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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 tqe holder, or conveying any rights or permission to 
manufacture, use, or sell any patented inventions that may in any 
way be related thereto. 

The information furnished herewith is made available for study 
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 proprietary 
interests and those of others. · 

Espionage Act 

Notice: This doc.ument contains information atfectipg the · 
national defense of the United States within the meaning the 
Espionage Act (U.S. C. 50:31, 32). The transmission of this docu
ment or the revelation of its contents in any manner to an un
authorized person is prohibited by law. (AR 380-5, paragraph 17 b.) 

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

· The U. S. Goven.ment is absolved from any litigation which 
·may ensue from the contractor's infringing on the foreign patent 
~hta which may be involved. 
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A descriptive and analytical study or the un1dtmtif1ed · 

aerial objects, that have been reported both in the United 

States and from foreig? countri~s, is presented. 

Individual cases are desorib~d in brief form, as an appendix. 

The analytical treatment of the subject is largely or a 

qualitative and generalized nature. However, detailed analyses 

and deta1l~d result~ are presented, where this procedure is poss1-

ble and will assist in establishing th~ validity or t~nabilit1 -. 
or an o~erall hypbthesis. 

Project ."Sign·" is still largely characterized by the ·. collec

tion or data, without suffioitmt informati0n to peri'li t definite, 

apec1t'1c conclusions to be made. No definite eviden~e is yet 

available to confirm or disprove th~ actual existence of .uniden

tified flying objects as new and unknown types of aircraft. A 

limited number o·f the incidents have been identified as known ob-

jects. 
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UNCLA ~c·::-·r:-n 
FOREWORD · ~~. 1 I~ 

Project "Sign" was initiated by the Technical Intelligence 
Division, Hr Mat~ 1el Com~r.and, and assigned Project Number XS-304, 
22 January 1948, under authority or a letter from the Deputy 

· Chiet' of Staff, Materiel, USAF. This letter is referenced C/S, 
USAF, 80 December 1947, subject "Flying Disks." 

As~istance 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". 

· Analysis of the reported incidents, as an effort to identify · 
astro-physie.al phenomena, is being accomplished by Ohio State 
University under c.ontract •1 th Air Materiel Command. 

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

Members of the Scientific Advisory Board to the Chief of 
Staff, USAF, have also supplied their services in a consulting 
capacity. 

. ...... 
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INTRODUC'l'I ON . 

This .report 1s wrftt~n to pr1'!sent thl" status of work b~ing . 
accomplished on Project "Sign", to sum.-nariz~ th~ data collected 
on sightin~s of un1 :1 entif1ec\ a~riRl objects, to review the method 
ar.d reasoning appl1~d in the evaluation of.' the data, and to pre
aaat th~ results so far obtained from the study or data available 

It 1s not expected that this report can present a final es
timate ot th~ situation regarding all the inc!d~nts reported. 
Thi! data is still bein;1: studiea by !p-a.cialists tn th~ f1elds of 
astrophysics . Md psychology, and further information 1 s being col 
leeted: to enable personnel evaluatin~ project "Si~" incidents 
to determine possibl~ explanations oP some o~ t h e sifh t inz s. How
ever, the report will furnish information on the present state of 
the 1nv,..st1 gat1on to staff personnel in this headquarters and in 
hi~rer echelons, and to otl;<"'rs who are required to assess tbe 
possibility of a threat to national securjty pr,..sent ed by .the 
sighting of such large numbers of unident1 fled flyin:~ objeetse 

• 

. . 
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SUMMARY 

. . 
The res~Jts of th~ study r~vi~wed in this report ar~ based 

on data d~~1ved fro~ reports o~ 243 domestic and th1rty (30) ror~1gn 
incidents. Data from thes~ incidents is being summarized, r~pro
duoed ~nd distribut~d to ae ~ncies anj individuals cooperating in 
.the · analys1 s · 8.nd evaluation. Di8'tr1 but ion has so far bt'i~n accom
p-11sh.,d on the summaries or~ incidents . and more ar~ in process 
o!' reproduction at this tim~.r'7'l.. 

A check list of. it~ms to be noted in r~port ine incidents has 
been prepared and distributed to gov~rnm~nt inv~sti~ative a genci~s. 
The data obtained i .n ·reports recl"d.v~d are studied in rel~ttion to 
many factors sueh as ~uided misslle rl'l9earch a.ctiv :!. ty, \Teather and 
other atmospheric sounding balloon launchings, commercial and mili
tary ·aircra.ft fli~h t s, flights · or mi gratory birds,s.nd other con
siderations, to de~ ermine poss.ible explanations for sl ght ir.g s • . 

B~eed on. the possibility that th~ objects are really uniden
tified and unconv~ntional typ~s of aircraft .a technicnl analysis . 
18 rr.ade of soree of the reports to determine the ae~odyna:n1c, pro
puls.ion, an:i control features that . would be r~qui red for the object 
to . p~r form as described in the reports. Th~ objects · stgh t~d have ·. 
be~n grouped into four olas3if1 cati ons acoording to conftgu:::-ation: 

1~ Flying disks, 1.~., ve~y low asp~ct ratio aircraft. 
2. Torp·edo or cigar shap~d bodies with no o'fings or 

fi~s vi31blP . in fli ght. · 
3. Sph~ricql or balloon-shep~d obj•ct~. 
4. Bs.lls or l h;ht . 

. The first three groups a.r~ :!apable of . fli :;ht by a~rodynamic 
or aerostatic means and can b~ propell~d and ~ontrolled by methods 
known to a~ronauttca.l destgn~rs. The fourth appears to have no 
physical form attach~d, but the m~ans or support may not have 
been seen by the· observer. 

. 'Twe:'n\-1.4 
Approximately ~ p•rcent of the 1nc1denta hsve been identi-

fied as con\"~ntion~l a•rial obj•cts to th~ satisfa~tion of person
nel assigned to Project "Si~n" in this Co~~and. It is exp~cted 
thnt a study of' the incidents in r~lation to weath~r a nd oth~'~r at
mospheric sounding balloons will provide solutions for an equiva- · 
lent nurr.ber. Verbal sts.t..,m~nts by an astro-physicist at Ohio 
State University and by psychologists of the Aero-Medical Laboratory 
of this Command, indicate the possibility of solvln£! an appreciable 
number of the si ~btings as a result of their investigaticns. Elim
ination or incidents with reasonably satisfactory expl~nations will 
dar1fy the problem presented by a project of this nature. 

~ 
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. The posslb111 ty thf:i.t som~ of th~ incidents rr.ay r .. pres•.nt 
techntcal . developments far in advance of knowl ~~- a vaila. bl~ to 
~nginee.rs and s ctl'!nti st s of th1 s country has been cons idt"'r~d. 
No facts are available to personr.el at this Coir-11an:i th~t 'Ifill 
permit an obj•ctiv~ assess~~~t of this . poss1~il1ty. All 1pfor
mat1on so far presented on th~ posetble ex13 t-.n~~ of spe(!e ships 
from another planet or of aircraft propelled by an advanced type 
~r ato~1c power plsnt hav~ been largely conjectur~. Based on 
exp~rience with nuclear power plant res~arch i!l this country, the 
exist~nce on Earth of such engines of small enough siz~ and w~1ght 
to h've powered th~ obj~cts described is hir~ly improbable. 

R~ports or unidentified flyinp, objects ar~ not peculiar to 
the prl'!sent ti rr.~. In, ''The Books of Ch~rli'!S Port" by Tiffany Tay
lor, published in 1941 by Henry Holte & Co., N~w York, similar 
phenomena are descr1b~d as havtn~ been sl~tte:i durlng past cen
turies. In the last wo.r, nurr.,.rous si~htin~s of "balls of fir•" 
in th~ atr w~r~ reported by bomber cr~ws. · 

- ""T -
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UNCLASS\FlED 

RECOMMF.NDATIOWS 

.Future activity on this proj~et should b~ carried on at the 
minimum level necessary to r~cord, summarize, ~nd evaluate the 
data received on future reports and to complete thl'l specialized 
investigations now in progress. When and if a sufficient number 
of 1nc1der.ts are solv~d to indicate that these s1ehtings do not 
represent a thr~at to the security of the natioh, the assignment 
of special· project status to the activity could be t~rminated. 
Future 1nvestigat1ons of r~ports would th~n be handled on a routine 
basis like ar.y other intelligence work. 

Repo~tlng agencies should ~e impressed with the necessity 
for ;;;;etting more factual evidence on sigh tirv, s, such as photo;~raph~, 
pbysioal eviden~~, radar si -~htin--;s, and date. on siz~ and shape. 
Personn~l sight1n~ such objects should en~a Y. ~ the assistanne of 
others, wh~n possibl~, to ~~t more definite dat~. For ~xample, 
milit~ry pilots shouln notify nei ~~ borinp. bases by radio of the 
presence a.."ld direction of fli ~ht of an un11entif1~d object so 
that othe~ obs~rvers, in flight or on the ~round, could assist 
1ri its identification. 
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CONCLUSIONS 

Ho definite and ·conclusive evld~nc~ is y~~>t availabl., that 
would prov~ or disprov~ th~ existence of th~se unidentified objects 
as real a 1reraft of unknown and unconv•r:t 1 onal conf.i gure. tion. 
It is unlikely that positive proof or th~ir ~xistence will be ob
tain.ed without ~xsmination of tre rema! ns of crashed ob j~ ct s. 
Proof' of non-~xist~r.ce 1s equally 1mposs1bl" to obtain unless 

· a reasonabl~ and convincin~ ~xplenation is det~rmin~d for ~ach 
1ncid.,nt. 

Many sightings by qualifi"d and apparently r~llable witn.,sses 
have been reported. How~v~r~ each incid~nt has unsatisfactory 
features, such as shortn.,ss of ti~e und~r observfttion, distance 
from observe~, vagueness of description or photoRraphs~ 1noons1s
t,nc1~s betw~en individual observ~rs, and lack of descriptive 
data, that prf'!vents definite conclusions b.,ing drawn. Explanations, 

.or so~~ Qf the 1ndidents r~vealed the .,xisteno.,. of simple and 
easily understan:iable causes, so that . th"!re is th~ ·possibility 
that enough incidents can be soived to eliminate or greatly reduce 
the mystery associated with th"!se occurrences. 

