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War [epartment are {furished to mzaufactarers 20d nthers for zee
12 the manufsciore or purchase of suppbes. o {50 2ny other par-
pose, tre Government assumes =0 resvoasibuity nor odligation
=fratever, 3nd the furnishing of said dstz by tke War Department
is 2ot to be rrgarded by implication or otherxse. of in ary canner
m«.'g the hoider. or coaveving aay nights ~¢ permissioa to
manufacture, use, or sell 27y patented nventions that may in any
way e relab-d therelo.

Tre information furmished Feresth i3 mede available for stody
upon the unaerstanding that the Government's proprretary mnterests
in and relating thereto shail not te impeured. [t is desired that the
Patent & Royzites Section. Office of the Judge Advocrls. Alr
Mater-ei Command, Wrnight Fie'd. Dayton. Onio. be procptly nobti-
“ed of anv apparent conflict betwaen the Government’s proprietery
interests and those of oth=--

Espromse= Act
No*rice: This document contuns mformation affecting the
natioral defense of the Umited Suates within the mexning the

Esprorage Act (17 S. C 50 31. 32) The transmission of this docu-
ment or the reveiation of its contents @ apvy manner w an un-
authonzed person 1s prohibited by Iaw (AR 380-5. parsgrzph 17 b.)

“The above Eapionage Nolice can de disregarded unless this
docurment 1s planiv marked witn a <ecunty classification zs
“Resrrcted,” “Confident:al.” “Secret.” or “Top Secret.”

The U S Govern.ment i3 ab'~ad from aav htigatron which
mav ensue from the contractor’s infringing on the foreign pateat
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wprarensly o the aspest matlic 27 8 2Irs
sulaqr planfs cn of the Prandtl thaory,

has also she 1e 117T 2508t 2tend o ~2
expact~d fro k] nguld alag Ne

coor., In ad N ciyramls choxd
xculd present ILTLauls "3, to achisve 2:slc longl-
tudinal stadiilcy Cor sl is hevins g signi<izanl sentar
of-pressurs travel, cr for alrl ticns of 50-:a1led "stedle”
tire, squlpped with allisrc the Trallings «3rs,

. az %, the ¢l theory is
orodadly vary by . nd tests ©y lcx agcect
ratio airfolls !ndlcata = lasa Indused dr T2as~ N4l X~
pasz+d frex theory and alsc «ismonstosts very hi maxizua IifS
coeflficlant aczompani~d dy sxiremsly hih stall engles, How-
evaT, In -~snsrsl the induced drag o rvery los ssgect ratis wing
is mush larger than the fnduced drag of conventional ajrcraft
win~3, a zeadltlicn whlczk would adversely alfest ali psrforzunce
veluss In f1i3nt conditions which requirs medium and his 1ire
cosf{iclsnts. Thus, psrformance in 21izd, at altitude, and for
longerange ccnditlons xould be relatively poor, sltheouzh hign

fct

T
3peed would be 2ictle gfTected.

Hotmithatanding the pr
{rcular planforz wings,
a

]
i
v~ been made o use this con®igu T al
by parscns {mcrant cf asrcdynanic Tundazsentsls, Ixperizantal
wind-tunn4l wock at the NACA (1933) shewad beth maximum 115t co-
affislents and stall charastaristics much mor~ {avorsdl~ than
sould Ha antlclipatsd.

Tha prodlex ¢ staslc longlisudiral stabllity coull pessitly,
e solvad by the us~ of a stadbls alrfoll sscticn of the reflaexad
1i~cns (pzrhaps Cloatlags) aero-

tralling edse type with =iy ¢ip a
dynamically indsperdent of ¢

At sugzerscnic spasds, where the iniuced drag
che circular planforz offers <ha prodadility of o=
sharacteristic o lox aspe~ct ratio 2irfolls in the
ranra, Alzo the circular plenforx preasnts a 3wed
edge (of varfadle swazp alonp th= span), ahlch sho
a raduced effsctive Mash Xuzber, =zith atsendant &1
s cer%a'n supsrsonle spesd rangs.

