
ELECTRICITY AND MA.GD'l'ISM. 

In treating such pMl'JOMJ\a as the tlaw ot ~lectricity'. a gelJ8ral law 

(Ohlll's Law) 1s used, 11'1 which. t.ba Mgn1t_ of the ref'tect is given u 

the ratio ot a driv1Dl taree d1v1ded b)' au oppoa1t100. taotcr d1.t'P62ld8nt 

upon tbe properties of the _d1_ 111 which the ActiM t,1I:k;e;r; [.lace. 

Blec~i"liIII 1'''~ 
Cvrent. • BiiIitiiC:i" .-

In treat1Dg _pet.1_. it 18 coaven1o:t torpurposel':l o.t caleul.at1cn, t..o 

regard the :regiQ'D. 11'1 vh1c~ a apt.1zed state exte~ Mi t~:Jb • .eat ot s.J. 

8pt1c f'loN. 'I'M ugJl8tic lines of :1nduct1cm. are the eloNd eircu1t6 

al.on£ which t.he tlov takee place. Mater1&l.1J ara tben ,clJ.t8r.;i.fied u good 

or bad mapt1c conductors according to the ease with which they are 

Mpt1zed. .. 
Haptic Flux 18 analogou to t'ltIII of current in elactricity. 'the unit 

of Jl&gDetic nux is tb.e Jll&XWell .. ~ magnetic li.r.!e of induction. 

Mapetlc lDdDcUon is det1Ded as the total .f"'lu% pel' unit areA aDd 18, 

tbereto:re" the tlux density the lIDit ot wh:lch is th.e GaUila. 

Maxwel..lB 

Maptc.otive. Force ru:r be regarded as the cause of magnetic flu. !be 

UD1t of aagnetalot1'9'8 fOl"Ce 18 the Gilbert. 
. 

Relucta.nce 11.1 the res1atance a bod;y otfen to being. magnetized and depends 

upon the constants of the circu1 t sim11ar to l"es1.et..anc. in the electrical 

circuit 0 It 18 direetq proport,10D&1 to the length a:nd 1nv'eneq propor­

tional. to the area and the permeability of the med11111l. Unit of reluctance 

18 tbe Oersted. 
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'WHERE ~ • Total Flux 
N • Total No. of turns 

trr L • Mean length of u~gnet1e lines 
U • Pe:nllaabili ty 
A • Area of croS8 section 

The equation of the "Law of t.he Magnetic C.1.rcuit lt s 

Ma.gn~t1c Flux • ~etoDlOt1Ye Fore!,. 
eluctance 

Another aildl.arlty between magnetic. and electrical circuits .i8 seen :in 

the ata tAd "Law of the Magnetic C1rcui 'i;.!111 ,1 

torce is one O1lbert, the reluctance 113 01.1.6 

MaEVet1~1ng Curve 

Ita piece of unmagnet1zed iron is plact.od ',n atield»hlch 1'I:.~:lbe\t4U"1£d 

that the induction B increases slowly .at r1rs't~ re:maL'ling nearly pro-

portional to the tield, then increase" rap.id ly interval 

of H, a.tt.er which a :further increaaeprodUCt'.!s 

changes .1n B. This curve showing valuea 

OD in figure one. 

FIGURE 1 
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The three parte of t.he curve are aceounted tor by AastUlling that, in the 

unmagnet1zed condition, the magnetic axis of' the molecular magnets are 

distributed ent1re~ at andOJl. Under the· action of a veak magnetic 

.field, these molecular Jllgnet8 are all sprung to a alight extent trom 

their init.ial pos1t.ions, giring a reault.ant component. in the direct-i,on 

of the applied . .field, amount or d1ft'el'lJlatlon being proportional to the 

field. With inereue in H, soma ot these ugnet1e c·:l.'\"!'"':u1ta aN brokan 

cba1na, thua giving a 80rt or spontaneous m!ll.g,nt~t1r,~t:llln~ As the eoodltion 

18 approached where all local groupe have br.okM ,af'ad mol(l!cules plaCif:i(~ 

in complete alignment, 8aturation 18 .et ,to t!4"iI'O bij:e'l\ ruched, III%lO further 

increa8es in field B produce only small cha.ng~~,:t in. induction • .. 
!Vetere8is Loop 

If after the. induct.ion baa been carried. to the point .mal."ked ... ,8 max. on .figure 

one, the magnetizing field 1. gradually decreasoo. the indi,ii,ct100 doea not 

attract the magnetization curve, but take. on values, for a given field, 

greater than thoe8 tor the magnetization curve; :;m.d whan H M8 b~el:l 

reduced to zero, an amount of induct10n ind1clVltoo by Br still perai4JUI. 

