LESSON 2

MAGNETISM

ELECTRICITY AND MAGNETISMs

In treating such phenomena as the flow of elsctricity, a gensral law
(Ohm's Law) is used, in which the magnitude of ’tkm sffect iz given as
the ratio of a driving force divided by au oppositicn feotor dependeut
upon the properties of ths medium in which the actior fakes placs.
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Electromotive Forue
2818 Lam

Current =
In treating magnetism, it is convenient for purposes of celealation, ta
regard the region in which & magnetized slate exisls ss Lus ssab of &
magnetic flow., The magnetic linss of induction are the clossd cirecudits
along which the flow takes place, Materiale sra then ciassified aa good
or bad mn@atic\r conductors according to the ease with which they are
magnetized. | |
Magnetic Flux is analogouz to flow of current in elsctricity. ’Ji'h:uxﬂ.t

of magnetic flux is the maxwell ~ one magnetic Line of faduction,
Mapnetic Induction is defined as the total flux per unil arvea and is,
thersfore, the flux density the unit of which is the Gauss,

Maxwells
Causses = T Comtimeters

Mapnetamotive Force may be regarded as the cause of magnetic flux, The

undt of magnetomotive force is the Gilbert.

Reluctance is the resistance a body offers to being magnetized and depends
upon the constanis of the circuit similar to resistance in the electrical
circuit, It is directly proportional to the length and inversely propore
tional to the area and the permeability of the medium, Unit of reluctance
is the Oersted.
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THUS ¢ = i NI WHERE ¢ = Total Flux
L N = Total No. of turns
o L » Mean length of magnetic lines

U = Permoability
A » Area of cross section

The equation of the "Law of the Magnetic Circuit®:

Magnetic Flux = etomotive Force
eluctance

~ Another similarity between magnetics and electrical circults is seen in

the stated "Law of the Magnetic Circuit®s

If, in a magnetic circuit, the flux is ono mexwall whan the magnetomotive

force is one (Gilbert, the reluctance i3 ons Dursled.

Magnetizing Curve

If a piece of wmagnetized iron is placed 'n & Pield which may be varicd
at will, it i{s found, starting at H » 0 and gvadunlly increasing it,
that the induction B increases slowly at {irsi, remaining nearly pro-
portional to the field, then increases rapidly ailer % cartain interval
of H, after which a further increase produces only relatively small
changes in B. This curve showing values of irductioa Jor diffrent

magnetizing fields is called the"™Magnetizing Curve® and ia repressnted by

o) . + T e,
B in figure one wf"“”"wﬁw‘
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The three parts of the curve are accountaed for by assuming that, in the
unmagnetized condition, the magnetic axis of the molecular magnets are
distributed entirely at mndom. Under the action of a weak magnetic

field, these molecular magnets are all sprung to & slight extent [ronm
their initial positions, giving a resultant component in the direction

of the applied field, amount of differmation being proporticnal to the
field. With increase in H, some of theme maynctis cirnuits are brokes

up and new alignments are formed. As each local circuld breaks, beocoming
part of a chain, neighboring groups becoms wnztable, Lreak andi lorm other
chains, thus giving‘a sort of spontaneous mugnetizatioa. A8 the condition
is approached where all local groups have brokrn srnd molecules placec

in complete alignment, saturation is sel %o have bLHeen veached, and further
increases in field H produce only small changes in iﬁduétinn., ’

4
Hysteresis loop

If after the induction has been carried to the point marked B max. on figure
one, the magnetizing fleld is gradually decresassd, ithe induction does not
attract the magnetization curve, but takes on wvaluss, for 2 given field,
greater than thoes for the magnetization curvie; apd when ¥ has been

reduced to zerc, an amount of induction indicated by Br stlll persiets.

If a reverse field is applied, the inductlion rapidly fails, and when a
certain value, - Hc, has been reached, the resultant induction is zero.

A further negative increase in field to -H max. gives & reverse value .

of induction -B max. squal in magnitude to +B max. With an increase in

H to its original positive value “+H max.", B azssumes values shown by

lower curve of fipgure one, symmetrical with respect to the origin of the

upper curve.
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Thi'a tendency of any material to persist in a given magnetic state

i3 mown as "Hysteresis”, and the corresponding curve as the Hysiteresis
Curve. Br is called the retentivity, and Hc, the coercive fleld.

