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- Eiled @ct. 30, 1@59, Ser, Ne. 849,776
8 Claims. (Cl 340-—174) |

- This invention relates to mangetic-core systéms_ of the
type wherein data is transferred by transferring the state
of magnetic remanence from one core to another. |

such systems whereby operating tolerances are broadened.
In an article entitled “A ngh—:apef.,d Logic System Us-
ing M agnetlc Flements and Connecting Wire Gnly,” by

H. D. Crane, in The Proceedings of the L.R.E., Voiume

47, pp. 63-73, January 1959, there is descnbed a shift

. register which employs maﬂnetm cores ior the bqs:,able-

state storage elements in the regisier. ‘These ceres are

of a type commonly. known as nmltl-apanure cores, in og -
shape and have
a large, central main aperture with at least two smaﬂer -
apertures in the arms of the toroid. One of these smaller -
apertures is known as the receive aperture and the other
- is krown as the transmit ap erture. - This shift reglstpr eX-
emplifies a type of device in which this invention is ap-

- plicable. ~The shift register operates by virtue of initially

that they are substantlaﬂy toroidal in

receiving data in binary form, which is represented by

‘certain ones of the cores.in the register by the state of
For readout or
delay purposes, the data in the shift register is shifted

the magnetic remanence of these cores.

B SYSTENMS
Douglas C. Engeibart, Pale Alto, Caill,, assignor to AP
Enc@rpﬂmieﬁ Ham.swrg, Pa., a corporation of New ;

More
particularly, this invention relates o improvements in

10 - .
- vision of a novel and improved arrangement for tramns-

- from cne magnetic core to a succeeding

15
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An obiect of this invention is to prowde an. arrange—-

- ment for optimizing the transfer characteristic between
o .._magnetic cores employf:d 111 apparatus of the type de-
'. .scnb...d |

Aﬁother ob;ect of *‘he pres ent invention is to prcmde an

arrangement in apparatus of the type described whereby

there is considerable design latitude, while maintaining

‘an optimum fransfer charactenstlc -between COres em-

ployed in the apparatus a
Yet another object of the present mventlon is Ithe pro-_

ferring flux and thereby the state of magnetic remanence
agnetlc core.
These and other objects of the invention are achieved

in a system of the type wherein it is desired to transfer

the state of nagﬂbtic remanence of a first magnetic core

~ to a second magnetic core by applying current to a trans-

~fer winding couplmg said first and second cores.

Add1-. |

~ tional magnetic material is provided which is IIldllCthBlY' :

25

30

through the register, in the course of which a core will

core, in order that succeeding core represent the blt of

-data stored in the transferring core.
The mechamcs of the transfer from one. cc}re to an-

other in a shift re gister, whereby the remanence flux

states are transferred, are clearly explained in the previ-

ousiy mentioned article.
aperture of one core is coupled to the receive apsrture

transfer its state of magnetic remanence to a succeeding :

coupled to. sald transfer Wmdmb. Said ~additional. mag-.

netic materml has the property that it is drwable 10 a

state of magnenc remanence before smd secmd core can:-; |
be driven to its state of magnetic remanence by the trans- "
fer cnrrent in ‘said transfer winding, Thﬂ addmonal mag- -

netic material effectively operates to remove flux sought
~ to be transferred from the first to the second cores. =
Thereby, an opti timum transfer charaoterls e 1s effectu- |

ated between the cores. : - )
The novel features that are . cens;ldered characterlstlc' |
of this invention are set forth with particularity in the -
appended claims.- The invention itself, both as to its or-
ganization and method of operation; as well as additional

-.objects and advantages thereof, will best be- understood
- from the folicwing descrlptzon When read in connechon._'

35

Wlth the accompanying drawings, in which: | e
FIGURE 1 shows an embodiment of the mventlon ap- .

. _ph fo a shlu, reglster employmg a multlaperture mag—._

of a succeeding core through a cicsed-loop wmdmg for

the purpese of securing the transfer of flux from the one
A transfer current is ap-
plied to the closed-loop winding for the purpose of se--

core to the succeeding core.

curing the transfer of flux from the one core to the suc-

ceelincr'ccire.._ This current has a value such. that if the .

one core is in its zero state of: magnetlc: remanence, the

current flowing in the transfer winding does not affect
~ the state of remanence of the succe ad;.ng core.
ever, if the one core is in a cne-state of magnetic rem-

Briefly, however, the transmit™ -+ =
40

FTGURE 2 18 a Qeries o-f curves sh::)wn to a&ord a

"-beﬁ‘tﬁr understanding of the invention; -

FIGURES 3, 4, and 5 show other embodlmems of thef

| mventmn and

45 B
"can empmy the enbodlme*lt of the invention, there- 18 -

- How-
50

anence, then the application of transfer current causes ZHER _ _ |
- iromi one core to g succeeding core.  The extension of the

flux to switch about the tramsmit aperture, inducing a
~voltage in the transfer winding whereby a large part of

the transfer current is steered through the receive aper

state of magnetic remanence.

