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K L R C I B I C A I , Utt»IWS£RJHO D£T,jm:E3T 
MASTER «S 7KESIS PROrOSAL 

1. Tittii A COIKCIBBBT-CJRR-HIT MnncTic roronY UHIT 

?• Brief Statement of the ProMon 

It i t proposed to investigate the problems lnrolred in coa-

Mnlag the binary-memory (rasidual magnetism) property of a "hard" 

ferromagnetic core vith ltf« coincidence (nultlple-vlndlng) possibilit ies, 

to trrr r tnnll, high-speed, memory unit. Such units, assembled into 

two- or three-dimensional matrices, night bo sultans for the ir.emory 

By-ten of .in electronic di rival ec«put<»r each as Whirlwind X (M.I.T. 

Project 63U5). 

3. History of the Problem up to the Pre goat 

py the Pall of 19^ the Computation Laboratory of RerTard 

'Jnirerslty hod constructs*! cagnetlc-memory units ut l l is ine the re-

eldual magnetite of email ferromagnetic cores having ne».r-roetangular 

hysteresis loopt. Theee they connected in cascade to produce a "Static 

Magnetic Delay Line*, along vMoh binary Information could be stored 

and sMfted serially. In Report Ko. U of the same series, lsmod in 

the Spring of 19**9» they reported attaining operating frequencies of 

the order of 33 ko per soc-ndj their latest report*, Bos. 5 and 6, in-

rilesto th>t t v l s figura hat not boon increased. They hem alto experi­

mented with and speculated about the coincidence potslbllltlee of a 

saturable core for rating and other applications. 

^ M B — w a > ^ • t f m m t m m _ 

l, Harvard University Computation Laboratory, "Investigations for the 
Oeelgn of THgltal Oaloulatiag Machinery", Progress Report 10. 2, 
Aagutt 10. 19^8 - November 10, 19^8). 
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It vat euggeeted by J. »« ro-re*ter, nireetor of Project 

Whirlwind at v.x.T. t that a two- or three-diBeatlonal selection teheae 

of a digital witure might be ideally suited to a memory matrix nade 

up of email multi-winding farrooagnetic corea. Such a tystea might 

have many r.dvantoree including nermanenoe of etora?*, eaty accent, 

preterwatlon of the digital nature of the computer during the teleo-

tion prooctt, lnteretting packaging potentielltlet, and v^ry simple 

povmr-turply requirement!. 

A major taction of the problem hae to do with the eharao-

terlrtlet of the coret to be u«ed. The undertlgned hat Jutt written a 

Oradu.-.te remlnnr Paper for the Electrical engineering Department of 

M.I.T. on the Bubject "Ferromagnetic Materialt for Applloatlona Re­

quiring Rectangular Hysteretlt Loopt and Short Response Timet", in 

which the Mnury-memory application i t need at an illustration of the 

requirementt en the core material. 

*. Description of a Batio Unit1 

A brief detoription of tho batie node of oper-Moa of the 

magnetio-oeno ry unit to be 1rvettigated i t in order preliminary to any 

indication of expected procedure. Figure 1 SNJWS, schematically, a 

po«tihle arrangeaient for a unit utlng two-current coincidence excita­

tion. (Such a unit right be eu!table for a two-dlmentional matrix 

representing one digit in a memory nyt*m.) Vtndin°t A and ft &re ex­

citation, or eel action, ooiltf S i t a pickup, or t lgnd, coll . Attune 

that a hytteretit loop of the core l e rt thown in Figure 2. (The loop 

thewn i t l e t t rectangular than i t dotiruble in order to exaggerate certain 

1. See attached drawing for flgaree 1 and 2. 
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aspects of the problem.) Assume that, at the cturt, the operating point 

1* at th« lower stable position -8 . 

The application of a magnetizing fo?oe of amplitude T\J? 

moves the operating point to x, retailing in a very email chance in 

flux density P; return t o R > 0 twvea the operating point to - B1 , a 

point not far restored from Jb . 

The result for the application and removal of the full H 

1« quite differentt the operating point moves to y, and then to +B . 

The core hue reversed lte magnetisation upon application of B̂ j in the 

process there was a large change of flux density B, with a correspondingly 

large pulee induced in the signal coil . 

