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NOTE

When drawings, specifications, and other data prepared by the
War Department are furnished to manufacturers and others for use
in the manufacture or purchase of supplies, or for any other pur-
pose, the Government assumes no responsibility nor obligation
whatever; and the furnishing of said data by the War Department
is not to be regarded by implication or otherwise, or in any manner
licensing the holder, or conveying any rights or permxssxon to
manufacture, use, or sell any patented inventions that may in any
way be related thereto. : ;

‘The information furnished herewith is made available for studyv
upon the understanding that the Government’s proprietary interests

~ in and relating thereto shall not be impaired. It is desired that the

Patent & Royalties Section, Office of the Judge Advocate, Air
Materiel Command, Wright Field, Dayton, Ohio, be promptly noti-
fied of any apparent conflict between the Government’s proprletary
mt.erests and those of others :

Esplonage Act

Notlce. This document contains information aﬂectmg the
national defense of the United States within the meaning the
Espionage Act (U. S. C. 50:31, 32). The transmlsswn of this docu-
ment or the revelation of its contents in any manner to an un-

’authorlzed person is prohxblted by law. (AR 380-5, paragraph 17 b.)

“The above Espionage Notlce can be disregarded unless this
document is plainly marked with a security classification as
“Restricted,” “Confidential,” “Secret,” or “Top Secret.”

"The U. S. Goverr.ment is absolved from any litigation which

‘may ensue from the contractor’s infringing on the foreign patent

rizhts which may be involved
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ABSTRACT
AT

% - : <ziciED

A descriptive‘and analytical study of the unidentified
aerial objects, thatbhave.bean reported both in the United
Stntes and from foreign countries, is presentod

Individual cases are described in brier form, as an appendix.

The analytical tresatment of the subject is largely of a
Qualitative apd geﬁeralizéd nature. However, detalled ahalyses.
and detailed results are presented, whsré this pfocedure i3 possi-
ble lnd '111 assist in establishlng the validity or tenability
" of ‘an oversll hypbthesis. _

Project ”Sign" 1s st1ll largely characterlized by the collee-
tion of data, witbout sufficient 1nformation to permit deflnlte.
specific conclusions to be made No definite eviden~e is yet
available to confirm or disprove ths actual existence of uniden-
; tifiod fiying objJects as new and unknown types of aircraft. A
limited pumSer of the incidents have boen'identified as known ob-

Jects.,
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: ' UNC Cleps
FOREWORD LASSIFE!

Project "Sign" was initiated by the Tecknical Intelligence
Division, Air Materiel Command, and assigned Project Number XS-304,
22 January 1948, under authority of a letter from the Deputy
Chief of Staff, Materiel, USAF. This letter 13 referenced C/S,
USAF, 230 Deoembor 1947, subject "Flying Disks."

Assistance in analyzing the reported observations has been
provided by other Divisions of Air Materiel Command in accordance
with Technical Instructions TI-2185, Addendum No. 3, dtd 11 Febru-
ary 1948, subject' "Project Sign" - Evaluation of Unidentified
Flying Objects™. g

Analysis of the reported incidents, as an effort to identify
astro-physical phenomena, is being accomplished by Ohio State
University under contract with Air Materiel Command.

A special study has been initiated with the Rand Project.in
accordance with Air Corps Letter No. 80-10 dtd 21 July 1948 to
present information that would serve to evaluate the remote possi-
bility that some of the observed objects may be space ships or
satellite vehicles.

Members of the Sclentific Advisory Boafd to the Chief of

.Staff USAF, have also supplied their services in a consultinn
capacity.

UNCLASSIFIED
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INTRODUCTION -

This report 1s writtan to present the status of work being .
- accomplished on Proj=ct "Sign", to summarizs the data collected

- on sightings of uniientified aerial objacts, to review the method
ard reasoning applied in the evaluation of th= data, and to pre-

sent the results so far obtained From the study of data avallable

: It 13 not expected that this repcrt can pr-sent a final es-
- timate of the slituation regarding all the inci!dants reported.

The data is still beinz studisd by spaclialists in the fialds of
astrophysics. and psychology, and further information is being col

. lected to enable personnel evaluating project "Sien" incidents

to determine possible explanations of some of the sightinzs. How-
~ever, the report will furnish information on the pres=snt state of
the investigation to staff personnel in this headquarters and in
‘higker echelons, and to others who ars required to assess the
possaibility of a threat to national security presented by the
sighting of such large numbers of unidentifled flyinz objects.

- UNCLASSIFIED |
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. SUMMARY

. The results of the study reviewed in this reporf are based

" on data derived from reports of 243 domestic and thirty (30) foreign
incidents, Data from thess incidents 1s belng summarlized, rapro-

" duced and distributed to ageancies snd individuals cooperating in

the analysis and evaluation. Didtribution has so far besn accom-

piishad on the summaries of 152 incidents and moce are in procass

of reproduction at this time.!7%

A check list of itams to be noted in reporting incidents has
bean preparsd and distributed to government investlgative agsnciss,
The data obtained in reports received are studied in relation to
many factors such as gulded missile rssearch activity, weather and
other atmospheric sounding balloon lasunchings, commertial and mili-
tary aircraft flights, flights of migzratory birds, and other con-
siderations, to determine possible explanations for sightirgs..

A Based on the possibility that the objacts are really uniden-
tified and unconventional types of aircraft a technical analysis
is made of some of thes reports to determine the asrodynamic, pro-
pulsion, ani control features that wculd ba requlred for the objact
to. perform as described in the raports. The objects sighted have -
besn grouped into fcur classifications according to confivu"ation‘

1. PFlying disks, 1.=., v-?y low asp=ct ratio airﬂraft
2. Torpedo or cigar shaped bodies with no wings or
fo. Tivs viaiblealn flisht,
- 3. Spherical or balloon-shapAd obj cts.
4. Bzlls of lizht .
Ths first thrde groups are 3apab1e of flizht by a=rodynamiec
or aerostatic means and can bs propellad and sontrolled by methods
known to aeronsutical designars. The fourth appessars to have no
physical form attachad, but the means of support may not have
been ss=n by the observer.

Approxima*ely 5£E'p-rcent of the Iincidents have been identi-
fied as conventionsal a~rial obj=-cts to the satisfastion of person-
nel assigned to Project "Sign"™ in this Command. It 1s expscted
that a study of the incidents in relation to weather and other at-
mospheric sounding balloons will provide soclutions for an esquiva-
lent number. Varbal statamants by an astro-physicist at Ohio
State University and by psychologists of the Aero-Medical Laboratory
of this Command, indicate the possibility of solving an appreciable
number of the sightings as a result of their investigaticns. Elim-
ination of incidents with reesonably sstisfactory explanations will

darify the problsm presented by a projegt of this nature.

fUNCLAv;HﬁED
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-The possibility that some of ths incidents may repres=-nt
technical developments far in advance of knowled~» avallable to
sngineers and scientists of this country has been considered.

No facts are available to perscnnel at this Command thet will
permit an objective assessmert of this possibility. All infor-
mation so far presented on the poscsible existence of space ships
from another planet or of aircraft propelled by an advanced type
of stomic power plant have been largely conjecture, Based on
experience with nuclear power plant research in this country, the
existence on Earth of such engines of small enough size and weight
to have powered the objects descrived 1is hiphly {mpm bable.

Reports of unidentified flying objects are not peculiar to
the preasent time. In, "The Books of Charles Port" by Tiffany Tay-
lor, published in 1941 by Henry Bolte & Co., New York, simlilar
phenomena are described as having bYesen sizhkted during past cen-
turies. In the last war, numerous sichtings of "balls of fira"
in the alr were reported by bomber crews.

UNCLASSIFIED

- Y




UNCLASSIFIED

RECOMMENDATI ONS

.Future activity on this project should ba carrisd on at the
minimum level necessary to record, summarize, and evaluate the
data received on future reports and to complete the specialized
investigations now in progress. When and if a sufficlient number
of Inciderts are solved to indicate that these sightings do not
represent a threat to the security of the natioh, the assignment
of special projsct status to the activity could be terminated.
Future investigations of reports would then be handled on & routine
basis like arny other intelligence work.,

Reporting agencies should b= impressed with the necessity
for getting more factual evidence on sightinss, such as photozraphs,
physical evidenze, radar sizhtin~s, and data on sizs and shape.
Personnsl sigrkting such objects should engave the assistance of
others, when possible, to get mors definite data. For example,
military pllots should notify neizhboring bases by radio of the
presence and direction of flizht of an unidentified object so
that other obsarvers, in fligbt or on the zround, could asslist
in 1ts 1iont1f‘icationc :

-
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CONCLUSIONS -

No definite and conclusive evidence is yet availatls that
would prove or disprove the existence of these unidentified objects
as real aircraft of unknown and uncanvertional conflzuration.

