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r - - _ _ - =.
it 1100 ft/ sec and t e a e 11 m es. T e s i i p se of the nel is 180 1b/ lb/
se . The imp s weig t do o the et ma r alone is 89 1b/ lb/ aec.

esi and coa tr cdon are in prog ess on t e "Corpora ," Oi d-Cit mi si e
X 30L 0,000. Th g we gbt s 1 ,0 0 !b and he ro et otor es a r s of

' 20,000 lb for 60 se . t s o be l hed e t cally nnder the power of the main motor
- u n the case o the Y- . I e e d o have a azi nu speed of 3300 t/ ec and a

r n e of 0 les
The e has a so be , d s ed a const ucted an 0.4 s a e model of e "Cor-

' ora ," c ed " ` po ," t t ssile X 12L1,000, wh ch could attai

. an sl itnde of abo t 110,000 f
. n h d ert a y wit 2S-lb ay load is missile

s nte ded for me s lo i s d s. ' ' e r ng ight is 700 lb snd e motor
gi s a t ra t of 1 00 Ib or sec. The-la nc ing veloc ty is abo t 400 ft / ec

A l of the Ord- t m u e a of t e s e gene l form o sisting of a 20 °
co cal head, a l nd sl b d b 6° bost-ta l at t e rear end for a lengt e a
to on h l the d sms . e o. r e gth is abou 14 ti es the dia eter. he mi
si e p o ded wi t or fon s. It is e e ted to use a simple antopilot to ain-
ta the a nth of t e ecto i t e earlier e erime ts.

Wind-tu el ezper ments at snpe ic apee s are n p og es a e s perso c
wi d t nnel of the B l t cs Research bora r at Aberdeen Pro iag G o

ER I ARMY O D A , iEHERALEL R COMPAN
' T a project co ers he gene al de elopmen of long-range g ided iss les

o table for se ags n t gr d as ets and high-alt ude aircr f . e ssiles are to
' be p ope ed b od c s c a jet . ' e project cludes wor oa p opolsion, re-

mote-cont ol e p e t, s a ' ' 'on eq ipment, gro nd- tation sad la i g
e pmen , e o tco l de i e , d ta et- eel ing d ices. T e p an of op ration

` ntempl tes three p ss { 1) e ol e on and eval at on of or ation on u ded
ss es nd a sod ated a pa ata ; (2)• a sd ead c iss on to Get a y to sur ey

' Ce an de. elopme t d obta n sa pies of weapo s and ompon nts; and (3)
', e s b is on o de s i to d aad aat air a t issi es ha i g m litar c arac-

s c de r d by e y, and, en approved, t e b lding of p ototypes for
' t st i g , and, r qnes d; p e o of mano c ariag pl s. The f st and second

p u es ace o w p a t comple ed.
_ T R IES A , AU OP AERONA TICS)

he e is les a e ; lo less a r t, or drones, ide ic l in ur o e t t e
y BQ se es. ' e of t e e es, T I I , w s powered by t o Lycomin ,

- y der, 220-hp e . I oss ei t as 6 300 lb, speed i SS mph, ceil n
,00 t, n e of c b 800 f / , ra ge 4 70 iles, psy load 000-1b bomb. A

mode , 3R, is powe d by t Wright 4- li der 4 S0-hp enginea, as a grosa
; w t of o, lb, s ed i 8 mph, e n$ 10,SO0 f , -r te of mb 7SO / m ,
, g 900 iles, pay lo d 2000-1b bomb.

The span of t a model is 48 a d its
o et-a lengt 39 f / 2 n. e is ile are fi tt ed wit e e. sion re peat-b c

d remo e ad o ont s e e al stion tests ha e been ade. 'he ge e a
f e sppea s i of s t pe are not tac ca y .
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.,had a launc ing tigh of 3BS0 lb of whic only 330 lb was in t e war head. The '
issile was la mched w th the a d of a soli d-fuel rocket weighing about 1400 1b giving

a rust of 16 5,000 lb for 0.6 sec. The main propulsion u it was also a solid-fuel '
rocke weighing 484 1b iving a thrust of 8800 lb for 10 sec. T e missile was about
2 1 in. in diameier, 1S8 in. lo ng w itho ut launcher, 24 8 in. lo ng wi th the launcher
w hich w as a pu er bo dy w ith fo ur s co ntaining the take•o ff ro cket. T he missil e

ad six harply sw ept-ba w ing s. It attained a speed o f about 120 0 ft/ sec (i .e., super-
so nic ) , a ve ti ang e o f 3.6 ile s and a hori o ntal ran e of 7.2 m iles. T e ae o -dyna ic co nu o ls w ere lo ted at the a o se. A bo ut 8 8 missiles were tested, but the de-
sig n was co nsidered unsu table for pro duct o n.

