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TNE POSITION OF THE AIR FORCES IN A SCIENTIFIC WARFARE

1.4 U ntil recently it was no t g enerally re co g nized tbat destru tio a fro m t e air .
i s the mo st effi cient m etho d fo r defeating aa enemy. T hi s fac has no w been pro ved
by the results o b ained in Germany and J apan. H o w ever, after the use of the ato mic
bomb, a s raage change of opinion took place. Many leaders of public opiaion seem '
to beli eve t a destruc ion by means of a few airplanes or issiles carrying atomic
bombs is the oaly method of future warfare, m king a strong air force super uous.O hers say tha internatio aal co ntro l o f a o mic energy w ill m ake w ar impo ssi ble fo r '
tim e to co e.

.1.S W e believe that all po ssible aspe s o f the co mplex pro blem intro duced by '
this new scientifi c ach ievem ent mu t be co nsidered:

First, we must consider t e ossibili ty that international control of ato ic energy
cs ot be achieved in such a manner t at the use of atomic desu u ion by potential
enemies is impossible.

econd, the case has to be considered that inte ational control of ato ic energ
ill be achieved by agreement; it must be recognized, however, that such control will

probably have to be supported by force.
Finall y, we must also assu e t at, in spite of the internatioaal control of atomic

energ and the outlawing of r b international organizations, t e possibility of
d spe te attacks against the United States or its vital interests somewhere on the
glo be annot be excluded.
1.6 The fi rst assumptioa (internat onal control of atomic energy c nnot be
ac ieved) me ns to tal w ar, w it l use o f ato mic energy o n bo th sides . Ato ic energ y

ill be used in the fo rm of explo sives, and, in all pro babilit , as a means fo r jet pro '
-

pu s on. Atomic engineering d atomic industry will be simply a part of the war-
mak ng pote ial of a nation, per aps the mo t import ant oae. Consequently, one of
t e rst aims of war are will be he destruction of t is potential. Fortunatelp, at least
at present, produc ion of atomic eaergy requires rather extensive plaats, which can

rdly be completely hidden and made s fe ag inst destruc ion. Of course, great eff ort
will be expended upon keeping secret e places of research, development, and
p odu on. Hence, it will be oae of the fundamental problems of the intell igeace
e ice to gather the most ac u e infor atioa possible concerning t ese potential

ta gets a d evaluate it f om the.s entifi c, tecl ologic l, aad mili ry points of view.
1.7 It c be assu ed that t e i st attack in any war will be against t rgets con-
ne ted with the production of atomic devices for destruction and propulsion. It is
e ident tha such an atca k w ll be the primary responsibility of the Air Forces. The '
placea of research and prodn t o will ce tainly be removed as far as possible from
t e land a d sea frontiers. An attempt will be made, of course, to anni i ate the eae-
my's ins ll ations by bombs carried by pil oted aad pilotless airplanes. However, be-

use of intricate defease mea utes by the enemy, who wil probably p , t e most
i po rta t install atio ns undergro a d, it may be necessary to land tro o ps aa d to o c upy '
certain territo ries. T hus, a aspe s o f mo dern aerial w arfare m ay enter i to t e pic-
tore; su ateg ic bo m bia g , air superio rity, a d airbo rne armies. ,
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i . i he main concla ion o ese cons deradoas is the necess ty for a power l
a force, whi h is apable oh

a. Reaching remote targe sw tl and hi ng them with reat destr t ve power.
b. S c ring air sup riori over any region of he globe.
c L nding, in a short ti e, power u forces, mea and re ower, at any point

on the globe.
d. Defending our o n te ritory and bsses in the most e c ent way. ,_1. 3 It is evident hat o n air force whi u y e ploits a t e nowledge and

s d which s ence has a ailable now a d ll have ava lable in the future, ll have ,.a snce of accompli shing th se tssks. A odpnamics, thermodynami , ele t onics, • _
n ear physics, and che i tr mu t reua te t eir e$or s. In t e foll o ing sec ion, a
sho t review is given of the mo t i portant sp enti c facts. These f cts are i portant
elements to be considered in s le in and training per onnel a d developing equip-
m nt for the t e r Forces.

S 6N MAIN CONTRIBUTIO
; 1.14 e development of tion is a t n gle against the l tations posed by

m ture npon man, created to li ve on the r d, but neve t eless endeavoring to ove ;
in t e li mited spac s rro d $ o lo .

be. .
i . i As the proble of hea er- l an-a r loco vtion w s solved in pri iple by '
t e scovery of the air lane, sp ed and ran e were con ned to narrow l m ta. Wea-
th and n ght appeared a ou table o bstacles, and hu aa ski see ed to be '

i dispe able element for d verse uaes of the airpla e in peace and war.
1.16 ieace ha already e o ed many of heae li m ta ions: -.

a. By gradual improveme in aerod nam c design, the velocity and economy
of the irplaae have been g a ly in ase . Airplane desig ers have cont uously

_
deavored to eli inate a l pos ible drag hic impairs econom : i.e., the parasite

d tg, by attempting to a e t e air a t e s all y into a fl ying win ; t e tnrb ent
f ction of the air by creatiag la inar fl vw aro u d t e wing . In recent ears o k ow-

d e of s personic phenome a has in ea ed the ve oc ty of the a rplane and brought
it d oser and closer to the speed of so d, l ch for a long ime appeared as a nat al
oppe li it. Thi knowled e has opened the door for wiaged aircra , bot piloted
a d p otless, to he threshold of ve oc des ter than sound. Until now o ly n nned
b st c devices have attaiae sn h speec . , •

b. Novel propulsi. e sy te s ng he reaction or jet princ ple, have fa li tated
t e ea h ng of hig sp eds, e se of th ir rednced weight and increasing effi cien y ,h in easing speed. T ese s s ems eplace the conventional engine and p opell er
at hig speeds bec use the e c e of a propell er decreases greatly when ery high
speeds are attained. he ro lcet pri ciple makes p opulsion independe of the e

the atmospheric air and ro et-d en a cra t are ble to rea e traordin ry
s t ea in an e tremely o t e. ;

. By gradual improveme , both in ae odyna c design and in en ine const uc-
t oa , the performan e a d e onomy of irpls e ansportatioa have been trem ndously

4
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.. _ -- -

P AN OF ANALYSIS
1.17 The abundance and variety of app cations of scient fi c ideas a d devices in
aerial warfare, sketched ver brie y above, put a tremendous task before the men •
reaponsible for t e future A r Forces. For t e most part the scient 5c fou dation of t e
applications mentioned has a eady been laid, and other appli ations will emerge as w

, '
sd entifi c research continues to be prodn tive of new knowledge.
1.18 The scientifi c-technolo i al questions are o ly a s all part of the w ole
p oblem. e are fully aware that a report prepared by men o science can contribu e
o ly a smal par of e so tion.
i .19 Chaptec II of this volume anal ea t e p o blem of research and de elopment ,fro m the point of view of t e techaic equirements which t e Air Forces ust meet
in order to be able to carr ont its taak, n ing the safety of the nation. It appears
t t the main require ents in w sd en 6c methods, scienti c research and develop-
ment play an impo nt ole, may be li s ed as the abili ties to:

a. Move swiftly and cransport loads through t e air.
b. Locate targets and recognize t em.
c. Hit targets acc rately.
d. Cause destru tion.
e. F c on indepeadently of weather a d darknes .

',
f. Defeat enemy interfe ence.
g. Per e t com n i tions from gro und to air and from air o air.
h. De end home territo .

1.20 Chapter III contains reco endations of an organi tory cha a ter as fol- _lows:

. Fu damental prin ples for organiz ti on of researc .
. Cooper tion between s ence and the Air Porces.

c. Cooperation between i dustry and t e Air Forces.
d. Adequate facilities in e Ai Forces for research and development.
e. Induction of s ientifi c ideas into co mand d st ff work.
f. Scientifi c and tec aolog al trai ing of Ai Forces persoanel.

1.2 1 Furt er volumes of t is gene al report contain individual studies prepared
by embers and coll aborators of t e S e ti c Advisory Group on t e ain sc ent fi c • '

•topics. T ey ay be used as a kind vf ide or e d ec on of f ture resea c , atart n
from the present state of t e art to ard the real of t e unknown to be revea ed in the .

ears to come.

