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Electronic Computer Division 
ServomeohaniBms Laboratory 

Massachusetts I n s t i t u t e of Technology 
Cambridge, Massachusetts 

SUBJECTi BI-WEEKLY REPORT, PROJECT 6673, June 22, 1951 

1 . QBHBRAL 

(C. R. Wieser) 

The month-old mystery of curved c o l l i s i o n courses has been 
solved with the discovery of about 10° or ientat ion error i n the 

i re lay l ink at Bedford (see Section 3)=, 

The rough correction of t h i s error produoed a much b e t t e r 
c o l l i s i o n course during a demonstration for a group of people 
v i s i t i n g Project Charles. In order to get a good oheok on 
or ientat ion , a cal ibrat ion f l i g h t - t e s t w i l l be held next week. 

Indoctrination lectures for new people are well under wayc 
Any suggestions for improving the program are welcome. 

2 . ENOINBBRIHg 

(C. R. Wieser) 

The procurement of 16-inoh tubes fbr the new display soopes 
has been held up by the suppl ier 's reluotanoe to furnish tubes 
with o lear-g lass faces . The tubes are readi ly avai lable wi th 
grey f i l t e r - g l a s s faces , but the e f feo t of the f i l t e r - g l a s s on a 
P-7 phosphor i s not certain. Partner, f i l t e r - g l a s s i s oer ta ln ly 
not ideal for the photographic tubes with a P - l l phosphor. 

More deta i led inquiries are beinp; made, and i t i s hoped that 
tube procurement can be s e t t l ed i n the next bi-weekly period. 

A s a t i s f a c t o r y orientat ion o f the soope tube in a mock-up 
console has been made. The oabinet design can now be oompleted. 

(H. J. Kirshner) 

The operational communications system de*mribed in previous 
bi-weekly reports has been i n s t a l l e d and uaetLOuring the f l i g h t 
t e s t of June 20, 1951. Having heard no uriDiSsVfable ooraments from 
operating personnel, i t i s assumed that($a)?Tbrmanoe i s sa t i s fac tory . 
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2o ENGINEERING (continued) 

(H. Jo Kirshner) (oontinued) 

One addition t o the system w i l l be an amplifier to boost 
the received signal l e v e l on the Barta-Bedford private phone l i n e . 

The demultiplex equipment has been re-oal ibrated fbr use 
with new multiplex equipment at Bedfordo 

The construction of an amplifier permitting the display of 
the d i g i t a l radar data on a f ive inoh scope w i l l be undertaken 
during the next bi-weekly period. 

Invest igat ion of modification of the present channel "0" phase 
sh i f t ing networks and amplif iers w i l l a l so be undertaken during 
the next fortnight . 

(R. Best) 

In the 16-inoh soope, horizontal ampli f ier , one 715 tube has 
been replaced due to an intermittent open plate l ead . 

A marginal chocking c i r c u i t has been bu i l t into the ver t i ca l 
amplif ier , and appears t o operate s a t i s f a c t o r i l y . This o iroul t 
w i l l be b u i l t into future ampli f iers . 

So ANALYSIS FDR BEDFORD EXPERIMENTS 

(D- R. I s r a e l ) 

The major part o f the a o t i v i t y o f the past bi-weekly period 
has been devoted to 

a) an invest igat ion of the oauses of errors in previous 
f l i gh t t e s t s , and 

b) the preparation for and execution of a v i s i t o r 
demonstration. 

Fbr several weeks we have been pur.tied by an apparent d i f ­
f i c u l t y whioh has been revealed in our reoent interception t e s t s . 
This has been part icularly notioeable in several right-angle i n t e r ­
ceptions whioh were attempted; the d i f f i c u l t y manifests I t s e l f as 
a sudden deorease of heading angle as the target and interoeptor 
draw c lose to each other . In these t e s t s tho f ina l separation of 
the two a iroraf t has usual ly been over 1000 y u 4 s \ considerably 
poorer than ear l i e r t e s t s . • v C ^ 

> 
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3 . ANALYSIS FOR BEDFORD EXPERIMENTS (oontinued) 

(D. R. I srae l ) (oontinued) 

