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EXEMPLARY CLAIM 

1. In a scrambling system for translating input message 
values into output currents of substantially random oc 
currence of values, separate message input circuits for 
each message value, separate output control circuits 
for determining each output current value, a plurality 
of key circuits crossing said message input circuits, 
means to apply key currents to respective key circuits 
on a substantially random basis, and means at each 
cross-over point between said message input circuits 
and key circuits for setting up a current condition in a 
corresponding one of said output control circuits to 
determine the value of output current. 

8 Claims, No Drawings 
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MATRIX CODING SECRET SIGNALLING SYSTEM 

The present invention relates to translating or com 
bining circuits for selectively setting up in individual 
outgoing circuits current conditions under the conjoint 
control of currents in a plurality of different input cir 
cuits. 
The invention, while of broad and general applica 

tion, will be disclosed herein as embodied in a scram 
bling or enciphering circuit for use in secret signaling 
whereby signal currents are changed into enciphered 
currents under control of key currents prior to trans 
mission, and a reverse transformation is made at the 
receiving point under control of duplicate key currents 
thereat. In this embodiment the signal and key currents 
each have any of a de?nite number of values and a 
separate circuit is provided for each value of signal 
current as well as for each value of key current. These 
sets or groups of signal and key conductors afford a 
number of control points equal to the product of the 
numbers of conductors in the conductor groups. At 
these control points, individual control devices are 
used for responding to the simultaneous application of 
signal and key currents and in so responding, exercise a 
selective control upon an output terminal or conduc 
tor. In the case of an enciphering circuit where it is 
desired to produce the same number of output current 
values as the number of discrete signal current values 
employed, these control devices are associated in 
groups so that any device of a group sets up the same 
value of output current, there being as many such 
groups as there are separate values of output current. 
Such a combination is referred to as a permuter. 
The general object of the invention is to set up in 

individual outgoing circuits de?nite current conditions 
as determined at each instant by the conjoint applica 
tion to suitable control devices of currents in individual 
conductors belonging to each of a plurality of sets or 
groups. 

In the speci?c embodiment disclosed herein, the 
signal is ?rst changed to stepped form and a separate 
circuit is provided for each step value. Likewise the key 
currents are either generated in steps or converted to 
stepped form and a separate circuit is provided for each 
step value. If a single key is used, a two-dimensional 
scramble results in which the key value conductors may 
be thought of as, say, vertical and the signal value con 
ductors as horizontal with the two classes of conductors 
crossing each other and affording cross-overs equal in 
number to the product of the numbers of conductors in 
the two classes. At each cross-over point is a device 
which responds only to application of a current in each 
of the intersecting conductors at such point. 
More than one set of key conductors can be used for 

a set of signal value conductors, with the same respon 
sive devices responding to the signal current and to a 
plurality of key currents. If two sets of key conductors 
are used, for example, the number of cross-over points 
is the product of three factors, namely, the number of 
signal value conductors and the numbers of key value 
conductors representing the two keys. In this case a 
three-dimensional scramble is produced and the physi 
cal arrangement of the conductor groups can be 
thought of as in three planes mutually at right angles to 
one another with the points of intersection falling 
within a cube or other rectilinear solid. 
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2 
As will appear more fully from the disclosure a plu 

rality of scramblers or permuters will commonly be 
used in tandem in the same signal path. 
The invention will be more fully understood from the 

following detailed description in connection with the 
accompanying drawings in which: 
FIG. 1 is a schematic circuit diagram of one type of 

permuter circuit according to the invention; 
FIG. 2 is an explanatory diagram to illustrate voltage 

conditions which may exist in the circuit of FIG. 1; 
FIG. 3 is a schematic diagram of the circuit arrange 

ment of a three-dimensional permuter according to the 
invention; 
FIG. 4 is a detail view of one of the intersecting 

points of the system of FIG. 3; 
FIG. 5 is a block schematic diagram of a complete 

transmitting station of a secret telephone system ac 
cording to the invention, using permuters of the type 
illustrated in FIG. 1; and 
FIG. 6 is a similar diagram of a receiving station that 

may be used with the FIG. 5 transmitting station. 
Referring ?rst to FIG. 1, the signal or message leads 

