
.- ___ '1 
, 

• 

• 

• 

• 
J 

<. '/ 
~7 

Static Magnetic Memory 
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ProlJ)1ype mod.l 01 a lOO-eor •• tatic malinetic "".",or" unit 10. ua. In the Ma.k IV 
comput.r a~ Han·a.d Computation Laboratory I. co""po •• d 01 four .. ertica:Lly .tacked 

bonk. 01 mQqnetic core. 

T A.RC&'SCALE di g ital ca lc ulatin g 
U machines have made many 
valuable contribut.ions to fields in 
which the inform:ltion hannlf'd i!< 
both exten!live ann complex. Typi­
cal al>Plicalions have in\'olved t.hf' 
solution Of complex engineer ing 
Blld mathemat.ical problems. s uch 
as the evaluation of Fourier J<f' l"i('l'I, 
the numer ical solut ion of differen­
tial equations, and the solution of 
linear ~y!l tem l'l. 

The mnchilil's Ilsed in t his t.Y I)t' 
of la rge-scale information handlillJ,:" 
are characlf'riu'd br hiJ,:"h cns l : 
ill many Cll!<C!<, Uwy ,·ep rell('nj ex­
penditlln's of onC-tl ual'l f'l' ,If .. ne 

'00 

million dollars. 
ProJ,{ r('ss m:lllc in t.his field hall 

!< timu l:lled thinkillJ,{ cOll ce rninl( the 
]Iussi bll' alll1lic:llioll of I(' ~~ CMt.ly 
f'1~cl l"oni(' computers to prnh lcm ~ of 
inforlnatiOIl control lind data-hand­
Ii nJ,{ (' ,wOllntered in ciaily ope ration 
of busi ne!ls :md illd IL~tl".I". Th(' high 
I(' \'el of intcl"e~t is indicat.ed b.v the 
ll ugJ,{Cl'IlNI appliclItinn of computers 
to automJltic cont.imlllul'I :tuditinJ,{. 
:t('C't1untin}{ and inventory :>~'~ lcm~. 

and automatic vt'ndinJ,{ mll('hin e~. 

Lcltlt cosUy. lcs.i com plex arid 
practical machin es for thi s IYPt' of 
l)U s ines!< anti indllltlrial II, .... l'cr ­
lainlr do not. haV(' to :I\\'1Iit ultimate 

perfl.'Ction of ultrahigh-speed !.ech­
ni<lues. Ol>crat.ing speeds of the 
order of 30 kc, entirely practical at 
the present time, are su fficiently 
high to make machines of this type 
valuable. Furthermore, mnny of 
the lIecessary techniQues and com­
ponents for the design and manu­
fa ct.ure of machines for medium· 
speed business use are either now 
available or becoming tlvailablc. 

Magnetic Material 

Qlle of the newest components, 
called the S tatic Magnetic Memory, 
s h(mld pcrmit. llubst8ntial advances 
to be made in the improvement of 
computing machinery for bu si ness 
and industrial applications, The 
development. of t his device is all 
ou tgrowth of II discovery by 
Ge rmnn sci entists during t he last 
Will' of permanorm 6000Z, a mate­
rial thut has II rectangular ' hyster­
esi:! loop of low coercive force. A 
s imilar material known as Delta· 
max is now produced in this CO UII­

try by Alle~heny Ludlum Steel 
Co rp. tl oward Aiken of the 
I( nrvard Computation Laboratory 
foresaw the poas ible use of lIuch a 
material, i>c('ause of its two stable· 
lttalc charnc teristics, as a means of 
information s to rliKe in large scale 
diJ,{ital l'omputers. His basic idea 
ha~ bcen impl('mented and carried 
uut du r ing' the past two years by 
the work of Dr. An Wang and Dr. 
Way Dong Woo. 