- Tt will be appreciated from thu abw uriﬁf descriptiﬁj .-

of the transfer mechanism that a characteristic is Tequired
whereby for certain values of fransfer current below a

threshold value the succeedmg core be unaffected and
for values of transfer current above. a threshold value,
- the succeedmg core be dnven to its one-state of magnetic 1
This requires a flux transfer characteristic
which is somewhat dificult to achleve in practme, since -
it depeuds upon the interaction of a mumber of factors,
such as the transfer-current amplitude, duration, the re-
sistance of the transfer loop as well as its inductance, and
" also the peculiar dynamic switching characteristics of the
 magnetic material from which t‘le multi-aperture cores. -
free to manipulate these
factors to a point where an optimum trans*’er charamer—j

TCOIancnce,

One-is not always

istic ’betw-.,en. cca»res 1S obtamed

- sequence of cores to their clear state, there is provided a -
- clear-odd Wmdmg 26, which is Iﬂdu(',tﬂ‘yely Cﬂhple d to

© piloying mult* -aperture’ cores.
strued as a limitation upon the mventmn, smce it will

tion pmﬂrpsses

. include c:{}res i3 and 12,
60 register will include cores 13 and 14.
'__'_"_ccrea will have a main. apertue respeciwely RiM, MM

"FIGURES 6 and 7 ahow stlll other em'bOdimE’ltS of' |
ﬂns invention. |

- By way of ulustmtlon of a type of aﬁparatus Whlch’if

shown in FIGURE 1 two stages of a shift register em-~ -
This should not be con-

become apparent that the inventive concepts are apphca—-.}

ble to arrangements wherein it is desired to transfer flux

- principles to be described, to a shift register having any
-number of.- stages will become apparen‘i as thls explana..i_ |

ture of the succeeding core, therﬂby drwmn it to lta Oﬂe-—'--'-'557

‘In the magnetlc core shift register shown,

. there are two cores. required for s‘r‘ormg each binary blt'_-
. of data “The cores are numbered in sequence, respec-
tively 11, 12, 13, and 14. One stage of the register will

and the second stage of the
‘Each one of the

3M,’ and 14M, a receive .aperture, esp...ctwely HR

12’% 13R, and. 4R, and a trammrt aperture respectwely

31T, 22T, 13T, and MT -.
‘To reﬂtove all the cores E)earmg Gdd nunbers m the

all the aforesaid cores through their main ‘apertures. -

-_,.._Curn..nt appi!f—:d to the clear-odd winding serves the func- .
~tion of restoring all odd-numbered cores to theu* cleared,
_or zero, state.

A clear-even: wmdmg 221§ prowded

- which serv-ﬂs u;he same fhﬂﬁtloﬁ for all the even—numbered'-_'f.
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cores in the sequence ef cores in the shift reﬂlster The

clear-even winding 22 is coupled to all these even-num-

bered cores by their main apertures.

‘The transmit aperture of each core 1s eeupied to. the
receive aperture of a. succeeding core by means of a
transfer wmdmg The transfer windings for the arrange-

3,163,

“ment shown in FIGURE 1 respectively are numbered 24, -

26, 28. ‘Transfer winding 24 couples cores i1 and 12;

- transfer winding 26 couples cores 12 and 13; and trans:[er
winding 28 couples cores 13 and 14. In order to cause
an advance of data from the cores bearing odd numbers
to the cores bearing even numbers, current is applied

10

to the drive windings that are associated with the transfer
. succeeding core until after the extra core is saturated. If

‘windings which couple the odd-numbered to the even-
numbered cores. The means of applying this current may

be either direct, that is, by actually connecting a con-

15

ductor from a current source by means of a drive winding -

to the transfer winding between each of the -odd and

even cores, or in a preferred manner by inducing the

‘required transfer current in the transfer loop. The ar-
rangement shown in FIGURE 1 1s the one for applymg
transfer current by inducing it.

