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Patented June 4, 1946 240,405 

UNITED STATES PATENT OFFICE 
2005 

METEOD OF AND MEANS FOR SYNCRO 
NHANGWAVE GENERATORS 

Alda W. Bedford, Princeton, N.J., assignor to Ra 
dio Corporation of America, a corporation of 
Delaware 

Application Ray 20, 1944, serial No. 536,630 
as Claims. (C. 178-695) 

The present invention relates to wave trans 
mission systems and more particularly to an im 
proved method of and means for synchronizing 
a plurality of wave generators. 
The invention, by way of example, Will be de 

scribed hereinafter as an improvement in a secret 
telecommunication system of the type described 
in applicant's Copending U. S. application Ser. 
No. 514,351, fled December 15, 1943. Said co 
pending application discloses and claims a system 
wherein, for example, a speech signal compris 
ing a complex wave S is modified by means of a 
coding signal comprising a complex wave K in a 
manner whereby the instantaneous ordinates of 
the resulting coded signals are the product SK of 
the corresponding instantaneous ordinates of the 
speech signal and the coding signal. The result 
ing unintelligible coded signals are transmitted 
loy any conventional means to a receiver wherein 
the coded signals are combined with decoding 
signals generated in the receiver and having 
instantaneous ordinates corresponding to the re 
ciprocals of the corresponding instantaneous 
ordinates of the coding signal component of the 
transmitted signal. The final signals, therefore, 
are derived from the product of the transmitted 
signal SK and the decoding signal /K. The cod 
ing and decoding signal generators, at the trans 
mitter and receiver, respectively, are disclosed in 
said copending application as synchronized by 
any conventional auxiliary synchronizing system. 
The instant invention comprises an improved 

method of and means for synchronizing the cod 
ing and decoding Wave generators by means of 
special Synchronizing pulse signals each com 
prising a first signal pulse immediately followed 
by a second signal pulse of opposite polarity, 
which pulses may be superimposed upon the 
coded signals SK. At the receiver, the reversal 
in polarity between the two synchronizing pulses 
is employed to Synchronize the decoding wave 
generator. It should be understood that while 
the present invention is described with reference 
to the type of system disclosed in said copending 
application, it also may be employed for synchro 
nizing any known types of wave generators where-- 
in synchronizing wave control pulses may be em 
ployed, and wherein relatively precise synchro 
nism is desirable. 
Among the objects of the invention are to pro 

vide an improved method of and means for syn 
chronizing a plurality of wave generators. An 
other object of the invention is to provide an 
improved method of and means for synchroniz 
ing more precisely than was heretofore possible 
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waves generated by a plurality of separately pulse 
excited delay networks. Another object of the 
invention is to provide an improved method of 
and naeans for Synchronizing secret telecom 
munication systems. An additional object is to 
provide an improved synchronizing pulse gener 
ator. A further object is to provide an improved 
receiving network for synchronizing a local wave 
generator with a remote Wave generator in re 
sponse to synchronizing signals combined with 
signals received from said remote wave genera 
tor. Another object is to provide an improved 
Synchronizing system wherein synchronizing 
signals comprising a first pulse immediately foll 
lowed by a second pulse of opposite polarity are 
transmitted to a receiver responsive to the re 
versal in polarity between said pulses. 
The invention will be described in greater de 

tail by reference to the accompanying drawings 
o which Figure 1 is a schematic block circuit 
diagram of a complete secret telecommunication 
System employing a preferred embodiment of the 
invention, Figure 2 is a series of graphs illus 
trating the circuit operation of the transmitting 
portion of the system shown in Figure 1, Figure 3 
is a series of graphs illustrating the operation of 
the receiver portion of the circuit illustrated in 
Figure 1, Figure 4 is a schematic circuit diagram 
of the wave multiplier forming a portion of the 
circuit of Figure 1, and Figure 5 is a schematic 
circuit diagram of a wave reciprocal circuit form 
ing a portion of the system shown in Figure 1. 
Similar reference characters are applied to simi 
lar elements throughout the drawings. 

Coding Dave generator 
Referring to Figure i, the coding Wave gener 

ator employed for both transmitting and receiv 
ing coded speech signals comprises a conventional 
free-running multivibrator circuit which gener 
ates pulses at a rate, for example, of one hundred 
pulses per second. A typical multivibrator of 

45 

this type, the frequency of which may be con 
trolled by recurrent applied control pulses, is 
described in U. S. Patent 2,266,526, granted to 
E. L. C. White on December 16, 1941. It should 
be understood that pulses of either polarity may 
be applied in any known manner to key the multi 
vibrator, and that similarly output pulses of 
either polarity may be derived therefrom. The 
generated pulses are applied to the input of a 
conventional delay network 2 comprising a plu 
rality of Series inductors 3, 5, 6, 9, and a 
plurality of shunt capacitors 4, 6, 8, 0, 2, 4. 
The remote terminals of the resultant pulse delay 
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network 2 are terminated by a resistor 8 match 
ing the surge impedance of the network. It 
should be understood that the delay network 
may include a relatively large number of falter 
sections as indicated by the dash lines intercon 
necting the filter sections, and . . and that 
equalisers and booster amplifiers may be inserted 
in the delay network at desired points to maintain 
pulse amplitude relations at optimum values. 

