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ELECTRICAL ENGINEERING DEPARTMENT 

MASTER'S THESIS PROPOSAL 

T I T L E : A Binary Adde r Using Magnet ic -Core F l i p - F l o p s 

.BRIEF STATEMENT OF THE PROBLEM 

This t h e s i s w i l l c o n s i s t of two p a r t s : f i r s t , an i n v e s t i g a t i o n 
of a c i r c u i t s i m i l a r to an e l e c t r o n i c f l i p - f l o p ; and second , a s tudy of 
t h e p o s s i b i l i t y a n d p r a c t i c a b i l i t y of u s ing t h i s c i r c u i t in a b i n a r y a d d e r . 

HISTORY OF THE PROBLEM IP TO THE PRESENT TIME 

Almost f rom the b e g i n n i n g of e l e c t r o n i c d i g i t a l c o m p u t e r s , the 
p o o r r e l i a b i l i t y o f e l e c t r o n i c t u b e s has caused t r o u b l e . The r e c e n t l y 
d e v e l o p e d magnet ic m a t e r i a l s w i t h a lmost r e c t a n g u l a r h y s t e r e s i s loops o f f e r 
t h e p o s s i b i l i t y o f r e p l a c i n g t u b e s tha t a re u s e d a s two-va lued e l emen t s 
( i . e . , elements w h i c h a t a l l t i m e s a r e in one of two s t a b l e s t a t e s ) . I f a 
m a g n e t i c core i s u s e d in an a p p l i c a t i o n where i t i s always .cept ( excep t 
f o r t h e brief t i m e of swi tch ing) a t one or the o t h e r of the e x t r e m e s of i t s 
h y s t e r e s i s loop ( a t p lus or minus I ) , i t can be thought of a s a two-va lued 
e l e m e n t . Throughout t h i s p a p e r , i t i s assumed t h a t the c o r e s a r e .used i n 
t h i s way. 

Cores a r e a v a i l a b l e w h i c h can be s w i t c h e d from one s t a t e to the 
o t h e r in a time comparable to t h e swi t ch ing t ime of a tube and which seem 
t o b e p r a c t i c a l l y i n d e s t r u c t i b l e unde r a l l c o n d i t i o n s of computer o p e r a t i o n , 
h o w e v e r , for the f o l l o w i n g r e a s o n s they a re n o t a s conven ien t a s tubes in 
m o s t a p p l i c a t i o n s : 

a. In o r d e r to determine the s t a t e of a core , i . e . , to determine 
the information i t ho lds , the information must be destroyed. 
The s t a t e of a core can be determined only by applying a value 
of mmf sufficient to switch i t to a p a r t i c u l a r extreme of i t s 
h y s t e r e s i s loop. I f i t was a l r eady at tha t extreme, there i s 
l i t t l e change in f l u x , and hence l i t t l e vol tage i s generated 
in a sensing winding on the co re . On the other hand, if i t was 
i n i t i a l l y at the o t h e r extreme of i t s h y s t e r e s i s loop, a large 
change of flux r e s u l t s and a l a rge voltage i s developed in the 
s e n s i n g winding. Therefore, if the information i s not to be 
l o s t in the p r o c e s s , i t must be temporari ly s tored and replaced 
or e l s e permanently t ransferred to another co re . 

b. S i g n a l energy is l o s t in a core when i t is switched. 

c. C i r c u i t s involving magnetic cores do not inhe ren t ly have the 
i s o l a t i n g property of tubes which prevents backward flow of 
informat ion. They can be made to have th i s p rope r ty , but a t 
the pr ice of added components and increased lo s ses in the 
c i r c u i t . 
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That magnetic cores can be used in d i g i t a l computer log ica l 
c i r c u i t s ha s ,been shown by M. K. Haynes in a thes i s a t the Universi ty 
of I l l i n o i s . The c i r cu i t s inves t iga ted by Mr. Haynes, however, were 
f o r se r ia l - type computers and were very slow compared to a p a r a l l e l 
computer such a s Whirlwind I . The inves t iga t ions in t h i s t he s i s w i l l 
be directed toward an a r i t h m e t i c element f o r a p a r a l l e l computer. 

