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' e centra p ob m o a r na gation is to deter ne id y and accurate-
' l t e geograpb on o a aircra . T e problem pres nts self in man

for s, . ith a ar e
. q e ta on t e accur c and speed of ol t o , s -

p c t o apparato , s , secu t , aad ot er c arsccer s cs of e na i-
gational system. It is . te t, - d uss ng the appli ation of radar and re at d
radio tec niq e t oble , to e ar te met ods req ir ng no gro d tat ons
or o d ma rs of om yate s l al e s of a d a ons. The
l tte ass a be er s bd , o s ste o e ange .

e a y li ted -
b t e opti a bo ,t id s s a ble, at lea t in p pl o erage ell -
b o d t e ori o ' e. t o s a ndamen one o te hnical po t
of ; rom an ap o e , t e ' ' c on b t e a ort- a d long-

- raa e ste s is po t : t l ss s arply de ned. ,
HA KiA ION O R •

Ns igadon b a v s oo hss slready come to p ay an i port t role ia air
force oper tions. It s be made p asible by t e development o microwave rada , .

i h permi s the se• a o b ms, by means of w a more or less recogniz-
s ble map o t e ding coo t is continuo ly prov ded to t e navi ator.
I its earli est aad t or H2S) , li t le more than cities, towns, and coa tlines
conld be distie n d c' e e e lde t ed by t eir spa al rel t on to one another
a d o some e t by e arac e ' o t e e o appearing on the i di ator scree .

• A shorter ave ea s :b o e a ble and the techniques of pre ent tion improved,

• . t6e i ilar ty bet e o ot de a d i s radar ap in ea . is i p ove
e t n be es e ed: O a -

,
b 3. - ) radar now n p dnc on (APQ 7)

p o des re o g p+ e r o# O.
°, a d shorc a ele i wl ic

t e ssme resol g e . ed it s aller ante s, e st begin g
to b e loited. Res oa of der lo s t e navigator o id t fy any fea-
tore of e la ds ap : st b d es, ra l li nes, e ., a d t t s, b erence ;
o sa or ar sp, b o s s on, e. en in str nge co . des tl s i - '

formation, w ic s ys s s l ble, 6ea y torm lo d e emselves evident "

0o t e r dar tee , g r of cond tioas a ead.
T e radar for on a s be sed ia connec on h t strument

of t e a -position-ind s r t p . e d r, iace it pro des a e of t e gro nd,
e ables ro d spe ': d t :o be deter ined, and a ords ot a ional i es

- gronnd coord nates. ' ese data n be omb ned it oe a speed and eadia , and
tegrated. T e e s s t a ro d position indic to es a con-

- itnoo d e t di a of tan an p sidoa vf t e a cra round

oo di a es. T e i t a sa o h s d cation, in the form of the i str me t

, o der de op t A , is of t e o der of i of tite d sta ce tr veled
i ce t e a z. -

.
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. Requesti g a air a t ith w hom a co ntro ller i s in r dio co mm u ication
to a e parti ular t cns o r m ane vers in order tha the radar si nal can be asso ciated

w it the airc aft.
6. The eje t on b an a rcra , when instructed, of mater al hich will give

recogni ble radar si nals; for e a ple, alu inum "chaff " or "w ndow" ma erial.
7.

T he use at sho t ra g e o f visual or iafrared li g ht sig nals. •
8. Spec ial attachm ents o n the no r al I F eq ip ent o r parti u ar m odifi catio ns

thereof to adapt it n spe al stances to new ser ices.
COMMUNICATIONS •

The aecessity fo eliable, ao se-free adio commu at on channels whic6
operate nader a cond tio s of wes er has been repeatedly ment oaed in connec-
ti oa w it the u e o f rad r. Sin e it h beco me clear that ad r allo w s a mo re adequate
co nt ol of ll so t o f a force o e tio ns than has heretofo re been po ssibl e, it is
evident hat t e possib ties o ly be re li zed when aa ad quate adio commuai a-
tion system has been p iato se by e air force. The requirements of uch a satis- ;
fa tory radio com ni tion s tem are briefl y:

. i . It must operate, or at least have certain channels which operate, uader all • ;
cond tions of weather a d atmospheric stat c. (This is possible if one uses frequencies
npward of 1000 mega y es.) =

2. The airbo ne anten as must be suffi ciently small a d suitably designed for
the h g hest spe d aircra o f t e future.

3. T he si rbo r e o po nents sho uld be s a in size and w eig ht and co nsu e
the minimu o f electr c po wer.

4.
A l g e num ber o f el , preferably selected by push-butto n co ntro l,

m ust be available to avo id c n esti o n.
S. Oral co uni ation sho uld be replaced by fast a d p a ly auto matic

telet pe w here feasib e.
6. Facili tie s sho nld be inco rpo rated in equip ent to be used in o r o ver e emy

territory whic ill p event the ene from ma ing use of the trad o transmissions
or decoding them.