Data of a previously-recorded f l ight t e s t with the apparent 
error was printed out by the ooraputer during the bi-weekly periodj 
t h i s data was analysed and plotted up for c loser inspect ion. 
There was no immediately evident source of error, but after con­
siderable analysis and discussion among other members of the group 
some suspicion did ar i se as to whether the interoeptor was exact ly 
fol lowing our ins truct ions . %b Tfteser checked vdth the p i l o t s 
and i t was ascertained that the p i l o t s were following our instruc­
t ions exactly* Careful study and reoheoks of our programs were 
su f f i c i en t s a t i s f a c t o r i l y to assure us that the programs were 
not a t f au l t . Accordingly, as a further t e s t four interceptions 
were essayed on June 20th. Between the actual interoeption t e s t s , 
which were to be of the right-angle variety , the target a ircraf t 
was requested to oris -oross over Sanford, Maine. These Inter ­
ceptions were run while using a new program which punched a paper 
tape during the f l i g h t t e s t . Immediately af ter the intercept ions , 
the paper tape was reprocessed by the computer and a good deal of 
data printed out. From this data i t was apparent that the azimuth 
ca l ibrat ion of the radar set was inoorreot. This fact was checked 
and confirmed with the people at Bedford* 

A standard demonstration (vector display , a l i v e interoept ion, 
P/TTWS, and synthetic combat) was given on Friday, June 24th, to a 
group of mi l i tary personnel v i s i t i n g Projeot Charles. A l i v e 
interoeption (right-angle) held during the demonstration was the 
f i r s t f l i g h t t e s t a f ter the azimuth error had been oorreoted. 
Much t o our de l ight , the results o f the interoeption was a f ina l 
separation of about 300 yards. 

Plans have been drawn up in conjunction with Dave Kemper for 
special and additional indoctrination fbr new members of 6673. 
Part o f t h i s indoctrination w i l l cons i s t of a study of the chief 
6673 traoking program; a written description o f t h i s program i s 
nearly oomplete and w i l l be used for th i s training purpose. A 
second part o f the indoctrination program w i l l be a group problem 
re la t ing to a simple form of the assignment of interceptors t o 
bombers• 

An II ser ies note e n t i t l e d 6673 Reoord Handling Procedures 
(M-2101) has been written and w i l l be Issued shor t ly . This note 
describes in some d e t a i l some procedures to be used for keeping 
f a i r l y oomplete records of our programs, data taken, and the 
r e s u l t s of 6673 oomputer operation. { / ^ ^ 

Work i s being forwarded on preparation of part of the 
Quarterly Report. U 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



6673 
Memorandum M-2102 Page 4 

S. ANALYSIS FOR BEDFORD EXPERIMENTS (continued) 

(J. Arnow) 

Soma work has been done on l e a s t squares f i t t i n g to data 
on tracked a ircraf t using a variatle number of points and d i f ferent 
degree polynomials* 

A polar coordinate chart, D-45301. has been prepared by the 
drafting room0 The cal ibrat ion of the chart corresponds t o 
quantising o f the MEW, i . e . . 256 un i t s i n azimuth and up to 
100 units in rangea 

(W. S. Attr ldge , J r . ) 

The punched tape program has been ohecked out. With i t 
and F. Heart's program for tape analys is we have tracked an i n t e r ­
ception and then typed out from the punched tape pertinent i n f o r ­
mation for both a l rora f t . I t has proved to be a (preat time 
saver. 

I have writ ten a program that optimizes a polynomial approx­
imating the function . 

f(x) - x * 

over the range ? < x < 1 . The program has been run success fu l ly 
-15 and the oonstants have been determined t o an aoouraoy of 2 . 

The maximum error over the given range o f x i s 0.OO27. Using 
t h i s polynomial, a program has been wri t ten for 

1 

t(y) - yZ 

over the range 0 ^ y <1 with the maximum error being no greater 

than that o f the polynomial. This program has a duration of 21* 

orders (maximum of 2 3 , minimum of 20) and a storage requirement 
o f 27 r e g i s t e r s . 

