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3 Claims. (CL 340—174)

“This invention relates to-electrical switches and. selec-
tors for controlling the passage of electrical energy '-b_e‘-
‘tween two- pairs of circuit terminals or between ‘one ‘pair
of terminals and a sélected pair of a plurality -of other
pairs of terminals. It relates pasticularly to switches and
selectors - ntilizing reactance -elements with saturable mag-
netic cores, the saturation of which can be controlled -at
will. The switchies and selectors of the present invention
comprise networks of such reactance elements, so_con-
trollable as to permit or preveut at will the transmission
of electrical energy through. a single switch and to permit
stich transmission through a- selected path of a plurality
of alternate paths between input and output terminals
of a selector.

“Transmission of electrical energy between pairs of
terminals of a switching or selector device or non-trans-
mission thereof, is conventionally controlled by mechan-
ically moving metallic contacts, thereby to make or
break metallic - conductive connections. Such contacts
are usually parts of electromagnetic relays. Since such
devices employ mechanical motion and mechanical mem-
bers with mass, they are not suitable for extremely rapid
operation, such as required for example, in modern elec-
tronic computers. Moreover, they are subject to -con-
siderable wear and tear, making frequent rteplacement
necessary when used in selector systems in which rapid
and: frequent switching must take place.

Selector systems have been devised using electronic
tubes as switching devices. Such' systems are not suit-
able, however, te handle a wide range of power levels of
sigmals. . Some modern computers, for example, Tequire
selector systems capable of reliable operation' over a
power range in the order of 108 to-one or greater. v

Switches and ‘selectors, hitherto devised using saturable-
core- reactance elements, do not provide sufficient dis-
crimination, that is, the ratio of energy transmitted for
the saturated and unsatorated conditions of the core,
respectively, is not sufficiently great to fill the needs of
modern equipment, such as some ‘automatic computing
machines: - o

An-object of this invention, therefore, is ‘to provide
electrical switching and selecting devices adapted for ex-
tremely rapid operation and for extremely wide control
of the degree of transmission or non-transmission of
electrical energy. . )

- A further object of this invention is to provide switch-
ing and selector systems capable of reliable and noisefree
operation. over a range of electrical energy transmitted
of about 10® to one, or greater. o

" Another object of the invention is to provide a switch-
ing system. in which the inductance values of a plurality
of controlled windings in transmission paths of electrical
energy are ‘controlled by the electrical current through
asingle associated control winding.

The various features of novelty which characterize my
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invention are pointed out with particularity in the claims

aonexed to and forming a part of this specification. For

2
a better undersianding of the invention, its advantages,
and ‘specific objects attained by its use, referenceshogld
‘be had to the accompanying drawings and descriptive
matter, in which T have illustrated and described pre-
ferred embodiments of my invention.

Of the drawings:

Fig. 1 shows a basic saturable reactor structure;

Fig. 2 shows a similar structure with modified’ con-
trolled winding; ) o .

. Fig. 3-shows a schematic representation of Fig. 1;

Fig. 4 illustrates a Teactor structure with a single con-
trol ‘winding and ‘several simuitaneously controlled wind-
ings;

Fig. 5 shows a schematic representation of the reactor
of Fig. 4; .

Fig. 6 schematically illustrates a. switch in accordance
with the ‘present invention; .

Fig. 7 schematically illustrates a similar switch with
with a higher degree of discrimination between on and
off positions;

Fig. 8 schematically shows a novel selector systen;

Fig. 9 schematically shows a novel binary selector
system used in conjunction with a memory device for
automatic comiputing machines;

Fig. 10 schematically shows a selector similar to Fig.
8 with a greater number of alternate transmission paths;

Fig. 11 schematically shows a novel selector system for
use in a decimal-type system;

Fig. 12 schematically shows a novel selector system
for binary operation; and

Fig. 13  schematically shows a modification. of the
system -of Fig. 12.

Fig. 1 shows a reactor element having a magnetic core
1 of relatively easily saturable material, such as certain
types of laminated iron or so-called ferrites. The. core
is of substantially uniform cross section, except at 2,
where it is provided with a window, leaving two magnetic
paths of greatly reduced cross sections that can be sat-
urated relatively readily. A control winding 3 is pro-
vided for saturating the narrow core sections at 2, when
an electrical current is passed through the winding. . A
controlled winding 4 is wound around the two core sec-
tions at 2 as shown, in such directions, that a change
in: magnetic flux generated by curtent passing through
winding 4 causes voltages to develop across each coil of
the winding in an additive fashion, and equal voltages
of opposite phase are induced in winding 4 that cancel
each other when changing magnetic flux is generated
by winding 3. ‘Consequently, no net voltage is induced
in winding 4 from winding 3. Conversely, the same
holds true. ’

It is well known, that under the above conditions; the
inductiveé reactance of the controlled winding 4 decreases
considerably ‘wlien the core at 2 is saturated. In prac-
tice, I have found that inductance changes of the order
of 100 to 1 are attainable from unsaturated to saturated
condition of the core sections at 2.