¥o deflnlte Informatica ~irod of
oropulsion usad on {lying &4 Eosevar,
becauss of diztance fasters s qulve
pogsibls %hat slthar propell ve Yean
amployed without Delap noted
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Assu=izg the atovs voiuma

3 a2 tislzal, ths conteantls of any
9thar reasrushle volure can e Zoind »

¥ 7ac7iays the numde
a madfus cuczed, 5, = 22 x

ars arl r Is the rallus

e
ol stavs

Youii cnly de used for
= sazples ze 2all for
le star oschar than the

un 112s withlz oIskz l1izht wass).

Egvling an estimets of 2 zuxber cf useabls stars, it is nox

2 =sks a2 Tu2ss ss e nizber of hablcadle planecs. ."xe

¥ <Sae cdaa>vai samplae, the Sclas Fyactes, and the suess ru

be zade x1th low scu~idencs, sinmce i3 ell!.—e..- 111‘! =ay not be ran..a:.ly
lssnibutal at sli.

Tha Sun has nine plansts, arranzed In a .’airl,v reculsr progreasicn
ef orbits {se2 refasamce 1, Apreniix I) trat lenda credsnce to
theorfas chac =any stars have rlanets. If the alne phnw . (on=, &
“s=th) i3 corpletely sultable for ilfe. Two more (in aijacens crdlts)
ar2 nesr z=isses: MNars has exsTezsly rlgorsus llvins conditlions and

Veaus *3s an unsuliable atxosphers, Viswed very broaily indeed, this
could mesn that 283k ster woull havs a sariss of planets so spaced

that cne, or possikly two, would have correct Semperatures, correct
molsture ceatent and atmoschars o support civilized 11fe. Lot us
assuze thas theps ls, cn the gvsrar2, oas 2aditadble planst per elliridle
star.

ug or eviiensze whick can Indicate

17 cn a planet where the coniftions

are sultadia, UYare atsin, the Zarth xzay b2 unlique rather than a randon
sazpla. This aprites can cnly Inject sox=e personal Intulticn into the
dis-"ss!:-:: wit: the view that 1!7s !s not unijue on Zarth, or even

the 2c= result of a low p:-o:a':lll:y, Sut 13 prascclcally inwettadle
in t :-1::'.. :endizloas. This &s to say, the number of inhadited
ala.ue:s 13 =jqual o ....?so shat are sultadle!

ere I3 no lizne o5f ressoa
122 wi11 t.sJ.ly Seve

'

Cne =ore itex naeds to Se zcnsiiered, Xnowingz rothinz st ail
abcut oither racas, ¥e ~ust assuse that Usn ig averare a3 to tachnlcal
advancexenz, 2avircnzental 3ifrizulcles, ef.c. That is, one half of the
ocher planesz are YRhind vs m3 hs'-'- nc space travel sad the other
Ral? are shesd and have varisus levels cf spa*e travel. ¥%e 2sn thus
izarfize thst {n cur 3atsle volune stere avs 11 races of belngs who hnave

2ezun snace explorations. pace 3 abcve ncw Delcmes

aaps 3 Is t.w nuzse

sl radlts »r S 135

(SR
‘o

Arsmenta 1ikz ttroar

” sner 3iar
13 pasini
xziemstion
25 T2 ze T3
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To sumsarize the 3lacussicn shus rar:  the chanre of spass
travalars axistliag 4t plsnacts atiashad o nalghoring stars ls very
much greataer than the chande of pac lans, he
one 2an 94 viexsed alzost as a ¢ assurptlions are
acceptad), whersas the other I3 indsed.

In codsr to e3tlimata ¢
Hars or siar ( zould come to th
soze disgcussicn of higrastar

v23 that visitors frox
1ke "flyinr odjects”,
{stlc irs !s nscesssary.

To handls the 3izpls cass Tirs:, a trlp

roz= Xars to Earth
should be feaslibdi

-
* usiags a roskat-powersd vehlcla. Cnee here, the

rockat would prodasly use rmere fusl in sloelns down fer a landing

thaa 1t 413 In initlal takeolf, lus %o Sarihi's higher gravitatlonal

~
forca

A rough egtimate cf one-3ay perforzenze csn Do Jound by adding
the 3go-2siled "esceps velsclty” of Mars o that of the Tarth plus
the totul sneryy chance (kKinatlc and potential) used in cranring
frez one planetary or2it to thp otrer. Thesa ers 3.1, 7.9, and 10.7
=iles pap second, respecilively, lving a tctal reculired performance
of 20.6 miles per second for 3 cas-way flighe. Barring a sulcide

missign, thae venlcle wculd have to land ané replenish or else carry
a 1003 reserve for the :trip hoze.