T he Rheinto ter 3 had a laun ia g w eig ht o f 34 50 lb with 350 !b in the w ar ,head
. T he pusher au ching ro c et o f Rheinto chter i w as replaced by tw o soli d-fuel ro ets mo unted alo ng side the body, he tw o to ether w eig ing 9 70 l b and

ing a t rust of 6 1,500 lb for 0.9 sec. The main propulsion unit w s a Conr d
l quid-fuel roc et weig ing 220 lb (e pty) and giving a thrust of 3900 lb for 5 '
sec. About 930 !b of f el was provided. The ex erior dimensions were appro imate-ly the same as for heintochter i . The speed aaained was about 1350 f / sec, the
vertical range about fi ve miles, the horizontal range about nine iles. Some 260

_ ezperimental u its we e built and 40 were tested up to September, 1944 . Accord-iag to oae report this issile was abandoned ia favor of Schme terli ng a ter a demon-
stratio to Goer ng d Speer at Ka l hagen in Oc ober, 1944 .

The coau ol method ac all y used in tests was either a preset program or radio
conu ol with visual obse vat on. Ia common with ot er issiles of this type, hom-ing devices, pro i ity ses, and bea conu ol were considered, but none of these
developments was completed in ti e.
WASSERFALL (GERM N

Beginning in early 194 3 e ent re resources of the Peenem nde Group, whi
had developed the V-2 roc et, were concen r ted on the development of the anti-
a t raf rocket Wasse fa . ' ee hnndred were built and about 40 tested befvre '
the development wa topped. he st egperimental in was made on 28 Feb-

ary 19 4 4 .
T hi s i ssile is about 3 5 in . in dia eter and 30 in. lo ng . T he launching w eight

i s abo ut 780 0 1b w it w ar ead of 6 70 !b
. T he i ssile is launc ed verti call y by m eans

o f the li quid- uel o et m oto r w hich fur i shes a thrust o f abo ut 17,0 0 0 lb fo r 4 2
se . T he fuel w eig ht i s about 4 30 0 1b. T he m axim um speed i s about 2 50 0 / sec, the
vertical range about 11 iles, the horizontal raage about 16 iles.

i
T he co nu o l m et o d was to have been develo ped in fo stag es. I n the rst stag e ;'

the ro cket w as to be steered by direct rad o co ntro l with the aid of o pti cal tw o -axis '
t ng apparatu , and the tests co mpleted w ere made wit thi s system . T he seco nd
st ge was to use dar t ng of ss le nd target with a suitable visual presentation.A isu an operator t ans itted the coatrol i ormation by rad o. The third stage was to

ake the conu ol automatic by coupli ng the radar tracking devices through a suitable
computer to t e radio transmit er. The fou h stage was to be bea guiding with in-

red-ho ing dev ce a d proximity fuse. The tests made were ot ag inst ta gets
_and gave no in

f
or a ion on probable accu a y.

Z8
;
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- = cH R N w '' -T e ro d t s k pr pe led ss e known at ario s times as 8-i 17,
' '

H 29 7, SI, and S ma l ng as p oposed by Herbert Wa er n Map, 194 i , bnt
o was not a ted t , 1943. A o t 1 0 missiles of Hs-117 A-1 t pe `
ere bu lt and 80 ' e g weight is aboat 950 lb, t e war head SS lb.

e missile Is a d r d i h t e a d o t. o sol d-f el roc e we hi g about 200 lb
a d g a t o 1'b t 4 sec. ' e main propulsion nnit ls a BMW li quid-

el oc ecwe ghi g and a th st of about SOOlb for S7 sec. e missile
is abo t 14 in. n d s , 109 g , a d the span of e two wept-ba wings
t abo t 80 in. e d abo t 8 / sec (i .e., subson c) , the ve t cal range abo