A ve ry important component of e l e c t r o n i c p a r a l l e l d i g i t a l 
computers i s t h e e lec t ronic f l i p - f l o p . This i s a device which has 
two stable s t a t e s of operat ion (one of two tubes conducting). I t can 
be set to e i t h e r s ta te or changed from i t s ex i s t i ng s t a t e to the other 
one (complemented) by the a p p l i c a t i o n of a s ingle voltage pulse . A 
s i m i l a r device which uses magnetic cores ins tead of tubes can be deve l ­
oped from a c i r c u i t which has been designed by D. A. Buck (see Fig. 1 ) , 
However, the s t a t e of the e l e c t r o n i c f l i p - f l o p i s continuously indicated 
by easily d i s c e r n i b l e vol tage l e v e l s . Since th i s is not the case with 
t h i s magnetic-core f l i p - f l o p , i t cannot simply replace the e l ec t ron ic 
f l i p - f l o p in most app l i ca t i ons . 

A c i r c u i t has been q u a l i t a t i v e l y designed which i s s imi la r t o 
t h e adder used i n Whirlwind I and which i s adapted to the use of the 
above-mentioned magnetic-core f l i p - f l ops ( see Pig. 2 ) . I t i s believed 
t h a t this d e s i g n can be improved or perhaps replaced by a b e t t e r l og i ca l 
c i r c u i t which w i l l s t i l l use the new f l i p - f l o p s . Also, t h i s f l i p - f l o p 
shows promise of being useful in other a p p l i c a t i o n s than adders (for 
example, i t can cer ta in ly be used in a c o u n t e r ) . 

The c i r c u i t designed by Buck was b u i l t and used by him in a 
t e s t setup. I t was found t h a t the one b u i l t would not operate with a 
p u l s e r e p e t i t i o n frequency ( p r f ) greater than 109 kc , and tha t the r a t i o 
of a signal p u l s e from a core containing information to the pulse from 
a core con ta in ing no information (cal led " s i g n a l - t o - n o i s e r a t i o" ) was not 
s a t i s f ac to ry f o r some a p p l i c a t i o n s . 

OPERATION OF THK MAGNETIC-CORK FLIP-FLOP 

A magnet ic core inhe ren t ly has two of the above-mentioned proper­
t i e s of e l e c t r o n i c f l i p - f l o p s ; that i s , i t can be used, as described on 
page 1, in such a manner t ha t i t has two s t a b l e remanent s t a t e s and can be 
s e t to e i ther of them. However, a core cannot be complemented, and t h i s i s 
t h e main problem in designing a magnetic-core f l i p - f l o p . 

Reduced to general t e rms , i t can be said that an e l ec t ron i c f l i p -
f l o p is complemented as fo l lows . I n i t i a l l y , one of the two tubes ie con­
d u c t i n g and t h e other is cut off. In order to complement the f i i p - i l o p , a 

1 . Haynes, M. K. , Magnetic Cores as Elements of Dig i t a l Computing Machines. 
Technical Report to the Office of fcaval Research, Contract N6or i? l , Task 

• Order XXIV, Project ONR NR 04d 09^, August 28, 1950. 

2 . Buck, D. A. , Binary Counting with Magnetic Cores . Engineering ftote E-^+38, 
Digital Computer Laboratory, M. I. T. , December 6 , 1951. Page 3. 
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s h o r t voltage pu l s e (0.1 microsecond in Whirlwind I) i s applied so as to 
momentarily r ende r both tubes unable to conduct. After the pulse i s 
o v e r , the c i r c u i t "remembers", by the r e l a t i v e charge on the two " c r o s s ­
over" c a p a c i t o r s , which tube had been conducting i n i t i a l l y and causes 
t h e other tube t o conduct. 