I -

6
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. be g c rried ia uture s c ' his c n: e ne and m st be done wit o compr -
si ba le eld req in y- y. e cargo airp ane and g o nd equipment ,de elopment progr mam s . +e otd ua e t reqnent inter als b a age cy charged r
t the specific respons b t of a ng t Army capable of move ent by a r. ,

.18 G dera were sed o a large a e ( d with eat e ect veaess for the r t) -
e in t e airborne o ers ns of Wo ld War II. e developme t of gliders and '

der tech ques mus be o ti ned s nce, at he prese t time, tl s is t e safest, cheap-
est, most acceptable method l ding hea eq pment during the asssult phase of
a a rborne op ration. N e g ider de elop ents sho ld stres the foll ng: ade-

te crash protec ion for cre and csr o; ow la ding speeds a d use of decelerat on
' de ces for shorten ng he Ien of l nd g gro d ro l; apid load n through •

ide, rear-load ag doors; a eq ate protec on aga nst • all -arms re for pilot and
op lot; gre ter serody a c d tt c a effi cien iea t roug e use of igh-li ,' deri snd me al constr don; and t e u e of assisted takeoff t niques for de reas- i
ng t e le gt of t ke-off o sequired by glider-towpla e combinati on . N e gli ders
(to ed-aircraft ) ast be snd an be eas ly des gned for rapid coave i n to low-
po es d transpo . is i eli inate ome of t e major shor co ings g ders
bec ase ferr ing o combat t te a and s s short •haul trans ort between airborne ;ias o s will be poas bie. T ad an age of'ha g suc a transport, which aa be

y and apidly loaded a d losded fot hort -haul work i ediately behind the
l nes annot be overe p ss ed. i ew te iques for the ss ault la ding of
lseary equipment ust be developed and e a ated tacti lly. I por ant among t ese
a e t e ssss lt transpo , e me hod of dr pping heavy equ pment by eans of para-

es and decelerati ng o s, a rc t t jetti a le csrgo com a ments, and -
ot •w g aircr . Stabl >(nono c ll g) parac utes i lower ope ng-loads

m st be developed for parst opers. -
'

2. 19 The possibili t of at c b 's e aircra t with disas rous e ec ma es the
d ense of o r ontie , d trial e pment, and bases one of t e most im o tant
t slcs of t e Air Forces. Piloted and p o e :intercep ors are ea isaged as t e main
n trn en s of defen e. Speed and contso abi it are the mai requirements for t is
pe of aircra t.

AEROD AMIC PROB E

. O I p ovements in e l ft d g o pro po onately increase t e range of
tr a e. Therefo e, e ts sbc ld be ncentr ed to attain such impcoveme ts. '

n 19 35, an eminent mer t 'se od a t t, who, iro ni y enough, later became
u ental in he develop t of he laminar wi , de ared t at ia s opi ion .

, o more ajor progress can be ected in serodyna c sc ence. He re er ed to e
act at with he d acovesy o he ng , and dra be ame colable quanti-
e , and the performance o t e airplsne o ld be f irl e ac y predic e so , e

des gner learned t e es ea l ag a me ods o e inat ng auper8uous
rag b " lean ng up" t e r la e. e of systemat c and deta led wi d-tu el .

• tests, a clea ng up proc be a e sl ost perf ct, so that her impro ements
b ez pe ted o nly in e o nal ases. H o w ever, even n t e i ly w el ez plored

14
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_ pri arily incerested, for e ca ple, perfor a ce at extreme altitude and a ge egcess
= ower for short duratioa.

- .36 Jet propulsion b $ene ly d for traasonic and supe son c speeds,i.e., in the speed range e the prop si e effi c eac of the jet is s pe ior to t at =
_
-

of the propell er. Howe er, he li ght weight of jet devices may j if hei use also
_= lower speeds. For eza pl omb ned pro le and jet drive enables tn s plane

to cx ise econo ica y it t e prope e d ive at lower speed and reach igh speeds
for short duration b means. :o add t o l jet propulsion. , ,
2.3 i The various jet-pr s oa s s ms ut ng hy arbo f els in the at-

osphe e are listed in the G repo t ®i e s a Sa Theodore by Von Kar an,as ll ow : •
Reciproc ng ne - da ed fan jet Motorjet
Gas tu bine d ted fa - - jet T bo an ' '
Gas turbine jet T j
Continaous jet, compressio by ae odynamic Ra j
Inter ittent jet p soje I

2.39 T e chief t tatio s of e aotorjet are those assoc ated wit the recipro- I
c ting e gine. Si ce the e p o adng e g n has a la ge frontal area in compatison

_ t the gas urbine, n s o e po er b o e d t to acco odate n the du .'he motorjet is conside ed n it o tag between t e convent on l engine pro-
pe er combination d e bo aa. It is o conaidered, e e ose, an m o tant I
i e ia a lo ng-ra ge pro n p o ra . It interes g to note that he Jap ne'se
s o had a motorjet wh h t e na d nteri jet motor pendiag de elopment

t e gas t bine.
.39 In the turbofa t e g s turbine drives, besides its own comp essor, a la e '
o pressor or a in a duct. It app a s to be a promising development for ll n the

sp ed r ge between the tn bopro ell er and turbojet. It has t e ad antage of greater
e cie c over the turbojet n the high ubaon c or transonic speed rsnge because it

= o e a ger ass of a . It lso as t e ad antage over the turboprope let in the
s e rsnge bec use the use sh ouded a s avoids the tip losses which propell ers
l ave at igh Mach nu ber. T ere ha been ve le developmeat on this s stem up
to t e p aenc, anc muc app ed rese r h ia needed; for example, wind-t n el testing
at t anso c speeds on gas tu b cte • du ed an eombinativns in variou du ar ange-

enta. .
.40 The turbojet develo ment of he las fi ve years proved the pra c bility of • `

the system beyond doubt, a d ea ed ons d rable progress bot in t e siz of uc ts
and in f el economy, On the er hand, an pro ble s are uasolved and for i - - ,
en ive sesearch. In additio o the probl m rel ted generall to gas turb nes and dis-

ss d above, t o e oda oduc g ezc as thrust e under investi at on: a ter-b rning in t e tail pipe, and id je o . At pre e t req ire e s of h t rust
for a ive roa al area and ue conom a e con cti g, wh constitutes a diffi -

_
tt for the appli c tion o ca ent t rbojets o upersonic aircr ft. However, poss -des for fur her i p vem ot how d 6 ite pro ise of eli inat g t s d culty

_ snd shoold make fut e tn bo ets app cs le o supersonic fl ight provided au c en

I

'
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. -

We wish to reduce the fico t a e tnd, he e, the voiume of the miss e. Then the
prope ant should ave e ighest pulse per u it volume. A present, t e best
propell ant in this respe the n t ic d - ani ne combination. If the ro et is to
operate in the r re upper at®osphere, or e s ple V- roc ets, t e drag of he missil e
is of secondary importance. Then, the p o e an ahould have t e highest mpulse

' p er u t weigh At prese , e best p op l s nt in this respect is the iquid o y en
and li q id hydrogen combination. The e t emely low temperatare of t e liquid

yd ogen may c use diffi in tl e de ign. A more practical c oice ay be the =

combination of l quid o gen and li d h d ra ne.
2. 9 For ore effi ent desi of t e l quid-propell ant ro ets, p ovements .
sn be pecced w en we ve a be er u de standing o the combust oa and the ow

in t e otor. The cooli n f e oto ' o ld be pa t larly stud edforb ld g long-
do on rockets.

' .50 In case of aoli d p el ant rock t , our aim in research snd de. elopment
o ld be a more versat e p ellant or a series of prope ants whi h an cover the

ange of applicat ons as to ope ating dutation aad operatiag ambient temperature.
M ch red ct on of he ni weight can be ac eved by reducing tbe pres ure in the '

, motor during bur ng wit t u ng a table combustion.

. i Since the end o e r r, t e po ta ce of atomic ener y bas become more
s nd more evident. Wit o t:

do bt ez e ive rese will be done in a counu ies with
't e go of ing ato ic en y as a source of power. From the point of view of air-
cn t propulsion the p oble is cente ed o he questi on: Can we rep t e com-
bu t on h mb r of a o or a thermal j t by a nn ear rea on cha ber? Ia the
c se of the roc et we hav o t anafer the heat released by the au ear eac on to an '

appropriately related wor ng fl uid, in t e sse of the ther al jet, to the a . ,
2. 2 be nucle r procesa in a s ste ontaining fi ssionable atoms, for e ample,
a a ium pile, is c ara ed b he o ll ed mu t pli cation fac or. T is actor
i di tes the increase of t e nu ber o ne trons produced by nucle r sioa for
very free neutron present in t e system a a gi. en ti e. If the ldpli at oa fa tor

lu ger t an unity, a ha n tion oc . The n mber of ne t ons, t e nu ber of

ato ic issions, and the amo nt of relea ed energy increase exponen al y with time.
,

f the ultiplica ion ctor s aller t an u ty, the p ocesa stops. e t case .' rresponds to an ezplos o ln a ombusdon chamber, the second se is nalogous
to an e piring me. H e , i o der to bsd ute releaae of atmoic energ for steady
uel combua ion, one needs a s em i w e mo tipli cativn fa tor ia e act y o e.

