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, a com o re nce e, reqa re that one or more of the p lses be identifi ed by a
pe l ar shape or ia so e other ay,,

but ianume ble identifi ation met ods can be
sed and u due confn n is aot to be feared. he method being u ed in the triplet

now n der tcial ia to vib ate one of e pulses slightly i phase so t at, in addition
to a ateady p se sed or m rea eat, there appears a "ghost" pu e par all y over-
apping the st ady p .

e use of mo e two pa ses at a ate will permit the easy e ploitat on of
i stantaneons ing s G , t his fea re will have to awa t the construction
o new and i p oved n di rs. I he•i ediate step being t en to add low-

- qaency se ce to o a assa e t e e of e sdng receivers and ind cators with

- t e addition of a si l f e enc o ve er wh ch a anges the low fr equency to
- t t at wl ch t e g p t opera es. T e conve ters liave been de igned

to p t es e el a l inatt l s on and operatio4, so that low equency service
a be pro ded w di q g a y e tensive addit onal traini g f r operators

', a d na igato . Lo - t a t ng stations are more o ple and requ e
' new construc o , e t or o t o e d ing elements, bu the n tnber of them is

a o th t the total ort reqn ed to add low-frequenc ope ation to t e present

.
Loran stem is ent l in rea n.

A version of
,
L wh ay become e tremely i portant, at least for cer-

ta appli ati o s, is led " l ma h ng" a d consists in comparing t e phase
of he rad o- r q en r te med te frequeac cycles of a pair of pulses rather
thao compar g t e lopes of e o pu ses. Equipment for t i ng t i s tech-

e is still in s ch so ly s a e of laborator development hat an accu ate appre-
• c ation is i poss bl „: . see s easonable to egpe t that mea urements may be

de to 0.1 o o d- sve r o e The fscil ty with h c such read-
ga an be aken is yet un o n, but it is pro bably safe to predict that, after a

di icolt de elopment p og m, cl aatching a pro ide a bl ad-bombing system
ac nr nea ly q to S o n snd wl a range of 6 0 or 800 les.

I the c rten en s le tc ing, inte ediate-f equenc c cles
a e e chibited npon l op s d s per mposed ia al os e ctly the way that

. ' p se e velope ar posed ts dard Loran. e his ap not, in t e lon
',_ run, be t6e most o . m hod, i t yields mstches w ch are easy to contro l to
I ' least 2° or 3° of , nd appe ts to be the pa w c ,

i lead most d ect y
to r snl s of ' 'ta e. n o , the most that can be hoped is t at a few model

' sbop aets y be n t ope t n in about a year.
h e c le g es snd ind cators for a rcra t or hipboard use

p ese t a se ere te ` 1p ob be n e of the continu ll c anging pi ase of one
r c ived pulse wit s

_
t . er, snd because of the e t e e stab l t req red

of t ming ele e ts tbe e t e is e asy to apply to the syn ron ng receivers
s the ground a s t o s e e all s a d im ng relati ons are fized and where i h-
ly stab e imers are a td a a l bl B ause it is easy both to b ld and to use them,

e- atc g rec s s e be g p ov ded for the rst low-fre oe ou d sta-
' t ons. s, or t e l -f eqae envlope- atc ing progra , the sy c ron zatioa
' - of the ro d s do ll b more t adeq ate, and the stations ill be ready to

p o. de trans s on ble for t e high-pre sion le- t h ng vigator's in-
e w ma . e a lab o .

1i4
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.
o r o re exa ly, l e the t a o f ele t o ns s anning a televisio n s reen; all this con-
t o l co uld be ez er ised ut any co operatio n fro m the launching crew s who w o uld,

e the lo aders on a bat e h p , si ply aintain the fl o w of pro je ile s witho ut iving •
. tl ough to their desti on.

Si l ly, t e b m of pilotle s aircraf could be swuag from target to target
to sat sfy t i q eots i ho requiriag any c a ge ia the laun hing tecb-
n que or orders, pro d d'only thst he ate of s eep of the bea mast be commensur-
ate with the transver e ccele a ioa a ail ble in the aircraft.

