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This invention relates to selection systems and more 
particularly to such systems in which particular outputs 
are selected according to which of several binary signals 
are fed to the input. The present invention is particularly 
applicable to selection systems having magnetic ampli 
fiers or transformers as components thereof. 

Selection systems of the general character hereinafter 
described have long been known. The prior art Systems, 
however, are purely switching systems which Select a 
given output according to a particular binary number 
fed to the input. The present invention not only per 
forms this result but has gain at the output as well, that 
is, the power appearing at the output is greater than that 
required at the input. Moreover, in the prior art there 
were certain disadvantages in that when a large number 
of cores were involved, the impedance to the input cur 
rents varied widely and consequently the device was un 
reliable. The present invention provides for regulation 
of these currents to improve the reliability. 
One object of this invention is to provide a magnetic 

selection system having gain. 
Another object of the invention is to provide a mag 

netic selection system with improved reliability. 
An additional object of the invention is to provide a 

magnetic selection system in which there is greater out 
put than has heretofore been practical with a given input. 

In carrying out the aforesaid objects, a plurality of 
magnetic amplifiers are provided, each with a plurality 
of input coils. The input coils are so connected with 
the inputs that particular cores are selected according 
to known principles. By virtue of the fact that magnetic 
amplifiers are employed in connection with each of said 
cores, the apparatus may be arranged to have gain. 
Moreover, a current regulating winding is provided in 
series with each input to prevent unreliable operation of 
the system. Other features of the invention will appear 
in conjunction with the detailed description which follows. 

In the drawings: - 
Figure 1 is a hysteresis loop for the core materials 

used for cores 12, 13, 14, and 15 of Figure 2. 
Figure 2 is a schematic diagram of a simplified form 

of the invention. 
Figure 3 is a timing diagram for the pulse generators 

of Figure 2. 
Figure 4 is a hysteresis loop used in explaining the 

operation of cores 30, 31, and 32 of Figure2. 
Figure 5 is a schematic diagram of a modified form of 

the system. 
. In Figure 2, there are two pulse generators PP-1 and 
PP-2 which produce square wave alternating currents 
timed as shown in Figure 3. There are two input 
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switches 10 and 11 which respectively represent the first 
and second address digits. There are four output cores 
12, 13, 14, and 15 which may be selected depending on 
the closure of switches 10 and 11. Switch 10 is in series 
with coils 16, 17, 18, and 19 respectively, on the cores 
12, 13, 14, and 15. Switch 11 is respectively in series 
with coils 20, 21, 22, and 23 respectively, on the cores 

70 

2 
12, 13, 14, and 15. A bias pulse wire 24 feeds coils 
25 and 26 on cores 12 and 15. The windings 16-19 in 
clusive, 20–23 inclusive, 25 and 26 produce magnetizing 
forces in the several cores in directions depending on the 
directions in which the coils are wound. Those coils 
marked -F produce a negative magnetizing force of 
substantially the magnitude shown by the arrow -F of 
Figure 1, while those coils accompanied by the legend 
--F produce positive magnetizing forces of approximately 
the magnitude shown by the arrow --F of Figure 1. If 
it be assumed at the start of the apparatus that all of 
the cores are at negative remanence -Br, it is clear that 
for any particular binary signals fed into the system by 
switches 10 and 11, only one of the four cores will be 
flipped to plus remanence --Br. For example, if both 
switches 10 and 11 remain open, the only core which has 
a positive magnetizing force thereon is core 15. This 
magnetizing force arises by virtue of pulses flowing from 
wire 24 through coil 26. Since no currents are flowing 
through switches 10 and 11, coils 16 to 19 inclusive, and 
20 to 23 inclusive, have no currents flowing therethrough. 
Coils 25 and 26 have currents flowing therethrough but 
coil 25 produces a negative magnetizing force, hence the 
only core subjected to a positive magnetizing force is 
core 15. It will then be flipped to positive remanence 
--Br (see Figure 1). If it next be assumed that all cores 
are returned to negative remanence -Br and then switch 
10 is closed while switch 11 remains open, the only core 
which will be flipped will be core 13. Core 12 will not 
be flipped, for although it has current flowing through 
coil 16 producing a positive magnetizing force, this is 
neutralized by the fact that the current flow through coil 
25 produces a negative magnetizing force. Coil 20 is 
idle. Core 14 will not be flipped since only coil 18 is 
energized and it produces a negative magnetizing force. 
Core 15 will remain at negative remanence, since coil 
23 is idle and the magnetizing forces of coils 19 and 26 
oppose each other. The current from switch 10 flowing 
through coil 17 will, however, flip core 13 to positive 
TeacCe. 