The magnetic-core f l i p - f l o p of F ig . 1 has two main co res , labeled 
"A" and " 3 " , and two aux i l i a ry cores , labeled "C" and "D". Gores C and 
D serve the same purpose in t h i s f l i p - f l o p as the "crossover" capac i tors 
do in e l ec t ron ic f l i p - f l o p s . The cores are coupled by c i r c u i t s which 
con ta in r e c t i f i e r s and r e s i s t o r s so arranged as to permit current flow 
only where i t i s desired dur ing a p a r t i c u l a r operation ( for example, i t 
i s often d e s i r a b l e for cur ren t to flow when a core i s switched from one 
extreme of i t s hys te res i s loop to the o t h e r , but not when i t i s switched 
from the second extreme to the f i r s t ) . One of the main cores is normally 
a t an extreme of i t s h y s t e r e s i s loop, plus b , while the other main core is 
a t minus I . ( I n Pig. 1, the d i r ec t ion of plus b i s defined as upward). 
Cores C anS D a r e normally a t minus I • In each of the following examples 
of operation l e t us assume tha t core A i s i n i t i a l l y a t plus b . 

Case 1. Complementing. A current pulse on the complement winding 
( W - l ) , as i nd ica t ed in Fig. 1 , wi l l cause a flux in an opposite d i r e c t i o n 
t o that of p lus $ ; hence, a voltage pulse w i l l be obtained on the s igna l 
winding on core A (W-7). A l so , a voltage w i l l be developed across the 
coupling winding between cores A and C (W-2) of such a p o l a r i t y as to switch 
core C to olus b . A short time l a t e r , a current oulse i s aoplied to a 
winding on core C (W-^), as shown in the diagram, and t h i s switches core C 
back to minus b . When t h i s happens, cur ren t flows in the winding which 
couples cores C and B (W-3) in such a manner as to switch core B to plus 
b . However, t h i s switching from minus b to plus I does not produce a 
s i g n a l from core B because of the r e c t i f i e r in the s igna l winding on core 
B (W-rf). 

I t w i l l be noted tha t the cur ren t pulse which switches core C 
back to minus b i s applied a t the same time to a winding on core D. How­
e v e r , since t h a t core is a l ready at minus i> , the pulse has no e f f e c t . In 
t h e thesis work t h i s pulse w i l l probably be obtained, us ing a delay l ine and 
ampl i f i e r , from the f i r s t o u l s e , but in a computer i t would probably be 
supplied by a separa te c lock-pulse genera tor . 

To summarize the desc r ip t i on of complementing: (1) the s t a t e of 
t h e c i rcui t has been changed from the o r i g i n a l condit ion of core A a t plus b 
and core B a t minus I to the condition of core J at plus b and core A at 
minus & (cores C and D are the same as they were i n i t i a l l y ; ; and (2) a s ignal 
h a s been obtained from core A. In other words , the c i r c u i t has been comple­
mented and a s i g n a l has been obtained tha t ind ica tes which core was i n i t i a l l y 
a t plus b . S i m i l a r l y , the next current oulse on W-l w i l l res tore the c i r c u i t 
t o i t s orSgi n a l condition and produce a s ignal from core B. The process can 
be repeated i n d e f i n i t e l y . 

Case 2 . Write ONE. In order to define the condi t ions of t h i s f l i p -
f l o p in a convenient manner fo r what f o l l ows , le t us make the following 
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d e f i n i t i o n s : 

1. When co re A i s a t p l u s I , t h e f l i p - f l o p i s " s e t t o ONE." 

2. When co re 3 i s a t p lus i> , t h e f l i p - f l o p i s " s e t t o ZERO" 
o r , a l t e r n a t i v e l y , " c l e a r e d . " 