7. Transmissio s mnst be d t for the enemy to jam.
e. Select ve ' 'o a commu tion from ground to a in le plane should

', be possible.
-

Three d erent fu c oas of radio communic tion must be d st nguished, each
of which will probabl equ e a separate frequenc band:

i . Long-range ommu i a on, that is, beyond li ne of sight; ;
2. Mediu -range com u ation, within line of sight, up to 200 miles;
3. Very short -ra ge comm ication, up to 20 miles (such as bet een pl nes in ;

a for ation) . '•
Propagation cond tions req re that commuaication of the rst type be at relative-

ly low equen y, and thus al ays be suscept ble to at ospheric static. This can
be mini ized o nly by oia g to g er po w er t nsmitters.

1
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_ _
-

' T R ET PROPER 'I Es

en radio ave tt ike an obje t in space, re8ected or "scatt ered" waves spread
ont from the object be a se the obje t forms a discontinuity in the otherwise homo-
ge eous medium t oa h which the waves are trave ling. The obje t need have no

" spe al shape; it need ot be an elec cal conductor in order to refl e t at least par-ia y the incident energy. It is e red on y t at it be electri ll y dissi il r to its
so oundings. Wi ho t atte ptiag to de ne precisely what is e at by "ele rica y

' d ilar," we ma say that in fa a p ordinary solid or liquid subs ance is apable
of refl e t ng d o ve . Th s y it is so d u t to hide an isolated objec from

, rad r deteccion. An airpla e con tra ed entirely of glass, if such were possible, would
re8ect less than a similat etai sirplane, but aot very much less. Its dar "visibility"
wo uld not be greatly t dnced just as, in a se rchlight bea , •its visibi ity to the eye j

would not be reatty duced.
1
:In order to cvnc al aa irp ane rom a searc6fight, it would be much bettec

to paint it blan . Is it poss ble to ma e an object black for rad r? In a li ited sense ,
t is, by various et ods which have been actively developed by both ourselves a d

the Germ s. Spe al co t gs can be made which, when appl ed to a large fl at sur-
face , result in nea ly co mplete abso rptio n o f incident w aves o ver a limited rang e of
w aveleng th. Suc at se ve m a y useful purpo ses. M o st ili tary radar targ ets,h o vever, are o at sntfaces of l rg e e ctent. For f dam ental reaso ns an o bje o f a

, compli cated ape, suc as an airplane, not be entirely blacked oat for wavelengths
whic are not infi tes all y short compared to the dimensions of e obje t itself.One therefore mnst not expe t at airpl nes of the future will be totally concealed
ro radar by mea s o a spe al ost of paint. Nevert eless, e cont aued develop-

ment of low•refl ect on in s is a problem of unquestionable i tar impo t nce.
O e of the mos dr stic limitations to the powers of r dar arises from t e fact

that an objec , althon it may refl e t the incident waves, can be very thoronghly
• • nceared by t e s ' ' echoes rom neighborin obje ts. The wanted e o is lost

in the clu er or nnwa ed e oes. To t s c is due the disappointingly li ited use-
fnl ess thus of rada o d operations. In order to see how t is l mitation

ay be overcome in e t re, we mns Iook for some disti g ishi g featnres of t6e
wa ted ec o on e oae a d, and for ways of reducing t e unwanted echoes on the
other. T e latter is mo t directly ac o plished by reducing e pulse len th of t e
adar, and redu ng the be m width. T is decre ses the volnme of t e pulse packet

and ence reduces the aumber of re ec g objec s retur i g ec6oes fro the s e
place at the s me t .

,
T he di sting ui shin features o f an i dividual echo are ver few.

As w e ave said,
no etalli c o bje t , a ell as meta ic o bje s, refl ect. A tank parked in a w o o d, and
the trees around it p d ce e o es ch diff er, if at all, o ly in intensi y. In certain

e spec al ases a • eris dc e a io n betw een the po lar zatio n o f the incident

O

'
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, t e e o ` ' a e f m p se to l ect on of this
' " p l :̀ .

,
- : io of e i In this c se

: o
_
. : v om n j . ob'ec s.' l

, , t :.  ce c b a e s c b ' u ans itted
I .

-.

.. . . . . - .` e :.. _
i ed e a l the system

e t e ` "' metho . Tt is 1i .a
li cadon o

_
FP

. ._ ,
_ . .

g r : je , b t bec e t ,
he situati n

.t e " . ost desi b < e of the e -. ': ich
__. . . . $

T e m . . .-p 'c y
_

` d b d y p o e . od as one
, ,-_ q age o __

ul C herent P se .,. wor s i -
t - i ' orther . e not) hen he a e e is movi g .