20

An advance-odd-to-even wmdmg 30 is threaded threugh
‘the transmit aperture 11T and then through the main -

- aperture, and back through the transmit: aperture once

- again. It then is passed through the receive aperture 12R

of the succeeding core, then through the main aperture

554

| A |

there will be current in the transfer winding only during
the time that flux linkages are being transmitted from the
transmit to the driven core. Assuming that each exira
core 41, 42, 43 has a very low switching threshold and is
initially saturated in the clear state, and is coupled to the
transfer winding in a manner so that any current in the
transfer winding which tends to drive the driven core

toward the set state, will also drive this additional core

toward its set state. The additional core thus will ab-
sorb most of the initial drive or flux linkages which are
sought to be transferred. This requires a relatively low
transfer-winding loop current, assumedly low enough so
that very littie -or no flux linkages are absorbed by the

flux linkages are still being injected into the transfer-wind-
ing loop after the extra core becomes saturated, then the
lcop current will increase to a limit (ideally) of twice the
current being applied to the advance winding. This in-
crease causes the succeeding core to swiich ever more
rapidly after it begins to switch, and thereby the loop

current will find an equilibrium value at which the driv-
ing and driven core are delivering and receiving, respec-
tively, flux linka

ages at the same rate. It must be assumed
that the ratio of the number of turns through the trans-

5 mif aperture of a core to the number of turns through

the receive aperture of the succeeding core 1s large enough

50 that the loss of flux from the transmitted flux linkage

‘back through the receiving aperture 12R, and t‘]ereafter___ |
‘to the transmit aperture of the next odd core in the

sequence. The advance-odd-to-even winding thus couples

a0

to the transmit and receive apertures of the respective

odd and even cores of all the cores employed in the shift

register. When a current is applied to the advance-odd-
to-even winding 30, it flows through the winding and, in
‘view of the transformer eeuphng with the transfer wind-
ing, induces a

-_the odd and even cores may be. effeetuated

An advance-even-to-odd winding 32 is also provided, -
‘and this couples to the transmit aperture 12T of the
‘even core 12 and the: receive aperture 13R of the odd

transfer current in the respeetwe transfer
‘windings 24, 26, 28, ‘whereby a transfer of ﬂux between

~ their clear state.

core 13 in the same manner as has been described for -
the coupling of the advance-odd-to-even winding 30 to
the apertures 11T, 12R of the respective odd and even -

cores 11 and 12. The advance-even-to-cdd winding in
‘this manner is- coupled to all the transmit and receive

apertures of the respective even and odd cores in the shift -

register.
even-to-odd winding, it induces: currents in the transfer

loops coupling the even and odd cores, Whereby a tran51er |

* of flux between the cores may be effectuated. |
. When advance current flows through the advance wmd—

Upon the application of a current to the advance- .

~ings of a core from which information is to be transferred,
flux will be -switched about:the transmit aperture only

- if the core were in the one state.
were-in the zero state, no flux would be

~e1ther and thus stays in the clear or zero state.-

- If the transmitting core had been in the one srafe the -
advance current would cause switching abouf its transmit

‘Otherwise, if the core
SV 1iehed 1n the
transmitting core, and no currents would be induced
-"thereby in the transfer winding loop. The receiving core, .
with no current in the transfer windings, will net swﬂeh

~aperture, and the transfer-winding current thereby in-

 duced, when flowing through the receive aperture of the
- receiving core, adds to the M.M.F. of the advance-winding

‘current there to cause switching of flux about the main-

aperture of the recemng core. It may thus be stated

that a transfer of flux has occurred or that a Lransfer of |

- a state of remanence has been effectuated. -

In accordance with this invention, exira. magnetm ma-

“terial in the form of small cores 41, 42, 43 are coupled in

 the coupling Ioops between two successive cores 11, i2,

.1_Lat10'1 of an advance winding, a

- are desir

leaves enough 1o set a SIgmﬁeant amount into the drwen-
COTC. :

It me“Ll be noted that the eleav-odd 'wmdmg 20 is also
inductively coupled to the magnetic cores 41 and 43 so