‘It 1s unlikely that positive proof of thair =xistence will be ob-
tained without axamination of the remains of crashed objects.
Proof of non-existerce is squally impossible to obtain unless

a reasonable and convincin: -xplanafion 13 determined for each
incident.

Many sightings by qualified and spparently relliable witnesses
have been reported. However, each Incident has unsatisfactory
features, such as shortness of tire und=r observation, distance
from observer, vagusness of description or photographs, inzonsis-
tencies between individual observers, and lack of descriptive
data, that prevents definite conclusions being drawn. Explanations,
of some of the indidents revealed the axistence of simple and
sasily understandiable causes, so that there 1s ths possibility
that enough incidents can be solved to eliminate or prﬂatly reduce
the mystery associated with these occurrences.

FEvaluatlion of reports ofAunidentified objects i1s a nec»ssary
activity of military intelligence szencles. Such sightings are
inevitable, and under wartime conditions rapid and convincing solu-
tions of such occurrences ars necessary to maintain morale of
" military and civilian personnel. In this respact, it 1s considered
that the establishment of procedures and training of personnel is
-in itself worth the effort expended on this project.

3
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- DISCUSSION

;Onganization—of Data on Incidents

Approximat 2ly 243 domestic inci!dents havs baen reviewsd,

-at the present times. In each incident, the observors have been

. "interrogated by investizators and tke results have besn analyzed
by technical personnsl, :

Condensed summariss have been prapared for the list of in-
cidents in sufficient ouantity to make tke bhasic information
~easily avalladble to individuals or agencies having an authority
or an interest in ths project. (See Appendix A).

A detailed check 11st, complled by technical personnel, in-
dicating the baslic elements of information, nacessary for analysis
of the indlvidual incidert, has bsen preparsd and distributed
to appropriate government agencles, ,

In order to identify ordinary and conventional objects, that .
have probably been included in the list of reported incidents,
graphical metkods have been applisd, so as to crasent the baslic
. date in such form that overall facts, implicit in the grouped data,

. will be made apparent. (8ee App—nd;x B}. . g

The pfepared graphical data includes:

(a) Charts concerninr unidentified serial obj~cts, to indi-
~-cate: :

1. Type of obj=ct observed

2. Vicinity in which particular typ- of objsct was ob-
served

3. Direction of flight

(b) Locations of guided missiles, reaearch and related
: centers

(c) Locations of airlines, eirfields, both military and
commertial.

(a) Locntions of radio beacon stations

() Known or project=3d radar stations from which reports
and assistance may be derived

(£) Heteorological stations from which balloon relesase data,
. radiosonde or theodollite resdings may be obtained
. v

(g) Past, current,ahd projected cslestial phenomena

(h) Flight patks of migratory birds
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‘1" Psychologlcal Analysls

A psychological analysis of the reported data is being pre-
pared by Aero-iedical Laboratory, A.M.C., for the purpose of de-’
termining those incidents that are probably based upon errors of
the human mind and senses. A preliminary verbal report from the

‘professional psychologists indicates that a considerable number

of incidents can be explained as ordinary occurrences that have

‘.been misrepresented, as the result of human errors.

The condition of "vertipgo", well known to airplane pilots,

 as well as others, is considered to be an important factor in

some of the reported incidents. "Vertigo" 1is defined from a
medical viewpoint by Webster's Dictionary as "Dizziness or swimm-
ing of the head; a disturbance in which objects, though stationary,
eppear to move in various dirsctions, and the parson affected finds
it -diffizult to maintailn an ersct posture. It may result from
changaq in the blood supply of the brain or from disease of the

blood, eyes, ears, s tomach, or othar organs.

Agcelerations, resultinp frnaairolane marcuv-rs, togatha tith

-spacg-ortentation difficulties at night in an airplane, due to

the lack of or strangensss of visual refarsncas, makes a condition

‘of "vertigo" mors 1ikely to appear in persconnel in night-flying

aircraft than under more normal conditions. The fact that both

"pilot and. co-pllot may report the same impressions 1s not complate
"proof of accuracy, since both 1ndiv1duals have experienced the

same maneuvars and accelerations and have viewed the same lizhts
and ‘surroundings under the same optical conditions (1ﬂcluding

- the same windshidd and canopy glass).

.~ A more complete dicussion of psychological factors 1s expected
to be provided in a fubure status report. Quite probably, some
of the incidents of fast, highly mansuvering "lizhts", reported
by both alr and ground observeps, are the mesult of "vertigo" or
optical 1llusions. ,

A

Strictly speaking, no engineering analjsis of an incident

- should be Initlated until the psychologlical analysis has been

made and has shown that psychological factors cannot explain the
observation.

Agancles, Qutside Alr Matariel uomrand Supplying Information and
Analysis

Specialist s-rv1c~s. supplemantary to those of Alir Materiel
Command technical offices, are being provided by a number of agen-

- eles.

The Air Weather Service has reviewed the 11st of inciderts
and has provided the information that twenty-four of them coincido,

- both with respect to location and time, with thes release cf

weathnr balloons.

P Tati R R 11980
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The" Ohio State Univ-rsity has contracted with Air Materiel
Command to supply astronomical servkes in an effort to identify
" meteors, planetoids and assoclated phenomana. Professor Hynsk,
Ohio State University Astro-Physicist and head of the Uhiversity
Observatory has undartaken to review the incident summary sheets.
While this work has not yet baen completed, Professa Hynek has
reported verbally that he is satisfisd that a number of the re-
ported observations represent astro-physical phenomana.

Members of the Sclentific Advisory Board to the Chief of
Staff, USAF, who have provided consultant services to Project "Sizn ’
include Dr. Irving Langmuir, Chief, Ganeral Tlsctric R~search
and Dr. G. E. Valley of MIT.

A preliminary type of Interview has bsen hsld betwsen Dr.
Langmuin and personnel of Project "Sign" during early stages of
the project. It 1s intended to consult further with Dr. Langruin
in an effort to supplemant pres‘nttnchniﬂal efforty toward ilden-
tifying the reported ob jects.

S« B. Valley has displayed an active interest in Project
8ign™, to the extent of reviswing the reported incidents and
writing an overall type of analysis in which he groups the various
objects and then analyzes each groupo frcm the starndpoint of scilen-
tific feasibility. This analysis Is providied as Appendix (C) to
this report. ' e

Inasmuch as various surmisas have besan advanced that some of
the reported observations may haves represented "space ships" or
. satellits vehicles, a special study has been initiated with ,
the Rand Corporation, under the Rand Project, to provide an analysls
from this standpoint and also to provide fundamental information,
pertaining to the basic design and performance characteristics.

. that might distinpuish a possitle "space ship."

As a proliminary undertasking, the Rend Projsct has submitted
a study by Dr. Lipp in which the possibility 1s explored of, any
planet in the known universe being in a physical and nulfural
position to allow the developmeant and use of the "space ship”.
This study has baen prepar=sd in the form of a report that 1s pre-
sented as Appendix (D).

: The Wsathar Bureau Library of the Department of Coamercs hsas
supplied information on "ball lightning". This was raquested be-
camse of the helief bv soma parsons that somes of the ohservations
may have rapresented "ball lightning”. It appears that the sub-
Ject of "ball lightning" occupies an undetermined status and
authoritiss ara not at all convinced thst such a phenomena actually
exists.

The Federal Bureau of Investigation has assisted Project "Sign"
- in a number of instances, both by investigations of the character
and reliability of witnesses of incidents and by providing other
investigative services.

iyt
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Considerations Affecting Analxéis and Fvaluation

OPERATIONAL

-~
-

Inasmuch as there is a distinct posslibllity that a numher
of the reported incidents represent domastic projects of a s=cur-
éty-classified nature, the list of incidents has been submitted
to higher echelons for review.

Since weather balloons, blimps, airplanas of unusual slze
or conflguration, and guided missiles tast vehicles may represent
some of the observations, action has been taken to ob®tain informa-
tion, concerning scheiules and flights of such eraft from the
approprlat' agancles,

In connection with the psycholooical studlias being performed
extenslve investigations, concerning the character and rOIIability
of the reporting witnesses have bes=n msade.

lTECHNICAL

A certain proportion of incidents appsar to be real aircraft,
‘though of unconventional configuration. In order to investigate
‘the credibllity of their existence the following factors must be
considered in any technical analysis.