The area of the hysteresis loop is a measure ol the snergy congumed by
molecular friction in each cubic centimeter of material carried once
through a magnetic cycle. This loss is due to the fact thel, as the
current in the magnetizing coil is changed, producing cheoges of flax
in the ring, a counter EMF 13 inducad; agalngt which the megnetizing
current must flow. The electrical emergy which ithus disappoars is the
energy consumed by hystereasis and reappears in the form of heat wlthin
the ring. |

The area of the loop dividad by 4 glves the ensrgy lost per cyole
per cubic centimeter of ﬁterial. The shape of the loop vwaries with

the quality of the iron.

Retentivity Coersive Force
Hard steels High High
Soft steels High Xow
Swedish iron low | Lo

For a given material, the area of this loop depends on the limits of

induction.




’ 1ESSON 3
BIMAG CHARACTERISTICS

INTRODUCTION: The principle circuit component of INTERILOCK Model IV

43 the Bistable Ferromagnetic Core herein called EIMAG, The
principal advantages of the Bimag component are its rectangular

hysterisis loop, physical size and low power consumption,

PHYSICAL PROPERTIES: Bimag cores are normally toroidal in shape, with a

dismeter between 90 rdls and one-half inch, and may be in
either of two forms:
1. Metallic tape cares, which consist of strips of
metallic tape wrapped .around a bobbin which is
usually made of ceramic.
2, TFerrite cores, made from a fine powder of magnetic

materials that are pressed into core shapes.

MAGNETIC PROPERTIE3;: -

A. Magnetic Circuits - Hysteresis Loop B

;,_,,___/ é: /
= SIL
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' : =B men
Figure 1 Figure 2
Where: 4 - Current Where: H « Amp., Turns (NI)
N « No, Turns B = Flux/Unit Area
¢ - Flux Cenerated Bk - CNE State

Bew = ZERO State
When a current I; flows through winding Ny, a flux @ is generated.

A plot of I3 vs, f will result in the hysteresis loop showk in

L3
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Figure 2. A more gensral graph is obtained if the axis of the hysteresis
loop is changed from @ to B, (B ~ #/A) and I to H, (H = NI), generally
reforred to as the B«H curve, where B is flux density and H is the
magnetizing fores. .

The points By and Bp are the points of residual magnetism. If the
current was increased from ZERC to a value that caused saturation of the
cora, and then was reduced to zerc, the state of flux in the core would
be at one of these points, Assume the core is in the By state. Positive
current will cause the siate of the core to change frem B to By, provided
the current saturates the core with flux, If then the current is reduced

to zero, the state of the core will be al point By, Passing from point Bp
to By, to By 1s called COMPLETE SWITCHING of the magnetic core. By defind-

tion, the state of the core, when st point Bl’ iz called the ONE state;
when at point By, it is called the ZERO state. ,

Reference is again made to FMigure 2. Assume the core is in the ZERO
state (at point Bp). If I is varied in the positive direction from zerc to
some small value and then returned to zero, the core will return to the ZERO
state, But there is some point at which after increasing I in positive
direction and then reduced to zerc, the cors will not return to the ZERO
state, but will return to a peint between By and By, indicated by Bg. The
point on the B=H curve at which the core will not return to this ZERO stats
for same value of I, is termed the THRESHOLD POINT., The passing froam point

By to Bg 1s called PARTIAL SWITCHING of the magnetic core. Since the

hysteresis loop is symmetrical, the same statements are true of negative
values of I (with the core in the ONE ztate).

If the core is at point By (the ZERO state) and a negative magnetizing
force 1s applied, the core will be driven intc saturation to point Bh and
will return to By when the magnetizing force is returned to ZEEin Flux is

generated in geing from By to By. This is termed core NOISE.
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&

E@ Magnetic Core us a Bistable Device.

The hysteresis loop, most desirable for a core to cperate as a
good bistable device, is the foctangnlar loop shown in Figure 3a. The
hysteresis loop for a Bimag core approaches this rectangular shape as
shown in Figure 3b, The Square Hysteresis Loop gives maximum voltage
storage. Therefore a low OB #- / OB max ratio most desirable. The Ideal

ratio being 1l:l.
B

(a) (b)

FIGURE 3
Ce Magnetic Cere Schematic Symbols,

(a) (b)

FIGURE L

The core and windings of Figure La may be represented by the schematic
drawing of Figure Lb. The dot notations are used to indicate LIKE POLARITY

of the windings. The dot notation has the following propertles:

¥

[ R




(1)

(2)

(3)

(L)
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A conventional current entering the NON-DOT termdnal will switch

the core from the ZERO state to the ONE state,

A corventional current entering the DOT terminal will switch the
core from the ONE state to the ZERO state.