‘that when the odd-numbered cores in the sequence are

cleared these extra cores are also driven to their cleared
state. Similarly, the clear-even winding 22 is also coupled
to the aperture of exira core 42 so that when the even-
numbered cores in the register are driven to their clear
state the even-numbeired extra cores are also driven to
“'The operation of a shift register of the
type shown in FIGURE 1 requires that after each energi-
a clear winding is ener-
gized which elears the cores from which data has just been

transferred. Thereby, the extra cores are cleared as well.

or the purpose of making an ideal analysis of the bene-
fits obtained in accordance with. this invention and for
simplifying a consideration thereof, the effects of the
transfer-winding resistance and inductance upon-a trans-
fer operation should be neglected as well as the fact that
a driven core is being switched slowly during the time be-
fore the extra core saturates. Assume, further, that all
the volt eeeends of flux linkage (in the absence of the
extra cor 2) issuing from the drwmg core will be absorbed |
in the driven core. |

In a completely lossless transfer situation without an
extra core, there will be switched into a driven core an
amount of flux (¢pr=e received), which differs from that

switched at the transmitting aperture of the driving core
. ( qbr-t--n-qiw tr aeemltted) by a factor of

Nr
Ny -

R“‘(NR)W

i.ﬁ., S

- ‘This 1mehes a censtant value of “flux gain,” » which COdld o

not satisfy the. requirements of the digital technique here
being developed. If two different values of flux (i.e., flux
switched away from the reference saturation dlrec:tlon)'.
ed to be transmitted stably from one multi-aper-
ture core {0 a sec o“d multi-aperture core, then there miust

- exista peculiar ¢ Vs. op curve, for which there are exaet-

~ 13, 14. These small cores 41, 42, 43 are r‘uually saturated |

1n the clear state. of magnetic remanence: .
_mg-loop type of eouplme to the transfel eezl as shown,

With the float- - _
75

Iy two pom‘fs whe1e m:uty gain exists and Where

o
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is less than unity; i.e., the ratio of the change in received

flux divided by the chaﬂﬂe in the transnntted flux is less

than unity.

FIGURE 2 is a graph of the relatmnshm bﬂtween q.'aR |
and ¢ for the various cases to be discussed. The dotted
_The line 52 ilius-

line 5§ illustrates a unity-gain curve.
trates a lossless case, whare the ra‘uo

Ny

it is known that the ﬂux—gam characteristic must lie with

in the ordinate range of irom zero to saturation of a
driven core. - As a result, where a transmit-receive system
has the characteristics designated by the curve 52, there

occur when a driven core is at saturation, Thnis can be

considered so since the core would not long stay in a zero - ¥

state in view of the existence of small perturbations whl{:ﬂ
always cccur in a practical system. -1116 zero ﬂux .st_ate
is one of unstable equilibrium. - -

If a fixed loss is introduced into an o‘fhafmsb loss,-..esa?‘_ |
transmission system, a curve 54, such- as 1s shown in FIG-
URE 2, is obtained. Since Iess than zero flux can never 25

‘be transmitied or more than saturation flux can never be
‘received, the curve has the somewhat S shape shown.
- This is obtained by subt tracting from the receive fiux, rep-
~ resented by the lossiess case curve 52 an amount of ﬂuﬁ
hnhaﬂe |

I .

Ng
wiiere ¥o==

system by the extra core. Assuming a zero fiux state

1m|t1ale corresponding to the zerc point on the curvf:, any

positive perturbations can only succeed in moving the
state of the core into a leas-than-umty-ﬂam range of the

curve, which results in the flux level being forced back
'The
zero point on the curve is now one of stable ethbnum.'

toward zero during successive transfer operations.

Any initial state between the points zero, designated as a

and point-» on the abscissa, will result i in the less-than-
~ unity-gain characteristic existing in this range, forcing the
level down toward the stable zero flux state durmcr succes-
Point b is the value of the: ordi- =
nate at the crossover of the curves 5@ and - 54 between e

sive transier operations.

ZETro fJux and saturation.