Alircraft

Method of Sypport (1lift)

Wings
~ Puselage Lift (Winplﬂss)
Rotor
Vertical Jet
Magnus Effect (rotating cylinder, cone or spheare, sub-
jected to relative translaticnal air velocity)
Aerostatic (lighter-than-air craft)

Mathod of Propulsion (Thrust)

Propeller-reciprocating engine combination
Jet, rockat, ramjet (utilizing conventional fuels and
oxidants or possibly atomic energy)
- Kerodynamic (Katzmayer Effect - oscillating airfolls
. sdeveloping nekative drag {thrust)

If an atomic energy poweresd angine were available, a small
mass flow at a large velocity =eould accomplzsh the raquire~d 1ift
and propulsive forces and the large enargy expenditure would
" be of small importance. :

However, the heat axchanges requi-ements for the atomic-
powered encine appear to demand physical dimensions of inordinate

size that presently would pppeinde the use of this powerplant
for aireraft.

e B ¥ N
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- 4 - i !
el CLASSIFIED



UNCLASSIFIED

In addition, ‘manned aircraft uould require an excessivs
percent welght of shielding for human protection, unless confi*ura-
- tions of extremely large size were used. If unshielded craft .
were in operation, existing detection means would probably have
indicated their presence.

létallurgical limitations to date, limit the rate of con-
verting the heat energy of the atomic source to useful propulsive
work to such an ineffective order of magnitude thet such a power’
system is quite unlikely from the standpoint of size and weight.

‘Stability

‘Aerodynamic (both static and dynamlc through the use of
asrodynamic surfasces and weight distribution).

‘Servo-mechanism (gyro or accelerometer - servomotor syotem)
Control | v ‘ 4

Movable surfa"es in airflow or Jet

Jet (flow control or swiveling types)

‘Possible Spaceshios

WOrld knowledce, t»chniqoes, aﬁd resourcas are considired
to be presently adequate for the dev~lopmant of spaceships.

.Distinguishing desipn and perfornance parametors are sx-
pected to be supplied as a speclal study by the Rand Project.

Probable Natural Phenomena L

»Astrophysical (meteors, comets, planetoids,'etc.)
Astrophysical analysis 13 expected to be performed by
personnel of Ohlo State University Research Foundatlon.

‘Electromagnetic (ball 1i:htning, St. Elmo's Fire, Phos-
phorescence, corona, etc.).

Ordnance Items

While’ this analysis consid-rs the r-portod obj‘cts largely
from the standpoint of aircraft with requirements for speed and
substantial duratlion of fligzht and ranze, 1t is entirely possible
thet the configurations reported in small sizes could serve as
very useful ordnance ltems tc take the place of (or supplem=nt)
such short-range weapons of ground (infantry) warfare as the trench
mortar, hand grenads, etc. The small saucer-like, spinning,

- - i 811760
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disks, . raportedly ‘undar development by the USSR with the aid of

German Sclentists, mving explosive edges and launched by a com-
pressed air catapult, (perhaps in the mannsr of clay pigeons pro-
Jected by a trap mechanism) could possibly be ordnance articles.
Also, such devices could be’used by alircraft in attacking eremy

.airplane formations. In such cases, only a modest spead, short

ranze,and limited flight duration would be required, hbnce the

asrodynamic sfficiency of the des'gn would not be of vnry nuch
importance.

Insufficient Information for Fv~n'Possibl- or Hypothetical
Type Dstermination'. :

Discreditead Reports

Erronsous (Ses Discussion, Psysholozical Errors)

False

Tachnical Analysis of Vgrious Configubations

- The extreme lack of data. for sach of the incidents that have
been reported makes it pressntly Impossible to accurataly identify
any of the reported craft with respect to design and psrformancs.
Technical analysis must be made by considering possibilities and
probabilities, which arae expected to be proved or disproved only
when complate data or physical specimens of alrcraft (crash) are
available., Pnidentified asrial objects appear to be Egrouped as .
follows: ' s

(1) Flying disks (saucers)

- (2)  Torpedo or Cigar Shaped RBodiss (no win;s or ’ins visible'
: in flight)
(3) Spherical or Balloon-Shape Objscts(capable of hovcr-ng
< descending, ascending or travelling at high spesd).
(4) Balls of light (no apparent physical form attached),

Capable of maneuvaring, clirmbing,and travelling at high
speed. 4

The first three groups of objects ars capable of flizht
through the atmosphare by means of asrodynamic and propulsion de-
signs (to produce the ragquired 11ft and thrust) that are readily
conceivable by aeroasnutical designers. The stablliz!ng and con-
trol features that would be required, whils more obscure, could

~concelvably be provided. The question arises, however, as to

whether thase configurations would develop much speed and allow

a sufficient duraticn of flight and adequate range to be of prac-
tical use as aircraft.

Flying Disks

The diskhdr circular planform has not bean uséd in represen-
tative alrcraft, either military or civilian, for the reason that-

. the induced drag, as det-rmined by the Prandtl theory of 1l#ft, would

: UA{CLAss:F:ED’
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apparently be excessively high, slnce the asp-ct ratio of a cir-
cular planform is only 1.27. Extension of the Prandtl theory,

has also shown that the maximum possible 1ift coefficient to he-
expected from such low aspect ratio planforms should also He-
poor. In addition, the relatively large mean assrodynamic chord
would presant difficult design problems, to achieve static longi-
tudinal stabl 11ty for airfoll sesctions having a significant center-
of -pressure travel, or for airfoll sections of so-called "stable"
type, when equ’pped with allerons at the trailing edge.

In the vary low aspect ratio rangs, the Prandtl theory 1is
probably very lnaccurate. W@#ind-tunnel tests of very low aspect
ratio airfoils indicete much less induced drag Iincrease than =x-
pected from theory and also demonstrate very high maximum 1ift
coefficient accompanisd by extremely hi:h stalling angles., How-
ever, In cenersl the induced drag of sery low aspect ratio wings
is much larger than the induced drag of conventional aircraft
wings, a conditlon which would adversely affect all performance
values in flight conditions which require medium and high 1ift
coefficieants. Thus, performance in c¢limb, at altitude, and for
longerange conditions would be relativsly poor, although high
speed would be little affected »

Kotwithstanding the pr~dicted aerodynamic disadvantages of
eircular planforz wings, quite a number of experimartel offorts
have been made to use this configuration - and not all of them
by persons ignorant of aerodynamic fundamentals, R®xperimental
wind-tunnel work at the NACA (1933) showsd both maximum 11ift co-
officients and stall characteristics much mors fevorable than
could be anticipated.

" The problem of static longitudinal stability could possibly,
be solved by the use of a stable alrfoll section of the reflexed
trailing edge type with wing tip ailerons (perhaps floating) aero-
dynamically independent of the wing.

At supersonic spesds, where the induced drag is small,
the circular planform offers the probability of reduced drag,
characteristic of low aspsct ratio airfoils in the supersonic
ranze. Also the circular planform presents a swept-back leading
: edge (of variesble sweep along the span), whichk should result in
reduced effective Mach Numbar, with attendant reduced drag for
a certain “supersonic speed rangs.

No definite information has been received on the method of
propulsion used on flying disks which have been sighted. However,
because of distance factors involved in the sightings it is quite
possible that either propellers or jet propulsion could have been
employed without belng noted by the obssrver.

Flying Fuselages (Tarpedo or Cipgar-Shapad Body)

While the cligar. or torpasdo-shaped body represents an efficlent
form for the fuselage of an airplanes or the body of a guided missile,

S$-11750
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in neither cass has it been used as a primary 1ire- producinr sur-
face. However, an extension of the Prandtl theory of 1ift indi-
.oates that a fuselage of the dimensions reported by the BEastern
Airlinss pilots #hited and Chiles in the Montgomery, Alahama, Iin-
eident could support a load comparabls to the wsight of an aireraft
of this slize at flying speeds in the subsonic range. The Prandtl

- theory probably gives very conservative valuss of maximum 1ift

for bodies of this shape. German expsrience indicates that the
maxizum 1ift may b~ twice as high as that given by the theory.

: Although the craft sighted by Whited and Chilas was reported
to be without wings and fins, it 1s possible that it could have
besen squipped with extensible winzs for take-off and land‘ng,
containad within the fuselaza in crulsing fliwht

This type of ailrcraft could also be partially support-d in
the take-off and landing condition by the vertical component of
the jet thrust, if the landing and take-off took places with the
fuselages axis, or the jat stream directicn in a vertical or nearly
‘vertical altitude. The furthesr possibility that an extensible
rotor, concealed within the fuselagce, could have been used, would
provide anothar method for landing and take-off that would allow
wingless flight at very high speed. Such a desien could result
in a relat‘valy large duration of flight and corrasponding range.