From Fig. 1, it is seen that, in the absence of current
through control winding 3, the two portions of the con-
trolled winding 4 circulate their flux about the ‘window
at 2, as indicated by the arrows. No flux js linked with
control winding 3. _

When control winding 3 is fully excited and the core
sections at 2 saturated, the flux in one section produced
by the current through the controlled winding 4 opposes
the flux produced by control winding 3. The epposing
flux, which must be overcome, can. be appreciable, be-
cause for saturated conditions the current through the
controlled winding becomes greatest as jits Impedance
diminishes: 5 o

"Fig. 2 shows a different type of controlled winding
4a on a structure otherwise substantially identical to
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that of Fig. 1. In this arrangément the two sections of
the controlled winding are connected “aiding parallel,”
so that their flux does not link with the control winding
(not shown). When current is passed through the con-
trol winding to saturate the core structure, no appreci-
able voltage can be developed across one of the parallel
sections of controlled winding 4«, because this would
require the flux to increase further in the saturated di-
rection. Therefore, to preduce minimum reactance of
the controlled winding, current in the controlled wind-
ing does not require higher flux from the control wind-
ing for saturation.of the core, as it does for the ar-
rangement of Fig. 1. However, this type of controlled
winding has the disadvantage of developing a short cir-
cuit when the control winding current is rapidly changed,
thus. preventing sufficiently rapid change in controlled
“winding inductance to make this arrangement satisfac-
tory for very high speed operation.

My invention is not limited to the use of one or the
other of these types of controlled windings, since either
can be used, the choice depending upon the ultimate ap-
plication of the switch or selector system in which such
reactor elements are to be used.

Fig. 3 shows a schematic representation of reactor
elements of Figs. 1 and 2. Core 1 is represented by
short parallel lines indicating a saturable core. Con-
trol winding 3 and controlled winding 4 are drawn at
right angles to each other, signifying that there is no
flux linkage between the two windings.

Fig. 4 shows a basic reactor structure having a satura-
ble core 1, a sectionalized control winding 3, a plural-
ity of core openings indicated at 2, and four separate
controlled windings 4. Fig. 5 is a schematic representa-
tion of such a structure.

I have found that a suitable reactor can be made, as
shown in Fig. 4, using a cylindrical ferrite core, having
a length of one inch, an outer diameter of 0.62 inch,
and an inner diameter of 0.430 inch. The openings
shown at 2 in Fig. 4 extend over the entire cylinder length
and have a diameter of 0.05 inch. The number of open-
ings depends upon the number of controlled windings to
be controlled by a single control winding. In the ex-
ample cited twelve holes are used. By way of example,
the controlled windings may have from fourteen to
twenty-eight turns, and the control winding one hundred
and forty turns.

Fig. 6 shows a circuit diagram of a switch according
to my invention. It comprises two saturable reactor
elements 10z and 10b, each having saturable magnetic
cores 11a and 116, control windings 124 and 12b, and
controlled windings 134 and 13b. The controlled wind-
ings are connected between two pairs of terminals 14
and 15. Winding 13a is connected in series between
two corresponding terminals of pairs 14 and 15, where-
as winding 13b is connected in parallel relation to termi-
nal pair 15.

Control windings 12¢ and 12b are connected in an en-
ergizing circuit, shown by way of illustration of princi-
ple only, comprising a battery 16 and a switch 17.
Bxamples of practical circuit arrangements will be de-
scribed later.

In operation, control windings 12a and 12b are selec-
tively energized by switch 17 and battery 16. In the
switch position shown, winding 12¢ is energized, satu-
rating core 11a to minimize the inductive reactance of
controlled winding 13a. No current flows through con-
trol winding 12b and the inductive reactance of con-
trolled winding 135 has its maxitmum value.

With minimum series impedance and maximum shunt
impedance, transmission of electrical energy between
terminal pairs 14 and 15 is least impeded.

When switch 17 is thrown to the right-hand position,
control winding 124 becomes deenergized and winding

12b energized, so that the inductive reactance of con- |

trolled winding 13¢ assumes its maximum value, and
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4 .
the reactance of 135 a much lower value. With a high
series impedance and low shunt impedance, minimum
transmission between terminal pairs 14 and 15 is effected.