vdroean-

Lat 3 assume the adarziens nave devolgpad s nucl R
propelled vehicls (the most sfficiant basic grrancerent that has
been conceived hers ox Zarth) shich uses half 1ts stages Lo got here
and the remainins starces to return %o Mars, thus comsletine a round
trip without refuelins, %ut slowins down enoush in cur atmosphere
tc be easily visible (i.e., prmectically =skinz & lardinz). Slnce it
13 nuclear powersd, yas texperaturss will Ye lizited t¢ the maxizum
operatinz tarpsratures that mtarials can sithstand {(heat must transfer
fro= the pile to the zas, so ccollng caa't Se used in the pils),
The highest meltins poln: sorpound of ursniuxz ahich we can find is
uraniva carbids, If has a zelting polns of 458003, Assume the Martigns
ars capable of realizinz a gas terovarature of 4300¢R (= 2500%K), and

™

that they alsc hava allors snish maks hisgh sotor prassuras (3200

psl) eccnomical, Then the spec!fic fwmpulaa will be I = 1035 seconds
and tae exzaust velcclty w11l be c = 33,400 f3/sec (reference 5},
Calculation shows thas ualng a sinsle stare fcr eazt leg of the jour-
ney wculd ranuire a fuel/zross xe{;ht rasio 0f0.95 (for each stage)
toc high %o e practizal, Using tao staces aach sxaj (four alto-ather)
beinss tha reculred fual rsslo domm $0..21, a VYalus that can %a

realiced, N

If, by the 2srelepnent of 3trong alloys, the basic aei:ht could
5o kegt o 10% of che tezal seishe for esch 3%sJe, & resldue of 9%
coutd Te used for 227icad, A four atage vehicle aouid then havs &
cross waicht floo)‘ 2 15,720 tizes a3 rreat ag the payload: thus,
1f the payived 2~re 2,:0% pounds, the rross salehs aculd be 30 mlilllon
pounds at faltlal saxacfr (Zarsh pounds),
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Rsquirements for a trip from a plans
other than the 3un cen beo caleviated In a
enerzj (or velocity) required has xore ;a
olanat {b) escape frem the star (c) ecou
fow licht years of space in reascnabtle ¢
the Sun {e) deceleration teward the Zarth,
star 13 an oblsct callel Yolf 359 (ses rafer
distance of 8,0 light years. IY 15 szell, &
nizude of 15.6 and is typical of "red dwsrls
than half of the elisidle populatiohs. 37 comps
' stars of known mass, this star Is estizazed to
, 7,03 as great as tie sun., Sinse the star has a
ruch cooler and smaller than the Sun) a habisa:
to Ye in a srall ordit for =arxzth.
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escape frox
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# luninosity {oeing

i
12 planet would need

- *
Of the chan-es of ensrgy required 23 1li3ted In the preceding

paragraph, ltes {c), velocity o traverse {atervening scace, 1s 30
large as to make the otrers corpletely nes . ha vi
were long lived and could "hivernaze” feor 3 1n
golnw, then 1/12 tha speed of li3ht wouli o fred, Ll.e.,
onortous veloclty of 18,700 wmiles per sex2ad, 7Tois {3 completely
beyond tha reash of any predided lovel o roszzt presulsion.

If a rasa were far enouzh advarced to make really efffclan use

' of nuclear 2ne then a largs pact of the zas3s ¢f the nuclaar ma-
tertal misht b nvartad into Jot erersy, A2 nave no ldea how

| to do this, t referenss 6 Indlizeves Shat ¢ra zaterfiala requirdd
to withstana the tenmparatures, a%c., T8y %2 finizzentslly unattaln-
able. Lot us start {rom u pt-propelisnt-o-3rs33-walcht ratlo of
.75. If the to:al amount of expended zaterfal {zuclear plus propeli-
ant) csn Ye-+,85 of the sroas walizhis, cInea tne zucslear zaterfal expsndsd
can He:,10 of the sross. Using an affizlency of7.5 for convscting
nuclsar anergy to jet enerzy and neslestinyg relativistic mass cor-
rections, then a rocket veloclty of nalf sre velcsicy of 1i:he could
ya attalned, This would mean 2 translc Sime 22 15 ;ears #ash way frex
the atar Wol! 339, or longaer timea frex oviier ellsible aters, 7o tr
to o much faater would mean apeniling wush esa-~zy en relatlivistis changs
tn mass ind Shnrefore oporasing as 1owered sffizloncy, ‘