Wbile‘no stabilizing fins were_apparent‘on the "flying fuse-

- lage” reported by whited and Chiles, it is possible that vanes
within the jet, operated by a gyro-ssrvo system could have pro-
vided static sta»llity, longitudinally, directicnally and laterally.
The same vanes could also have been used for accomplishing statiec
balance or trim, as well as control for man=uverins.

The above discussion regarding wsight, controllability, sta-
bility, «tc. is not intended to represent deductions regarding the
axact nature of ths torpsdo or cigar-shaped aircraft which were
sighted by the airline pllots, Whited and Chiles, end others. They
are merely statements of possibilities, which are intended to show
that such an airgraft could support and control 1tself by aercdynamiec
means.

The propulsive system of this type of vehicls would appear to
be a jet or rocket engins., The spacific fuel consumption of engines
to this type would be rather hich. This, coupled with the fact.

" that aerodynamic 11ft on suczh a body would be accompanied by

high drag, places a sarious limitation on the range of this alr-
craft for any particular gross weight. If this type of unidenti-
fied asrial object has extremely long ranje, it 1s probable tkat

the method of propulsion is ons which 1s far in advance of presently
known enzines,

\

Round Objests (Spherizale and Balloon-Shaped Objects)

Spherical- or ballooneshaped objects, are not usually considered
as efficient alrcraft. Not only would the drag of such bodies be
high, but the energy expenditure that would be required to devalop
11ft by aerodynamic means would be excessive. Ths only concelvable
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means of produclng 11ft for such a body, oth-r than by a-roatatic
(simple buoyancy) means, would be by rotation of tha sphare with
translationsal motion relative to the sir; or by discharging a
stream of alr vertically downwesrd. Aerodynamic flight could be
accomplished with a rotating sphere, provided the detalled design
problems, including stability and control ware worksed out. The
mathods, using a blower system or jets, would require Pelativdly
“greater amounts of energy and while they could be used for flights
of very short ranze and duration, would not ordinarily be con- '
sidered as practical by asronautical desi:ners.

The obvious explanation for most of the spherizal shaped
objects is that they ar~ meteorological or similar type balloons.
This, however, does not explain reports that they travel at high
speed or maneuver rapidly. It is possible that the movemsnt of
the objects was some kind of an optical 1llusion, or that movement
for a brief period due to a gas leak in the balloon was exaggerated
by observers,

Balls of Light

No reasonables hypothesis of the true nature of balls of lizht,
- such. as that reported by Lt. Gernan at Fargo, N. Dakota, has been
developed that explains the beshavior reported. The most reason-
able explanation 1s that the lights were suspended from balloons, .
or other means of support, not visibles at night, and the violent
maneuvers reported are due to illusion.

Possibility of Scientific Devéiopments in Advance of Knowledes
in this Country. :

Consideration has been given to the possibility that these
unidentified alircraft represent scientiflc devalopmeants bayond
the level of knowledge attained in this country. Since this is
probably the most advanced of the industrial natlons on the earth,
and our interest in sclentific davelopmsants throughout the world
is very active, 1t wbduld be necesssary for any other country to
conduct research and development work in extreme secrecy for any
such project to have reached such an advanced state of development
without a hint of its existence becoming known here. The only
nation on earth with extensive technical resources which has such
rigid security, 1s the U.S.8.8. An odbjective evaluation of the
ability of the Soviets to produce technical development 8 so far
in advance of the rest of the world results in the zonclusion
that the possibility 1s extrerely remote. Most of the successful
Soviet aeronautical developments have been ppoduced by utilizing
experience of other nations, some of them belng very close copiles,
so it is very unlikely that they have devaloped the propulsion and
controldevices necessary to make these objects parform as describead

. Another possibility 1s that these aerial objects are visitors
from another planet. Little is known of the probabllitiaes of 1ife
on other planats, so there is no »asis on which to judge the possi-
bility that civilizations far in advarce of ours exist outslide the

earth., The commentary on thls possibility b{ Dr. James Ligp of
the Rand Projesct in Appendix D , indicates that this solution of

the mystery connected with the sizhting of unideantified flying
— UNELASSIFIED
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_objects is extramely improbable. P-hding elimination of all
~ other solutions or definitea proof of the nature of these obj-cts,
this possibility will not ba further -xplored

Teilg L iR ~ 3-11750
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i APPFNDIX A"

r‘ﬂistfibution of Incidéht Summarieé:.

Air Kateriel COmmand

Aero Medical Laboratory (MCRDYD)
Weathe Liaison (MCLAWS)
Research and Development (MCREOS)
"~ Electronic Plans (MCREEP)
Technical Intelli sence, Technical Sections

(lCI)

Other Agencies

Directorate of Intelligences, Eq., USAF (AFOIR)

Office of Naval Intellicence (ONI) :

Cambridge Fiald Station, Cambridge, Mass.

Alr ieather S-rvices, Andrews AFB ¥ashing-
ton, D. a0t & j ;

Ohio Stats Univnrsity, Dr. Hynek
‘Rand Inc., Rand Projsct (USAF)
Sclentific Advisory Roaz‘d (USAV) Dr. Valloy
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APPENDIX "C"

-

iy

Soms Consideratfiors Affecting the Integprétaticn of Reports of

Unidentified Flying Objects
By

G. E. Valley, Yember Sclentific Advisory Board,
Office of the Chlef of Staff, United States Alr Force

The writer has studied summary abstracts and comments
pertaining to unidentified flyinr objects, which were forwarded
by Alr Force Intelligence. These remarks ars divided into
three maln parts: the first part is a short’ summary of the
reports; the second part ccensists of a ceneral survey of
varicus possibilities o° accounting for tre reports; the third
part contalins certain recom*en”qt‘c s for future acticn,

PART I -- SHORT SUMMARY OF OBSER‘ATIONS

Thn reocrts can be Jroupnd as follows:

Group 1 -- The most numercus reports 1ndicate the daytime
observation of metallic dfsk-1like objects, rouzhly in dlamster

- ten times their thickness. There 1s some sux:estion that the

cross gestion is assymetrizal and ratrer like a turtle shell.
Revorts agree that these objects are cnpable of hi:h acceler-
ation and veloelty: they o”ten are sighted in groups, sometimes
in formation. 3Scmeatimes they fluttar. f

Group 2 -- The second group corsists of ronorts ol llghts
ohsarved at nipht These are also capable of high speed and:
acceleration. They are less commonly seen in groups. They
usually appear to be sharply definsd luminous objects.

~ Croup 3 -- The third group conslists of reports of various
kinds of rockets, in zeneral appeartnp somewhat 1like V-2
rockets.

Group 4 -- The fourth eroup contaluns reports of'various
devices which, in the writer's opinior, are sounding balloons
of unusual shape such as are made by the General “1113 Compeny
to Navy contract. : :

Grou 5 -- The fifth eroup 1ncludesvrepcrts of'objects
in which 11ttle credencze can bs placed.

" UNCLASS)Fp 8-11750
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-Genéral Remaﬂké

In gennra] i1t is nofed that few, 1If any‘ reports

._»1ndi ate that the observed objsnts. mnke any noise or radio

interference. Nor are there many indicaticns of any material
affects or physical damage a*tributable to the observed of-
jecus.

Summary -- PART T

This report will consider mairly the reports of Groups
1 and 2, :

PART II -- ON PCSSIBLE TXPLANATICHS OF THE REPORTS

j Section A -- ¥hat can be deduced corcerning the nsature of
" an unknown aerial object from a sincle sighting?

: Here, there are two problems: first, row much can be '
daduced concarning the nature of the ob1°cts from geomstrical
_celculations elone, second, how much more can ba deduced if,

in addition, 1t 1s assumed that tha 'objects obey the laws of
nature as we know them. :

Conﬂerninv the Pi"st problam, 1t can be stated that only
ratios of lensths, and rates of chance of such ratios, can bYe
accuratelv determinred., Thus, tke ranze and size of such ob-
jects cannot s detsrmined; and it is noticeabls that reports
- of size of the obscrved objests are widely at variance., "How-
ever, angles, such as the angle subtended by the object, can
be observed. Likewise there is falr agresment among several
observers that the diameter o® the objects of Group 1 is about
ten times their thickness. Althourh veloclity cannot be deter-
mined, angular velozity can'be, and In perticular the flutter
frequency could, in principls, be determined.

