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To: WWII Planning Group 

From: W. A. Hosier 

D a t e : May 2 7 , 1952 
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A b s t r a c t : This no t e summarizes the d i s c u s s i o n - a t the .above meetings^fc* 
the b e n e f i t of t hose who may wA^h t o ' t race the course' of though! 

i TT vj u on the subject . 

P r e s e n t : May 1 3 : G. R. Br iggs 
D. R. Brown 
H.R.J. Grosch 
W. A. Hosier 
R. C. Jeffrey 
R. P. Mayer 

May 1 5 : G. R. Br iggs 
R. C. J e f f r e y 
W. A. Hos ie r 
R. P. Mayer 
B. E. Morr i s s 

I . \ S . Reed 
E. B . Rich 
N. H. Taylf r r l ' 
R. t on Bue lW l 

R, 

I . S. Reed 
E. S. Rich 
N. H. Taylor 
R. von Buelow 
R. L. Walquist 

As mentioned in accounts of previous meetings, the re has been 
an increasing f e e l i n g among t h e group t h a t the most f r u i t f u l source of 
c o n c r e t e problems in the des ign of WWII i s l i k e l y to be the accommodations 
i t has to mrke t o terminal equipment. Accordingly, beginning with t h i s 
m e e t i n g , R. Walquis t and E. Rich undertook to explain some d e t a i l s of the 
Cape Cod system, as i t i s proposed to work with WWI. By adequate planning 
and cognizance of the te rmina l equipment problem from the s t a r t , i t i s the 
hope of Taylor and Rich and those who have worked with t h i s problem on 
WWI t h a t apprec iab le economy of time and equipment can be r ea l i z ed over 
wha t would be needed i f we w a i t u n t i l WWII i s a l l designed and then ask 
how information i s to get i n t o and out of i t . 

R. Walquist spoke f i r s t to o u t l i n e the^houndary condi t ions" of 
t h e problem: what i s fed i n t o WWI and what it^pqjfc feed ou t , toge ther with 
some notion of t h e necessary processing. Fo^Ajda t a i l ed p re sen t a t i on of 
t h i s , one should re fe r to Walquist1 s discu^aM*1 o f J u n e 22, 1951 (E-2023). 
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The p r i n c i p a l d i f f e r e n c e between t h e s i tua t ion then and now i s perhaps tha t 
the f r equency-mul t ip lex ing scheme f o r t ransmi t t ing radar data has been sup
p l a n t e d by slowed-down video. Beyond what i s t h e r e presented, c e r t a i n 
p o i n t s were brought o u t as follows: 

Quantized coded returns a r r i v i n g a t most every 500 us from each 
of 15 r a d a r s cannot be stored on t h e buffer drum as soon as they a re received; 
due t o in ter leaving o f radars in each drum f i e l d , t h e coded r e t u r n must be 
held u n t i l an a p p r o p r i a t e spot on t h e drum appears . 
F u r t h e r , since the coded return cannot be held i n d e f i n i t e l y awai t ing un
occup ied space on t h e drum, but must be replaced by the next r e t u r n from 
that r a d a r , the p r o b a b i l i t y of i t s being stored a t a l l i s a func t ion of the 
number o f returns a l r e a d y on the drum. Other arrangements such as the use 
of m o r e than one drum f i e l d for a given radar might r a i se t h i s p r o b a b i l i t y , 
but w o u l d render b l o c k transfer from drum to computer more d i f f i c u l t and 
might r e q u i r e indexing of returns according to r a d a r . As i t i s , there i s 
a g r e a t excess of a l l o c a t e d buffer drum storage capac i ty (128,000 b i t s ) 
over t h e anticipated peak of radar r e t u r n s (5000 1 6 - b i t words = 8,000 b i t s ) -
a f a c t o r of 16, which might not be necessary with a d i f fe ren t type of buffer 
s t o r a g e . For example, Mr. Reed suggested tha t magnetic stepping r e g i s t e r s 
might d o - radar r e t u r n s being fed i n singly a t one end and removed in a 
block from the o ther end . 

