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United States Patent Office 2,731,203 
Patented Jan. 17, 1956 

1 

2,731,203 
SATURABLE CORE CIRCUITS FOR COUNTING 

AND THE LIKE 

James G. Miles, Minneapolis, Minn., assignor, by mese 
assignments, to Sperry Rand Corporation, New York, 
N.Y., a corporation of Delaware 

Application May 24, 1951, Serial No. 227,962 
19 Claims. (C. 235-92) 

The present invention relates to magnetic core type 
circuits adapted for use in binary counting circuits and 
the like. 

Several magnetic arrangements are presently known 
for performing electrical functions such as counting, 
amplifying, controlling or triggering in computing ma 
chinery and control systems. One such device is dis 
closed in United States Patent No. 2,519,513 issued to 
R. L. Thompson. Patent No. 2,519,513 discloses a cir 
cuit in which an electrical counting operation, theretofore 
performed by vacuum tubes, is accomplished by means 
of saturable core reactors. The arrangement of that pat 
ent is chiefly concerned with apparatus generally consist 
ing of two sections each having two conditions of sta 
bility, the sections being cross-connected so as to pro 
vide an arrangement in which a change in the stability 
condition of one section will produce an opposite change 
in the stability condition of the other section. In this 
respect, the device disclosed in Patent No. 2,519,513 is 
a magnetic analogue of the well-known Eccles-Jordan flip 
flop circuit. The Eccles-Jordan circuit essentially com 
prises two triode vacuum amplifiers regeneratively con 
nected through resistors and condensers so that either one 
tube or the other tube is always conducting. The 
Thompson device may be said to resemble the Eccles 
Jordan flip-flop circuit insofar as it is also a two-sided 
circuit with cross feedback, having two stable states, the 
susceptance state of each side of the circuit being de 
termined by the state of the other side, and either one re 
actor section or the other "conducting' at any instant 
of stable operation. 
The present invention differs from the above and other 

devices previously known by reason of its greater sim 
plicity and economy of circuit elements and also in the 
manner of its operation. The present invention is char 
acterized, for example, by provision of a single-sided 
magnetic circuit with "relay action' in which the sta 
bility condition is self-determining according to an ar 
rangement by which a considerable amount of the output 
signal of each subsection, or stage, is positively fed back 
into the same stage. The use of the positive external 
feedback principle to obtain a plurality of conditions of 
stability is shown in United States Patent No. 2,027,312, 
issued to A. S. Fitzgerald. However, Patent 2,027,312 
does not suggest any means for providing triggering and 
counting properties such as those which form important 
features of the present invention. 
An advantage of the present invention is that it per 

mits the utilization of a single-sided magnetic flip-flop 
that permits utilization of the attendant advantages of 
such single-sided flip-flop. One advantage of employing 
single-sided flip-flops is that there is no requirement for 
approximately equal loads to optimize operational char 
acteristics as is required by balanced or Eccles-Jordan 
type flip-flops. 

Another advantage of the single-sided flip-flop is that 
it utilizes fewer core windings and circuit components 
than do balanced or Eccles-Jordan type flip-flops. Single 
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2 
sided flip-flops are therefore capable of significantly faster 
operation, which is yet another advantage in digital com 
puter applications. 
A distinguishing feature of the present invention is that 

the electrical condition of a magnetic amplifier may be 
caused to advance from one state of stability to the other 
by the application of unidirectional pulses to a trigger 
ringing circuit. 

It is therefore an object of this invention to provide a 
novel triggering circuit in a magnetic flip-flop circuit. 

It is a further object of this invention to provide a 
novel triggering circuit as described hereinafter, so con 
stituted that its application to a conventional magnetic 
flip-flop circuit produces a device capable of performing 
a binary counting operation. 

it is a further object of this invention to provide a 
magnetic flip-flop circuit in which the electrical equi 
librium is altered by a change in the degree of core sat 
uration of a magnetic element therein. 

It is another object of this invention to provide a binary 
counting circuit in which greater reliability is attained 
through the employment of saturable core reactors in 
place of conventional vacuum tubes. 

It is a further object of this invention to provide a 
binary counting circuit of the saturable reactor type 
utilizing fewer core windings than heretofore used. 