All that can be concluded about the ran:e and size of the
objects, from geometrical consideratiors alone, is: 1) from
the fact that estimated sizes vary so widely, the objects wers
actually elther of different sizes, or more likely, that they
were far enough from the observers so that bilnocular vision
produced no stereoscopic effect; this only means that they
were farther off than ahout thirty feet; 2) since objects were
seen to dissppear behind trees, bulldings, clouds, etc., they
are large enough to be visible at the ranges of those recog-

. nizaktls objects. e

Now, it 1s obvicusly of prime importance to estimate the
size and mass of the observad objects. This may ba possible
to some extent if 1t is permissible to assume that they obey
tke laws of physics. Since the objects have not besan observed
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_to produce any physieal effects, other than the one case in

which a cloud was evaporated alonz the trajeztory, it 1s not
certa’n that the 1qwq of moch&ri:s, for irstance, would be-

,_sufficient

: - But suppose that mechanlnsl laws alore are sufficlent,
then the following example is sufficisnt procf that at least

8 length could, in principle, be determined: . suppose a simple
pendulum were obs~rved suspended in the sky: then after ob-
serving its frequency of oscillation, we could deduce from

the lews of mechanics fts precise length.

This susgests that somethinz could be deduced from the
- observed -fluttering motion of scom2 of the objects of Group 1.
Assume that we know the anpular freauency and ancular ampli-
tude of this fluttering motion (they can be measurnd in prin-
ciple from a motion 1cture) Then for purposes of calculation
. assume the object to be thirty feet in diameter, to be as rigid
- as a normal eircraft wing of 30-foot span, to be constructed of
material of the optimum welght-strength ratio andi to be a
structure of most. efficlent design. It 1s now possible to cal-
.culste how heavy the otject yust be merely to remain rigild
- under the observed arzular motion. Let the calculation be made
- for a plurality of sssumed sizes 1, 2, 4, 8, 16, 32, 64 -----
up. to:- say 230 feet, end 1-t calculated mass be plott°d versus
assumed size. Ths non-linear character of the curve should
indicate an approximate upper. limit to the slze of the objnct

: Ir in additior, 1t 1= gssume thet t
aerodynami forces, it is poss ble that mo
tion coculd he obtelrod :

ar 1o
- 5 Gy -

to‘

‘ The required anculsr data can probablv be extrasted frow»
witnesses most rpliably by the use of a demonstratior model
which can be made to oscillate or flutter 1n a known way.

Summary - PART II, Section A

Jeometricel cslculatiors alone capnot vield the size of
objects obgerved fron a sincle station; such cbservation to-
zether with the assumption that the objects are essentially
aircraft, 2an be used to set reascnable limits of sizs,

Section B -- The possibility of supgprt!ng and;grqpﬂl-d
ing a solid objecv by unusual means. : *

Sirice some observers have obviously colored their reports
with talk . of rays, jets, beams, space-ships, snd the 1lilke, it
is well to examine what posqibilitins‘exist alony thess lines.
- This is also important in view of the conclusions of PARY I1;

- Section A, of this report.

i
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‘13 given a very high veloclity, consequently enormous powers,

"~ the rﬂou red a]nct"ora?nﬁ* is given by'

- UNcLAsszHED |
- Nethod I -- Propulsicn and support by means of "rays
or "beams". iy : : -

i

By "rays” or "hears" are mesnt eith°r pure]v electro-

_navnetic radlatfon or else rediatior wrieh is lsrgely

corpuscular. like cathode-rays or ﬂosmlc -rays or cyclotron-
beams. ;

Now, it 1s obvicus that any device proneiled or supported -
by such means is fundaxentally a reactlicn device, It is fund-
smental 1gx trke theory ©f such devices *rat a given amount of
energy 1s most effi- ientlv spent 1f the morentum thrown back

: “or down is large. This means that a large mass should be given

a small acﬂelnrationv-- s theorem well understood by hsli*opter

The heams or rays mert? ored do the cor*rary, a small mass"ﬁ

greater than the totsl world's power ‘capacity, would Dbe needed
_*o support even the smallest objeﬂt oy such mesns.

kethod II - Dircob use of narth’s havn°t1° rielu

One observer.(;ncidont 63) not!ced a violent motion of &
hand-held compass. If we assume from this that the cbjects
producsd a magnetic field, comparable with the Earth's field;

ngmely, C.1 gauss, ard that the observer Tound that the objesnt -

subtended an anile 9 at his position, then the ampere-turns of

ni = §%§ where R 1s the range of the object

‘For instenss, if R is cue kilometer and the ohbJact is 10 Weters 5

in diameter, then ni 7 1 villlicn arpere-turns.

Now, 1"‘ the object werp nptua]ly ﬁ“;v 10 'm'*tprs swiy eof ._.
were correspondin;ly smaller; namely, 10 om in dismeter, 1t

“would still Pecuire 10 millicr ampere- turns

These fivures-are a little in excess of what ~an be con-
venientiy done on the grourd. They make it seem unlikely that

‘the effect was actually observed,

Now, the Farth's manetic “1eld wouli react on such a

masnet to prcduce not only a torque but also a fcrece. Thls

force depends not directly on the Earth's field intensity but
or its Irregulerity or gradlent. This force 1s obvicusly

- mirnute since the chanye irn fleld over a distance of 19 meters

(assumed dilsmeter of thes object) is scarcely measureable,
moreover the gradient 1s not predlctable but chanzes due to

~local ore deposits. Thus, evem 1f the effect were large

enoush to use, it wouli still be unreliable and unpredictabls.
ety : e o S el :
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. Method IIT -- Sunoort c’ an el ectriﬂal]y charged object by
caJsira Tt to m move transve"sn to the Earth's magnetlc field

A vositively erarged body movlng frcm west to east, or a
negatively charzed body movins from East to West will experience

- an uoward force due to the Earth's magnetic fileld.

A sphere 10 meters d‘a~ >ter moving at a speed of .one kllo-
meter/second would experience an upward force of jore pound at
the equator 1f crarged to a potentiel of 5 x 10*2 volts. This 1is
obvicusly ridfculous.

Section D -- The anti zravity shleld

It has been proposed, by vericus writers, perhaps first by
H. G. Wells, trat 1t mizht be possible to construct a means of
shtieldiny a massive body from the influence of zravity. Such an
object would thsen float. - Receutly, there appeared in tke press
a notice that a prominent economist has cffered to support re-
search on such an enterpriss.

Obvi ously, ‘conservaticn of enerzy demands tl‘a+ considersble -
-enercy be zlven the supported object in order to place it on the
shield Fowever, this amount of enerxz ¥y 1s in no way prohibitive,
and furthermore 1t can be zotten.back when the.chbject lands.

- Asids from the fast that we have no sugzestions as to how

such a device 1s to be maie, the various treories of general
. 'relativity all agree in assuming that gravitational force and

" foree dus to acceleration are irdistinguishable, and from this
assumption the theories predict certa’n effects which are in fact
observed, The assumpntion, therefore, 1s probsbly correct, and a
corollary of 1t is essentially trat only by means of an accelﬂr-
aticn can gravity be counteracted. This, we can successfully do
for instance by making an artificlial satellite, bhut this pre- ;
sumably is not what has been obssrved.

Sumnary -- PART II, Section B

Several unorthodox means of supporting or propelling a
80lid object have been considered, all &re impracticable. This
finding lends credence to the tentative proposed assumption of
Part II. that the objects are supported and propelled by some
normal means, or else that they are not solids. No discussion
~ of the type of Part II, Sectton B, can, In principle, of course,
be corplete. :

Se~tion C -- Possible causes for the reports.

Classification I -- Natural tegrestgigl phenomena

1. The observations may be iue to some effect such as

Lt UNCLAQSV‘!" 8$-11750
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ball 1lizhtning. The ‘writer has r.o 3u:~esticns (s &% this essen-
t‘ally meteorolocical suhject.

2. The objects may be some kird of animal.

~ 'Even in the celebrated case of incident 172 where
the 1ight was chased by a P51 for kalf an hour and which was
reported by the pllot to be intelligently directed, we can
make this remark. For cornsidering that an intellligence
capable of malking so remarkable device would not he 1like=ly
to play ercund in so idle a manner as described by the pillot.

In this cornection, it would be welil to examine 1If
some of the lights observed at night were not fire-flles.

3. The observed objects may be hallucinatory or psy-

" choleoglcesl in origin. It is of prime importarnce to study this

possibility bacause we can learn from 1t somethinz of the ‘

- character of the populstion: its responss under attack; and
also something about the reliabllity of visual observation.