To s e t t h e f l i p - f l o p t o ONE, a c u r r e n t pulse must be a p p l i e d to 
t h e "Write ONE" w i n d i n g (W-9) , wh ich , i t w i l l be n o t e d , i s l o c a t e d on c o r e 
B . I f the c i r c u i t i s a l r e a d y s e t to ONE , then c o r e J3 i s a t minus i> and 
t h e c u r r e n t p u l s e w i l l not t e n d to switch t he c o r e . Hence , no s i g n i g i c a n t 
v o l t a g e pulse w i l l be g e n e r a t e d , and the c i r c u i t w i l l remain s e t to ONE. 
H o w e v e r , if the c i r c u i t i s i n i t i a l l y s e t t o ZEHO then the c u r r e n t p u l s e 
w i l l switch c o r e B to minus i> , a v o l t a g e p u l s e w i l l be g e n e r a t e d in the 
s i g n a l winding on co re B , and a v o l t a g e w i l l be g e n e r a t e d i n W-5 which w i l l 
s w i t c h core D t o p l u s I . A s h o r t time l a t e r a c u r r e n t p u l s e i s a p p l i e d on 
W - 4 . This s w i t c h e s core D back to minus i and causes c o r e A t o be swi t ched 
t o p l u s o . T h u s , the c i r c u i t has been s e t t o ONE a n d , i f i t was i n i t i a l l y 
s e t t o ZERO, a s i g n a l has been ob ta ined from c o r e A. 

Case 3 . C l e a r . To c l e a r ( i . e . , s e t t o ZERO), t he p r o c e s s i s j u s t the 
r e v e r s e of Case 2 . The " C l e a r " Dulse i s a p p l i e d to the " C l e a r " winding 
( W - 1 0 ) and, r e g a r d l e s s of t he i n i t i a l s t a t e of t he c i r c u i t , t h e sequence ends 
w i t h core 3 a t p l u s b and c o r e A a t minus b • I f the c i r c u i t was i n i t i a l l y 
c l e a r e d , then no s i g n a l i s o b t a i n e d , but i f i t was i n i t i a l l y s e t to ONE, 
t h e n a vo l t age p u l s e i s o b t a i n e d from core A. 

Summary of P r o p e r t i e s of Magnet ic -Core E l i o - f l o p . As has been 
n o t e d , th i s c i r c u i t can be s e t t o e i t h e r of two s t a t e s and can be comple­
m e n t e d . From t h e po in t of v i ew of computer l o g i c a l c i r c u i t d e s i g n , the 
p r o p e r t i e s of t h e c i r c u i t can be thought of a s fo l l ows ( s e e F i g . 1-b) : 

1. I f t h e c i r c u i t i s a t ONE, then a p u l s e a p p l i e d to e i t h e r t h e 
"Complement" o r t h e "Clear" w i n d i n g w i l l r e s u l t in a v o l t a g e p u l s e from c o r e 
A said w i l l s e t t h e c i r c u i t t o ZERO. A p u l s e a p p l i e d to the "Wr i t e ONE" 
w i n d i n g w i l l r e s u l t i n no c h a n g e . 

2. I f t h e c i r c u i t i s a t ZERO, t h e n a p u l s e a p p l i e d to e i t h e r 
t h e "Complement" o r the "Wri te ONE" winding w i l l r e s u l t i n a v o l t a g e p u l s e 
f r o m core 3 and w i l l s e t the c i r c u i t to ONE. A pu l se a p p l i e d to the " C l e a r " 
w i n d i n g w i l l r e s u l t in no c h a n g e . 