_
' . ' '

' r at ` " '' ves a oma c e-t . . com a ison,g P

,
d d

-
- ' : of j s .t e aa ec tben ave'

.
•• ' : ` a o i " system. B m ' i deo torage

. , .- :- - - .. . .: e (a s ' ps e e t a y, mo =e e t oa sto $e
r, e the e o -:. ..'. ` tted p e is pre e e : t ea s btr ed

e s •pe ane ech s c w negligibie
' e are c n o es ch o : - o p lse aad

- re do =;- -
.
;

-
: .

di y a odd b ' q a e wave-
-- s e . ,

be a a m . 1
.a :' oves rad al y• . .. - -

- e n m _ _ _ . se i e a cept as a re-
.o ro rr ` pie, at v cm, c > st a i

, P ; _ _ , _',- at 9
_ - . s. t the o ; ; eed appro -

. _ , o - ' f r isol t -
c ap ed ith

. .. .. ._- . •r al _ . _ _ . o t e of the '̀ t een de er-
- _ , . , ..'I e ` - -

. :.;: t a ed b the : e 7:. on r te e
- . .

i
. _

. .ds : _ - r e syst m.
r

- , n at c • ,
:

.
t ed to-pulse e o_ ;

_ om `
.
` , d e p ot oa . o avo d

 

'

-g ro ;
_

d e •nev . ss p r be w dth
.

, po ec o `
.

: p ad ng e c' '• bly be fo d
' nd a . ` . : . .. - o sever l er-.'. - .

p
ts e ti d : :

: o S-ba d ser t es per beam
- . a "s .

' 'b a andom l "
. , p a t al: S._ ! , .

, c e '
_

e as low s 0 • p : _-'
d c louds (ne-

--- „ g rs .
. - e st epedti a s v as 1404 pps..

ow•, - t r a d clo d . n so anc e e t sr . . _, , _.
. ; _ _ -

•• --
. _

I r• '
' I ' .

THIS PAGE DECLASSIFIED IAW EO 12958



THIS PAGE DECLASSIFIED IAW EO 12958

THIS PAGE DECLASSIFIED IAW EO 12958



THIS PAGE DECLASSIFIED IAW EO 12958

- -- - - - - . -__: -- - . - .- -
_

l 1

_
-

t =
_ • .

: ' se e .c pt . ' e p e sioa of prese o data w c is
_ = eved the a , s t is i nearly e rer ce the ba e ioi.,+ c ` - ' sacr ce can be o e d.. . _,, _= -_ Wit ega ' . : mpo ant obser a ans ay e aade. F

t - a , p e " . : mo on s bo al .in po a d s ent

-
-

_
' a P 'l - ,-

; rpp e eff e c ia t+ be ns to ive te n-
. a o , i# :

_
- - -- .. t adon wh . . .- - _ - c of ' d se ness.

y . - .- ;
`

-
ati on i need , i# ca • "

_
obt ined from

r . ' `
_

o nown i e . F re, his met od
- ra e

. . senien a a ppler d and in some
.' s be - .

"' -" ca ning ate or -pos d ta prec sion.
- ._ , d s ' ' ' . ance 8 tion, w n noise or

_ _ nds o " . •
_ _- - n he well o a . oppler gi. es=,,_' ' rt ' '
- - -

'
. ng fr m ni or a a et t s at oa so as to- .e __- _ ___ -

''
.

'o o n. T is signal- e provement
o c r e - - __ _ _.- - • ;

- : / .
~

.-= It is e ide - `
-

.-; a- ppler reqoe s: e a a co at-
_ __ p

_
d C adar sys s m e e opple -

.aen whe `
-_ _- :

_
e e o so 'as to sepa e te: pple f da-

-__
b . _ _ _ : tive ate i or adoa miay e disc rded b

- - _ g h >--
_ . _ -

it as been ac eved a d t st be paid for
.
=

te s of t - ` ove. l , I'C and C ad s e s a a e- . -- ; conces
_

` d present-pos doo- a ps o i order to
' • e rate da - - . . .,_

` '- t, to c e e some o e t s g al to
• Y

_ .

. Ove - _
F lse o l s . tpp y ems, ' e other h nd,

_-,- _
apg . on nd in most ca es o;:oss in sca ng

_
P lse p '- i fo o as to w et are mo n_ - g

_ : o , bot in t - . _ : . n ste no q a a te in or a-• - - - -=; ,_
_

`
-

ls o bt n . . ' ,# i prob ble t at this ep t e proper
' . . I ni c e i ' •

. :.

r .
.

.

' o er e - en P lae opple d ;̀ cems s to be
= ,

- _ d in t e s b - . ,̀ - - e e ste s. Beca e g et •ve o t ea'= =, à; s ays ' - . - -
.

the veloc of e o f oppler
- . . ..

`
- - --- y p. . . -

` e l s a l and e d ation rob
_ ll

- -
r e or e v s s ompoaen-- _ > .a o u

-
ame ers. It be.s e req e

: 'e
, _

- -- o he p se> ff eccve pu se
- - _ - _ -- _ _ . _

-. a ai fa ea ier t
- t he ' ' y o t e v he . -_ -r -, .. - , .,- -. .- _ -_ .. .

_,: !
- r

` -_
- - 1 . . .

•
_

1 •

_ - .