It a reverae tield 18 applied, the induction rapid13 falls, and wbeo a 

certain value, - Be, baa been reached, the resultant induction ie zero .. 

A. turther negative increase in field to -Ii max. gIves a 1'e'9'erse value ' 

or induction -B max. equal inmapltude to ... B max. W1t.h an incl"ease in 
• 

B to its ori,gi,nalpos1tive value "+H max.", B asSUllltlS valu.es shown by 

lover curve of figure one,symmetrlcal ldth respect to the origin ot the 

upper curve. 
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18 mom .. -lb"8'teNais-, &tid t..b.e corresponding curve u the !b:8!t:~~~ 

Curve. Br 1s called t.be ret.entirlty, and He, the coercive field. 

current. JIIIU..t flow. 'l"be electrical energy wr:di.ch 

the ring. 

The area of the loop divided by 4 gi'vefJ 'th0 ;Jr1el'"D lol$t. per cych~ 

per cubic centimeter or .terial. The s.bape I)f tbe loop ~'1es with 

the quality of the inm. 

Hard asteels 

Soft llteea 

indUCUOIl. 

R.eten=:!-vi tx 

H.:lgh 

. High 

Coero1ve It'oree !III 2 a ;ct\ii ....... __ 



INTRODUCTION: 

lZSSON :3 

BIMAO CH.l.RAC'l'ERISTICS 

The principle c1rcui 1; CompOllent ot INTERLOCIC Ho4el IV 

is the Bistable FerrOll&gnet,1c Corehere1n called BIMAG. '1'he 

principal. advantages of the B1mai component are its rect.a.ngul..ar 

bys't4riais loop, plV'sical :size and low power cOll8umption. 

PHYS1CALPROPER'l'IES, B1raag corea are nOl"Ul:b' toroidal in shape , with a 

clia:meter between 90 Itlla and one-halt !.nch, and 1IaiY be in 

either of two forms: 

1. Metall1c tape cores, which consist of strips ot 

_tall1c tape wrapped.around a bobbin which 111 

u.sua~ made of caraatc. 

2. Ferrite corea, made !rem a fine powder of magnstic 

materials that are pressed into eore shapes. 

MlGNETIC PROPERTIES s .. 

A. Magnet.ic C1.rOuita - H;rateresia Loop 8 

~ ¢.IO~~ ':3' L-. 
N Hz.\Z , 

Figure 1 

Where: i-Current 
N - I •• Turns 
~ - nux Generated 

..,. e. MJIVt.. 

_~/ 3 

I 
H - ----..-+-~' H_e ___ H 1" 

- ~4;1'~ 
Figure 2 

Where: B - Amp. 1'urns (HI) 
B - Flux/Un1 t Area 
B.f. - ONE State 
B- - ZERO S~te 

When a current 11 news through tdnd1ng 11- a nux ;.4& generated. 

4 plot ot 11 va. ~ will result in the h\1steres1lJ loop showi in 
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Figure 2. A, mortI general graph 18 obt&1Md if the axis of the hysteresis 

loop is changed !rOIl ¢ to S, (8 • ¢/A) and I to H, (li • NI), generallJr 

re terred to as the B-H curve, where B is nux dens! ty and H is the 

magnetizing force. 
• 

The points B1 and B2 are the points ot residual. magnetism. It t.he 

current was increased tram ZERO to Ii 'Value that c.iA.used saturation of the 

core, and then was reduced to zero, the state ot nux in the oore would 

be a.t one of t.hese points. A,ssume the core i8 in tho B2 state. Positive 

current will cause the st.ate of tho core .~ cha.ngetr= :82 to B,3, provided 

the current saturates the core with nux. It then the current 1s reduced 

to zero, the state of tho core w1.ll be at point 131- Paasing from point :52 

to B), to B1 is call.ed gOMPLE1! SWITCHING of the magnetic core. By deti.ni­

tion, the state ot the core, 'When at point El, is called the ONE state; 

when at point B2, it 18 called the ZERO state. 