_
T is use of the bol c p c ple di ers from Lo an, Gee, and Decca, in

• t st any t pes of s oa ould be ade av il ble for it. h le coding and
ot er fea ures a ed e he s s eptibil t to jamming, the bes defease is unexpe -
ed v iat on of t e " • e . I this sort of m s conu ol 'of ilotless a r-S . p

af is to be deve o , . eat s e on should be givea to all t e ti iag elements
ins e that noae o e u tds coaditio s of t e system sha 1 inhibit the free

choice of r d freqae c.y. e d + n d control mechanis s should be staad- I
ardi ed and reduced to p a t ce i e imple aad most re able fo , but the met od
of tr amission a d ts io of he erboli c infor t on should be capable of alter-
ad o at a mo eqt'aao , so that ile LF-Lora frequeacies mi t be used for one tac-

- al operado n; Gee fre enc es, or crowaves or in rared i t be sed for the next.
' Ia his respect, as t e addit oqsl exibility of the ground stations and the

'si pli fi cadon of he l bo e eq pmea , t e develop e t of hyperbolic control of
pilo less ai r t li es t d ectio diff e eat om that in whi commercial develop-
ment of a ene al aa oa sps m may be expected to go. It is, t erefore, clear
t , while the e cploi : of the aew met ods of navigad on ma be le t to private
e terprise, the deve o ent of a " y rboli c air force" u t, if it is des ed, be ob-
tai ed t roug d e t d pos ve a ion by t e armed ser ces.I
H PER O C SUR E

here is one othe pe t o h p boli c aavig tion which deser es e camination
b vern e t agend o by t e r$ philanthropic orga i ations. hatever the
meri s of c c e atch s F Loran o aavi ation, it shows great p o se for the "'
p e se measu ement nc s of se eral h dred i es. Under la ratory condi-
ti o it see s re so s , o e pe an r of the vrder of ten feet in a ingle me sure-
ment of t e distaace wo t t ag s a ioas, and he ave e of a number

, of o b er at oa ood doa the fi eld should exh bit abont the sa e
• pred sioa in the ha s s 11e e s.

is is about the ac u a whic a good
r onometric l s r e n e e d ance of 100 les.

It seems probable erefore, t a radio surve in caa supplemeat the ordin
methods for regioas i - h the ba c triaa ulat on syste can be on a large scale.T e pr cedure ug t 6 fo o a: ree station could be set up a t e ver ces of

. ' a equilateral triangl ral h d ed les on a side, and the le s of the side
d t ed by repet t d e eme of he bou ce-back ti e over a period of seve al
wee . Du ing t ese i ements a n mber of nav gator's receive s could be set up
and operated for b f p ods at poi ts whi h could be identi ed on a rplane p oto-

' eaphs, t us p vi g a: o of points of secoadary ac u acy, based upon he ori-
.. ,

1Z4
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1

lcn wn, and for i fotm ti a of a bro adcast nature such as weather. Dire ional equip-
ment i l be ased for o u at on i a part cular aircraft. For sec rity reasons,

_
t s t aas ission i be ded or cr mbled in some a ner. The cost of a secure '

omm i ions system d ri g ar will be ja ing by the enemy. Since t e present
g ou d-to• ir com u at o at e no open to mo itoring, bot t e Ax s and t e
A ies ns all y fo d it o e de able to mon tor adio trans iss ons t an to ja them.Be a e jam ng t c __

u s a l nown and are avail ble for the frequencies now
in ose, present eq pa .ma.y

be j med at aay ti e t e e emy nds it to his advan-
tage to do so . Th s e st e omm nications systems must provide means for

o r ing th ongli e .
jam n

,
v oice snd tele y e o n ons y, for spe al ed ppli at o s, be aug ent-

d wit pict e-t an n de e
. Traas ission of weather aps to planes on

lo -raage i t , f ple, s b andled by a narrow rad o c a nel, since con-
side able t e cs b ela g e nfor tion. This wi per t t e use of wave-
len s whic e ot

_s cted by horizo . On t e o her hand, telev sion pi tu es
o obser tion e ay s to be trans i ted in a very s ort time, thereb

' ec a r ng s ide b d
.o

f :f eq e s, T i s pro bably rest ct t e equipment to
_ _

t e ose of gh r dio f q e es, snd i t erefore i pose ae of-s ght tr ns-
s o . Suit ble rel l : ipmen e used, however, to e ctend the range beyond '

the ho on of t e t mi c r.