' 6 m lea, t e ho o a > e abo 1S les.
Control was o be:b sdio acc di g to v sual observation. A s e e for control

i tra cing a d a r was n e developmen . It was also planaed to use some
,

fo of p o i e t le produ t on of t e missile s started early in_
, 1 , bu in co •m . h t e o et andair roc et p oject , t e develop ent

' as stopped b t e der Ka r arch, 1945.
E ER IE GE A

,
Fenerlil e wa th arch o nd-to-a superso c ss e of t e LFA, Braun-. a we g, the large a o nti re e l boratory of the Ger ans. Only a few

sts were act al y ' ' e ls iag wei ht of he F-S5 as 2200 1b. N o war head
was provided. The e a l n ed wi soli d-fuel rockets wei hing 800 lb and

g a thru t of 22,0 O
.

fOt .7 e . The ain p opulsion unit was a Conrad liquid-
a ro et ng a h t o •14, 00 !b or 7 sec, usi g 460 1b of e e speed at-

at si ed was abo 13 t/ e t e vert l nge was about three m les, the hori-
o t l n e aboa . e . •

•The issile ss a • e awept-b tail s face of about i 0o-in. spaa with 'tail
d s s at t e en s. T • a e e e bodp is about 22 in., t e lengt about 190 i .G id ng was to b h s of a tadio bea .

_dO STUDY ( R l R ORCE r, EI AIRCRA T COMPAN
A study s ca r e oo y Bo ing ircra of e deslgn of a sn erson c ground-

a pilotless a r .' e .repo e o ends an e ensive aad de a•iled p o ram for
• e "desig , d lo , te t „s d

. onst u t on of sn h components and combina-
- tions o t ese c npo s, S a b ed to o n sh e basic engineering dat

' e sa y for the ' n of a ecibca on and design of actica y satisfactor

_
operso ic pilotlea a " The o el on was reac ed t at idance by a beam

t a t rget-see i g • i e f r t s s ge of the traje tory was p obably t e best
t m 'he r j e ec d aa the most suitable po er pla t.

HUCE ARMY ORDN ARMY A R ORCES, BELLTELEPHONE O ATORIES)
T is projec es a tudy o a a ed aatiai cra missile, wit its assoc ted con-

t ol and launch n ` en ca ri d oa 'ointl r Arm Ordna ce aad Arm Air '8 1 Y Y Y
. Forc s b Bell 'eleph0 e L bor tories. The study has been completed. The missile

contemplated is 19 t l l 6 . dia eter aad weighs 000 1b. e e ect ve range

,

-
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_
so e other mea t b emplo e to de t e issile. T is is ade ecessary b

= t e relatively hort rs e o. er w theae dete tors c n be reli ed opon for either land
or marine targe s. mea s for .g ng the missile over the main part of its .

i ht
m t ce any one of m be o fo s. For ezample: a Loran-type s te may be em-
plo e ; t e miss e s se auto tic celesdal navigat on; or some form of r d -
fo owing and ra io o t ol ay be fo nd best. A y of these forms of guid ng wi
se e to bring t e bo o t target atea but will not ave the ac a a necessary to
bit a re a ively s 11 s . e•t erm l iding element can make up for this defi ien-

i ac ura , f t e e i s a go d heat source. Large ships and industrial p ants
ba e, in general, been l o o m ke ood ta gets. T'he factor determinin whet er

• or ot a target is a s o bje t or e homing syste is ot, in general, the sensitivi-
of tbe tber al de s, but e d tribution of other heat so es t e cinity.

'-- T is point ill be d s d in g eater detail in "Thermal Enviro et," p 37.