Re terence i8 again made to Figure 2.' Assume the core is in the ZERO 

.tate (at point :82) _ It I is varied in the positive direction trom zoro to 

some small value and then nturned to zero, the core will return to t.he ZERO 

state. But there is some poi,nt a.t wb1.ch after 1ncrea8ing I in positive 

direction and then reduced to :Hro, t.he co.re will not return to tho ZERO 

state .. but will return to a point between 131 and B2' indicated by 136- The 

pOint on the B-H cur'Ve at whioh the eore will not return to this ZERO state 

tor 8Q1118 value or I, is termed the THRESHOLD Pam. The passing !rca point 

f 
B2 to B6 18 ca1l.ed PARTIAL SWITCHING of the magnetic eore. Since t.he 

b.Ysteresi8 loop i. s;y'lIIIQetric&l, the salle stat..ements are true or negative 

values ot I (with the core in the ONE state). 

It the core is at point 132 (the ZFJlO state) and. a negative magnetizing 

force is appl.1ed, the core w111 be driven into saturation to point B4 and 

will retUrn to B2 when the magnetizing torce is returned to ZERO.j' Flux is 

generated in gOing from B2 to Bu- This is termed core NOISE. 
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'I:. ' ..... Uc Core ... Bistable Device. 

The q.terea18 loop. IIlO.t de.irable for a core to operate as a 

good bistable device, is tbe rectangul.ar loop shwn in Figure .3a. The 

i'(ratereaia loop tor a Sws: core approacbl. t.b1. rectangular shape as 

shown in Figure 3b. the Square IVstensis Loop gives ma:x:1m.um voltage 

storage. Therefore a low 0:8 1-- / OB max ratiO most desirable. The Ideal 

ratiO be:S.ng 1:1. 

--f----t--+--- H 

8-
.. 

<a) (b) 

FIGURE .3 

C. Magnetio Cere Schematic Symbols. 

--@-
(a) (ll) 

FIGtJRE 4 

The core and windings of Figure ha may be represented by the achematic 

drawing or Figure 4b. The dot notations are used to 1ndicate LIKE POLA.RITl' 

of the windingl. The dot notation bas the following properties: 

-,,---,~ -- ---,----- --~ - -~.- -.-
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A comrentional current entering the NON-DOr ~rm1nal will sw1 tch 

t.he core from the ZERO state to the ONE state. 

(2) A. comrentional current entering the DOT tena1nal will switch the 

core !'rOIl the ONE state to the ZERO state. 

(.3) Switching the core trom the ZERO state t.o t.he O~'E state generates 

a nux tha.t will induce voltages in all other windings or the same 

core which will cause a current to nOlI into the dot terminal ot 

these windings. 

18: CURl'tENT OUT OF THE DOT IS CURREn' INTO THE DOT. - -
(L) SW1tcb.1ng the core !ram the ONE state to the ZE'.RO state generates 

a 1'lu:x that will induce voltages in other w.l.nd1ngs ot the .same core 

which will cause a current to now out of the dot term1nal or theae 

windings. 

18: CUR.RENT MO THE DOT IS C'ORR.ENT OUT OF THE DOT. - -
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TRANS}O'ER LOOPS 

SINGLE DIODl\~ TRANSFER LOOP 

The purpose of this circuit is to transfer the ONE state from core '1'-1 

to COl"'a '1'-2. Figure 5 shows the schematic diagram of a :single diode loop 

circuit. 

FIGURE 1 - SINGLE DIODE TRANSFER LOOP 

10010 - Core '1'-1 15 in the ONE state. (Figure 1) 

Core 1'-2 is in the ZE..tto state. 

LOGICAL OPERATION _r 
Current 10 enters the dot terminal of winding No. This current switches 

• 
core T ... 1 from too ONE state to tlle ZERO state and causes a transfer current 1 

in N1, which 18 a forward current for the diode. Current 1 enters the no~ot 

term1.na.l of winding N2 and switches core '1'-2 from tho ZERO state to the ONE 

state. 'rhus the ONE that was in core '1'-1 18 transferred to core '1'-2. This is 

called Uneondit~onal Transfer of information, 81noe the information in co.re '1'-1 

1s always transferred to core 1'-2 when the Circuit i.s operated as explained. 

The purpose of the diode is to prevent the 1088 ot into1"'Jl1ation stored in 

1'-2 by a current Io' ncrwing 1n 'Winding No that 1s opposite to current 10 " 
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. Other than this use tr..e diode o~ uses up voltage required. to drive N2-

LOGIC - Cord 1 ... 1 is in the ZERO state. (Figure 1) 

Core 1-2 is in the ONE state. 

Current 11 nova into the non-dot terminal ot N. 