Switching the core from the ZERO state to the ONE state generates
a flux that will induce voltages in all other windings of the same
core which will cause a current to flow into the dot terminal of

these windings.
ie: CURRENT QUT OF THE DOT IS CURRENT INTO THE DOT.

Switching the core from the ONE state to the ZERDO state generates
a flux that will induce voltages in other windings of the same core

which will cause a current to flow ocut of the dot terminal of these

windings,
ie: CURRENT INTO THE DOT IS CURREM_O_UE OF THE DOT.
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TRANSFER LOOPS

SINGLE DIODE TRANSFER LOOP

The purpose of this circuit is to transfer the ONE state from core T-1
to core T=2, Figure 5 shows the schematic diagram of a singls diode loop
circult.

3@ f‘“’:j@é“ -

N,

Az

FIGURE 1 - SINGLE DIODE TRANSFER LOOP

10GIC - Core T-1 is in the ONE state. (Figure 1)
Core T~2 18 in the ZERO state.

IO0GICAL OPERATION

Current Io enters the dot terminal of winding No. This current switches
core T-;Irrom the ONE state to the ZERO state and causes a transfer current i
in Ny, which 1s a forward current for the diode. Current 1 enters the non=dot
terminal of winding No and switches core T2 from the ZERO stale to the ONE
state, Thus the ONE that was in core T-l is transferred to core T-2, This is

called Unconditional Transfer of information, since the information in core T-1

1s always transferred to core T-2 when the circudt is operated as explained.
The purpose of the dicde is to prevent the loss of information stored in
T-2 by a current I,' flowing in winding N, that is opposite to current I,.
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" Other than this use the diode only uses up voltage required to drive Nj.

LOGIC - Core Tel is in the 2ERO state. (Figure 1)
Core T-2 is in the ONE state.

Current I1 flows into the nonedot terminal of N,

10GICAL OPERATION

Current I would switch T-l to the ONE state, producing a current i;
that flows into the dot winding of No, switching T-2 to the ZERO siate,
except for the high back resistance of the crystal diode. This resistance
limits current i3 to a value well below the threshold current for winding Np,
thus keeping T2 in the ONE state.

FIGURE 2 « SINGLE DIODE TRANSFER LOOP

LOCGIC « Core T-l i3 in the ZBRO state. (Figure 2)
Core T-2 i3 in the ONE state,

Current 1p flows in winding Na.

LOGICAL OPERATION

Current iy switches core T2 to the ZERO state, In sensing the core in the
manner a transfer current is produced in No in the same direction as 4. This

current i1 being in the correct direction so as 1o causs the diode to conduct would

Ld
’f
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seem to be the proper current to switch core T-l to the ONE state and thus

transfer the ONE from T-2 to T-l, This however, would be transferring in

reversse as well as forward and this is not the desire of this type of circuit,

Therefore, the ocutput winding of a core, Ny in this case, is wound with marny

turns (approximately LO turns) and the input winding of a core, Ny in this case,

is wound with few turns (approximately L turns).

This accomplishes two things, the main of which is to prohibit the bvefore

mentioned condition, as follows:

(1) Since the turns ratioc of N,/Ny is =mall, ths impedance ratio of
/M1

2y/2Z is large and the current induced in winding N, due to current

I> 1= small, thus the current flow (1) in Ny will not completely

switch Tal.

T-l will be partially switched from the ZERO state,

and this partial switching is referred to as NOISE (Refer to

Lesson 1 - Magnstic Properties of Bimags).

(2) Since few twrns are used, more switching current is required to

provide &he proper NI (ampere turns) to switch T-2. This is

allowed for in design.

NOTE: SWITCHING

T«2 must be completely swilched before T-l1 has completed switching.

However, after T~2 has been switched the current requirement presented to T-l

by T-2 no longer exists,

The load on T-1l is thus removed and only the very

low DC resistance of Np is seen., This will draw more than T-2's share of

a - normal load
b - tailout condition

FIGURE 3 - SWITCHING

driver current thus taking switching
current away from T-l, Due to the NI to
Switching-Time relationship (FIGURE 3)
TAILOUT will result. (Less Ampere Turns -
More Switching Time required)., The circuit
is thus designed to allow for the extra tis

to complete the switching of Tl .




BIASED DIODE TRANSFER LOOP

The purpose of this circuit is to transfer information frum cors T-l to

core T=2 only when current i flows, This is called Conditional Transfer,

of information, FIGURE L shows the schematic diagram of a Biased Diode Transfer
Loop, sometimes called a Split Winding Transfer Loop.