Evaluation of reports of unidenti fled objects is a. nee• ssary 
activity of military intelligence a~enci~s. SUch sightings ~re · 
inevitable, and under wartime conditions rapid and convincing solu
tions of such oocurrenc"!s ar~ necessary to ma1ntn1n morale of 

·military and civlliln p~r~onn~l. In this r~spect, it is considered
that the .establishrr.ent of procedures and. training of pe rsonn~ 1 19 

. in itself worth the effort expended on this project • 

. , 

Yi 
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·. DISCUSSION 

·Organization of Data on Incidents 

Appro~l~at~ly 243 domestic inc1d~nts bav~ b~~n ~evl~wed, · . 
. at the present .time • . In each lncid~nt~ th~ observers have been 

. · interrogated by inv .. sti:sato:-s and tt~ results have !Je~n analyzed 
· by te~hnical personn~lo 

Condensed summari.., s :b ~ve be ~n pr~pared for tr e list of 1n
cid~nts in sufr.tcient quantity to make t}-, ~ basic information 

· eastly availa'oll"! to individuals or 11~en~ies hav1np; an authority 
or an interest in th~ project. {S'!e Appendix A). 

A detail~d check list, compiled by techni ·cal p~rsonnel, in
dicating the basic elements of information, n~cessary for analysis 
of the ind i vidual !ncid-r.t, has been prepar~d and _dlstributed 
to approprlgt~ government B.61"!ncie8. 

In o~er to identify o·rdina.ry and conv~ntional obj~cts, that . 
have . probo.bly be_en included in the list of reported lrid dents,
graphtcal m~tl:ods he. ve ':>~en appl1 ~d, so as to pr"'~s ent the basic 
data in such form that ov~rall facts, implicit 1rt the . grouped data, 
will be made apparent. (See Appe.ndix B"). · 

The prepared graphical data includes: 

(a) Charts concerninE unid~ntiried aer1al objects, to indi
. cate: 

1~ Type of obJ~ct observed 
2. Vicinity in which particular type or· object was ob

served 
3. D1reet1on of flight 

(b) Locations of guided missil~s, reaearch and r~lated 
center.s 

(c) Locat1~ns of airlines, e1rfields, both military arid 
eomme rt1al. 

(d) Loc11tions of radio b~acon stations 

(e) Known or projt'!Ct!"d radar stations from which reports 
and assistance may b~ derived 

. (f) Meteorological stations from wh! ch balloon rell"!ss~ data, 
radiosonde or theodolite readings may be obtained 

(g) Past, curr~ntJ and projec'ted celestial phenomena 

(h) Flight pattlf of migratory birds 

. . 
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· _ UNCLASSIFIED · 

Psychologic.s.l An1lys1s. 

A ~sycholog1cal a~alysis of the r~ported data is b~1ng pre
p~red by Ae.ro-lrl8d1cal Laboratory, A.M. C., for the purpose of de
termining those incidents that are probably based upon errors of 
the h~an mind and senses. A preliminary verbal report from the 

·professional, psycholo g1sts indicates t~at a considerable number 
of 1nc1den~s can be explained as or1inary occurrences that have 

·. been misr~preeented, as the r~sult of hu.'1lan errors. 
,, 

The condition of "vertipo", well known to airpl Rne pilots, 
as well as others, ts consldered to be ttn important factor in 
some of th"' report"d 1nci dents. "V,..rtigo" is defined from a 
medical viewp'oint by Webster's Dictionary as "Dizziness or ewim.m
in~ or ·the h~ad; a disturbance in wh1 ch objects, though stationary, 
t.pp~ar to mo'ITe in various dirl"lctions, and the person affected finds 
it : diffi~ult to maintain _an erect posture. It may result from 
chang!'! a in the blood supply of the brain or from di s~ase of the 
blood, eyes, ears, stomach,or oth~r organs." _ . 

. . . 

Aocelerat 1 on~, resul tinP. fr<:a airplane ms.ne.uv..,rs, to geth~ *ith 
epace.-or1!'1ntation d.i fficul ti~s at ni ght in a.'"l airplan~, .due to 
the lack of or strangeness of vi~ual ref~r~ncesy mak~s a conaition 
of "vertigo" more ltk~ly to app~ar in p•rsonnel in night- f lying 
a1 rcraft thm under mor'e norrn~l condit-ions. The fact that both 
pilot andco-pilot may r~port th~ sam~ impressions is not complete 

. proof of accuracy, since both individuals have experienced the . 
aame maneuvers ~nd accelerations and hav~ viewed the same li~hts 
and ·surroundings . und~r the same. optical conditions ( 1nclu11ng 

. tb~ -sa-:ne wi.ndsh1&d and canopy glas_s). . _ . . 

A more compl~t~ d1cussion of psychological factors is expected 
to _ be . provHed 111: a t'uture status report. Quite probably, some 
or the incidents or f!lst, highly man!'luvering "li~hts", reported 
by both air and ground observers, are the ae.sult of "vertigo" or 
optical illusions. 

Strictly speak in~, no engi~eering analysis or an incident 
should be initiat~d until the psychological analysis has been 
made and has shown that psycholoe 1cal factors cannot explain the 
observation. · 

Ag!llnc1e e, Outsj de A~. r Mate.r-1~1 Command, Supplying Information and 
Analysis 

Specialist serv1c~s, supplementary to those of Air Mat~riel 
Command teohnic~tl of"'ioea, are being provided by a number of agen

. ci~s. 

The Air Weather Serv1. C'! has reviewed the list of inc 1 dert s 
and has provided the info~ati on that twent;r-four of t:t:em coincide, 
both with rt"spect to location and time, with .th~ releasl!l cf 
we~ther balloons • 
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. lJ\'CLASSIFlEQ 

The · Ohio Stat~ Univ""rsity has contracted with Air Materiel 
Command to · supply astronomical s ~rv~es in an ef~ort to i .i~nti fy 
meteors, pl a;1etoids and associated ph~nornana. Professor Hyn~kp 
Ohio State Unive r s1 ty As tro-Pbysi c1 st end bl!'ad of · the Un1 vers1 ty 
Observatory has und~rtak~n to revi"!W th~ tncid~ n t sum'ri ~WY sr.e~ts. 
While this work has not yet bl'len corr:pl~ t ~d, Pro res qa- Hyn!"!k hn.s 
report~d ver'.Jo.lly that h~ is sat1s~'1ed that a nurr:t>er of the r~
port~d observations r~present astro-physical pheno~~na. 

Memb~rs of the Sc1~nt1f1c Advisory Board to the Chi~r of 
Starr, USAF, who have provi ded consultant services to Project "Sign", 
1nclud~ Dr. Irving Langmuir., Chief, !~n~ral ~l~otric Research 
~~d Dr. G. E. Valley of MIT. 

A preliminary type of interview has been h~ld b•twe~n- Dr. 
Langmui~ and personnel of Project "Sign~ during ~arly . st~e~s or 
the project. It is intended to consult f urther with Dr. Lan~1~ 
ln an et'fort to suppl~rnerit present technical ef"ort~ toward iden-
tifying the reported objects. · 

·. Dr~ .G. B. Valley has displayed an active inter~st ln Project 
"Sign", to the extent of _reviewin@: the r~port~d 1nc1d~nts and 
writing an overall typf'! of analysis in wrl ch he groups the v n!'ious 
objects and then . analyzes ~ech grou p frcm th~ standpoint o f scien
tific r~&s1bility. This analysis is prov11ed as Appendix (C) to 
this · r-!port. · · 

Inasmuch as various surm1s~s have been advan~ed t h at scm~ ot' 
th~ r~port~d observ~t1ons may hav~ represen t ed "s~ace sh ! ~s" or 
~~telllte v~hicles, a ·special study has b~~n initiated with 
the rtand Corporation, und~r the Rand Pro j I'!Ct, to provide an analysts 
from this standpoint and also to provide fundem~ntal inforrrB tion, 
pertaining to· th~ basic des1 gn end performari~e cha.racterist1cs . 
that mi¢1 t distinguish a . possible "spa c.-. sh l p." 

. A"S a preliminary undertaking, the Re.nd Project has subrdtt~d 
a study by Dr. Llpp in which th~ possibility is explored o~ any 
p1an~t in the known universe bl'! t n g in a physical and culturel . 
p6s1tion to allow the dev~l opment and use of the "space Rhip". 
This study has be~n prepared in the form of a report that 1 s pre
sented as App~ndix (D). 

The w,.,ath~ r Bureau Li b c ary of the D~p art 1:1 .,n t of Commerce has 
supplied inrorma ti on on "ball li ghtning". ·This was r~que a ted be
caMe or th~ b~lief by som"!l p~rsons tha t aol"le of the o ~J servations 
may have represented "ball li ghtning". It appears that the sub
ject ot' ttball lightning" occupies an undeter!llin('!d status an:i 
authorities are not at s.ll convinced that such a phrmomena actually 
exlsta. · · · 

The Federal Bureau of Investigation has assisted Project "Sign" 
in a number or instances, both by investigations of the character 
andre11ab111ty or witnesse!!l of incidents and b~ providing other 
investigative s~rvices. 

- 3 -iJNCLASSlr\ED S-11750 
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Considerations Aff~cting Analysis and Evaluation 

0 PERA TI ON AL 

Inasmuch as there is a distinct possibility that a numher 
of th~ r~ported incld~nts repr~sent do~~st1c projects or a s•cur
&tJ-ela~s1f1~d nature, th~ list of incidents has been ~ubmitted 
to higher echelons for review. 

Since weather balloons, blimps, ~irplanes of unusual size 
or configuration, and e:uided mis sil•s test veh j ole's may represent 
so~~ of the observations, action has be~n taken to o~tain informa
tion, concerning scheiul~s and flights of such craft from the 
appropr1at~ a~~ncies. 

In connection with the psychological studies being performed, 
extensiv~ investigations, concerning the character and r~liabil1ty 
or the reporting witnesses hav~ be~n madeo 

.TECHNICAL 

A certain proportion . or incidents app~ar to be real aircraft, 
·though of · unconventional conri~uration. In order to 1nve st 1gate 
:the cred1b1l1 ty of their existence the following factors must be 
considered in any technical analysis. 

Aircraft 

Method of S~pport {11ft) 

Win~ a 
Fuselage Lift (Win~less) 
Rotor 
Vertical Jet 
Magnus Effect (rotating cylinder, cone or sph~re, sub

jected to relative translational air velocity) 
Aerostat1~ (11Rhter-than-a1r craft) 

•~tbod of Propulsion (Thrust) 

Propeller-reciprocating eng~ne combination 
· Jet, rocket, r a.'tljet (ut111z!ng conventional fu~ls and 

oxidants or possibly atomic energy) 
.larodynamic (Katzmay~r Effect - osc1lllt1ng airfoils 

. ,. developing negative drag .(thrust) 

lt an atomic energy powereq en~in"' . were available, a small 
mass f'low at a larg~ velocity .eould accompl!ih the r ~"~quir~d 11ft 

,.. • ··~ and propuls t ve forces and the large energy expend! turf'! would 
be of s~all importance. 

However, the heat ~xchange· requi.:"em~nts for the atom! c
powered en~ine appear to demanq physical dimensions of inordlnat~ 
size that presently would ~~~d~ the us~ of this pow~rplant 
for aircraft. 