- • TACTICAL E LOY '

r T e pri e . gron d adar is rapidly becomin t at of conu o Tig t-
ness of cont ol wil! fro e mplete control of p otle s aircraft to merely

ving a over-a l ai t e w i a be alled upon to elp an airc a t in di i-
lty. Since all of t e e c ntr l t ons req e a pic e of tlie air raffi c and a

oord ation of t t c, a centc li ed'control or ani atio m t be establi hed
' to ha dle a ven area ' s or a ation t ha e ra r i formation and co muni-

at on facilities. T e i un nicad+ ' 'ties must provide for pass ag i or ation
on t a t ove nt f" m one r ani ation to adj ce t rea on ol centers, and

n lude prov s t ss on.
by television of t e a r-tra pi tu e.

fi e ad o ion mw t be pre ented to t e contr ll ers in a form which
o s t e prese t s a of t e s t, e d rection of fl g , td identifi cation.
p sent, t e ove e is ob sined by plot ing, but at t e cos of ti e delays.
order to el m na e de c , the controller is iven an nd ca or, but then has

o ly e prese t posi of t i t splayed, less he c ooses to plot on the tube
face. He t erefore s at bo t e plot ng board and the t be to obt n the , .
o plete pic e. I t ` l sitoat on, t e plot ing board would be ade to present

s np to date pi t c e:tr c ide t icat on, and d' ec on wo ld be displayed on
t e ont ol tube. The er co d b accompli shed by a s table p je t on i di ator
eo pled th plotti t c q , hile e l t er could be provided by ele tron a y
p ng t e trac cs ad ' ic o sy bols on the tube. In bot ca es, prominen

sp featores oo d s o 'be di p ye . W en t e controll er di play pro resses to a
t ree-d mensio al c r ; plot ia tee aiques t ree d ensions for prese ta-

. tion on t e ind a o d b e le.

- - i
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.
tion an also be found om aer al p otog c phs or even in some ses from photo-
graphs of the radar iadi ators of the reconnaissance aircraft. However, the enemy,

o ing that we are des rous of lo t g his main fa tories and other installations .
may ry to dis uise t eir appearance either by camoufl a e or by providing si ulated
decoy t r ets, or he may t to jam our electronic equipment. We must, therefore,
employ a variety of in eans to locate the targets, comparing the results of one against
t e others. There are slso several ele trical devices whereby the operation of our
agents and the conve an e of their data may be expedited. So e of t ese will be dis-

s ed below.
In co nsidering the nse o f eacl of t e dev ces to be discussed , therefo re , w e m ust

also co nsider what m e s t e enemy maq use in o rder to defeat them. e shall di scuss
here the pro visio n o f deco targ ets aa d the concealment o f the act a targ et, leaving
the di ssio n o f ja in to ano er pl ce . T he m eans of co nceal ent include natural
co ver (as by forests) , amo u g e, and the pla ing of ajo r inst llatio s underg ro und.

We shall st des ibe t e means whic may be used to lo ate ac rately the
posidon of cities aad other targets w ch occpy a large area.
AERIALPHOTOGRAPHY .

T here is very li e that the ene .y caa do to co nceal 6 is c ities o r ajo r fac o ries.
B o t had been ade during t e recent w ar, especially by the Germans, to disg uise
the appearance of par s o f cities, fo r e$am ple ,

by covering o ver a n ro adways w ith
ro o fs o ca o u8ag e material. I another ase, th e enemy provided a decoy, co m plete
in any details , of an i po ant o fi eld

. Such m etho ds are, how ever, o f mo re i po r-
tance to the enemy in h s eff o s to defe t the reco g tio a of hi s enterpri ses by bo bar-
diers prio r to a bo m bing i ssio n t aa they are in defeating o ur reco nn i ssance eff o rts.
T e reaso n is that t e lo n perio d of ti m e w hich is available fo r the study o f reco n-
nai ssance data usuall y enables decoys to be detected as such, since the ac ual targ et al so
appears o n the pho tv g raphs.