are shown at the left and the key leads at the top of the 
?gure. Each message leads M1, M2, etc. is assumed to 
be associated with suitable signaling equipment (one 
type of which is illustrated in FIG. 5) which is adapted 
to impress positive voltage on the individual leads rela 
tive to ground. Similarly, positive voltage is impressed 
on the individual key leads. Since in this illustration 
there are ?ve leads in each group, there are twenty-?ve 
points of intersection. At each such point there is a 
current or voltage responsive device D which may be a 
copper oxide recti?er, a diode or other tube, relay, 
thermistor or similar device capable of responding only 
to impressed voltage above a predetermined minimum 
which can be determined by aid of a bias. In the ?gure 
it is assumed that the devices D are copper oxide recti 
?ers. Each device has one of its terminals connected to 
a pair of high resistances R1 and R2 of which R1 is con 
nected to the respective message lead and R2 is con 
nected to the respective key lead. 
The relation is such that when only the voltage from 

one of these leads is impressed, the device remains 
non-conducting on account of its characteristic aided 
by the bias derived from battery 10 associated with one 
of the output ampli?er tubes 11; but when voltage from 
both an M lead and a K lead are simultaneously applied 
through R1 and R2 to the same device, the bias is over 
come and the device is changed to its low resistance 
condition so that current is sent to ground through a 
grid resistor 12 against the voltage of the bias battery 
10. 
This is further illustrated in FIG. 2 where the message 

voltage is indicated as applied from a battery 14 when 
switch 16 is closed, the resistance R1 being connected 
to a point a in a potential divider circuit consisting of 
resistors 16 and 17 in which the value of resistor 17 is 
low compared with that of the series resistances. Simi 
larly, the key voltage is applied from battery 18 through 
switch 19 and potential divider circuit 20, 21 of which 
point a’ is connected to resistor R2. When either switch 
alone is closed, the voltage applied to D is insuf?cient 
to permit current to ?ow against the voltage of battery 
10 but when both switches are closed the voltages add 
on account of the use of the high resistances in the 
connecting circuits and the device D becomes conduct 
ing and transmits current to the input circuit of tube 
11'. Even if voltage should be applied simultaneously 



v7, .. 

3 
to points b, c, d and 12 (but not to any of the correspond 
ing primed terminals also), none also) the accompany 
ing devices would be rendered conducting. For a simi 
lar reason, only one of the 25 devices D of FIG. 1 can 
become conducting when one lead of each group has 
battery applied to it, even though this same voltage is 
applied to ?ve of the R1 resistors and to ?ve of the R2 
resistors, since but one device D receives voltage from 
both an R1 and an R2 resistor. 

It is seen from FIG. 1 that the devices D are con 
nected in groups of ?ve in a diagonal relationship, to 
the input terminals of the ?ve output tubes 11, etc. In 
general, the output groups could be connected in any 
pattern such that no two of the same group appear in 
the same row or in the same column, but the simple 
diagonal pattern is shown for illustration. 
Each of the output tubes is normally biased beyond 

cut-off by grid battery 23 so that normally the cone 
sponding one of output leads 1 to 5 is at ground poten 
tial. When a device D is caused to transmit current, one 
of the ?ve output tubes has positive voltage applied to 
the upper terminal of grid resistor 12 sufficient to over 
come the grid bias and allow the tube to conduct cur 
rent through output coupling resistor 24 which then 
applies a negative voltage to the output leads 1, 2, etc. 
Following through the connections it is seen that if 
input leads M1 and K1 have positive voltage applied to 
them, output lead 1 is energized. This same effect is 
produced if the voltages are applied to M2 and K2 or to 
M3 and K3, etc. Arranging these leads and output 
conductors in a table, the output lead that is energized 
is given by the number at the intersection of the rows 
and columns. 

