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This invention relates to circuit arrangements 
for Synchronizing an oscillation generated by a 
generator in the correct phase with the aid of a 
Control oscillation of the same frequency, the 
control oscillation not acting directly upon the 
generator to be synchronized. The frequency of 
the generator to be Synchronized is, for example, 
directly influenced either by a harmonic of the 
Control CScillation or by an oscillation derived 
either from tWo ha'nonics of the control oscil 
lation Cr fron a harmonic of the control oscil 
lation and a harmonic of the generator to be 
Synchronized. 
The invention Will be described with reference 

to the appended drawings forming part of the 
Specification and in Which: 

Figure 1 shows the phase relationship existing 
between a generated Oscillation and a harmonic 
Synchronizing Oscillation. 

Figure 2 illustrates a circuit arrangement in 
accordance With the invention for obtaining syn 
chronization in the correct phase by means of 
tWO. auxiliary OScillations. 

Figure 3 illustrateS the Wariations in te COn 
trol action. With changes in the phase relation 
ship between the auxiliary oscillations. 
Figure 4 schematically ilustrates a method for 

providing the auxiliary oscillations for the cor 
rect pa.Sing Of the OSC:illating geiterator. 

During Synchronization by means of a Syn 
chronizing oscillation which directly acts upon 
the frequency of the generator to be synchro 
nized and is equal to the harmonic of the control 
OScillation, the phase of the generated oscilla 
tions may take different values depending on the 
moment of starting of the synchronization. If, 
for example, the Synchronizing oscillation, which 
is represented by a curve in Fig. 1 of the ac 
companying diraWingS, has a frequency of 12 kilo 
cycles per Secondi, being the third harmonic of 
an oscillation of 4 kilocycles to be generated, the 
phase of the generated oscillation may take three 
different values, depending on whether the Syn 
chronization takes place during the first, the 
second or the third period of the synchronizing 
OScillation. Accordingly, the generated Oscilla 
tion will waity in accordance With one of the 
curves 2, 3 or 4 of Fig. 1 which exhibit a phase 
difference of respectively 120° and 240. 
The same disadvantage occurs during Syn 

chronization. With the aid of a Synchronizing 
osciliation whose frequency is equal to that of 
the Oscillation to be generated and is derived 
either from two hairmonics of the control OScilla 
tion or from a harmonic of the control CSCilla 
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tion aid a liaii; Olic of the OScillation to be 
generated. 

Title inventicin as for its purpose to make One 
definite choice from these different possibilities 
aEditO eXC?tidie te other OneS. 
According to the invention this object is 

achieved by providing neains Inaking the in 
fiulence Gi tne control OScilation upon the gen 
erator insactive, if the phase of the generated OS 
Ciliati OraS d'OeS26t exhibit the COrrect Walue. The 
said means are controlled by the phase displace 
inent between tWO. auxiliary OScillatioS at the 
frequency to be i generated, te pinaSe of One of 
these auxiliary oscillations being at least de 
pendent, Cin the phase of the control oscillation 
and the phase of the other being at least de 
pendent on the phase of the Oscillation generated 
by the generator. 

Fig. 2 shows one exa:Alpe of an arrangement 
according to the invention as applied to a carrier 
Wave telephony system, in which in each of the 
stations the carrier-Waves for the Various chan 
nels are derived from a connon generator, the 
latter being Synchronized in the correct phase 
in at least, one of these Stations by the generator 
in the other Station and the generator to be 
Synchronized being directly influenced by a Syn 
chronizing OSciation, WhoS9 frequency is a high 
er harmonic of the frequency of the control oscil 
lation. In the exainple, the generator to be Syn 
chronized is designated i di in one Station, here 
in after referred to as the Station A, and is Con 
stituted by a discharge tube 2 with positive feed 
back in known manner which does not require 

5 a detailed description. For Synchronizing this 
generator, the grid circuit includes an in pedance 
3 which has supplied to it the Synchronizing OS 
cillation which is a harmonic of the OScillation 
generated by the generator in the other station, 
referred to hereinafter as the station B, and 
which acts as a control CS3illation. It is aSSumed 
that the frequency to be generated by the gen 
erator amounts to 4 kilocycles/sec., whereas 
the Synchronizing oscillation has a frequency of, 
say, 72 kilocycles/sec., being the 18th harmonic 
of the frequency Of the generatorS in the Sta 
tiOS A. ad B. 

in the generator is Synchronized in this way 
by the 18th harmonic, the phase of the generated 
4 kilocycles CScillation nay take 18 different 
Values, aS is Set out above. 