T he co ncea ent by ca o u ag e of any target against aerial photo g raphy can
g enerall y be defe ted by o ne o f tw o etho ds. First is the employment o f colo red
pho to g raphy. T here are very few pig m ents usef l fo r o pri l c o u8ag e w hich so
carefully matc the lo rs o f the s ro u ding territo ry that by t e proper appli ca-
tio ns o f co lo r pho to g ap y and the use o f arefu y selec ed co lor ters they canno t
be m ade to s and ou in co a side able co nt ast fro m the surro unding s. T hi s is reg ard-
less of the fact that they may appear ind st n uishable to the eye . T he seco nd m etho d

vo lves t e use o f ste eo s o pic pho o g aphy which has also been i hly develo ped.
T s m etho d pro vides p oto g rap s w hich w hen view ed throug suitable devices
sho w the heig ht o f the snbje t to be reatly exag gerated . T he m ho d is pow erful
because t e heig ht o f a targ et such as a fa tory build a g anno be made small er by the
appli ca io n o f ca o u8age pai t.

In many c ses, citie s and larg e industrial in stall atio ns may be lo cated w ith suffi -
ent ac uracy f o m a st dy o f radar-sco pe photo raphs taken by photo g raph ing che

indi to r ube o f an a rborne reco n ais sa ce radar se t. T he o rdinar metho ds of

amo ufl ag e w hi a e s able a ainst aerial photo g raphy do no t at all accomplish
the purpo s e when ada i s emp oyed to lo o k at the tar et. T he reaso n targ ets are seen

1
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• i ,
Suggestions have been made t at here might be a possibil ty in t e future of utili -

ing time-me su ng s e es. he'ti e diff erence between the recept oa by the plane
of beaco n respo nses f o two inter o gated beaco ns placed o n a base line perpendicu-
la to the runw ay conld be u ed in indi atia t e a imut al erro r le or right of the
e te ded r w ay li ne. T he i e i ter als fo r pract cal base- ne distances betw een
he tw o beacons are so s all , ho wever, that a considerable adv ce in iaterval measur-

' ing methods and stee ess of tr s itted pulses will have to be made before such a
possibility could be cons dered. For example, for beacons one-half le apart, diff er-
ences of 0.1 icro sec o ld oc ur for an airp ane S0 h off course at o e mile ran e

' a d approxi atel 0. 1 mi osec for sa e error at ten miles r nge.

,
T he develo pm ent of the gro nd co ntrol o f appro ach (GCA ) equ pm eat by N I C

and t e o peratio nal nse o f the g ea ( N / M PN -1) in the past few m o nths by the ser-
' vi es ha made av l le aa enti y di erent approach to t e inst ment-landing

problem. For a n ber of years atte pts have b en made to ta c a pilot down fi rst
by li stening for hi o. er e i or and attempting to d e t hi from such meager
data as could be obtained f om t e sou d of his mo ors aad later by the use of direc-
don- di g es on s dio tra s ssion.

T he success o f the GCA equipm e t during the fi rst few mo nt s o f its o peratio nal
use in ach ieving numero em erg en y land a g s un der o perational co nditio ns and

with pilots w ho have a ever prev o u ly ade aa approach o a the equipm eat sug g ests
at t e system po sses e a num ber of desirable attribu es.

( i ) First aad foremost, since it feeds i formadoa to the pilo over his normal
adio o mu icatio s, the system req es no add tional speciali ed ge r in the plane.

It, tl erefore, a be co s dered a u ive sal system if the proper co unication chan-
nel are made availab e for use.

(2) The radar o mat on obt i ed by t e a rrow-be m scan ng aatennas
covering the pla e's posi ion coatinuously in range, a muth, aad eleva ion is of
ver high accurac (ord r o two ls in elevation and four mils in a imuth) and
is not subje t to erm r because of refl ection of the beams from the ground, hangars,
other aircraft, etc. Like ise snc c owave beams su er very li ttle d stortion from
atmospheric eff ect over the short is ances ed i t e syste . Sighdng diffi cu ti s
in relation to the equip ent's posi on to ot er airport obje t are t erefore mini-
mi ed.