K5 K4 K3 K2 Kl 

Ml 5 4 3 2 1 
M2 4 3 2 1 5 
M3 3 2 1 5 4 
M4 2 1 5 4 3 
M5 1 5 4 3 2 

This table shows that any output lead can be energized 
when any input M lead has a voltage applied to it, 
dependent upon the K lead used. If the K leads are used 
in a random order, there is an equal probability that a 
voltage applied to a given M lead will cause energiza 
tion of any one of the output leads 1 to 5. 
Referring again to FIG. 2, the ?ve D devices shown 

are those belonging to one diagonal group and any one 
of them when made conducting will cause the tube 11 ’ 
associated with that group to become conducting. In 
FIG. 2 the tube 11a is so connected to outgoing con 
ductor 1 that a positive voltage is set up on conductor 
1 in response to current transmitted through a device 
D. Normally saturation current ?ows in tube 11a and 
tube 11’ is cut off. When tube 11' conducts in response 
to actuation of a D device, tube 11a is cut off sending 
the potential of output lead 1 positive. When tube 11’ 
is non-conducting, lead 1 is near ground potential and 
if desired the small positive voltage then existing on 
lead 1 can be cancelled by an opposing battery. De 
pending upon circuit requirements it may be desirable 
in some cases to connect the output conductors to the 
output tubes as in FIG. 1 to apply negative voltages 
thereto while in other cases it may be preferred to 
connect the output conductors as in FIG. 2 to apply 
positive voltages to them. 
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4 
Referring to FIG. 3, three sets of input terminals are 

shown labeled x, y and z with subscripts. Each circle 
represents a point of intersection and contains the ele 
ments shown in FIG. 4, that is, a device D and three 
resistors R1, R2 and R3 for connecting one terminal of D 
to respective input leads x, y and z, and an output con 
ductor 0. In FIG. 3 the single lead x1 is multiplied to the 
nine circles shown in the vertical plane that is furthest 
to the left and extends perpendicular to the paper. 
Lead x2 is multipled to the nine circles in the next verti 
cal plane to the right, that is, the central plane, while x3 
is similarly multipled to the nine circles in the right 
hand vertical plane. Lead y, is multipled to the nine 
circles in the bottom plane that is perpendicular to the 
paper, y2 to the nine circles in the next higher or middle 
horizontal plane and ya to the nine circles in the top 
plane. Lead 11 is multipled to the nine circles in the 
front vertical plane, nearest the reader, lead 12 to the 
nine circles in the middle vertical plane parallel to the 
paper and lead 13 to the nine circles in the rear vertical 
plane. To select the device in the circle numbered 30, 
for example, it is necessary to apply positive voltage to 
the three leads x2, y2 and Z2. Any one of the 27 devices 
can be selected by actuating the proper three input 
leads, one x-lead, one y-lead and one z~lead. 
The manner in which the diagonal output groupings 

of the tubes are made is indicated by the numbers 1, 2 
and 3 within the circles and the dotted or broken diago 
nal lines connecting circles of like number. All of the 
No. l circles are connected to the input of ampli?er 
tube 111 while the No. 2 circles are all connected to 
tube 112 and the No. 3 circles to tube 113. Thus, there 
are nine circles in each group connected to any one 
output tube. In FIG. 3, for illustration, each tube 11 is 
biased to non-conducting condition by battery 26 in the 
cathode ground lead, this battery being of such voltage 
as to make the cathode potential normally positive with 
respect to the grid. When a device D is switched on, the 
current ?ow through resistor 12 makes the grid more 
positive and causes the tube to conduct current 
through resistor 29 and apply negative voltage to an 
outgoing lead such as lead 1. It will be understood that 
the outgoing leads are each connected to device D as 
shown by lead 0 in FIG. 4. 
FIGS. 5 and 6 show how permuters of the type dis 

closed in FIG. 1 may be applied to respectively the 
transmitting and receiving stations of a secret tele 
phone system of the general type disclosed in R. L. 
Miller application Ser. No. 542,975, ?led June 30, 
1944. In these figures the permuters take the place of 
the key combining and reentry circuits of the Miller 
disclosure. 