Pulses applied by the multivibrator to the 
input of the delay network provide similar 
pulses at the junction of each of the succeeding 
series inductors 3, , , , f wherein each succeed 
ing pulse is delayed a predetermined amount with 
respect to pulses occurring at other prior network 
terminals. A complex coding wave thus may be 
obtained in response to each pulse applied to 
the delay network by combining in either polarity 
differently delayed pulses derived from a plure 
rality of such predetermined points along the 
delay network. 
separate isolating resistors , , , 2, 2, 

25 each have one terminal connected to different 
points along the delay network, and have their 
remaining terminals connected to separate mov 
able contacts of a plurality of single-pole double 
throw switches 27, 29, 3, 88, S, 37. The corre 
sponding fixed contacts of the several switches 
are connected together to provide two lines , 
4, which are terminated through resistors 4, 4S, 
respectively, to ground. The remaining terminal 
of the line 39 is connected through a coupling 
resistor 47 to one fixed contact T of a first 
"transmit-receive' single-pole, double - throw 
switch 49. The remaining terminal of the second 
line 4 is connected through a polarity-reversing 
amplifier 5 and a second coupling resistor 58 to 
said first fixed contact T of the first "transmit 
receive' switch 49. Thus each of the 100 pulses 
per second, derived from the multivibrator and 
applied to the input of the delay network 2, pro 
vides a plurality of pulses of either polarity ocus 
curring at predetermined intervals during each 
one-hundredth second period, as determined by 
the points of connection to the delay network and 
the arrangement of the switches 27, 29, 8, 38, 35, 
37. Therefore, a very complex coding wave may 
be applied to the first fixed contact T of the first 
"transmit-receive" switch 49, merely by selecting 
the desired arrangement of the pulse selecting 
switches. It should be understood that the total 
delay provided by the pulse delay network should 
be at least slightly less than the pulse period of 
the multivibrator in order that only one pulse 
may be traveling along the delay network at any 
predetermined instant. 

In the typical secret telecommunication system 
described in applicant's copending application 
identifled heretofore, the coding signal generator 
includes a delay network having 80 sections and 
a plurality of sequential switches which may be 
preset to any desired code and selectively actu 
ated by a clock mechanism to change the code 
continuously or at predetermined desired inter 
vals. Identical coding signal generators are en 
ployed at both the transmitter and receiver in 
such a secret telecommunication system. By 
means of simple 'transmit-receive' switches the 
coding signal either is combined with the speech 
signal for transmitting a coded wave, or reciprocal 
values of the coding signal are derived from a 
reciprocal circuit responsive to the coding signal 
generator and are combined with the received 
coded signal to decode said received signal. Much 
of the decoding apparatus including the generator 

O 

s 

30 

35 

O 

45 

70 

s 

4. 
for the code signal is identical to the Coda as 
paratus. Bence, by means of the simple tran 
nit-receive switches, the various elements of 
the apparatus may be employed at different tine 
for dual purposes in a single unt for either 
transmitting or receiving the coded sisnas, 

the movable contacts of each of the single-pole. 
double-throw "transmit-receive' switches in 
cluded therein to engage the faced Contacts T. 
T, T, T4, T, Ts corresponding to the "transmit" 
condition. Signals derived, for example, from a 
microphone SS, which may be fed through a 
speech amplifier, not shown, are applied through 
a second "transmit-receive' switch UT to one in 
put circuit of a wave.multiplier U, which will be 
described in detail hereinafter by reference to 
Figure 4 of the drawings. Coding signals, froa 

, the coding signal generator described heretofore, 
are applied, through the first switch 4, to a sec 
ond input circuit of said wave nultiplier , 
whereby coded signals Sk having instantaneous 
ordinates corresponding to the products of the 
corresponding instantaneous ordinates of the 
speech signal S and the coding signal C are ap 
plied through a third "transmit-receive' switch 

to one input circuit of a first mixer circuit S, 
which may comprise any conventional network 
wherein applied signals are combined algebra cally. 