The dev icc provides permanent 
informa t ion :.torage comparable 
to magll f'tic drum storage. but 
independent of mechanical mecha· 
ni ~m:.. A variable information 
handling ra t(' i ~ available ranging 
fro m 7.('ro to 30.000 pulses per 
second. with probable future in­
(' rC:l!'Ie!' in the present upper limit. 
Pl1lJ<(' ;l torage is provid ed without 
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for Low-Cost Computers 

Magnetic material having a rectangular hysteresis loop provides informat iou !o3 torage 

independent of mc('hani slll ~. variab le data.hantlling "ale up 10 30,000 ppa and pulse 
storage without power. Aids in tlesign o[ compllf i n~ lll.wilin('!'1 for husiness use 

Ilower being required. 
The static magnetic memory 

operates essentially as a magnetic 
t r igger pair, which requires no 
vacuum tubes to maintain position. 
The trigger.pair action depends on 
the stale of the core mater ial being 
represented by a point at either t he 
top or bottom or the hysteresis loop, 
as in Fig. 1. This necessitates the 
use of a core material whose liya· 
leres is characteristics approximate 
the ideal square loop, shown in 
Fig. 1. 

Hysteresis CUl'Ye 

The hystere~is curve of I.}elta· 
max, Fig. 2. shows that this mate· 
rial is quile suitable for this appli. 
cation, due to the rectangularity of 
its loop. Because of the flat top 
and bottom of the loop, once the 
core is saturated in a );riven direc· 
tion, further application of cu rrent 
pulses that tend to satu rate the iron 
in the S8me direction will cause no 
further change in flux, and there· 
fore will not produce any pulses in 
the output winding or ,the core. 
Howc\·er, the firlit cu rrent Jlulse of 

·an opposite polarity that occurs will 
cau se an extreRlely large change in 
flux, thereby produ cing a pulse in 

the output winding. The presencc 
or absence of a I'ulse is thus deter· 
mined by the previou8 hi sto ry of 
the iron core. 

With scveral curt;:~ cunn ec ted all 
in Fig. 3, the s late of the prcel.'tiing 
core C:III be transferred from that 
core to the next, provided su itable 
rectificfiI ftre j,dded to t he baliic 
circuit to prevent the backward flow 
of cur rcnt. Recti fi er 1 lI.11ow~ the 
current. produced ill the outlml 
windin" of the first. core to enler 
the input winding of the second 
core, and prevents any lI ux gener· 
ated in the input winding of the 
second core from returning to the 
output wind ing of the first core. 

Recti fier 2 allows all cu rren t 
provided by the output winding 
ot the first core to ente r the 
second core and Ilrovides :1 path {or 
the cu rrent from input winding of 
the second co re to be dissipated in 
th~ rCll istor instead of upsetting the 
first core. By ulll'rnately pulsing 
the adviulce windings of even and 
odd'llumbered COI"CS the s tate of any 
core rl'lntive to the hys teresis loop 
( r'ig. 1) may be transferred to the 
s ucceeding corc. Typical pulse Jlat~ 
terns of this operation are ~hown in 
Fi g. 'I. 

Sin'll" ma'ln.llc co.". a ••• hoWD In Ih. unl • • aod al lho "<;Ihl. al 1.11 II (I pal. 01 
co •••. Th.. bollow .h'.I. ~"nl1 .Iackln'J 
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Magn etic tape, mag-nelie drums, 
acoustic delay lines and other de· 
vices all accomplish a l\imilar stor· 
IIge funelion. In this device, after 
informat ion has· been ollce stored, 
the cessation of power leavell the 
s tored information unaffected. 
Furthermore. s ignal regeneration ill 
unnecessary, for the device call COil· 

tinually store lind circulate the 
pul!lC3 without attenuation . Funda • 
mentally, t.he /ltatic maglletic mem· 
ory differs from functionally similar 
devi ces in that it accomplishes pulse 
stor:lge by eIt..'Ctrical menlls without 
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emJ1loy ing complex vac uum-tube 
ci rcuits. ill A mAnner l'ompletely in· 
dCI>cndenl tlf the mechnniCli1 ope ra 
tion found in :lomp of the other 
sto rage devices . 