Another object of this invention is to provide a binary 
counting circuit capable of more rapid operation than 
hitherto possible. 

It is yet another object of this invention to provide a 
binary counter of single-sided circuit form in which either 
of two conditions of stability may obtain, such condi 
tion of stability being self-determined as hereinafter set 
forth. - 

A still further object of this invention is to provide 
a binary counting circuit in which the counter is ad 
vanced by means of a special trigger ringing circuit as de 
scribed below. 

Further objects and the entire scope of the invention 
will become further apparent in the following detailed 
description and in the appended claims. The accom 
panying drawings display the general construction and op 
erational principles of the invention; it is to be under 
stood, however, that said drawings are furnished only 
by Way of illustration and not in limitation thereof. 

In the drawings: 
Figure 1 is a circuit diagram of a preferred form or 

embodiment of this invention. 
Figure 1A is a circuit diagram of an alternative em 

bodiment of the invention shown in Figure 1. 
Figure 2 is a graphical representation of the relation 

ship between the magnetomotive forces present in a trig 
ger winding and an external feedback winding of a sat 
urable core reactor element in the counter. 

Figure 3 is a graphical representation of the wave 
forms present at certain specified points with reference to 
Figure 1. 
A preferred circuit embodying the various features of 

the present invention is shown in Figure 1. Figure 1 
shows two stages of a magnetic binary counter, the stages 
being designated as I and II by legend in Figure 1. 

Referring to Stage I, there is provided a toroidal core 
10 composed for example of spirally-wound molyb 
denum permalloy tape. On this core there is disposed a 
trigger ringing winding 12, a reactance winding 14 and a 
feedback winding 16. 
An input such as a pulse input is intended to be ap 

plied between a suitable ground connection and a termi 
nal 18. The input may, if desired, be provided with a 
resistance 19 connected from terminal 18 to ground. 
From terminal 18 the input pulse is applied to the trigger 
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winding 12 through a capacitance 20 connected in 
lead 22. 
The reactance winding 14 is connected over a line 24 

and through a decoupling capacitance 26 to a suitable 
source of alternating current power 28. The source 23 
will preferably be an R. F. source, as will be explained 
more fully hereinbelow. 
The feedback winding 16 is connected over leads 30 

and 32 (and other circuit elements to be described below) 
to the direct current terminals 34 and 36, respectively, of 
a full wave rectifying circuit designated generaliy as 38. 
The alternating current terminals 40 and 42 of the rec 
tifier 38 are connected between ground at terminai 42 
and at terminal 40 to a point in an alternating current 
circuit comprising the reactance coil 4 and power 
source 28. 
The circuit as thus far described may function with the 

single core 10 by providing in the D. C. circuit between 
rectifier 38 and feedback coil 6 a suitable R. F. choke to 
block the flow of R. F. currents in this circuit. Also 
the circuit comprising the trigger ringing coi! 2 may be 
provided with a suitable R. F. choke to block R. F. cur 
rents in that circuit. 
A representative circuit utilizing chokes is shown in 

Figure 1A. This circuit closely follows either one of 
stages I and II as shown in Figure 1. it will be noted 
that the power Source supplies alternating current through 
the capacitance 26 to the reactance winding 4. Con 
nected to the opposite end of winding 34 is the bridge 
rectifier 38. The feedback winding 16 is connected at 
one end thereof to one D. C. terminal of bridge 38 as is 
the case in Figure . However, the opposite end of 
feedback winding 16 instead of going to a coil on a corn 
panion Saturable reactor is connected to a suitable choke 
16' and from there proceeds to the second D. C. terminal 
of the bridge 38. Thus the alternating current which 
may be induced in the feedback winding 16 by trans 
former action from the reactance winding i4 is blocked in 
the feedback circuit. Similarly, whatever alternating 
currents which may be induced in the trigger winding 2 
by reason of transformer action are blocked by suitable 
choke 12. 