"TFWfi

J
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FIGURE L - BIASED DIODE OR SPLIT WINDING TRANSFER LOOP

LOCIC « Core Tel is in the ZERO state. (FIGURE L)
Core Te2 is in the ZERO state.

Current Iy flows into Ny center-tap,

IOGICAL OPERATION

Current I, divides into i, and i,. The impedance path to i, and to i, is
" equal, thus the currents are equal. (The impedance of Ny in the path of i, is
balanced by a choke place in the path of i equal to Nj.) Note that current
1g flowing into the dot winding of Ny will see a low impcdaﬁce since core T-1
is 4in the ZERC state. Thus core T-2 will remain in the ZERC state since the

flux generated by equal and opposite currents, will cancel in core T-2.

LOGIC - Core T=l is in the ONE state, (FIGURE L)
Core T«2 is in the ZERO state,

Current I, flows into N, center-tap,




IOGICAL OPERATION

Current 1, flowing inte the dot terminal winding ol Ny will now see a
high impedsnce since it will switeh the stale of the core T-l, Due to this
higher impedance in the leg 1, is flowing in iy will be smaller than iy.
Current ip will then override the effect of iy and switch core T=2 to the CHE
state while i, is switching T-1 to the ZERO state., Thus the transier of
information from core Tl to core T2,

If a current iy should flow into the dot terminal of winding N, as shown
in FIGURE L & current would be induced in winding Ny which would flow out of

the dot, bul the back rssistance of diode 1 would llmdt the current flow o

well below the threshold value., KNote thatl core T-1 will be switched to the ZERD

state by 13 but core T-2 will not be switched, thus no transfer of Information
snd & conditional transfer circult is accomplisbed.

The advantage of the Blased Diode Transfer lLoop is the ability to be
CIEARED without Bit Transfer, It is used however, at times due to noise
problens vwhere a Singls Diode Loop could be used but wowld give troubls due to

arronecus read-cuts by the noise pulses,..
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LOGICAL SYMBOLE

BASIC RULES -w The reprasentation of EIMAG circuwdts is based on the following rules:

NOTES

1
2)

3)

L)

1)

2)

6)

In a logleal ddapram all coren and drivers are represented,

k magnetic core is represented by a circls,

The winding or windlngs around & magnetic cors belanging to the same
transfer loop are represented by & single steraisht lines ilmited to the
circla.

An input winding is indlcated by an arTow polnted toward the cirgle and
toucking the circle. A binary diglt et the end of the input line within
the circle indicates the state to which bthe magnstic cors is brought by
this input, If the fnput is a dee. input; the arrow is replaced by &
blocksdein itrianpgle.

An outpul winding 1s indicated by a lins touching the cirele with the

arrow pointed away from the cirele. & binery dipglt within the circle st

the beginning of the cutput line, indlcates the transfer stste to which
s &
the magnetic core must be brought, {(from the other state) to produce this

output,

An imput which brings the magnetlc core laote the transfer state, is callasd

& transfer irnput,

The transfer state of & magnetlie core may be ZERD for some cutputs, and

ONE for soms cother outputs,

If there is no speciel indication, any outpul may be produced by any

transfer inpul when the core is swilched from the non-transfer state to

the transfer state. If an oulput may be produced by only one of several
imputs, 4t must be connected by & connecting bar inside the circls to the

transfer input able to produce it.
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STATE TO WHICH CORE

KILL OVER-RIDE MyST BE SWITCHED T0 -
INPUT PRODUCE AN QUTPUT
T . OVER=RIDTNG
/ OUTPUT WINDING Y INPUT
- : PN
) mmp / e / /,/ 3 \\
DRIVER { ) g’,,?“rz “,
o " "\3\.
BIASED DIODE LOOP - § CORE 'rmurgg;m STATE TRANSFERRE
USED WHERE SINGLE ~-LOR IS DETERMINED BY
mrw"m BE USED TZ mm POIARIT

ONLY THIS TRANSFER INPUT
CAN PRODUCE AN OUTPUT

7) A driver is represented by & large D with an arrow touching it to
indicate the input, and a straight line leavingxit, to indicate the
output. -

8) Basic timing pulses are represented by the letter _t , a subscript
indicating the time of occurence,

9) An arrow on a line indicates the direction of the logical flow along
this line,
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BASIC LOGICAL SYMBOLS FOR MAGNETIC CORES

Pulse (from driver or core).