(F. Heart) 

The Data Analysis program for studying the re su l t s o f one 
and two a lroraft traoking programs has now been completely checked 
out . This program accepts data from punched rutper tape i n the 
form of R, 0 , 0 information. (ft>r t h e two jirajTaft oase , t h i s 
tape Is prepared by Attridge's interceptUm^rogram T 259-5 . ) 
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3 . ANALYSIS FDR BEDFORD EXPERIMENTS (continued) 

(F. Heart) (oontinued) 

The ana lys i s program then smooths, predicts , and prints out data 
cons i s t ing of the following information for eaoh a ircraf t (except, 
that for a target , there i s no tf )t 

* given 
R» °» ^ giY»»' X ' T» X» T* V ' ^ oa lo / S o , m n u m b e r 

Fart o f the time was spent on the smoothing problem, and 
several discussions o f an informal nature oooured. A program has 
been wri t ten whioh w i l l study the p o s s i b i l i t y o f varying the smoothing 
parameters oK , a in the following mannert 

X - X . +o<9 n n-1 

X - X , + X • aa 
n n-1 n 

«<n " A * » - l + * 

- Ca , • Ds \ ' u a n - l 

e • X - X . . 
meaSe prea0 

This program has not been tes ted as yet* I t i s , i n any case, on ly 
a f i r s t attempt at t h i s ana lys i s . Criteria for evaluating the best 
values for A, B, C, D w i l l be the same o r i t e r i a as previously used 
in the l inear case: Minimum Summed Error Magnitude In Velocity. 

(D. A. Kemper) 

A program has been written and oorreoted whioh displays 
vectors for two aircraft and the distanoe between them in nautical 
miles as deoimal d i g i t s on the face o f the scope, but the oorreoted 
form has not yet been t r i e d . This program uses the extra 48 ES 
r e g i s t e r s . 

(J. Rossbaoh) 

J. Arnow's Data Punch-Out Program was modified so that the 
data w i l l be punched out instead of printed. A new program was 
written whioh wi l l track and print using the data on t h i s punohed 
tape. 

The Cirole and Fixed Points Display Program was modified t o 
display a point with coordinates in 2 f l ip-f lop^-segisters when f l i p -
f lop 0 i s s e t to l / 2 . This program operated ^mP^faotor i ly , and 
and some other improvements were added. InftS^near future, i t w i l l 
be modified to display a c i r c l e on one adSfpnmd a spira l on the 
other . #^ 
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3. ANALYSIS FOR BEDFORD EXPERIMENTS (oontinued) 

(Jo Roasbach) (continued) 

PWTWS ~ Data Mean was run again, without any modifioations, 
and failed to operate. It has now been revised, exoept for some 
dif fioulty with the printing program whioh has not yet been straightened 
out. 

4, THEORETICAL ANALYSIS 

4ol General Studies 

(R. L. Walquist) 

Work has oontinued on the Cape Cod Muldar System. A first 
proposal has been written describing a solution to the problem 
which involves a laininum aaount of modification of WWI and two 
relatively simple drum storage systems. This proposal has been 
issued as E-2023. 

(D. A. Kemper) 

11-2097, the Trig. Check and Square-root Check, has been 
i ssued. 

The Indootrinatlon Program has been going quite well and now 
i s only two days behind sohedule. There are 6 Whirlwind ap­
p l i ca t ions people attending, two l i s t e n e r s from Building 32, 
one l i s t e n e r from Prof, "orse ' s group, and one secretary. They 
have been meeting from 1 to 3 p.m. every day. To date the 
following people have addressed the groupt John Sa l ser , 
Dave I s r a e l , Jack Araow, Ron Mayer, Charlie Adams, and myself. 
We expeot to have Jaok Elmore and Phyl l is *bx next week to 
oover t h e i r conversion program. Notes are being taken on eaoh 
leoture and wri t ten up as a guide to the preparation o f future 
indoctrination programs. 