- . . .
_

- ' r i

'
- - - ,

"
, - - . , ' ' I

_ - •
- .- i 'l :- ,, -, r ; .; - .- ._ - -. , , .. _i .

- - - - - - - ,

THIS PAGE DECLASSIFIED IAW EO 12958



THIS PAGE DECLASSIFIED IAW EO 12958

THIS PAGE DECLASSIFIED IAW EO 12958



THIS PAGE DECLASSIFIED IAW EO 12958

., , -, -
-__ . .- .. _ .
' .' -' ' st b :

'
_, a .r. '

, _- . i ' . . s eto - , e `
-: d e e :, c t

- - . : - - - -

_ _
18 b r - ': S 8

t a p e ent-d r _
e bee , ..- , : ,- - -_ - - ,o e - - -_1

L

I'
.

' O t3° ' C S n B S

_
'
.

: t o e ceed
., .._. .-

ol
,
:3 ome e -: • e p -; r

- •e
_ e t

_
; e or pe .

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

, r' .__ .. s ou d l e
_ . _ .

-: _ . :e _
' a ele -

_ ._ _- .- p c ,: 'pment de-
_ •, ., , . __ _:

=

,- - os ; r te s r• r t an la-
ea o o e ; ` g device ,..s o '

-
' e , , p t o r or- .- : .

. n
_

e r e a ing or -
. _' .

. ve . 1 _: . y t e e_ . .
__ _

.` spe. t i oa '
.
` -

.
howev ,

. _ _ ed b - . c e fa

_
d r

_
d, p ' ' _ _ e p ed

_ _
.

'c --
,•

bee _ . .
to de- '

--
.
a t t : a wide , .

- - ' _ .
_

at- ,
. n ve l y

. _ ,
_ .. _.__ , 1 s : _

a ; bl
.

, : ed s 1Y

_
-

_
' $ _ ..

e a : '
. e s g s

_ _
ot

_,
- : load,
. .

ob . - -
- t

.
is s

o d e h e o -_ _ - : ,
,

i a s - - - er r n- . :- ., . , = ,. . - '.

. _ .
d t d : ; t e a: . _ _' 1e ' >

.
S .

t '
. .

O ' ' E e O I
_ _ .

' ., ' OC
_. ._ _ . _' t :' . _ _ _. e ator_

= t o e
_ _

b bi o er ,
.
' : -

_ _
a ce a d

' a ' e e or_ :. . ,. . :: .-
-- -. - t ore : " - e pe d d

. - ,_
_

d i
_

_ ti - 'v the Sa i t '
. --;, . ,-- o ..

'
_

s e t s nce it- - , -
- -

s
_ .. .

uc1
. a p r

. . , ,,-
: .-. , , r -

` .- •=- . .
.' - -.. :.. . •,

THIS PAGE DECLASSIFIED IAW EO 12958



THIS PAGE DECLASSIFIED IAW EO 12958

THIS PAGE DECLASSIFIED IAW EO 12958



THIS PAGE DECLASSIFIED IAW EO 12958

- -_- .- -' - - - - - _ . - - -_
1 -

-
_

' . _
_1 I 1

_ 1 -

- , 1 , .
_ r

- . ,. _ . ' !'
•

_ L - . 1 _ „ _ ' .
- . _a . - _

'
, s a __.a a ..

_
o t e ' so t t at ae o . _

. e o i s-
no occ - ;; t o . Never e s; , _

:e t at s h
' on d :. _ :- • o t at t e a q i m

1 1 f = - - ,= s = tor t e g rsion for e
. i ct se c ''b e.

_
1 - - - . 1

- . . . , , , ,- _, - ad t ,
` e a e t

_ . e essa .t
__ 1 •: c : c se d

.
T e c . s

_
, .

; . " .
a, ae

- . _ er o , or
c

_ _ : a e uc l s'a .
a t.

_ po : rat ap .
b

- rb p _- _. ,t t ' ' r''_ - -_ _ . . ; . _• 1 - _ . -.

1- - --
RY . . • _• . . - '

,~ I I
- - 1 ' 1 - • 1 - - I' '  t s e =- e e ommena -.

- _ - `

-

I

I I . .

' .

t
r

- •
_ :. T - ess / r t can be

a a t ' _ # o . _
_ - __

, _ ' 2. T 00 : i t le aac a ©f : or -30
t . e ss ve we t t a . In t e

.
"

._
# t h

_
` ' b o c l '" ' ` ° fr

. uen -b p
, r- r: .r .m - . a t e e r .

-
. .

J
-

-
_

. .

-- ' ' . For . - i e-ar en
. map p o e

- ; sctor ,
f l g e s e ati facto p .

e: o er r '
- _ - 1 .

T he ev lap er, of o e
v i a r ; n ed.

  M
- _[ • , -

-
II ' e r t r•

_
r =t _

C ;
_ : ' t a 0

_ _ _
m -F - _ _ _

_
d st "

_
+ te a ' • t ia y n-- -  _ i es i o -: pm n .,

- -
_

- = ;
__̀

_
. 1=

-
-

. ,

!
1 -

•
1

"

.
'

_.. - - --. .
. .

