing in cases 33,
38, 42, 87,598-599 (Case 42)
of observers recommended, 983
value of, 104
Psycholoaical Warfare Division: in
Grudge recommendations, 854855
Psychology, national: effect of
propaganda on, 870
Public Attitudes Study see Colorado
Study of Public Iiti tudes,
196d
Public opinion: on UFOs, 59-62,
315-362
Publi~ opinion poll respondents.
demographic analysis of, 319323
Putt, Donald, Brig. Gen.,USAF, 851
Pvibram, Czechoslovakia meteor, 122~
Quintanilla, Hector, Lt. Col.,USAF,
21
Radar. 55-58
anomalous propagation effects,
173-266 passim, 1109-1114.
1249
as probable explanation, 188,
194,203,223,23Y,247,250,253,
257-258,2bl-2b6,445 (Case
16), 541,551-558 (Case 35) ,
743,859, Plate 68
formation of, 551-558 (Case
35)
cardinal point effect, 11lb
c •mer reflectors, 1116
c. rvature of waveo;, llOh-1110
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echo: "Angels", 1088,1091,1099,
ll00,1113-1114
as RFI, 1118
auroras, 1093,1095-1096
ball lightning, 1095
birds and insects, 1081-1091
chaff, window, rope, 1098-1099
distant 2round returns, 1099-1117
evaluation of, 1131-1137
fireballs, 1097
from aircraft, 1078-1081
ground clutter, 1099-1117,
1123-1124
ionized particles, 1093-1097
lightning, 1093-1095
meteorites, 1097
meteors, 1096-1097
multiple trip, 1064,1091
plasmas, 1093-1097
precipitation, 1074-1078
related to targets, 1071-1072,
1138-1139
satellite, 1091-1093
sferics, 1095
side lobe, 1121-1131
signal variat!on, 1066-1069
smoke, 1099
space objects, 1091-!093
surface objects, 1099-1117
terrain features, 1099-1117
weather balloons, 1097-1098
See also "Angels", P-adar,
reflections
false targets, 1110-1139
probable exF lanation, 240
.
frequency bands, 1074-1131 pass1m
fundamentals of, 1063-10b9
ghost, 1121,1125-1127
ground clutter, 743, Plate 68b
information from, 105§:TfiO,
1246-1253
interference signals, 1117-1121
jamming, 133,136
malfunction of, as probable
explanation, 445 (Case 16)
noise track, as probable
explanation, 324
plan position indicator, 742,
Plate b5,10b8-1069 ,10711140 passim
r~flectcd, as probahlc l'xplanation, 183
reflections, 1121-1131
reflectors, 1124-1130,1134-1137
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resolving power of, 1246-1248
sensitivity of, 1248-1253
si.de lobes of anteMa, 1111,11211131
sighting, 397-404 (Case 5), 564565 (Case 37)
sianal s<.~urces, 1072-113~
space coverage by, 1262-1263
target identification, 1110-1117,
11 -'l-1139
target intensity, 1133-1134
target velocity, 1131-1133
tropospheric propagation of radio
waves, 1099-llli
uses of, 1246-1248
WSR-57 weather instruments, 12511252
See also Radio waves
--·Radar chaff, 133,136
as probable explanation, 388,
390 (Case 3)
Radar Evaluation Pod, 739, rlate 19
observed from spacecra{t-;--100,301
sun-illuminated, 303
Radar evidence: discussed by Klass,
1191-1192
Radar Meteor Proje~t, Long Branch,
Ill., 1254
described, 1252
Radar networks, 65
Radar, scanning: space coverag~ by,
1263-1264
Radar siahtings see Sightings, radar
Radar svstems, description of, 10601063
Tt"liability of, 1060,1069-1070
1138-1139
Radar, weather ~ Weather radar network
Radiation level: effects on, 147,
172
Radioactivity: claimed, 130,133
Radio blackouts: relation to solar
flares, 1159
Radio dusting, 1123
Radio frequency interference (RFI),
1117-1121 '113~
Radio interference, i'43, Plat~ 67