Transmitter synchronizing pale generator 
Regularly recurrent pulses indicated by the 

graph (a) of Figure 2 are derived, for example, 
from the seventy-ninth tap on the delay network 
2 and applied to a conventional thernonic tube 
amplitude limiter circuit , which clips the wave 
(a) at the level p to derive individual inited 
pulses represented by graph (b) of figure 2. The 
limited pulses (b) are applied through a fourth 
"transmit-receive' switch to key a second null 
tivibrator to derive a negative substantially 
square-wave pulse illustrated by graph (c) of 
Figure 2. The negative square wave pulse (c) is 
applied through a fifth "transmit-receive" switch 

to a second input circuit of the first rider cir 
cuit , and is applied through a sixth "transmit 
receive' switch 7 to key a third multivibrator TT 
which generates a positive square wave pulse in 
dicated by the graph (d) of igure 2. It will be 
understood that the positive square wave pulse 
(d) will be initiated at the termination of the 
negative square wave pulse (C) in a manner well 
known in the multivibrator art. The positive 
square wave pulse (d) is applied to a third input 
circuit of the mixer circuit 8 whereby the coded 
signal SK, the negative square wave pulse (c) and 
the positive square wave pulse (d) are combined 
to provide a communication signal including the 
coded wave SK and the synchronizing signal con 
prising a negative square wave pulse immediately 
followed by a positive square wave pulse. It 
should be understood that, if desired, the lyn 
chronizing signal may comprise a positive pulse 
followed by R negative pulse since multivibrators 
may be keyed by, and can provide, pulses of either 
polarity, providing proper connections thereto are 
provided in a manner known in the art. The corn 
bined coded signal and synchronizing signal 
derived from the mixer will have a wave form, 
for example, of the type illustrated in graph (f) 
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of Figure. 2, including the pulses I, I, shown in 
A pulse derived from the third multivibrator 

3 also is applied to key the first multivibrator 
to generate a positive square wave pulse (e), 
illustrated in Figure 2, which is applied to the 
input of the delay network 2 to initiate a suc 
ceeding pulse which will be progressively delayed 
along the delay network. Since the first multi 
vibrator f is keyed by the pulse from the third 0 
multivibrator TT immediately preceding the time . 
for the generation of a normal pulse by said 
first multivibrator, it will be seen that the cod ing wave generator will be self-running, and will 
be maintained at a substantially constant fre 
quency, since the pulse rate therethrough will 
be substantially dependent upon the time delay of 
the successive pulses applied to the delay, net 
work 2. If for any reason the first multivibrator 

is not properly keyed by the third multivl 
brator TT, the first multivibrator will merely 
generate a pulse (e') which will be applied to 
the delay network 2 at a slightly later interval. 
The slightly delayed pulse upon reaching the 
seventy-ninth tap of the delay network there 
fore will key the second and third multivibrators 
in the manner described heretofore and provide 
a new set of synchronizing pulses which will actu 
ate the first multivibrator in synchronism 
thereafter. - 

The coded signals SK combined with the syn 
chronizing pulses (c) and (d) are applied to a 
second limiter 79 whereby the high amplitude 
portions I of the synchronizing signal are clipped 
to a maximum level indicated by the dash lines 
in graph (f) of Figure 2. The thus limited com 
bined coded and synchronizing signals are ap 
plied as a communication signal to a conven 
tional radio transmitter 8 which includes a 
transmitting antenna. 83. 

Coding signal receiver 
In order to convert the circuit thus described 

to operate as a coded signal receiver, the mov 
able contacts of each of the 'transmit-receive' 
switches 49, 57, 6, 69, 73 and 75 are switched 
to the corresponding fixed contacts. D1, D2, D3, 
D4, D5, D6, corresponding to the "receive' con 
dition. The combined coded signal and Syn 
chronizing signals transmitted from the trans 
mitter 8 are "smeared' and phase-shifted some 
what in transmission to resemble the solid por 
tion at of the graph (f) of Figure 2, and as re 
ceived by means of a conventional radio receiver 
85 are applied to a conventional wave differen 
tiating network 87 which may be of any type well 
known in the art. For example, a wave may be 
differentiated by applying it to a network com 
prising a small series capacitor and a shunt re 
sistor. The transmitted signal (f) of Figure 2 
after being differentiated at the receiver resem 
bles the graph (g) of Figure 3 wherein a rela 
tively large pulse P occurs at an instant corre 
sponding to the reversal in polarity between the 
received synchronizing negative and positive 
pulses and wherein low frequency components 
are substantially removed from the pulse P. It 
should be understood that instead of differen 
tiating the received signal, it may be treated 
in any other known manner to derive a pulse 
in response to the reversal in polarity of the 
negative and positive Synchronizing pulses. 
The receiver first multivibrator being free 

running, as described heretofore, the delay net 
work 2 will provide recurrent pulses at its seventy 
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6. 
eighth tap which will be limited by means of a 
third limiter 9 to provide limited pulses repre 
sented by the graph (b) of Figure 3. The thus 
limited pulses (h) are applied to key a fourth 
multivibrator 9 which generates a relatively 
long, blanking pulse illustrated in graph (4) of . 
Figure 3. The long blanking pulse () is applied 
to a blanking circuit 93 which blanks out por 
tions of the received signal, as will be explained 
in greater detail hereinafter. 