In Cider to ensure that the phase of the gen 
erated OScillation is always adjusted at one and 
the Sane Value, according to the invention use 
is made cf that part of the arrangement shown 
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in Fig. 2 which will be described hereinafter. 
This arrangenerat coin prises devices each Con 
stituted by a discharge tube A or 5, Said devices 
having supplied to them an auxiliary OScillation, 
whose phase is at least dependent on the phase 
of the oscillation generated by the generator 
and having the frequency to be generated and 
a second auxiliary oscillation. The phase of the 
second auxiliary oscillation which is Supplied, 
for example, to the discharge tube 5 and, Wihose 
frequency is equal to the frequency to be gen 
erated by the generator is at least dependent 
on the phase of the control oscillation. The Way 
of obtaining the two auxiliary oscillations Will 
be set out by reference to the arrangement of 
Fig. 4 which will be described later in greater 
detail. 
The discharge tubes 4 and 5 are Connected in 

known manner so as to convert the auxiliary 
oscillations supplied to the grids into an OScilla 
tion having a substantially rectangular Wave. 
To this end, resistances may be interposed, for 
example, in the connecting leads to the control 
grids, which prevent the voltage at the grids 
from becoming greatly positive. The tubes 4 
and 5 have a common output circuit in Which 
the primary winding of a transformer 6 is in 
cluded through which a resulting voltage OCCUS 
depending on the phase displacement between 
the auxiliary oscillations fed to the two tubes 
4 and 5. 

Fig. 3 indicates the resulting voltage through 
the transformer 6 for various phase displacements 
between the auxiliary oscillations. In this figure 
it has been assumed that the amplitudes of the 
oscillations of rectangular wave Supplied by the 
tubes 4 and 5 so that, if the auxiliary oscillations 
at the grids of the tubes 4 and 5 are in phase With 
one another, a resulting voltage is obtained, as 
is shown in Fig. 3d, whose amplitude is equal to 
twice the amplitude of each of the rectangular 
oscillations supplied by the tubes. An increase in 
the phase displacement between the two auxiliary 
oscillations results in a voltage which may be rep 
resented respectively by Figs. 3b to 3ic. In the 
case of a phase displacement of 180° between 
the two auxiliary oscillations the resulting Wolt 
age is zero, as is shown in Fig. 3k. 
The resulting voltage produced across the 

transformer 6 is fed to a di Scharge tube 7 SerWing 
for making the influence exercised by the syn 
chronizing osciliation upon the generator | inac 
tive. To this end, a relay 8 is included in the 
anode circuit which upon the occurrence of a re 
Sulting voltage across the transformer 6 short 
circuits the impedance 3 by means of a switch 
9. The discharge tube 7 exhibits a threshold 
value obtained, for example, by a negative grid 
bias which is greater than half the amplitude 
of the resulting voltage Supplied through the 
transformer to the grid 7 and indicated in Figs. 
3a and 3k by a dotted line. This threshold value 
results in the anode circuit of the tube a being 
traversed by an anode current and the Switch 9 
short-circuiting the impedance 3 only in the case 
that the phase displacement between the auxil 
iary OScillations at the grids of the tubes 4 and 
5 differs from 180°. 
Since the phase of the auxiliary oscillation 

Supplied to the grid of the tube 5 is dependent 
On the phase of the control oscillation and more 
Over the phase of the oscillation Supplied to the 
grid of the tube 4 is dependent on the phase 
of the oscillation generated by the generator , 
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this auxiliary oscillation being derived from the 75 
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enerator, the phase displaceinent between the 

two auxiliary oscillations will vary with the no 
ment at Which the generator i is Synchronized 
by the Synchronizing Oscillation. In the described 
arraingerinent in Which the Synchronizing Oscilla 
tion is the 13th harmonic of the oscillation to be 
generated, 18 different phase displacements be 
tween the auxiliary oscillations may occur in the 
case of Synchronism. However, only with one of 
these 18 possibilities there is no phase displace 
ment between the two auxiliary oscillations and 
Only in this conditi On the i pedance 3 is not 
short-circuited by the Switch 9. In each of the 
remaining 17 conditions the relay 8 is energized 
aid consequently the influence of the Synchro 
nizing oscillation upon the generator inade in 
active. The generator is then Subjected to fre 
quency variations, resulting in a displacement of 
the phase of the auxiliary oscillation fed to the 
tUibe 4. TiThis phaSe displacement contines Lun 
til a moment is obtained at Which the phase dis 
placement between the auxiliary oscillations is 
180° and the short-circuit of the impedance 3 is 
eliminated. At this monent the Synchronizing 
oscillation becomes active and the frequency of 
the cscillation generated by the generator is 
inaintained at a correct value. 
Only a single condition of the generator is pos 

sible in which it is synchronized in the correct 
phase. By adjusting the phase relation between 
the auxiliary oscillation at the grid of the tube 
and the synchronizing oscillation and by ad 