,
A other i portsnt• pl at on of thermal guiding sy tems is in antiaircr ft mis-

_
- s . Here t e m i e be b t e be t predi or techniques, and t e heat-

.
6o ing mec a r e v rrec for a ing errora, 'c anges in course of t e
a et, etc. In bis app io , the se sid ty of he ele ent estab hes the li iting
e ormance. Howe e , a lst e or s t pla e is a fairly e e i. e thermal source. Jet-

prope ed pl nes i pa i ar map be very vulnerable t gets.. T e televi ion bomb is not a se -gaided missile, but rather t e ele sion sys-
•t m picks up e s e e ont -of c bo b and transmits t is infor ation back

ope ator. e o e r, w t t e s d of the scene trans itt ed ba to him, guides
e missile by remo e a o cont Although subjec to ma y o vious l tations,

tb s ype o iss le e enor us advan age of a o ng e oper tor to use
dgment in sele n e a get to ard hich the m ssile is dire ed

Li ce the t er al g g cle e t, he tele ision cont ol should be considered as a
me s for o ' ' g o e n a ther t an the long-range ai ng u i .
A ain, the m ssile a a dropped bomb, w ere e long-range ai ing is doae by

• • tbe bomber pilot, bo b e , etc., or it may be a self-propell ed pilotless ying pro-
jec le. In this case, it is :; t ded to t r et area by ot er means aad television con-
t l is only used in tbe te inal pordon of ts path. Because a ser oloop whic includes

• a bu a be g as one of' e ements ia e advely slow in response, it may be necess ry
to br e the missile d g t e al or on of its ight.

= T e poasib l t o si g a el ision head in aa antiaircra t projectile might
, be mentio ed. Ho e b :a e l n$ reaction ti e of t e human ope tor delays

_
tbe response, it wo ld n ce sar ly e to approa h e rpla e be g att ed rat er

, s o vly. This means tha t w nld ave o c e the plane and be ve y lnerable to
b ag hot dow d r g e app oac . I' erefore, while suc means ght be success-
o s a tempo ez e t, oaater eas res are so easy -that it would probabl

be of do btful pe a t ' e •

•
A pe of mis le to e on dered is the "light seeker." Qne for of this

'- bomb is so desigaed t t it seeks out t e re ion of ma cont ast in t e fi eld of

- e . A second somew st simpler iss le homes oa a bright point of li ght, su as a
s e. While some l a more l mited t e appl at on than t e television or heat-

ho g iss l ' e ' heles ay p ay an portant part in m tary t nking .
• •
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'

Associated wit t e de e ting head (consisting of the optical system, a sensitive
elem ent and so e fo o f a pl fi er} are a num ber o f el e tri cal and mechanical

au cili aries. O bvio usly, these nno t be g eneralized because they are intimately asso -
ated wit the part i ular application and the particular way in which the design prob-

le s of that appli s tion are met in a given uni . '; .
, H -S . c

As was pointed out in the int oduction, thermal-guided missiles may be divided .into th ree clas ses: ( 1) d pped bo m bs w ith thermal-ho m ing heads; (2 ) self-pro pelled `
m issile s, g uided o ver mo st of thei r path by so me lo ng•rang e navig atio nal system and
co ntro l led o ver t e la t po rt io n of their fl ig ht by m eans o f a the rm al detecto r; and ( 3) '
antiai rcraft issiles w i h are predi o r-aim ed but w hich employ a ther al-guiding
e lem ent to co ntro l them in ight.

T he ther al -dete tio n pro blem s o f the fi rst tw o classes o f m issil es are very similar.Suc6 missiles may be employed against either marine or land targets. It is probable ,
that t e co tro n heads for either types of target would be aearly the same.

Determination of t e e pe ed performance of a thermal- uiding element c n-
not be made until spe fi c scanning and controlli ng echanism is specifi ed and
t e nature of t e tar et is known. However, by assuming a simple guiding mechanism
aa d using t e available data fo r m arine targ ets, it i s po ssibl e to estimate at least the
o rder o f mag nitude o f ran e and are o f search.

;

T he sim plest uiding echanism divides he area o f search into fo ur quadrants
co rres po nding to up-do w n and rig ht-left dire tio ns. T he sig nal s fro m o ppo site
quadrants are co pared and the aerodynamic control sur aces moved in such a way
as to dire he issile owards the atea giving the greater signal.

This type of sear n be eff e ted in the foll owing way. A r ular bolomete r
is located at the fo al point of a parabo ic re e tor. The bolometer therefore "sees"
a rcular area t e size o f which depea ds upon the ang le which the bo lom eter sub-
tends fro the vert ex of t e parabo lo id , and he distance to the seach area. T he para-
bo lo id is mo ved in such a w ay that t e area seen by the bo lo meter rotates abo ut a poin t
o n its circu ference .