OPERATION OF THE BINARY ADDER OF FIG. 2 

This a d d e r uses the same b a s i c p r o p e r t y of b i n a r y a d d i t i o n t h a t 
t h e Whirlwind I a d d e r u s e s . T h i s p r o p e r t y can be d e s c r i b e d i n the f o l l o w i n g 
w a y . Consider two b inary n u m b e r s , each of k d i g i t s , which a r e to be added . 
The l e a s t s i g n i f i c a n t d i g i t i s t h e f i r s t d i g i t , the second l e a s t s i g n i f i c a n t 
i s t h e second, t h e n— l e a s t s i g n i f i c a n t i s t h e n— . To add the two n u m b e r s , 
f i r s t add the c o r r e s p o n d i n g d i g i t s of each number. Then c o n s i d e r the l e s s 
s i g n i f i c a n t d i g i t i n each r e s u l t t o be the p a r t i a l sum and the more s i g n i f i ­
c a n t d i g i t to be t h e c a r r y , a s shown in T a b l e 1 , page 5 . The f i n a l sum can 
now be obta ined from the p a r t i a l sums and c a r r i e s by the f o l l o w i n g r u l e : 
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The f i n a l sum in the th 
column ia the complemen t of the 

p a r t i a l sum in that column if the carry in the nrr.column i s ONE and 
the part ia l sums i n a l l the columns between the m— and the n— are 
ONES for some value of m that i s greater than zero and less than n,. 
I f t h i s condition cannot be f u l f i l l e d , then the f inal sum in the n— 
column 18 the same as the part ia l sum in that column. 
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In t h e example g i v e n , this can be observed to be true. Also , i t wi l l be 
n o t e d that the f i n a l sum may have one digit more than either of the numbers 
added . Therefore^ the above rule applies for 0 < n i ( k + l ) , and the partial 
sum i n the (k+l)-*^ column Is always ZERO. 

In the binary adder shown in Tig. 2 , the d ig i t s of the two numbers 
to b e added will be represented by current oulees for ONES, no pulses for 
ZEHOS. I n i t i a l l y , a l l f l ip - f lops are set to ZJfiRO and a l l the carry cores 
( l a b e l e d C) are at minus i , 

First, the d ig i t s of the f i r s t number are applied to the correspond­
ing input lines ( a l l are applied simultaneously). The Input l ines correspond 
to t h e complement l i n e s of the f l i p - f l o p s (see Fig. 1). Next, the d i g i t s of 
the second number are applied. How If both d i g i t s applied to any input were 
ONES , then the f l i p - f l o p associated with that input wi l l have been switched 
from ZERO to ONE and back to ZERO. The switching from ONE to ZERO causes an 
output pulse on the ONE line from the f l i p - f l o p , and this pulse wi l l switch 
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t h e associated c a r r y core to p lus b • Thus, a f t e r the a p p l i c a t i o n of the 
two numbers, the p a r t i a l sums w i l l reside in the f l i p - f l o p s and the c a r r i e s 
w i l l reside in the carry cores . If a current pulse i s now appl ied to the 
c a r r y line (which i s one winding l inking a l l carry cores) , output pulses 
w i l l be obtained from those cores which were a t plus b . Each of these 
p u l s e s will be app l ied to the input of the d i g i t column next higher than the 
column in which i t or iginated and wi l l complement that f l i p - f l o p . If t h a t 
f l i p - f l o p held a ONE, then the r e su l t i ng s igna l on i t s ONE l ine w i l l comple­
ment the next h ighe r f l i p - f l o p , and so on u n t i l a f l i p - f l o p i s reached which 
h o l d s a pa r t i a l sum of ZERO. I t should be noted that we are able to pulse 
a l l of the carry cores simultaneously because a d i g i t column cannot hold both 
a p a r t i a l sum of ONE and a ca r ry of ONE when two numbers are added. 

After the above sequence of even t s , according to the aforementioned 
r u l e , the f ina l sum wil l r e s ide in the f l i p - f l o p s . I t can be read out by 
simultaneously pu l s i ng the " c l e a r " l ines on a l l the f l i p - f l o p s (see F ig . 1; 
t h e s e lines are no t shown on F i g . 2 ) . (This can be done by puls ing one wire 
which links a l l the f l i p - f l ops . ) The resu l t w i l l be tha t pulses w i l l occur 
on the ONE l ines of a l l the f l i p - f l o p s that hold ONES, no pulses w i l l be 
ob ta ined from the f l i p - f lops which hold ZEKOS , and a l l the f l i p - f l o p s w i l l 
be cleared and ready for the next addi t ion . The output s i g n a l s can be gated 
to a bus ( th i s c i r c u i t r y i s not represented in F ig . 2) and from there to 
s t o r a g e of wherever desired. 