Radio meteorology: principles of,
1100-1117
Rad iosonJe balloons sec Balloons,
Neoprene; Weather h a 11 oons,
Balloons ,Rid i o- son de
Radio waves: forward scatter of,
1113-1115
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propagation of, 1100-1117
reflectior of, 1100-1117,1138
refraction of, 1100-1117
refractive index, 176-177,11001117
profiles of, 179-256 ~sim
See also Radar
Rainbow: ayths of, 818-819
Raaan, C.V.: on mirage, 1052,1056
Ra.berg, Walter: quoted on ·~ul1i
papyrus", 839
Rank ow, Ralph: in Case SO, 662
quoted on Case 52, 691,693-694
Rapid City, S.D. case, Aug. 1953,
196-203
Ratchford, J. Thomas, 913
set up project, 12
Reasoning see Deduttive reasoning;
Inducti'Vi reasoning
Reco..endations: for future investigations, 265-266
Reflection: in the atmosphere,
1006-1009
Refraction: in the atmosphere,
1000-1007,1009-1011,
1014-1016,1054
literature of, 988-99g
Refraction, astronomical: color
separation in, 1037-1044
Refraction, Snell's law of see
Snell's law of refraction
Refractive index see Light waves,
refractive-fndex; Radio
waves, refractive index
Reporting: influences on, 940
medical and psychological tests
of, 982
reliability of, 964-974
Reports, 969,974
credibility of, 940-941
early, 16-19
explanation of , 24-30
interpretation of, 943-974
Null hypothesis applied to,
1275-1276
opinions on, 315-362
patterns in, 1274-1275
recomgendation for handling, 6-7
source~ of, 30-33
sti•uli for, B-1tl
time and place ot, 31,32
Repor~s. published, availability
of, 908
classified, 18
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Revere Copper ~ld Brass, Inc.,
Brooklyn, N.Y., in Case 3
388
Foil Division, 133
Ring angels: radar identificatioa of,
1088
See also Radar,echo: birds and
insects
Ring imprints: alleged, 129-131
Roach, Franklin E.. appointed to
Colorado project, viii, 917
investigation by, 94-99
on astronaut observations, 58-59
Roberts, C.E.B., The Mysterious
Madame: quoted on ~tme.
Blavatsky, 833
Roberts, Walter Orr, 917
Robertson, H.P., 18,866-867
Robertson Panel, 855,866-879,893
"Debunking" recommended by, 87 d879
educational program recommended
by 878
on Case 49, 646,647,651
report quoted, 869-971 ~ Appendix
training program recommended by,
878
Robinson, Marvin, 927
Rocket, as probable explanation, 440
(Case !4)
Rocket boosters, observed from spacecraft, 305,310-311
Rockets: exhaust trails, 114
launch paced by UFO, 114,124
Rocky ~fountain Poo~~er Pool meeting,
June 1967, 164
"Rope": raclllr detection of, 1073,
1098-1099
Rorschach, Hermann, 819-920
Roth, !I.E.: reports of sightings, 84
Rothberg, Gerald H. : on future
research, 1269
quoted on all-sky cameras, 12181219
Roush, J. Edward, 68
Roy•l Canadian Air Force, report on
Case 57, 720,;23,725,726
Royal Canadian Mounted Police, 538540 (Case 34)
Rubber balloons sec Balloons, neoprene
Ruppe It , E. J . , 860
head of Projects (;rud&c and IHut·
Book, 857
on Case 49, 645,64b,o48,b49
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on Desvergers case, 862
on Louisville, Ky. case, 848
on P·roject Grudge report, 851852

quoted on Case 47, 631
quoted on Keyhoe, 876
quoted on Maury Island lfoax, 965
The ~eeort on Unidentified Flying
ObJects, 21
Rush, Joseph H., 1256
Rusk, Dean: quoted on Colorado
iJroj ect, 926
Russell, Bertrand, Skeptical Essays:
quoted on expert opinion,
840-841
Russia see U.S.S.R.