1ed Atk

would ba

: 17 dusing
. On she o bask ’ ate3 sculd %e
steh fuel, The srozy 1ol Lt 2l astii 9% of
am oo m nterle 37 g TY3LR -L
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To sum=asiza thls section of the discussion, it csn e sald
trat a2 trip from Mars {3 s losizal -n.iusering alvsme & over dur o n
resent tachnlsal status, out that a tolp from snother star systex
requires f=provezents of propulaien that ae hase net 7ot ~01=eii_u-

Combining the affcrts of sll the science-Cicticn wrilers, e
could sonlturs up a large nuxbar of hypothetizal methois of transgar-
taticn like pravity shlslds, space cverdrives, taleponts, @ =uigtors,
easrgy beams snd so om. Conceivably, snmong the myrisds of steilar
aystevs in the Galaxy, cne cr zors rsces hava dlscovered zethcds of
travel tka: would Se fantastic by ocur staniards. Yet the larger the
voluze 6 space tha: zust be tnzluded In order to stTenzthen thl
soss’bili~y, the lower will be the chance that the rase invclvad
would ever find the earth, The Galaxy has a dlazeter ¢l roughly
100,020 lizht year: an? a total =&33 sdcut twc hundred bHilllcn tlzes

3t of the Sun (refersnce 4). Other zalaxles have veen ghotographed
and estirated in nuzbers of ssvarsl kundrsd 231licn (reference 2,
p. 4) at distances up %o Hilllions of litht years (referenze 7, p 158):
The nurber of ste's in the Xncwn Lnivnrse is enormols, ¥°% sc are the
ilstanz~s {nvolssi. A sugsr-race (unless they occur frequeatly) mwould
not be liksly to stuzble upon Planet IXI of Sol, a fifth-masnituds
star in ths rarsfisd outsxirts of the Geaxy.

A descitption of the prodbabls operating characteristl
3rips =ust be bazad on the assuxpticn that they #ill be rocxets,
sinze this is the ¢~17 forz of propulsicn that we xnow will Tunciica
in outar space. Bulow ars llsted a few of the signiffcant {actors of
rocketry in rslation to the "flyinz objects”

cs of space
¢
1

{a) Maneuvera®ility., A spacial-purpess rocke: can be =ade as
o

zaneuvarable as we 1ike, with very high accelerations elther slong
or nor=sl %o the flijsht path. Ecwaver, a hish-perforzanze space ship
*{11 certalnly be larg- and un¥iseldy sné couli hardly be deslicned o
zaneuvar frivolously around in the Barth's atmosphere. The only
econcraizal xaneuver aould be to come down and zo up mors or lass ve-

“tically.
(5) Puel resarves. It !s hard to sde how a sin:;le rocket ship
could carry wnough extra fusl to zmaXe repsated descents into <he
Zarcth's st_osphﬂre. The large nuzber of fljing odbjacts reported n
12k sucnasslon tould only =man a large n uzber of vists ing craft.

Two csa.hillcibs thus are preszanted Virs v, a "LZb of a
ships could have come as a srcup. This 1ou 24 only be dene I

dress ~o".sc* xars to be s3tadslished. Secend, nus r*us 3zall

282ht dassend frox a mother ship whlch coasts around the Tart
a satellize orbis, 3But this :ﬂuld =ean that the szallsr z2ra®t would
hara to e rockets ol satellicse rformanze, and £o sonsiin the- <the
=other salp wouid have to be trul y anormoy

{¢) Aopearanse, A verctis:ally dassendinz rockss =i-nt well
appaar a3 a luzinoud,dlak o 2 perzon lirecily below. Obasrvass at
q distante, howaver, scula zurely fdenci”y the rotqat Tor wras {9
raally L3, Thers #2721l provasly o~ -0=e raponts o7 ohliqun 1ieus
than of erd-»n vlexs, OF ccurse, she shape nead not B2 Tynizal of
cur rockatl; ot the axhauss ahould e sy %e 304,

SRR 0 - 1173
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