R. Mayer a s k e d whether i t were possible t o synchronize and stagger 
the m a i n bangs of t h e 15 radars t o simplify, the problem of s t o r i n g da ta . 
For e x a m p l e , this m i g h t permit s t o r i n g on the drum i n sequence, or common 
use o f one range c o d e r . Presumably t h i s would mean holding the main bang 
of o n e radar to +15 u s so that a l l 15 could be recorded in the 500 us 
a v a i l a b l e . Aside from the obvious physical d i f f i c u l t y of making sure the 
f a r - f l u n g system was properly synchronized, varying delays i n the telephone 
l i n e s a n d other l i n k s of the communication network would render such a 
p r o j e c t most d i f f i c u l t . 

As for the problem of synchronizing the drum with output equipment, 
W a l q u i s t pointed out t h a t the s lower mechanical equipment l i k e typewr i te rs 
and p u n c h e s can a c c e p t data once a drum revolut ion (16 mi l l i seconds) without 
s lowing down at a l l . 

I t may be d e s i r a b l e to decen t r a l i ze computer con t ro l , a t l e a s t to 
the e x t e n t of having an in-out c o n t r o l that can do ce r t a in t h i n g s independ
en t ly o f central c o n t r o l . 

Corre la t ion , as explained i n E-2023, i s done according to radar 
se t , t o reduce the t o t a l number of necessary c o r r e l a t i o n s a t the expense 
of a somewhat more complicated program. x ,y-coordina tes are used for t h i s 
r a t h e r than r , 9 , p r i n c i p a l l y because smoothing i s simpler with x ,y da t a . 

I t seems t o be generally agreed that co:rf^8jftion i s b e t t e r done 
at t h e cent ra l computer than by some auxi l i a ry d^wne a t each r a d a r , since 
the number of such a u x i l i a r y dev ices would be ^ V i ° 100 times the number of 
c o m p u t e r s , and they would add to t h e d i f f icuQjCof maintaining the radar 
s t a t i o n s . ^ C 
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For t h e p resen t , we must apparently take the system of slowed-down 
v i d e o over te lephone l ines as a s t a r t i ng premise; in f ac t , the Cape Cod 
s y s t e m i s i n t e n t i o n a l l y bu i l t on compromises t h a t could be got working in 
a y e a r . In, say , 5 years , t h i s p ic ture may change: CW r a d a r , for example, 
m i g h t well genera te i t s own binary-coded r e t u r n s . All proposals so far 
advanced for t r a n s f e r r i n g information from telephone l ines t o the computer 
have been something i n the n a t u r e of bo t t l enecks ; i t would seem tha t we 
o u g h t to be able t o devise a more "natural" scheme for doing t h i s . 

Following Walquist, E . Rich gave an exposi t ion of the magnetic 
drum system planned for use w i th WWI in the Cape Cod network, e s s e n t i a l l y 
a l o n g the l ines o f h i s report (M-1358) of December 27, 1951. The most 
annoy ing aspect o f the present i n - o u t system on WWI, he emphasized, i s the 
d i f f i c u l t y in t r y i n g to use 2 p i e c e s of t e rmina l equipment - e . g . , p r i n t e r 
and scope display - s imultaneously, since a l l r e levan t orders have to go 
t h r o u g h the same i n - o u t c o n t r o l . The buffer drum would emancipate the 
t y p e w r i t e r somewhat from t h i s ty ranny . 

The b l o c k transfer o r d e r has to have two means of " e x i t " , due to 
u n c e r t a i n t y of b l o c k length. With eight r a d a r s in ter leaved i n each of two 
drum channels, 256 l i n e s i s a maximum block l e n g t h . I t might be des i rab le 
i n t r a n s f e r r i n g b l o c k s to be ready in a l l cases to t r ans fe r 256 words i f 
t h a t many were p r e s e n t ; however, 256 ES r e g i s t e r s would have t o be a l loca ted 
t o r e c e i v e the d a t a , and t h i s i s not always d e s i r a b l e i f fewer w i l l do. 
T h e r e f o r e , block t r a n s f e r s may be made, say 50 words at a t ime ; when t h i s 
i s d o n e , one must know whether ( a ) more words remain to be removed in another 
t r a n s f e r or (b) a l l words in t h e "stack" have i n fac t been t r a n s f e r r e d . 
Thus the two types of "exi t" . 