Referring to FIG. 5 the speech input is indicated at 
35 by the microphone which can, of course, also be an 
incoming telephone line. This feeds into the vocoder 
analyzer 36 which operates in known manner to derive 
spectrum-de?ning and pitch-de?ning low frequency 
waves from the impressed speech waves, in a number of 
different paths or circuits each connected to a different 
distributor point assumed in this instance to be ten in 
number. The distributor is diagrammatically indicated 
at 37 as comprising ?xed segments over which a brush 
travels but this representation is intended to be general 
and to include the relay type of distributor shown by 
Miller or other equivelent types. The brush is con~ 
nected through an ampli?er 38 to the stepper analyzer 
40 which is of the same general type as the message 
stepper disclosed in the Miller application but addition 



5 
ally includes ?ve relays 51 to 55 which are arranged to 
be operated one at a time depending upon the strength 
of the impressed signal. The ?ve stepper tubes 41 to 45 
are gas-?lled tubes which have their plates supplied 
with interrupted voltage from pulsing circuit 61 oper 
ated under control of standard frequency source 60. 
The grid circuits of these stepper tubes have different 
biases applied to them as disclosed by Miller, such that 
if the signal impressed upon them at a particular instant 
is of less than a certain amplitude (step 1) none of the 
stepper tubes ?res but if the amplitude is as great as 
step 1 value or greater one or more of the tubes is ?red 
depending upon whether the amplitude lies between 
step 1 and step 2, step 2 and step 3, etc. 

If the amplitude of the signal at any instant is of less 
than step 1 value, none of the relays 51 to 55 is ener— 
gized since none of the stepper tubes is ?red. Under 
these conditions when the pulsing voltage comes on at 
61, this voltage is applied over a circuit through the 
outer armatures and back contacts of all ?ve relays in 
series to the upper or zero output lead 70 of the stepper 
analyzer. If the signal is of such strength that only tube 
41 ?res, relay 51 is energized due to the drop of poten 
tial existing through series resistor 46. This breaks the 
path leading to the zero output lead at the outer arma 
ture and back contact of relay 51 and closes a path for 
applying positive voltage through the inner armature 
and front contact to output lead 71. If the signal has a 
value between step 2 and step 3, the two stepper tubes 
41 and 42 ?re causing relay 52 to become energized. 
(Relay 51 does not become energized since no differ 
ence of potential exists across its terminals.) Relay 52 
applies positive voltage to output lead 72. A similar 
action follows for steps 3, 4 and 5 causing a voltage to 
be placed on the corresponding output lead 73, 74 or 
75. On step 5 all ?ve stepper tubes ?re and relay 55 
receives energizing current due to the drop of potential 
across series resistor 48. In this manner the same value 
of positive potential is applied to one of the six output 
leads 70 to 75 depending upon the instantaneous am 
plitude of the signal. 
These six leads are connected to input terminals of 

the ?rst permuter P1 and correspond to the message 
leads shown in FIG. 1 except that in this case there are 
six such signal or message leads. There are also six key 
leads shown at K1 corresponding to the key leads in 
FIG. 1. It is understood that the permuter Pl may be of 
the same type as shown in FIG. 1 except that it is a 6 X 
6 instead of a 5 X 5 permuter. 
Five other permuters P2, P3, P4, P5 and P6 are also 

shown having the number of message and key terminals 
indicated in the drawing. For example, permuter P2 has 
two message and two key leads, permuter P3 has three 
message and three key leads, etc. Each of these per 
muters may be constructed in accordance with the FIG. 
1 disclosure. 
The ?nal output leads from the permuter P6 connect 

to ground through potentiometer resistances 80 to 85. 
It is assumed for convenience that the type of internal 
connection to the output ampli?er tubes in each per 
muter is of the type shown in FIG. 2 so that positive 
voltages are used throughout for both the input and 
output message terminals of the permuter. Thus at each 
signal interval a positive voltage is applied to some one 
and one only of the potentiometer resistors 80 to 85, it 
being understood that the voltage so applied is of the 
same value in all cases. In order to derive or recover six 
stepped values of signal having the values 0 to 5 steps, 
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inclusive, contacts are applied at different stepped 
points along these potentiometer resistances, the up 
permost contact 86 deriving a step 0 voltage, the sec 
ond contact 87 deriving a step 1 voltage and so on 
down to the ?nal contact 88 which derives a step 5 
voltage. These contacts lead through series resistors 80, 
etc. to a common point 89 in the input circuit of step 
per 90. 
Stepper 90 is arranged to sample the output pulses 