One eeds a met od whi t ates e pm cess in sa h a way that the oldpli catio
c or is kept with n icie t a s v ue equal to un ty.

2. 3 As a matter of a , snch ste s a e alre dy operating, for i stance, in the '
an c ring proces: of pl toni . How ver, t ey ope ate at he pre ent e at

, ow e per tures and sre r st el he . e level the now operat , th woul d
be pro bitive for sny sit or prop ls ve device. To be sure, the coas ption o

ste l per kilowat ho s ae g ble, pr ctically zero. However, the i iti al weig ht
is large. Sy use of conce ated s o ble terial the weight an certainly be re- '
d ed a d one c n imagine t at t e p es nt di ties of incressing t e empera re

, at wbic the release of heat t kes place i be overcome. However, t o g eat impedi- -

.
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_
limit of the material be ao so p ssed, fos i h-speed ai planes it esesa l tha the
aerodyn mic sha e of wi l body be m tained with a m nim of de o mado ,
s o id ng any local avine l o , a pe fe tly s ooth snr ace is necess r , d t e
po ibil ty of keeping t e a. . oot ser ice. hese req irements a for im-

rove ent in proper es of known met r s s or discover of new mater ls of low
sp i c weight, as well as de elopm nt of in et o s of bri catioa and p odu tion to

' ske f l advantage of the erial prope t .

.39 other equa y imp tant reqn me t i t e development o gh-t pe a-
t e ateria s for as turbi a d jet p +o o devices. Great d an hsve been
achie. ed d r ng the past ye rs. Howe e , t e inve t t ons were enera y de ,
by p e e piri a e o , t o t cons de atioa of he undament l character i

of the oli d state of in etals f he phys st's point of view. T his more f ental i

s roa wi de nitely op wsys to new hori ons in a fi eld where old oncepts
and methods seem to yield ' ' hing ret s. For application to indi idu l esign,
s lose nnderstanding of e c ar eq e ents in each case will a o aid greatly

I e al development. We st oose among the m ltitude of mat r al properties
(sn h as elast cit , p sst t , y e d chara ter sdcs, i pact stren t , at e strength,
e .) the mo st i portant o or a g ven design, and not require the opti u in 'i

e y aspect. This means a d ser a alys s f t e stresses of mach ne part , espe a p
m der d nam c and hi h th s ress ond tions.
2.60 A entirety n po b ity s t odn o of cer mics as a construc io

' a er a Ce a ics are p t i rly h sis t, s t e melting points of ese mate-

.
s a e geoera y mnc hi l t o t f e metal . Ho ever, he r th of the •

I

rs i s now nown is a y too low to sed for ghly stressed part . On the
h r h d, cen m cs ha r been developed for such parposes before, and muc '

e to be lear ed. o ts n ed fo be ent oned partic larly: (1) T e cost •
p d of the cer c er al fo ne part co ld be many ti es that of the

d is l ce ic materia o nsed, s d th s the possible choice of bas c com-

_ onents is much wider. ( ) 'he cerami s , n be sed ss a coating on meta ic parts,
= d th the temperat re re sdng prope t co d be combined with he high streagth

'o er y
2.6 1 A d ff erent ppro h to e p able of n rea ing e inlet gas tempe ture

- n ga t rbines coasists o f li g e p t of the engine e posed to high te pera-
t res. T e ooli ng p oble t nga up ew q rements for the mate lal. he al

= ondu t v ty and therma e en io l ome ore portaat han c eep st hi h
t pe atures. The recea y, proposed m h d of coo ng by injec ng t e coolant • '
th on h a po ous materi l prom te the development of new all oys.

.6 In c cet otors th need for h h tem e at re resi n mate sl hss rown . •$ P 8
th the in easing d and fot longes d t a on of operation. In iew of the very high

__ t mper ture invol. ed in t comb at o of roc et els, li d-cooled chambers

- snd no les have beea use -
loag•d ad on units. The erosion of he nozz e has been

-
_

a . e di c lt proble v ,t e mate ia po ot of v ew. It scems, however, t at erosion

_
o o o ly if the t mpe tu f the s e a e reaches some cri ical a . N o lea made •

e so material (ala a have b sed success lly hen properly c oled.
= t appears t the condit on he ate s l s o d sad y to operate properly in a li q id-

=`
-

_ -

4
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owo as air pilotage or pilo ing, is usefu pri a i y. over land ia clear weather and
o er te tory for which a s e avail ble.
3.14 Over the oceans, al over land and above d ouds w6ea celestial obje are -
visible, the methods of celesti navi ation may e used. his procedure amounts
u da en ll y to a determination of t e posit on f the aircraft relative to the geo- .

graphical positi on of one or more celesti l bodies which is known if t e ti me is known.
Much ingenuity has been exercised in developing ids for convert ng e observed
data into position of the aircra t in the short est possible time. Att en on should be -

ven to t e problem of automati c celes ial navigari on of pilotless aircra t.
:-DEAD RECKONING

3. i S D ead recko nin is c e m et o d o f estim at ng po sitio n by keeping aa account,
o r re o ning , o f the co urse and dist nce fro a previously no w n po siti o n. T he basic
o bserved data are che air speed and the co pas s co urse, but suitable co rre tio ns must
be made fo r air temperature and pressure to g i e true air speed, fo r declinatio n and
devia o n to g ive the true heading, and fo r the w ind.
3. 16 Muc6 o f the hu an labo r invo lved in this metho d has been remo ved by the
develo pme nt o f the 8ux•gate co m pass aad o f ia stru ents fo r measuring true air speed
in co njun tio n w it a device kno w n as an air po sitio n indicato r. Ia this device, the
o mpaas eading is co m bined with true air sp ed auto matically to give titude and

lo a g itude, sta ing fro m aa i itial setting at a cno w n po sitio n. T he echaaism takes
accouat of the fact that a degree of lon t de is of vary ing len th at d erent titudes
and u tions accu ately e c pt at very high latitudes. The compass corre tioas may '
be set in manually fro ti e to time..
3.17 hen science has per e ed a satisfac ory ground speed indicator not de- '
pendent on ground stations, t e mecha ed dead-re koning syste , or gro nd posi-

o indi ator, w ill be a mo st eff ecc ve navi a io nal aid. Its w eakness i s that the erro rs
are cu ulative and that it mu t have been in operatio n co ntinno usly fro so m e kno w a
po sitio n . Its advantag e is that the equipmeat is all o n the aircraft and o per io n is no t
dependent o n recei ing dio trans issio n o ver lo ng d istances . T he m etho d o f dead

recko ing is the o ne m etho d that is alw ays available.
3. 18 T he navig atio n emplo yed in the V -1 and V-2 lo ng -rang e miss l es w as es-

ntiall y that o f dead recko nin . Ia the cas e of V - , the altitude w as auto mati l y
ontro led

, the headio g w as d er ined by a ma netic co pass w hich mo nito red the
d e t o al yro of the autopilot, and he distance was measured by an s ir log. At the • '
p eset distance the bomb was•made to dive on the target. In the case of V-2, the navi-
gat on oc rred during t e b ni g period of the roc et motor. The verti l heading _
was conu oll ed by an elevat on gyro, the azi uth by a radio bea , and e propulsion
was c t off when xed peed was reached as determined by an integrat n acceler-
ometer.
3. i•9 The accurary obtainable by dead•re coning met ods is of the order of from
wo to fi ve percent of the range from the la known position, the e act va ue depend- .ing not o ly on the type of in easuring nst u ents and computers but s l o on at-

mosphec c co aditions. Por ega ple, the accn a y of urrent air position ind cators is

THIS PAGE DECLASSIFIED IAW EO 12958



THIS PAGE DECLASSIFIED IAW EO 12958

such ti:at the error infrequent y exceeds fo r percent and ave ges abo t two per eat.
The errors of in easurement and comput ion can p obably be reduced be ow one per- ,
cent with continued improvemeat in inst ent desi n. The prin pal so ce of er or
is he variabili t and uncertaint of e wind. This error decreases as he sp ed of the

_ m ssile or air raft in reases.

RADIO AND RADARM T ODS
a

3.20 Prior to t e introduct on of radar techniques, many radio ds to navig t oa
had been developed. Two- ay adio telephone co u cati on and the broad sting
of e eorolo l informat on are of in al able assistance to navigator . For reg l r
air routes the system of radio beams radiati g fro radio- ange be ons and the
ra io arker beacons enable n i ation nder cond t ons of zero visib' 'ty. This
syatem as been highly developed or co nercial r tranaporc in the United State .
The beam defi nes a speci c t c c in space, enab ng correct on to be de for i d
drift The in or adon is independent of any transmisslon o the air ft and the
n mber of airccaf which can rec ive the information simultaneo s y ia nli ited.
However, there are tech i a d nldes at e d o frequend ea sed bp he present
s stem associated wit the eff e ts of the terrain and of t e ionosp er on radio trana-
mis ion at those frequenc es. The t end toward the use of igher fre uencies and
to me ods dependent on microwaves and pulse transmiasion.