I
= -

1 1

_
- _

'
.

. _ I
1 . , _ [

=1

-
_

1 [
!

 
. .

T ,
J J .

'

*
_

I
_ + _ . - - .

_
 

1 I I
,

. 1
111

I
I
-

,
I - 1 1 1 /  

J
:

.
1
_ . I I

1
_

I • I '
.l l . ': . __ r . . _r- , ._ = n .

r
l t = '

- -
1

'
. 1' - _ - - - 1 r- r

,
'

.i I .
, ! : - ' . .__ . . _ = -

_
-

I 1 '

_ _ _
I 1

.
'

.   -
, _   " • • _

- - - .- + - . _
: - .. • . : ' - 5 '

_
• . _ 1 '

- .r • .
- ' - = I 1 c- :

l
: : .

_ '

'

• - -

1
[

-

.

_
I / .

r _
l   • "

. .
1

 
1

.
•

., 1_ -- • -
' ' 1 i ' " '

_
y

.
-

:

1

- '

. .

'
.

-

-
. .

THIS PAGE DECLASSIFIED IAW EO 1295



THIS PAGE DECLASSIFIED IAW EO 12958

THIS PAGE DECLASSIFIED IAW EO 12958



THIS PAGE DECLASSIFIED IAW EO 12958

. - _ , - - -_ - _ ,, I - . - .-. .. _-es ._
' 'r or. The oi;

.
.
. _.

slso va es -
`

-
s t e

_ ,__
a ;f t ch h

.a
d

_
' t n t e d

- adars o ` b d o S to X t .
°' ,: atten a oa

a d - - se iy t :_ ".
r ce at

'
. '. ue c ' "

.-
t e m ap r r e : -

-
1 g-ran e. .. , . -

. - ; . .r - - - •
_ _c r Q ! ' . ' . ^

' 1 ed : t ex t '
, ti©nal and

c '' g t .:
' b

, : g- g : e ) perfor -
el

--- a : I is a ' ' . .. j ea s o goa d

_ _ . I d a e :
.

° d hat good
' ' n fa '

_ of a s ip or d tar e but

. . bl ' ' • t efea , ;bc d es, etc.),
. `

_
r o p ez o :' _ h n i' d test a a able whic

. o wl'ia '+ --̀ are i pr ved ' e a ge per-. r . : `
. _ _- _

d c ' or ge nten be vith co -
, .

.
.

In t e . c se t e ' . :
. a c ati on. _ - ,- - - .' e c '

_
"̀ ` ccuracy. Wi a 3 b 9•inc p .

- d two . d one il e apat app ar b e i t a sin le
- e a l s om the bom er ,: , s w th a i .3°

' 0. c. ._ _- _ „ '' e t o ar s ar , e olved when
' - : iles ' '- - ` ' i ial nt at ` a d 600 h-. _

. e po
.... p

.d s e , '
.

_' t rget , he 3.3° not cle rly .

t b - .
' ,

- _ ,
t i 18 les. Si ce e o r c is about

_
' ' e , t e ' a

_
g er t abo t i

.ea 6 eco a ds, i -
` ' g t e t e ` f w in t a r e id t' tio n . O n th e
- . r . sad i > . 3 t e ia te e ee : c tioa d

' b relea e -" o c aeconds , be e t : ree-fold im-. .. _ . . - , , . • .` ' e t ove ..-- c of bomb f ld be ex-
' f t e - - _

; .de er ed o ly bp bnt c lc -, _
. _ o '

.t e i .
, t e aa r . e : r.de ir b e in-,-

' : .
-
'On e -.

, . . a e a ennas.c e : d bp t e ae o-
a ` - : co t the r : l cked u b

'- a e ' - . . 1e t i e ea a new rad r
'

.
' ' de ' - e, e a o ' te ' a ried oat as. . - PP c

. :- -d a; ._ . . , ,
' r good

. ,
- o ee d splayed - r tube he

` , t • ' a gle of sa 2°
. ..: :; hori on. h e

. .. - ,.N-.
m st a s _

de bjec on t e r er anges.
' r i

,
diated at d pres oa g e ter t aa

> er ' e e g all ot for u ; i bea but a
' • . T e- , : r ng the "nose" o ' a ,,i ln inates

•
. _

t stat " e e r fan o e cal plane
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DC or AC (rms) in accordance wit speci ed minimu eff ec ive creepage distances.
N o ment on is made of whether these apply to dry sea-level condit ons or high alt tude
with condensation. The general practice is to ass e tha the rati gs apply to t e worst
combinations of h idit and altitude with the result that bre kdowns are inevitable.
For e ample, the 500 v C) a ng is appli ed to conne tors with a leakage path of
3/ 16 in. Ou e perie ce is that for service use where combinations of high altitude
and co ndensation are met, the spa ng must be at least 3/ 8 in. fo r S0 0 v.