If th« currents ik and 1B (la figure 1) era made equal and Of 

euoh an emplltud* that they correspond to reluct of magnetising force 

equal to H /̂2 each, and so* to F̂  together, then the magnetisation of 

the cere can be changed from -B to v-fl only by the coincidence of 

iA and iB» The development of a relatively large eigne! pule* would 

also, therefore, depend on each coincidence. Reversing the current 

directions reverses the procedure. (There are probleae having to do 

with "re.'-.dlng-in", erasure of lnforuatlon, and eon* other Items which 

ootie to mind relerant to using this type of unit efficiently in a 

memory system; these problems will be Ignored at f irst . ) 

It is Immediately apparent that forms of noise <%nd instability 

result froa the minor hysteresis loops travelled when magnetizing force* 

less than RH are applied and removed. (On* such i s indicted between 

-B . x, and -r .) There and other faotors make a very high degree of r n 
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w reotangul&rity and & s*latlvely high oeerei^ity desirable in he core 

material. 

Op to now, quasi-et&tic operation ha* been assumed. Ob­

viously, the frequency with vMoh operations any occur will be limited 

by losses , eddy-current shielding, and other factors. 

5. Proposed Procedure 

Calculation* already smde Indicate that freedom from eddy-

current shielding Is very important, a* In the degree of reetnnf^nrity 

of the core material. S<* far, the l a t t er quality i« only obtainable 

in metallic (lev res i s t iv i ty) materials. Tenting v l l l start , therefor*, 

with wound tap* corns of nelt&aax and similar a l loys . (Kagnetlo 

ferr l t -e may b* considered la ter . ) I t should be possible, by observing 

the d*pend*noy of the response on frequency, cor* geometry, tap* geometry 

and cosnositlon, to obtain experimental verification of the identity 

of l imiting factor*. 

1 uirment v l l l be set up to m*a*ur* and dlsrlay th* flux 

demalty (or i t? rat* of ohang*) of a core as a fmotlon of the ampli* 

tod* and form of an applied matfoetlzlng force. Cores v l l l be tented with 

a view to identifying limiting factors and to selecting promising 

candidates for further study, a basic memory unit will be set *r and 

measurement* taken to determine the following: 

a. The minimum magnetizing fore* needed to reverse 

magnetisation completely enough to allow stable cycl ic 

operation. 

1. The Arnold Engineering Co., "Technical Information on T^altem*** 
' (April 1, 19U9), C'icam, I l l i n o i s . 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



63U5 
Memorandum M-975 f'age 5 

£ . The BKOclnut permissible u^ftnetlzlng fores, Just inBUf-

| f i d eat to dart reversal, wMch nay be repeatedly applied 

and vhioh will not significantly reduce the response Of 

the core to ft fal l reversing force Inter. 

£ . The oattut clonal (noise) renal ting f ro» h. 

d.. The etanpes la *> and b as function* of frequency or speed; 

or, the response tiae as a function of th» variables 

l a a. aid b. 

Should tiee allow, an attempt vi l l be made to build a snail 

(? by ?) eeaory aatrix with associated circuit??, sad determine i t s 

operetlag characteristics. 

6- K^lpaent Heeds 

a l l accessary test and measureaent equipment i s available 

at rrojeot 63U5. 

A. maber of te«t cores are already available at the Project 

and pore v i l l be procurable ae needed. Correspondence with possible 

sourees i s in progress and will continue. 

7» 3 « t l » i W Division of Tlae 

a. Preparation of ths proposal 55 hours 

b. Further «tudy of the literature ?5 hours 

£. v,xp«rlmentn.l work and analysis 900 hours 

(I. Correlation of results, nnd fbmult tioa 

Of deduetlon* and oonelueloa* Uo hours 

%, Preparation of thesis report 80 hours 

f. Total hoo hours 
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8. Slfflatare and By|# 

wiiiiwn K. p*pioBt 3 2 2 3 3 55J J?5) 

9. Sttperrlfflon Agpowwnt 

The r>roblem depcrie«d here «ee«a Adequate for * Matter '• 

re««areh. The undersigned agree* to tup*rrlee the reeeeroh and 

emulate the theels. 

/>. * . \ rorreeter 

VHP:set 

Attached drawing; A~35?3S 
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TOROIDAL-SHAPED CORE 
OF RECTANGULAR - LOOP 
FERROMAGNETIC MATERIAL. 

FIGURE I. A T W O - C U R R E N T - C O I N C I D E N C E MEMORY U N I T 
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FIGURE 2. PATHS OF OPERATION OF A M A G N E T I C - M E M O R Y UNIT 
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