S-11750 
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In addition, manned aircr~ft would requi~e an excessive . 
percent weight · of shielding for hur:ian prot~ction, unl~ss configura
tions ot extremely large size were used. If unshielded craft 
were in operat,on, · exis~ng detectlo~ means would probably have 
indicated th~ir pres~nce. 

M~tallurgic~l limitations to date, limit the rate of con
verting the beat energy of the atomic sourc~ to useful propulsive 
work to such an ineffective ord~r of ma gnitude that such a power 
system is qui t_e unli k~ly frorr. th~ standpoint of si ze and w~i pht. 

Stability 

Aerodynamic (both static and dynamic throu~h the use of 
a,erodynamic surfaces and w ~i gh t distribution). 

Servo-mechanism (gyro or accelerometer - servomotor system) 

Control 

Movable surfaces in airflow· or jet 

Jet (flow control or swiveling types). 

Possible Spacesh ips 

World knowle dge, techniques, and r~souro•s ar~ considered 
to be presently' adequate f or the developiMnt of . spaceships. 

Dlst1ngu1sh1ng d~si gn and p ~rforn:an c e · pa r .ameters · are ex
pected to be sup ,e.~ lled as a sp eclal stud y by t he Rand Project. 

Probable Nat ural Phenomena 

Astrophysical ( meteors, comets, planetoids, etc.) 
Astrophysical analysis is expected to be performed by 
personnel of Ohio State University Research Foundation. 

Electromagn~tic (ball li~htning, St. Elmo's Fir~, Phos
phorescence, corona, etc.). 

Ordnance It~ms 

While " this an~lysis considers the r•ported obj~cts largely 
from the stan1pofnt of' ~1rc.raft with requirements for speed and 
substs.nt1 al durat lon of_ fli ~ht . and . ran~ e, 1 t is ent lrely possible 
that t~ conf1gurati on·s reported in small sl zes could serve as 
v~ry useful ordnance .,,_ terns to tli kl'" the pl ac~ of (or suppl err. ~nt) 
such ·short-range weapon·s of ground (infantry) warfa!"e as the trench 
mortar. band grenade, etc. The small saucer-lik~, spinning, 
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disks, .rt'!portedly under devt'!lopment by the USSR with the aid of 
German Scientists, hl ving e.xplo~ive edg~s and launched by a: ·com
pressed air catapult, (p.t- rhap s in the l'TI..ann• r of clay pireons pro
jected -by a trap mechanism) could possibly be ordnanc~ articles. 
Also, such devices could be1 ysed by aircraft in attacking enemy 

, airplsne formations. In such oases, only a modest spe~d, short 
ran~e,and limited flight duration would b~ required, hftnce the . 
aerodynamic t'tffioienoy of th"' design would not be of v~ry much 
importance. 

Insufficient Information for Even 'Possibl~ or Hypothe~1cal 
Type Determination'. 

Discredited Reports 

l!!rroneous ( Soe 0 is cuss 1on, Psy~holoz.1 cal Errors) 

Palae 

Technical Analysis· or Vqrious Confip;urations 

The extreme lack of data . for t'lach of the incidents that have 
been reported makes it pres~ntly i~posaible · to accurat~ly identif7 
any of the reported craft with respect to dt'!si gn and p~ rformance. 
Technical analysis must be made ·by considering possibiliti~s and 
probabili ti t~~s, · wh i~h ar~ expect ~d to b~ proved or ji sproved only 
when complete· data or physical specimens of aircraft (crash) are 
available. Jlln~dentified a~rial objects appear to be grouped as 
follows: 

(1) 
(2) 

(.3) 

(4) 

Flyin~ · ~isk~ (saucers) 
Torpedo or Cigar Shaped· 3odies (no wings or fin·s visible 
in flight} . _ ~~,~ 
Sph~r1oal or Balloon-Shape Obj ~cts· ( ca.pA.ble of he•w:l'$ng_ 
d~~cend1ng, a~c~nding or tr~velling at high sp~ed). ~ 
Balls of light (no apparent physical form attach~d)o 
Capable of maneuv"'rinp:, cl1rr.b1ne,and travelling at high 
speed. 

The first three groups of objects are capable of flight 
through th~ at rnosph.,re by rn"o.ns of a~rodynami c and propuls ton de .- _ 
signa (to produce the r~quired lift and thrust) that are r~ad1ly 
conc~ivable by aeroanutical d~s1gne~s. The stabiliztn~ and con
trol features that would be_ requi r•d, while rr.or(l' obscure, could 
conceivably be provided. The question arises, however, as to 
whether th~se configurations would dev~lop much speed and allow 
• sufficient durati on of flight and adequate range to be of. prac
t1oal use as aircraft. 

Flytng Disks 
. . I / 

The disk or circular plan~orm has riot b.,~n used in represen
tative . aircraft, either military o~ civilian, for the reason that · 
the induced drag, as det"rmined by ~he Prandtl theory of rt·ft, would 

. 
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apparently be exce~~1vt"Jly ·hfp:h, sine~ the asp.,c·t r ·atio or a cir
cul-ar planform is only 1.27. Exten!ion of th.-. Prandtl theory, 
has also shown that the maximum possib).t"J 11ft co~ffi ctent to he · 
expl'!cted from such· low s.spect ratio plan forms should al!o '"Je · 
poor. · In addition, the relative:y large mean aerodynamic chord 
would pres~nt difficult design problems, to ach1evt"J static longi- . 
tudinal stability _for airroil sections having a signific~t c~nter
of-pressure travel, or for air foil sect! ons of so-called "stable" 
type, when f'lqu!. pped with ailerons at the trailing edg~ • . 

In the very low aspect ratio ranP' ~, the Prandtl theory is 
probably very inaccurate. ~ind-tunn~l tests of very low aspect 
ratio airfoils indicate much les! induced drag incrt"Jase than ~x
pect~d from theory and .also demonstrate very high maximum lift 
coefficient accompan1~d by extremely hi ~h stalling angles. How
ever; •in ~eneral the induced drag of ••ry low aspect ratio wings 
is much larger .than the induced drag of convt"Jntional aircraft 
wings, a condttion which would adverst"Jly affect all performance 
Taluee iiJ flight conditions which require medium and hiptl lift 
ooeffici~mts . · Thus, performance in climb, at altitude, and for 
long•range conditions would be relatively poor, although high 
sp~ed .would be little atfected. 

. Notwithstanding the predicted aerodynamic disadvantages of 
circular plan fore wings, · qlli te a numbe·r of experim!"lrt I'll ef f orts 
have been made to use this configurat i on - and not all of them 
by persons ignoran t or aerodynamic fundan:.".ntals. · ~xperim~ntal 
•1nd·tunnel work at the · NACA (1933) showed both maximum lift co
efficients and stall chsracteristios much more favorable than 
could be anticipated. 

· The problem of statio longitudinal stability could possibly, 
be solved by th~ use of a stable airfoil section of the reflexed 
trs.iling edge type w:ith wing tip ail~ rons (perhaps floating) a~ro
dynam1oally independent of the wing • 

. At supersonic speeds, where the induced drag is smnil, . 
the circular planform offers the probability of reduce:i drag, 
characteristic of low aspect ratio airfoils in the sup~rsonic 
ran~e. Also the circular planform presents a swept-back leading 
edge (of vAriable sweep ~long the span}, Which should result in 
a reduced effective Mach Num~~r, with attendant reduced drag for 
a oertatn ~supersonic speed range. · 

Bo definite information has been received on the method of 
propulsion us~d on flying disks which hive been sight·'!d. However, 
because of distance factors involved in the sip;htings it is quite 
possible that either propellers or jet propulsion could have been 
employed without being noted by the obs~rv~r • 

. Flying F·uselages (T<rpedo or Clear-Shaped Body) 

While the oiga~or torpedo-shaped body r~p~esents an-efficient 
form for the fuselage of an airplane or the body of a guided missile, 
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1n neither case h'as it been used as a pr-:1mary lift-producin3 · ~ur
tace. However, an extension of the Prandtl theory of lift 1fl.d1-
oa tes tha ~ a fuselage of the d 1mens1 ons reported by the Eas t~rn 
Airlines pilots . Nhtted and Ch1l~s in the Montgom~ry, Alabama~ 1n
~1dent could support a load comparable to the weieh~ of an aircraft 
of this . size at flying sp~eds in the subsonic range. The Prandtl 
th~ory probably giv~s very conservative . valu~s of maximum lift · 
for bodies or this shape. G~rman experience indicat~s that the · · 
_maximum lift -may be twice as hi gh as that given by the theory • . 

Althou~p th~ craft sighted by Whited and Chj}es was r~ported 
to b~ without wings and fins, i t is possible that it could have 
been equipped with ex tens! ble win3 s for take-off anti landing, 
eontain~d within the fus~la~~ in ~ruising fli ght. 

This type of aircraft could also be .partially supported in 
the t!lk~-off and landing cond 'l tion by the vertical componen~ of I 

th~ jet thrust, if the 1and1ng and take-o~f ·took place witn ' the 
rusel a g., a.xis, or the jet stream direct i cn in a vertical or nearly 
vertical !lltitude. The furth'.}r possibility that ari extensible 
rotor, · aon~ealed within the fusela g~, could h~v~ been used, wo~ld . 
provide anoth.,r moa.thod for land ing and tske-of'f that would allOt.' 
wingless flight at V'!ry hi gh speed. Such a d~si ·a.n couid r~sul t 
in ·a relat 1v.,ly larg~ duration of fli ght and corresponding · r an ge. 

While .no stabilizing fins were apparent ·on the "flyin~ fUse
lage" reported by '.'lhited and -Chiles, it is possible that v,anes . 
within the j~t, operated by a gyro-servo system coul.i have pro
vided static sta ~)ility, longitudinally, directi onally and l;!lterally. 
Th~ same vanes could also have been used for accompllshing ·stat ie 
balanc.e or trim, as well as· control for man~uver1n,:· . 

The above discussion regarding w~i ~ht, controll~b111ty, sta
bility, ~tc. is not intended to ~~pres~nt deductions r~garding the 
~~txact natur~ of the torpedo or cigar-shaped aircraft which wer-e 
sighted by the airlin~ pilots, Whited and Chil~s, and oth~rs. They 
are merely stat~ments of possl~tliti~s, ~hich are intended to sho~ 
th!lt such an a1roraft could support and control itself by e.~rodynamie 
means. 

The propulsive system of th1 s. type or v~hic 1• would app~a-r to 
b8 a jet or rock~t engine. The sp~ci fic fu~l consumption of ~hgines 
to this type would be rather hi gh. This, coupled with th~ fa~t . 