By similar reasoning, if switch 11 is closed and switch 
10 remains open, the only core receiving a positive mag 
netizing force will be core 14. 

If switches 10 and 11 are concurrently closed, the only 
core receiving a positive magnetizing force will be core 
12. In this case the two coils 17 and 21 on core 13 will 
have opposing magnetizing forces. The coils 18 and 22 
on core 14 also have opposite magnetizing forces. Core 
15 would have a net magnetizing force of -F since all 
three of its coils would be energized, hence it would re 
main at negative remanence. 

Figure 3 shows that the positive excursions of source 
PP-1 occur in the spaces between the positive excur 
sions of source PP-2. Hence, after each positive excur 
sion of source PP-1, one of the four cores i2 to 15 
inclusive, will be driven to positive remanence as here 
inabove described. During the next time interval, a 
positive excursion from source PP-2 will return the pre 
viously flipped core to negative remanence and insure 
that all of the other cores stand at negative remanence. 
Each positive excursion of source PP-2 is a resetting 
pulse that flows through coils 35 to 38 inclusive which 
apply negative magnetizing forces to the cores. Rec 
tifiers 39 to 42 inclusive, which are respectively in Series 
with said four coils, enable the device to have gain. In 
other words, if terminals A, B, C, and D are regarded as 
four output terminals, it is possible to produce greater 
power at these outputs than is fed into the input circuits 
10 and 11. Moreover, currents at the outputs A to D 
inclusive will indicate which of the four cores was flipped. 
The core which was previously flipped to positive rema 
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nence will cause the coil thereon to have high impedance 
to the next pulse from source PP-2 and hence the cur 
rent to the output (A to D inclusive) associated with 
that core will be rather small compared to the other out 
put currents. In the system described above, the am 
plifiers are series magnetic amplifiers, thus, during the 
positive portion of PP-2 all but one will have an output. 
If parallel magnetic amplifiers are used as shown in Fig 
ure 5, only one amplifier will have an output during the 
positive portion of PP-2. The power windings 35 to 38 
inclusive are connected in series. The output coils 43 
to 46 inclusive provide outputs at E to H inclusive. The 
Selected core is driven from negative remanence -Br to 
positive remanence --Br by the positive pulse of source 
PP-1. This would not normally produce an output at 
E to H inclusive, since the rectifiers 47 to 50 inclusive are 
in the Wrong direction to permit such. However, the 
next positive excursion of source PP-2 will provide a 
resetting pulse that will drive the selected core from 
positive remanence back to negative remanence and in 
duce a potential in the coil (43 to 46 as the case may be) 
associated with the selected core but not in any of the 
other coils. Hence a signal will only appear at one of 
the outputs E to H inclusive. Except as described in 
this paragraph, the system of Figure 5 operates the same 
as the one of Figure 2. 