Any initial state between the points 5 and ¢ wﬂl 11*14:

‘the more-than-unity-gain characteristic * VLPre‘ay the flux
- Ievel is forced up during successive transier operatloﬂs
- toward the upper equilibrium level, corresponding to

Nc¢c: which is that amount absorbed from the

recewmg core can be driven toward its-one state Tl_'us_f;;f )

 “critical value, in terms of flux, is Ne¢¢/Ni.- In a 131‘5-1‘3tlcal

10
is greater than unity. Smce it is not possible to transmit
‘less than zero fiux or to receive more than saturation ﬂux, |

curve. may be obtained is not always present.

situation where it is desired to use the multiaperture cores -
for transferring the state of remanence therebetween by =

flux transfer, the actual shape-of the curve for the system

depends upon the interaction of a number of factors, such |

as advanc...,-mrrent amphtude and duration, transfer wind-
~ing resistance and inductance, and the pF‘ClﬂlaI' dynamic*

switching characteristics of the magnetic materials from;-_'j:'
which the cores are made. Freedom to manipulate these

factors to the point where an optimum-shape fux-transfer

In accerd- |

- ance with this invention, the introduction of the extra mag-

20

netic material as embodled in FIGURE 1 in the form of

an extra core gives considerably more freedom in the
design of the other factors involved, so that. the increased -

‘would be only one stable point on the curve which would operational tolerances associated with a

1ore aptmmm :

~curve, exemphﬁed in FIGUR.;:, 2, can be reahzed

FIGURE 3 illustrates another arrangement n accoré—-:' |

‘ance with this invention whereby the exira core effectwely -
| Only two -
“cores; corresponding to an odd and even core of a system,
‘are shown to simplify the drawing and explanauon of the:
invention -without, h{}wevﬂr any reduction in the clarity

is molded into the muit*aperture Core: element

of the ezplanatleﬁ . Both cores have main apermres 61N,

‘620, a Teceive aperture 6IR, 62K, a transmlt aperti.re.

61T, 627, and an extra aperture 61E, 62E. The extra -

30

90

point ¢. Any negative perturbations of the system super-

imposed upon the level at pomt C. WO‘dld not alter i
ethbvium level condition of the sysiem. = -
An initial state correﬂponﬂm to point b wmﬂd nct ﬁ

“equilibrium. A positive perturbation would put the sys tem
into the gremer_—than_—u*nty -gain ra*lgy,'- driving the receiv- -
- 1ing core toward point c.

A negative perturbation would
pui the system

point b is one of unstable equhbrmm

‘to operate they must have the type of curve or character-
- As was described previously, in. the

- state, there is current induced in the transfer winding whm

p cxrcuhfes therem With a characteristic of thu tvpe repre- 70 |
~ sented by 52 in PIGUR_E, 2 the receiving core would be
driven partially toward its one state, reﬂardless of Wheu.mr- :

- or not the transmitting core was g a one state. fI{}v ever,

| Wlth the characteriqi.c 1epres ented by 54 i FICURE 2.
| cri_tzcal value

1 into a less-than-unity-gain range, whereby
the recerﬁnng core would go back toward pmnt a. Thus,

| case of a tramsfer.
. operation where the transmitting core is in the zero fux .

of the dmve must be e;{ceeded bﬂoie the |

aperture.
cleared to a state whereby when current fiows through the

- of the core <
sectional area of the magnetic material around the extra
- aperture ﬂenemlly will be smaller than the cross- sestloﬂal-i‘%;
“area of the material adj acent the receive aperture, but of

aperture and s surrounding ma‘fe 1al- serves e'«:acﬂy as

-does the auﬁ}_hary, or exira, core m thu ar angemeﬂt shown
m FIGURE 1. | | |

The transfer winding 64 is: mductwely coh'nled to the_ g

o tva*:tsmlt aperture of the core 61 and to the receive aper- - |
ture 62R of core 62

, as well as. to the exira aperture 62E
of that core. The clear winding 66 is inductively coupled
to the core 62 through both its main aperture and the extra
This assures that the extra aperture is always -

transfer Wmdmg, it will be driven toward. saturation: prior

. to the drive towards saturation of the remainder of the
40

core 62. Inthis manner, the exira magnetlc 1aterial sub-

“tracts or clips magnetic flux from the flux being applied

to the core 62, and the curve characteristic of the type -
represemed in FIGURE 2 by the curve 54 is obtained. -
No interaction between the flux around the extra aperture

* with that in the rest of the mulﬂaperture device is intended -
nor desired. The amount of additional magnetic mate-

1al I'qulii'Ed for the extra aperture w:ﬂ]s is determined by

o the amount of fiux it is desired to subtract from that avail-
- able for driving the core 62 to saturation. - -
‘material surrounding the receive aperture of the core has ‘"
a cmss—secuonal area on either side of the aperture at least -

equal to half the cross- semaﬂal area of the toro 1dal aﬁlmf_’-'.___;_
Vlﬁ‘iOLt an aperturu therein, while the cross- -

2 rela tive area which is:suitable for chpplng the dasn‘edj-;_;;
amount of flux linkages transmitt ed via ihe traﬁsfer 100pgﬁj_;;

- to the composite clipper-receiving core.
60

FIGURE 4 exemplifies another core str'ucture Wheraby -

the S-shaped flux transfer curve may be obtained.  In this .