Flans are being made for the 6673 Indootrinatlon program proper, 
whioh w i l l get under way Wednesday, June 27 . Fbur people are 
expeoted in t h i s group. 
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4 .1 General Studies (oontinued) 

(P. R. Bagley) 

Studies have been carried out in connection with the pro­
posed Muldar system. Consideration has been given to various 
methods of handling four or five binary d i g i t s representing 
a l t i tude angle. I t i s probable thut a l t i tude angle wi l l not 
be transmitted with eaoh azimuth and range report, ?,ad further 
that i t w i l l be an asynchronous transmission with respect to 
the azimuth and range report . Hence provisions are neces­
sary for s toring the angle and assoc iat ing i t with the 
corresponding azimuth and range report. 

A flow diagram i s being prepared for an automatic acceptance 
or i n i t i a t i o n program. The program i s intended for handling 
the reports from a s ing le radar s e t . The f i r s t version of the 
program w i l l require the following conditions for the i n i t i a t i o n 
of a target i 

a) Three successive reports of the same target in three 
successive soans, or throe reports ooourring in the f i r s t , 
th ird , and fourth soans of four successive scans. 

b) An apparent radial ve loc i ty component inward greater 
than 120 mph (the minimum observable i n three successive scans) , 
and lass than 600 mph. 

Host o f the afternoons o f the past bi-weekly period have been 
spent in indoctrination, attending c l a s s e s held by D. Kemper, 
and in reading laboratory publ icat ions . 

4.2 Data Smoothing and Aircraft Control 

(J. II. Salzer, C. Oaudette) 

The ve loc i ty smoothing using the inverted Simpson*• -y — rule 
modified ibr s t a b i l i t y has been operated success ful ly . I t was 
compared with the presently used program under the condition 
of a suddenly applied v e l o c i t y , with the following conclusionst 
(1) the trans ient response of the new program i s bet ter , and 
(2) the smoothing e f f ec t o f the new program i s in fer ior under 
quantization. These two observations appear paradoxical, but 
are very e a s i l y interpreted by frequency analyslaVjlndeed, the 
experiment has pointed the way to a be t t er untmatwiding of 
the re la t ion between frequency c h a r a c t e r i s t i c mod time response. 
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4<>2 Data Smoothing and Airoraft Control (continued) 

(J. 1!. S a l t e r , C. Gaudette) (continued) 

In accordance with the above observations 5 new smoothed-
.velocity programs were synthesised in the frequency domain, 
and the i r time behavior wi l l bo'observed as soon as computer 
time bbcomes ava i lab le . A program has been wri t ten for comparing 
new programs, having a complexity o f up t o 7th degree numerator 
and 6th degree denominator in t i ieir transfer funct ions , with 
the presently used program under constant v e l o c i t y with 
quanti tat ion. 

In conjunction with t h i s a program that displays the l o c i o f 
the numerator and denominator of the transfer function and the 
transfer function i t s e l f has been wri t ten . The numerator i s 
of the third degree and the denominator of the fourth degree. 
The various s e t s of coe f f i c i en t s are introduced by a separate 
parameter tape , and the program i s intended for the design of 
simpler smoothed-velooity programs. 

4.3 Correlation Studies 

(? . Van TVyk) 

I am continuing work on the problem o f correlat ion of i n f o r ­
mation concerning targets being tracked by Muldar. In the 
prooess I have reached the conclusion that a pre sort on an 
area basis can probably be moro e f f i c i e n t l y handled by means 
o f a super imposed reotangular grid rather than the octant o f 
a o i ro l e . I am now involved in the ramifications thereof . 

5 . COMPUTER OPERATION 

(J . Arnow) 

The past bi-weekly period has been rather sa t i s fac tory 
as far as e f f i c i e n c y in computer operation. There has been a 
minimum of delay in running programs. I t i s suggested that requests 
for computer time be submitted as early as poss ib l e . 

M ! — I — ' 
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1530 - 1555 

6. RECORD OF COMPUTER UTILIZATION 

(J. Arnow) 

6-12-51 

1500 - 1530 T 259, Two Alroraft Interception - Punched 
Tape Output. Changed one order as needed by 
MTV. Trouble not eliminated and i r r e g u l a r i t i e s 
in punching developed. 

T 295-2, Two Aircraft Interoeption - Calo. V.» 

There was d i f f i c u l t y in traoking after the a ircraf t 
got o loser together . The trouble encountered Tilth 
the angle display was poss ib ly an indication that 
the a lroraf t data waB mixed. 