T has he to tal area o f search i s a circle w o se dia eter i s twi ce i

t e diameter o f the i sta taneo us fi eld of i ew o f the bo lo meter.
T he bo lo m eter signal is comm utated b fo ur el ec ro nic sw itches co rrespo nding

to the up-do w n, ig ht-left quadr nt and the o utput fro m the co mm utato r ac uates
t e appropriate aero dynamic co n rol elements.

W hen the targ et i s n t e fi eld o f view , the rate W at w hich ener y falls o n the ,
cell is ''

T X,H) D
• W - X$ 4

{1) II

w here is the d ff erence in radiati o n rate betw een targ et and su ro unding s per unit
so li d ang le , X the d stance from the targ e and D the diameter o f t e o ptic l system.
T (X , H ) i s he tr ns issio n fun tio n w hich depends upo n the amo unt o f precipitat- '
able w ater in the trans issio n pat . T he sig a al S is pro po io nal to the energ y W
and n be w ritt en S = a . T he rms value o f the co m po nent o f the sig nal at scanning

f re q ue n cy c a n re a d i l b e s h o w n t o be
S

w h e r e t h e fo l l o w i n g tw o c o n -
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me al fi lm on one side and covered oa e other wit a vast au be of tiay photo-
s n ti ed silver glob als. This mosaic ay be ought of as a tw di ensional array
of t y pho ocells, ea ahunted by a condenser which connec s it to the et lli zed

l on the bac ad h to the sig l lead. When a li ght image is fo sed on the
mosaic, ea h of the ti ny globuals mits ele trons in p por ioa to the a o t of li ht
a in on it, a d be o e posit vely harged with respe t to its equili brium potential.For any partic ar ele ea this •c arg ng process conti ues for the lengt of time

n l to the pi t re re etit oo inter a , t at is, f o the ti e e bea leaves t e
eleme t u til it retur a aga in t e process of scanning . When the beam does return

. again, it str es the el e t and d . es it to its equilibrium potent al, releasing the
arge accu ulated dne to photo-em ssion and i ducing an impulse in t e si nal lead.The train of imp e t s generated const tutes the pic ure•signal outpu of t6e

pi -up tube. This sig a ia a p ied by a suitable thermionic amp tfier, the oucput
I , o hi h is fed to he od lator of a ide-ba d r dio t ns itter. In addition, impalses

t ed to the ho i oatal s d verti l s a ng processes are also soppli ed to the trans-
mit er to be used aa s n hro ng pu ses. The receiver w ich pi s up the tr nsm tted
u le. sion signal is a superheterody e i i ar in priaciple to the o dinary broad ast
re eiver but des g ed ,to a e t e mnc broader band id h requ red by television.

. The signal rom this e ei er i snppli ed to the c rcuits associated with e iew-in tube. The viewiag be or ki escope con aias an ele tron a , which, li ke that
t e iconoscope, p duces a e elect on bea , and the end of the tube is coated

with fl uorescent mate is l wh be omes bri htly lu inescent at the point wbere the
electron be stri es i e ea s made to sweep across the fl uorescent screen in a
sca in patt ern ic is synchroai ed with that at the iconoscope by means of the

iag signals se t o b the t smi er. Furthermore, the instantaneous current ia
' ' t e elec ron be m, and co s q entl the brig tness of the point on t6e huorescent

sc een where the bea ri es, is cont oll ed by the video s al snppli ed f om the
eceive . Therefore, th is rep oduced oa the end of the inescope an ezact repli ca

of the li g6t i age pro e ed on t e mosaic of the iconoscope.
T e second type of pic -up t b indin mili tary appli cation is the image ort icon•Li e the iconoscope, t e i age ort icon integr tes the photoelectric c ent produced

b the ght i age ove e picta e- e et tion peri od. It diff ers fro it in three respec s;
I n ely, it uses a low- lo ity ele tron be m, employs image m tip cation, and also

employs signal muldph atioa . e lig t i ge is not projected dire ly o to the
mos c but in te d o o a photose siti. e cathode where ele trons are released in
proportion to the geometr c d stribution of t e l ght inte sities. These electrons by
m ans of a ui able elet oa opti s ste are refor ed into an elect on i age oa
t e o aic. Where the ele on tri s the mosai , secondary elect ons are e itt ed
and for every ele tro hi trikes t e mosaic several electrons are released. This
q ntity of charge h is stored pon the mosa c is m ldpli ed by the secondary
e ission atio. e second point of diff erence is that the electron bea which scans