S f-_-_EI‘lDOGIMEIlt of the invention, the necessity for an exira
~From actual operating experience with the mulhapur-, o

caperture in the cere is chmmated -The two cores 71, 72-}:‘}._:-
tur e core transfer systems, it has been found that in order

- as ‘before have a main. ayanum 7iM, 72M, a tramsmit

istic designated by reference numeral 54 in FIGURE 2. 65 transfer winding 74 is inductively coupled to both trans-
* mit and receive apertures 74T, 72R. _
- T8 18 mducﬁvely coupled to the tra_nsmlt and ‘main aper- .
tures 71T, 7iM in -the manner preweusly described in.

- FIGURE 1 ‘The clear. winding ’?8 s mauc‘twely caupled E

aperture 71T, 72T, aﬂd a receive aperture 7iR, TIR. Thei”f.;._-;

An advaﬁce wmdm'r

- to the receive apprture JZR and the I‘ﬂﬂln apermre '?EM_'. _
-_*":ofme core 72. | g e R

‘Assume that the cmss sectlonal areas Gf the two lecrs'-

8@ 82 assef:,las.ed wzlth the receive. aper:,ure ’721{ are each__—..
."'_:_:'la Uel than h-ﬂf 'the area. af the leﬂr %ﬂ af ahe temld Whlﬂh_'

‘The maﬂnetlc-'



of the flux in the cleared state.

“any flux need be switched about the main aperture of
the core 72. Since it is only the flux that is. switched
about the main aperture of core 72 that will be available
~to its output aperture 72T for future transmission to other . -

'FIGURE 1.

7 |
exemplifies the portion wherein there is no aneitwe Ior
example, one-third larger. Thus, if the area of ‘me leg

84 is A, then legs 68, &2 ma}f be each

2(1+K)

‘where K-——one—thlrd —the clipping fraetu)n " The amount

of the excess corresponds to that required for a saturation
flux reversal of, for emmple an exira core of the type

shown in FIGURE 1. Let the cleared state of ths core
84 be as shown, where the arrows indicate the direction

input aperture is saturated and the inner leg 82 of the

‘The outer leg 88 of the

3,188,854

10

input aperture has two ¢, less flux than the outer leg een— |

tributing to the total clockwise flux.

If any transfer current flows in the transfer wmdmﬂ -
‘in response to flux linkages being switched into the trans-

15

fer winding from the core 71, it will be found that an

put aperture, at relatively low - values of current before

multiaperture devices, the action of this local switching

about the input aperture is essentially equivalent to the
clipping or robbing action of the extra core shown in
In other words, the received flux can es-

amount of flux equal to ¢, can be switched about the in- ;'.'
20

sentially be interpreted in tbis case as only that compo-
nent of the flux which is switched in the outer leg of the

input aperture, which switches about the main aperture.

Because of the disparity between the switching thresheld
about the two apertures in question, it can be seen that,
as flux linkages are being delivered into the input of the

core 72, essentially no flux will switch about the main
~aperture until after Ngo, flux lmkages are dehvered

This, then, gives the desired action. |
In an application by this inventor for Magnetlc Logic

Device, Serial No. 791,995, filed February 9, 1959, and

“ment whereby. multlaperture core operatlons may be sim-
“ulated, employing cores having a single aperture.

- coupled to the transfer winding, where it will provide'a

now Patent No. 3 083,355, there is shown an arrange-

URE 5 shows an.embodiment of this invention a_pp-lied
to an arrangement of the type shown, described, and
claimed -in - that application.  The extra core may be
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- vance winding 112 has been coupled to the even or second -

core 102, it is coupled to the extra core 168 in a manner
to drive it to saturation.

ment.

‘may be employed in a shift register.
is of the type represented in FIGURE 1 and requires

FIGURE 1.

8

_URE_-'] for a transformer-driven transfer-winding arrange-
In FIGURE 6 there may be seen an odd multi-
aperture core 161 and an even multiaperture core 102,

which represent two of many identical core pairs which
This shift register

the same clear and advance windings as are shown in
- However, the transfer windings, represented
by transfer winding 164 in FIGURE 6, are directly driven.