However, while chokes may be employed as mentioned 
in the immediately preceding paragraph, it is preferable, 
as shown in Figure 1, to employ a second toroidal core 
18A which is identical with core 6. About core 16A 
there are also provided windings 2A, 14A, and 6A 
which may be identical in all respects to the windings 2, 
14, and 6 on core 8. The function of core 10A and 
the windings thereabout is to effectively cancel objec 
tionable R. F. currents in the trigger ringing and feed 
back circuits and to thereby replace the previously men 
tioned chokes and with improved results. As indicated 
in Figure 1, the direction of winding of each of the respec 
tive trigger and feedback windings only corresponds on 
each of the cores so that the relationships of the 
M. M. F.'s produced by each of the trigger and feedback 
windings on each core will be the same. Reactance wind 
ings are wound in opposition to provide the above-men 
tioned decoupling of the control and feedback circuits 
from the A. C. power supply circuit, as is well known 
in the art. 

In addition to the use of two separate toroidal cores 
for cancelling out undesired alternating currents, there 
may be employed, for example, a single core of the fol 
lowing type: The core may be built up as by stacked 
laminations having two outer legs at the ends of the core 
with a third leg of considerable cross-section between the 
outer legs, this third leg being subdivided in its central 
portion to form two parallel sub-legs of reduced cross 
section. This type of core construction has been pie 
viously known in the art as for example in Patent 
2,027,312, referred to above. For use with the present 
invention, the two reactance windings will be each wound 
on one of the just-mentioned sub-legs and connected in 
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series but wound in opposite directions. The trigger 
winding may then be wound completely about the central 
third leg. The feedback winding is also wound about 
the third central leg. 

Those skilled in the art will understand from the fore 
going description that alternating current in the reactance 
winding 4 will produce a predetermined alternating flux 
in the core 0. Also, the connection of terminal 40 of 
the rectifier 38 in a lead 44 leading from winding 14A, 
which latter is in turn connected over lead 46 with wind 
ing 54, will cause a direct current of predetermined value 
to flow through the feedback windings 16 and 16A which 
windings are connected in series with the direct current 
terminals 34 and 36 of rectifier 38. The arrangement is 
such that, assuming the current in winding 14 to be sub 
ject to a flux in an intermediate amplitude, a change in 
the indictive reactance of coils 14 and 14A will cause a 
change in the R. F. voltage at terminal 40 of rectifier 38 
which will result in a change in direct current through 
coil 6 to alter the stability of the circuit in a manner 
to be described fully hereinbelow. As will become ap 
parent, the windings 16 and 16A are in "positive' feed 
back relationship with the trigger windings 12 and 12A 
respectively when the trigger windings are conducting a 
positive impulse. 

(Continuing to refer to stage I of Figure 1, the capaci 
tance 20 and the inductive reactance of winding 12 and 
return impedance 19 form a series resonant circuit which 
can be shock-excited, or caused to oscillate electrically, 
by the application of a single impulse of electric energy 
as at terminal 13 across the impedance 19 to ground. 
However, because of damping due in part to the ohmic re 
sistance of the winding 12, there can be but substan 
tially one positive and one negative surge of current. 
ihus by this arrangement there is provided a means 
whereby a succession of unidirectional input pulses such 
as counting pulses may produce critically damped ringing 
oscillations. As will be explained below, the just-men 
tioned surges of critically damped oscillating current 
through the winding 12 will contribute to altering the flux 
conditions within the core 10 (and the core 10A if em 
ployed) to cause the circuit to assume one of two condi 
tions of magnetic and electrical stability, that is, either 
relatively direct current saturation or relatively direct 
current non-saturation. Hereinbelow it will be assumed 
that two cores are employed. 
Assuming that suitable values of frequency and voltage 

are applied to render the circuit operable, alternating 
current from the power source 28 passes through the re 
actance windings and the rectifier, and unidirectional 
(rectified) pulsating current then exists in the feedback 
windings. The feedback current causes the cores to be 
partially saturated. This degree of saturation, and other 
magaetic and electric effects to be described hereinafter, 
may be best understood with reference to the graph in 
Figure 2. 
The graph in Figure 2 illustrates the relationship be 

tween the magnetomotive forces (M. M. F.'s) of the 
trigger windings and the feedback windings where the 
A. C. source voltage and frequency remain constant. The 
curve AKBMCDNEF forms a so-called S curve common 
to Saturable core devices having excessive regenerative 
feedback, as will be well understood by those skilled in the 
ast. The line B is vertically tangent to the upper knee 
of the S curve at point D, and the line CE is vertically 
tangent to the lower knee of the S curve at point C. The 
knees cf the S curve represent the limits of the unstabie 
region DC. 
The previously mentioned feedback current in the feed 