Th e !It:l.Lic magnelic me mory el(' · 
vice hll~ nl re:arly pro\'cd u!lf'(ul :as a 
menns of stori ng information, as II 

mean s of lran~rerril1g informat ion 

fie. 3_ D.'oy,II"8 dreull 01 IWO cor .. 
par d ill!! 
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,B, 
fiG. 4- 0...,. •• tslU II .... clary. lD th. 
I"'o.co. . clrCll ' I. AI (AI. 1 .. lorlDolioD 
101011 1010 'a, dl8J1loyed 0 1 CI rat. 01 
2.S lie. AI (Bl. In/o rnloliaD 0011101010 

k .hown 0'\ 2!1 III: 

riC. S- Ad"an... windlnq p ulal" 9 b y 
meaOI of '1'" pia, ... E ... nnu.m~red 
COl' a d .... n ... .... Indln'll 0 •• all III ... , •• 

j FIG. i - Mathod 01 1'0,,1'8,,1"9 bl9h· 
.~" p .. 1 • • • On ",oqno tic lopa 10 a 

.Io .. ·.p.ed p u1 •• 'T81e m 

110 

between systems of difreren t pulse 
rates, as a counter in whi ch any 
confiKuraliun of pul~es rna)' be 
coun ted o r circulated, a nd as 8 

ml'an~ of tran!lfcrrinK information 
from serial form to l)arall f'l form. 
or "icc ve r~a . 

Storing 'nfo , mot,on 

Wheneve r /I tim!' dela y tI! ~ un,v 
It'l1g'th i~ lIe(·('~,.. al'y hetwI·en lnl:llm-
1111{ jlul1le information and 1\" lal('r 
u"c, thi" de,' ke> ('an l'oul intl"tI"I.\' 
cyclc or dornlllnUy 1Itor .. lhl' inror­
mation pul!les without altl'nuatifln 
until output is retluirccl. In il s 
l<tOrllj{c function it is parlicularly 
;lil{ nifi c:Lflt that Ih(> dev icc r(>cluirc.~ 

nu power to rclain IlI" l.'viou l< ly !l tored 
pul.~ei-\ . 

Powe r internll)lions or II('CCS­

s arily prolongl't! II(>r ioos betw('en 
in lmt and output of pulsed com­
mauds or data thus dl) not im pose 
li mit:ol 011 the storag:e fUll ction of 
the sUttic magnetic memory fo r 
puwe r is necessary on ly to pul se in ­
fo rmation in or out of the dev ice. 

One g rOIl I) is using these devices 
as It menns ur s tor ing IS-digit deci­
mal numbe r". T he nu mber is de­
te rm ined by the presence or 
absence of a pulse. T he sta tic nlal{­
net ic m~mory is involved in the re­
IllY circu it of a multiplier capable of 
ohta ini ng a 46-rl igit product of two 
23-digit facto rs . The equ ipnumt 
was cOJli-\tr ucled by lh(> staff of the 
Gomputlltioll L.-, boratory of Harv­
ard Ul'liver!l ity as an a uxiliary to 
the IBM Automatic Re1luence Con~ 

trolled Calculator, u!lually known 
n.i the Mnrk t. 

T he ~in,de elem~nt.3 may :.Iso be 
a!-l;<e mbled in !':ul'h a manner thlll 
the two advancinj.( wind illKs fire 
pulsed from th(' 111:1le" of tuhe!!, 
Ihereby tr:\Jlderrin~ the nllml)ers 
in or out of a "i\'('n reg-isLer. A 
"i mplifie>ci !lchematic ill us trating 
this arrangement is shown ill Fig. 
5. AIl~' 1X'lltode type thl\t will de­
li\'e r 150 ma pellk pll\te curn'nt will 
operate satisfactoril.v. At a Inwe> ,· 
rCI>etilion rate, howevcr, more 
turns of wire may be added to each 
core ane! cor resl>ondingly s mnlle r 
tubes rna)' be used, 