Sagan, Carl, 68
member O'Brien committee, 904
St. Elmo's fire, 1158
as possible explanation, Klass
theory of, 1190
described, 1170,1173
See also Ball lightning
St. Lawrence River, Quebec case,
July 1960, 134,135-136
St. Petersburg, Fla. incident, 1951,
1172
Salisbury, Frank B.: quoted on moons
on Mars, 46
Sampling: of phenomena, 1274
Santa Ana, Calif. case, Aug. 1965,
112,115,123-124,671-697,
741, Plate 42
Santa Ana Reg1ster, in Case 52, 685694
Satellites, artificial: as probable
explanation, 105,1255
atmospheric drag on, 276-281
brightness of, 283
characteristics of, 1259-1262
deceleration of, 281-282
for future earth-surveillance,
1269
orbit of, 276-283,292,294-300
radar detection of, 1073,10911093
re-entries of, 84,276,281
See also Spacecraft
Satellites, earth: search for small,
1229-1232
Satellite, arth-surveillance see
Earth-surveillance
satellite
Satellites, moon: search for, 1231
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Saturn, Planet, 27,191
life on, 41
Saucer "nests": alleged of UFOs, 128131
Saucers and Unexplained Celestial
Events Research Society
(SAUCERS), 19
Sault Saint Marie Air Force Base case,
Sept. 1966, 193-194
Saunders, David R.: on staff of
Colorado project, 917
Scanning photometers see Photometers
scanning
--Scanning radar see Radar, scanning
Scattering of lTgllt ~Light,
scattering
Schiaparelli, G.V.: map of Mars, 45
Schirra, Walter M., .Jr.: quoted on
airglow, 290-291,293
Schmidt telescope see Mt. Palomar
Schmidt telescope
Schools: attitude toward UFOs, 8
Schroeder, Earl: quoted on "claw"
markings, 51-52
Science: contribution of study to,
2-3,7
Scientific research: possibilities
for, 2-5
Scie11ti fie Study of Unidentified
Flying Objects see Colorado
project.
--Scientists: caution of, 35-36
decisions of, 2-5
Scintillation: atmospheric, 1044-1047,
1055
literature of, 999
Scorpio (Shaula) star: as probable
explanation, 181
Scott, William A.: on social psychology of UFOs, 323-324,332,361
on staff, Colorado project, 917
Scully, Frank, Behind the Flying
Saucers, 856
Second Storey see Project ~ecund
Storey Secrecy, 18,20-21
of project reports, 869-874,876,
877-878
of UFO reports, 7
Security, national ~National
security
Seeing see Perception, visual
Seitz, Frederick, 924
Selfridge Air Fore~ Base, Mich.:
personnel investigating Michigan
cases, 899-902
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Sensation: alertness as factor of
935-936
J
•odifications of, 934-937
Sensors, automatic see Automatic
sensors
-Sensors, electromagnetic see
Electromagnetic sensors
Sensors, photoelectric see
Photoelectric sensors
Sensory anomalies: effect on sensation, 936
Sensory deprivation: occurrence of
978,980
J
Sex: as factor in opinions on UFOs 62
Sferics: Tadar dete~tion of, 1095 '
Sh-pe: jud~nt of. Q34,938
Sharif, M. experiment on perception,979-980
Shells, concentric with the earth:
search of, 1229,1231
Shields, C. A.: in Case 38, 579
Shimmer: astronomical, 1046
Shinano earthquake, 1847: luminous
effects of, 1180
Shirai Air Force Base, Japan :
quoted on Haneda case, 1952,
186
Shklovskii, I .S.: on moons of ~fars
45-46
J
Shklovskii, I.S. nnd Sagan, Carl,
Intelligent Life in the
ITniverse: discussion of ILE

37
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Shock waves see Sonic boom
Shockley, Jo~S., 236,239
Shootina stars, 1184-1185
Sidell, Ill. image orthicon, 1252,
1254
Sienko and Plane: quoted on swamp
gas, 901-902
Sighters: attitudes of, 315-362
demographic analysis of, 319323,325,328-329,337-338
public and private responses of,
324
reporting by, 338-348
responses to UFO opir.ion survey,
3!\0,352,355
See also Observers
Sighttngs: Air Force information on,
94-99 J 100-103
Air Force study of, 10-12
altitude of, 1260-1262
analyses of, 885
available information on, 73
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azimuth of, 1260,1262
BAYVIC line, Sept. 1944, 890
by astronauts, 268-312
see also Spacecraft, observations from
causes of, 943-948
data needed, 1258
decision to investigate 85-86
duration of, 22,1258,1260
early notification of, 84-85
explaining reports o:, 24-30
history of, 813-841,844-920
history of, (1947 to 1968, )844918
hypotheses for, 174
in Illinois, (1967, )1254-1~55
in 1952, 864
instrumental, 1256,1262-1268
instrumented, 64-67,1214-1270
interpretations of reports, 943974
investigation of, 103-106,907-910
of balloons, 1211-1212
of 194 7, 845
percentage
reported, 15-16 63
.