· that aerodynamic 11ft on su~h a body would be accompani~d by ~ 
high drag, places !l s~rious limitation on t h e ran~e of this air
erart ror any particular gross weight. If this type of unident 1-
fied aerial obj~ct has extremely long ra~3 ~, it is probable tb~t 
the m~thod of propulsion is one which is far in advan ce of presently 
known eng 1 ne s • 

Round Objects (Spher1~al• and Ba 'I loon-Shap~d ObJ~ots) 

Spherica~ or balloon.shaped objects, are not usually considered 
as efficient aircraft. Not only would th~ drag or such bod i es be 
high, but the energy expenditure that would b~ required to develop 
11ft by. aerodynamic means would be exc~ss1ve. The only conceivable 
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means of producing 11ft for such a body, oth~r than by a•rostatio 
("simple buoys.ncy) m~ans, would b,. by rotation of th.., sph~r~ with 
translational motion r~lativ.., to th.., air; or by ·Hscharginp: a 
stream of air vertic11lly doW!'l\YSrd. A~rodynam:1 c f1.1gbt could be 
accomplished with a rotatinP" spher"~, provjded th~ d~tailed design 
problems, including stability and control w~re work~d out. The 
methods, using a blow..,r sy~t~m or jets, would requjre . ~elativ~ly 

· gr~ater amounts of energy and while they could be used for fli~hts 
or very short ra~~e and duration, would not ordinarily b.., con
sidered as practical ~y a~ronautical d~si ~n~rs. 

The obvious explanation for most of th.., sph,.r1~~1 ~baped 
objects is that they ar• meteorolo~ical or si~ilar type ~alloons. 
This, howev~r, does not explain reports that they travel at high 
speed or maneuver rapidly. It is possi~le that the movem~nt of 
the objects was some kind of an optical lllualon, or that movement 
for a brief period due to a gas leak in the balloon was exaegerated 
by observers. 

Balls or Light 

Ho reasonabl"! hypoth..,sfs of the true natur~ of balls of li~ht, 
such . as th•t report,.d by Lt. Ger~an a~ Fargo, N. Dakota, has been 
developed tha.t explains the behavior r~port"!d· . ·rhe most reason
able explanation is that the lights were suspended from balloons, . 
or other means of' support, not visibl~ at night, and · th"! violent 
maneuvers reported are due to illusion. 

Po !lsi b1li t~ of' Sci "'nti f-1 c D~v~lopments in Adva.m e of Knowledg~ 
In this ountry. 

Consideration has · been ~iven to the posgibil!ty th~t th~se 
un1dent1 fled a1 rcra.ft represent sci!"nti flo dev~lopments bl'!yond 
the level of knowledge attained in this country.. Sine~ this is 
probahly the most advanced of th~ industrial n~tions on the earth, 
and . our inter!'!st in s cienti f1 c d"'velopm..,nt s throughout the world 
is very active, it wbuld be neces~ary for any other country to 
conduct research and development work in ext~eme secrecy for any 
such project to have reached such an advanced state or d~v~loprnent 
without a hint of its existence becoming known h~r""o The only 
nation on earth with extensive technical r~sources which has such 
rigid security, is the U.S.S.R. An objective evaluation of the 
ability of the Sov1~t8 to produce technical developme~s so far 
1n advance of the rest of the world results in the ~onclusion 
that the possibility is extrer.ely r"'mot•. Most of the successful 
Soviet . aeronautical dev~lopm"'n ts hs.v~ b~"'n ·~duc~d by utilizing 
experience of other nations, some of them being very close copies, 
so it is v~ry unlikely that they have dev..,loped the propulsion and 
eontroldev1ces necessary to mak~ these object~ perform as d~scrib"'d 

Another possibility is that thes~ ~erial objects ore visitors 
from another planet. Little is known of the probabilities of life 
on other pla.n..,ts, so there is no jasis on which to judge the poss1-
b111ty th~t e1v111zat1ons far in advam e of ours exist outside th~ 
earth. The commentary on this possibility by Dr. James L1pp of 
the Rand Project in App~ndix D , indicates that this solution of 
the mystery conn~cted wi~h the si~hting of untd~ntified flying 
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cibje cts is extr~mel y improbable. · P~nding elimination of all 

' other solutions or de,f1nit~ proor of the. nature of these obj~cts', 
this possibility will not · b~ fu~ther explored. · · · 1 
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APPENDIX "A" 

Distribution of Incident Sumrearies: 

Air Material Com.mand 

Aero Medical Laboratory (MCREXD) 
Weath~ Lia i~on ( MCLA(t'S) 
Research and Development (~CREOS) 
Electronic Plans (MC REEP) · · 
Technical Intell1 ~;~nce, Technical Sections 

.(MCI) 

Other Agencies 

. · 

/ 

.. 
Dtrectorate of Intelli gence, Hq.; USAF (AFOIR ) 
Office of Naval Intelli~ence (ON!) · 
Cambridge Fl-311 Sta..tion·, Cambridge, Mass~ 
Air ._.leather s~rvi~es, Andrews AFB, ;Ya.shing• 

ton, D. Co · · 
Ohio State Univ~rsity, Dr. Hynek 
Rand lnc., Rand Pro j .,ct (USAF) 
Scientific Advisory Bo9.rd (USAF) Dr. Valley 

.. 
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APPSNDIX: "C" .. 
~ .. .too_ 

~6m~ . Cons1deratio~s Aff~ctine the Int~rpr~tat!cn of Reports of 

Unidentified Flylnp Objects 

By 

G. E. Valley, ~ember S~l~ntific A1vlsory Board, 
Offlc~e or the Chl~f of Staff, Un1 ted States Air Porce 

The writer has studied s~ary aostracts and comments 
p~rtainin.g to un11entlfied flyir;z objects, .-1hich werEt forwarded 
by Air For~f'! Int~ll i .~ence. These remarks are di vide<i into 
three main parts: the ~irst part is a 3r.ort ' sum~ary of the· 
reports; the SPcond part ccnsists of a ~ene~al survey of 
various possib1Uttes o&' acoo 1 mt!.n~ for tre reports; the third 
part oonta!ns C"rtRin .r'3com:nend .'ltic ,.: s f'or futt;r!3 acticr. 

PART I -- SRORT SUi~MARY O'P OBSERVATIONS 

The reports car. ':>e ::!roupPd _as rollows: 

Group! --- The ~o~t numerc~s reports indlc~te the dayt1~e 
observst'on or metAllic disk-like objects, ra1~hly ln d1a~eter 
ten times their thickness. Ther~ is so~c su~~estton that the 
cross se<Jtion is ass~etri~a.l and ratr er 11ke a turtlP shell. 
Reoorta agre~ that th~se objPcts are cBpable of ~1~h acceler
atic~ and v~loe~ty: trey o~ten are s1f,hte1 in ~roups, sometimes 
in formation. Scm~times th~y f"lutt~r. 

I. 

' Group g -- The second s;::roup cor.:s1sts of reports of . lt~ts 
obs~rved at nlr:ht. ThAse 'lr"l 9.lso caoR~le of hi~h speed 11nd ·. 
accelP.r~tion. TI1ey ar~ less commonly seen in ~rocps. They 
usually appear to be sharply defined luminous objects. 

· Grouo 3 -- The third ~roup conststs or rPp~rts o~ various 
kinds or rock~ts, in general appeartn~ som~what , l1ke V-2 
rockets . . 

Grou!:> 4 -- The fourth group contains reports of · var1ous 
devices which, tn the writer's opinior., are sound1~ balloons 
of unusual shape such 9.S are rmde })y the Gen~ral !-,'ills Co~pany 
to Navy contract. · 

Group §_ -- The f! fth r-roup ir1cludes reports of objects 
in which little creden~e can b~ placed. 
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-~n~ral Rerna rk s . 

In g!:'nP.raJ, 1 t 1 s noted that few, 1 f any, r-~por-ts 
1ndicat~ th~t the observAd objg~ts -~nk~ any noise 6r · radio 
interf~rence. Nor ara t~~re ~any !nd!cat10ns or any m~tnrial 
arrects or physical darr.Age attributable to the ·observed of'
jeets. 

Surnr.tary -- PART I 

This report w11J consid~r ma1r.1y the reports or Groups 
1 ~nd 2. 

PART II -- ON POSSIBLE !!:XPLANATIONS OF THE REPORTS 

Section A -- '.Vhqt can be dedu c9d core erning thf' nature of 
an unknown aerial object .froit: a sim.;le _:Sightill£.? 

. Here, .there are two problems: first, ~o~ m~ch can b~ 
d~duced cor~~rning the nature o: thP obj~cts from geo~etrical 
calculH.ttons alone; SP.cond, how much !"!ore can bA dednc~d if, 
1ri addit1on, it is a3surnAd that t~0 : objects obey the laws of 
nature as we know them. . . 

Concernin~ the first problq~, tt can be stated t~qt orily 
ratios of len~ths, and rates of chanFe of such ratios, can be 
accurate1y deter:n:r.ed. -Thus, tre ran~e and size of' such ob
jects· can~ot ~e deternined; and -it - is noticeablq that reports 
of size of the observed objA~ts are widely at v~r,nnc~. How- . 
ev8r, anglPs r sul!h as t.hP- angle subte nded by the o~ j e:t, can 
be observed. Likewise there is fair agree~ent a~ong several 
observer-s th11t the diaMP.ter of' the obje:ts of Group 1 is about 
ten times their thickness. Althou~h v~locity cannot b~ 4eter
m1ned, angular vqlo-Jity ca·n be, and in pR.rt1cular the flutter 
frequency could, in principle, be determine-d •. 

All that can be concluded ~bout the r'ln -~e and size of the 
objects, from gPometrtcal cons1der~t1c~s qlo~e, is: 1) from 
the fact · that estit!!atf'd sizP-s vary so widely, the objects were 
actually either of diff~rent sizes, or more likP-Jy, that they 
were far enough rrom the observers so that binocular vision 
pro1uced no stereoscopic effect; this only ~eans that they 
were farther o~f than a~out thirty feat; 2) since objects were 
seen to- dis9pp~ar behind trees, buildin~s, clouds, etc., they 
are 1 arge enough to !>e visible at the ran !~es of those recog
n1zabl~ objects. 

Now, it is obviously of' prime Importance to ~stimate the 
size and mass of the obs~rv~d objects. Thjs may bo possible 
to ~ome ~Xt8nt if it is · permissible to assume that they obey 
tt.e · lg,w~ or physics. Since t'bP object~ ~ave not be~n, observed 
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, to p~o~~ce any physical ~ff~ct~, ot~Ar th~n the o~e esse in 
which a clo,.rd was ,.va.porst~d - 9.long the traje'!tory. it is not 
certa!n that t~~ ls~s of mochac!~~~ fo~ irntance; would be · 
sufficient·. 