IOOICAL OPr!RA.TION 

Current 11 woul.d sw1t.ch '1'-1 to the ONE state, producing a current 11 

that flOW'S into the dot winding ot N2, awitcb1ni T.2 to the ZERO statA, 

except for the high back realstancI ot the Cry8tal diode. This resistance 

l.1m1ts current i1 to a. value well below the threshold. current for winding N2, 

thus keeping '1'-2 in the ONE state_ 

FIGi1RE 2 .. SINGLE DIODE TRANSFER LOOP 

LOGIC - Core '1-1 is in the ZiRO state_ (figure 2) 

Core T-2 is in the ONE state. 

LOGICAL OPERATION 

Currant i2 switches COTe T-2 to the ZERO sta.te~ In sensing the core in the 

manner a transfer cu.rrcnt is produced in N2 in the same direction as i. This 

current 1 being in the correct direction so as to cause the diode to conduct would 
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leem to be the proper current to switch core '1'-1 ,to the ONE ~J'tat6 and thus 

transfer the ONE from '1'-2 to T-1. This however, 'Would be trllf18ferring in 

reverse as well a.s forward and this is not the desire of this type of circuit. 

Therefore, the output winding of a. core) Nl inth1s ease, is wound with mar:w 

turns. (approx1.mately 40 turns) and the input windir>.g of a core, Nl1n this case, 

is wOWld with fev turns (approximately 4 turns). 

This aocompllahestwo t.h1ngs ,the main of "Which 18 to prohibit the before 

mentioned condition. as tollows: 

(1) Since the turns ratio of N2/N1 18 8mall, the impedance ratio of 

Zl/Z2 is large and the eurrent induced in winding 12 due to current 

I2 is small, thus the current now (1) in 51 will not cOMplete~ 

switoh '1'-1. T-1 will be partiAlly switched from t.he ZERO state, 

and this partial aw1toh.1.ne is referred to as NOISE (Re tar to 

Lesson 1 - Magnetic Properties of BiJrags). 

(2) Since tew turns are used, more 8'W:1 tching current is required to 

provide .. he proper HI (ampere turns) to switch '1.'-2. '!'his is 

allowed for in design. 

NOTE : SWITCHING 

'1'-2 mu.st be completely switched before T-1 has completed switcrdng. 

However, after 1'-2 has been switched the current requ.iremen't presented to '1'-1 

by '1'-2 no longer exist.s. The load on '1'-1 is thus removed and. only the very 

low DC resistance of N2 is Been. This will draw more than 1 .. 2'8 share ot 

\ 1 \ 
I \ 

I 1- -- ~ta... 

~t t!;:-=~---
a - normal lOad 
b - tailout condition 

FIGURE 3 - SWITCHING 

driver current thus tald.ng sw1 'tching 

current awa:y from '1'-1. Due to the HI to 

Switching-Time relationship O'IGURE 3) 

TAILOt!,! will result. (Less .Ampere Turns • 

More Switching Time required}... 'l'h6 e1reui t 

is thus deSigned to allow for the extra tie 

to complete thesw1tching of T-l • 
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BIASED DIODE TRUlSF'ER LOOP 
r * 

The purpose of this circuit is to transfer ird'ormation from corEJ 1-1 to 

core 1'-2 on.ly when ~.nt12 nows. This is called qondttlonal Tr,!tnsf!!, 

of infor:ma. tion. l"IOum; 4 shows the schematic diagram of a Biased Di~ 'l'r:r.t.I\Sfer 

Loop, sometimes called 11 Split Winding 'l'ra.n.ster Lo?£!. 

FIGURE 4 - BIASED DIODE OR SPLIT WINDING TRANSFbR LOOP 

LCX1IC - Core T-l is in.t.he ZERO state. (Y.'IGURE 4) 

Core '1'-2 i8 in the ZERO state. 

Current 12 nows into N2 center-tap. 

IlYGlCAL OPERATION . 
Current 12 dividAss into 1a and lb. The impedance pa.th to ia and to 10 15 

equal, thua the ourrents are equal. (The i~danee of Nl in the path of j'a is 

balanced by a choke place in tt. path of ib equal to Nl.) Note that current 

1& nowing into the dot Wincu.n.g of Nl will ae. a low 1mpeds.nce since core T-1 

11.1 in the ZERO state. Thus core 1'-2 will remain in the ZERO state since the 

nux generated by eq'Wil and opposite currents, will canoel in core T-2 .. 

lA-:xlIC - Core T-l i5 in the ONE state. (FIGURE 4) 

Core '1'-2 1s in the ZERO state. 



