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KIACTRICAL ENGINXERING DEF.RTMERT
MAST®R 'S TKESIS FROFCSAL
1. Title: A CCIRCIDENT-CURRENT MAOIETIC VRVORY UNIT

2. DBrief Statement of the Problem
I% 19 propored to Investigute the prodlems imwolved in com-

bining the dinary-memory (residual magnetism) property of a "hard"
ferrovasnetic cors with 1te coincidence (multiple-winding) poeribilities,
to ferr + ennll, high-speed, merory unit. Such units, ssrepbdled into
two- or three-dimensional watrices, night de suitadle for the mesory
syeten of nn eleotronic dirital computor such as ¥Yhirlwind I (M.I.7T.

) Project 6745).

3. History of the Problem up to the Precent
By the Frll of 1948 the Computation Leboratory of Fervard

Tniversity hod crpstructed cagnetic-semory unite utiliring the re-
sidual mcrnetism of small ferromagnetic cores huving near-redtangular
hysteresis loops. These they connected in ocascade to produce a "Static
Vagnetic Delcuy Lim",l along vrich bimary information could ds stored
and s*ifted serially. In Revort Xo. U4 of the same series, iamed in
the Spring of 1949, they reported attaining operating frequencies of
the order of 33 ke per roc~nd; thelr lateet reports, Kos. 5 and 6, 1n-
dioate th:t t*ie figzure has not deen increased. They have aleo experi-
nented with and speculated adout the coinoidence poseidilities of &

saturchble core for gating and other applicr-tions.
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. It vae suggeeted Yy J. W. Fo-rester, Mrector of Project
Whirlwind at ¥.1,T., thet a two- or three-dimensional selesticon echeme
of o digital noture might be ideslly suited o & memory ratrix made
ap of small multi-vinding ferromagnetic cores. Such a system might
hive many edvantares including vermanence of storage, easy access,

; vreservation of the 4igitsl mature of the computer during the selec-
| tion process, interesting rackaging potentialities, and very simple
rover-surply requirements.
A major section of the prodlem has to do with the charao-
terirtics of tho cores %0 be used. The undercigned has jurt writtea a
Oradunte Ceminar Paper for the Eleotirical Engineering Department of
M.I.T. on the sudject "Ferromagnetic Materisle for Applications Re-
quiring Rectangular Rysteresies Loops snd Short Responre Times", in
) which the bimery-memory application is used ae an illustretion of the

recuirements on the core saterial.

' Description of a Basic Ugg_l

A brief deroription of tho bdasic mode of oper-iion of the
ragnetic-menory unit to de irvestigated is in order preliminary to any
indiontion of expected procedure. Figura 1 shows, schematiocally, o
rossitle arrangement for a unit using two-current oco'noidence excita-
tion. (Such a2 unit might be suitadle for o two-dimensional matrix
reprerenting one digit in o memory eyetem.) Vindin-e A and Rcare ex-
citation, or selection, coils; S is & plcikup, or signol, coll. Assume
that a hysteresis loop of the core is -9 shown in Pigure 2. (The loop

shown is less rectangular then is desirabdle in order to exaggerate oertain
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aepects of the problem.) Assume $hat, at the sturt, ths overating point
ie at the lover atable rositicn "Br'

The applicrtion of e magnetizing foCoe of amplitude 7 /2
moves the operating point to =, resulting in a very smell chanse in
flux deneity B; return to H = 0 moves the operating point t¢ - Bn’ a
point not far resmoved from 5o

The resalt for the aprlicetion and removal of the full H
is quite different; the operating point moves to y, and then to +B’.

The core has reverved ite magnetization upom application of F; in the
rrocese there wae & large chansre of flux density B, with a correenondingly
large pulere induced in the eignal coil.