: ; ). Receiver synchronialing circuits 
Similarly, each of the recurrent pulses derived 

from the eightieth tap of the delay network 2 are 
applied to a fourth limiter 95 which clips the 
upper portion of the applied pulse as explained 
heretofore with respect to pulse (b), to provide 
a short pulse illustrated by graph (d) of Figure 
3. The limited pulse. (d) is applied through the 
fourth, "transmit-receive' switch 69 to key the 
second multivibrator 7 to provide a relatively 
long positive square wave pulse (k). It will be 
noted that the positive pulse (c) is of relatively 
longer duration than the negative pulse (c) previ 
ously described as generated by the second multi 
vibrator when said multivibrator is employed 
in the transmitting circuit. The different pulse 
polarity and duration may be accomplished in 
any well known manner by changes provided in 
the multivibrator circuit constants and the con 
nections thereto, when the multivibrator is 
switched from the "transmitting" to the "re 
ceiving' condition. 
The positive square wave pulse (k) derived 

from the second multivibrator. is applied 
through the fifth "transmit-receive' switch. 8 
to a second mixer circuit 97, to which also ig 
applied the differentiated wave (g) derived from 
the differentiating circuit 8. The thus mixed 
signals illustrated by graph (l) of Figure 3 in 
clude a pulse peak (), which corresponds in 
time to the occurrence of the large positive pulse 
P of the differentiated received wave (g). As 
explained heretofore, the pulse P corresponds to 
the reversal in polarity of the received synchro 
nizing negative and positive pulses. The wave 
(l) derived from the second mixer circuit 9 is 
applied to a fifth limiter 99 which clips the mixed 
signal at a level (y) to provide in its output 
circuit a short somewhat triangular pulse, illus 
trated by graph (m) of Figure 3. 
The triangular pulse (m) is applied through 

the sixth "transmit-receive' switch 5 to key 
the third multivibrator TT to provide a positive 
pulse represented by graph (n) of Figure 3 which 
is applied to key the first multivibrator as 
described heretofore with respect to the pulse (d) 
in the transmitting network. It should be under 
stood that, if desired for extremely precise syn 
chronism, the pulse (m) may be changed from 
triangular to square wave shape by clipping at 
a low level and then by amplifying the clipped 
lower portion of the pulse in a manner known in 
the art. The pulse (n) therefore causes the 
first multivibrator to generate a positive pulse 
(o) which is applied to the delay network 2 in 
the same manner as described heretofore with 
restoect to the positive pulse (e) of the transmit 
ting network. . . 
As explained heretofore with respect to the op 

eration of the multivibrator circuits in the "trans 
mitting" condition, if the circuit falls out of syn 
chronism, the various multivibrators will provide 
pulses at somewhat increased time intervals until 
such time as a synchronizing pulse occurs at a 
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input circuit of a reciprocal circuit Of, which will 
be described in detail hereafter by reference to 
gure 5 of the drawing signals derived from 

the reciprocal circuit O will have instantaneous 
ordinates corresponding to the reciprocal values 
of the instantaneous ordinates of the synchro 
ned coding wave K enerated in the receiver. 
The reciproca wave/K is applied through the 
first “transmit-receive switch 49 to a second 
input circuit of thematpier SS. Since the wave 
multipler provides output signals which have 
instantaneous ordinates. Corresponding to the 
product of the instantaneous ordinates of the 
waves 1/x and SC applied thereto, the output 
signals apped through the third "transmit-re 
ceive switch to a reproducer it will be sub 
stantially characteristic of the original speech 
nodulation signas S. The signals applied to the 
reproducer S have been indicated as S' since 
one phase distortion is inherent in the various 

O 
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giris-SiskA s - (-S--K--A)'s -S-S-A-2SK-2RA-2AS 
Sum output 

8 
circuits described and especially in many radio 
tralismission circuits. It should be understood 
that the signals S' derived from the third "trans 
mit-receive' awitch may be applied to actuate 
any other desired type of utilization apparatus, 
not shown. 

Signal super 

gure 4 shows a typical wave nultiplier cir 
cut fortning a portion of both the coding wave 
transmitter and receiver circuits described here 
tofore with reference to Figure 1 of the drawings. 
This multiplier circuit is described and claimed 
in applicant's Copending U. S. application Serial 
No. 51,067, fled January 12, 1944, and assigned 
to the same assignee as the instant application, 
the circuit utiles the property of well known 
electrical devices which provide an instantaneous 
output voltage which is proportional to the square 
of the instantaneous input voltage over a reason 
able voltage range in a single polarity. Such cir 
cuits or devices will be referred to as 'squaring 
circuits," and will be designated as "Q" where 
referred to hereinafter. 