back wildings causes the cores to be partly saturated. It 
may be first assuried that the core is at a "lower' stable 
State of Saturation at stability residual point M of the 
curve in Figure 2. As an approach is made toward satu 
ration, as by adding saturating M. M. F. from the trigger 
ringing winding or any other means, the incremental per 
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meability, the effective inductance, and therefore the in 
ductive reactance of the reactance winding 14 and the 
feedback winding 16 decreases in a manner well under 
stood by those skilled in the art until a critical point C is 
reached. At this time the feedback current increases 5 
sharply to excite the core proportionately further towards 
saturation, and the feedback M. M. F. rises along the path 
CE and thence along EF, where inductance is at a low 
value and the feedback M. M. F. is sufficient to keep the 
core in a state of “upper" or saturated stability. The 
“upper” position of stability is somewhere along the line 
DEF, preferably at N. 
A lower or desaturated condition of stability will ob 

tain if by some means there is induced an M. M. F. tendi 
ing to partially cancel the feedback M. M. F. The cores 15 
will then become less saturated, feedback M. M. F. will 
decrease along the path FED in Figure 2 and the effective 
inductance and therefore reactance will increase until a 
critical point D is reached. From point D the feedback 
M. M. F. will fall off sharply along the line DB, thus 20 
going proportionately further into desaturation. The 
cores thereby stabilize at point M, the previously men 
tioned state of lower or desaturated stability at which 
the inductance is at a high value and the feedback M. M. 
F. is relatively small. 
The manner in which the ringing oscillations are em 

ployed to effect a change in the just-mentioned magnetic 
equilibrium will now be explained in detail: If the cores 
are in an upper or saturated condition of stability at N 
along the curve DF the M. M. F. produced by the positive 30 
surge of the ringing current will merely drive the cores 
further into saturation. The ringing M. M. F. is repre 
sented in Figure 2 by the curve extending through the 
points G and H, this curve being characterized by swings 
to one side and then the other of a vertical line passing 35 
substantially mid-way between the critical points C and 
D. The swings to points G and H exceed the points C and 
D, as indicated. 
While the positive surge including the point G will be 

ineffective in changing the state of the circuit, nevertheless, 40 
the negative surge passing through point H and therefore 
going below the point D will drive the cores into the 
lower or desaturated stability condition along the path 
NDBKBM. When the negative part of the trigger pulse 
is removed, lower stability will settle at M. If now an 
other positive input pulse is applied the positive surge 
including point G will exceed point C and will drive the 
cores into a saturated condition along the path MCEF. 
While a negative surge including the point H will follow 
the positive surge this negative surge will not operate to 
immediately force the circuit back into the lower condi 
tion of stability. The magnetic inertia of the system as 
it snaps into the region of upper stability along the path 
CEF prevents the rapidly following negative surge H. 
from forcing the cores back into the lower state. Cir 
cuits according to this invention have been built and op 
erated extensively and function in the manner set forth 
herein. 
From the foregoing description it will be clear that a 

so-called single-sided flip-flop is provided. While two 
cores 10 and 6A are employed in the preferred embodi 
ment, the device remains a single-sided flip-flop, inasmuch 
as the second core 10A is employed only for cancelling 
R. F. currents and is not interconnected with the first one 
i0 in any nanner resembling a circuit analogous to an 
Eccles-Jordan circuit, - 

While I have described my novel trigger ringing circuit 
as employed with a single-sided flip-flop stage according 
to the herein invention, it will be apparent that my trigger 
ringing circuit may also be employed to trigger two-sided 70 
flip-flop circuits as well. 
A preferred means of obtaining an output signal from 

the flip-flop stage may be by sampling the voltage appear 
ing across the alternating current terminals 40 and 42 of 
the rectifying circuit 38. The forward impedance of the 75 
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6 
rectifier is sufficient to load the flip-flop stage itself. The 
voltage wave form appearing across the rectifier terminals 
40 and 42 will be analogous to the wave form of an am 
plitude-modulated radio-frequency signal in that the volt 
age amplitude of this modulated alternating current wave 
form will be large when the flip-flop is in the upper region 
of stability and small when the flip-flop is in the lower 
region of stability. 
Wave forms resulting from the operation of the circuits 