· But suppos~ that ml3cbanfnql laws alone are suff'lcient • 
then the follow1np; exampl~ is suff1c1ent proof thn.t at l~ast 
a length could, in principle, be determined: suppose a simple 
penduiu.-or. were obs,.r·rad susp~nded · in the sky; tl:en aft.er ob
serving its rrequenoy or ~s~tllatlon, w~ could deduce fro~ 
th~ laws or· mecha.nl cs ft s prec 1 se lengtp. 

This SU:"Y,gests thA.t somethin~ couid be deduced from the 
observed -fluttering ~otlon o~ so~e of the objects of Group 1. 
Assti.rne that we know the _a.n t!ular frenuency 13nrl an '=ular ampli
tude or t.hls !'lutt~riD!-; rcotion (they can be :nessured in prin
'ciple from a tnotion ricture). Then for purposes or calculation 

. a.ssum~ the object to be thirty feet in diameter, to be as rigid 
_as a normal ~ircraft wing o~ 30-foot span, to be constructed of 
material of the optir::.u!'li weie;ht-strength ratio an;i to be a 
structure of ;::o9t efficient" design. It is now possible to cal-· 

. culat·e how heavy t~.e object iust be mere1y to remain rifid 
under the observed ar ~ ular not! on·. .Let the ca.lcula t1on be made 
for a plurality 6f assumed sizes 1, 2, 4. · B, 16, 32, 64 ----~. 
up . to say 2~0 fe~t, and l"'t calculated rr..ass be plotted · versus 
aSSU!n~:>d Size. TbA non-linear Character Of the . curVe . sh6uld 
indicate an approximate upper limlt to the size .of the object. 

If, in addition, it is assum~d that the flutt~r !e du.e to 
· aerodynam1 c forces, it 1 s possible that :oore precise informa-
tion could ~e obta1~ed. · 

Tht' required an~ular -:lata cl'ln probably be extra:ted from · · 
~itnesses most reliably by th~ use of a de~o~stratio~ model 
whi~h can be ~ade to oscillate or flutter in a known way. 

.. . '•.: 

Sw:r.uu .. y -- PART II,· Sec·t 1 on A 

Jeometricsl c&lculat1o~s alone carnot yield the siz~ or 
objects o'.:>s~rved from a sin .~le station; such c~servatio!1 to
~ethar wtth thP- ass·.unptlon thqt the objects are essentially 
aircraft, ~an be ~sed to set reascnable 11~its of siz~. 

Sect ton B -~ The possi ~n 1 ty · of support;lng and propel- :~· 
lin~ a solid object by unusual means. 

J" 

.-' . 
SiiH~~ some obse!'vers have obv1ou.sly colored their reports 

w1 th talk . o~ rays, 5 ets. beams, ·space-ships, and the like, it 
is well to examine what posst1;>111t1es · exist nlon....; these lines. 
This is also important in view of th~ conclusions of PART II, 
Section !• or this report·. 

~ 
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Prop~lsicn and support by means of "~ays" 
... .. 

By "rays'" or "oea:r..s" are m!" e nt e1th "' r pureJy e-lectro
magnetic radtat1on or AlSA· rad1at~on wr:~n is largely 

· co~puscular like catbo1e-ray5 or cosmic-rays or cyclotron
baerns. 

Now, it is obvi cus that any device pro~ ~~led or supp6rte1 
by such means is runda·!:rm t Ally a r"'l a ctlon device. It is fund
e~er.tal 1~ tre che o~y c~ such devlcog ~ r o t o given amount of 
energy 1s' .most cff1"!1ently spent i f. the mo nentum thrown back 
or down is lArt::e. This mea ns that a large mass should be given 
a small acc e leration -- a. trP-orem well understood '!:Jy h'!'!li:opter 

designer~. . _;;. ;:y;:;~· -<: 
The qeaw..s or rays mer,tl.oned do the contrary, a small Mass , : 

1s given Q very high velocl t y 1 consequently enormOUS p0W~ra J . - ' . 

greater thari t ·he total · .vorld's powel;' ·capacity, would be n e eded · 
.to !I!Uppor~ even· the smallest object 'by such me~>ns. · /, 

. . 

~~II -- Direct use of Earth's Magnetic Pieid 

One obs~rver (incid e-n t 68) not teed a. v i olent >not1on of S: 
·.;~·i 

hand-held cor:pass. If w~ . assume 1'ro>J t~1is th!lt the cojects 
prod1.!c~:l a · magnetic field, co;:1pl'>.ra'.::lle with tte Earth's !'i e ld; 
namely, . O.lgauss, a r d t t at U· e o':>serv.:-r fo~uid th!! t tb.e o'Jje'1t··.-
suoter.d~=-d &n a.n b': lA q at l -is positior~. th~m the ampere-turns of .,._ 
t~e reout~aa ~lectro~B ~n~t is given by: _ 

'. nl =· 3g;·- wh ere R ! s .the range of tho object. ,, 
~ '· - . -· ~ . 

. For 1nsto.:.o..;,. tr R is Cl e kilorr:etl"r and tre ol),1~ct is 10 meters- ~;-
in d1arnetsr, then nt f J billion a~per~-turns. 

Kow, · i~ the object were a~tuallt 0~lN 10 meters aw~y and 
were correspocd t h~ ly smaller; ~a~aly, 10 om in d1amet ~r, it · 

· would still reoui re 10 :~d lli en a.rr: pere-turns. 

Th~se fi ~"'Ures ar e a 1:1 ttle 1n exc~ss of what ~Rn be col"
ve!"li ently done c)n tt1e P'round. They make 1 t seem unlikely that 

· tr•e e~'fect WRs actually obser~n~d. 

Now~ the ,Earth's ma ':'(n~tic ~ie11 woul:i react on such a 
. !'!".1\!:POAt to producE'! not only a tocque ~ut also a force. Th~s · 
!ore~ depends not d1r~ctly on thA Earth's rield 1ntens!ty but 
or. its Irregule1~1ty or gradient. Th1s .f'orce is obviously 
n:.1 nute since the -:lhan ~e 1 r, f 1 e ld over a d:i 11 tance of 1~ meters 
(assure~d diP-~~tec of th9 object) ts soarc~ly •~asureable, 
moreover thA ~radiant is not predlctah le but chan~es due to 
locsl ore depos 1 ts. Thus, ev~~ 1f th~ effect were lar~e . ~ 

t'noup:h to use, it woull still bA unreliable and unpredictable. 
,. 
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M~thod III -- Supoort c~ lin ~:Actr1cal1y chsrged obj~ct ~y 
ca.usin~ t t to rnove trnnsversP to t~e Earth's m~gnetlc field , . 

A positively 0r ~r~ed boiy moving. frc'i west to As.st, or a 
neRativ~ly char~ed body mavin~ from East to Nest w1ll experience 
an upward fore~ due. to tr.~ e Earth's rr· a~net1 c t'ield. 

· A sphere 10 m~tP-rs dia:-ot~r moving at a speed ~f.one k1lo-
met~r/second would experience an upward force of o~e pound at 
the oquator 1f crart!ed to a potenti9.1 of' 5 x 10 ... 2 volts. This 1s 

. o~vlcus1y ridiculous. 

Section~-- The anti ~rav i ty shield 

It has been proposed, ~y various writers, perhaps first by 
H. G. i"ie l1s., tr.at. 1t might be possjble to construct a rr.eans of 
sf 1eld.1 n::; · a rr.as s1 ve body from the influence of :; ravit y. Such an 
object wou11 then float. · Recer,tly, tr ere appeared in the press 
a notice that a prominent economist has offered to support re
search ·on such an enterprise. 

. O~viously, conserv~?.ti on of er.er~y d9rr.an.js ttat considerable 
· ener~y be ~tven the su~ported object in order to place it on the 
shield. Rowev~r, this amount of . e ner~y is in no way prohibitive, 
and rurtheroore .it cen be ~ott en back when the _. ·cbjec t lands. 

Aside ~ro~ the fact that · we have no SU?.~ est~ons as to bow 
such a device !s to be . ~aie, the various treor1es of general 

· relativity all agree in ·as sum:lng that gravi ta tior.al force · and 
force du~ to acceleration are ir,djstingu!.shable, and from this 
assu.'"nption th'9 theories predict certa ·· n effects which are in fact 
observed. The assumption, therefore, 1s probably correct, and a 
corollary or it is essentially trat only by means of an acceler
ation oan ~ra v~ t y be counteracted. 1'h1s, we clJ.n success fully do 
ror instance ~y making an artificial satellite, but this pre
sumably is not what has been observed. 

Sum~art -- PART II, Section B 
-

Several unorttodox means of supporting or propelling a 
solid object tave been considered, all ~re impracticable. This 
finding lends credence to the tentative pr.oposea assumption of 
Part II. that the 6bjects are supported and propellea by some 
r.~rmal means, or else that they a~e not solids. No discussion 

- of the type or Part II, SectionS, can, in principle, of course, 
:be con:p1ete. 

Seotlon ~ -- Possibl~-~~~ . for the reports. 

Classification I -- Natural te~res~r~~~hen~~~ 

1. 'fhe observations may be iue to so~e effect such as 
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ball ·llshtninp;. The wr1 ter ha3 r:o suP;:;Asticns on th!s essen
't!ally ~eteorolog1cal su~ject. 

2. Tbe objects may be some kind of animal. 

'Even tn the celebrated case of incident 172 where 
the light was chased by a P51 for ~alf an t.our and which was 
reported by the pilot to be intelligently dire-cted, we can 
make this remark. For cor:s1der1ng that an int'O'll1~Pnco 
capable of makine so re~arkable 1ev1ce would not be ltkely 
to play around in so idle a man~er as dAscribAd by th~ pilot. 

In this co~n~ction, it would be w~ll to exa:nine if 
some of the lights observ~d at n1 fh t were not fire-flies. 

3. · The observed objects n:.ay be hallucinatory or psy
cbological in origin. It 1s of prime importar.cP. to study this · 
possibility bocause we can learn from it somethin,~ of the · 
character of the populat!.on: · its response '"Under qttack; and 
al~o something about the reliability of visual obse~vatlon. 

One would li~A to assu~~ that thA p~sitio~s hel~ 
by many of the rP-pcrt~d obs ':lrvers ~ua rant . .qe thet r observa t 1 ens. 
Unfortunately, trer~ were ~any reports o~ curious phenomena by 
pilots durin .~ tre war -- thP. inc1de;-:t of' tr~ f'lre-ball fi ~~hters 
comes to mind. Purth~r, rr.srlners have been rcpo:- tl rg sea
serpents for hundred~ of y13ars yet no ore hg,s y':!t pro1uced a 
photograph. 