. the osaic is not a h-ve ocit b a as in the case of the iaconoscope but a low-
elocity beam. This, for seasona w h are beyond the scope of the preseat report,

. results in an i crease of sensiti ty of several times. The third point of d ff ereace is
that t e sig al instead of b g a en om si nal pl te direct y, is ultiplied by a

, ecoad r e issiomm dplier wh ch leads to a sti a her in e s in sensitivity.
0

_ - -
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amera is xed io the bo b, a relat vely si ple o puter at the ope ating point could

be arranged to a t ate aa i dez w ic correc s both for changin angle of attack and
the eff e s of air motion. Preli ina tests have already been made with such an ar-
tange ent. An alter ative method of reducing this cause of error would be to mount
t e nera o r o pti al s y tem in such a way that it is mo vable and by means o f a suitable
co mputer to dire t the came a so that t e center o f the p icture co incides w ith the
terminal po int o f the t aje to ry of the missile , either for a homing course o r a co llisio n
co urse . T his seco nd metho d is so mew hat m o re co m pli cated and has no t yet beea
inves ig ated

.
Ano ther series o f g li de-bo mb tests w ere made at W rig ht Field

. T hese tests w ere '

o f the G B-4 w hich employs an Aeronca a rplane similar to that illustrated in Fig . G.
H ere the televisio n equip ent w as o ted belo w the explo sive c a ber w hil e the
radio co ntro l receiver and H amm o nd gyro -stabilizer were m o unted o the tw o spars
suppo rti g he tail .

T e television equipment used for this was the Block III. The radio contro l
el ement co nsisted o f a superhetero dy e receiver, desig ned and built fo r W estern ,Elec ric , and a se le to r system based on fi e to nes. Four to nes actuated the rudder and
elevato r thro ug h the H a m o nd stabili zer system the fi fth being a standby to ne w hich
lo cked the receiver a ainst interferi ng s ig nals.

T he tests ade o a these bo m bs su ered f o m t e sam e diffi ultie s mentio ned i a
co nnectio n with the t st series tested

. W i h the GB-4 , the th ird item w as perhaps the
ost seri ous due to the fa t that in the case of this part icular airframe, the angle of '

attack varies widely with the angle of u aje ory . Furt her tests on t e glide bombs were
suspended, pending tests on television equipment in high-angle bombs.

The fi rst series of tests on high•angle bo bs were made on a bomb having a
ylindrical shroud or wing near its center and an o tagonal t il wit ovable co trol

sur aces. Bo th Blo ck I aad III equipm ents w ere used w ith this bo b.
T he results o f these tests w ere rather unfavo rable , pri arily due to the fact that

the ang le o f att ack varies so g reatly w ith the traje to ry. T h i s is parti ularly serio us in
thi s type o f bo m b be anse the ope a o r has such a sho rt ti e in w hich to direct the
missile .

T he seco nd type o f hig h-aa g le bo m b to be tested i s the Ro c, develo ped under
N D RC co ntra t by the D ug las Ai c a t Co mpany. It is characterized by having the
co ntro l el em ent lo ated lo se to the center of g ravity so that the ang le o f attack rem ains
co nstant, independent o f changes in th e trajecto ry. T he wing in the present mo difi -
catio n o f this bo b is in the fo rm o f linder lo cated aro und the bom b. T his cylinder
can be ro cked abo ut ho ri o ntal and er ical axes to gui de the issil e. T he tail i s al so
cyli ndrical but is stat o a ary and do es no t include any o f the contro l surfaces except
thv se required to stabili ze it in ro ll . T he bo b has a maxim u g lide ang le of abo ut
4 S° and its maneuverabili t characteristics have been fo und to be excell ent. T e levisio n
equipment fo r this bom b is type Mimo w hic is suited fo r the p rpo se because o f its
co pactness and al o its hig h sensi t vity. T he co ntrol syste fo r thi s missile w as
desig ned and built by Philco and co nsi ts of a superhetero dyne receiver w hich by

ea s of interchangeable RF heads an be adjusted to operate in cartier frequency '
bands from 80 to 88 mega y es aad 53-1,

/ 3 to 58-2/ 3 megacycles. The output is in

4
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In t e Bat proje , a glide bomb as released from a plane and made to home on
the ship target si g ads data to lo ate the direction of the target. T6e homing
p ocess continned ovet a large raction of t e trajector but was inoperative during
the a t few hu dred ya da.