One would 1like to assume that the positiors held
by many of the repcrted observers zuarantee their observations.
Unfortunately, trere were many reports o” curicus phenomena by
pilots during the war -- the incident of the fire-ball flzhters
comes to mind. Turther, mariners have been reportirg sea-
sarpents for hundreds of ynars yet no ore has yst produced a
photogranh. .

It would be iﬁteresting to tabulate the responses
to see how reliable were the reports on the Japarese balloons
during the war. There we had a phenomenon proven tc be real.

It 1s interesting that the reports swiftly reach =
max imum frequeroy during the end of June 1547 and tren slowly
taper off. We can assume that this is actually an frdlcaticn
of row many objects were actually about, or, ouite iifferently,
we- can take tk's fre~uency curve as indicating something about
mass psycholory. ’

This point car be tested. Suprose tre population
-§3 momentarily excited; how doss the freauency of repcrts
vary with time? A study of crank letters received after the
recent publicity ziven to the satellite program should give
the required frequency distributicn.

It 1is probably necessary but certainly not suffi-
cient that the unidentified-object curve ani tke crank-letter
curve should be similar in order for the “lylng disks to be
classed as hallucinatlons.

e INCLASEY - gaivsn
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A 18P?6-3”Q19 experitent was made at the time of
Oracn Welles' "Naptiar broadzast. Some records of this must
‘perelst it newspapsr f1les. - :

Classification IT -- Man- maie terrastrial phenomena

1. The objects may be Ruasian sircraft. If this were
8o, then the consideraticns of Secticns A and 3 indicate thsat
we wcoculd have plenty to worry abcut. It 1s the author's opin-
ion thdat only an accidental discovery cf 2 degree of novelty
never bafore achieved could sufflice to explalin such devices.
It 1s ioubtful whatk=r a potential enemy noqld ‘arouse our
curiosity in so idle = Pashion.

Clagsification III -- Extra terrestrial'objects

1. Meteors: It 1s noteworthy that the Britlish physlcist
- Lovell writine Iin "Physics Today" menticns the raiar discovery
of a new daytime meteorite stream which reached its maximum
durinz- June 1947. The reported objects lose little of theip
interest, however, 1f they are of meteoritic orivin.-

2. Anlmals: Althou. b the objects as: apscrxbad act more
like animals than anythink else,‘there are few reliable reports
on extra- terrestrial animals.,

3; 'Space Ships: The ‘followinz considératicns_pertaiﬂ:-"

: “If'trere is an extra terrestpiul civilization
whiﬂb can make such objects as are _ﬂprrted tien it 1s most
probable that 1ts development is far in advance of ours. This
“argument can be sunport=d on probability arguments alore without
recourss to astronomical hypotheses.

b.  Such a ‘eilvilization might observe that or Earth
we now have atdmlic bombs and are fast developing rockets. In
view of the past history of mankind, they shoull -be alarmed.
‘He should, therafore, expsct at this time ahove all to behold
- such visitations. ' -

'Since the acts cof mankind most easily observed from ‘a
distance are A-bomb explosions we should expect some relation
to obtain between the time of A-borb explosions, the time at
which the space ships are seen, ani the time required for such
--ships to arrive from and return to home-bassa.

PART III -- RECOMNENDATIONS

1. The file should be sortinued .

e -A meteorologist should compute.the approximatg enersy

-4

A
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.requlred to evanoreta as much cloud as shown In the incident 26
photographs. Togzether with an aerodyramicist he shculd examine
k hetber a meteorite of unusual shape could move as observed.

, 3. The calhulations sugizested ir Part II, Section A,
should be estimated by an aerodynamicist with such changes as
his more detalled knowled{e may suggest.

- 4. The mass- psychology studiés outlined in Part II,
Sent!on C, Classification I 3 should be carried out by a com-
_petent staff cf statisticians and mass- osychologists.

S. Interviewing agents should carry objects or moving
plctures for ccmparison with reporter's memories. These
~devices shouli be properly designed by a psycholozlst exper-
ienced Iin problems pertaining to aircraft and design of alr-
ceraft-control equipment so that re shall lmve some grasp of -

‘" what 1t 18 that 1s to be found out. If the Alr Force has

~reascn to be seriously interested in these reports, i1t should
take immediate ‘'steps to intnrrogate the reoorters more. pre-
cisely. :

6. A person skilled In the optics of the eye and of
the atrosphere shculd investicate the particular point that
several repcrts agree in describing the objects as beilng about
_ten times as wide as they are thick; the point belng to see 1if
there is a plurality of actual shapes which appear so, under
conditions approachinz limiting resoluticn or dﬂtectablA con-
trast A
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APPENDIX "D"

13 December 1948 AL-1009

Brigadler General Putt

United States Alr Force

Director of Research and Development
Office, Denuty Chief of Staff, Materiel

- Nashington 255 DG,

Dear ueneral Putt'

"Please ref~r to your letter of 18 Novamher 1948 relative to the
"flying objaﬂt" prcblﬂm and to Mr. Collbohm's reply dated 24

November 1942. In paragraph (b) of the reply, kr. Collbohm
pronised (amonz other things) to send a discussicrn of the
"specinl deslsn ani pe r’ormanco chara teristics that are belleved .

“to distinzuish space ships."

This.present letter gives, 1n very génorél terns,la description
of the 1likellhood of a vislt from otler wo“lds as an englneering
problem end some points recardinc tre use o” space vehicles as

- compared with descriptions of the flying objects. kr. Collbohm |
" will deliver coples to Colonel ¥cCoy at Wrivht Petterson Air

Base durinc the RAND briefing there within the next few days.

A gcod beginning is to discuss scme posstble places of origih:‘
of visiting space ships. Astronomers are largely in agreement

-that only one memb~r of the Sclar system (besides Tarth) can

support hizher forms of life. It 1s the planet Mars. Even

Mars appears aultse desolate and inhospltable so that a race
wculd be more occupled with survival than we are on Earth.
Reference 1 zives adequatae descriptions of corditlions on the
varicus planets and satellites. A quotation from Ref. 1 v
(p. 229) can well be included here., . L

"Whether 1nte114gent beings exist to appreclate these
splendors of the Martian landscape 1s pure speculation.
If we have correctly reconstructed the history of Kars, °
there 1s 1ittle reasocn to belfeve that the 1ife processes
may not have followel a ccurse similar to terrestrial
evolution. With this assumption, three general possi-

" bllities emerge. Intelligsnt beings may have protected
themselves against the excessively slow locss of atmos=-
phere, oxygen and water, by constructing homes and
cities# with the physlical conditions scientifically con- -

#y : o grgu
H Rt SO enalEESoSEnERTE FHER5uRS 5%%18 crehEaR%.HE QuRfie
temperature extremes would be reduc
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trolled. As a second possihility, evolution may have
~developed a2 beinz who can withstand the rigors of the
Martian climate. Or the race may have perished.

"These pcssisilitisas have Deen sufficlently expsnded in

. the pseudo-scientific literature to make further amplifi-
cation superfluous. However, there may exist some interest-
ing restricticns to the anatomy and physiology of a Kartian.
Rarity of the stnosphere, for example, may require a com-
pletely altered respiratory system for warm-blooded creatures,
If the atrospheric pressure 1s much below the vapor pressure
of water at the hody temperature cf the individusl, the process
.of breathing with our type of lungs becomes 1mpossible. On
Mars the critical pressure for a bcdy temperature of 98,&7,

" occurs when a column of the atmosphere contains one sixth the
mass of a similar column on the Earth. For a body temperature
of 77°F, the critigal mass ratio 1s reduced to adbout one
twelfth, and at 60"F. to about one twenty-fourth. These
critical”values are of the sam= crd>r as th- values estimated
for the Martian stmosphere. Accordingly the anatomy and phys-
fology of a Martian may be radically different from ours - but
.this 1s all conjecture. :

"%e do not know the origin of 11fe, ever on the Earth. We

are unable to obsarve any slizns of intellizent life on Mars.’
The reader may form tis cwn opinion. IFf he belleves that the
1life force is universal ani that intellicent beinzs may have
énce devsloped on Mars, he has only to imagine that they
persisted for countless zenerations in a rare atmosphere which
13 nearly devold of oxygen and wster, and cn a plane. wrere

-the nizhts are much colder than our arctic wintsrs. The ex-
istence of intelligent 1ife on Mars is not impossible but it is
completely unpreven."”

It 15 not too unreasonable to go a step further and consider Venus

as a possible home for intelligent 11fe. The atmosphere, to be sure,
apparently consists mostly of carbon dioxlide with deep clouds of
formaldehyde drcplets, and thera seems to be little or no water.