from the potentiometers 80 to 85 at about the middle 
of the pulse and to reproduce the stepped pulses in 
proper form for transmission. Instead of the potentiom 
eters 80 to 85 and single stepper 90 it would, of course, 
be possible to use six individual stepper tubes in place 
of the resistors 80 to 85 with their circuits arranged to 
deliver the six different values of output current corre 
sponding to 0 to 5 steps. 
The stepper 90 is supplied with interrupted voltage 

pulses from source 91, these pulses being properly 
timed in relation to those produced in the pulse circuit 
61 by being driven from the same master oscillator 60 
but in this case through a phase shifting circuit 92 
which produces a slight lag in the pulses supplied to the 
stepper 90. 
The output of the stepper 90 or of the individual 

stepper tubes in case they are used is applied to the 
brush of output distributor 93, the ten segments of 
which lead to individual multiplex carrier channels, 
each of which includes a holding circuit as disclosed in 
the Miller application. The multiplex carrier channels 
are assumed to employ respectively different carrier 
frequencies suitable for simultaneous transmission over 
the same line or radio channel to the distant station. 
Provision is made as disclosed more fully in the Miller 
application for properly timing the distributors 37 and 
93 such that the latter lags slightly behind the former by 
the amount necessary for satisfactory operation. 
As already indicated, it is necessary to supply key 

currents to the key leads of each of the permuters, 
these permuters requiring different numbers of key 
leads varying from two to six in the example given. For 
this purpose six different key currents are simulta 
neously recorded on the record 100, each key being 
modulated on a different carrier frequency wave, for 
example, so as to permit them to be separated by the six 
band ?lters shown at 101. The record 100 is driven 
under control of the master oscillator 60 at a de?nite 
and constant speed. 
Each key modulated carrier wave is derived through 

its respective band-pass ?lter 101 and applied to detec 
tor 102 for deriving the key current. Detector 102 is 
followed by a stepper analyzer 103 in each key channel 
except the second, this stepper analyzer being equiva 
lent to that shown at 40 and containing the appropriate 
number of stepper tubes and relays. In the case of the 
second key channel, since only two key leads are used 
and since a positive voltage is always to be applied to 
either one or the other of the two leads, a simpli?cation 
is indicated consisting merely of the relay 104 following 
the detector. The key for this channel is recorded 
merely as an on and off signal. If the key is an on signal 
the relay 104 is energized and applies positive voltage 
to the key lead 105 while if the key pulse is off, that is, 
zero the volage is applied to the alternate key lead 106. 
The stepper analyzers 103 are operated in synchronism 
with the stepper analyzer 40 so that the key impulses 
are applied to and withdrawn from the permuters si 
multaneously with the signal pulses. 
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The purpose of using two permuters P1 and P6, each 

a 6 X 6 permuter, is to produce a more uniform distri 
bution of the enciphered signal values when taken over‘ 
long periods of time. Complete permutation could be 
obtained if one of these two permuters, for example, Pl, 
were omitted. If the permuters P2, P3 and P4 also were 
omitted, that is, if only the two permuters P5 and P6 
were used only 30 out of the possible 720 permutations 
would be obtained. The full 720 permutations are, 
however, obtained by addition of the three smaller 
permuters P2, P3 and P4, this feature being due to H. 
Nyquist and being disclosed and claimed in his applica 
tion Ser. No. 592,968, ?led May 10, 1945, now US. 
Pat. No. 2,424,998 of Aug. 5, 1947. 

In the receiving station in FIG. 6 the received enci~ 
phered signals are received in the receiving multiplex 
terminal 110 and the detected pulses, corresponding to 
those impressed on the input terminals of the transmit 
ting multiplex channels of FIG. 5, are applied to the 
segments of the distributor 111. This distributor oper 
ates in synchronism with the distributor 93 at the dis 
tant station and applies the received pulses to the step 
per analyzer 112 which is similar to the stepper analy 
zer 40. All of the apparatus in the receiving station 
including the distributors and the stepper analyzer 112 
are timed from the master oscillator 120 thereat which 
is constructed and arranged similarly to the master 
oscillator 60 to maintain a highly constant frequency 
over long periods of time. 