previously unreported, 78-83
psychology of, 976-984
radar, 55-58,104,173-266,219-240
blip-like, 240-261
in Case 37, 564-565
repetitive, 83-84
reporting of, 338-348
reports of, 33,940-941
"Straight line mystery'', 890
suppressed data, 111
unexplained, 116,125-126,192,193
207,210,214,245-246,259,306309,1239
by astronauts, 59,306-309
by Project Grudge, 851
Case 2, 372 ,38i
Case 5, 397
Case 6, 88-89,405,410
Case 8 , 416- 4 17
Case 10, 87-88,422
Case 12, 432,435
Case 13, 43o-437
Case 14, 438-442
Case 17, 45 1 , 45 7
Case 21, 474-483
Case 22, 484-493
Case 31, 524-526
Case 33, 532-537
Case 34, 538-540
Case 39, 87-88
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Case 42, 596-598
Case 43, 599,6J2
Case 44, 603-604
Case 46, 625
Case 47, 626-635
Case 52, 671-697
Case 56, 716,718
Case 57, 720-727
Case of R-47, 82
numerical occurrence of,
1269-1270
observed from spacecraft,
306-3ll
percentage,(l947 to 1965,)905
percentage of photographic
cases, 109
statistical study of "residual"
reports, 969-973
velocity range of, 1260-1261
visual, 147,173-266,193-219
Washington, D.C.,(l952,)86G
Wright-Patterson AFB, 1952,
860-861
Sightings, ancient, 824-839
inconclusiveness of, 821-822
S\gn, Project see Project Sign
Sirius, star: as probable explanation. 105,577-598 (Case 38)
Size: judgment of, 932-933,934,938
Size-distance relations, 47-48
Sky and Telesco~e: reports on fireballs, 70
Sky coverage network: cost of, 12671268
proposal for, 1265-1268
"Skyhook" balloons see 6alloorc;,
"Skyhook" Sky-luminescence see L~ninescence
Sky survey: by photometers, 12321234
by telescope, 1265
of airglow, 1233,1234-1239
of zodiacal light, 1233,12411246
Smith, Warren P., 742, Plate 61-62
Smith, Warren, and Gabriel Green,
Let's Fac~ the Facts about
Fl~ina Sauc~rs:quoted on
l~O A.D. sighting, 824-825
Smith, Wilbert B. 922
8mithsonian Institution, 65-66, 1252,
1254
Radar Met~or Project: adaptable
to UFO searches, 66-67
research on meteorit~s, 1219
Visual Prairie Network, 906
Smithsonian Meteorite Recovery
Project: costs of, 1267
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Smoke: radar detection of, 1071,
1099
Snell's law of refraction, 1000,
1001,1005-1007,1009-1010,
1017,105,4
Snowstonn lumine. .:nee: as possible -~xplanations, 1192
Social forces: ~ nf'\uence on
reporti
974
Sodium flare se" r'lare, sodium
Soi 1 tests , 13
Solar flares: ca ·tSe, effect, J.l59
Solar ObservatOlf, Orbiting see
Orbiting Solar Observa-·
tory
Sonic boom, 1146-1154
absence of, 52-53,147,214,
1146,1154
atmospheric effects on, 11511152
propagation of, 1147-1151,
1153
reduction of, 1152,1153
wind effects on, 1151
Superbooms, 1153
see also Sound waves
Sono~ana~Camarillo, Calif. case,
Nov. 1967, Dec. 1967, 729736 (Case 58)
Sonora, Calif., case, 116,742,
Plate 63
Sound see Noise
Sound illects see Sonic boom
Sound, Speed of see Sound waves
Sound waves: speea-of, 1147
see also Sonic boom
South Hill, Virginia, incident,
April 1967: landing gear
i.llprint of, 129
Soviet satellite Zond see Zond
Soviet Union see u.s.s~
Space: characteristics of, 279
Spacecraft: disintegration of
Zon~ IV, 949-958
luminosity of, 281
observations from, 268-312
Agena, 302
Airglow, 289-292
artifacts, 294-300
Aurora, 292
Bogie, 307,309-311
ELSS, 298
extra-vehicular acti~ity
(EVA), 305
Glenn particles, 285,~03305
meteors, 293
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Peeasus B, 308-309
Proton III, 298-300
Rad~r Evaluation Pod, 300,301,