The difference between maximum and minimum
transmission with this novel switch is considerably
greater than with saturable magnetic devices hitherto
known, since those use single controlled windings only,
instead of a network thereof. Increased discrimina-
tion between maximum and minimum transmission can
be obtained by other networks, as shown below. The
source of energy can be connnected to either the termi-
nal pairs 14 or 15 and a receiver to the opposite pair, or
transmission of energy can be effected selectively in
either direction, as will be shown later.

Fig. 7 shows a switch similar to that of Fig. 6, except
that it utilizes a network capable of greater discrimina-
tion in that it employs two series and two shunt induct-
ances. Again there are provided two saturable reactor
elements 262 and 200 having cores 21a and 215, re-
spectively, control windings 22a and 225, and controlled
windings 23a, 24a, and 23b and 24bh. Control wind-
ings 22q and 22b are connected to a source of current
27 by way of a switch 28. )

For the switch position shown, winding 22a is ener-
gized and controlled windings 23a and 24a are at their
minimum inductance value because of saturation of core
20a. Controlled windings 235 and 24b have their maxi-
mum inductance value, since control winding 22b is de-
energized and core 2ib unsaturated. For this condi-
tion, minimum series inductance values and maximum
shunt inductance values, maximum transmission of en-
ergy between terminal pairs 25 and 26 can take place.

When switch 28 is turned to the right-hand position,
then maximum series and minimum shunt inductance
values obtain and minimum transmission between termi-
nal pairs 25 and 26 can take place.

Fig. 8 shows a selector for selectively connecting one
pair of first terminals to one of two pairs of second termi-
nals by greatly increasing the degree of transmission
between these pairs of terminals, while simultaneously
reducing to a minimum the transmission between the first
terminals and the other pair of second terminals.

Accordingly, there are provided two saturable reactor
elements 30a and 305, with control windings 31a and 315,
saturable cores 32a and 32b, and controlled windings
33a, 34a, 35a and 33b, 34b and 35b, as shown. The
controlled windings are connected in networks between
terminal pairs 36, 37 and 38, so that windings 332 and
34a are in series between terminals 36a and 37b, and 33b
connected between the junction of 33a and 34« and termi-
nals 365 and 374, the latter being conductively connected
as shown. Controlled windings 34b and 35b are con-
nected in series between terminals 36a and 38b, whereas
354 is connected between the junction of 34b and 35b
and terminals 365 and 38q, the latter being conductively
connected.

In operation, assume control winding 31a to be ener-
gized, core 30a saturated, while control winding 31b is
deenergized and core 36b unsaturated. In this condition,
the inductance values of series windings 33a and 34a is
very low, whereas that of shunt winding 335 is very high,
permitting maximum transmission of energy between
terminal pairs 36 and 37. Conversely, the inductance
values of series windings 335 and 345 is very high, where-
as that of shunt winding 35a is very low, permitting
minimum transmission of energy between terminal pairs
36 and 38. Hence, terminal pair 36 is effectively con-
nected to terminal pair 37 and effectively disconnected
from terminal pair 38.

In one embodiment of my invention, I found extremely
effective discrimination to be obtained when varying
windings 33z and 346 from 10 to 2000 micro-henries,
34a and 35b from 5 to 1000 micro-henries, and 352 and
33h from 20 to 4000 micro-henries, from saturated to
unsaturated condition of the cores.
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Obviously, energy can be equally well transmitted se-
lectively from 36 to either 37 .or 38, or from either 37
or 38 to 36. Since these networks are bi-directional
and this quality is made use of in accordance with my
invention, I have avoided the use of the terms input and
output terminals, since the same terminals are used in
short succession in both .capacities, as will be pointed
out in connection with Fig. 9.

Fig. 9 shows the schematic circuit diagram of an em-
bodiment of my novel selector system used in conjunction
with an automatic computing machine. In such machines
it is necessary to store intermediate solutions of a prob-
lem for later use by the machine. The information is
often stored in the form of magnetic patterns in a rela-
tively high coercive force ferro-magnetic surface of a
Totating drum produced by positive and negative current
pulses in windings on magnetic recording heads positioned
close to the magnetizable surface of the drum. These
pulses may have a duration in the order of between 0.2
and 10 microseconds, spaced in time by intervals in the
order of-between 3 and 30 microseconds. v

This circuit includes a recording amplifier, generally
indicated at 40, adapted to receive from part of a com-
puter (not shown) pulses to terminals 41 and. 42, indica-
tive of one or zero as is conventional in binary comput-
ing machines. Such pulses produce current pulses of .one
direction or opposite direction in a transformer secondary
winding 43, applied to terminal pair 44 of my selector
system. One of the functions of the selector is to con-
nect selectively terminals 44 to one of four magnetic re-
cording and reproducing heads 45, 46, 47 and 48 co-
operating with a magnetic drum 49, driven by a motor
50, for recording pulses received at 41 and 42 on one
of the four tracks on drum 48.