SystC!m s olDlilere nt PulsC! Rotc!s 

A second broad group of allPlica­
tions of the !ltatic magnetic. mem­
ory involve ill! U!I(' Ill! a tr:lII!lfe r 

mf'dium betwcen l< ~'!l t('ms of difT~r­
ellt puhle input and output l! 1)ct'ds. 
Thi " mean" tlmt the df'vicl' ullt' ratt·i 
,·.~sentiltlly a!! l\ ;<peed lrlln!lfurmcr. 
P ul;<(' inpu t i-\ peed!! o f the orlll: r of 
25 kc ill ;<om,' e:lse!': milcht be nf 
littlf' vnl\l(' if ou t put cou ld not be 
effected at :1 much slower s l'H.'ed . 1I~ 

for ex ampl(', to ol>l'raLe meehanical 
priulinK devi cc~ or lelegraphk in­
.~t "U/lH'11 t"'. T hl. .. function ('ombined 
w i lli iL~ lItori ng ability allows the 
('ou plin): of medi um-f rt.'<luency pulll­
in).! "Y~!I'm" to device!! of much 
lo\\".'r oper:ltillJ{ !>I>eeds ami vice 
,"erila . 

A ~yi-\tem emplo~'inll magnetic 
t:If)(> ( Fig, 6) illus trat('g the value 
of a li nking medium h ... tw{'('n s.,'g· 
t('m!l of different Jlulse mtf's. While 
recording on th(' tape a Jlul,,(' rate 
of 10 kc, for eXlIm l)h'. may be "cry 
desirable. yet ou tput to typewrit­
er!l, lIol('noid!l or relays is imprac­
lielll at thill III)('cd, However. this 
process can be mnde entirel)' feasi­
hl(' hy mel\ns of II rflpid input 
pu illctl into the stlltiC ma~n{'t.ie 

memory a nd puilled Ollt nt the de­
si red slowl'r s J)('ed . 

Con\'ersely the SRme is true: a 
relativ«]y slow in l>ut f rom punched 
cardll o r some mechanical source 
may be read out of t he 'static 
maKnetic mpmory at a higher speed 
UI)propril\te to mllgnetic r<'Cording 
011 tape. Wherever it is desirable 
to use a rcl:ili\'e>lr high input 
speed to tht' device while I I difff'r­
ent outpu t rate suitllble fo r n 
medlanieal operation is rccluired 
later, (or the rever!;e of th(>se con­
dition s) . this device can find many 
"ahll\ble applications. 

Uso as a Counter 

The> 1I1atir ma;.:'netic memory pro­
vides a means of accurately rcrord­
iUI{ 1)U I. .. e~ :It rilles Ull to 25,000 pe r 
!!ecl"lnd. In thi!! application the> de­
vief' employs no comillex vacuum­
tub« ci rt"uits, requires pow(' r only 
fo r ei rl'!l lation and none for storage 
of plllll('!\. :lnd impO!les no restr ic­
tion.~ he("a use of inherent rragilit~'. 

The unit may Ix> applied to counlinJ/" 
opcratioM rIInJ/"ing f rom those 
w~inj{ rnpid electronic puls ing 
mcchanillms to tho!le of lowe r s peed 
mllchin e operation!! . 

To be U!icd in Lhis mann!.'r thf' 
illalie mllgnetic memory uses li i-\ it!l 
input a sing le information PU];\I' . 
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Tht· lIumlwr' of all\'andll~ Jluls4::1 
that h::ave been :l.1I1,licd to the- de"!!:!.' 
ill dctermin('d from tht, core 1(It'a­
lioll o f the input 1I1I1 ... e. For .... x· 

•

PI;', hy u!lin}!' Ihrl~' unit .. hr ,n 
'('lI each :lIuJ pladllJo(" 0111' pub,' ill 

each IIn it, lh.· p il i ..... in rhe lir"t 1'111).:" 
of 10 will opl'J'at(· 11 S(,I'OlHI rill": tlf 

10, which ill tUl'n ('llll opt'ra!.!- 1111,\' 

other fnmil iar ('''1IIItinl{ dl'vjt,f'. An 
:l.rrnllKcmcut (, r thi .. sort i:i .'Il1owl1 
in Fig. 7, in which an inpllt of 
25,000 pulses I)('r !-Cl.'('und fed intll :\ 
!le ri e!'l of three unil'! o f 10 ('or{,!1 
(':wh OPNRtC:I n mcchanit'1I1 COli nt­
ing device at n rllte up to 25 pubes 
pt' f sceond. 