' 3.2 1 In the preradar per od there was e tensive development of aircra radio
dire t on 5nders, and ho ing dev es, and of syste s of airc a t Io ado b dire ioa

' ding from g ound stations. In ormat on so obt ined was u d for occasional com-
put ion of position as a x n conne t on with navigation by dead rec on ng. T e

_ most ighly developed form of d o dire t on 6u der is the automati e radio com ass
which ives dire t readings of the bearing re ative to the ax s of the a a of any radio
tadon to which it is tuned. Indi tors are avai able wh combine th s indi tio

with that of a u -gate magnetic compas . e same techn c l di icul es are encounter-
ed as for t e radio-range system at the equen es commonly used b nse of t e e e
of terrain and ionosphere on the t na ission ivi g rise to ni ht eff e ts, multiple nd
bent courses, etc. In an syste based on direction fi nd ng the er ors increase with
t e range. Perhaps the most elegant beam system is t e mode n e man "Sonne"
system w ch all ows a observer to determine his beariag rela ive o a land stau on
wi an accura of the order of 1 at ranges up to 1000 or 2000 m les.

, •
3.22 R dar has developed many new techn ques whic are descr bed in reater
detail in the reports of the adar consultants, Radar a d C rm ca o a The develop-
ment of mic owave radar makes i possible for the nav gator o "see" e terr in under

' • b nd-8ying cond ions and to use t e simplest of all et o ds, air lotage. In X-band
and short er wavelengt s, the esolat on is suffi ent for iden ca oa of ivers, streams,
bridges, ail lines, and ot er sur ace features. In add tion, t e range of radar vision ia

reater than t at of the eye, so that o er t e sea, a d may be "seen" at ranges of from
S to 100 iles. W en over aod, or at sea wi h the aid of r dar buo , drift may be

' deter ned and co m bi ed w it l an air po si io n indicato t to e g o d po s o a .d c tio n. n accur c eof the o rder o f tw o pe cent o f t e d stance traveled since the

.
l st is attainable. T s m etho d of radar a a g atio n req es no g o nd stado ns.

. 93

THIS PAGE DECLASSIFIED IAW EO 12958



THIS PAGE DECLASSIFIED IAW EO 12958

-- _ _ _ _ _ .-
, _,

.
, '̀ 'he p l e c . --__ - - .

'
.

en o t e de elop s ae

. position ! - - - . - o s to
, :

n
, he - - -- t ?b - ds, .

_ _
r u pr r

_
' :, _

i i e s. W en : a __ _ „
; g l

. o ;. _
_ -

.
e c b ic s - -,. - _

; ' s d c e t e - `
.

'
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: i
dj t the computer the f c awsy the t le h s to be recog ired, and there is a

p t li it co th . ' ' e ent wa een the be ianing of the dev lopment o
:omp ters s table for .

i e d g i e bombin as we l aa for off se ombiag , .
.e., si hting at some g . e po t whose poai on e stive to e '
t e is c own. These de. el ment i. e g e ter freedom of i ht path to t e bomber.
. F otless bombers ose ange s l mited to less than appro i at ly 100 miles ,

m y b entir ly dir te by ea s nf pre sion ground-based de ces employ n r dar
p d ples. F ensions of t e , o ao eq p e t to automatica q contro l uch aircra t

sc b er e ted. i
.9 For longer ra es, s d es aho d b ade of the se of airborne l y stations ; ;

soc as airplaaes, rotary i g a raf , or iles, and of combinatioas of gro d- '
ased dire ors with a ho ag de i e n e ehi le. order to achieve on range
e r u d sta ons m st op a e on r at elyilong avelea hs such as s e e ployed

' b he Loran system; this t tes lo p ec s on. Such ea s mast thereby be em-
plo ed to briag the issile t

_
e t of t e targe , whereupoa che ho ng device

®ay take over cont ol.
. i St dies of e opti Iocation o Loraa s at ons for th s pu ose should
e nd rtakea; the possi of mo n g s ch stations on submarinea should be
p or . The possibil ty o g rso : gn ding b auto atic celesti l aavigadoa
oold also be inve tigsted. „- : . : .

.1 I' e homing de ` a y tad ation e itted from the target
, sy, rad -li ke, t e sel a e i o aves, thermal ra ia ion, li ght, and I

e a o the l gh-ener y a aa oaa om u a react oas may be ons dered as : ,
p acti al for homing purp e ; i t e dev c homes on adiatioa e itte f om the

ge , then to a cer in e te t-it :c s o s ti all y reco nize the tar et. Th s, a dev ce
a to home only on ga s rays o ld only home on unshielded ato c power

p a ts, here s one made to hoime on r d o ves would aeglect atomic power plants
o avor of radio transm era, his adv ge is not so favorable as it so ds however,

a ce t e possibili ty of erect g de oy target always exists, evea for atomic ener y

4.12 For e tremely hi - p d m les eV-2 t e homin problem is ade very
- d c t by t e e tremel o g aa ge requ red of the detecting de ice.

13 gn tic irbo e d' v es no :re arded as o ering o d prospe ts
f r g di g pilotless air af . t is to e do ted hether devices sensitive to so d

be of any use either. .
4 • Means for gu d g les may be gro d-based or air-based egardless

" rhether the missile itse • au ched f o grou d or air. T e par lar ta tical
eed ill deter ine which f the ow po s ble combinatioas sho ld be used. It may `

ove upon f her s udy h t e g i i g ad launching means should be si larly
sed.

. l he most diff c lt o lem l c ng iss les from the a r is to lauach
e i the pro er direct on t e ta ge s nearby, so t at they will require a miaimu .

of ght. The propo e efe se o ver 6ea y aircrah by this means may prove
- a t c larly diffi cult for t s r a c n. ,

.
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' p ssibili ties of developing s all er s e nu l u bombs perhaps by using nn lear reac-
• t ona ot er than fi sio ; a d (4) m ing com rative studies of e icien and cos s of

st met o ds of s ategic bombiag and fn e methods using pilotless bombers loaded •
t eit er atomic or conv ,a al es plo ive .

: S e l stud s o ld e ade f roblem o destruction of under round .P Y P fl
s abl h ents. In the last w submarine be t s were "att acked wit bo bs, but with

prac i y no success. It ns be anti pat d that a considerable portion of the key
du r es of possible enemie l be located underground in order to escape bom- •,b rdme . Pro bably a a .on om uni a io s leading o t e derground fac ories

' a d depots gives the best poss b l t of s c s ful neutral zation of such u derground
;

e t bl shmen . '
; .6 e destruct on of air argeta, i.e., airc a t and missiles, has received compara-
t vel lit le sc entifi c t dy. R t tes s by t e War Department have shown that one
po nd of high explosive e p od ng w t n the w ng of an airplane wil ca se suffi cient
dama e to p oduce a cras or at least make re u n from a mission i probable. How-

s et , add tio a study i a eeded of the d'a a e f o m blast and frag mentat o n at d st-
t ces w it in t e rang e of p z ity fu es. In t is appli atio n of fra m en atio n as a

m ana o f de tru io n, o a d s ble pro g reas has al eady been m ade b t e appli catio n

, o scier.t ic pr nc ples to de e op coa o ed f gment on, controll ed bo h as to
s e a d gener dire tio o av l o tbe fra ent T he theo of blast is now ell

oped; fro th s th or e s p
• t l s s been est mated that 20,000 tons of

TN T, w i is said to b t uv ea s e ds blast, of the atomic bomb, will
I d s oy an cra one t t a iles.away. ' e effi ent desi of a he ds for air to
I a miss es and ground to i issilea is dependent on accurate informat on on the '

strn tive e ects of bot o d a a d a ir e plosives when used eit or blast
o or 6urli ng fra ments. .