The above discussion has not explained the funct ions of the ga tes 
shown in Fig. 2. They are necessary oecause it, i s e s s e n t i a l tha t c e r t a i n 
p o r t i o n s of the c i r c u i t be i s o l a t e d from other por t ions dur ing c e r t a i n events 
bu t essen t ia l t h a t they be coupled during o ther events . Their funct ions 
w i l l be explained in the fol lowing oaragraohs. 

I t w i l l be noted tha t when the carry l ine i s pulsed i t may be 
d e s i r a b l e to have the signal from the ONE l i ne of one f l i p - f l o p complement 
the next higher f l i p - f l o p . However, a s igna l a l so comes from the ONE l ine 
of a f l ip - f lop i f tha t f l i p - f l o p receives two ONES as input d i g i t s , and t h i s 
s i g n a l must not complement the adjacent f l i p - f l o p . Therefore , the lower 
row of gates i s necessary , and these gates allow a s igna l from a f l i p - f l o p 
to complement i t s neighbor only i f the carry l ine is being pulsed a t the same 
t i m e . 

The upper row of ga tes i s required for s imi la r reasons . When both 
i n p u t d ig i t s to a f l i p - f l o p a re OAIES , a pulse occurs on the ONE l ine and i s 
r equ i r ed to swi tch the assoc ia ted carry core to plus b • However, suppose 
t h a t a f l i p - f l op holds a ONE and t h a t , when the carry l i n e i s pulsed , a 
s i g n a l I row the nc;:t lower <*r>1umn t r i e s to complement i t . If the ONE l ine of 
t h a t f l i p - f lop i s d i r e c t l y coupled to i t s carry c o r e , then i t w i l l be very 
d i f f i c u l t to compxement that f l i p - f l o p . The reason i s t ha t a t t h i s same time 
the carry core i s saturated by the carry uulse ; t h e r e f o r e , the winding on 
i t has a very low inductance and presents p r a c t i c a l l y a short c i r c u i t to the 
ONE l ine of the f l i p - f l o p . Although th is d i f f i c u l t y could possibly be over­
come , there i s another oroblem which makes these «;ates necessary . When the 
f i n a l sum is read ou t , pulses occur on the ONa. l ines of a l l f l i p - f l o p 9 which 
ho ld ONES. If t he se pulses a r e allowed to switch the a s soc i a t ed car ry c o r e s , 
t h e n they wil l n o t be in the s t a t e required for the next a d d i t i o n , and c l e a r ­
i n g the adder becomes quite a oroblem. To get around these d i f f i c u l t i e s , a 
g a t e i s provided which allows a pulse from a f l i p - f l o p to switch a car ry core 
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o n l y if an i n p u t d i g i t i s a p p l i e d a t the same t ime. 

I t w i l l j u s t be n o t e d in p a s s i n g t h a t whenever one of t h e s e 
g a t e s is on, t h e o ther i s o f f . This may l e a d e v e n t u a l l y to a s i m p l i f i c a ­
t i o n of the c i r c u i t . 