Systems somewhat similar to the ones just described 
have been previously described but they are magnetic 
Switching systems only. In other words, they perform 
a switching function only without having the property of 
gain. By virtue of the rectifiers 39 to 42 inclusive and 
47 to 50 inclusive, in combination with the circuits shown, 
it is possible to produce gain so that the signals arriving 
at the several outputs A to H inclusive have greater 
power than those fed through switches 10 and 11. 
The reason that the diodes 39 to 42 and 47 to 50 en 

able the apparatus to have gain is as follows. Taking 
Figure 5, for example, if the diodes were not present, 
the coil 46 would be shunted directly across the load. 
Hence, any pulse passing through the primary winding 
of the core 15 could not flip the core unless it had enough 
power to overcome the effect of the short-circuited coil 
46. However, when the diode 50 is present, it effectively. 
isolates the load from the coil 46 during the period of 
time when pulses through the primary are flipping the 
core. Therefore, a pulse in the primary of the core 15 
may flip the core without also energizing the load. It 
follows that only a small amount of power is necessary 
to flip the core. Thus, the output signal resulting when 
source PP-2 resets the core has a large amount of power 
as compared to the input power which is required when 
the diode 50 is present; yet would be about equal to that 
which is required at the input when the diode 50 is not 
present. A similar explanation applies to Figure 2. 
The previous disclosures have carefully explained how 

the aforesaid systems may be expanded to have a large 
number of inputs and a very large number of cores, any 
one of which may be selected by closing particular input 
Switches such as 0 and 11. In the expanded form of 
this system, some of the bias windings, such as 25 and 
26, have two, three or four times the turns of other bias 
windings. Since the principle-upon which the present 
system may be expanded is well known, it will not be 
elaborated upon. However, when so expanded, a dif 
ficulty arises in that the input circuits have varying im 
pedances depending on the circumstances and as a result 
it is sometimes found that the current variations in one 
or more of the input circuits are so serious that the sys 
tem gives a false indication. This may be overcome by 
employing a current regulator in series with each input. 
One convenient form of current regulator is shown in 
Figure 2 wherein there are coils 27, 28, and 29 respec 
tively, in series with the inputs 10, 11, and 24 respec 

4. 
tively. These coils are respectively wound on cores 30 
to 32 inclusive. 

O 

15 

The battery 33 and resistor 34 cause a flow of current 
through coils 34a, 34b, and 34c which produce magnetiz 
ing forces in the cores 30, 31 and 32 in a negative direc 
tion so large as to drive the core very far into saturation 
region. Figure 4 illustrates this operation and shows 
that the bias current IB produced by the battery 33 to 
gether with the number of turns NE on coil 34a produces 
a negative magnetizing force driving the core into a highly 
negatively saturated region. 50 of the hysteresis loop. 
During its positive excursion, source PP-1 produces more 
voltage than is dropped across the amplifier set windings. 
Therefore, the current output of PP-1 will increase until 
limited by back voltages developed in regulator coils 27, 
28, and 29. These coils will not develop appreciable 
voltage until magnetizing force NIR (which derives from 
current produced by PP-1) reaches the knee of the 
hysteresis loop, point 51. The magnetizing force of coil 
27 is represented by a vector NR of Figure 4, where 
NR is the number of turns on coil 27 and I is the peak 
pulse current in coil 27. As the pulse current rises to 
the value ER the coil 27 has low back voltage since the 
core is being driven in a positive direction along the 
hysteresis loop from point 50 to point 51 in which region 
there is very little flux change. However, as the current 
IR tends to rise above a limiting value so that the vector 
NRIr, becomes longer, tending to drive the core more 
positively than point 51 on the hysteresis loop of Figure 

30 4, the back voltage developed in coil 27 begins to rise 
rapidly because of the large flux change occurring to the 
right of point 51. In fact, the coil 27 would exhibit a 
very high back voltage if the current in coil 27 tended 
to drive the core from point 51 to point 52 on the hys 
teresis loop. - - 

-The current in coil 27 may be represented by vector. I 
of Figure 4 and this current is limited to a value between 
A and B of Figure 4. Even though the impedances of 
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one or more of the coils 16 to 26 should change consider 
ably, the over-all current in each circuit will still be held 
Substantially constant by reason of the current regulator. 