' S.7 T e destru t on of s ps ogec any new problems in terminal balli stics.
The penet ation of he armor of battleships nd other en-of-war is easent ally the
same p oble as penetration of the or of 'tanks. A scieati c curios t of the rst

' d cades of t is century, the o a ed Mu roe e ect, has been appli ed in th s last w r
t e de elopment o holl or shape ch es which 6ave remark bl owers of
ae ation. S ips are mor.

e i y dest oyed under ater explosions.
B "Termin l Ball a ics and Destru c ve Bff e ts," by Dr. N . M. N ew ark (Part

I I f si a d Ter s f B l cs) des i s the presene state of knowledge of
destractive eff eccs of explosives h s repo t also contributes su gestions for complet-
iog. n in ormation on the s jec . It is beli e e at such a program should be carried . •
o t b ca e ( 1) in a cran iti on period s c i or ation is ce tainly needed, nd (2)
t fi l picture concer ng t e re tioa bet een the atomic aad the conventional

,-_ cp o ive is yet uncertain.
:q T e foll owing con ons regard ng the selectioa of conventio weapons

, r at ack of vari ons gron d gets appea to be genersll y accepted:
a: he most eff e t ve e plosive bo for atta of li g t indus r l bu ldings

s a GP bomb u ed to bn be weea e soo and the fl oor. Greater damage is pro- -
ced to the building and ® its ontent wi h this using thaa wi h instantaneous

fi sings, or ith cratering o b .

_J
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adju c of the GCA system. It does not, however, solve ll the critical pro blems, which
inctude communi ation and identifi cation. It ought to be possible for a gro d con-
t oll er not only to know the positi on and altitude of any aircra t in the viciait , but to .
al dire y o any sele ed one. This re u res a mul iplicity of channels, nd a degree

o f ez bil ity and reliability no t appro ached by any existing co mm unicatio n equipment. _H o w ever, the vo ice co u icatio n techniques available at micro w ave f equencies
are ver promising and s)iould be exploited. Incidentally the heav investment in
ex tin t pes o f equipm ent is ez e ing a retarding infl uence o n th is de elo pment, ,
w hich w e co nsider extrem el im po rtant fo r the future Air Fo rces .
6 .4 Go ing even urther, o ne can envisag e means by w hich so m e o f the info rm atio ,
a ai ble o n the g ro und co uld be relayed to each pilo t in he vicin ty, a o st co m - '
pletely breakin do w n the b rriers o f o vercast and darkness.

NSTRUMENT FLYING

6 . S N avig atio n w itho ut co ntact invo lve s,
fi rst, instru ent fl ying , that is, co nt o ll ing

the aircca t in a co ndi io n o f reaso nably s eady fl ig ht o n a given co urse , and seco nd,deter ining as frequently as necessary the po sitio n of the aircr t in g ro und co o rdin-
te . W e have to co sider l so o bstacle detect o n o r co lli sio n preventio n.

6.6 Automatic pilots have been in use since about 19 33. In he prese t form one or
more gyroscopes are used to de ect ro a on of the aircraft, the resulting re ative

otion is translated into a si na whi is amplifi ed and operates the controls Means
are provided co make var ous adjustments of ensitivi and to prevent se os illado . -
The automatic pilot mus be adjusted to the part lar type of aircr ft and the best ad-
j tmenc often depends on the rou hness of the air. Automatic pilots for pilotless air-

rs t mnst be designed to operate wi hout the necessity of manual adjustments in the
s r.
6.7 Instrument ying in all weather conditions requires a solution of the icing
problem which is still a great obstacle to continuous operation of pilotless as well c
p loted aircra t.
6.8 An aircraft fl ying b d n keep track of its position by t e sort of aided dead
reckoniag provided by he ground-position-indicator for some time a ter a x in
g o nd coordinates has been o btained. Even wit further improvements in inst umen-
t don there will remain the inherent li itat n due to lack of precise knowledge of the

ind. borne radar of reasonably high esoludon permits, over land at least, contact . •
fl ying o r dire c radar pilot ge, which may be used on occasion as the sole means of
navigat oa or may more usua ser e to establish frequent es or an auto atic dead-
recko a ing instrum ent. N ot a aircra w ill be able to aff o rd t e space fo r this fa lity,

'

a d, since the radar pi u e ust be interpreted by a human o bserver, pilo tless aircraft
would be required to relay such a pi ure back to the controlling base.
6.9 A very import nt mean of b ad navigation is provided by the long range
hyperbolic system, L ra , hich has come into wide use. A detailed dis ussion of the .

t e possibili ties of this and re ated sys ems is included in the report of the consul-
tants on r dar. (See t e SAG report Ra ar a Communicat ons.) We should call
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tar problems. Pa cularly notewor y pro ess was made in upper air researches.
U nprecedented quantitie o upper su obaerva iona from all over the world provided

e ndamental data. Resear he led to the formulation of new methods of upper air •
aaalysis and to t e exteasion nd developmeat of fundamental theories concerni g the
dy mics aad struct re of the upper au . Major advances were also made in long-range
fo e sti ng. Several long-range forecas ing methods were developed and subm tt ed
to ri orous trial, using specia devised athe atical techniques to test eir vali ty.

' e be t ethods were t e ut li ed to prepa e weather advice for penc n il tary .
operat on . The develop e t of new sc enti5c devices, for e ample, rada , made -

possible the development of new a d i p ov d insu u ents which e tended t e range
and ac ra y of in eteorolo i al mea ements. In turn, the eff ective use of radar re- `

-
ui ed additional meteorolo al stndi s.

6 . 1 Fu e research m st be dir ted w ard i prov ng w eat er fo recastin ,
o btaining vital kno w ledg e o ncer ing t e upper atmo sphere and io o sphere, and
a ev g all-w eather fl ig t. he theo r es and data o btained d ng the w ar must be

a e ll y checked and s fted to develo p new fo recast to o ls . T he •advent o f n w eapo ns,
s ch the ato mic bo m b, u ded issil es, o bot p lanes, and very hig h ce ng aircr t

a es it necessary to o b o baer atio nal d ta fo r the upper atmo sphere nd io no -
sphere and to develo p theo es that wi ma ce fo re s dng prac able fo r t es e high

ons. This iavolvea reses i ighly spe ial zed branches of physi a d eteor-
o lo , for snch fa tors a eo a c rays, terre tr al msgneti sm, io ization, aad special .
t ' 'on eff ects become mport at in the ig at o sphere. In he achievement of all -

, e t er ght, the westher obsta es to be o ercome in ght m t be described and
mea nred iri de ail eq pmeat and proced res to overcome t e wea er sre to be •
succes y devised. The atmosphere is of ever-i creas ng i portance as the medium
th o ug w ch the instrum eata o f w ar s e launched . Meteo ro lo g y, the s ience o f the
st o sphere, is of ever-lII Creasl g impor ance to the military. T o keep abreast o f
aode a ili tsry developmea , ese h in eteorolo must be vigorously p rsued.

6. 16 The condi onin of weather over large te crito ries has not been seriously
on dered in the past; however, the p ogress 'of in eteorologic l science and t e possi-

b of introducing in the air lar e amounts of ener by n clear methods, might
b ing this aim into the rea of possibility. For example, the a oun of ener y re-

' ed for forced lo a t elease of at sphe ic instability in the case o coavecdve
orms and for the dissipadon of fog s o ld be ithin the limits of available ener y

f om atomic sources. T e general probie consis s essen s y of t ee pa s: ( i )
e a t nowledge of t e wea e pa me s i the domaia in which we ant to produce

.aages, inc ud ng bo l taneo s s u and their teaden y of vat at on; (2)
e bods of computing t e re weat er, as dependent on the presence or absence of

sva lable conu o! measures; d ( 3) means f applyi g the conu ols, such as adding . •
ener cert ain regions, mo ' 'ng he e8e tion coeffi c ent of certain areas, etc.
It ee s possible, with the a d of ele tro c compnters, to produce a model of a ce ain
reg oa of t e ear 's sur ace nd he e cist ng weather situation, hic can be used not
onl for t weather pred t on, but al o for direct rapid e cperi entatioa, on a model

a e, ith various conu ol methods.
S e the SAG report a , by I. P. ri .

•
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t i ed as igh as possible by use of pressure suits and other aero-medical techniques,and pm bably by use of the prone positi on in very fast interceptors.

HI H ALTITUDE

7.5 To secure air superio it it is necessary to reach equal or higher alti udes
t an the enemy. Rocket-driven airplanes are especiall y suitable for extre e altitudes,be e their propolsion is iadepe dent of atmospheric air, although eir fl ight dura- •
t on is in6erently l m ted. Hence, it will be necessary to use ever possible mea s o
adapt other types of jet prop lsion to hig al it des. Improvements in co bustio -and impcovements i compressor design are the main requirements, especiall y the -
eli iua on of diffi culties which are encountered in compressor effi cien y when super-
sonic fl ow occu s in t e machiae.