Another function of the selector system is to discon-
nect the heads 45, 46, 47 and 48 from terminals 44 and
connect a selected one to terminals 51, connected to a
reproducing amplifier generally indicated at 52. The
output of this amplifier at terminals 53, is applied to a
portion of the computer (not shown) requiring the stored
information.

Selection of recording or reproducing of information
and selection of the specific magnetic head is effected by
the program section of the computer, generally indicated
at 54, transmitting properly timed pulses of proper po-
larity to the control grids of tubes 55, 56, 57, 58, 59 and
60, whose anodes are connected to control windings and
to a common battery 61.

The selector system comprises three sections 62, 63
and 64, each with two saturable reactor elements. Sec-
tions 62 and 63 are the same as shown in Fig. 8 and de-
scribed in connection therewith. When program section
54 places a positive voltage on the control grid of tube
56 and a negative voltage on the grid of tube 55, terminals
44 and 65 are connected and terminals 51 disconnected
from 65. The system is in recording position.

The next step is to connect terminals 65 to one pair of
terminals 68, 69, 70 or 71, selectively. This is done in
two steps in selector sections 63 and 64. Section 63
connects terminals 65 to terminals 66 or 67. Section 64
connects terminals 66 to 6% or 70 and terminals 67 to
68 or 71. Assume a positive voltage on the grid of 57
and a negative voltage on the grid of 58, then terminals
65 are connected to terminals 67.

Section 64 comprises basically two sections 63, except
that they are combined into only two saturable reactor
elements with only two control windings, instead of four
elements. Assume.a positive voltage on the grid of 59
and a mnegative voltage on the grid 66, terminals 66 will
be connected to 70 and terminals 67 will be connected to
71. However, since there is no connection between 65
and 66, the connection is now made from 65 via 67 to
71 and magnetic head 45 for recording information on
drum 49.

A positive voltage on the grid of 55 and negative
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voltage on the grid of 56 will -causé the recorded signal
to be reproduced and appear at terminals 53.

Fig. 10 illustrates how a number of sclectors of the
type of Fig. 8 can be combined into a single selector unit
with only two saturable reactor units. This selector
comprises two saturable reactor elements 8% and 81,
each having a saturable core 82 and 83, and a control
winding 84 and 85, respectively. This selector connects
selectively each one of five first terminals 86, 87, 88, 89
and 90 to one of two pairs-of second terminals, there
being a total of ten pairs, numbered 91 through 100.
If control winding 84 is energized while no current flows
through 85, all terminals 86, 87, 88, 89 and 90 are con-
nected to terminals 91, 92, 93, 94 and 95, respectively.
Inspecting terminals 86, 91 and 1§06, and connecting con-
trolled windings, it is seen that controlled windings 101,
102 and 103 form the same series and shunt network be-
tween terminals 86 and 91 as shown in Fig. 8. Similarly,
windings 104, 105 and 166 form a network between
terminals 86 and 109. The same types of network -are
formed between other terminals. Obviously, similar se-
lectors can be built for any humber X of pairs of first
terminals and 2X pairs of second terminals.

Fig. 11 shows how various selector units can be com-
bined into a decimal selector system. This system com-
prises. sections 119, 111, 112 and 113, with one pair of
first terminals 114 and ten pairs of second terminals 115.
FEach section has two control windings, their terminals
indicated by numeral 116. Sections 119 and 111 are as
shown in Fig. 8. Section 112 is the same as shown as
section 64 of Fig. 9, while section 113 is shown in detail
in Fig. 11.

Of the two pairs of second terminals of 119, one pair
is connected to section 111, and can be selectively con-
niected to any one of four of the five pairs of first terminals
of section 113. The remaining pair of terminals is con-
nected directly to one of the second terminals of section
110. By properly energizing and deenergizing control
windings of the various sections, terminals 114 can be
connected to any one pair of terminals 115.