:U.)GIGAL OPEHATIClN 
.... ~~-,--

Current ib will then override tr~ effect of' ia and swit.cb. core T-2 to the mrn.: 

Ii' s eurrerrt. 11 :should. flow int.o t.t.e dot tentd.:na.l of windiIJ.g No as eshown 

:tn. FIGURE 4 t!i4. Curr(llllt. 'Would be induced in winding Nl which w·ou.ld: t'low' lOut o.Z: 

state by :'"1 but. core '1'-2 will not be. switched. tJ:IU5 no traIU~fer of intOl""riUit.ion 

a conditional transfer c:Lreu1t is accomp1i~bad .. 
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circla. 

4) An input 

touch..tng the ctrcl€l .. A birllJ:t'y d,il?;tt at th~ end 01.' tl:,er inpu:t '~I, 4 II' 
,,I, ..... ,.1,,':\' 

the circle inttiea'tea the atat.e to which the IlltJL gXl.O ti. C CO:r6 1.l!i; brcmgh,t by 

'4 
tl'l;$ magnetic cor.e rm.u~t be brought, (frQ!.i1 the other 5t.ate) to produce tl1:1 .. :::~ 

output ... 

.. 
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KILL QVER....RIDE ~'TA.TE TO WHICH CORE 

INPUT ~ =~~=TO ~ ~Dma '. :~~(~-o~;-/oS~ - /C:;-:- INPUT 
DRIV"'...R f)- r I j · {' f. -'T ) ---" ----~ r r' i, ,i""'<:, .... " .. ,.-z... 