In the preferred form of the nultiplying circuit, 
the waves S and K, to be nultipled, are added 
together with four different polarity combina 
tions and "squared' in four different signal chan 
nels. Then the four "squared signals are added 
together with suitable polarities to obtain the 
product SK in the output circuit of the nultiplier 
network, as will be illustrated by the following. equations: 

s.S.--K-A-I-2S--2A-2AS 
s.S.--K-A-2S--2RA-2AS 
s-S-K-A--28. --2KA-2AS 

88K 
It will be understood that the ten A in the 

above equations is the D.-C. bias added to the 
A-C. Waves to cause all of the signal amplitude 
variations to have the same polarity with respect 
to the squaring devices. 
The squaring circuit illustrated employs a plu 

rality of small copper oxide rectifers known corn 
mercially as "Varistors.” Because of the particu 
lar variable resistance characteristics of the 
"Varistor," the current therethrough is substan 
tially proportional to the square of the applied 
voltage over a reasonable range of applied volt 

O 

s 

age of a single polarity. The multiplier network 
is shown as including a first triode thermionic 

tube f having its grid electrode connected to 
the movable contact of the first "transmit-re 
ceive' switch 4, whereby signals characteris 
tic of either the coding wave K or the recip 
rocal thereof 1/K may be applied to the tube grid 
cathode circuit. A second thermionic tube 3 
has its grid electrode connected to the novable 
contact of the second "transmit-receive' switch 
5, whereby either the speech signals S or the 
blanked, received signals SKmay be applied to the 
tube grid-cathode circuit. The operation of the 
circuit will be explained hereinafter with the 
switches 49 and ST in the "transmitting position 
whereby the signals K and S, respectively, are 
applied to the grid-cathode circuits of the tubes 

and ff. Push-pull output signals are de 
rived from each of the tubes by means of con 
nections to the corresponding tube anode and 
cathode circuits as indicated in the drawings. 

In order that the desired sun voltages be ob 
tained, the signals S and K are applied to a net 
work of resistors in the following manner: Sig 
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nals S and Kr ly traverse resistors Rs 
and R to provide a signal proportional to (S--K) 
at point (S--K); the signals S and -k respec 
tively traverse resistors Rs and Ria to provide 
signal (S-K); the signals -S and -K respec 
titvely traverse resistors Rio and R11 to provide 
signal (-S-K); and the signals -S and K 
traverse respectively resistors Ro and Rs to pro 
vide signal (-S--K). Thus, at each of the four 
junction points, a sum of voltage is obtained as 
designated in the circuit diagram. As shown, the 
network also includes resistors R12 and Rislead 
ing respectively from points (S-K) and 
(-S--K) to ground, and resistors R14 and R16 
leading respectively from points (S--K) and 
(-S-K) to the positive terminal of the source 
of bias voltage which is applied through a volt 
age-reducing resistor Rus. An 8000-ohm resist 
ance has been found satisfactory for the resistors 
R13, R14, R15, and R1e, while 100,000-ohm resist 
ance has been taken as the value of resistors Rs, 
Re, RT, Re, Re, R10, R11 and Ria. 
The sum voltages at the four points of the net 

work are applied with bias voltage A and -A to 
four Waristors W, Wa, Ws, and V4 respectively, all 
of which control the current through the com 

wave K is clipped on 

O 
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mon load resistor R17 to provide thereacross the 
product output voltage S.K. The output across 
R17 is proportional to the sum of all the voltages 
which would have been generated if each Waris 
tor had supplied current to a separate resistor, as 
indicated by the foregoing squaring equations. 
It is to be noted that the Waristors Wa and WA are 
connected with opposite polarities from the 
Waristors Wii and Ws, so that the D.-C. bias voltage 
must be different. By reference respectively to 
the third and fourth equations it will be seen that 
the values (-S-K-A) and (S-K-A) are each 
preceded by another minus sign and included in 
brackets before squaring to indicate properly 
mathematically the effect of the reversed con 
nection on these two Waristors. These five equa 
tions show that, ideally, only the desired voltage 
SK is produced across the output resistor R17. 

For compensating for small dissimilarities in 
the Waristors and other circuit elements, it has 
been found desirable to provide variable resistors 
R1 and R3 connected as voltage dividers in the 
anode circuits of the tubes and 8, respec 
tively for adjusting the relative amplitudes of 
-S and -K. 
While in the foregoing the term "multiplying 

circuit' has been used to define the circuit, it 
will be seen that the circuit actually is a sort 
of modulator which is completely balanced in the 
sense that only the side band frequencies are 
produced, while the input frequencies and the 
harmonics thereof are suppressed. 
The Output signals SK derived from across the 

Output resistor R17 are applied to the movable 
contact of the third 'transmit-receive' switch 
6, whereby they may be selectively applied to 
either the reproducer e3 or to the first mixer 
63, depending upon the desired operation of the 
circuit of Figure 1. 