claim to have invented: 
1. In a selection system for magnetic cores, a plural 

ity of magnetic cores, a plurality of series circuits each 
of which has a coil on each of said cores, a pulse genera 
tor for producing a train of regularly spaced pulses and 
feeding said pulses to said series circuits, an address input 
for each series circuit and having different operating states 
for Selectively controlling flow of said regularly spaced 
pulses from said generator through the series circuit to 
Select one of said cores to be flipped, a bias series cir 
cuit connected to said pulse generator and having coils 
on some of the cores energized by each of said pulses, 
the winding directions and numbers of turns on any given 
core being such that the core has a magnetizing force 
therein in one direction when the address inputs are in 
respective states calling for flipping of the given core, a 
power winding on each core, and means for passing pulses 
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through the power windings during the spaces between 
pulses of said generator for magnetizing the core in the 
other-direction. 

2. In a selection system as defined in claim 1, at least 
Some of the series circuits having current regulating 
means therein to control the amplitudes of the pulses therethrough. 

3. In a selection system as defined in claim 1, each 
series circuit having means therein for holding the maxi 
mum amplitudes of the pulses therethrough constant. 

'4. In a selection system for magnetic cores, a plurality 
of magnetic cores, a plurality of series circuits each of 
which has a coil on each of said cores, a pulse generator 
for producing a train of regularly spaced pulses and 
feeding the pulses to each series circuit, an address in 
put for each series circuit and having different operating 

75 states for selectively controlling flow of said regularly 
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spaced pulses from said generator through the series 
circuit to select one of said cores to be flipped, a bias 
series circuit connected to said pulse generator and having 
coils on some of the cores energized by each of said pulses, 
current regulating means in each series circuit for holding 
the peak pulse current in each circuit substantially con 
stant, the winding directions and number of turns on any 
given core being such that that core has a magnetizing 
force therein in one direction when the address inputs 
are in respective states calling for flipping of that given 
core, and means for applying pulses of magnetizing forces 
to the core in a second direction opposite to said one 
direction during the spaces between pulses of said gen 
erator. 

5. In a selection system for magnetic cores, a plurality 
of magnetic cores, a plurality of selectors, a plurality of 
series circuits controlled by said selectors, each series 
circuit having coils on a plurality of cores and each core 
having at least two coils thereon whereby the regions 
of the hysteresis loops on which the cores operate may 
be controlled by operating said selectors, a pulse genera 
tor connected to said series circuits so that its pulses 
are controlled by said selectors, and current regulating 
means in at least some of the series circuits for holding the 
peak pulse current in said circuits substantially constant. 

6. In a selection system for magnetic cores, a plurality 
of magnetic cores each having at least two coils thereon, 
means connecting said coils into groups of circuits with 
each circuit being separate from the others, means tend 
ing to pass regularly spaced pulses through each of said 
circuits, selecting means in said circuits for controlling 
the flow of pulses therethrough, a bias series circuit fed 
by said pulse generator and having coils on some of the 
cores, and current regulating means in each of said cir 
cuits for holding the peak pulse current of the circuit sub 
stantially constant. 

7. In a selection system for magnetic cores, a plurality 
of magnetic cores, a plurality of series circuits each of 
which has a coil on each of said cores, a pulse generator 
for producing a train of regularly spaced pulses and 
feeding the pulses to said series circuits, an address input 
for each series circuit and having different operating states 
for selectively controlling flow of said regularly spaced 
pulses from said generator through the series circuit to 
select one of said cores to be flipped, a bias series circuit 
connected to said pulse generator and having coils on 
some of the cores energized by each of said pulses, the 
winding directions and numbers of turns on any given 
core being such that the core has a magnetizing force 
therein in one direction when the address inputs are in 
respective states calling for flipping of that given core, 
a power winding on each core, means for passing pulses 
through the power windings in a direction opposite 
said one direction during the spacing between pulses of 
said generator, and an output winding on each core. 