One modi f ica t ion in t roduced in the Cape Cod system s ince E-2023 
was w r i t t e n l a s t J u n e has been t o record the azimuth readings of a l l radars 
sinrultaneously e a c h time the computer switches drum f i e lds (about 15 seconds) . 
T h i s re la tes the azimuth of subsequent r e t u r n s to a fixed t ime , and f a c i l i 
t a t e s predict ing, p a r t i c u l a r l y when the same t a r g e t i s observed by more than 
one r a d a r . 

A p o s s i b l e cr i t ic ism of the proposed system, Rich observed, i s t h a t 
i t c anno t very w e l l accommodate da ta from r a d a r s with ranges over 32 miles 
( t h o u g h i t might be able to hand le the f i r s t 32 miles i f t h i s were put i n 
a f o r m su f f i c i en t ly resembling slowed-down v i d e o ) . But s ince 32 miles i s 
a l l t h a t was o r i g i n a l l y spec i f ied and should i n general s u f f i c e , t h i s c r i t i 
cism i s not s e r i o u s . 

I t would be d e s i r a b l e , though so f a r no concrete proposals for 
d o i n g i t have appea red , to have t h e computer ab le to "concent ra te" on a reas 
of h i g h target d e n s i t y . 
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In a d d i t i o n to the two repor ts (E-2023 and M-1358) previously 
men t ioned , the fo l lowing were suggested as u s e f u l in understanding the 
I n - O u t System: 

WWI Terminal Equipment 

Block Diagram of Control for P r i n t e r s 
and Paper Tape Units 

Operation of In-Out Control 

Block Diagram of the Buffer Drum System 

R. Mayer opened the Thursday meeting by asking R. Walquist i f he 
could s t a t e any obvious improvements which might have been made in the Cape 
Cod sys t em, time pe rmi t t i ng . One such, r e p l i e d Walquist, would be to con
s o l i d a t e the 14 s e p a r a t e coding counters , one on each radar telephone l i n e , 
now u s e d to convert slowed-down video to b i n a r y . Since 500 us are ava i lab le 
be tween SDV p u l s e s , one counter could eas i ly be time-shared by the 14 l i n e s 
(or 1 0 0 lines, f o r t h a t matter) and used to add one to each of 14 stored 
r e a d i n g s every 500 u s . This arrangement would of course l ack the safety 
f a c t o r inherent i n 14 separate counte rs . I . S. Reed made the suggestion 
t h a t s n a i l gas t u b e s could be economically used to build i n d i v i d u a l counters 
as l o n g as these were not requi red to operate with a cycle of l e s s than, 
say, 2 0 us. 

An under ly ing complication of the whole a i r defense problem, 
h e r e t o f o r e touched on only i n d i r e c t l y in these meetings, i s t he presence 
of s t a t i o n a r y r a d a r re turns (ground c lu t t e r and, r e l a t i v e l y speaking, r a i n 
s t o r m s ) . 

I t has been conservat ively estimated t h a t 5% of t he c l u t t e r would 
equa l t o t a l a i r c r a f t returns on a typica l r a d a r . This means t h a t unless 
%% o f the computer' s cor re la t ion time i s to be poured down the dra in , the 
g r e a t bulk of c l u t t e r must be stopped before i t reaches the computer. Masses 
of d e n s e , nearby c l u t t e r , through which few or no t a rge t s could be seen, can 
p r o b a b l y be masked ou t with something as simple as an opaque s i l houe t t e on 
a PPI tube . I s o l a t e d pinpoints such as might be expected from d i s t a n t chim
neys o r water t o w e r s , i f not too numerous, can be recorded and re jected a t 
the d rum by a coincidence check (see E-2023, Sec t ion 2 .3 ) . Rainstorms, 
moving slowly as t h e y do, are h a r d e r to dpsl w i t h . I n t e g r a t i n g devices have 
been proposed which would suppress signals repeated beyond a f ixea ximit ; 
MTI, "moving t a r g e t i nd ica t ion" , uses a Doppler or phase-sh i f t e f fec t t o 
d i s c r i m i n a t e between s ta t ionary ob jec t s and those moving r a d i a l l y r e l a t i v e 
to t h e radar. T h e o r e t i c a l 60 db MTI d iscr imina t ion between s t a t i o n a r y and 
moving objects has i n pract ice been more l i k e 20 db: however, a whole group 
of P r o j e c t Lincoln personnel , inc lud ing sec t i ons #<JsV Messrs. Van Voorhis 
and Harr ington, a r e working on a spec t s of the ^jflMJ^r problem. I t was sug
g e s t e d tha t Mr. Har r ing ton might speak to pdCi^some future ses s ion to br ing 
us u p t o date in t h i s . -^* u ^ , 