justing the phase relation between the auxiliary 
osciation at the grid of the tube and the osci 
lation generated by the generator , which is ef 
fected by using phase displacing networks in the 
Conductors and through which the auxiliary 
Oscillations are supplied to the tubes 4 and 5, 
the moment of synchronization of the generator 
may be adjusted at Will. 
Due to the tube being given a threshold Walue 

which is greater than half the amplitude of the 
resulting Voltage supplied through the trans 
former 6 to the grid of the tube 7 and conse 
quently greater than the amplitude of the rec. 
tang Ular oscillations supplied by each of the tubes 
8 and 5, it is ensured that if during operation, 
after the generator has been brought into the 
desired condition, One of the auxiliary oscillations 
is Suppressed by interference, the remaining aux 
iliary oscillation has no amplitude sufficiently 
large to overcome the threshold and to energize 
the relay 6; consequently the synchronism is 
maintained in Spite of the occurring interference. 
Consequently it is not necessary that the aux 

iliary oscillation whose phase is at least depend 
ent On the control oscillation of 4 kilocycles gen 
erated in the station B is always present. This 
auxiliary CScillation may be, for example either 
the 4 kilocycles carrier-wave of the station B 
and consequently the control oscillation itself or, 
as Will be set out in detail hereinafter by ref 
erence to Fig. 4, it may be obtained either by 
generating a difference-frequency from two car 
rier-Waves generated in the station B, which 
differ by 4 kilocycles per sec., or by mixing a 
harmonic of the controll-oscillation and a har 
monic of the oscillation generated by the gen 
erator to be Synchronized. Each of these har 
InCnics Serve as carrier waves for a conversation 
to be transmitted and are Suppressed during the 
normal Speech transmission and are only trans 
mitted from B to A for signalling OOSes. Col 
Sequently, auxiliary oscillation is Supplied to the 
tube Only during the times of the Siginalling. 
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During signalling the phase of the oscillations 
generated by the generator f is adjusted at the 
value desired. After that, the auxiliary Oscilla 
tion is suppressed but the synchronism of the 
generator is maintained. 
- It is not necessary for the amplitudes of the 
rectangular oscillations supplied by the tubes 4 
and 5 to be equal. In the case of unequal ampli 
tudes only the threshold value of the tube 
must be chosen so as to be greater than the 
largest of the amplitudes of the two rectangular 
oscillations active at the grid of the tube 7. 

Although the illustrated example indicates a 
relay 8 which short-circuits the impedance 3, use 
may also be made of an electric relay, for ex 
ample a discharge tube. V 

Fig. 4 shows in what manner the auxiliary OS 
cillations can be generated in a carrier-wave Sys 
tem, as has been described by reference to Fig. 2. 
The auxiliary oscillation whose phase is at least 
dependent on the control oscillation is formed by 
two carrier-Waves generated in the station B. 
These carrier Oscillations of, say, 72 and 76 kilo 
cycles per sec. are received in the station A and 
supplied to a mixing arrangement 2 constituted 
by a bridge connection of dry rectifiers. A fre 
quency of 4 kilocycles per sec. is obtained in the 
output circuit of this mixing a rangement and 
Supplied as an auxiliary oscillation through the 
conductor to the grid of the tube 5 in Fig. 2. 
The phase of this auxiliary oscillation may be 
adjusted with the aid of a phase control device 
3, through which the carrier oscillation of 76 

kilocycles is supplied to the mixing arrangement. 
The other auxiliary oscillation is formed in a sim 
ilar way in the station. A by the difference fre 
quency of two higher harmonics of, say, 76 and 
80 kilocycles per sec. of the generator . These 
two higher harmonics are supplied through 
phase-control devices f4 and 5 to a mixing ar 
rangement 6 constituted by a bridge connection 
of dry rectifiers and in the output circuit of 
which an oscillation of 4 kilocycles occurs which 
is supplied through the conductor to the dis 
charge tube 4. 

In this arrangement the synchronizing oscil 
lation has the same frequency as the Oscillation 
to be generated by the generator f in Fig. 2. In 
this arrangement, however, the synchronizing 
OScillation is derived from two oscillations hav 
ing frequencies which are higher harmonics of 
the Oscillation to be generated by the generator 
f. To this end, the harmonic of 76 kilocycles 
per sec. originating from the station B, together 
With the harmonic of 80 kilocycles per sec. origi 
nating from the station A, is Supplied to a mix 
ing arrangement 7 constituted by a bridge con 
nection of dry rectifiers. An Oscillation of 4 kilo 
cycles per sec. is obtained in the output circuit 
of this mixing arrangement which is supplied 
through a transformer 8 to a circuit 9, in which 
the impedance 3 of Fig. 2 is included. 
In order to increase the reliability of service, 

the circuit 9 has supplied to it, in addition, a 4 
kilocycles oscillation derived from the 76 kilo 
cycles Oscillation originating from the station A 
and the 72 kilocycles oscillation originating from 
the station B. These oscillations are fed to a 
mixing arrangement 20, in whose output circuit 
the 4 kilocycles oscillation occurs which is Sup 
plied through a transformer 2f to the circuit 9. 
If one of the Oscillations generated by the Station 
B, for example that of 76 kilocycles, is suppressed 
by interference, the synchronization is not dis 
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turbed, since the carrier-wave of 72 kilocycles 75 