This is accomplished by connecting the advancing wind-
‘ing 106 to the center of one side of the transfer winding

104 and from the center of the opposite side of the

transfer winding to the center of one side of the next
transfer winding to which the advancing drive is to be
applied. A direct-drive transfer-winding arrangement is

shown and explained in the previously’ mentioned article

by Crane.

- In accordance with this invention, an extra core 108
has the advance winding coupled thereto.
is driven to saturation by the same current that is applied
to the advancing ‘wmdm,,, to effectuate an advance.

wmdlng 110, which clears core 181, also clears core 108.

- In FIGURE 7 similar reference numerals are employed
for similar functlomng apparatus.
how the extra core is coupled to the advance wmdmg .
132, which is coupled to the cores 101 and 102 in the

same manner as shown in FIGURE 1. After the ad-

When an advance current flows

~ therethrough, the voltage induced in the transfer ‘winding
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transfer characteristic curve of the type shown in FIG-

“been described for FIGURE 1.

~curve for the system
~shown in FIGURE 3.

- auxiliary core e1rT, 627. -

URE 2.

ing a flux loss, the S-shaped flux transfer characteristic
is enhanced. The arrangement is
It includes two main toroidal
an-input auxiliary core 911, 921, an cuiput

cores 91, 92,

- inductively coupled to the main: apertures of the cores

- 91 and 92, as well as to the main apertures of the cores
Also coupled to the transfer winding in the

manner shown in FIGURE 1 is an extra core % The -

91T, 921.

It operates in exactly the same manner as has
By clipping or provid-

The transfer Wmdmn 4 1s
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-~ clear wzndmg 98 will not: enly clear the odd’ ceres (or

- the even cores, as the case may be) ‘but also will clear

" the extra core 96 and the input cores 92I associated with
the main core 2. When the advancmg winding 189 is

 energized, it induces a current in the transfer winding
" which, assuming the transmitting core 91 was saturated
“in the zero flux direction, is too sma]l to have ane
‘the state of remanence of the core 92.
core 21 was saturated in-the set or one state, then its =
- Hux would begin to smteh and thereby deliver flux link-

ECL 0‘1
Howeaver, if ti’*ﬁ"
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" ages into the transfer winding. The flux linkages thereby'
~ delivered would at first be absorbed by the exira core 26,
“and then, when this core is saturated eourterclgcl,.,_mqe.

| the remaining fiux linkages would be delivered to core 92. o
FIGURES 6 and 7 show still another embodlment of -

* the invention. = This is shown in. FIGURE 6 for a die

reetly drwen trar}sfer—wmm g ﬁrrangement and in FEG--

: ehppmn

from the extra core bemg driven opposes and reduces the
current flow for a time in the transfer winding. = Since
the effects of driving core 188 are over before the effects -
- of driving the transmit aperture 161T can terminate, the
‘exfra core 168 eueetwely serves to clip flux linkages at
~ iirst in the manner described prevmusly where the extra
~core is driven from the current in the transfer Wmdmg
instead of positively by the advance current. |
. The chpper core 108 can be as large in diameter as
- is desired, since the transfer-wmdmg current does not
affect its switching. Its cross-section of area is adjusted
* relative to the number of transfer-loop turns on the
- exira core to obtaln the desired amount of flux-linkage
It is also possible to use a single extra core |
- which is driven in the manner shown in FIGURES 6 and
7 to clip flux or inject negative flux linkages from more
than one transfer winding, assuming that all of these

transfer loops are being energized at the same time. This

15 what happens when a shlft is made from all odd to

one
extra core is coupled to all the transfer windings eouylmg .

all €ven cores or all evento all odd cores. Thus,

even—transmlt apertures:to odd-receive apertures and one

- extra core is coupled to all the transfer windings eeuplmg
- odd-transmit apertures to even-receive apertures, )
 There has accordingly been described and shown herem o
‘a nove] and useful arrangement whereby, employing the
~ extra magnetic material, either in the form of a separate
- toroidal core coupled.to a transfer winding -
of the core into which it is seueht to trmsfer the state
'_of remanence of a preeedmg core, a charactenstm for the .