( 3) Refl ec io ns frc o bjec s o se to the desired azimu h o r elevatio n landing
• pat instead o f being r pro vide po sid o na! i fo rmatio n to t e g ro und crew

of he pro imity of the pl e to these o bje ts so t at t e plane c be w arned w hen
it i s to o d o se and caa be iven di ec o n o f cv se to y to avoid them. T hi s inc udes
o t er planes in o r ros g the app oac pat .

(4 ) e verbal info tio n presented to t e p o t is in such form that the amo unt
o f data interpretatio n i g eatly i imi ed. It is fed to hi t ron h the sease l east
in .use by hi d i g l e app o , is ears. T hus the pilo t is re i eved o f part of the
additional bu den p a d upo n h by the instru ent-fl ying o ndid on instead o f hav-
ing t e strain increased by requirin hi s clo se att entio n to additio al eters o r CRT 's
s s i s necessa i m o st ot er s ste . So me o f t i s strain i s shifted to the ground crew

1
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forceful meas r s to n u yone else f om maau acturi ng ato c.f el. I his ight
. ean that t e wor t a on ato ic ener mu t e pl ed nder o r con-

t o , the f el beiag p d he e s c re y radoned to t e rest of :t e world, to be
ed under our su e ll e or a iuter ationat or aniz tion.

arring such a :a ge eot e u t be prepared immed ely to s art recon-
, aoiterin all p aces :at c f el a be manu actu ed, and be pt epared to destroy

such manufa turing : h ent .
A craft su h te 8 36 s on d b eqnipped for recon aissaace with neutroa

_ • and 6eat dete ors a e a o at of either or both of these t es of radiation
• at e own to be b t e o t

.
i d portaat method of manufa u i atomic fuel

( e urani m-pile m o d r c uring element 94) . Such ai c aft must also take
r al photo raph .

e se of a a photo aphy sho d not be omit ed; since gceat
' ran e is not ae rl as or nf hig resolut on and 360° "loo ing; ' i -cm PPIL

• eq pment should be ed. It s re ommended that a e$ort be made to equip a B-36
> at least a 12- oot s t ble fo c PPI use, and oper ti ng in the i -cm region

of wavelen th. A s e : odi on of N / APQ- 34 orAN/ AP - 30 co ld probably
be p e ared n mont t e.

Si ce noae of t e:d ct g deri es mentioned can be regarded as in all ible, we
_ us depend poa ed re o ai sance and constant interpretation aad compa -

on of the res t fo ty. -
In order to des a ato - l fa tories we disco er, the ato ic bomb used

i conjanc on itb p ese t bo b ights w ll be soffi cient. It does not seem very
. o w ile to p e t e acc r of bombsig ts over that no tta nable; on the
ot er hand, cons de a bo b ig t research will be needed to m e instrumeats at
a su t ble for s per c s craf . However, in co parisoa with other tec c l
pro blems posed by ato ic bomb, it ight be u w se to cont nue an e abo te
bombsi ht de e op .pro ra . ' e development of uided bombs probably falls
i he same te or . •

e above poli ce m e re tsef right now; they on y remain useful if
' e retaia coatm l of t : on.` f we ose co trol of the internatio atomic-energy

sit at on, en fairly ic m a ures ust be adopted.

. Suppose e e d , eco s ce by a cra We ay t e try he German
nggestion of an o b o po e a lished a ree orbit b ond the at osp ere._r

. or e n g s . te e elop e t of V-2 issiles ith r n es of s ve al thous-
a s of iles .is so m a . ob he easiest way to tart s h d velopments
s to t to send a rem t©a rolled o ket to the moon, since t e d ect e-of-sight

co ol p oble is a ples .

_ I one di c d t e d de pil t method of control, t o methods of control suit-
able for distances r g far eyo d the hori on are availa

ble: ( i ) automatic celestial
na i tion suc as a or d on by the ast an Kodak Co., and

.
(2) radio control.It w l be diffi l o e q ired accuracy with eit er of thes met ods and in

addition t e seco d b eas ly js ed.
T e m issiles s ddic o a be tted with ho min devices sensitive to lig ht,he t, le trical and n c r d at o n .