HUMAN LIMITATIONS AND CAPABILITIES

7.6 I' e human element, both on e ground and in fl ight, is of paramount im-
portance in glo a! operati ons dire ed toward attaining air suprema y. The study of
tl s e e ent is the concern of aviatio medicine which includes: ( i ) the in ial select o
of p rsoanel on the basis of t ose u an qual ties which make for effi ent co bat

t en wit emphasis on v ion, h ring , reaction ti e, neuropsychiatric normality,card o -respira ory effi cien , physi l p owess and psycholo c adaptabili t ; (2) the
t ning of aircrews in the technique which will enable t em to perform e iently,inde enden ly of weat er and dark ess, der the unusual stre ses produced by high
speed, i h altitude, great maneuverabili t , rapid changes in baromet ic press e with

ang i g altitude , and instru ent g ht and co nta t w ith the enemy; ( 3) t e eff ect o f -
ght o n t e h an o r an ism; (4 ) the m aintenance o f health, effi en y, and safety o f

fl ing personnel u der all en ironmen al conditions; and (S) a det iled conside oa
of hu an requirements and itations in e design of airc aft, so that the airman-
s rcra t complex wil! be made into an effi c ent 5gh ng element.
7. 7 Inasmuch as hu an to lerance do es not chang e , the steadily pro gre ssive in-

eas e i speed, ceiling , and po tential maa euverability o f ai rcra 6 as resul te d in a
pto g ressively sm all er mar in betw een psycho-physio lo g ical requirements and hum an
to lera ce . O n e superso nic sp eed is ex ceeded

, this m rg in will be o f paramo u t im-
po nce in the operatio n o f the i r ft. H ence, it is essential to deter ine under all
conditions of fl ght he human tolerance as ven by nature and the limits which can be - •
attained as the result of sele tion, training, and the use of special pro e t ve devices,such as a G-suit, in order to utili e u y new aircra t in combat operations. Of necessity,the p rformance of present and uture aircra t will be based in pa t on human limita-
tions and capabilities.
7.8 An addicional human a tor is that once an aircra t is damaged and must be
abandoned, the aeronautica en neer's problem is over but the p oblem of survival of
t e crew, wherever t e ay happen to be in the world, is just be innin . . .
7.9 High-speed fl ig and maneuverabili t result in ce t in ha ards and stresses
o t e 8yer. At the co m pa t vely slo w speed of 6 0 0 mph, 8 80 ft are traversed every ,
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7. 14 A 1 a r ta t design d fot t e l igh-alti ude ghcs (t n iles and up )
m st be e pped with pr s e abi s and ideal y ahould be maintained at an absolute
p essure of 4.4 psi or ove . P ess te s i s ave been built that satis y t i req rement •b t ave proved to be eztrem ly e ome and awkward.
7. 1 F c eriments on h man sub'e ts have shown t ,p at t e hu an body an tolerate
a re ative ezpansion of inte n es of .3 du ng any e plosi e decompression of a
p ssure abin or a pressure sa t. Above 0,000 , however, it is vi lly impossible
to prote a pi ot by p ope hoi e of ab n pressur cond ti on from both the dangers '.o sno a and e panding inte al ases. Losa of abin pre s re at any altitude above
50,000 will pla e t e p lot in sa ent danger to require emergency prote tion ,om ome for of pneumatic clot ng , a pract a! vers on o which has yet to be "
de eloped.
7.16 ergen y escape om an s t cra , while traveli ng at e tremely high speeds(t s soa c and supersonic}, and at high al itudes ( 10-SO m les) will requ e many
sp i l co side t on . A pa a hute m s be deve oped that wi re eve the ver gh

pe d opening sho snd ill be f ee of os i l tion. For this purpose, e Germaasde etoped the ribbon para h e. ergency o gen must be t ed, pro bab y in the
pa achute, a d for bailouts abo. e 50,000 t, o e p otect oa must be pro ided against
s ere ano cia and aeroembo m. e ds st p ovided to eje tt e 8yer ree of his
d m ged al p. Eje tion se ts as n es pe n et od are o y pra dcal for subsonic
s eeds. F i ce ygen m c wil p e ce from iad blast and cold. The

ncept of an ejectable co cplt, p operly press r zed, is at pr ent t e best probable
' sol on to escape at e e e a t t d s. Fot c a co cpit, a stab ng parac ute is

re u red as the peed d pa t ougb tbe tra so ic range. Larger p a hutes free of '
srre o ening s o i be te a red to dnce descent to a safe valae or ' ' g
t e oand. A ternately, t e od cpit co ld be unsesled automa ly belo 0,000 h -
nd ow a conventio al p ac ute descent. Automatic opening devicea should be

ased o ghout c e se uenc ol e. ents.
7.17 The high slcin te perature of sapersonic a r s t will requ re spe ial protec-
t on for t e pi ot aga n t bea p ostr tio r-cooled 8ying clo ng will be a reqa re-
ment. Pro per choice of i s a on on t e ab n wi be a fa tor. As t e speed o the
a s raft drop s to sub on c leve s, prot c ion a ain t the cold for the pilot n be
consid red.
7.18 Since some roc cet•pro pell ed ra may u e li quid o cygen one of the
f e component , th s q d ld be se a a o ce of cabin press at on, ss
so ce of o ygen for the pi ot, and s a metbod of c oli ng an air ven ilated du for - '
pr te on s nst e ces lve b n hea Pot oc cet pro pulsion, using t z c li q ids or
ato ic ener y ources, prote ion mast be iven che pilot ag inst no o s gases or ,r d at on.

NTERMEASURES

7.19 H gh s eed, ane ve abil t , and i h altitude are tbe mea s o es ping •i terference from g ound de ens s. Howeve , we must attribate to t e enemy be same
gh y developed apons of de ense whi h we try to develop. Hence, it appea i -
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it will be atried on at as lug equen as possible, in order to ma e available a
r az u of co unicadoa ann ls, i only by the state of techni l develop-' ent, antenna considerationa, and t e molecular absorption of he air. •

8.8 At present, co ms d s ems opee te at frequen es aronnd a hu dred mega-
c es. In t e im ediate f e t e f e uenc s ould be increased by a fa tor of at ,least cen, and perhaps muc more. There ill be avail ble a large nu ber of com uni-
at on channe at t ese upper frequencies, o hat each airplane in e oup or for-
ad on c tn be assigned indi id l annels, in addition to gener l and emergency •,a aels shared by the hole g oup.

8.9 T e c a nel space available an be used not on y to give a large number of .' bands, but also to p o e the s stem ro ja ng, iater ere ce, and interception,
•

b sing spe al forms of mod lation, m t p e annel , or ot er re nements.
8.10 With the large n ber of channels to be employed in this type of ope tion.I it s i e tive that the i d vidua n ts be egraced into a closely kait practical

• syste . This ca be done fo ow ng p a ce 'si ilar to those employed in ordinary
t lephone syste s. Each a p a ie in the ormat on would be assigned a frequency or
pair of frequencies on w ch he wo d ommn icate with anyone ca ing h . In order
o a a other airp a e, t c lling tr n mltter and receiver would be t ned to the fre-

qoe c of t e station be g a d, si ply by manip at g a nu bered dial s ilar to a
t e hone dial. Wh le certai p o blems connec ed wit frequen y st b ty remain,
s ep ave alre dy be n ta oward t d solut on in t e use of a sin le stabilized
o illator to control the re a c of

.
bot tra smitter and receivec, var ous feedback

s stema, snd si lar meas e . In such a network it would be essent a that cercain
_ster annels be kept ope at a times for t e receptio of gene l o ds and

e g nstru tion. Since the e annels m st be available whe er or not a stati on
s a ing aaother airp a e, t ia arrangemeat may require some dupli ation of e p-

. This will not be se o y obje tionable, because short-ra ge, hig -frequency
r d o e i ment can be a rel tively s a .
8.11 Cert n com and ope ations ay be aided by l g ly d rectional trans ission.Co munication of is type c be carried o t verq e ently in the microw ve por-
t o s of the rad o spe m. L boratory od ls of receivers and transmitters are at
p esent e isteace, and the ical avs bi ty of this equipment is ass ed.
8.12 T e e treme y high•f e ncy portio of t e radio spectr , that is 60,00 0

e ary c ea or more, ss ce t in.properdes which ay be of value for short-range
ommand systems. Here the mole lar absorpt on of the at osphere beig to be

i por ant. is means t at the signal ia atten ated very rapidly w th distance. T us, '
it o d be possible to c r y on mmnnication between airplanes in a fos at on
aad et a ntain r dio a en e far a on d dete tor or more d s nt airpl nes .a e concerned. However, be ore sach eq pment beco es avilsble for pra t ca!
av adon spp ation, it m st go t ough a long peri od of research and de elopment.
8 13 For ingle-seater ters and ot er a rcra where one man mu t perform a
g at many oper t ons, ss e ss a t as rad o operator, it may be necessary to supple-

ent voice commuaication ith an indic dng yste , with a se ipermanent record of -
the me age. De elopm n al e pment of t is type has already been produced in the
fo r o f t e Br tish "B e nut" and eri n V o g ." T hese un ts not o nly ve an
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d t , undergrou d lo at n o key targe s, etc., but o ly the a ive measures against
t ' ' e in ht. o r s c own at p ese the possible act ve mea u es sgaiast

bombs do not d er f o c t ose agai st miss es car ing ordinary ezplosives. .
ch measures will be dir ed to de the a ta by ele ttonic distu b ces, to
od e p at e es plo io , d na ll o t or destrv t e missiles b blast or
g e ta ion om arhead of de enaire m iles.

