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meteorological conditions. Diversity reception will prove
beneficial in reducing the effects of multipath trans-

mission.
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Summary—Magnetic cores of fairly rectangular hysteresis loop
material are used as a trigger device. Magnetic fluxes are used in-
stead of electrical currents to indicate the two stable positions of the
trigger. This paper shows how the magnetic flux level may be de-
tected without a mechanical motion. The construction and function-
ing of several types of such magnetic triggers are discussed.

[. INTRODUCTION

RIGGER CIRCUITS have been used extensively
T-iuring recent years in various electronic devices
Thev usually consist of a pair of vacuum tubes
connected in such a way that two stable states of the
system exist. The magnetic triggers to be described be-
utilizing the funda

low are a result “f research in

mental hysteretic properties of a ferromagnetic ma
terial as a trigger device.

Any magnetic material, casily saturated and having
fairly Lirge retentivity properties, can be considered as
a trigyer device by itself. Consider the hysteresis loop
shown o Fig. 1. When the material has been under the

Huence of a large positive magnetizing force, positive
e daal magnetism is retained, The material will remain

‘he point I. If it was last subjected to a negative

wnetizing foree, the material will remain in the state
Jd negative magnetization represented by the point 0
I'hese two states, I and 0, represent the two possible
stable conditions of the magnetic material. They can In
casily reversed by the application of a magnetizing
force ofssufficient amplitude in the opposing direction,
In contrast to the vacuum-tube trigger pair, the may
flux polarity, rather than the voltage level, e

While de voltages are
currents flowing in the

TTMAL
termines the two stable states
necessary ta maintain the d
vacuum-tube trigger pair, it is not necessary to have a
magnetizing force to maintain a fAux in the magneti
core material. Thus, a magnetic trigger should be able
to maintain the triggered position without the need of
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any power. The magnetizing pulse then takes the place

of the triggering pulse. It should be powerful enough to
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aiel 0 are stanonary

vurrent, 10 o= very dhifieult to sense the magnetn

pobarit v gnlessatas chormgmge Phos, the simple magnetu
trigeer will nor work staveealls ool means of diefes ting

the thax polarity are found,

. MaayieTtic Trigoer Pak

By the nature of the saturation phenomena of mag
petic materials, it is possible to determine the polarits
of the residual magnetism by applying a powertul
e netizing force. Assume that this magnetizing foree
is 11 the pegative direction (Fig. 1), Then, if the residual
piagtietism is at the point @, very little flux change re
sults When the magnetizing force is discontinued, the
tiagtetization returns to the point 0. H the residual
paenetism s at point £, a large change of flux results
alome the trace of the hysteresis loop dropping from [
to o dnd then returning from a to 0. During the sharp
devrease of flux, a large voltage is induced across the
coils linking the magnetic core. Then, no matter what
polarity the residual magnetism, eventually the mag-
netic sore returns to point 0, A large induced voltage
across the secondary coil indicates that the original
state was it point 1, while a very small induced voltage
indicates that the original state was at point 0.

A similar magnetic core is now used in addition. Let
s assume that it is at position 0. 11 the large induced
voltage from the first core is able to drive the second
core from its 0 position to I, the flux condition of the
fiest core s teansferred to the second core, This has been
demonstrated experimentally.! The connections are as
shown in Fig. 3. The hysteresis curve below each core
Feprescits its magnetie state. When both cores are at 0
position, the first magnetizing pulse, being negative,
vhiunees the flux of core number 1 very httle, so that
core nmber 1 produces very little linking current £33 to
change the flux of core number 2. Similarly, the appli-
cation of the second pulse will do the same. Cores num-
ber 1and number 2 expenience small loops oa and o'a’c’,
constituting a stable limit eyvele for each core. When
a 1 stored in core number 1, the application of the
first magnetizing force changes the flux from I to «,
from where it drops back to 0. This large change of

VAir Foree Contract W19.122.A0-24 Progress Report No. 2,
Harvard Comiputation Laboratory, sect IV, 8: Nov. 10, 1948
Progress Report Noo 4, Harvard Computation Luboratory, seet. V,
§; Mayv 10, 1948,