Signal recipifocal circuit 
The reciprocal circuit shown in Figure 5 

of the drawing is described and claimed in the 
copending application of Carl A. Meneley, Serial 
No. 484,304, filed April 23, 1943, and assigned to 
the same assignee as the instant application. 
In this circuit instantaneous reciprocal values 
of an applied coding Wave K are obtained by 

both its positive cycle and 
on its negative cycle to produce a substantially 
rectangular wave, and in which the wave K and 
the rectangular wave are added together with one 
of them reversed in polarity, preferably after the 
peaks of the positive and negative cycles of the 
wave K have been "squashed" or flattened some 
what. The circuit includes no appreciable ca 
pacitive or inductive reactances (the blocking ca 
pacitors in the circuit presenting negligible im 
pedance) and, therefore, provides the reciprocal 
of substantially any applied signal wave form 
regardless of its frequency components. 

Referring to Figure 5, the graph (p) repre 
sents a typical coding wave K which is applied 
to the input terminals 2 of the circuit. The 
graph (8) represents the reciprocal wave 1/K, 
which is the sum of the flattened wave K, repre 
sented by the graph (q), of reversed polarity, 
and of the rectangular wave shown in graph (r). 
The squashed or flattened wave (q) maybe ob 
tained by passing the wave (p) through a cir 
cuit that changes its resistance with a change in 
applied voltage. The rectangular wave (r) may 
be produced by clipping the positive and nega 
tive cycles of the wave (q) at the voltage levels 
(t) and (u) respectively, for example, close to 
the A.C. ads of the signal, and then by ampli 
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fying the clipped signal. 
The wave K applied to the input terminals 2. 

may, if desired, be amplified by means of an am 
plifier tube 23 to provide a peak-to-peak ampli 
tude, for example, of the order of 60 volts. The 
amplified Kwave then is applied through a block 
ing capacitor 5 and a resistor 62 to a copper 
oxide rectifier unit 53 which functions as a non 
linear resistor having the property of decreasing 
in resistance as the applied voltage increases. 
The resistor 62 is of high enough resistance so 
that the driving source for the non-linear resist 
ance unit 68 is of high impedance whereby there 
is only a slight variation in the current flow 
through the unit (53. The unit 53 may consist 
of a pair of copper oxiderectifiers 53a and 68b. 
connected to conduct current in opposite direc 
tions. 
The voltage appearing across the non-linear 

unit 53 is the voltage wave (q), which is the 
Wave K having a flattened waveform. This volt 
age, which is amplified by a cathode biased vac 
uum tube 56, appears across an anode resistor 
56 and a portion of the anode resistor 57-57" 

of a second amplifier tube 58. 
The rectangular wave (r) is produced, in this 

particular example, by applying the output of 
the tube 64 through a blocking capacitor 69 
and a high impedance resistor 6 to a pair of 
diodes 62 and 68, which are connected to con 
duct in opposite directions. Resistors 64, and 
f66, of comparatively low resistance, are con 
nected in series with the diodes 62 and 68, 
respectively. A biasing voltage drop for oppos 
ing current flow through diode 63 is produced 
across the resistor 66 by connecting a source of 
voltage (not shown) thereacross, a resistor 6 
being in series with the voltage source. The di 
odes 62 and 68 clip the applied wave (q) sym 

70 

metrically about its A-C. axis, because a voltage 
which causes current flow through the diode 62 
and resistor 64 is built up across the capacitor 
69 by the positive cycle pulses flowing through 

the diode 63. Thus, the diodes 62 and 63 be 
come conducting on alternate cycles when the 
signal voltage exceeds the D.-C. voltage drop 

means of an electrical network in which the is across the resistors 66 and 66, respectively. 
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wave (g) and the flattened wave cr) add in the 
portion of the anode resistor - that is 
coanoa to the tubes 4 and UE to produce the 
desired reciprocal wave 1/ hown in graph (a). 

If the wave (a) is flattened correctly, and if 
the waves (g) and (r) are added with the 

be obtained by selecting a non-linear resistor unit 
SS having a suitable voltage-resistance charac 

terste and by adjusting the value of the var 
lable relator 2. 
As previously noted, the above-described 

rocal circuit is purely resistive so that its oper 
aton is independent of frequency. The instan 
taneous voltage output of the circuit is always 
substantially the reciprocal of the instantaneous 
applied voltage. It follows that if the reciprocal 

12 
pulse, and Enoans for combining and derived ge 
mal and said anchronisins signal pulses to pro 
vide a communication signal. 