N o conne tors are available on the AN complement whi can be conser atively
used for many of the voltages encou tered in modern ele tronic equipment. The
o rig inal designs w ere based on the types o f service required in 19 4 0. T hus w e have
the desi natio ns "Inst ent, 24 v, 110 , and 50 0 v," w hich w ere a part o f the o ld

speci5 atio n. In the test re isions, these classifi ca io ns are dropped a d som e new
co nnec o rs are added but esse tially w hat is le t to wo rk with is a larg e num ber o f

co nne to rs w ith reepag e dist nces between p ins o f i / 8 and 3/ 16 in., and a very few
w ith S; i d in. spa ing. here is no th ing reater except one high vo ltage sing le-
co nta co nne to r (the 18-16 ) w hich orig inall y had a rating of 20 ,00 0 v, now reduced

to 2,0 00 v. In pre ent-da appli a io ns, vo ltages of fro m 4 00 to 700 v are very co m -
m o nl used but no co nne ot s ith mo re than two pins are made w th a creepag e dis-

_
tance greater than 3/ 16 in. T e es ceptio a has a spec i icatio n rati g o f S0 0 v (D C)
but its safe pr cti cal rating i s about 30 0 v. T he co nsequence is that multico nta t co n-
nectors opti sticall y rated for 200 v (Service A) are generall y used for voltages +
from 400 to 700 be se no others are available with the desired number of pins (6
to 30 or even mo re)

.
Co nvers t o ns ith the l eading manufacturers f AN co nne ors revealed, that

these anufa t ers felt t at they had discharg ed their desig n o blig atio ns if they •
pro duced co e o rs in accordance w ith the spacin and di stance specifi ed by the
services. T he felt no special respo nsibilit fo r equipm ent o r co nne to r failures due
to o lta e bre kdown be use these conne tors had been made in accordance with the
service specifi ations. T e were quite aware of the misuse of connec ors at the time,
but t ey were not sti ulated to do very much by way of altitude-testing or sust iaed
humidit est ng beca e of the prote t on aff orded them by the service specifi cations.

Indeed, i the pa ti ul r case of Type 18-16 conne tor, wh ch as noted above
origi ally had a rating of 20,000 v now reduced to 2000 v, it required many months
to convince the manofa urers of this point. When the m nufa tu ers were fi nall y
con inced, it took some months more to design a conne tor whic was usable up to

,
o n y l 0,0 0 0 v and g e it i to pro duction . I the inter m perio d

, connec o rs failed in
si rbo rne service , a d radar s ste s o ten failed at hig h altitudes or i humid climates
w hen t ey w ere mo st needed.

RE ISTORS

n ov d.
ire-w o u d resisto rs available at prese t are of tw o g ener l t pes: the po wer

ype co vered i spe i at o nJ N -R-26 and the prec isio n type descr bed in JAN -R-9 3.
N either adequately lls t e need fo r a larg e number of applicatio ns in ele tro nic
circu ts w here the pr ma requirem ent is stability and constan o f temperature co -

70
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- 3. owabte . e nt s for the be t ade of one- egohm car bon
- t istor s ar e - SO °C be w oo tempera ure a d 13 5 pp n/ °C above

- . - o m tempera ure. i n aa ac urer t e latter value i l al y be either plus
- or inns but it is seen the v r at on due to temperature changes b een co n only
' '' en ountered ambie =i i of - 40° to 80°C may result in a total r esistance change

- '
. -

f as u as 20 A y e l es obtained in produ tion resist rs are somewhat

_
bet er , 12 bein n age tg re fot a one-megohm resistor .

, T e point of e cen i t d above is that the operation l ar ations in 5°
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_ , ' . c es vir t alty m ` , n t e t ecomes par t of a fu ioning piece of
-

- l o ic eq p
_
' n p d be carried on to t e end btaining hig -

- ade a bon re no d c fi ed te perat e oe ct nts and suitably
1 ` protec ed a "

,
"

.
g; nd liu idity. he Be 1 T e ephone Labor -

;
, t es have made . ;

. -
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_

' pa
- t ndu ors, s . , at ngs and opera ional data oa t nd rd tubes,

se ea re t , i eo ' e delay lines.
'

In each case the - h i t r o de lor able uns tability three or four year s a o ,
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l owed by some d

.e e :- p e ent xn he war per od , b t ith many ver
._.

ev dent short co ; o be .o er.come if equipment is to be rel able and e cient
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-It is reco n e at t e se ce suppo a continued prog a of research

a d development to e l a1 a d ele ronic componen s of the durabili ty
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•
;

.
'he ta g o f thi d a and t e m ia g o f the necessary cal ulat o ns all req re

' a Ce alII amO nt th e ..
T ere are s ve l di erent t pes of

,
bombsights which diff er om one anot er

ac ording to how hese calc a ons are made. They may be divided into t o broad
asse : ( i ) impact-p ed i g, and (2) synchronous bombsights. We shall not con-

sider here the impa t p d type of bombsight since it is gene a y coasidered to
' be a rndimentary form hose po ntia accuracy is low. The syn hronous type of r
' bomsight, t pifi ed b th t orden o bs ght and also by the AN/ APQ- R dar Bomb-