8. In a selection system as defined in claim 7, means 
having a rectifier in series with each output winding. 

9. A selection system as defined in claim 1 in which the 
last named means includes a unilateral conducting ele 
ment disposed in series with the respective power windings 
wound on each core. 

10. A selection system as defined in claim 4 in which 
the last named means includes each of the following as 
sociated with each core, a coil on the core, a rectifier, 
and an output, said coil, rectifier and output being con 
nected in series. 

11. A selection system as defined in claim 4 having an 
output coil on each core and a rectifier in series with 
each output coil whereby the system has gain. 

12. A selection system as defined in claim 5 having 
output means associated with each core for sensing the 
cores and producing output pulses with greater power 
than was present in the series circuit having the greatest 
power. 

13. A selection system as defined in claim 6 having 
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6 
output means associated with each core for sensing the 
cores and producing output indications with greater power 
than is fed into one of said circuits. 

14. In a selection system for magnetic cores, a plurality 
of magnetic cores, a plurality of series circuits each of 
which has a coil on each of said cores, a pulse generator 
for producing a train of regularly spaced pulses and feed 
ing said pulses to said series circuits, an address input 
for each series circuit and having different operating states 
for selectively controlling flow of said regularly spaced 
puises from said generator through the series circuit to 
select one of said cores to be flipped, a bias series circuit 
connected to said pulse generator and having coils on 
some of the cores energized by each of said pulses, the 
winding directions and numbers of turns on any given core 
being such that the core has a magnetizing force therein 
in one direction when the address inputs are in respective 
states calling for flipping of the given core, and means co 
operating with said cores for providing a signal that 
indicates which core has been flipped and which applies 
a resetting magnetizing force to each core during the 
spaces between pulses of said train. 

15. A selection system as defined in claim 14 in which 
the last-named means includes two separate coils on each 
core, one of which is an output coil, and also includes 
means for passing resetting pulses through the other of 
said two coils during the spaces between pulses of Said 
train. 

16. A selection system as defined in claim 15 having a 
rectifier in series with the output coil, the rectifier being 
connected to allow a pulse to flow therethrough from 
the coil when the core is reset by a resetting pulse. 

17. A selection system as defined in claim 14 in which 
the last-named means employs only one coil on each 
core and in which the last-named means feeds the re 
setting pulse to one end of each said coil, the other end 
of each said coil constituting an output. 

18. A selection system as defined in claim 17 in which 
there is a rectifier in the output wire of each said out 
put coil, each rectifier being connected to allow a pulse 
to flow therethrough from the coil when the latter has 
low impedance and is fed by a resetting pulse. 

19. In a selection system for magnetic cores, the com 
bination of a plurality of saturable magnetic cores, a plu 
rality of circuits having coils on said cores, means for 
selectively applying pulses to said circuits and separate 
current regulating means in said circuits for holding the 
peak pulse currents therein substantially constant, each 
of said current regulating means comprising a further 
magnetic core, a first winding on said further magnetic 
core, said first winding being in series with one of said 
circuits to be regulated, a second winding on said further 
magnetic core, and a source of regulating current coul 
pled to said second winding thereby to regulate current 
flow through said first winding. 

20. A selection system as in claim 19 wherein said 
further magnetic core is formed from a material exhibit 
ing a substantially rectangular hysteresis loop. 

21. In a selection system for magnetic cores, the com 
bination of a plurality of saturable magnetic cores, a plu 
rality of circuits having coils on said cores, means for 
selectively applying pulses to said circuits and separate 
current regulating means in said circuits for holding the 
peak pulse currents therein substantially constant, each 
of said current regulating means comprising a further 
magnetic core, a first winding on said further magnetic 
core, said first winding being in series with one of said 
circuits to be regulated, a second winding on said fur 
ther magnetic core, and a Source of regulating current 
coupled to said second winding said source of regulating 
current being of intensity sufficient to bias said further 
core into a substantially saturated region of its hysteresis 
loop, the direction of current flow through said first wind 
ing being such as to drive said further core out of said 
saturated region whereby current flow up to a certain 
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maximum encounters relatively low impedance and cur 
rent flow exceeding said maximum drives said core out 
of its saturated region thereby increasing the impedance 
of said first winding. 