Yet 1livins organisms might develop in chemical environments that

are strange to us: the vegetable kinzdom, for example, operates
on & fundamentally different energy cycle from Man. Bodles might
be constructed and opsrated with different chemlcsls and other
physical principles than any of the creatures we know. One thing
is evident: fishes, Insects,and mammals all menufacture within

‘their own bodies complex chenical compounds that do not exist as

minerals. To this extent, 1life 1s self-gufficlient and might well
adapt 1tself to any environment within ‘certain limits of temperature
(and size o’ creature)

Venus has two bFanif caps relatfve to Mars. Yer mass, and gravity,

‘are nearly as lsrze as for thé Earth (Kars 1s smaller) ani her

et 3-11750
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cloudy atrosphere would disccuraze astronomy, hence épace
travel. The remainings Solsr plarets are such poor prospﬁcts
that they cean. be i mnored. ‘ -

~In the naxt few paragraphs, we shaell ﬁpeak'of Nars. It should

Ye understood trat most of the rnvor&s applv PquallJ well to
Venus.

>

Varicus people bave suggested that an aivanced race may have

-been visiting Earth from Mars or Venus at intervals from decades

to eons. Reports cf objects Irn the sky seem to have been handed
down through the generaticrns, If this were true, a race of such
kncwledge and power would have estasblisted some form of direct
contact., They could see th=at Tarth's irhsbitants would be help-
less to do internlanetary rarm, If afraid of carrying diseases
home, they would at least try to comrunicate., It 1s hard to
believe that sny technically accomplished race wculd zome here,

€launt its abd!lity Ir myst-oricus ways and then simply go away.

To this writer, lonr-time practice c* space travel implies
advanced engineerinz and sclfence, weapons and ways of thinking,
It is not plsusible (as many fictlon writers do) to mlx space
ships with broadswords. Furthermore, a race which had enouzh
initiative to exrlore amonz the planets would hardly he too
timid to follow throuzh when the ‘oo was accomnlished.

One other hypothesis needs to be d*s*ussed y1t 1s.tfat the
Martisns h.ve kept a lonz-term routine watch on Earth and have

_been alarmed by tre slsht of cur a-bomb srots as evidence that -

we are warlike ard on the threshold of space travel. (Venus .

i1s eliminatad here because her cloudy atmcsptere would make
such a survey impractical). The first flying objects.wera. -
sizht=d in the Sprin- of 1947, after a total 5 atomxic bomb ex-
plcsions, i.e., Alsmozordc, Hirostima, Mazasaki, Crossroads A
and Crossroads 3. Of these, the first two were In pcsitions to -
be seen t'ron Mars, the third was very doubtful (at the edge of
Tarth's disc in daylight) and the last two wers on the wrong
side of Earth., It is likely tkrat ¥artian astronomers, with
their thin atmosphere, zcovld bulld telascopes blg enough to see
A-homb explosicns con Tarth, even thouzh we were 165 and 153
million miles away, respactively, on the Alamozordo and Hiro-
shima dates. The weakest point in the hypothesis 1s that a
continual, 4efensive wstch of Earth for long periods of tine
(perhaps thousands of years) would be dull sport, snd no race
that even remotsly resembled Man would undertaks 1t. We
haven't even conzidered the 1diea for Yenus or Kars, for exampla.

The sum ani substance'of this i‘s~uss!cn'ia that if Martilans
are now visitiny us without contact, 1t can be assumed that

they reve just recently succeeded 1n space travel and that

their civilizaticn would be practliczally abreast o® ours.
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.'The chance that lartiens, unier sucl widely divcr?ent condi-
. tions, woull have a civilizattcn res= ‘mblirg our own is ex-
‘tremely remote. It 1s particularly unlikely that thelr

civilization would be within a half century of our own state

~of advencemernt. Yet In the last 50 years we rave just started

to use airecraft and In the next 50 years we will almost
certalnly start explering space.

Thus it apgears trat spnce travél from another point within
the Solsr system 1s possihle but very unlikely. O0d4ds are at
laast a thousand-to-ome azainst 1t.

Thils 1eaves the totality of planets of other stars irn the
3alaxy as possible sources. Many moderr astronomers believe
that plsnets are fairly ncrmal and logical affairs in tha life
his*ory of a star (rather than cataclysmic oddities) so that
many plavats can be 9xpeﬂted to exist in space.

To narrow t“n ri eld a littln .somne ‘loose swoﬂif’ﬂaticns can’
be written for the star aoc;t which the home bass planet would

. revolve., ILet us say that the star should bear a family re-

semblance to the Sun, which is a member o” the so-called "main-
sequence” of stars, !.e., we eliminate white dwarfs, red giants
ard superglants. For a deseripticc o” trese types, see refer-
ence °, chapter 5. Thera is no specific reason for making this
assumptlion except to sinl’“Y liscusnior' we are sti’l,co“sider-
1ng the majority o‘ Sth i

Next, true variable stars can be eliminatad, since conditions on
a planet attacted to a variable star would fluctuate too wildly
to permit 1life. The numb-r cf stars deleted here 1s negligibly
small. Reference 3, pazes 76 and 85 1ndicate that the most
commnon types are too bright to be In nearby space unnoticed.

-Lastly, we shnll omit binary or multiple stars, since the condi-

tions for stabls planet orbits arec obscure in such cases. About
a third o the stars are eliminated by this restricticn.

As our best kriown sampl~ of space we can take a volume with the

Sun at the center and a radfus of 16 1lizht years. A compilation-
of the 47 kncwn stars, includins the Sun, within this volume is
gziven 1n reference 4, pages.52 tc 57. Tliminating accordirg to
the sbcve discussion: Three are white dwarfs, eicht binaries
account for 13 stars and two trinaries account for 6 more. The
remalnder, 22 stars, can be considered as plipible for habitable
planets. :

» ﬁ 8-11750
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Assuming the above volume to be typical, the contents of any

other reascnable volume can be found by varying the number of stars

proportionately with the volume, or with the radius cubed, S, = 22 x
r )3, where So 1s number of eligible stars ard r is the radius

of the volume in light years. (This formula stould only be used for
radli greater thah 16 1i:ht years. For smaller samples we call for
a recount. For example, only one known eligible star other tuan the
Sun lies within elzht light wars). : =g

//

Having an estimato of the number of useahle stars, it 1s now
necessary to make a zuess as to the némber of hablitable plansts. e
have only one observed sample, the Solar System, and the guess must
be made with low confidence, since intelligent 11f6 may not be randomly
distributed at all, : %

The. Sun has‘nihe planeats, arrahé&d in a fairly regular progression

.of orbits (see reference 1, Appendix I) trat lends credence to
.theories that many stars have planets. Of the nine plansts, (one, the

Earth) 1s completely suitable for 1ife.: Two more (in adjacent orblts)
are near misses:  Mars has extremely rigorous living conditions and

Venus has an unsuitable atmosphere, Viewed very broadly 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 atmosphsre to suoport civilized 1ife. Let us

- assume that there is, on the average, one habitable planet per elipible
.star. S : . :

There.is no line.5f "eéﬂoning or'évidence which can indicate

55 whether life will actually develon on a planet where the conditlions

are suf table. Here again, the Earth may be unique rather than a random .
sample. This wrlter can only Inject some personal intultion into the
discussion witk the view that 1ife 1s not unique on Earth, or even
the random result of a low probability, but 1s practically inseltable
in the right conditions. This is to say, the number of Inhabited

. planets 1s equil to th??e that are suitable!

' One more item needs to be consldered. Knowing nothing at all
about other races, we must assume that Man 1s averaze as to technlcal ;
advancement, environmental difficulties, etec. That is, one half of the

‘other planets are bkhind us smd have no space travel and the other

half are shead and have various le vels of space travel. ¥We can thus
imagine that in our sample volume there are 11 races of beings who have

‘begun space exolorations. The formula on page 3 above now becomes

R = 11::(:-):5
—3E :
where R 1s the mumber of races exploring space 1n a spherical volure

of radius r = 16 light years, -

Arguments like those applied to Martlans on paze 2 hesd not apply
to. races from other star systems. Instead of being a first port of
call, Earth would possibly be reached only after many centurles of de-
velopment and exploration with space ships, so that a visiting race
sould be expected to be far in advance of Kan,

/‘.‘
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To summarize the discussion thus far: the chan;e of space
travelers existing at planets attached to neighboring stars is very
much greater than the chanze of space-traveling Martians. The
one can be viewed almost as a certainty (if the assumptions are
accepted), whereas the other is very slight indeed.