T heir uae w o uld rela$ the ac acy requirements

170
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el em ent o f the transm t er-receiver unit. N o r all y thi s avity will be set at the frequen-
assig ned to the p rt a statio n. In ma ing a call the o perator adjusts t e frequen

o f t e c vity u til it has t e required value fo r the statio n he is calli ng . T he adjust-
ent w ill pro bably be ade by means of so m e d al system similar to tho se u rent-

ly in use fo r o rdinary telepho a es. P o per co nta t will be indicated by a lig h o r eter
o n his receiver. At the same time the receiver at the statio n being call ed w ill fl ash an
indi t io n .

A schematic dia ram o f a tra sm itter-receiver co binatio n for sueh a system is
sho w n in Fig . 8 . Ia the absence o f in o ing sig nal , energ fro m o s i ato r B is divided
by "mag ic tee", C,

in t o equal po r o ns, o ne o f w hich is radiated rvm the aatenna
A and the o ther is fed to the stabil zin cavity D . T he cavit D and two cr st ls E and
E' act as a di scriminator and g enerate a voltag e w en e o sc ato r diff ers fro m the
reso ant frequency o the avity.

his vo lt g e is ampli ied and suppli ed to the frequen-
-co ntro l element o f t e o sc ill tor. W hen the frequen i s too hig6 thi s vo ltag e is

in the directio n to decreaae the equenc , and co nversely, the vo ltag e tends to increase
e frequen if it i s to o lo w . T he de ree o f stabili ti on that can be achieved depends

upo n t e tabi t o t e avit and the pro perties of the feed-bac lo op . Prelim inary
e perimental o s l ato rs ave b en stabili ed to 10 kc a d bett e r i thi s wa .

The vsci ator outpat can be frequen modulated simply by in roducing the modu-
lation voltage into the feed•ba k loop shown in the 5gure.

When used as a receiver he incv in sig nal enters t e same antenna used fo r
transm issio n. T he sig na i s d vided at the " ag ic tee" and the useful port o n go es
t m ug h a w ave u de to the balanced discrim inato r F, F' w here it beats w ith the
sig nal f o the lo c l a ter o s ator B . Since the inco ming sig nal has a carrier fre-
quency w hich diff ers o m that of the o sci ator B by the IF the o utput om F, F' leads
to a fre quen y-m o d lated s l o n a carrier o f the co rre inter ediate frequenc .
In g eneral the intermediate frequen y anno t be lo w .eno ug h so that it represents the
spacing betw een chan e . Prac a co nsideratio ns sug g est that the IF m ig ht be in
the a eig hbo rhoo d o f 30 m e acy les. ith an elabo rate s ste of sw itching and

ag e reje tio a o ne hal the total nu ber o f channels available co uld be used for
co mm unicatio n . A m o re pra ical and strai ht fo rw ard arrang ement w o uld permit
o ne-th ird o f the to tal number o f c nels to be us ed. T hi s arrang e ent is sho w n in
Pig . 9 .

G ro up A in t e 6g e i s t e d stribntio n of trans mitter (master o scill ato r) fre-
quen es, the receivi g uen ies and the m a e frequen es.

A ca ng statio n ad-
justs its master o s lato r to e receiving frequen y o f the statio a be i g call ed. T his is
seen in Gro up B. T he t ing statio n will receive the statio n call ed o n hi s imag e fre-
que . Since his no r al receivi g equency w ill be o ver a gro up o f ima e-respo nse
c annel no inter erence wi res t.

Even with this redo t o n to o e-third o f the otal num ber o f hannels available
there are still a large nu ber hic caa be used

. Assu e the band to be used to b

that at 10 ,0 0 0 me ac les and th t the tuning rang e be 10 or 100 0 m eg a ycles.
hen if 10 0 kc i s a o w ed for each channel the total number is 10 ,0 0 0 and the useful

num ber o ver 30 0 0. T hi s fi e i s co a se vative and it is ce taia that practical stabili tie s
of better than the 100 kc an be achieved, thus inc easing he nu ber o f useful chan-
nel s.

1

;
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