Wimg: Wagne

.-';(l's ey

duces sufticient voltage i~ ol Ny to produce
crent 42 which should b obde o drive core num-
Y irom 0 to .’:' (o A ‘I}I‘ 'Il'{l’fl'll'idl i‘ti'l.llll!-‘l 'Jf

the Uik cironit s

il dep da
LS X Riys + L : i)
dt dt di
Integrating this,
Nidgy - Nedgs = Kidt + Liig (2)

A= the fux of core number 1 changes from position 1
ta position 2, the flux of core number 2 changes feom
0 1ty b’ Ny and Ny shoold be equiad if thea g
metrical, The current 4is s always positive] ad so s Aitia

during this change. Tt is necessary that
Apy -+ Ao ionegative vidlie, (4

Uhis means thit the chaingee of flux from 1 to g should

alwiavs be greater than the change of flux trom @ o b
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Fig. 3 Muagnetie irigeer pair and itsoperation.

If it is possible to make core number 1 return from ¢ to
b to 1 by the application of the second magnetizing
pulse, the stored digit is kept there. This requires the
existence of a stable major hvsteresis loop with shight -
symmetry, which has been available. The aperation il
such a magnetic trigger pair is then stable.
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Fhe procedure is as follows (Fig. 6): Assunie first that
th Dre Is 1L treedd i the imr\:u"r\t' =|ii<'~ Ti:nl__n'r dt
thie position I T he magnetizing pulse changes the posi-

. tion from 4 to a: this canuses a large voltage across the

cotl and charges the capacity €. Then the magnetizing

to tlow " s discharged through the coil

prlse ceases

which offers very low mmdoctance because it is alreads

the direction of the current |1|:|ir1-_1 the

TRORT &

saturated in

dhischarge of the capia the circuint

| npwrration as

very hike o Jrett dlel resongm e of !r,. (‘. .llli[ z‘", where f\’ IS
hivh

r-_|||_1[ fiy /"\ & r'

amd Loovery low. The (0 of this parallel circuit is

\\fl.n |1 = |||',_:.|I. .!.|11‘£|1 1rge on I'i;u-c-.n_

Flux, \'-.;{I‘l,;t‘_ and current ‘»5\.11:(.' of the mllr;lt?-slru]\l:
magnetic trigger |fur::ng trigpering

igneiy

I igpers 029

denser C reversed without much damping

However, when the condenser discharges again, the dis

15 easily

chagging current flowing in the winding is in such a i
rection as to cause the flux of the core to change from 0
to I again. The coil offers a high inductance, the dis
charging rate is much slower, and the damping high
Il the values of R, C, and this inductance are such that
l!.‘ll‘nping i,» EIIJ\l'if 18] t‘llll(.:[_ the rnu:lrn-r[ Is CoOm
pletely discharged while the flux returns from 0 o |
again. This situation is very similar to a single-stroks

The polarity of the flux of the
1

clectrical trigger pair
core returns to the original condition automatica |
certain time after the first triggering. This interval is
determined by the discharging time of the condenses
In Fig. 7 are shown the change of Hux ¢ with time as the
magnetizing pulse i1s applied, the voltage across the
condenser 17, the current 75 through the cotl, and the

If originally the core is in the
i
i

nmagnetizing current gy
state 0, the magnetizing pulse does not change the tlux
by any appreciable amount. The coil essentially short
circuits the CR circuit. The. condenser is not charged
and everything remains the same as the magnetizing

The I'he

change for this case is shown as the last curve in Fig

pulse subsides output is very small Hux

\. ConcLusIoN

The above discussions show the general feasibility of
l‘llt'!l' 1s evenry !lr!-ﬂ-;.

bality that such a magnetic trigger can take the plive

usIing mapnetic cores as triggers

:;\|J1|i i
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digit can be delivered out or be transferred to another

vacuum-tube trigger pairs for some of their

tions. Binary digits can be stored in such units

core. The possibility of transferring binary digits from
core 1o core directly makes 1t possible to construct an
information delay line in which a series of binary digits
can be pushed along a series of such cores by magnetiz
ing pulses at any rate from a very low speed up to about
30 kilocveles per second. This has been described in
another paper.? Exact mathematical treatment of the
subject is still difficult in view of the highlv nonlinea

characteristic of the hysteresis loop of the core muaterial
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