The Wi ie Orphsn pro je t and t e con roll ed JB-2 were intended for use against
round xed targets w ose position was nown by map coordinates. The Wi ie

Orphan plane (a spe sl 8 17 or a 8 -24 ) or t e JB-2 (bu bomb) was tr c ed by ''
radar. To assist in t is r c i g, the eff e ive refl ectivity of the t rget was enhanced
by putt ng into the missile a beacon t nsponder. This t nsponder received the radat
signal from the g ad tat on a d m ediately replied. The reply signal was man ,ti es ronger tha the e e oa of the p ne itsel . T e cou se of the missile was
automatically plott ed at the ground tati on using the t a ng in ormation from the
ada . K o w in t e dire t o n , t e speed , and t e po siti o n o f the is sil e relative to

the targ et, steer n i o r atio n com puted aa d trans itt ed to the missile using
t e radar be m as t e carri er.

As we pons of w r are, the radar-gu ded issiles et with co siderable success.T e SCR-S84 aad the SCR• 4 5, radar sets used with antiaircraft re, combiaed with
t e M-9 d' e tor a d 90- s proved lethal to all ene y attac s whenever t e
e emy was in a posit on to y in strength. Thia equipme t was largely responsible
or the defense of London and Ant erp against enemy b zz-bomb at k. The Bat

p oje t showed great potentia ties ia 'being able to hit targets wit a os 100
e i ien . The guided bnzz-bomb development was not completed at t e ending of
t e war. The use of boe, Gee, Lora , and H2X in he bo bing of Germany aad
japan was covered i the report to t e AAP Scienti5c Advisory Co it ee on radar.

In gene al, t is bo b g is no coasidered as the applicat on of radar to guided

.
issiles. The dis inct o s are not er ear. For example, in Oboe the sole function

of the pilot wa to steer the plane a ordi g to instruc ions received f om e round
stat ons as ar as Z00 m les a ay. The bombardier released t e bomb on a signal from
t e ground t ion. It is lea that by proper use of t is infor ation, aa automatic pilot
co d have fl own the pla e, and an automatic release me a ism co ld have dropped
the bo b. The unction of the pilot would have been li ited to take off and the land-ing of the plane. In sho World War II saw the introduction, on a very large scale

nd in a very success nl man er, of sdar to uided issiles where a biomechanical
li , a man, was used in the missile in place of what might have been y auto atic
e ipment.

7
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ou d stadons and re ys, t is distaace n be made ade uate to c rcu navi ate t e
g o be.
RU EDNESS

Radar aids to the guidaace of issiles share in common wit other methods of
guidance the advan ages to be derived from ruggedness resultin chiefl y fr om re-
mo ing the man f om e ar ier of the missile or from the missile itse f. For exa ple,

e J B-2 undet ent ccelerat o during lau ching which co ld have prevented the
use of a pilot. T he ot re use of t atosphere planes and issiles an certainly be
assisted by a ot requ in considerat ons of the presence herein of hu an beings.
MORALE

A fi nal ajor ad. antage of radar aids to guided issiles is at in removing a
maa fro the carrier or issile t e problem of mor le does not arise. T e e idence

athered from World War II shows t at pilots become uneasy i the losses of any
• o ne ssio n serio usly e ceed fi ve percent; an d , in t, the nervo strain o pilo ts

is so g reat th at after f o m 2 S to SO stre uo us m is sio ns, a p ilot requ res rest. W h eth er
o r no t aa air fo rce an arr ho me its m issio a is , th er efor e, a del te b alaa ce b etw een
the e e tiveness o f e e y acdo n and t e mo a e o f the h maa bei g s i a vo lved . O b -

o usly, the rem o val of h ns f o m the arriers o r fro m th e missil es remo ves thi s
p r o blem .