as thus far described may be fully understood with refer 
ence to Figure 3. In Figure 3, various wave forms are in 
dicated in parts (a) through (h) of this figure, successive 
wave forms occurring at times to through t4. Positive input 
pulses applied to terminal 18 are represented in part (a) 
of Figure 3. Figure 3 part (b) represents the ringing 
oscillations which occur in windings 12 resulting from 
the application of the input pulses, and part (c) represents 
the modulated wave form of the alternating voltage ap 
pearing at terminal 40 of the rectifier 38. Still referring 
to Figure 3, parts (a), (b), and (c) serve to make clear 
that an input pulse applied in terminal 18 at time t1 will 
cause the wave form envelope to be of maximum amplitude 
until the occurrence of the next input pulse at time t2 
when the envelope will become reduced to small amplitude 
until the next input occurs at time t3 and so forth. 

Inasmuch as the signal sampled across terminals 40 
and 42 of rectifier 38 will be a modulated alternating volt 
age, a useful pulse output voltage may be readily obtained 
in the following manner: Continuing to refer to Figure 3 
and also referring to Figure 1, detection may be accom 
plished by connecting terminal 40 of rectifier 38 over a 
line 48 to a clipping section comprising resistance 50 con 
nected between line 48 and ground, a second resistance 52 
also connected to ground, and a crystal diode 54 connected 
between line 48 and the ungrounded end of resistance 52. 
The function of the clipping section is to transmit only 
the lower or negative portion of the wave form envelope, 
as represented in part (c) of Figure 3. The lower negative 
side of the envelope as illustrated in part (d) of Figure 3 
may then be demodulated by condenser 56 connected in 
parallel to ground with resistor 52. The action of capaci 
tor 56 will be to eliminate the alternating voltage to pro 
duce a square wave form as represented in part (e) of 
Figure 3. 
One use for the direct current output signal just de 

Scribed may be to generate a "carry" pulse to be used as 
an input pulse to a next succeeding flip-flop stage as in a 
binary counter. For this purpose a resistor-capacitor dif 
ferentiating circuit comprising resistance 53 and capacitor 
60 may be connected between the ungrounded side of 
capacitor 56 and ground as shown in Figure 1 to differ 
entiate the output square wave shown in parte of Figure 3, 
producing first a negative and then a positive pulse for each 
square wave cycle. The resulting negative and positive 
pulses are represented in part (f) of Figure 3. Since 
only one pulse is required for each counting cycle in a 
binary counting circuit the positive pulse may be chosen 
arbitrarily to be clipped by a crystal diode 62 connected, as 
shown in Figure 1, in parallel to ground with the resistor 
58. The remaining negative pulse as illustrated in part 
(g) of Figure 3 is the carry pulse from the counter stage. 
This carry pulse may be inverted and matched into the 
trigger ringing circuit of the counter stage by means of 
an impedance matching pulse transformer 64, as shown in 
Figure 1. The output of transformer 64 appears on line 
66, which may be termed the carry line and this wave 
form is represented in part (h) of Figure 3. 

Stage II of the counter may be in all respects identical 
with stage I, as shown in the drawings, and will in turn 
Serve to produce an output pulse on its output line desig 
nated 66 for every other input pulse received over line 66. 
From the foregoing and with particular reference to Figure 
3, it will be apparent that each stage will produce a single 
output pulse for every second input pulse and therefore 



7 
the stages as interconnected will perform as a binary 
counting circuit. 

Magnetic binary counters with supply frequencies of 1.0 
megacycle have been constructed and operated at rates as 
high as 60,000 counts per second and even this rate is not 
by any means a maximum rate. 