22. A selection system as in claim 21 further including 
means to control flow of said regulating current through 
said second winding on said further core thereby estab 
lishing maximum flow of said current to be regulated. 

23. In a selection system for magnetic cores, the com 
bination of a plurality of saturable magnetic cores, a plu 
rality of circuits having coils on said cores in different 
combinations with each of said cores having coils from 
a plurality of said circuits, means for selectively applying 
pulses to said circuits in certain combinations to select 
one of said cores, and separate current regulating means 
in said circuits for holding the peak pulse currents there 
in substantially constant, each of said current regulating 
means comprising a further magnetic core, a first wind 
ing on said further magnetic core, said first winding being 
in series with one of said circuits to be regulated, a Sec 
ond winding on said further magnetic core, and a source 
of regulating current coupled to said second winding said 
source of regulating current being of intensity sufficient 
to bias said further core into a substantially saturated 
region of its hysteresis loop, the direction of current flow 
through said first winding being such as to drive said 
further core out of said saturated region whereby current 
flow up to a certain maximum encounters relatively low 
impedance and current flow exceeding said maximum 
drives said core out of its saturated region thereby, in 
creasing the impedance of said first winding. 

24. In a system for selecting magnetic cores, in accord 
ance with binary signals, the combination of a plurality 
of magnetic cores, a plurality of input coils linked to 
each of said cores a plurality of address input switching 
means each corresponding to a digit position, a single 
series circuit for and controlled by each of said address 
input means, each of said series circuits including a coil 
on each of a plurality of said cores, a further series cir 
cuit having coils on each of a plurality of said cores, 
and a pulse source connected for applying each of its 
pulses to said address series circuits via said address in 
put means and to said further series circuit directly, 
whereby said address input means are each adapted to 
control the driving or the absence of driving of the 
associated series circuit in accordance with said binary 
signals, said further series circuit being driven during 
every pulse period. 

25. A selection system as in claim 24, wherein each 
of said cores has a separate set winding thereon, a fur 
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ther pulse source for supplying pulses to said set wind. 
ings, said pulses from said further source being out of 
phase with respect to pulses from the first-named source, 
and means coupling an output terminal to each of said 
set windings. So that pulses from said further source ap 
pear at the output terminals of all of said set windings 
except at the output terminal of the set winding on a 
selected core. 
26. A selection system as in claim 24 wherein each of 

said cores has a separate set winding thereon and an 
output winding thereon, a further pulse source for supply 
ing pulses to said set windings, said pulses from said 
further source being out of phase with respect to pulses 
from the first-named source, and means coupling an 
output terminal to each of said output windings whereby 
pulses from said further source are effective to revert a 
Selected core driven by a pulse from said first-named 
source during a preceding pulse period, and an output 
appears at the output terminal of the output winding on 
said selected core. 

27. In combination, a plurality of saturable magnetic 
cores, a plurality of windings on each of said cores, a 
plurality of circuits respectively comprising certain of 
said windings from different ones of said cores connected 
together in series, means for selectively supplying pulses 
to various combinations of said circuits so that for each 
such combination of circuits to which pulses are supplied 
a different one of said cores is driven to saturation, and 
separate current regulating means connected to said cir 
cuits for holding the peak pulse currents therein sub 
stantially constant, each of said current regulating means 
comprising a further saturable magnetic core, a first 
winding on said further magnetic core, said first winding 
being in a series circuit with the associated one of said 
circuits to be regulated and said pulse. Supplying means 
and having a sense of linkage to drive said further core 
in one direction in response to said pulses, a second wind 
ing on said further magnetic core, and a source of regu 
lating current coupled to said second winding to bias 
said further core to saturation in the opposite direction 
thereby to regulate current flow through said first 
winding. 
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