- transfer operation- can be enhaneed which is desirable -
from  the standpoint of stablhty and reqmred manu- - |
'faemime tole rances. | -

, Or as a part

! clalm

1. In a system of the type wherem 1t is desired to trans- .
?-feJ. the-state of magnetic remanence of a ﬁrst core to'a

The extra core -

The
- transfer winding 104 is also coupled to the core 168, but
with a sense such that the flux linkages coupled to the -
transfer winding by the drive applied to core 108 opposes -
‘those flux linkages sought to be transferred via the trans-
‘fer winding. In other words, the polarity of the voltage -
~induced in the transfer Wmdlng from the extra core op-
poses the flow of current in the transfer wmdmg through
the receive aperture 102R of the core 182. The clear

FIGURE 7 shows

A
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second core by applying current to a transfer winding
coupling said first and second cores, the
comprising magnetic means coupled to said transfer
winding for retarding the drive of said second core by
current flowing in said transfer mndmg until said mag-
netic means has first been driven from one state of mag-
netic remanence to another state of magnetic remanence.

2. In a system of the type wherein it is desired to
{ransfer the state of magnetic remanence of a first mag-
netic core to a second magnetic core by applying current
to a transfer winding coupling said first and second cores

- the 1improvement comprising additional magnetic material
induciively coupled to said transfer winding, said addi-
tional magnetic material having two states of magnetic

remanence and having the property of being drivable

from one to the other state of magnetic remanence before

said second core can be driven to its state of magnetic
remanence by the current in said transfer winding.

3. In a system as recited in claim 2 wherein said

-additional magnetic material comprises a toroidal mag-
netic core inductively coupled to said transfer winding.

4. In a system as recited in claim 2 wherein said

second core has an input aperture through which said
transfer winding is threaded and said additicnal magnetic

material is included in said second core adjacent to the
etic material surrounding the input aperture in said .
second core, and another aperture in said additional
magnetic material through which said transfer winding is

mag

threaded.
5.In a system as recited in claim 2 whereln said sec

‘ond core has an input aperture through which said fr ans-

fer winding is threaded and said addifional magnetic
material is 1ncluded in said second core ad]acent to the
magnetic material surrounding the input aperture increas-

ing the area cross-sectional thereof by at least one-third.

6. A magnetic remanence transfer system including a
first and second magnetic core each having two states of
magnetic remanence and ‘being drivable from ‘one
the other thercof, means for driving said second mag-
netic core to the state of magnetic remanence of said
first magnetic core including a transfer winding induc-

tively coupled to said two -cores, means for applying

transfer current directly to said transfer winding, and

additional magnetic material having two states of mag-

netic remanence and being inductively coupled to said
transfer winding to be driven from one to the other

state of remanence when sald second core is driven t{o a

state of remanence by current threugh said transfer wind-
ing, said additional magnetic material
of being drivable to its state of

agnetic remanence

before said second magnetic core is driven to its state

to

improvement

&t
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of magnetlc remanence in response. to transfer currenrt in

said transfer winding.
7. A magnetic remanence transfer syste

mcluclm ga.

first and second magnetic core each having two states

of magnetic remanence and being drivable from one to
the other thereof, each ‘core being toroidal in shape and
having a main aperture, a transmit aperture, and a re- -

ceive aperture, a third toroidal core having a main aper-

ture, a closed-loop transfer winding threaded through said

first core transmit aperture, said second core receive aper-

ture and said third core main- aperture and means for
applying transfer current to said elosed-leop transfer -

winding for driving said seccnd core to the same state

of remanence as said first core; the sense of the transmit
winding threaded through said third core being such as
to di

ive it to a state of remanence when said second core
is driven to said state of remanence, said third core mate-

- rial being such as to enable its being driven to its state
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having the property
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of remanence in response to the n,ra,nsfer cm'rent before
sald second core is driven, -
8. A magnetic remanence transfer system meludmg a.

first and a second magnetic core each having two states

of magnetic remanence and being drivable from one to

the other thereof, each core bemg substantially toroidal

in shepe and having a main aperture, a transmit aperture,

a receive aperture, and an exira aperture spaced from - -
said receive aperture by magnetm material of said core.
which has a cross section which is larger than the cross
section of said megnetm material between said receive =
aperture and said main- aperture, a closed loop transfer
winding threaded through said transmit aperture, said -

extra aperture and said receive aperture, and means for
applying transfer current to said clesed—leep transfer

‘winding, said closed-loop - transfer winding being threaded

through said extra and receive apertures with a sense

swhereby in response to said transfer current the mag-
netic material about said extra aperture is driven to
remanence before the
.ceive e.perture 18 drwen

magnetic material about said re-
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