. s g t A chmen , ads d e speed o the rc a t essenti ll y by ti i g he rate at w ic
,' • it approaches e targ . n order t ;ge a s ic ently accurate alue of he speed, it is
' ' ' n y to easor s e c it o s of the arget rela ive to e a craf over a ;

. . c sider ble i t s , peed obtaiaed by aa a o atic di isio of the dis- .• t e tr veled by the u h i
,
it t kes the airp ane to travel t at distance.• It is generall y ag ee ' lea o m u e's time is required for this operat oa

,
` to be carried o t l ; s te r . I any cases, aad i : s t c la in the

c of adar bo b i ,.it
i s on d at a longer time han one m e is required

be anse of t e lo er• ia c c f adar eq pment. We s all, ho ever, assu e
t at one in e is the which s s ally required for a 6ypothet al bombsight,

', and p oceed to ma al on ba ed upon that est ate. It is obvious that °
e ti e take to m s co poc on, the ai plane will fl y forw d a cert ia dis-

s ce. T is d stance, added t t e pre ious distance sho n in Fig. 8, gives the -
' di tance at which t e t cget usc t be ecogni ed rom e airplane. Curves of this

re ogaition dis ace fo e al d ereat altitudes are given in Fi . 9. There it is shown
that for an aldtude of 00 ft aad s eed of 1900 mph e target must be recognized

hile i is still abou 54' l s d ta t ro :the airpla e. It is further shown that even
t ero altitude and a f 19 ph the target mnst be recogaized hile it is still
i
. es distant. 'h fi g es ay 'a so be co pared wit those corresponding

I t present-dap p c y a ape d 300 mph and aa altit de of 20,000 , for which,
a ord ng to the cur. es tf F g. 9, the a et need o ly be recogni ed w e it i s appro i-

ately 8 iles a ay.
Th s h s a ve y s t bear ng upou t e constru t on of bo b ghts for gh-

speed aircraf In the place, f t e nstru ent is to be of the type represented by
he Norden Bombs g 1 be n essar to reco ze targets t ron h its telescope

wh le hey are e ct e st c s a ay, t at is, be wee 30 and 50 miles. There
re ver few localit es the s en ly lear that one can see as far as this.

. We therefore re h the : o sio t a a bombsight whi h is synchronized in the
fsshion of the N ord bs g t c t ia priaciple employ an optic l sighting sys-
te , b t must e o pe of si h l $ system which can see muc u t er.

It is well re og ze ' r r qu p ent mounted in airc a t a indeed see for
d stances of 50 to T5 , and is is one of the several attr c ive features of radar
bombsights. The e is, o e er, a dditional consideration whi m s not be negle t-
ed. Fo t it i s no t o nly nec ssa y to b able to see so m e ing in the insu u ent, but it i s

" al o a ecessary to ' ' ' t e p ular "so m e hing " in whi o ne is interes ed.
T e abili ty of an i t to di g ui sh o ne o f se e l clo sely spaced o bje ts i s
cno w n as its reso l i g 'p e . he e oh ing po w er of a rada is nsu l less han that

,
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of a telescope so that although the dar may be able to detec a group of o bjects at
a much grater ran e t an n the eye equipped with a telescope, it may not be able to
d s nguis the a tu l target from the rest of t e group at a suffi ciently greater range to
make it worth while. his cvnsideration of course does not apply to isolated targets, -
sncb as ships on the su ace of the water, but to such targets as fa ory buildings in a

ty. We ust there ore consider what the resolving power of the radar set can be in
pr ice .

T he reso lving po w er o f a radar set an be increased by ma ing the width of its
trans itt ed bea les s. I o rder to do t is, we must make the width, as m easu red in
the ho ri o ntal direction, of its aa tenna reater, o r w e m ust make the w aveleng th o f
the radiatio n e i ed by the radar sm all er.

Iadeed, the beam idth of a r dar set is given by the equa ion 9 = 7o / D,
where is the wavelen aad D is he diameter of the antenna, both given in the same
units. A tabulati of the pe tinent gures of certain a tual and hypothetical rad r
equip ents is g ven in e foll ow ng table.

ABLE 1

s s D a st Bea d S s Re ar s
ls g b of l a d sss Ra gs

3 cm SOin. 3° 9.6 iles These fi g res pertai to the rtent radar H X
bombsights AN/ APS-15 and AN ; APQ-13.

3 60 in. l . ° 19 t iles These correspond to the AN/ A Q-13 equipment
as it has recently been modifi ed for inst lation
in t e & 29 p ne.

2 cm 6 0 i n. 1° 2 0 mi e s T hese are for a h po theti cal radar w hi ch mi g ht
be simila to that dire t y above except t at it
would operate on the as-yet-undeveloped wave-
length, 2 m.