2. In a synchroning ayten for two signal 
device, one of ald devices providing a soure of 
anals including a disontinuous ynchronising 

in a communication system including a plu 
ratity of anal. devices, one of and devices pro 
viding a source of spinas including a discontin 

said das, and means for applying aid con 
Strol palaes to synchrone another of aid signal 

devices with said one of aid devees. 
4. A synchrons as yeteen for two devices in 

cluding Aynchroning Generating means respon 
sive to one of said devices for generating deon 

circuit is adjusted to produce the reciprocal of thinuously a first signal pure immediately followed 
having one wave form, the cir 

cuit will then always produce the reciprocal of 
signal regardless of its wave form. applied 

the resistor 2 and the variable tap at 
the receiver until the speech or music has a mini 
inun of distortion 

it should be understood that oppositely-con 
nected diodes may be substituted for the copper 
oddle rectifiers as and b, described hereto 

provide the wave (). 
it will be understood that the , invention is 

not inted to the particular circuits illustrated 
since the waves (q) and (r) may be derived from 
the wave K in various other ways, and since the 
two waves may be combined by means of a va 
riety of other circuits. 
Thus the invention disclosed comprises an im proved method of and means for synchronizing 

in an extremely precise manner a plurality of 
wave generators of any types which include a 
pulse driving source. The preferred embodiment. 
of the invention is described herein in combina 
toi with a secret telecommunication system 
where in the invention is employed to synchron 
niae coding and decoding wave generators at the 
transmitter and receiver, respectively. 

can as my invention: 
1. In a communication system including a plu 

raity of signal devices, a synchronizing signal 
generator for synchroniking said devices includ 

by a second signal pulse of opposite polarity than 
and first pulse, neans for deriving synchroning 
Control signals in response to the reveral in po 
larity between said first and second pulses, and 

SS means for applying and control signals to syn 
chronize the other of paid devices with said one 
of said devices 

5. in a continuatication ystem including a pull 
raity of dignal devices, the method of synchro 

Oning said devices comprising deriving predeter 
rained signals fron a first of said devices, apply 
ing said derived signals to generate a first signal 

in mediately followed by a second signal 
of opposite polarity than ad-first pulse, 

6. In a communication system including a pull 
rality of signal devices, the method of synchro 
ning said devices comprising deriving predeter 
mined signals from a first of said devices, peri 

posite polarity than said first pulse, combining 
periodically said first and second pulses with sig 
inals f said first of said devices, deriving con 
trol pulses in response to the periodic reversal 
in polarity between said first and second pulse 
signal components of said combined signals, and . 

to 
66 periodically applying said derived control pulses 

synchronize another of said devices with said 
first device. 

7. In a connuncation system including a plu 
raity of signal devices, apparatus for synchro 

ins means for deriving signals from a first of said 70 mixing said devices comprising means for deriving 
devices, means responsive to said first device for 
generating discontinuously a first signal pulse, 
Eneans responsive to said first pulse means for 
generating a second signal pulse of opposite po 
larity than and immediately following said first S of opposite polarity than said first pulse, means 
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for combining said first and second pulses with 
signals from said first of said devices, means for 
deriving control pulses in response to the reversal 
in polarity between said first and second pulse 
signal components of said combined signals, and 
means for applying said derived control pulses to 
synchronize another of said devices with said first 
device. 

8. In a communication system including a plu 
rality of signal devices, apparatus for synchro 
nizing said devices comprising means for peri 
odically deriving predetermined signals from a 
first of said devices, means for applying said de 
rived signal to generate a first signal pulse, means 
responsive to the termination of said first pulse 
for generating a second signal pulse of opposite 
polarity than said first pulse, means for periodi 
cally combining said first and second pulses with 
signals from said first of said devices, means for 
deriving control pulses in response to the periodic 
reversal in polarity between said first and second 
pulse signal components of said combined signals, 
and means for periodically applying said derived 
control pulses to synchronize another of said de 
vices with said first device. 

9. In a communication system including a plu 
rality of signal devices, apparatus for synchroniz 
ing said devices comprising means for periodical 
ly deriving predetermined signals from a first of 
said devices, a first pulse generator, means for ap 
plying said derived signals to said first pulse gen 
erator to generate a first signal pulse, a second 
pulse generator, means responsive to the termina 
tion of said first pulse for actuating said second 
pulse generator for generating a second signal 
pulse of opposite polarity than said first pulse, 
means for periodically combining said first and 
second pulses with signals from Said first of said 
devices, means for deriving control pulses in re 
ponse to the periodic reversal in polarity between 
said first and second pulse signal components of 
said combined signals, and means for periodical 
ly applying said derived control pulses to syn 
chronize another of said devices with said first 
device, 