- In opder to estimate the relative chanzes that visitors from
Mars or star X could come to the Farth and act like "flying objects”
some discussion of characteristics of space ships is necessary.

To handle the simple case first, a trip fnom Mars to Earth

- should be feasible using a rocket-powered vehicle Onee here, the

rocket would probably use more fuel 1in slowing down for a landing
than ‘1t did in initial takeoff, due to Earth's higher gravitational
force.

A rough estimate of one-way performarce can be found by edding
the so-called "escape velocity" of Mars to that of the Farth nlus

- the total energy change (kinetic and potential) used in changing

from one.planetary orbit to the other. These are 3.1, 7.0, and 10.7
miles per second, respectively, alving a tctal recuired performance
of 20.8 miles per second for a one-way flight. Barring a sulcide .

mission, the vehicle would have to land and replenish or else carry

a 100% reserve for the trilp home.

Let us assume the Martians have developed a nudlear, hydroren-

propelled vehicle (the most efficient basic arrangement that has

been concelved here on Sarth) which uses half 1its stages to get here
and the remaining stages to return to Mars, thus completing a round
trip without refueling, but slowins down enough In our atmnusphere

to be easily visible (i.e., prgotically making a landing). Since it

‘1s nuclear powered, gas temperatures will be limited tc the maximum

operating temperatures that materials can withstand (heat must transfer
from the pile to the gas, sc cooling can't be used in the pile).
The hizhest melting point compound of uranium which we can find 1is

. uranium carbide. It has a melting point of 4560°R. Assume the Martians

are capable of realizing a gas temperature of 45000R (= 2500°K), 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 ¢ = 33,400 ft/sec (reference 5).
Calculation shows that using a single stage for each leg of the jour-
ney would require a fuel/gross weight ratio 0f0.96 (for each starge)
too high to. be practical. Using two stages sach way (four alto:ether)
brings the required fuel ratio down tof.81, a ¥alue that can be

_reilized

1r, by the development of strong alloys, the basic welght could
be kept to 108 of the total welght 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 great as the payload: thus,

1f the payload were 2,000 pounds, the oross welght would be 30 million
pounds at initial takeoff (Earth pounds).

OIS
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Of course, 1f we allow the Martians to refuel, the vehicle
could have only two stages# and the gross welght would be only
(;gg)2 = 123 times the payload, i.e., 250,000 pounds. This would

9 #e : . .

require bringing electiolytic and refrigerating equipment and sitting
at the South Pole long enough to extract fuel for the hourney home,
since they have nct asked us for supplies, Our oceans (electrolysis
to make Hp) would be obvious to Martian telescopes and trey 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 ster
other than the Sun can be calculated in a similar manner. Here the
energy (or velocity) required has more parts: (a) escape from the
planet (b) escape from the star (c) enough velocity to traverse a
few light years of space In reasonable time (d) deceleration toward
the Sun (e) deceleration toward the Earth. The nearest "eligible"
star 1s an object called Wolf 359 (s=e referencs 4, p 52), at a
distance of 8.0 1ight years. It is small, having an absolute mag-
nitude of 16.6 and is typical of "red dwarfs" which make up more
than half of the eligible populatiohs. By comparison with similsar
stars of known mass, this star is estimated to have a mass roughly
0.03 as great as the sun. Since the star has a low lumihosity (being
much cooler and smaller than the Sun) a habitable planet would need
to be In a small orbit for warmth. g

Of the chances of energy required as listed in the preceding
paragraph, item (c), velocity to traverse Iintervening space, is sc
large as to make the others completely neglibible, If the visitors
‘were long lived and could "hibernate” for 80 years both coming and
goine, then 1/10 the speed of lizht would be required, i.e., the
enormous velocity of 18,000 miles per seccnd. This is completely
"beyond the reach of any predided level of rocket propulsion,

If a race were far enough advarnced to make really efficient use
of nuclear energy, then a large part of the mass of the nuclear ma-
terial might be converted into jet erergy. We have no 1dea how
to do this, In fact referenze 6 indicates that the materials requirdd
to withstand the tempsratures, etc., may be fundamentally unattain-
able. Let us start from a Jet-propellant-to-gross-weight ratio of
75. If the total amount of expended material (nuclear plus propell-
ent) can bers.85 of the zross welszht, then the nuclear materiesl expended
can be?l,10 of the gross. Using an efficlency of?,5 for converting
nuclear energy to jet energy and neglecting relativistic mass cor-
rections, then a rocket velocity of half the veloclty of 1lizht could
be attained. This would mean a transit time of 16 years each way from
the star Wolf 359, or longer times from other elizible stars. To try
to go much faster would mean spending much energy on relativistic chan§<
in masa and therefore operating at lowered efficiency.

# Actually three staces, On the trip to Earth, the first staze would
be filled with fuel, the second staze would contain partial fuel, the
third would be empty. The first staze would be thrown away during
flight. On the trip back to Mars, the ‘'second and third stages gogld ?e
£11led with fuel. The gross weicht of the initial vehicle woul e o
the order of magnitude of a two-stage rocket.

it UNCLASSIFIED ' ,
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To summarize this section of the discussion. 1t can be said

that a trip from Mars 1s a lozical engineering advarc s over our own

present technical status, but that a trip from another star system
requires improvements of propulsion that we ha"e not yet concei;ed

Combining the efforts of all the science-fiction writers, we
could conjure up a large number of hypothetical methods of transpor-
tation like gravity shields, space overdrives, teleports, simulators,
energy beams and so on. Conceivably, smong the myriads of stellar
systems in the Galaxy, one or more races have discovered methods of

~travel that would be fantastic by our standards. Yet the larger the

volume 6f space that must be included in order to strengthen this
possibility, the lower will be the change thast the race involved
would ever find the earth., The Galaxy has a diameter of roughly
100,000 lizht years and a total mass sbout two hundred billion times
that of the Sun (reference 4). Other zalaxies have been photographed

. and estimated in numbers of several hundred million (reference 2,

P. 4) at distances up to. billions of litht years (reference 7, p 158),
The number of stars in the known universe is enormous, y=t so are the:

- distances involved. A super-race (unless they occur frequently) would

not be likely to stumble upon Planet III of Sol, a flfthomagnitudc
star in the rarefied outskirts of the Gaaxy.

e desottption of the probable operating characteristics of space
ships must be based on the assumption that they will be rockets,
since this 1s the only form of propulsion that we know will function

. in outer space. Bslow are llsted a few of the siqnificant factors of
rocketry in relation to the "flying objects”.

(a) laneuverability. A spscial-purpose rocket can be made as

‘maneuverable as we like, with very high accelerations either along

or normal to the flight path. However, a high-performance space ship
will certainly be large and unwileldy and could hardly be designed to
maneuver frivolously around in the Earth's atmosphere. The only

"economical maneuver would be to come down and 20 up more or less ver-

tically.

(b) Fuel reserves, It 1s hard to see how a sinzle rocket ship
could carry snough extra fuel to make repeated descents into the
Barth's atmosphers. The large number of flylngz objects reported in

~quick succession could only mean a large number of visiting craft.

Two possibilities thus are presented. First, a number ok space
ships could have come as a group. Fhis would only be done if full-
dress contact were to be established., Second, numerous small craft
might descend from a mother ship which coasts around the Earth in
a satellite orbit. But this could mean that the smaller crafit would
have to be rockets ef satéllite performance, and to contain them the
mother ship would have to be truly enormous.

(c) Appearance. A vertically descending rocket might well
appear as a luminous disk to a parson directly below. Observers at
a distance, however, would surely identify the rockst for what it
really 1s. There would probably be more reports of oblique views
than of end-on views. Of course, the shape need not be typical of
our rockets; et the exhaust should be easy to see.

———  UNCLASSIFIED 511750
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. One or two additional general remarks may be relevant to space
ships as "flylng objects”., - The distribution of flying objects 1is

_peculiar, to say the least, . As far as this writer knows, all inci--

dents have occurred within the Unlited States, whereas visiting-spacei‘f
men could be expected to scatter thelr visits more or less uniformly
over the globe. The small area covered indicsates strongly that the

flying objects are of Farthly origin, whether physiQaI or pssycholozical.

The lack of purpose apparent in the various episodes is also
guzaling. Only one motive can e assigned; that the space-men are
feeling out" our defenses without wanting to be belligerent. If so,
they must have been satisfied long 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 celieved to be possible,
they are believed to be very imp“oaable. In particular, the actions
attributed to the 7f1ying objects"” reoorted duri ng 1947 and 1948
seen Inconsistent with the requirements for space travel.’

Very truly yours,

J. E. Lipp
Nissiles Difision

JEL:sp
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