6 /~ ~" ~/ 
~~~~~ 'J' '--r- ,~ ~) '- -'" ii""~ 
C01llJl BE UBED :/ I 'r2 DIPtl'l POLARIT 

• 
ONLY THIS 'l'IWISFEa IJPU'l" 
CAN PRODUCE AN OUTPtl"l' 

7) A driver is represented by & large D with an arrow touching it to 

ind1eate the input, and a straight line leaving it, to indicate the 

output. 

8) Basic timing pul.le" are represented by the letter t, a subscript -
indicating the time of ocourence. 

9) An arrow on a 11ne indicates the direction ot the logical now along 

this line. 

• 
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• 
BASIC UXlICAL SYMBOLS FOR MAGNETIC CORES 

-------.-.-.--.. ~ 

.--,"-.. --.. ~ 

-~3?to(. -----~;,. 

-.-.-~ 

-,,~ 

---~ 

~;(--) 
"--.-/ 

Pula. (frcm driver or core). 

Direct Current. 

Pula. over-ride. 

D. C. over-ride. 

Logical switch for selection of one of 
several input sources. 

Logical sw1tc.h for selection of one of 
several output destinations. 

A square core. 

A core sw1 tched to the OHE state at 
~~. 
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A core sw1 tched to the ZEBO state at 
Time t 1• 

Preset. ot ccre !nt.o ONE state. This retera 
t.o 1n1 tial setting. Where the Q'lIIbol 1s 
not used, preset 18 understood to be Z&RO • 

.A. core produciDg transter 1t sw1 t.cheel trcm 
the OD to t.ba ZERO state at tu.s tl or 
t). 'l'h1.a 1s uncODd1 t10nal tran.ter • 

.A. core producing transter as above except 
~ at t.1.mI tl. Th1a 18 cond.1 tional 
transfer. (t.) puta cor. into ZERO state 
wi tbout producing transfer.) 

.A. core producing conditional trar.ster at 
tilne tl when SWitched from the ZERO to the 
ONE state. 
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NOMENCLATURE 

~--n 

t 
J 
l 
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Current Driver. 

Lower case t for buic clock drivers. 
Upper cue syrabols tor all other core 
pulse. or drivers. Subscr1pta 1nd1cate 
the time that a pullSe or driver occurs with 
respect to the basic clock driwrs. For 
exaq>le, a aampl1ng pulse ocouring at t~ 
tr JIIq be ca.lled ~. 

,..-~.-... , 
( ~:""" -"""). 37 ,._+_., 

1+7 
Or a driver which tire. a.t time t6 which 
is used to genera.te output may be called 
006 a 

Pulse goes to IIlOre than ODe place (arran 
at each point of divergence) • For example, 
a care with double output: . 

Inclus1 Vft - or - several pulae. go to one 
w1nd1ng (Triangle at point of convergence.) 
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Inclusive - or - several pulses to one 
winding at. the same t~. (Dot at point 
ot convergence.) 

Inclusive - or - several input v1nd1ngs which 
put core into the ONE state. 

EXAMPlES: OF INCLUSIVE OR, 
Ii ~'."" 

'l'wo cores producing'transter it either ar 
both are ew1tched tram ONE to ZERO at 1.2-
(OR c1rcu1 t) • Both cores must be read out 
at ... time. 

Same u above with both cores read ou.t at 
ditterent t1lMs. Designl ,are identical and 
one input winding is used. 
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TWo inputs of different c:i4Jsigna ORad on 
separate windings. 

Top core tranafer inhibited. by bottom core. 
Action occurs at t). 

DO'Qble inhibit (excl~"e-or). Action occurs 
at t2. ',' 

Cond.i tional inPut A at t2 overridden by 
cond1 t1on&l iDput B at t2. The d.ouble 
arrow 1nd:1cates greater strength. 

.. =------~-= ...... ~ .. ==---~--- .. ~~.-.. -....... ' .. ~'-.c~. = __ ,~=====_=c_=---
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Current clamp. Core held powert'ully in 
ZERO state tor long period of time. Thi8 
syJIbol indicates that the core cannot 
po88ibly IJV1teh while clamp exists. 
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The following circuit diagzoama and logical 8cbe_tics illustrate t.be buic 
rules. 

1. 'l'J"auter~ single diode tJ"&D8ter loop 18 shown in F1& ___ .. l __ 

A apl1 t w1nd1.DS trans!er loop i8 shown 111 Fig. 2 -
2. Fig. 3 shows a c1l'C\a1t 1D which an ~tput IIIIQ' be produced 'b7 a.rr.f of 

the tr&n8fer inputs a, b OJ" c. Note, that a connecting bar 18 not U8.d~ 