10. In a communication system including a 
plurality of signal devices, apparatus for synchro 
nizing said devices Comprising means for periodi 
cally deriving predetermined signals from a first 
of said devices, a first pulse generator, means for 
applying said derived signals to said first pulse 
generator to generate a first signal pulse, a sec 
Ond pulse generator, means responsive to the ter. 
mination of Said first pulse for actuating said 
second pulse generator for generating a second 
signal pulse of opposite polarity than said first 
pulse, means for periodically combining said first 
and Second pulses with signals from said first of 
said devices, means fortransmitting said combined 
signals, means for receiving said combined signals, 
means including a differentiating network for de 
riving control pulses in response to the periodic 
reversal in polarity between said first and second 
pulse signal components of said received com 
bined signals, and means for periodically applying 
said derived control pulses to synchronize another 
of said devices with said first device, 

11. A system of the type described in claim 4 
including means for segregating said first and 
second pulses from Said received signals, and 
means for combining predetermined portions of 
the remainder of said received signals with sig 
nals derived from said other of said devices. 

12. In a communication system including a 
plurality of coded signal devices, apparatus for 
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synchronizing.8sitidevices cogniparisingmeas" for 
periodically deriving predetestinized: signals: from 
a first of said devices, a first multivibrator, means 
for applying said derived signals to key said first 
multivibrator to generate g; first-signali pulse, a 
second multiworator, means: responsive to the 
termination of said first-pulse or actuating said 
second multivibrator to generate a second signal 
pulse of opposite polarity, than said: first pulse, 
means for periodically combining: said...first and 
Second pulses with:coded signals from said first 
of said devices, means for transmitting said.com 
bined signals, means for receiving said combined 
signals, means including a differentiating network 
for deriving control pulses in response to the 
periodic reversal in polarity between said first and 
second pulse signal components of said received 
combined signals, means for periodically apply 
ing said derived control pulses to synchronizean 
other of Said devices with said first device, means 
for deriving decoding signals from said other-de 
vice, means for segregating said first and second 
pulse signal components from said received coded 
signals, and means for combining predetermined 
portions of the remainder of said received coded 
signals with said decoding signals to derive un 
COded signals. 

13. A circuit for synchronizing two electrical 
generators including means for periodically de 
riving predetermined signals from a first of said 

, generators, means responsive to said derived sig 

35 

40 

45 

50 

55 

60 

65 

70 

75 

nals for generating a first pulse, means respon 
sive to said first pulse for generating a second 
pulse of opposite polarity to said first pulse, means 
for periodically combining said pulses, means for 
deriving control pulses in response to the periodic 
reversal in polarity of said combined pulses, and 
means for applying said derived control pulses to 
synchronize said second of said generators with 
Said first of said generators. 

14. A coded signal transmission system includ 
ing a first coding signal generator, a source of 
signals, means for combining said source of sig 
nals and said coding signals to provide a coded 
signal having instantaneous magnitudes propor 
tional to the product of the corresponding in 
stantaneous magnitudes of said source of signals 
and Said coding signals, means responsive to pre 
determined signals derived from said coding sig 
nal generator for generating a first pulse, means 
responsive to the termination of said first pulse 
for generating a second pulse, means responsive 
to said second pulse for keying said coding sig 
nal generator, means for combining said first and 
Second pulses and said coded signal, means for 
transmitting said combined pulsed-coded signal, 
means for receiving said transmitted signal, 
means for deriving from said received signal a 
control pulse in response to the reversal in polar 
ity of said signal pulse component, a second cod 
ing signal generator, means responsive to said 
control pulse for keying said second coding signal 
generator to Synchronize said coding signal gen 
erators, means responsive to said second coding 
signal generator for segregating said transmitted 
and received pulses from said received coded sig 
nals, means responsive to said second coding gen 
erator for deriving decoding signals having in 
staneous magnitudes which are substantially the 
reciprocal of the corresponding instantaneous 
magnitudes of said coding signals, means for 
combining said segregated coded signals and said 
decoding signals to derive a decoded signal hav 
ing instantaneous magnitudes substantially equal 
to the product of the instantaneous magnitudes 
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of each of and last Coaned anals and hence 
abstantially salar to aid original source as 
ask 
1. In a communication system, a reading unit 

eaprisins periodie means, a source of signal 
integence, means for analysing and signal in 
telligence by said periodic means whereby a con 
munication signal is enerated, means for gen 

erating periodic synchronizing pulses, each cons . 
sisting of a first pulse followed inned ately by a 
second pulse of the opposite polarity, means for 
combining aid ynchroning pulses with said 
coanunication signal to form a composite signal, 
and means for transmitting aid composite ag 
na; and a receiving unit comprising a re 
ceiver for the conposite dignal, second pe 
riodic means, means for deriving a control 
signal fron said composite signal in response to 
the periodic reversal in polarity between said 
first and second pulses, means for aynchroni 
ing aid second periodic means in response to said 

O 

s 
pulse signal Component of aid Coabined ag 
nas, and means for applying aid derived control 
pulses to aynchrone another of and devices 
with said first device 

A DVA. V. E. O. D. 