Use of the stntic magnetic 
memory for cou nting purposes al­
low8 1\ penk counting rate of 25,000 
pulses per second, in its prescnt 
form. Any configuration may be 
cycled continuously by the device, 
and at this speed ita value to decade 
counters , monitor ing operations, 
und pulse control application in 
generul is apparent. 

Changing In/ormation 

An nclditionnl application of th ill 
device lies in its ability to change 

,
e form o( input or output pu lses .. 
certain in stances, because of thc 

articular circuit condition!! in­
volved, it i!! highly de!'! irable (or 
(lperalion to be in either !!erial or 
pa rallel form. For exam pic, large-
8cale digital computers utilize input 
in formation in both a serial and 
parallel manner. FurthermMr, 
some means is necessary whereby 
the pa ralll'l output of a computer 
CAn be shifted to the se rial form 
requi red i( the information is to be 
r('Cordcd on mUgnetic tape. Hence 
the value of the device is its capa­
bility of changi ng input or output 
pulses from one form to lhe other. 

By conncctin~ Rating rircuil'l to 
every oth('r core thu t makes every 
pulse oblllinable throllgh thl' unit 
(F ig. SA) information may he in­
I roduCl'd nnd trRnamiUed in either 
.1 !'!e r iRI or parallel manner. 

A g-ating circuit for tllb purpO!ll' 
is shuwn ill Fig. BU. S ince each 
CO I'C can have an output of approxi. 
mlltcly 10 volts, sati s factory opera· 
tion of the circuit is accomplished 
by using a type GA S6 tube. By the 
addition of special winding!! to the 
cores of the device, the output volt­
age can easily be increased to' a 
magnitude of SO volts. This is 
su fficient voltage to bias and fire a 
typical 2021 thyratron in a rcason­
ably 8hort time, and lends to relay 
operlttion such ll!l that used in the 
Har vard multiplier previously men­
tioned. 

P,oduction 

A major problem in the manufac­
ture of this dcvice involved lhe de· 
velopment of spcciul technique~ ;Inc! 
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methods for handling, procel'!ling 
and controlling thr expellsh'c and 
f rAgile co re ml\terinl. For example, 
difficulty was encountered in main· 
ta ining proper cnrv:\ture in OCltll­
max strll>--'I O.OO l -inch thick. ~o that 
the essential hysteretic character 
of the malcrial would remain unal· 
teredo In addition, inherf'nt fragil. 
ity of the material necessitated 
painstak ing handling. For these 
rf'asons an almost shadowles!\ light­
in K bench was designed and built, 
at which spccinlized a8se mblers 
work in rotllting short per iod!l. 

Un it a!lsembly is simplified and 
made rapid by the design of indivi­
dual cores. A centrlll tubular rivet 
in the individual .. ,nit allowl' them 
to be lilacked about a central rod 
into lines of any feas ible length. 
rrom a small S-co re unit up to 84 
a.nd JOO core banks. Adaptation to 
the partit'ular ci rcuit requirements 
thlls has been anticipated, while 
case of interconnection is pro\'ided 
by meAns of s imple. jumper connec­
t ions between accessible !>old er 
terminals. The mllnufacturing de­
s ign also inco rporates the advant­
ages of plug-in unit constru ction, 
by the addition of Il 20-pin plu~·in 
hl\8e. 

The allUl0rs wish to acknowledge 
the valuable help lind co-ope ration 
given by Howard Aiken, Dirc<'tor 
of the Harvard Computation Labo r· 
atory, Harvard University, Cam­
bridge. Mass, 
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