nGUII 1 SINGLE DIODi lOOP 

FIGURE 2 SPLIT WINDING lOOP 

nGmm 3 
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MAGNETIC SHIn REGISTER 

--{r:'&-~t--
°t------>i! ___ _ 

t~=~ ___ ._,_,_, .. _._ ...... ,., __ ~,.~. __ ,_ .. ~ ________ ... _._ 
FIGURE 1 .. MAGNETIC CORE SHIFT REGISTER 

LOGIC .. '1'-1 18 aet to the ONE state. (FIGURE 1) 

All other C0l"fJ8 al"e 1n the ZERO state. 

LOGICAL OPERAtION 

At tl core 1'-1 18 read to t.be ZERO 8tate giving an CNtput w:hiCh .. ts 1' .. 2 to 

t.he QNE atat.e, thus the ONE bit ot Woration is tl"anarerred. ,At t2 the ONE 1. 

t.ransterred to 1'-3 with ~ having no etfect on T-4 u it 18 1n the ZKRO state 

already. At the next t1 core 1'-1 18 lUlatfectecl, but the ONE 1n T-.3 1s trana.ferred 

to'1'-4. Thua the ONE that began 1n core 1'-1 baa 8h1tt.ed down the reg1ater until 

ita present position in T-4 • 

.---------.--------.-" ... -'''---~ .. -."''-~'' .. -.. "'-.---'"-" 

~)~I~1 
\, ()./ 

l--,-~-
I 

, NPu T 

Z. 

FIGURE 2 - MOD 2 MlGHBTIC COumR 

;. 7iA.' 4.4 , ; *-> $ 
_. & , .* .... 
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LOGIC - T-1 1s set to t.he OHi state. (FIGURE 2) 

All other CONS are 111 the ZERO state. 

lOOICAL OPERATION 

The caanter 1s the S8M in operation as the Magnetic Shirt. Register except • 

that the output of '1'-4 18 ted back to '1'-1 thus Nsetting '1'-1 at the sa. tiM an 

output 1s obtained traa '1'-4. This ukes a ccaplete and continuou8 loop not 

requiring art¥ external resetting untU all cores have been cleared tor a DeW 

initial start-up. Operating in this UIlJMtr every other t2W111 give an output 

thus d1v1d1Dg the input pulaed by two. rus is called a Hod 2 counter. A Hod 3 

coanter would have the 8 .. hoole-up but. using rix COnts to give an input. t.o output 

diVision ot three, thus a pattern ma;y be seen in this tor the arrangement ot cores 

tor specific COlUlter diV18iona. 

CYCLE DIS'l'RIBUTOR 

'l'his 1s a MagnetiC Counter vi th JIlOr8 tban one output. Such would be the cue 

if another output was taken ott core t-3 in FIGURE 2. 

mum 
The odd core or & counter are called IDLERS as it is onl;r used tor bit 

transrer. ThW!I tvo COX'eS are required tor ODe BIT transter. 

the use ot one dr1ver tor each core e11m1nat.es the idler corea as in 

FIGURE 3. 

nGURE 3 - SHI'FTER REGISTER WITHOUT IDIER CORES 



INCLUSIVE OR 

·bJ 
\ 8' 

~ T -l \ ~~. N'J. 
. c.: 
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!,---­'------_ .... 

FIGURE 1- INCLUSIVE OR 

LOGIC - CoresT-l, '1'-2 " '.l'-3 in the ZERO state. (FIGURE 1) 

A. t ~ t18, no ~ter input occurs. 

• 
lOGICAL OPERlTION 

Transfer CUl"Nnt ~ will eplit eve~ and T-3 Will remain in the ZERO .tate. 

Next, consider at tl t1aa transfer input a or b or both ocCUJ:'. Transfer current 

t2 will d1'rl&t, and n1tch '.l'-l·and!or. '.l'-2, thue cauaing an unbalance in loop Z, 

nth the large .. portion of the current entering the non-clot terminal of w1Dd:1ng N3. 

This will IIW1tch '1'-3 to the ONi state, ,lIhile '1'-1 and/or T-2 are beiDg nitched to 

the ZERO state. 

JOINT DENIAL -

Arter T-l i. set to the ONE state a 

t:J. input will transfer ~ ONE to 1'-2 

unless t3 or t4 or both occur t1rst 

which wCNld ld.ll the CD in 1'-1. 
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EXCLUSIVE OR -
• 

IN 

nGURB 2 - EXCLUSIVE OR 

LOGIC - Carea '1'-1, 1-2, ~3 " T-b are in the ZERO state. (nGURE 2) 

LOGICAL OPERATION 

IDpUt. ~ and b1 aw1tcb T-l and '1'-2 reapective:q- to the OB state. CUZTent ~ 

will apl1 t evenq since the 1mpedance paths are equal. If' cm:q &1 exiat.., the 

unbal.anced current w1ll 8W1tch '1'-3 to the OD state. It bl extsts l T::a, ~ lit! 
"' . M . .. ,. .. . , .. _ ... 7., , , "", . 4 &, !U . ; #~ . ¢ 4 $ ¥;" APi _. MCMQIiI4¥MMA ,~ _ . ...• 
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aw1tcbed to the ONE state. 'l'huI an OIltput is obtainlld tor a1 or h1 input, but not 

:1.t both inputs are prssent or if both inputs are absent. 

INHIBIT 