739, Plate 19
rocket boosters, 305,310,311
sta1·s, 292-293
twilight bands, 294
unidentified, 306-309
urielow, 285,304
zodiacal light, 293,294
reentry of, 281
rendezvous and docking of, 300,
302
rendezvous of: Agena, 300
windows of, 274-276,292,293,
294 J 311
See also Satellites, artificial
Spacecraft, extraterrestrial see
Extraterrestrial intelligence
"Space grass", 132-l:i3
Space vbjects: as causes of sightines, 943-948
charscteristics of, 1256-1262
classified, 175-176
mass of, 231,283,284,286,287
radar detection of, 1073,10911093
sun-illuminated, 283-~87,304
See also Artifacts; Spacecraft;
Satellites; names of
specific objects
Space travel fiction, 34
Speed: judgment of, 933-934,938
Spheres, metal: as probable
explanation, 136-137
Spherics see Sferics
Spiders: as probable explanation,
132
Spitzbergen Is land case, (1952, )133134
Sprinkle, R. Leo: on hypnotic examination of witness, 598599 (Case 42)
quoted on Lorenzen book, 879880
Squall lines: source of tornadoes,
1174
SS Hampton Roads case, 253
Stanford Research Institute, ~5
contribution to Colorado
project, iii
Stars: as probable explanation,
182,203,220,232,234,236,
575-580 (Case 38)
1462
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magnitude of, 12 ~ 2
observed from spacecraft, 292-293
scintillating, as probable
explanation, 181
visibility of, 292-293
See also names of individual
stars and planets
Stars, shooting s~e Shooting stars
Statistical analysis: of liFO
phenomena, 1271-1278
Statistical methodology: for studying
UFO phenomena, 1272,1277-1278
Stimulus, concomitant: effect on
sensation, 936
Stimulus, proximal see Proximal
stimulus
Stolyarov, Porfiry A., ~23
Storms, geomagnetic see Geomagnetic
storms
Stringfield, L.H.: investigation of
Case 55, 711,712,714
Strong, Ralph, Case SO, 662,663
Strontium: added to magnesium, 143
in Case 4, 395
Study pro~rams regarding UFOs: in
foreign countries, 921-928
Subsonic aircraft set Aircraft,
subsonic Sub-sun: as probable explanation,
116,702-709 (Case 54)
in photographs, 113,738, Plate 2
Sullivan, Walter, We are Not Alone:
review of ILE, 36-37
Sulphur see Brimstone odors
Sun: worSKrp of, 817-818
See also Sub-sun
Sun illuminated space objects see
Space objects sun illuminated
~unspots: nature of, 1158-1159
Super-pressure balloons see Balloons,
super-pressure
Super--Schmidt Camera, 1220-1222
sky coverage by, 1265
Supersonic aircraft~ ~ircraft,
supersoni~

Surface objects: radar detection of,
1099-1117
Swamp gas, 1174
as probable explanation, 899-902
theory for ball lightning, 1168
Sweden: sightings in, 17
study programs in, 921,923
Sweden, Research Institute of National
Defence: study programs. 923
Symposium on Unidentified Flying Object s ,
Washington. D.C., July 1968, 68
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Tachikawa Air Force Base,Japan, 187
Teenagers:responses to UFO opinion
survey, 348-351,354-355
sample of, 325,337
Television camera!!! Camera,television
Temperature gradients in the atmosphere see Atmosphere, temperature gradients in
Temperature inversions:in mirage
formation, 1011-1014,1053-1054
Temperature lapses:in mirage formation, 1011-1012,1018,1053-1054
Tennessee Valley Authority outage
Feb, 1967, 162
Terrain features:as probable explanations, 224
radar detection of,l099-1117
Terrestrial magnetic disturbances
see Magnetic field,earth:
disturbances of
Testing, psychological ~Psycho
loaical testing
Thacher, Peter S.:quoted on U.N.