While those skilled in the art will understand that a 
great many combinations of values of the various corn 
ponents of the circuits herein above described may be em 
ployed, one representative set of values is inade in the 
following: 
Resistors: Ohms 

No. 9--------------------------------- 1000 
No. 59--------------------------------- 4700 
No. 52--------------------------------- 4700 
No. 58---------------------------------- 3300 

Windings: Turns 
No. 2.---------------------------------- 5) 
No. 14---------------------------------- 15 
No. 6---------------------------------- CO 

Capacitors: Microfalads 
No. 26-------------------------------- 0.02 
No. 26--------------------------------- 0.0 
No. 56--------------------------------- 0.00 
No. 68--------------------------------- 0.005 

Power source 23: 1 megacycle 
Toroidal cores.-The cores should have the smallest 

possible amount of core material in order that their mag 
netic state may be changed rapidly with only a smail 
amount of energy. Therefore, it is preferable that the 
cores of Figure 1 be made of a Sensitive magnetic material, 
as for example, '4-79' molybdenum perimalioy tape about 
/8 mill thick and about 342 inches wide. The tape may be 
insulated by a colloidai deposition applied by a cata 
phoresis method. Ten turns of the insulated tape may be 
spirally wound under tension on a ceramic mandrel to 
form a suitable core. 

It will be understood that the foregoing values and 
specifications are merely illustrative and it is not intended 
that the herein invention be inited to these values. Since 
other values and other embodiments of the invention wii 
become apparent to others upon reading this Specification, 
it is intended that he invention be innited only by the scope 
of the appended claims. 

I claim: 
1. In a device having a saturable core, a reactance 

winding and a feedback winding arranged on the core, 
means connected with the windings for Supplying electric 
current thereto so that the device has first and second 
critical states of flux saturation in the core beyond which 
the device will drive itself to first and second stable states, 
triggering means for shifting the circuit from either stable 
state to the other, the triggering means comprising a 
triggering winding Cn the core, the triggcr-winding being 
connected with a capacitance in a resonant circuit, and 
means for causing the flow of an oscillatory Surge of 
electric current through the triggering winding, the oscil 
lation being of sufficient magnitude to drive the core flux 
beyond either one of the critical states and into the op 
posite stabie state. 

2. In a device having a saturable core, a reactance 
winding and a feedback winding arranged on the core, 
means connected with the windings for supplying electric 
current thereto so that the device has first and second criti 
cal states of flux saturation in the core beyond which the 
device will drive itself to first and second stabie states, 
triggering means for shifting the circuit from either 
stable state to the other, the triggering means compris 
ing a triggering winding on the core, the trigger winding 
being connected with a capacitance in a resonant circuit, 
and means for causing the flow of an electric excitation 
current oscillation consisting of a current surge in a first 
direction followed by a current surge in a second direc 
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tion through the triggering winding, the surges being of 
sufficient magnitude to drive the core flux beyond either 
one of the critical states and into the opposite stable 
State. 

3. In a device having a saturable core, a reactance 
winding and a feedback winding arranged on the core, 
means connected with the windings for supplying elec 
tric current thereto so that the device has first and second 
critical states of flux saturation in the core beyond which 
the device will drive itself to first and second stable states, 
triggering means for shifting the circuit from either 
stable state to the other, the triggering means comprising 
a triggering winding on the core, the trigger winding 
being connected with a capacitance in a resonant circuit, 
and means for causing the flow of an electric excitation 
current oscillation consisting of a current surge in a 
first direction closely followed by a current surge in a 
Second direction through the triggering winding, the 
Surges being of sufficient magnitude to drive the core 
flux beyond either one of the critical states and into the 
opposite stable state. 

4. In a device having a saturable core, a reactance 
winding and a feedback winding arranged on the core, 
means connected with the windings for supplying elec 
tric current thereto so that the device has first and second 
critical states of flux saturation in the core beyond which 
the circuit will drive itself to first and second stable 
states, triggering means for shifting the device from 
either stable state to the other, the triggering means com 
prising a triggering winding on the core, the trigger 
winding being connected with a capacitance in a resonant 
circuit, and means for causing the flow cf an electric 
excitation current oscillation consisting of a current surge 
in a first direction closely followed by a current surge 
in a second direction through the triggering winding, the 
surges being of sufficient magnitude to drive the core 
flux beyond either one of the critical states and into 
opposite stable state, the time duration of the surges 
being sufficiently short relative to the shifting time of 
the circuit to prevent reshifting of the circuit in response 
to a surge immediately following the shifting surge. 

5. Apparatus as in claim 1 and further including 
means connected with the reactance winding for obtain 
ing a signal indicative of the stable state of the circuit 
at any given time. 