If the currents 4, and i, (1n Figure 1) ore made equal and of
such an asplitude that they correspond to values of ragnetising force
equal to n./e each, and sum to F together, then the magnetisation of
the core can de changed from ---!lr to 1'7" only by the coinoldence of
i, and 15, The development of a relativaly large signsl pulee would
aleo, therefore, depend on such coincidence. Reversing the current
directions reverses the rrocedure. (There are prodlems having to do
vith "rending-in", erasure of informstion, and some other items which
come to mind relevant to using thir type of unit efficiently in a
memory syntem; these prodlems will be ignored at first.)

It 1e imrediately spparent that forms of noise sad instadility
result from the minor hysterssis leops travelled when magnetizing forces
lese than H_ are arrlied oné removed. (One such is intlcrtad between

-'lir, x, and -E'n.) There and othar factors make a very high degree of
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rectangularity and o 1elatively high coereividy degireble in “he core
neterial .

Up to now, quasi-static operation has deen asecumed. Ob-
viously, the frequency with which operations may occur will be limited
by losses, sddy-current shielding, c«nd other factore.

5. Proposed Progedure
Calculntions alresdy made indicate that freedor from eddy-

current shielding is very important, as in the degree o7 rectanc.ilarity
of the core meterial., 9 far, the letter quality it oaly odtalnabdle

in metallic (low resictivity) materials. Testing will start, thersfore,
vith wound tape cores of Meltarex’ and similar alloye. (Magmetio
ferrit~s ray de considered later.) It should de pessidle, by observing
the dependancy of the resronce on frequency, core geomeiry, tape geometry
end commosition, to obtain experimentsl verification of the identity

of limiting fectors.

L uirment will be set up t0 measure and discvlay the flux
deanity (or 1te rote of change) of o core as a fanotion of the arpli-
tude ond form of an sprlied pesnetizing force. Coreswill be tecsted with
a viev to identifying limiting foctors and to seledting promieing
condidates for further study. A dasic merorr unit will de set u- end
morurenents taken to determine the following:

8. The minirum magnetizing force needed to reverse

pagnetization corplete’y enough to allov stadle cyclie

orerntion.

-y

1. The Arnold Engineering Co., "Technical Inferration on Del temax®
2 ohimy - ¥

(ApDPiY 1, 1QUG) . C1oard. 1114n0is
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3. The maxigam permiceidle wmipgnetizing force, Juet insuf-
& ticlent to dart reversal, which mey be repeatedly aeprlied

and vrich will mot significantly reduce the resvonce of
the core to a full reveresing force later.
g: The catrut oignal (noiee) resulting from d.
4. The ctanges in g and b as functions of frequency or speed;
or, the resvonre time as a funstion of the voriables
in g end D.
Should $ime sllov, an attempt vill be made to build a small
(2 by ?) mesory matrix with associated oircuitry, sad determine i%s
operating cheracteristics.

6. Zquipment Needs
) All necessary tert and measurement equirment ie available
at Project 63u5.
A maber of te-t cores are already avalladle st the Project
and more will be procuradle ae nesded. Correspondence with posnsidle

scurces 1s In progress asnd will contimme.

7. Zstim:ted Divieion of Time

'~ g&. Prepsration of the proposal 55 heurs

F b. Turther atudy of the literature 25 hours

: 8. ‘Vxperimental work ind analysie 200 hoare
d. Correlation of resulte, nnd forrul:tion

of deductions and conclusions 40 houre

. Preparation of thesie revort 8 hours

f. Total 400 hours
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B. 8i ture and Dat

¥Willianm ;. iapIn. Q&% PE, 1950
9. Supervision Agrosment

The vrodlem descrided here seems adequate for a Master's

rermarch. The undersigned agrees to supervige the rescarch ani

_ C?meh;ﬁ-

. orrester

WHP: ant
) Attached drawing: A-35238
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FIGURE I. A TWO-CURRENT-COINCIDENCE MEMORY UNIT
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PATHS OF OPERATION OF A MAGNETIC-MEMORY UNIT