ccmunittees, 927-928
Thayer, Gordon:quoted on anomalous
propagation hypothesis,58
"Light scattering by aerosol
particles,"l047-1052
Thomas,Paul:on "Miracle of Fatima",
823
Thomas, Paul, Flying Saucers Through
the Ages:quoted on tiyland
Abbey sighting, 828-829
Thompson, Frank, Lt.Cmdr,USN:Washington,D.C. case, 135
Thor-Agena rocket:in Case 51, ~67670
Thunderstorrns:electric fields of,
1156,1161-1162,1170-1175,
1182-1183
Thutmose 111,1504-1450 B.C.,Annals:
quot~d 835-836,838
Ti llarnook,Ore.case Mar.l967,183-184
Tit .. :t, second phase, 3C 7
Titan 3 C-4,satellite S~pt.l967:
re-entry of, 958-959
Titanium:as compo::1ent of "angel hair",
132
Tombaugh s~rvey,l229-1232,126S,l2f6
Tornado clouds:as possible explanation, :192
Tornado lightnlng:description of,
1156,1174-1~78,1179,1193

Tornadoes:characto~istics of,l259-1262
electric f1eld ~f. 1256

Tosa earthquake(l698): luminous effects
of, 1180
1463

Tracking films see Films,tracking
Traill,R.J.:quoted in Case 22,492-493
Tremonton,Utah.case July 1952, 641653; movie film frame,740,
Plate 31
Trench, Br1nsley LePoer:quoted on
ancient sightings, 824,828
The Flying Saucer Story, quoted
835-836
Troposphere see Atmosphere
Truckee,Calif.case,Sept.l963, 35,
883-884
Tucson,Ariz.incident Oct.l967:
landing aear, imprint of, J29
Tu11i,Alberto:"Tu11i papyrus", 835839
''Tu11i papyrus": quoted, 835-836,838
Tunguska Meteor of 1908, 1219
Tunguska River, Siberia, incident,
June 1908, 1188-1190
Twilight bands:observed from spacecraft, 294
Twilight effects:of balloons, 12091210
Twining,Nathan F., Lt.Gen,USAF:
established study, 844
on secrecy, 874
l~atuba,Sao

Paulo,Srazil,case (1957),
54,138-143
UFO see Unidentified flying oijects
UFO contact, periodical :quoted on
Adamski's work, 894-895
Uhl cnbcck, George, 867
Uncertai~ty:qJantitative treatment
of, 127!
Unexplained sightings see Sightings,
unexplair.ed
IJnidci'tifieJ bright objects (UBO):
StUd/ of,l234-123Y,1240-1246
ll.ddentified flying object :defined,
13-14
Unide~tified sightings see Sightings,
unidentified
--United Artists:documentary film by,
632 (Case 47)
United Nations Committee on the
Peaceful Uses of Outer Space,
927-928
United Nat:ons, Outer Space Affairs
Group, 924,927,928
U.S.Ai~ force see Air Force
U.S. Sureau '>flnternal Re\enue,
National Offi~e Laboratory:
anal)sis of metal, 140-143
U.S. Cer.tral lute11igence Agency
see Central J~te1lige~c~ Agency
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U.S. Conaress, House Committee on
Armed Services:defense concerns, 68
U.S. Conaress, House Committee on
Science and 16tronautics:
research concerns, 68
U.S. Department of Defense, 5,7
U.S. Environmental Science Services Administration, 5
U.S.Environmental Science Services Administration (ESSA1S
support of Co!orado project,
viii,ix
U.S. Federal Aviation Agency see
Federal Aviation Agency-U.S. Federal Power Commission see
Federal Power Commission-U.S. Forest Service, Region 2:
reports of sightings, 84
U.S. House Armed Services Committee:
hearing on UFO problems,909
U.S. l~ternal Revenue Service,
Research and Methods Evaluation Group:analysis in Case
4, 393
U.S. Library of Congress:Bibliography of UFO literature,898
U.S. National Aeronautics and Space
Administration, 5,58,298
U.S. National Science Foundation,5
U.S. Naval Photoaraphic Interpretation Center:on Case 49,
647

U.S. Navy captain case 1962,78-79
U.S. President's Commission on Law
Enforcement and Administration see President's Commission on Law Enforcement and
Administration
U.S. Weather Bureau, 1251
radar adaptable to UFO searches,
66
reports of sightings, 84
Universal City Studios:photographs
of sightings, 729 (Case 58)
Universe:dimensions of, 38-39
University of Arizona:contribution
to Colorado project, ix.