6. Apparatus as in claim 5 wherein the stable state 
indicating signal is an alternating current of one of two 
amplitude levels depending on the stable state at a given 
time, and wherein means are provided for clipping, 
demodulating and differentiating the indicating signal to 
derive a single carry pulse for every second excitation 
current oscillation in the trigger winding. 

7. Apparatus as in claim 1 and further including ineans 
interconnecting the reactance and feedback windings for 
obtaining a signal indicative of the stable state of the 
circuit at any given time. 

8. Apparatus as in claim 4 and further including means 
connected with the reactatnce winding for cbtaining a 
signal indicative of the stable state of the circuit at any 
given time. 

9. Apparatus as in claim 8 wherein the stable state 
indicating signal is an alternating current of one of two 
amplitude levels depending on the stable state at a given 
time, and wherein means are provided for clipping, 
demodulating and differentiating the indicating signal to 
derive a single carry pulse for every second excitation 
current oscillation in the trigger winding. 

10. Apparatus as in claim 4 and further 

se 

including 
means interconnecting the reactance and feedback wind 
ings for obtaining a signal indicative of the stable state 
of the circuit at any given time. 

11. Apparatus as in claim 10 wherein the means inter 
connecting the reactance and feedback windings com 
prises a rectifying circuit. 

12. Apparatus as in claim 7 wherein the means inter 
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connecting the reactance and feedback windings com 
prises a rectifying circuit. 

13. Apparatus as in claim 1 and further including 
means for applying only unidirectional excitation pulses 
to the resonant circuit. 

14. Apparatus as in claim 4 and further including 
means for applying only unidirectional excitation pulses 
to the resonant circuit. 

15. A binary counting circuit made up of intercon 
nected stages, each stage comprising a reactance wind 
ing and a feedback winding arranged on a saturable core, 
means connected with the windings for supplying elec 
tric current thereto so that the stage has first and second 
critical states of flux saturation in the core beyond which 
the circuit will drive itself to first and second stable 
states, triggering means for shifting the circuit from either 
stable state to the other, the triggering means compris 
ing a triggering winding on the core, the trigger winding 
being connected with a capacitance in a resonant circuit, 
means for causing the flow of an electric excitation cur 
rent oscillation consisting of a current surge in a first 
direction closely followed by a current surge in a second 
direction through the triggering winding, the surges being 
of sufficient magnitude to drive the core flux beyond one 
of the critical states, the time duration of the surges being 
sufficiently short relative to the shifting time of the cir 
cuit to prevent reshifting of the circuit in response to a 
Surge immediately following the shifting surge, means 
connected with the reactance winding for providing an 
alternating voltage envelope the amplitude of which in 
dicates the stable state of the stage, means comprising 
means for demodulating the voltage envelope to ob 
tain an indicating signal upon the occurrence of a transi 
tion of the stage, and means for interconnecting the 
just mentioned means of the first stage to the resonant 
circuit means of the next following stage to trigger said 
next stage in corresponding manner. 

16. A circuit as in claim 15 wherein the means for 
obtaining an indicating signal also comprises differentiat 
ing and clipping means for producing a single unidirec 
tional pulse for every second transition of the stage. 

17. In a saturable core device having first and second 
stable states, triggering means for shifting the device 
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from either stable state to the other, the triggering means 
comprising triggering winding means connected with 
capacitance means in a resonant circuit, the resonant cir 
cuit including parameters for damping same so that an 
excitation pulse applied thereto will cause substantially 
only a single oscillation in the triggering winding means. 

18. In a binary counting circuit made up of intercon 
nected stages of saturable core devices wherein each 
device has a reactance winding, an interconnected feed 
back winding and a damped resonant trigger winding 
circuit, means operatively connected with the reactance 
winding for obtaining an output in the form of an 
envelope of alternating voltage the amplitude of which 
indicates the stable state of the stage, and means for 
obtaining a carry pulse for operating the next stage, 
said carry pulse means comprising means to demodulate 
the alternating voltage envelope. 

19. A circuit as in claim 18 wherein the carry pulse 
means further comprises means for differentiating the 
wave form obtained by demodulation, and further com 
prises means for suppressing one of the differentiated 
pulses so as to provide a single carry pulse for every 
second transition of a stage. 
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