9.7 y ssile us ng e e a o contcol, ele t on c homing devices, os pro ci -
t us s, a In theory be jammed. In p act ce it is necessary to know something of •,

, eth d of o ersti on d to adap j t m g eq pment to e par ls enemy
da Tb s infor adon y be ob ained ei er by inte geace met ods, by co ntin- .

s se c of the et c oma etic spe t v m, or by e: amination of apt ed equ p- '
T re s no bla lcet ovet a method o 'ja ming whi would defeat any and ll

t s of el c vnic apps t s. T is m d o de e e requ es e tremely ose cooper-
on b t een in e en e e s, sp d l con s ssance patrols, and elec ron cs

, sped a sts engaged in de elopment of m i g eq ipment..
9.8 Mis es asing 6om g de ice y be deceived by decoy tar e hus a

ssile s g heat radiat on o d be de yed by arti cial ta gets. s d ice is of
im d appli ca ion, nce t haiq ea o tg t sele ion sre know , and e enemy

t e ass ed to po ess It w ld b c l , ot impossible, to locate
y s et within th f d ra a s e were d rected toward the re l target

d ya enoagh s y o : t : ' of destruc ion o an ato c bomb.
:9 a 7 persons have s e e po i ty of produc p atur ezplosion

• r o er iae incapacit t n missiles b me s of some form of ay. If he issile .
t ea a pro im t s it m ind ed be poss ble to operate it b su tabre elec ro c

js er and thus ezplode he omb, whe he it consists of atomic or o d aary ex-
plosi . In t e absence of a OS it f se or o a syatem for remote ele ttanic control

of ds t o , sc ence o ers o p ospe t of de onation at a distance. T e intera t on of

ectromagnetic r diation t matte h s be n oroughly inves l ated fro long '

. s dlo wa es th ough mic v v s, in rared, isible li ght, ultra. iolet, Y ra s, a a
s, to cosmic ys. O r s b ity to con entr te ad ant ener y at a d st nt point is

i ed b a unda en l p ope y of w e motion in an unbounded med m, i.e., t e
de of the wa. es t p d. ven w c the tota electric po er o the United

es e e p sced in a si eam fco s e tor SOfeet in diameter, the intensity
at ooe mile ould 'us eac : e s ' e in a r. Further ore, s elding is1

l t ve y e s , be au e o t t ndu , t meta s. The very short e t rays annot

,
b focused, a d t e enecg d aes as t6e nverse sq are of the distance. us, present ,

e c nowled e t o ope o , bu o the cont a y dis in t evideace ga nst,
t pos b t of detona ag ,

bombs at a d t ce. , .
9.10 N o seriou atte pt a et been ade to hit a projectile or miasile moving ,

i rit , say, wice the . eloc ty o o d. Ho ev , b adap ing t e arget see n pri n-
d p to w aged ro et p oj ile , it a ould be poasible to accompli sh th s a , pro-

ed locadon snd warn n s ent y advance. no her pr nd ple wo ld be
at o s b age of aeti oes; howe. , it c oes not appear possible to in re se the .

d sl of the b rrage to s e tent 1 e missile would not sl p th oagh Cer-
bo h me hods sho d e stud d.

4
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agreement at the top l vel only. It would be simple to establish an offi ce of or ani ed

s ence and agt ee to allot s enti c problems to such an off ice and ilitary problems
to e ir Forces. However, sd ent c results cannot be used effi ciently by sold ers who ,
have no derstandin of t em, and scientist cannot produce results useful for war-
fare without an understandi g of the o rations. T e followiag se tions present
certa n recommendat ons wh may have some value for the solu on of the problem. °

.

a

°

i
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_ _-,

11.7 e ideal goal is, o one ide, t e reat on of s scienti c atmosphere in the
A r Fo es, on the ot er s d , e ma i g of a permanent interes o sc enti c

rker in problems of t e Fo e . The hand ng o resear on a p ations of
.

ear physics by some a e i. es an i terest ng eza ple of how
e tifi c people s be antag o i ed b too m co maad.

i 1.8 The physic l attr b tes of ad eat e l fe are l braries, labo toriea, publ c -
t oas, so ie meednga. e m i ped ent to high-grade coopera ve s end c
a t vity in the past as be n he eon ing ph losophy of scientiats and soldiers in •,

a d g s enti c ro s ters. An nnavoidsble diffi c lt ia inu od ced, of o ae, by the
se u r strictions necess tated by the sra er of mili tary research. However, it is

-beli ed that th a problem a be suc es y solved. •

11.9 he st req r e t for s es s eat c co abo ation i effi cient
et od of ma ing the a erial co a ned in the ar l ves of t e Air Forces and other

m l ts bodies acces ible o hose sc e t c workers who a e d eared for a sifi ed
i for a ion and whose coop tt on is des ed. The l d c of u an or ed ibrar
ser ce as in he pa t bee one o be g e t pedi ents to sc entifi c wor . he Air
D o ents D ision, est bl s ed re e ' at Wright Field, may be e nu leds for the
de. el p en of aa effi ci t b ary and in ormation service.
i i . i O Conc r ng he tbo o or , it ia recommended hat A y r Forcea
pe so be a signed to d

. i sa labo to e , i order to acqwire a inti ate aow-
,

l d of c enti c resea c pe a t t m b valnate correctl sd ent fi c fac s and
e d ely d re t a d s pe e a h a r For s laborator es. However, the

ets o el as igned to v bors r ea o d not be t ere as su ec i g or aison ,
offi e s, b merely to ea . n the ot e h d, it is recommended that t e r Forces
d elop a sc e tifi c reser t rps am l r i c rent militar problems, as a pool
or sc ve ser ice in wa t m . Yoo ge sd enti sts who were working on p oje s i -n

va ioua ivi an orga i atioas d r ng he , would co stitute ad irably fi t andidates
fo t is reserve corps. '

1 1.11 The employme t of d v l n cons ltants, hich was ant or ed for e dura-
ti on of e emergen , shon d be ont nued in peaceti . The wide variety of research
a d development proble s c ag the ir For es de nitely req es t at tl e Air Forces
b abie to ca upon spec a ` s f o e to t me and for l ited periods, in order to
o btain t e best s dvice and compre ensive eports on selecced topics of c r e t interest.
1 i . 12 During the w r s eral labo atori s, tabli shed b the services nd t e

RC, n ose connect on th i. r tie +and directed by sd en sts belonging to . •
t e u versities, made po aot n rib t ons. This avorable result snggest t e

f e ablis meot of coopera e labor or es, i which he ad nistrative and f a cial
_spon ibili ty and mana ent would emai with tl e government, and the s entifi c '

d re tion wo ld be de c ke b a members. 'his method wo d solve the '

_
lt ptoble and ye ha e the advantage of the geograp ical and spiri ual con-

n c on with a place of sd e ic lt s n ng.
11.13 In the fi eld of pnb cat ons and m e ings, it is reco ended that t e interest .
of s en sts in l tar p ob ms be c lt ated by sponsoring a so iety for mili ary
sd ences, w ose me bers ip a d pub c tions wo ld be restri ted n co or ity with
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- '
ma d, e ti: ly separated firo pro e en and supply, wi the obje t ve of de. elo -= ng s er onic and pilod ss a esa t.
13.6 The Center for S

.yp onic and lotless Aircra Development (SPAD ) +
sho ld be eq pped wit te ind•t n el fac lities to attain speeds up o t ree
t es t e veloc ty o : ls ge enou h test sectio to acco odate mo els •

' of ea onable si e, inclu ng jet p op ls on its, and one ulu ason c ind tu nel or
ezplo ation of t e uppec ron er of the p rso ic speed raage. A ple cilities for

e stody of combus on and ot er cha c erfstics of p op lsioa s ste s at ver high ' •
a dt des ahonld be p ovided. le t o c engineers sho ld be gi en the neceasary facil-it es to s udy co ntrol ethods, servomec a i ms, and homing devicea n lose ooper- .
a ion wit aerodyaa i s s a d p op i n e=perts. The Development Center should '
also p ovide faci i es for e i on of t e 6 man aspec of 8 ht at supersonic
spe d and eztreme a tude . 'he fa ities r experimenta lau ching, ght research,d t analysis should be tegr l parta of the evelopment Center.