Direct Current.

Pulse over-ride,

D. c. er.ridOo

Logical switch for selection of one of

several input sources.

Logical switch for selection of one of
several output destinations,

A square core,

A core switched to the ONE state at
Tmtlo

e
Mok
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A core switched to the ZERO state at

Preset of core into ONE state. This refers
to initial setting. Where the symbol is
not used, preset is understood to be ZERO.

A core producing transfer if switched from
the OME to the ZERO state at times tj or
t3. This 1s unconditional transfer.

A core producing transfer as above except
only at time t1. This is conditional

transfer. (t3 puts core into ZERO state
without producing transfer.)

A core producing conditional transfer at

time t] when switched from the ZEROC to the
ONE state,




NOMENCLATURE

D |
Y
-

B
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Current Driver.

Lower case t for basic clock drivers,

Upper case symbols for all other core
pulses or drivers, Subscripts indicate

the time that a pulse or driver occurs with
respect to the basic clock drivers, For
example, a sampling pulse ocouring at time
t7 may be called S7t

Or a driver which fires at time t¢ which
is used to generate output may be callsd
GO6 s

f.,

Pulse goes to more than one place (arrows
at each point of divergence). For example,
a care with double output:

(o
NS4

N{ﬂ/ | L__“*

N

Inclusive = or - several pulses go to one
winding (Triangle at point of convergence.)
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Inclusive - or - several pulses to one
winding at the same time., (Dot at point
of convergence.,)

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

EXAMPIES: OF INCLUSIVE wO‘Rz
Two cores producing transfer if either or
both are switched from ONE to ZERO at ta.
(OR eircuit). Both cores must be read cut
at same time,

Same as above with both cores read out at
different times, Designs are identical and
one input winding is used.
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(o
AR
T Two inputs of different designs ORed on
separate windings,
//“‘« 7 N
] OL"""""W'»{/ )
0./ N

Top core transfer inhibited by bottom core,
Action occurs at t3.

'\
[0
-3
‘2z X Double inhibit (exclusjve-or). Action occurs
Ny at tz. l )
0™\ :
,/ o
‘\K “‘—!/
A [/ Conditional input A at to overridden by
=/ o conditional imput B at tp. The double

arrow indicates greater strength,

B-.
B-,

e
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Current clamp, Core held powerfully in
ZERO state for long period of time. This
symbol indicates that the core cannot
possibly switch while clamp exists,
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LOGICAL REPRESENTATION

The following circuit diagrams and logical schematics illustrate the basic
rules,

1, Transfer Loop--A single diode transfer loop is shown in Fig. _1 .
A split winding transfer loop is shown in Fig. 2 .

2 Fig.__3 shows a circult in which an output may be produced by any of
the transfer inputs a, b or c. Note, that a connecting bar is not used.

FIGURE 1 SINGLE DIODE LOOP

N v
A0

FIQGURE 2 SPLIT WINDING LOOP

c FIGURE 3 "




Page 2

MAGNETIC SHIFT RECISTER

\1
i'

FIGURE 1 - MAGNETIC CORE SHIFT REGISTER

LOGIC - T-1 is set to the ONE state. (FIGURE 1)
All other cores are in the ZERO state,

LOGICAL OPERATION

At t; core T-1 is read to the ZERO state giving an output t{hich sets T2 to
the ONE state, thus the ONE bit of information is transferred. At t, the ONE is
transferred to T-3 with to having no effect on T-ii a8 it 1s in the ZERO state
already. At the next ty core T-1 is unaffected, but the ONE in T-3 is transferred
to T-4, Thus the ONE that began in core T-1 has shifted down the register until

its present position in Tl

MAGNETIC COUNTER

N
— - A
o / INPUT
Z

FIGURE 2 - MOD 2 MAGNETIC COUNTER

rc.-




Page 3

100IC - T-1 is set to the ONE state. (FIGURE 2)
A1l other cores are in the ZERO state.