OltaOTIlTOM 
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R. Walquis t descr ibed one scheme which he r a t h e r l i ked , al though 
i t s mechanical na tu re apparen t ly caused those concerned t o take a dim view 
of i t : a r o t a t i n g mask covers the PPI tube completely except for a narrow 
r a d i a l sec tor , which follows 20° or so behind the r a d i a l sweep of the beam. 
T h i s narrow s e c t o r i s in t u r n covered by a coun te r - ro t a t i ng s p i r a l opening 
which scans i t rangewise. Thus , using t h e i n t eg ra t i ng e f f ec t of the FPI 
phosphor, a d i sc r imina t ion may be made between fixed echoes and a i r c r a f t 
by the pho toce l l scanning t h e tube face. 

The amount of c l u t t e r get t ing through to be recorded and cor re la ted 
i s a l so a f a c t o r t o be considered in record ing re tu rns on the drum. The 
proposed method of recording binary numbers which i n d i c a t e range and azimuth 
i s economical o f drum space a s long as t h e region under survey y i e l d s echoes 
o v e r only a s m a l l fract ion of i t s area - s a y , l / 2 0 . With higher d e n s i t y , 
one does b e t t e r t o "map" the area r ight on the drum, recording the SUV pulse 
d i r e c t l y to i n d i c a t e t a rge t l o c a t i o n . Walquist has es t imated tha t i f 7% of 
t h e c lu t t e r g o t through, t h i s "cross-over" po in t of d e n s i t y would have been 
reached . Needless to say, t h e prospect of mapping the 1,000,000 -£-mile 
squares in a 500-mile-square (not to mention overlap) would demand something 
more than a 320 ,000-b i t drum. 

Our approach to t h e c l u t t e r problem wi l l probably be more su re 
foo ted a f te r t h e Cape Cod system has been pu t in to opera t ion and we have 
confronted i t " i n the f l e s h " . 

A n o t e on magnetic drum technique was mentioned: B. M o r r i s s ' s 
i d e a of using cross-connected reading and wr i t ing heads i n two drum channels 
t o make p o s s i b l e writing i n a space t h a t has j u s t been read out of without 
wa i t i ng a whole drum r e v o l u t i o n . A d i g i t i s read out of channel A; t h i s 
d i g i t could be processed by t h e computer and rewr i t t en or supplanted i n 
t h e same channel except t h a t some 256 us in te rvenes between reading and 
w r i t i n g heads, and i t i s awkward to get a delay t h i s long synchronized to 
% u s of drum p o s i t i o n . Hence the drum i t s e l f i s made t o provide t h e delay 
i n a second channe l : the o r i g i n a l d i g i t i s read in to channel B, picked up 
k u s l a te r by a reading head i n channel B, then processed and r e w r i t t e n or 
supplanted i n t h e writing head of channel A some k + 5 us a f t e r t he o r i g i n a l 
r ead ing . 

The proposed Win-Cape Cod system impresses N. Taylor and o the r s 
a s involving an excessive (though unavoidable under the circumstances) 
amount of unproduct ive da ta-manipula t ion . B. Morriss , fo r example, f ee l s 
t h a t the most e f f i c i e n t way t o make block t r a n s f e r s i s c e r t a in ly not to 
have computer and drum push and pul l one word a t a time through the s l o t 
o f the in-out r e g i s t e r . £ . Rich points out t h a t i n -ou t con t ro l , not the i n -
o u t r e g i s t e r , i s the present bot t leneck. I n general , Morriss t h inks we are 
g e t t i n g off on t h e wrong f o o t i f we make t h e computer s top end wait for t e r 
minal equipment t o complete opera t ions . A divided memory, for example, sect ions 
o f which were r o t a t e d among i n p u t , computer, and ou tpu t , might provide an a l t e r 
n a t i v e . 

W ^ W. A. Hosi 

WAH/cp is ® no (F$ft H T H £ 
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