, 13.7 Ic is bel eved that t e r Forces p ra in t e eld of superso c snd pilot-
' leas ai ta t urgently needs t e e tab isl m t of suc cent al organi ation to lead

t a t vi ies of the sc en i c tut o a anc indusu i l compa es to aew hor zons;
and, to m ke fac litie avai tb e for re ea _

d development work, ne es ary, be ond
t doabt, for msint i ng on p e i t e a r.. ,
13.8 It is p o oa d tha earch a d velopment in the eld of a a t oper-
sdons, comm cat on , s d eat e se ice :be conso dated into a Center for Oper-
t o a! r ra t Developmeat ) , w he obje ve of approac ng t e ideal of the

-
a •weather Air Forces, sol the pr le s of traffi c conu ol, ghter co ol, and of •

sr ing and loc tio .
Th C nter sho ld be equipped with ade ate laboratory

' 'ties for appli cations of adar and te ev sion tech que. E perimen bases for
est ng ontrol and com i tion devices should be integral parts of t is Center.
t hould cooperate osely th t e air li ne aad the weather service.,

13.9 It is be ie ed th t the pro n g oa d at Egli n Field should be pnt in charge
o development of bomb ng device and proced es, a d study of bombing survey and
n l sis methods.
13.10 It is proposed tl s Cente for N c e A craf Development (N AD ) be

d s ed, dealin p obl ma ar ng in onae on with atomic bombs and the
se of atomic energy for a r t p opnls'to .

13.1 The orgaai at o s snd f e s ested in this chapter cannot be created
n oae e r, but mu t be de lop d adoa lin coord nation with the work of other ' '

t est d mili tary and v li ageac es On ;t e o er and, it s my convict on t at
a ess the r Forces be syste atic y uil g np de elop ent centers wi :
ompetent personnel and n uate test ng f td li ties, :hey will unavoidably lose the

lead s d i tiadve in lds h fn a f w years ll constitute the do ai s of their
- ost t responaib lid .

ARY O RECOMMENDA 0 '

13•12 T e follow ng re mmendations a. e t ere ore made:
4
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panels consisting of represen atives of othe agen es engaged in aeronautical and
related research, for e a ple, e Na onal Advisory Commi ee for Aeronautics, the
N at onal Bureau of Standa ds, the C vil Aeronautics Administration, the aircra in- T
dustry, he sir lines, scienti c ins itu ons, and ind vidu l s ientists. These pa els
ho d assist in formulat o of the detailed research progra and the hoice of the _

,
a enc , institutio , or ind v dual best itt ed and available to carry out the desired
research work.

.
S ENTIFIC INTELLIGENCE

Y14.4 Sc entifi c intell i ence is one of the impo nt requirements for the future
Air Fo rces. I n the recent past the necessit fo r an or a ized scientifi c inte g ence
ser ice be a e m o re and m o re evident as the w ar pro ceeded , and it beca e an urg ent
neces sity as Ge rm any co ll apsed. Po rtunate ly, at tha time a great nu ber o f scienti sts
a d techn icians co uld be ade avai able to the A Fo rces o n a vo luntary basis. In this
way the info rm at o n gained fro Germ a y co uld be w o rked p in an appro priate

anner. H o w ever, at the present d m e, o nly a few mo nths later, no mo re such perso nnel
is available. T he superv sio n o f future Germ an scientif c w o rk

, for exa ple, is still
la ing sci ent 6c he lp.
14.5 Scienti c intell ge ce starts at home. The example of the atomic`bomb show
tha sc enti c discoveries of prominent ilitary importance were made by pure
s entists who had no conne tion with any mil tar offi ce or establi shmenc; as a matt er
of ac , they were not intere ed in mili tary appli tions. Hence, it will be necessary
for the Intell igence Serv ce to employ scienti ic pet sonnel with broad interest and

owled e, who have the ab lity to recognize the mi litary aspects in the s ientifi c
p odu tion of our theoreti al and experiment l scientists, universit , and indust ial
labo atories. The screening of paten s and inventive ideas presented to the mili tary
agen es, as it has been done in the past, wi not be su cient. The Intelligence Service
aeeds permanent coll aborators who pursue the s entifi c literature, attend meetings,isit scienti ic establishments, nd report their fi ndings and su gestions periodically.In peacedme much tact i be necessa to accomplish su effi cieat intell igence
aervice, be ause of t e commerci interests involved and the natural inclina ion of
sc enti c men not to ta k about their results before the fi nal rounding up of their work.
14.6 Sc entifi c intel igence in foreign cou u ies is, of course, a muc6 more di icult

atter. One can distinguish between s en ifi c intell igence on subje ts whi h are
ope to duscussion and on subje ts w h are classifi ed. I beli eve that all knowledge ` '
of s entifi c life in a forei n ountry is of eat importance since, a er all, the same

ientifi c personalities who eate the peacetime sc ence of a coun ry will be c lled
upon o help heir cou try in warti e. Therefore,.

it is strongly recommended that the
Air Fo rces: ( 1) have sp ent c atta es in em bassies and legaiio ns in vario us co untries;
( 2 ) send sci enti fi call y trained o ers, en ineers, o r co nsultants o f the A r Fo rces to

e ti c meeting s and co ng esaes abro ad; a d ( 3 ) send perso nnel co nnec ed w ith
t e Air Forces for longer pe ods to study at foreign institutions. ,
14.7 T e i te gence serv ces concerned with subjec s which a forei n country
do es no t w ant us to kno w , w ill use the metho ds which w ere successful in eneral

,
10
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proper, thermodyaa ics, ele t omcs, nu ear physics, meteorolo , aeromedicine,
economics, etc. These o ce can best be recruited through the Air Forces ROTC.

. Except onally brilli aat student (about 20 percent of the total nu ber taker ) should be
permitt ed to coatinue t6eir scholas ic tr ng until they have an M.S. de ree and then
be put o n acc ve dury for abotu t ree years. T is will give the an opportu ity to orient
themselves in the ty pe of work they are best suited for in the Air Forces. A er that, •
they should return to coll ege for a period of two years, "or long enough to get a Ph.D.
deg ree. T hi s w o uld pro duce a supply o f o cers w ith an intimate kno wledg e o f several

-
elds o f science. T his i esse t al to fi nd n the best co m pro mises w hen mil tar re- °

qa re ents pro duce co ic ting desig n pro ble s invo lving mo re than o ne fi eld o f

science. The remaining 80 percent of those students sele ted through ROTC would go ' ,
on active service af er o b aining a B.S. degree and would return to college, after about
t ree years of active ser ice, lon eno g to obtain an M.S. de ree.
1S.4 All o icers engaged in resear h a d development ust be given repeat .
s enti c training for a period of one year at intervals of about fi ve years. T his training
can be given at scieatifi c institu ions, or by assigning the off icer to work as an engineer
at one of the research laboratori es working on Air Forces problems.
i S.S Every eff ort should be made to ret n ia the Air Forces those researc and
development off icers who have.a

lready received added scholastic training at govern-
ment expe se durin the war. Flying aining in grade should be provided for t ose
w6o are not pilots at the present ti e, but who desire ght traini g and can qualify
for it. Trainin a pilot is a mu simpler job than tr ning an engineer. It does not
appea reaso nable to co ncentrate o n t ying o m ake eng ineers o ut of pilo s at the Air
Fo rces Eng neering Sc o o l, w hil e at he sa e t me refusing to give o o d eng ineers a
chance to beco me pilo ts because they have no t been members o f co m bat aircrew s. -

`

TECHNICA L SCHOOLS IN THE A IR FO RCES

1 .6 T he main o bjective o f t e techni al scho o ls in existence o r to be establis hed
in the Air Fo rces sho uld be training fo r pro rement, maintenance , and o peratio n o f

equipme nt. hile these scho o ls should give a sho rt review o f the unda entals o f the
scie ces i vo lved

, they sho u d co ncentrate thei r e ff o rt s o n the transmittal of pra ical
kno w ledg e and ski ll. E ceptio na y bril ant g raduates o f the Air Fo rces technical

sc6 o o ls sho uld be selected fo r furt er s eat fi c trai n$ in civilian s cho o ls.

SUMMARY OF RECOMME DATIONS

1S.7 T e following reco mendations are therefore ade:

a. A certain nu ber of poung o icer should be sele ted and given special train-
ing at sc entifi c inst tutions i prepa ation for ture Air Staff work.

b. Tec nical o cers recr ted throughout he Air Forces ROT C should be given ,
advaaced scicntifi c training np to the level required for an M.S. degre e, in a broad
varie of sciences which have ppli tio to A r Forces problems.

f

.

y
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