University of Colorado, 12,913- 0 18
passim
assumes project, vii-ix
Scientific Study of Unide~a!ified
rlying Objects sec Colorado
project
Unknown ~ Sightings unexplained
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Upper Atmosphere Research Section,
Canada:study program of,922
Uranus,planet:life on, 41
Urbana,lllinois sighting ~ov.l967,
1255
Uriglow, 739,Plate 22
U.S.S.R.:study programs in,923-925
Utica,New York case June 1955,213214
Vallee,Jacques:on patterns in
reports, 1275
quoted on alignments, 892
quoted on ancient sightings,
824-827,828,830
Valley, George, 851
Vandenberg,rioyt S.,Gen.USAF:on
1947/48 studies, 849
Vandenberg Air Force Base ,Calif.:
direction of satellites from,
1262
case, 111,124-125,259-26l(Case 35),
667-670(Case 51), tracking film
741, Plate 41
Vatican Museum,Egyptian section:on
"Tulli papyrus", 839
Vega, star, 261
Venus, planet, 14,191,211,285,443-444
(Case 15) ,1055
as probable explanation, 93-94,
104,11~.124,148,189,563,571-

574 (Case 37), 667-670(Casc 51)
gravitational pull of, 42-43
life on, 41-42
photographed, 113,739,Plate 13
tracking film, 74l,Plate 41
''Vergi lian saucers": defined, H91
Vidicon television camera:modifications of, 1253
Vidicons:aerial coverage by, 1264
Viezee, William, 47
Villas-Boas ,Antonio: in Brazil case,
35,880-883
Vision defects:should be noted, 47
Visitors from outer space see Extra
Terrestrial Actuali~
Visual perception, 46-49
process of, 930-941
Visual sightings see Sightings,visual
Visualization:nature of,820
Volcanic eruption, Iceland see I celanJ
volcanic eruptions - Volcano lightning, 11So,ll79
Volunteer Flight Officer Network:
reports of sightings, 84
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Wadsworth, J-.es E.:investigation by,
94-99
Wa.•,ner,A.M. ,Sgt.Maj., U.S.A. ,in Case
so, 662
Walesville-Westmorland,N.Y.,case July
1954, 240-241
Walker,S:on observer creditability,
976,982-983
Walsh,Robert C.:on north~ast power
outage, 166
Walter, C.D.:on Antarctic events, 149
Ware, Willis H.:member O'Brien Con~it
tee, 904
Washington,D.C. area case July 1952,
134-135,227-236
Washington,D.C. radar sightings (1952),
73-74,78,364
Washington flap of 1952 see Washington
National Airport,reports on
sightings
Washington National Airport:reports
on sightings, 17,29,231-235
Waves,Optical see Light waves
Waves,radio see Radio waves
Weather balloons, 108
as probable t·xplanation, 182,211,
215-219,224,240-241,242,245,
253,445 (Case 16),594-595
(Caae 41),849,851
in photographs, 114
radar detection of,l~73,10971098
Weather Bureau see U.S.Weather Bureau
Weather Network~251
Weather Radar Network, 1255,1263-1264,
1266
Webb, Eugene J.:on age groups related
to UFO opinions, 357
Welles ,Orson: "Invasion from Mars",
980
Wertheimer, Michael, 47
on staff,Colorado project,917
Western Operating Committee meeting,
July 1967, 164
White, Edward H. ,II, observation by,
309
White light:color separation of,l0371044
White Sands Missile Range,N.M. case
Mar.l967, 223-224
White Sands Proving Ground:flare in
Case 53, 710,712,713
sightings during rocket tests in
Case 51, 668
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Whitted, John 8.: pilot in Eastern
Airlines case, 848
Wichita,Kansas,case Auaust 1965,
236-240
Wilkins,Haro1d !.:Flying Saucers
on the Attack, 877
Will-o-the-wisp, 1174
"Window":radar detection of, 1073,
1098
Witnesses:interviewing of,23,28-30
Wolberg,L.R. :quoted on hypnosis, 983
Wortman,Ralph and Frank:in Case 46,
610
Wright-Patterson AFB,Ohio case Aug.
1952, 241-245
Wri&ht-Patters~n Air force Base,Ohio,
Project Blue Book see Project
Blue Book
WSR-57:features of, 1251
XF-5-u-l plane:possible sighting of,
846
Yedo,Tokyo,earthquake (1672) :luminous
effects of, 1180
Zigel, Feliks, 923-924
Zodiacal band:observed from spacecraft, 293
Zodiacal light, 739,Plate 13
Zodiacal light photometer see Photometer,zodia~al light
Zond IV,satellite, 276
Mar.l968 re-entry cf, 933,949958,960,961,967-968,970,971
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