LOGICAL OPERATION

The counter is the same in operation as the Magnetic Shift Register éxcept s
that the output of T-k is fed back to T-1l thus resetting T-1 at the same time an
output is obtained from T-L. This makes a complete and continuous loop not
requiring any external resetting until all cores have been cleared for a new
initial start-up. Operating in this manner every othar t, will give an output
thus dividing the input pulsed by two. This is called a Mod 2 counter. A Mod 3
counter would have the same hook-up but using six cores to give an input to output
division of three, thus a pattern may be seen in this for the arrangement of cores

for specific counter divisions,

CYCLE DISTRIBUTOR

This is a Magnetic Counter with more than one output. Such would be the case
if another output was taken off core T-3 in FIGURE 2,

IDLER
The odd cores of a counter are called IDLERS as it is only used for bit
transfer. Thus two cores are required for one BIT transfer.
The use of one driver for each core eliminates the idler cores as in
FIGURE 3, | |

1‘& T{' e %f 3

FIGURE 3 - SHIFTER REGISTER WITHOUT IDIER CORES




COMBINATION OF LOGICAL OGTPUTS

tz ;
INCLUSIVE OR

Ybl ; <€~z,
L9489

! 7:3) = / /MM\\\ £

T

FIGURE 1 - INCLUSIVE CR

LOGIC - Cores T-1l, T-2 & T=3 in the ZERO state, (FIGURE 1)

At %y time, no transfer input occurs,

LOGICAL OPERATION

Transfer current t; will split evenly and T-3 will remain in the ZERC state.
Next, consider at ty time transfer input a or b or both occur. Transfer current
t, will divide, and switeh T-1 and/or T-2, thus causing an unbalance in loop Z,
with the larger portion of the current entering the non-dot terminal of winding N3.
This will switch T-3 to the ONE state, while T-1 and/or T-2 are being switched to
the ZERO state.

JOINT DENIAL -

€

After T-l is set to the ONE state a

\ o %y input will transfer the ONE to T2
& I

unless t3 or th or both occur first
which would kill the ONE in T-1,

4
t~ ta4 ks ﬁ
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EXCLUSIVE OR
/N E
e k m‘” I } I-*:
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FIGURE 2 - EXCLUSIVE OR

LOGIC - Cores T-1, T=2, T=3 & T-L are in the ZERC state. (FIGURE 2)

LOGICAL OPERATION

Inputs a) and by switch T-1 and T-2 respectively to the ONE state. Current t,

will split evenly since the impedance paths are equal. If only a; exists, the
unbalanced current will switch T-3 to the ONE state. If by exists, T.
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switched to the ONE state. Thus an output is obtained for aj or by input, but not

if both inputs are present or if both inputs are absent,

INHIBIT

FIGURE 3 shows the schematic and logical diagram of an INHIBIT circuit. The
INHIBIT output is connected by a triangle to the output it inhibits, There is a
transfer of information if an output from T-1l exists logically and if an output
from T-2 does not exist legically.

The inhibiting output may have as its sole function the inhibiting of another

output, or may perform a transfer action on another receiving core depending upon

the type of circuit,

— N
IARRS I 07'*2.?*——”
N
o1
2 )

FIGURE 3 - INHIBIT

1OGIC - Core T=3 is in the ZERO state. (FIGURE 3) o .
Transfer inputs aj and by set cores T-l and T-2 to ONE state respectively.

IOGICAL OPERATION

Current t, will split evenly since the impedance paths are equal, leaving T-3
in the ZERO state, If transfer input aj exists however, and by does not, then the
impedance path thru the dot winding of T-3 and T-1 is greater than the path thru the
non-dot winding of T-3, The greater current, therefore flows thru the lower impedance

paths thus switching T-3 to the ONE state, thus completing a conditional transfer for
this circuit, S Lo




TRUTH TABLES

To analyze the logic of a circuit invelving the output windings of several

cores, it is convenient to consider the notion of logical output of a core: When g

a core is switched from the non-transfer state to the transfer state, the transfer

input is always assumed to produce a logical output, The various loglical outputs

of the different cores are mixed, and the existence or absence of a physical output

depends upon the logical mixing, This is illustrated in Fig._ L .

LOGICAL OPERATIONS

and INHIBIT functions.

o

All logical operations can be expressed in terms of INCLUSIVE OR, AND,

These are summarized in the following truth table:

TABIE I
TNPUTS | " ouTPUTS

INCLUSIVE OR Exéiﬁé"ﬁ% OR| INMYBIT AND JONT TENTAL | MATERIAL
® ® s, borbotnfaorbnot af aomly both ne_Lasy 82 ° | EQUIVALENCE
o 0 0 0 0 0 1 1

o 1 1 1 0 0 0 0

1 o 1 1 1 0 0 0

1 1 1 0 0 1 0 1

Symbols to represent these functions have been established and are described below.

‘ ’ ‘
INCLUSIVE OR--=The two logical outputs are joined at a function marked by a small

dot.,

(300 Fiﬁo h)
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