T 196-2, Two Aircraft Interception. S a t i s ­
factory operation. Got data comparing given heading 
and calculated heading for 7. - 200 knots and 

V. - 210 knots on Uagneoorder tape 46A. 

1630 - 1637 T 300, Square Root Polynomial. Program 
gets arithmetic alarm at the end o f range l / i ^ x c l e 
Parameters need changing. 

1637 - 1650 T 269, Data Punoh Out. Printing appeared 
f a l l a c i o u s . Requires further inves t igat ion . 

1555 - 1630 

1650 - 1700 T 275, PJTTWS - Data Mean. Programming error0 

6-13-51 

1500 - 1600 

1600 - 1615 

1615 - 1645 

1646 - 1700 

T 194-6 and T 147-3, Two Aircraft Interceptions 
by Angle, and by Time. Taken from 46a in previous 
t e s t f l i g h t s . 

T 183-6, One Coordinate P rediotlon Test Program. 
Program did not run as i t did on the previous 
occasion. Considerable d i f f i c u l t y encountered i n 
reading i n . 

T 278, One Coordinate Veloci ty Smoothing Program. 
Operation Sat i s factory . ./j$? 

T 253-6, Printing frpn Tape. Operation 
Sat i s fac tory . 

^ 

tr 
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6. RECORD OF COMPUTER UTILIZATION (continued) 

(J. Arnow) (oontinued) 

6-15-51 
1550 - 1550 T 286, Range Gate and Target Identification. 

Tape diff icult ies encountered* 

1550 - 1415 T 185, Synthetic Interception* Satisfactory 
Operation. 

1415 - 1450 T 259, Two Aircraft Interception and Punch* 
Program diff icult ies* 

1450 - 1500 T 500-5. Square Root Polynomial. Good results 
were obtained for optimlBlng the polynomial with a 
maximum error of 0„ZTf. in the square root. 

1500 - 1550 T 278-1, One Coordinate V01. Smoothing Program. 
Storage Punch out, no results* 

1550 - 1615 T 185-5. One Coordinate Prediction Testing 
Program. Program Satisfactory* 

1615 - 1625 T 261-1. One Coordinate Prediction Comparison 
Program* Arithmetic oheok alarm* Punched out 
Storage. 

1650 - 1715 T 185-2, Synthetic Interception. Program 
operated satisfactorilyi pictures with Land Camera 
were unsuccessful. 

6-19-61 

1645 - 1615 T 286-1 and T 286-0, Range Gate and Target 
Identification, sp, op record taken* Storage 
read out did not appear to operate as planned* 

1615 - 1645 T 259-5, Two Aircraft Interoeptlon - Punched 
Tape* Init ial attempts at oonrerslon unsuccessful 
due to PETR* Time used in adjusting PETR* 

1645 - 1700 T 255-6, Printing from tape. Program successful. 
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6 , RECORD OF COMPUTER UTILIZATION (continued) 

(J. Arnow) (oontinued) 
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6-20-51 

0846 - 1516 T 269-6, T 259-6, T 258-7, Flight Testa. 
Flight t e s t made and data taken on same. Results 
success fu l . Punched two data tapes . Data printed 
from t a p e . 

6-21-61 

0900 - 1100 Preparation was made for an expeoted group of 
1600 - 1700 visitors. 

6-22-61 

0846 - 1180 The time was used for demonstration of a 
number of act ive pro grams - Avery successful f l i g h t 
t e s t was also held. 
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6 , RECORD OF COMPUTER UTILIZATION (continued) 

(J. Arnow) (oontinued) 
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6-20-51 

0846 - 1516 T 269-6, T 259-6, T 258-7, Flight Testa. 
Flight t e s t made and data taken on same. Results 
success fu l . Punched two data tapes . Data printed 
from t a p e . 

6-21-61 

0900 - 1100 Preparation was made for an expeoted group of 
1600 - 1700 visitors. 

6-22-61 

0846 - 1180 The time was used for demonstration of a 
number of act ive pro grams - Avery successful f l i g h t 
t e s t was also held. 
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