Because of the attenuation of energy suffered by trans-
mission through sections 111 and 112, as contrasted to
the absence of attenuation in the direction between sec-
tions 110 and 113, section 119 is made unsymmetrical,
that the attenuation of 111 and 112 are built into one
of the networks. In this manner energy transmitted be-
tween 114 and any pair of terminals 115 suffers the same
attenuation regardless of direct connection between sec-
tions 2168 and 113 or transmission by way of sections 111
and 112,

Fig. 12 shows a selector system comprising selector
units 120 to 126, each as shown in Fig. 8. These units
are arranged in N=3 tiers, the system having a pair of
first terminals 127 and 2¥=8 pairs of second terminals
128. Each unit has one pair of first terminals and two
pairs of second terminals. Each tier has 2¥—1 pairs of first
N terminals and 2V pairs of second terminals. Second ter-
minals of one tier are connected to first terminals of
the next higher order tier. Each unit has a pair of con-
trol windings, whose terminals are indicated for unit 120
as 130 and 131. The networks of controlled windings in
the units, can be exactly the same as in Fig. 8, or of
any other suitable design employing more or fewer con-
trolled windings, as will be obvious to those skilled in the
art, without departing from the spirit of my invention.

This system has the advantage of using identical units,
but has the disadvantage of requiring seven separate
pieces of information, to energize seven and deenergize
another seven associated control windings.

Fig. 13 shows amother system for accomplishing the
same purpose, using three selector units 140, 141 and
142, that is only one unit per tier. Unit 146 is of sub-
stantially the same design as shown in Fig. 8. Unit 141
is of the same design as section 64 of Fig. 9. Unit
142 is of the same design as shown in Fig. 10, except
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for omission of one pair of first terminals and associated
two pairs of second terminals as well as associated con-
trolled windings. For example, unit 142 is obtained from
Fig. 10 by omitting terminals 86, 91 and 100, as well as
windings 101 to 106, inclusive.

The system has a pair of first terminals 143 that can
be selectively connected to any one pair of second ter-
minals 144 by selectively energizing and deenergizing the
appropriate control windings of each unit. Each unit
and each tier has two control windings, the terminals
for unit 149 being indicated at 145 and 146.

This system has the advantage of requiring only three
pieces of information, to energize three and deenergize
another three associated comtrol windings. It has the
disadvantage of requiring three different types of selector
units.

While I have illustrated and described the best form
of embodiment of my invention now known to me, it
will be apparent to those skilled in the art that changes
may be made in the form of the apparatus disclosed with-
out departing from the spirit of my invention as set
forth in the appended claims, and that in some cases cer-
tain features of my invention may be used to advantage
without corresponding use of other features.

Having now described my invention, what I claim as
new and desire to secure by Letters Patent, is:

1. An elecirical switch comprising a pair of first
terminals and a pair of second terminals, a first and
second mechanically static electrical reactance element,
said elements exhibiting nom-linear controllable reac-
tance characteristics, control means associated with each
of said elements for varying the magnitudes of said react-
ances, an electrical circuit path, between said first and
said second pairs of terminals including said first element
in series relation to said circuit path and said second ele-
ment in shunt relation to said circuit path, and circuit
means including said contro] means for selectively effect-
ing simultaneous increase of the reactance of one of said
elements and decrease of the other of said elements, there-
by to control the electrical impedance between said first
and second pairs of terminals.

2. An electrical switch comprising a pair of first ter-
minals and a pair of second terminals, a first plurality
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and a second plurality of mechanically static electrical
reactance elements, said elements exhibiting non-linear
controllable reactance characteristics, first control means
associated with said first elements for simultaneously and
identically controlling the reactances of said first elements,
second control means associated with said second elements
for simultaneously and identically controlling the reac-
tances of said second elements, an electrical network
connecting said first and second pairs of terminals includ-
ing said first elements in series relation to said pairs of
terminals and said second elements in shunt relation to
said pair of terminals, and circuit means including said
control means for electively effecting simultaneous in-
crease of the reactance of one plurality of elements and
decrease of the reactance of the other plurality of ele-
ments, thereby to control the electrical impedance between
said first and second pairs of terminals. :

3. An electrical switch comprising a pair of first circuit
points of reference and a pair of second circuit points
of reference, a. first and second mechanically static elec-

- trical aperiodic reactance element, said elements exhibit-

25

30

35

40

ing non-linear controllable aperiodic reactance character-
istics, control means associated with each of said ele-
ments for varying the magnitudes of said reactances, elec-
trical circuit paths between said first and said second pairs
of circuit points of reference including substantially solely
said first element in series relation to said circuit points of
reference and said second element in shunt relation to
said circuit points of reference, and circuit means includ-
ing said control means for selectively effecting simultane-
ous increase of the reactance of one of said elements and
decrease of the reactance of the other of said elements,
thereby to control the electrical impedance between said
first pair and said second pair of circuit points of reference.
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