Six permuters P1 to P6, which are duplicates of the 
corresponding permuters of FIG. 5, are connected 
beginning at the output of stepper analyzer 112 but in 
reverse order to those at the transmitting station, P6 
coming ?rst in this instance and P1 last. The ?nal out 
put of the permuter P1 contains the decoded message 
pulses corresponding to those impressed upon the per 
muter P1 at the transmitter. These are converted to 
stepped value pulses by the potentiometer resistors 
shown at 114 to 119 which are arranged similarly to 
those at the transmitter to apply stepped value pulses to 
the output stepper 121. The output pulses from this 
stepper are applied to the output distributor 122 lead 
ing to vocoder synthesizer 123. This part of the circuit 
may be entirely similar to that disclosed in the Miller 
application and the ?nal reconstructed speech is ap— 
plied to the output line or receiver 124. 
The circuits for producing the keys are a duplicate of 

those at the transmitter, the record 100' containing a 
recording of each of the six keys that are used at the 
transmitter, this record being a duplicate of the record 
100 and stamped from the same master record or re 
corded in duplicate with the record 100. The various 
keys are derived as described in FIG. 5 by means of 
analyzing band ?lters, detectors and stepper analyzers 
or, in the case of the second key channel, a relay. In this 
manner the keys are applied to the permuters in proper 
timed relation to decipher the received signals. 
The manner in which the signals are deciphered at 

the receiver by permuters which are duplicates of those 
used at the transmitter can be illustrated by means of a 
table similar to that given above in connection with the 
description of FIG. 1. If it be assumed that each per 
muter is similarly constructed except for the number of 
input message and key leads and number of output 
leads, the internal connections for permuters P5 of 
FIGS. 5 and 6 may be assumed to be made in accor 
dance with the table given above. In the case of the 
receiver the incoming leads carrying enciphered signals 
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may be called S leads and correspond to the M leads in 
the above table. The corresponding table for the re 
ceiver permuter P5 will then be as follows: 

K5 K4 K3 K2 Kl 

s1 5 4 3 2 1 
s2 4 3 2 1 5 
s3 3 2 1 5 4 
s4 2 1 5 4 3 
s5 1 5 4 3 2 

where the numbers in the rows and columns refer to the 
output lead or channel that is energized. It is seen that 
the internal connections represented in this table dupli 
cate those given in the previous table showing that the 
transmitting and receiving permuters can be identical. 
To test the operation, assume that the message lead 

used at the transmitter is M] and the key is K5. These 
result in a signal being sent out on lead 5, that is, the 
signal sent is S5. When this is received and when K5 is 
used, it is seen that output lead 1 is energized‘ giving 
back M1, the original message. This same result follows 
for all the other message and key values so long as the 
identical key is used at the receiver. While in this sim 
ple example only a single permuter is assumed, the 
same rule applies for each permuter and for permuters 
in tandem when placed in the order given in FIGS. 5 
and 6. 
The invention is not to be construed as limited to the 

speci?c circuits or devices disclosed but its scope is 
de?ned in the claims. 
What is claimed is: 
1. In a scrambling system for translating input mes 

sage values into output currents of substantially ran 
dom occurrence of values, separate message input cir 
cuits for each message value, separate outputs control 
circuits for determining each output current value, a 
plurality of key circuits crossing said message input 
circuits, means to apply key currents to respective key 
circuits on a substantially random basis, and means at 
each cross-over point between said message input cir 
cuits and key circuits for setting up a current condition 
in a corresponding one of said output control circuits to 
determine the value of output current. 

2. A system according to claim 1 in which the means 
at each cross-over point are connected in groups to 
respective output control circuits, each group including 
one such means individual to each message input cir 
cuit and to a different one of said key circuits. 

3. In a signaling system, means to encipher signals 
comprising a circuit having a plurality of message ter 
minals and a plurality of key terminals, transmission 
means for the signals comprising means to apply a 
voltage to different individual message terminals to 
indicate different respective signals, means to simulta 
neously apply a voltage to a given key terminal to indi 
cate the respective key value, individual means in said 
circuit selectively actuated by the voltages applied to 
the particular message and key terminals, and a plural 
ity of outgoing circuits each individually controlled by 
any one of a group of said selectively actuated means, 
each such group comprising those means selectively 
actuated by voltages simultaneously applied to any one 
of said message terminals and a different respective one 
of said key terminals. 