. . 
It would be interesting to tabulate thP r~sponses 

to see how reltable WF>re tr~ reports on the Jnpar:"'se :,alloons 
juring the W"lr. There w~ had a phenom~non prov~n to be real • . 

It is interesting trat the reports swiftly roach a 
max~mum rre,uer.cy durl n r: the ~=md of June. 1947 an~..! tron slowly 
taper off. We can assu~e that th1 s is actu&1 1y an 1 rJdicat!cn 
of ~ ow ~any obj~cts wPrP. a~tuglly about, or, nujte iifferently, 
we· can take tt~s fre~uPncy curve as Indicating something about 
mass psycnolol':y. - · · 

This point can b(> tP.sted. Sup ;--· OSP tte population 
· is momentarily excited; how do9s the frequer~y of r~pcrts 

va.·ry with tt:ne? A .st udy of crank lett~rs rAceived . after the 
recent publicity ~ iven to the satellite ~ro~ram should give 
the required frequency dlstrlbut1cn. 

It is probably necessary but certa'!nly not suffi
cient that the unidentified-object curve anJ the crank-letter 
curve s}.ould be similar in order ror the ~lying . disks to be 
classed as hallucinations • 

I 
I 

·. 
I 
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A large-s-cale exoor1:i:ent 
O~scn Well~s' " "M;rt1~n" broado~st. 

· per~1st ~~ n~w~pap6r f!les. 

was ~ade at the time of 
.So:r~e records or ttis must 

Classification II-- Man -rnaJe terre~t~ial pheno~en~ 

1. 'l'he o~jects :n:::y be Ruesian ,.ircrg_ft. If this were 
so, then the cons 1dera tl CiS of SAct 1. ens A and S indicate that 
we would have plenty to worry about. It is_ the author's opin
ion that only An accidental d1scov~ry cf a defree of novelty 
never before achiev~j could suffice to explain such devices. 
It is :tou~tful wh!\tl:"'-r a -potential enemy ·wo:.;ld arouse ot:r 
curiosity in so idle a fashion. · 

Classification III -- F.xtra terrestr1~1 objects 

1. ~eteors: It is noteworthy that thA British physicist 
lovell wrltin~ in ''Physics 'roda.y" ment:i o :1s the raiar discovery 
of a new daytime meteorite streamwhich rAached its m9.ximum 
durin;; June . 1947. The reported o"::>jects lose little or their 
interest, bowev0r, if they arP of meteoritic origin. 

2·. Animals: .· A]thou ,:h the Qbjects as descrlb~d. act · more 
like animals · than anything else, . there are few reliable reports 
on extra-terrestrial animals. 

3~ · Space Ships~ The follo·Nin "~ considerat lens_ pertain: 

a. · If ~ there is an extra terr~strial civllizatiori 
which can make such objects as :3re re,?crted _tLen it 1 s most 
probable that 1 ts development is far in advance of ours. 'fbi s 

· argument ea.n be su~>port~d on probability arguments alor:e w1 thout 
recourse to astronomical hypotheses. 

b. Such a civilization might observ~ that or: Earth 
w_e now have . at~mic bo-nbs · and are fast devAlop1n~ rockets. In 
view or the past history ofmankind, they shoull be alarmed • 
. .,le should, tr, ~r~fore, exp~ct at this time a'::>ove all to behold 
such v1 s1 tations. · 

. Since the acts of' mankind. rr.ost easily o~served frcm 'a 
d1st~tnoe are A~bomb explosions we should expect some relation 
to Qbtain between the ti~e of A-~o~b explosions, th~ time at 
which the space ships are s~en, and the ti1:1e required for . such 
ship• to arrive f~om and retu rn to home-base. 

PART III -- RECOMPlENDATIONS 

l. The file should be continued • 

. 2. A rneteorolo ~oji st should compute the approximate ener~~y 

' . . .... - i . 
- l-
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required to eva :JoT's te as ~'.let, c lou1 as shown· T n the incident 26 
photof!rapbs. To :~ether with an a.erodyr!ami cls.t be should e::amlne 

.· whether a _meteorite· of unusuai shape could. :r.ove as observed. 

· 3 • . · The calculations sugge~ted in Part II,. Section A~ 
should be estimated by an aerodyna.~1clst with such chan~es as 
his more deta!led knowledge ~ay sugge~t. 

· 4. The mass-psycholory studies outlined in Part II, 
Se~tion C, . Cla~s1f1cat1on I 3 should be carried out by a com

. P~tent staff or stat1st1c1e.ns ·and mass-psychologists. 

5. Interviewing agents should carry objects or moving 
pi c·tures for cc.nparis on with reporter's !i"lemorie s. These 
devices should. be propP.rly designed by a psychologist exper
ienced in problems pflrtain1ng to aircraft md des·tgn. o!' air-

: craft-control eauipmerit so that re shali m ve some grasp · or · 
what 1 t 1 s that ·1 s to be found out. If the Air Force has 

. r~ason to be ~er1ously intereated in these reports, it should 
talce 1mmed1 ate ·steps to interrogate the- reporters more . pre-
cisely. · 

. . 
6. A person skill!Hl in the optic.s of the eye and of 

tte at~osphere s~culJ . investl ~ate ~he particular point that 
_several reports a~ree in describing .the objects as being about 
ten ti~es as wtde as they arP thick; the point being to se~ if 
tl1ere is a plurality of actual s·hapes ·.Vhich a?pear so, under 
conditions approac!:.iru!. limiting rescl u tic·n or de tee table con-
trast. · 

. ; 
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APPF:iDI.X "D" 

13 Decembe.r 1948 

Br1~d1er General Putt 
United States Air- Force 
Director of Research and 
Office, De:rtuty Chief of 
Washington _25, P. C~ 

Dear General Putt: 

Devealopment 
Staff, Materiel 

AL-1009 

Please ref ~ r to your lettPr ~f 18 Nov~m~?r 1948 relative t6 the 
. "fly.!n~ obj~ct" problem and to r.!r . Collbohm's reply dated 24 
November 1948. In paragraph (b) of tb~ reply, ft:r. Collbohrn 
promised (among othe r . thLr..gs) to serd a di.scussicr: of the 
"spe-ci n. l des1-3n an:i p ~ rrorroance characteristics tha t are believed 

· to distinguish spa ce ships." 

This present lett ~ r ~lves, in very gen~r&l t er-ms, a description 
o~ the 11kP.l1hood o~ a v~slt . from. otr·er wo:-lds as an engineering 
probl6m and sorn~ - po1nts re~ard ! nf t~e use o ~ spa~e vehicles as 
compared with descriptions o!' tl:~ nyirig objects. }~: r. Collbohm 
will deliver copies to Color.~l McCoy _at Wright-Patt 9rson Air 
Base durin ?: the RAND briefing there wi tr.in the next few days. 

A goOd beginnine is to discuss se-ne possfble places or origin · 
or vis 1 t1ng space ships. Astronomers ar6 largely in agreement 

· that only one memb"r of the Sola r system (besides t<:arth) can 
support hi~hRr forms or life. It 1s the planet Mars. Even 
Mars appears ot;.i te desolate and 1nhoap1 table so that a race 
would b~ more occupiP.d with survival than we are on Earth. 
Rer~rence 1 gives ajequate doscrlptioDs or co~ditions on the · 
var!ous planets and satellites. A quotati on from Ref. 1 
(p. 229) can well be included here. 

.' .i "Whether int elli eent beings exist to appreciate these 
splendors or thA Martian lar.d scape is pure speculAtion. 
If we have correctly r~constructed the history of if..ars, 
there is little reason to believe that thft life processe~ 
may not have followej a ccurse similar to terrestrial 
evolution. With this assumption, three general possi
bilities emerge. Intelligent beings may have protected 
themselv~s against the excessively slow loss of atmos
phere, oxygen and water, by Qonatruoting homes and 
cities* with the physical conditions sc1ent1ficnlly con-

I 
.~ \ 

~"Not t e e le.r'-te orhtt ev :n!£rct be v1 slble. Perhaps under~round..t . wnere ~he a~mosp. er1~ P•·ossure .wou a o~ ereater and wn~re tn~ 
temperature extrerr.es would be ~~duced • 

.! 

. '. 

.. ; 

,. 
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trolled. As a secon:i possi~111ty, evolutlori may h~ve 
dAvelopPd a. being who can withstand the r1 gars of the 
Martian climate. Or the ra~e may hav~ perlsh~d. 

"Th~se pcssi~iliti ~s hsve oeen surficier.tly expandPd in 
the ps•udo-scientiflc 11t Prature to make further amplifi
cation superrluous. HowevAr, there may exist somA 1nt~rest-
1ng rAstr1ct1cns to the anatomy ar.:i. physiology or a fi.artian. 
Rarity o·f tb e s;,. t ·nosphere, ror exan:ple, may require a com
pletely alter~d respiratory system for warm-blooded creatures. 
If the at r. os ~h ertc pr~ssur~ is much oelow the vapor pressure 
of water at the ~ody terr:p e rature cf the individual, the process 
of breathing with our type of 1 un~s be comes impossible. On 
Mars the critical pressure for a ~cdy temperature of 98.~. 
occurs when a column of the atmosphere co n tains one sixth the 
mass of a simll;ar column on the Earth. F'or a body temperature 
of 770F. the critigal mass ratio is r educed to about one 
twelfth,.and at 60 F . to about one twenty-fourth. These 
cr1 .t1cal . values aro of the sa:nc: cro ~ r as th '"' values estimated 
for the _ ~!. artian a trr.ospl":ere. Accordinr:, ly the anatomy and phys
iology o.f a tl artia:r.. ·m y ~o ro.d! cally d t f f erent from ours - but 

. this is all conje·c ture. 

" ".'1-a do not know the origin o.f life, · ever> on the Earth. We 
are unable to·obs~rva any si ~ns or intelli~ ent life on M~rs. 
The reader mn y form tis O'Nn opinion. rr he believes that the 
life force is univ ersal ani t b at intelli~ent bein ~ s may have 
once d~velop~d on Mars, he has only to ima gine that they 
persisted for countless . ~ enerations ina rare atmofphere wh!ch 
·is nearly devoid of oxygen and ws ter, · ~nd en a plane~ wtere 

· the nt::c.hts are mllch colder thru1 our> arctic winters. The ex-
1 stence of 1 ntell1gent life on ~~ars is net 1 reposs 1 bl e but it is 
completely unprcven." 