1 Y N T 6 E S O R R Y I E M I S S I L E S

For the sake of completeaess, it is repeated here that guided issiles will probably
never eatirely repla e humaa-controlled arriers. There ar e ma y tar gets of oppor-
tu ity and fast-chang g tua ions where human discr imi ation d processes are
req red. It is, of co se, conceivable t at by ade uate combination of elevision, radar ,
radio , a d other techa cal gadge s even some of these functions may be transferred
rom che carr ier to a ground st o . There is, however , ia all considerations of th is

t pe a balaa ce between comple city, effi ciency, and the personal risk .

TME RRO BLEM

As stat ed in t e opea ng remarks, r ad ar aid s to uided i ssil es co ver all co n -
ceiva ble typ es of pro blem s. G d ed miss es released ro m r o un d m ay be used against
s i cr aft (P r o je t N i , P ro je Bu blebee, etc.) . T h ey a be nsed fr o g r o un d aga in st
ta g ets o n the sur ace o f t e eart B 2 )

. Al so , r ad ar aid s c n be used a t e co ntr o l
of missi es r ed or d o p p ed f o pla es a ainst oth er tar g et s in th e air o r a ain st
targ ets o n the surface o f h e sea or o a land

. All ese p r o blem s h ave cer t i n g en er a
h ar a te r isti cs. A ve y g eneral as e i s ill ustr at ed in a blo ck d iagr a , Pig . i . A tar get

' 74
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'- _ p l o . stde at oas w c e ter into the problem of radar
- = onu ol re o d ae : r d z . It Is per aps pro5tab e to con ider in a li le more

I de il he po sl r :a by t e u oduct oa of t e ato ic bomb. It is
= secog i e at s;c del vered in a a ety of wa s. For the p pose

_ . of t s tad , ec s e b itie of adar-cont o led u piloted planes and
_ o s La c g orm , rt ia asaomed t at the ato c bomb will req ire

,
_ a ag a pay load nd t ood of one ton and t at a pso ble e or of o

-_= i a t le e t e ation of the deli very.
- _ ,

T e atom c bo ` o b o ly e deli vered b me of a piloted ai cr f
- _ - ntroll ed b d r: . e 2 co u oll ed by SCR 584 snd :a matic p ott ng
"= b d t MC•6 7 s .
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,_
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.:
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avi at on sc eme 1• e es can be appli ed to co trol ag p otless aircra
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, T o dist nct s e ave been a gested for gu ding a i s le towar d a mov-g ta ge (airplane) . a) Con ol fro the o d. A o d base ads t e .
instan-aneou pos o s of t s le and of the tar get and r ns s ee ng orders to t e

m e. The iss le s d d s ong e line of sight in such a ay that its distance
t t e e of s ght (fro e grooad b se to t e target ) decreases constantly. (b) Con-t ols located in t e mis . T e projec i e ries its own track ing eq ip ent h ic
oc es e pos tion f tk srge ; a d t is i for ation is used direc ly ( it out being

relayed to t e r nd ba e) to o t ol the cowrse of the miss le. The missi e is steered

. a d the t rget on a co ision co rs ."

- - t s repo t we d nss e ser oloops involved in eac of he schemes men-ioned above. An atte : - ade o e a e the e pecced accnrac in g ding on thebas of t e ava lable t l ia at tl SCR-384.
We assu e t st t -p ject a s a const nt speed du i g the ti e it

s ded toward t e t sg . T a imp es that t e project le is se f-p opell ed (rocket

_ or b > bomb) d ri g + e a d not o ly dur ng init a! peri od after th e
a ng• t e at a , s nta eou speed of t e projectile would depen d

on t e pre iously co er d t jec o , nd t e pro blem of control co ld not be studied
•

_ .
it ou a detailed k o le of e aem d na ic charac eristics of the proje tile.

- . -O TROL FROM T E° .
As u ptions

' Speed of the m sil 500 yd/ sec
Speed of t e ta ge • Ma 300 yd/ sec

a euve ' 'ty f s i e Ma u t co sponding to the
. .r d al acceleratton of S g

Msneuver ab li ty of targ Maximu accele atioa 4 g
` ' Ran e of the g 10,000 yd or more
• .-_

1. t i io ,
-I n Fig. 4, G deno e e g o d b se, M the issile, a d T the projection of the

- t et onto the ve ic e G d M. M is t e projec ion of t e velo it
. e or of M onto the a te. 8 s t e ngle between MN and the hori on l p ane.

, • -

-
_ L -
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