4. In combination, a circuit network having a plural 
number N of input terminals constituting one group 
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and a plural number M of input terminals constituting 
a second group, means to apply a voltage to any termi 
nal of the ?rst group and simultaneously to apply a 
voltage to any terminal of the second group, a number 
equal to N X M circuit controller devices each con 
nected to receive voltage from only one terminal of 
each group at a time, an output circuit connection from 
each of said controllers, a plural number N of output 
terminals and connections from M different controller 
output circuits to each of said output terminals, the 
connections to any one such output terminal leading 
from only those controllers receiving voltage from a 
different one of the input terminals of said ?rst group 
and a different one of the input terminals of the second 
group. _ 

5. In combination, a circuit network having a plural 
number of input leads and the same number of output 
leas, means to apply a voltage to any one of said output 
leads in response to application of a voltage to any one 
of said input leads, comprising groups of circuit control 
devices, each group being adapted to be actuated in 
common under control of voltage on an individual 
input lead, each such device when actuated applying 
voltage in turn to a different one of said output leads, 
and means to independently apply voltage to said con 
trol devices in groups, each of said last groups including 
but one control device out of any one of said ?rst-men 
tioned groups, each of said control devices requiring 
for its actuation application thereto of voltage from one 
of said input leads and from said last-mentioned means. 

6. In a signaling system, a source of signal waves of 
varying amplitude, a plurality of circuit paths, means 
selectively responding to signal waves of different am 
plitude for applying a signal voltage to different ones of 
said paths one at a time, a second plurality of circuit 
paths, means to apply key voltage to different ones of 
said second circuit paths one at a time, a plurality of 
circuit controllers each adapted to be controlled by 
application thereto of a signal voltage and a key voltage 
together, means connecting each of said controllers to 
receive a signal voltage from one only of said circuit 
paths of said ?rst plurality and from one only of said 
circuit paths of said second plurality, for actuating the 
same, a plurality of output circuit paths each connected 
to a different group of said circuit controllers, and 
means causing each circuit controller in a said group 
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when actuated to control current flow in the respective 
output circuit path. 

7. In a signal enciphering circuit, means to subdivide 
signal waves into stepped waves having amplitudes S1, 
S2, S3 to S", a circuit network having n input leads, 
means operating in response to any of said specified 
signal wave amplitudes to impress a voltage v on a 
respective input lead assigned to that signal amplitude, 
said circuit having k other input leads, means to im 
press a voltage u on each of said k leads one at a time 
in fortuitous sequence, a number equal to the product 
kn of circuit control devices, means to actuate each 
device only in response to simultaneous application 
thereto of a voltage v and a voltage u received from one 
of said n input leads and one of said k input leads, 
respectively, a plurality of output leads, n in number, 
means to produce a voltage change in an individual 
output lead in response to actuation of any one of a 
plurality of said circuit control devices actuated from 
different input leads, an outgoing circuit and means to 
translate said voltage changes in said several output 
leads into stepped amplitudes of voltage in said outgo 
ing circuit, each step being proportional to one of the 
amplitudes S1, S2, S3 to S,,. 

8. A secret telephone system comprising means to 
derive from input speech waves in a plurality of sepa 
rate circuit paths a plurality of low frequency speech 
de?ning currents, a stepper analyzer having a plurality 
of output leads and including means for applying a 
voltage to one of said leads at a time depending upon 
the instantaneous value of the respective speech-de?n 
ing current, a permuter circuit having a signal input 
lead for each of said stepper analyzer output leads and 
respectively connected thereto, said permuter circuit 
having a plurality of input key leads, means to apply 
voltage to individual input key leads, said permuter 
having output terminals corresponding in number to 
said signal input leads, and means for applying voltage 
to individual output terminals selectively under the 
joint control of voltage applied to one of said signal 
input leads and voltage applied to one of said input key 
leads, an outgoing circuit from said permuter circuit 
and means for translating voltages on said output termi 
nals into voltages of respectively different magnitude 
and impressing the same upon said outgoing circuit. 

* * * * * 