It is no~ too unreas ~nable to go a step ~urth~r and consider Venus 
as a possiblE> hor.-:e for intelligent lifP. The atmos?here, to be sure, 
apparP.ntly consists mostly of carbon dioxide with deep clouds of 
for:Ta ldehy:le droplets, and th~ r~ s ~ems to be 11 t tle or no \VB ter • 

. Yet llv1nr, organisms might develop in chnmic'il environments that 
are strange to us: the vegetable kins dom, for example, operates 
on a fundamentally different energy cycle from Man. Bodies might 
be constructed and op erated with d ifferent chemicals anj other 
physical principles than any of the creatJres we know. One thing 
is evident: fishes, 1nsects, nnd marr.rr.als all ~~nufacture within 

· their ·awn bod! es complex cherd cal compounds that do not exist · as 
mtner~ls. To ttis extent. life 1s self-sufficient and might well 
adapt 1 tself to any environment wi t:b1n 'certain limits of temperature 
(and size of creature). . ... 
Venus has two tan-Heaps relat!ve "to Mar-s. · Eer rr..ass, and gravity, 
are n~arly as l ar..:;e as for- th~ F'..arth (rtars is sr:1aller) and her 
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cloudy e.trr.osphAre would .jisccura::;:e astronomy, }"1ence spRee 
travel. 'rhe rem,.dnln>' Solar plar:ets are sucb poor prosp~cts 
thst . they can be 1 ~ored. 

In the nAxt few psra~rsphs, we s 1~1:1: 1 ·speak of .Mars. It should 
be.understood t~at ~ust ~f the r~mqrks apply equally well to 
Venus~ · 

Various people rave sue;~ested trat an aivanc ~d race may hav.e 
been visiting Earth !ro~ Mars or Venus at intervals from . decades 
to eons. Reports of o~j~ots in the sky sPe~ to have been handed 
down through the p:enerat1cr..s. If this wer-~ true, R race of such 
kncwl~dge and power ~ould hav~ nst8bl1s~ed so~e form of direct 
contact. They could see th~t ~arth's inhabitants wouln be help
less to do interplanetary tarm. If af~aid o~ carrying diseases 
ho!"le, tt; ~y ·;.rould at least try to comrr:uni0ate. It is hard to 
belifl ve that &ny tech· iicall y acco'Tlpl I shed rae e wo!.ll1 ~orr~ here, 
flaunt its ability lP myst"rjcus ways and then simply go away. 
To th!s writer, lon7-ti~r practice or s~ace travel implies 
S:dvanc~"1 an£1neer1ng and sc~~n~~. weapons .and ·.vays of' thinkine:-. 
It is not pleusible (as many fiction writers do) to mix space 
ships wjth broadswords. Furth~r~ore, a race ~h1ch tad enou~h 
ini tiat:1 ve to explore a:r.on:; thE! planets \vould hardly l:)e too -
timid to follow tr..rm~~h when the job was. accO"'!::Jlished. 

One othP.r hypothes 1 s needs to be dis cussed. It is . t•"'l t the 
Martians h . ve kqpt a lon~-term ro~t1rie w~tch·o~ Earth and hav~ 
b~en alarmed ':Jy tre s 1 i:ht c r cur A- 'JO!r•b 3~ot s as evi<iAr!ce that 
w~ are warlike a~d on the threshold of space travel. (Venus 
1 s elimi nat·~d here because her clo:1dy atn:;c S'P~- ere wo!.lld make 
such a survey 1mpractlcal). The first flying o~j~cts wera 
si~htAJ in tte Sprin- of 1947, after a total 5 atomic bomb ex
plosions, · 1.,.. , . Al11mo~ordc, Hi rosr·ima, !iau;asaki, Crossroads. A 
and Crossroads 3. Of tr.,.se, the f1rst two wer~ in positions to 
be se"!!n t'ro--:: !-!. ars , thP th1rd was .very doubtful (at the edge of 
>::artto's disc in ·dayltght) and .the last t11o wer~ on the wrong · 
side of Earth . It is likely trat 'l artian astrono!'le-rs, w:1th 
their th1n atl'losphere, could bu111 tol~'Jcop~s big enough to sAe 
A-~o~b exolosicr.s en ~arth, ~v~n thou~r we were 165 and 153 
million mtlP,S away, respAct~vely. on thP. Al.qmo-:ordo and Hiro
shima dates. The weak~s t point in tb:o hypo th~e> s ts is that a 
continual, 1cf9n31VA wqtch or Earth for lonp p~r1ods o~ time 
{pP-rhaps ~housands of yP.a~s) would be dull ~port, and no race 

· that even re~0t~ly resAm~led Man wo~li underta~~ lt. We 
hA-ven't ~ven considered the tiea !'or Ven"J.s or !i:trs, for examplA. 

ThP. sum an,i substance of this !1sc•;ss~on i.s thst if rtartians 
are now vlsit!n:; u~ without con!:s.ct_, it can ~e assumed that 
th~y teve just !"ect-ntly succeei""d in space travel and that 
their ciY\lizaticn would ~e practlc3lly abrenst o~ ours. · 
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Thus it aJ,?p !> ars t t at s pn ce travel rro -n another poir.t within 
the Sol s~ s yste~ is po s s l bl~ but· ve ry unlikel y . Odds are at 
l~ast a t1'1ous 'l.nd -to-on~ Rga 1nst it. 

This J,oav~s · the t o talit) of' p l!ir. !' t s or other st a rs 1r: tt,e 
Galaxy as poss1 ~ l 8 sourc~s. Many ~od~rr: astrono~~rs believe 
tra t p~ A nets ·are fairly n6rmal gnd lo gi oal n~fa1rs in th~ life 
history or a star (rath~r than catacl ysn ic odiitirs) so that 
many pl a n Ats cu n be ex;> ected to exist in space. 

~o narrow. t ~ A field~ lfttl~, s o~ e loose s p ~c1f1~ah1ons can 
be written for t t e star abo~ t wh1ct th ~ ho~e ~ agq ~lsnet would -
~evol~e • . lit us ~~y t hg t th e star should bear a family re- .. 
semblance to tha Sun, wh ich is a member o ~ ·th e so-~alled . "main
sequence" ·of stars, ·i.e., ·we elir.:Jnat e write dwar/s, red giants 
a~d s uperg iants~ ~or a d es c ri pt io ~ o~ tre~A type s, see r~>fer
ence 2 , ct.apt.er 5. Th~>r -" is no s pe c ific rP.ason ro~ making thts 
assumption except to si~plt~ y l iscus ~ 1or: we are ~ti~l consider
ing the majorit y o~ stRr~. · 

Next, true variable stars can be elim1natPd, since· condition~ on 
a planet attac~Ad to a variable st~r would rluctuate too •ildly 
to permit lifP-. The nurn~ "" r or stars del€'ted here is ne p; ligibly 
small. Reference 3, pa ~ es 76 and 85 i ndtcate that the most 
common typ e s are too bright to be in n~arby space unnoticed. 

· La.stJy, we str..ll orr.1t binary or multiple stars, since the cor.di._ 
tions for st~bl~ ~lanet orbits arc obscure in such cases. A~out 
a third o ~ the stars ar~ elimi~at ed by this restriction. 

As our bAst knm·m sBmpl~ of' space we can take a volume with the 
Sun at thP cenr.er and a rndtus or 16 li :~ht years. A co m.pilatton 
of the . 47 known stars, inc1~.ld5n·! th~Cl Sun, within this volume is 
given tn refer~n ce 4 , pa?'es 52 to 57. ?li:n1-: :1 t in~ ncco t"diq~ to 
the above disc·.1sslor.: 'fhree are wr ite dw3rfs, Ai p:ht binaries 
account for lS stars an i two trin~ries account for 5 more. The 
rematnder, 22 sters, can be cor.si:i~red as el!rihle f'or habitable 
planets. 

• 
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. . Assum1n·g the above volume to be typ-1 cal~ the contents ·or any 

·other reasGnable volu!"!e can be found by varying the · numbP-r of' stars 
p:roport ion at ely with the volU!':te, or wl th the rad1 us cu l;)ed, S.,. = 22 x 
( - r )3, where Se ts number of eligible stars er.d r 1 s the radius 

rr-:- . . . 
of the volume ln light yea~s. (This formula stould only be used for 
rad1f greater . tha:b 16 li~ht years. For emaller samples we call f~:
a recount. For example, only one known eligible ·star other tJ..~an the 
Sun ·lies within e1;ht light Jears). .--------

.,..,... ..... ---......... - . / Having an e.stimate of the number of usea_!:->l"e stars, it is now 
necessary to make a suess as to the number of hab1 table planets. We 
have only one · observed sample, the Solar· Sys tern, and the l!.uess must 
be made with low con~'ldence, siuce 1ntelllt)ent life may not be randomly 
distributed at all. 

The. Sun hl'ls nine planAts, arran£'ed in a. fa1 rly regular progression 
of orbits (see refer~nce 1, AppendiY. I) trat lends credence to 

.theories that many stars have planets. Of the nine plan~ts, (one, the 
Earth) is . completely suitable for life. Two . more (in adjacent orbits) 
.ar-e near misses: · Mars has extremely .r1P:orou3 lfvin r, conditions and 

.Venus has an. unsuitable atmosphere • . Viewed very broadl·y indeed, this 
could m-ean that each star would have ·a se ries of planets so spaced 
that ·one, or · possibly two, · would have .correct te!riperatu:--~s, .correct 
moisture content and a t mos·phere to support c1 vi lized life. Let us 
assume that . there is, on the average, one ha(?itaole planet per .eli eibl e 

. s·t ar. . 

There is no line of rea~oning· or evidence which can indicate 
whether life will actually develop ·on a planet. where the conditions 
are · sui table. Here again, the Earth may be unique rather- than a random 
sample. This writer can only inject some personal intuition into the 
discussion witt the view that life is not unique on ~arth, or even 
the random result of a low probability, but is practically in~~itable 
in ther1ght~ondit1ons. This is to say, the number of inhabited 

. planets is equll . to th?se that are suitable! 
. I • 

One more item needs to be considered. Knowing nothin~ at all 
about other races, we rr.ust assume that Man 1s avera~e as to technical 
advancement, environmental difficulties, etc. ·rhat is, one ha 1 f of the 
other planets are behind us Ill d have no space travel and the other 

· half are shead and have various ~vels of space travel. We can thus 
imagine that in our sainple velum~ tl":ere are 11 races of beings who have 

·begun space ex!) lora tions. l'he formula on page :3 above now be cones 

R : il x .( ~ )3 

16 
· where R is the mumber of races exploring space in a spherical volume 
of . radius r :; 16 light years. 

ArgumPnts like those applied to Martians on par:e 2 heed not apply 
to races from other star syRtens. InstAad of being a first port of 
call, Earth would possibly be reached only after many centuries of de

·velopment and exploration with space ships, so that a. v1s1tingrace 
would be expected to be far in advance of ~an. 
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--To surmna.ri z-e- the dis cuss ion thus far: the cha.n1,; e of space 
tr.avelers existing at plan~ts attached to neighboring stars is very 
much greater than the chan~ e of space-traveling Martians. 'rhe 
one can be view&d alffiost as a certainty (if the assumptions are 
accepted), whereas ·the other .is very slight indeed. 