3 14 4 i n. .6 ° SO m es T hese co rrespo nd to a radar w ho se reso lving
o w er w ould e slig htly less than that o f an

Eag le o r AN / A Q -7 eq pme nt.

T he nu bers sho w n ut der sla t rang e in the table abo ve are the maxim um dis-
tances as measured o m he airplane to t e m ean between tw o po int targ ets o ne-half

e apar o n a line perpe di ular to that o f the li e of sig ht, and such that the radar
is just able to indicate t ese as tw o s eparate and di stin t points. T us, if the air-
plane is further f o m he targ et thaa the di stance sho w n, it w i show as o ne single
o bje t; w hereas, if the ai lane i s nearer than thi s distance, it w ill be distinctly re-
solved into two obje s. These values of slant range are only approximate since the

' observed values ary considerabl wi the types of target under att ack. They agree,
however, to the estimates mvst wi ely used.

Taking into account tha these data are slant ranges, easured along the direct
li ne of sight between the airc t and the target, and that in Fig. 9 the ot dinate repre-
sents recognit oa distan e in miles measu ed along the grou d, we h ve also plotted
on Fi . 9 , dotted li es owing how ea of these four radar sets would limit the
rang e o f o perativ a of the air to w hic it m ig ht be installed

. Fo r instance, let
<
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- `
- -

- ed in the sec n ` s a o of Radar into the r ne," pa e 6 3. Ag n we
s6 11only oi t out he e tl t the es of antenna w ich have beea considered in the
p ev ous a c ations, e c a ha e al eady been iastal ed in seve al di erent t pes
of air a t and may e e ore be re arded as pract c ble. •

T is disc ssion, h efore, of how the requirements set down above ca be satis-
ed w ill be estri ed o t e bom bs ht co mputers o n y. Alt o ug h i t is di cult to

. est ate prec sely ho m uc time w i be required to adjust aa d anipulate bo m b-
_ sight computer whe a e been developed as highly as present iaformation indi- '

• t the an be de p , i a d it ly be said that a ver conside able improve-
, e t over those p op o a e can be eff ecte .

'
The rst sl

, , r d iff e t e requ red to adj the bombsight
, . _- ` es n he use ' w s ' res c ro n atio ." Bombsi ht computers em-

pl y ng Pre nch
.:.

' o :. ies whereby the speed o the airc aft ay
- be measured p e i t bing ran. They on means whi h all ow

t speed of the t y meas red and "reme : et " b the co -. p iag mechaais n . eed d. compnters enera ly reqaire to be coanec ed
` to a irue ai -speed e we s t e rada eq pment. he ethod of opera- -

on is essenti ll to t e r irs peed vec or, as ind cated b he ai -speed
-__

eter and the comps : e a sf , another vector which corresp ds to t e pre-
ai ng wind. The at e f d n oae of ever l ays. he s ay utilizes a

sig ti ng upon any ob s, ch a appear ithin the fi eld of view of he radar. In
th s ase e pro e s ply tra whate er objec comes i to view for a

iciently long pec o me n e co pnter is so adjusted that ts cross hair
coat nue to foll ow e e wi o t er adjustment. A co pater which al eady

nows how fast t e a o ff r quires only to be set on e upon the actu l
t et itself, whe e p ; e y i d cates to the p lot his correct conrse. It is, es i ated t t a co p ope a this fashion would, indeed, req e only one

ute for addid ona a ipa ation a the act al target was si hted. Iq o er words,
:

_ a p es c ono te o d orrespond well to that.
for Whi he es imate

shown on Fig. 9 was Anot ww y of a hieving presyn hro at on would be
bl t e nse of the D e . ' 'he p ssibili ies of nsi g the Doppler e e to deter-
mine the speed nd- e of an i c aft have not been ful y e ploited. However,

. s ent work as be : e t : d ate some sach possib l t es ay e ist. ' e ad-aata e of apply ng . - :n e o de ermi e the speed of the a aft would be,
_
' ,

fi r , that no o ec d e : eq red ( p i ciple at any rate) with the air-
- speed meter, and seco t he g of this da a could be ade more nearly auto-

matic. It might be d d geo req irin$ a separate rada q ipment and (
an addi ional aaten t ia porpose atone; however, he ante na ght be a rela-

- t vely small one in o pa iso n o e main si hting anten a
At the present t e Ar y itsas ander development two bombsight computers

r u e with the AP - d PS-2 3 da equipments. These t o ompnters are the -We tern l tric AN A 4 comp er and the Sperry SRC-i co puter. The U.S.Na slso as under t nt b he N orden Co., a bombsight co puter known as
he a 22. A 1 ee . a e s e presync ro ed accord ng to the rst

• e hod descr bed. I ``p p1e tl y o d be suitable for hi h-speed a r aft except
at ording m t p i t s e ions the altitudes and the axi au aircraft

r

i
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