PROPOSED PKOCKDUKE 

A m a g n e t i c - c o r e f l i p - f l o p (F ig . 1) w i l l be b u i l t and t e s t e d . The 
c u r r e n t and p o w e r r e q u i r e m e n t s w i l l be d e t e r m i n e d under v a r i o u s c o n d i t i o n s 
o f loading and a s a func t i on of prf . S i n c e i t i s d e s i r a b l e to use a p r f 
o f one megacycle or more, f e r r i t i c co res w i l l be used and an a t te rap t w i l l be 
m a d e to i n c r e a s e the u sab l e p r f to about t e n times t h a t used by Buck ( s e e 
p a g e 2) . The c r y s t a l r e c t i f i e r s shown i n the c i r c u i t a r e for p r e v e n t i n g 
backward flow o f in fo rmat ion a n d / o r removing the load from a core b e i n g 
s w i t c h e d . An a t t e m p t w i l l be made to f i n d an optimum ar rangement of t h e 
r e c t i f i e r s so t h a t the number of c r y s t a l s i s a3 smal l a s p o s s i b l e and y e t 
t h e s i g n a l - t o - n o i s e r a t i o ( a s def ined on page 2) i s s a t i s f a c t o r y . A t t emp t s 
w i l l be made i n a l l cases t o c o r r e l a t e e x p e r i m e n t a l work wi th theory i n a s 
q u a n t i t a t i v e a manner as p o s s i b l e . 

An a t t e m p t wi l l be made to i n c o r p o r a t e the above-ment ioned f l i p -
f l o p into a b i n a r y adder . The c i r c u i t j u s t d e s c r i b e d w i l l serve a s a s t a r t ­
i n g po in t , b u t a n at tempt w i l l be made t o improve or change t h i s d e s i g n so 
a s to e l i m i n a t e tubes and r e c t i f i e r s as c o m p l e t e l y a s p o s s i b l e . An i n v e s t i ­
g a t i o n wi l l be made to d e t e r m i n e if the g a t e s should be magnet ic o r vacuum 
t u b e , but p r e l i m i n a r y e x a m i n a t i o n shows t h a t , fo r t h i s p a r t i c u l a r a d d e r , ga t e 
t u b e s wi l l p r o b a b l y be p r e f e r a b l e because of g r e a t e r power gain and speed . 

Kg.LilPMEHT NEEDS 

The equ ipment r e q u i r e d w i l l be f a i r l y simple and r e a d i l y a v a i l a b l e 
i n the D i g i t a l Computer L a b o r a t o r y . S p e c i f i c a l l y , t h e main i tems w i l l be : 

(a) P u l s e g e n e r a t o r s ( a t l e a s t 2) 
(b) O s c i l l o s c o p e 
(c) M a g n e t i c c o r e s o f the f e r r i t i c type wi th " r e c t a n g u l a r " 

h y s t e r e s i s l o o p s . 
(d) M i s c e l l a n e o u s m e t e r s and c i r c u i t r y 

ESTIMATED DIYISIOM OF TIME 

(a) P r e p a r a t i o n of p r o p o s a l 75 hours 
(b) F u r t h e r study of the l i t e r a t u r e 25 hours 
(c) E x p e r i m e n t a l work and a n a l y s i s 230 hours 
(d) C o r r e l a t i o n of ^ r e s u l t s and f o r m u l a t i o n 

of deduc t ions and c o n c l u s i o n s ^0 hours 
(e) P r e p a r a t i o n of t h e s i s r e p o r t 80 hours 

( f ) T o t a l 450 hours 

SIGNATURE AND DATE 

R o b e r t C. Sims 

March 2 0 , 1952 
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SUH4KVISI0N AGREEMENT 

The p r o b l e m desc r ibed h e r e seems a d e q u a t e fo r a M a s t e r ' s 
r e s e & r c h . The u n d e r s i g n e d a g r e e s to s u p e r v i s e t h e r e s e a r c h and 
e v a l u a t e the t h e s i s . 

Approved : 
LNorman H. T&y^C^J ' 

R C S / j k 

D r a w i n g s a t t a c h e d : 

A - 5 1 0 0 2 - 1 F i g . 1 
A - 5 1 0 0 1 F i g . 2 
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C- MAGNETIC CORE 
C'S ARE WOUND SO THAT IF A CORE HAS 
RECEIVED A PULSE FROM ITS ASSOCIATED FF, 
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A BINARY ADDER USING A 
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