In obder to estimate the relative chan~ es that visitors from 
Mars or star X could come to the Earth and a.ot like "flying obj~cts", 
some discussion of characteristics of space ships is necessary. 

To handle the simple case first, a trip from Mars to Earth 
should be feasible using a rocket-powered vehicle. Onee here, the 
rocket would probably use more fuel in slowing down for a lqnding 
than ·it did in initial takeoff, due to Earth's higher gravitational 
fore eo 

A rough estimate of one-way performan~e can be found by adding 
the so-called "escape velocity" or Mars to that of the Earth p lus 
the total energy change (kinetic and pot ~ ntial) used in chang ing 
from one planetary orbit to the other. These are 3.1, 7o0, and 10.7 
miles per secotid, respe~tively, ~ving a tctal reauired pe~formanoe 
of 20o·8 miles per second for a one-way flight. Barring a suicide 
mission, the vehicle would have to land and replenish or else carry 
a 100:' reserve for .the trip home.. . · · . · · 

. Let us assume the Martians have developed a nuclear, hydro t:en-
propelled v·ehl cl·e (the most efficient basic ari"an geme nt that has · 
been conceived here on Earth) Which uses half its stages to get here 
and the remaining stap-es to return to Mars, · thus completing a rourid 
trip without refuellnf, but ·Slow1n~~ dowr"t enough in our atru,>sphere 
to be :easily visible (i.e., prqotically making a landing) .• Since it 

· is nuclear powered, ~as temperatures will be limited to the maximum 
operating temperatu:-es that IT'.aterials can withstand (heat must transfer 
from the pile to the P.as, 90 cooling can'.t be used in the pile)o 
The hLshest melting point compound o.f uranium which we can find is 
uranium carbide. It has a melting point of 4560°R. Assume the Martians 
are capable or real1zinR a gas t~oerature of 4500oR (= 2500°K), and 
that · they also have alloys which make high motor pressures (:3000 
psi} economical. Then the specific 1mpuls~ will be I = 10:35 seconds 
and the exhaust velocity will be c = 33,400 ft/sec (reference 5}o 
Calculation shows that using a single stage for each leg of the jour
ney would require a fuel/gross w~i ght ratio of0.96 (for each staFe) 
too high ~o. be ,pract leal. Us 1ng two staRes wa.ch way (four al to .~ ether) 
brings .th._e'. required fuel ratio down toC.Sl, a .,alue that can be 
rell1iedi . ~ · 

· · · If, _by . . the developm~nt of strong alloys, the basic weight could 
be kept ·.to 10',( of the total weight for each stage, a residue of 9~ 
could be used for ~ayload. A four stage vehicle would then have a 
gross weight { 100 }t = 15,000 times as great as the payload: thus, 

. 9 
1f the payload were 2,000 pounds, the ?ross weight would be 30 million 
pounds at initial takeoff (Earth pounds). 
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Of course, if we allow the Martians to re·fuel, the vehicle 

could have only two stages* and the gross weight would be only 
(100)2: 123 times the payload, i.e., 250,000 pounds. This wvuld 9 . 
require bringing . elect:..'olytic and refrigerating equipment and sitting 
at the South Pole long enough to extract fuel for the hourney home, 
since they have not asked us for supplies. Our oceans (electrolysis 
to make H2) would be oovious to Y.artian telescopes and trey might 
conceiva~ly 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 
energy (or velocity) required has more parts: (a) escape from the 
planet (b) eecape from the star (c) enough velocity to traverse a 
few ·light 1ears of space in reasonable time (d) deceleration toward 
the Sun (e) deceleration toward the Earth. The nearest "eligible'' 
star is an object called Wolf 359 {sPe reference 4, p 52), at a 
distance of s.o light 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 wtth similar 
stars of known mass, this star is estimated to have a ll".ass rou~hly . 

0.03 a~ great as the sun. Sinoe the star has a low lumihosity \being 
much · cooler and .srraller than the Sun) a habitable planet would need 
to. be in a small ·orblt for warmtho 

. Of the chan~ea of energy required as listed in th~ preceding 
paragraph, item (c), vAlocity to traverse intervening space, is sc.• 
large as to ma.ke tee otr·ers completely negll ~1ble. If the vis 1 tors 

· were long lived and could ."hibernate" for 80 years both coming and 
_going, then 1/10 the speed of li~ht would be required, i.e., .the 
enormous velocity of 18,000 miles per secvnd. This is completely 

· beyond the reach of any pr~di~d level of rocket propulsion. 

If a rac.e were far• enough adva·~ ed to make really efficient use 
of nuclear energy, then a large pa~t of the mass of the nuclear ma
terial might be converted into jet ar.ergy. We have no idea how 
to do this, in fact refcren~o 6 indicates that the materials required 
to withstand the temperatures, etc., may ~e fundamentally unattain
able. Let us start from a jet-propellant-to-gross-weight ratio of 

i.~ '75. If the to tal amount of' expended material (nuclear plus p ropell
.ent) can beco85 of the ~ross wei~ht, then the nuclear material expended 
can be 0.10 of the gross. Using an efficiency of"· 5 for converting 
nuclear energy to jet energy and neglecting relativistic mass cor
rections, then a rocket velocity of halr the velocity or 11~ht could 
be attained. This would mean a transit time of 16 years each way rrom 
the star Wolf 359, or longer times from other eli~ible stars. To try 
to go much faster would mean spending much energy on relativistic chang< 
in masa and therefore operating at lowered efficiency. 

* Actually three stas es. On the trip to Earth, the fir-st sta:;e would 
be filled with ruel, the second sta3e :would contain partial fuel, the 
third would be empty. The first sta~e would be thrown away during 
t'liFpt. On the trip back to Mars, the ;second and third stages wo~ld be 
filled with fuel. The p,ross wei~t of the initial vehicle would be of 
the order of magnitude of a two-sta~e ' rocketo 
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To summarize this section of the discussion, it ·ctin be sa.id· 
. that a trip from Mars is a lo~ioal e.ngineering advarn ~ over our own 
present t~chnlcal · status, but that a trip. from another star system 
requires improv~ments of propulsion that we have not .yet convei7ed. 

Com!1ning the efforts of all the .science-riction writers, we 
could conjure up a large number of hypothetical methods of transpor
tation like gravity shields, space overdrives, telepocts, simulators, 
energy beams and so on. Conceivably, among the myriads of stellar 
systems in the Galaxy, one or more races have discove·red :mAthods or 
travel that would be fantastic by our standards. Yet the larger the 
volume ~f space ttat .must be included in order to strengthen this· 
poseibili ty, the lower will b~ the chanee that the race· involved 
would ever rtnd the earth. The Galaxy has a diameter of roughly 
100,000 li~ht years and a total mass about two hundred billlon times 
that or· the Sun (reference 4). Other ~ alu:ies have b_een photographed 
and estimated .in numbers of several hundred million (reference 2, 
p. 4) at distances up to . billions of li.~ht years (referen~ 7, p 158)o 
The number of stars in the known universe. is enormous, y~t so. are .the · 
distances involved. A super-race (unless they occur rr~ r.w~ntly) would 
not be likely to stumble upon Planet III of Sol, · a f1fth 4 map;nitude 
3tar in the rarefied outskirts of the Gruaxy. 

l desottption of the probable operating characteristics of space 
ships must be based on the assumption . t'hat · they ·will he rocke-ts, · 
since this 1.s the only form · of . propulsion that we know will function 
in outer space. Below are listed a few of ·the ~1gn1ficant factors of 

· rocketry in relation to the "flying objects". 

(a) Maneuverability. · A special•pnrpose rocket can be made as · 
'maneuverable as we like, with very hie-,h accelerations either along 
or normal to the fli~ht path. Howevor, a high-performance space ship 
will certainly be large and unwieldy and could haraly be desi~ed to · 
maneuver frivolously around in the Earth's atmosphere. The only 

·economical maneuver would be to come down and go up mor-e or less V(J['• 

' tically. 

(b) Fuel reserves • . It is hard to s.ee how a ~1n.~le rocket ship 
could carry ltnough extra fuel to nake repeated descents into the 
Earth's atmosphere. The large number of flying objects reported in 

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

Two possi b111 ties thus are presented. First, a numb.er o\ space 
ships could have come as a ~roup. !his would only be done if full· 
dress contact were to be established. Second, numerous srr.all craft 
might descent from a mother ship which coasts around the Earth in 
a satellite orb1to But this could mean that the smaller craft would 
have to be rockets or sat,llite performance, and to contain them the 
mother ship would have to be truly enormouso 

(c) Appearan~e. A vertically descending rock~t might w~ll 
appear as a luminous disk to a p~rson directly b~low. Observers at 
a distance, however, would surely identiry the rocke t for what it 
really is.. There .,.ould probably be ""lOre reports o ~ oblique views 
than or end-on views. Of course, the shape n~ed not be typic~l of 
our rockets; ~ t the exhaust should be easy to see a 
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One or two . add! tional general remarks · inay be relevant to space 
ships as "flying objects" • . The distribution of flying objects is 

. peculiar, to !!ay th~ least • . As far as this writer knows, all 1nc1- , 
dents have occurred within the United ~ta.tes, wbereas visiting . space-··. 
men could be expected to scatter their visits ~ore or less uniformly · 
over the glob~. The small ar_ea eov~red 1ndi cates strongly that the 
t'ly1n~ objects are of Rarthly origin, whetl'v~r physical or p:;ycholo-~ 1c al. 

The lack of purpose apparent in the various episodes is ala~ 
puzsl1ng. Only on~ motive can ~e assigned; that the space-men are 
"feeling out" our defenses without wantinF; to be belligerent. If so, 
they must have been satisfied long ago that we can't catch them. 
I~ seems fruitless for them to keep repeating the same experimento 

Conclusions: 

. Although visits from outer space are Jelieved to be possible, 
they ar-e believed to . be very impro·:) able • . In· particular, · the actions 
attributed to the "flying objects" reported during 1947 a.."'ld 1948 
seem ·. lnconslstent with the requirements forspace travel. · 

, · 
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Blakiston 1941. 
S. Calculated Properties of Hydrogen Propellant · at High Tempep 

atures. Data provided to .RAND by Dr. Altman, then at JPL. UnpuBlished. 
6. "The U8e ot ·Atom1c Power for Rockets", by R. Serber, Appendix 

IV Second -Quarterly Report, RA-15004, Douglas Aircraft Co., Inc.,Project 
Rand. · 

7. "Galaxies", by Shapley, Harlow; Harvard Books on Astronomy, 
Blakis ton 1943. 
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