FIGURE 3 shovs the sche.tie and logical d.iagr~ of an INHIBIT circuit. The 

INHIBIT output is connected by a triangle to the output it inhibits. There is a 

tra.n.efer of information it an output trom T-l exists 10g1ca~ and it an output 

f'rQID 1'-2 does not eXist log1c~. 

'1'he inhibiting output 'lllAY'have &8 its sole :!\mction the inhibiting ot another 

output, or JIJJtf pertorm a transter action on another receiVing core c1epend.1ng upon 

the type of cirCuit. 

• 
FIGURE 3 - INHIBIT 

LOGIC - Core T-3 is in the ZERO state. (FIGURE 3) 

Transfer inputs &1 and hI set cores T .. l and T ... 2 to ONE state respectiYe~. 

LOGICAL OPERATION 

Current ~ will split evenly sincs the impedance paths are equal .. leaving T-3 

in the ZERO state. If tranater input &1 exists however, and hI does not, then the 

impedance path thru the dot winding ot'1'-3 and '1'-1 ia greater than the path thru the 

non-dot winding ot 1-3. The greater current .. there tore tlows thru the lower impedance 

path.l thus IN'itch:l.ng T-3 to the ONi state, tho CClllPleting a conditional tranater tor 

this c1rcu:1 t. 
4 . g;; 



Ttil,PUTS 

a b 

lBSSOfi 9 .. 

To analyze the logic of a circuit inVolving the output wind1.nga of several 

cores, it i_ corrvenien't to consider the notion of lopc .. l output of a carel When .. 

a core 1a mtched trom the non-transter state 1;0 the transter state, the transfer 
,. 

input 1_ alway_ aeSUMd 'to produce a logical O1ltput. 'l'be Yar10ws log1cal outputs 

of the difterent coree are m:1.Dd, and the eX1.8tence or abaence of a Waical output 

dependIJ upon the logical a1x1ng. This 1s 1llutratecl in Fig. ~ • 

IOOIcaL OPERATIONS 

J.ll logical operations can be apreaaed 1n terma of INCLUSIVE OR, AND, 

and INHIBrl 1\mctlona. '!'beae &I"e w.ar1zedin the tollow1ngtnth tablAtl 

TA.B1& I 

~~,.,.......,-----."...........-

.&NIl MATERlJ.L 
both EQUIVA.LENCE 

INHIBIT 
ao~ -----'"' --,--_ ............ ,."'., .... ,.,,' ... _"' ...... -....... ":.~ ... ....,. ........... -- -------+-------f--

INCUlSIVE OR' eLUSIVE OR 
a, b or both or b not. a 

o 0 o 

o 1 I 1 

lot 1 

o 
1 

1 

o 

o 

o 
1 

o 

0 1 1 

0 0 0 

0 0 0 

1 0 1 ~_L_ ! ..... _A ___ ~._....., ..... , _ _..., ______ ~ ....... _.A-.. _____ ....... ______ ..... _____ _ 

Symbols to represent thea.funct.ions have been eetabliahed and are described below. 

,. 
INCWSlVE OR--Tbe two logical outputs are joined at a .tunction marked b;y a small 

dot. (se. Fig. 4) 



, 
" 6 
,1 

1 

j 
I 
g 
,J 
I 

'1 
i 

• 

j 

I 
j 
'! 

1 , 

1 

J 
! 

INPUT W'ND'N~ 

Bt Ii A R)'----, 

ONLY -H~'S iRANSFER 
H~PUT CAN PRODlJCE 
AN OUTPUT 

OUTPUT 
WI~DING 

eel,) r~E CT I NGr 
~~\t1 " 

STATE TO WHiCH C()RE MUST 
BE SWtTCHEO TO PRODUCE .. 
AN OUTPUT 

STATE TO WHICH 
IT CAN SWITCH 
CORE 

OVERRIDING 
PULSE 



tQ 
+J N 

2' 
.....Q 

a. 0 -t- 0 
<! 0 
\- ...J a.. 

" 0 
"2! 0 - -' - 0 

LtJ 

d 
Q 

4::: 

0 
u..J 
(t') 

za: - 1.aJ 3: U-

-
(J) 

a 

t- z 
-<! 

LW 

W 

....Jcr 

(Y 

-.I 

e; .... 

a.. 
(!) 

LU 

Z 
a:: 

-(/) 

! 
--.J 

• 
(\j 

N 
+-' 

< 
lJ 

• 
~ 

<.!) 

0 
..J u.. 

C\J 
-0 

~ 
~ 

-d 

-d 



tr 
tu 
1-1\1 
z: ~ 
J 
0 
U 

-
~ -



-+> 

.... 

.:> 
Q. 
s­
:J 
o 

-1° ~-

<.!) 

2 o 
a. 

(!') 

2: -a.... 



N) a... 
C> 

~ 0 t!-./ ~ 
.. ..J 

-

-'. oE- •• ~4 

'2 

CC 

.. 
~l {\j 

z 

(J1 

,:-

~~I ~2 

,~ 

( I-

t\':' 
....... 

w 
0 
0 _ .. 
Q 

w 
-1 
(.!) 

2 (\J 

Z 
0 (.I') 

H 

. 
c.!) 
' ..... '--1-+ 
u.. 



, 

0... 
a 
0 
....J (\01 

0: 
2 

N W r-f u.. 
C/) 
z 
<{ 
a: 

UJ ..... 
~ 

(!) 0 
:.t: Z U -0 

Z -~ 
t--
....J 

N Q... 
rt. V) 0 

H 

~ - . H \J) 

u... 



" 

I I -- 0 
-'-

0 0 0 
-

% Wl,O I· -, 
-....Q 

~\ 



I 
:'0 
i 
I 

I 

-Z 

, 

.1 
I 

-....a ~~_ 
-r::1 

{ .. 

-
0 

Y-.Jl 

N 
2 

-
0 

0 -

N a:: 
+-> 0 

UJ 
> 
Cfl 
:::> 
.J 
U 
Z 

• 
(j) 

L.1... 



, 

-
0 ~ 0 N 

~ 

0 
• 

0 

-
-

cr 
o 

1LI 
> 
(/) 

3 
u 
x 
w 

N . 
\!) 

ll-



, 

._---,-. ---_.-- .. --. _~~._' __ =c;;;~--:-r-_=_ ~_ . _,'~'-'~"~-~ ~.----

}­

[) 

I 
2 

c-L H 
4> 