3. 
which still exists together with the oscillation 
of 76 kilocycles of the station A, continue to Sup 
ply the 4 kilocycles required for Synchroniza 
tion. 
In the example represented in Fig. 2, the aux 

iliary oscillations fed to the tubes 4 and 5 are 
converted into oscillations having approximately 
a rectangular wave. Though this is advanta 
geous in view of an exact comparison of the 
phases of the two auxiliary oscillations, this con 
version is not necessary under any conditions. 
These tubes 4 and 5 may also be connected as 
an amplifier so that the anode currents of these 
tubes are sinusoidal and the tube T is put into 
operation in dependence on the phase displace 
ment existing between these currents. 
What We claim is: 
1. A circuit arrangement comprising an oscil 

lation generator, a source of control OScillations 
for directly influencing the frequency of said gen 
erator, and a circuit rendering inactive the in 
fluence of said control source, said circuit includ 
ing a first source of auxiliary oscillations whose 
phase is dependent upon the phase of the oscil 
lations of Said generator, a second source Of aux 
iliary oscillations whose phase is dependent upon 
the phase of said control oscillations, aid means 
combining the oscillations of said sources in phase 
relationship. 

2. A circuit arrangement comprising an Oscil 
lation generator, a source of control oscillations 
for directly influencing the frequency of said 
generator, and a circuit rendering inactive the 
infuence of said control source, said circuit in 
cluding a first source of auxiliary oscillations de 
rived from Said generator and having a phase 
dependent upon the phase of the oscillations of 
said generator, a second source of auxiliary. OS 
cillations whose phase is dependent upon the 
phase of said control oscillations, and means 
combining the oscillations of said sources in 
phase relationship. 

3. A circuit arrangement comprising an oscil 
lation generator, a source of control OScillations 
for directly influencing the frequency of Said 
generator, and a circuit rendering inactive the 
influence of said control source, said circuit in 
cluding a first source of auxiliary oscillations de 
rived from said generator and having a phase 
depending upon the phase of the oscillations of 
said generator, a Second Source of auxiliary OS 
cillations derived from the source of the control 
Oscillations and having a phase depending upon 
the phase of control oscillation, and means Com 
bining the oscillations of said sources in phase 
relationship. 

4. In a circuit arrangement in combination, 
an Oscillation generator, a source of control os 
cillations directly influencing the frequency of 
Said generator, a first source of auxiliary OScil 
lations whose phase is dependent on the phase 
of the Oscillations of said generator, a second 
Source of auxiliary OScillations whose phase is de 
endent on the phase of said control oscillations, 

means combining said first and second auxiliary 
oscillations to provide resulting oscillations and 
In eans controlled by Said resulting oscillations 
to render inactive said source of control oscilla 
tions upon the departure from a predetermined 
phase difference between said first and second 
auxiliary OScillations. 

5. A circuit arrangement comprising an oscil 
lation generator, a source of control oscillations 
for directly influencing the frequency of said gen 
erator, a first Source of auxiliary Oscillations 
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whose phase is dependent upon the phase of the 
Oscillations of said generator, a second Soulce of 
auxiliary oscillations whose phase is dependent 
upon the phase of said control Oscillations, means 
combining the oscillations of Said Sourcesin phase 
relationship and producing resulting Oscillations 
having a substantially rectangular Wave form, 
and means controlled by the resulting oscillations 
to render inactive said source of control oscil 
lations upon the departure from a predetermined 
difference of the phases of said first and Second 
auxiliary OSicillations. 

6. A circuit arrangement comprising an oscil 
lation generator, a Source of control Oscillations 
for directly influencing the frequency of said 
generator, a first source of auxiliary oscillations 
whose phase is dependent upon the phase of the 
Oscillations of said generator, a Second source of 
auxiliary Oscillations whose phase is dependent 
upon the phase of said control oscillations, means 
combining the Oscillations of said auxiliary 
sources in phase relationship to provide resulting 
Oscillations and a relay member controlled by 
the resulting Oscillation to render inactive said 
Source of control OScillations upon the departure 
from a predetermined difference of the phases of 
said first and Second auxiliary Oscillations. 

7. A circuit arrangement comprising ain oscil 
lation generator, a Source of control oscillations 
for directly influencing the frequency of said 
generator, an impedance common to said gener 
ator and to the control oscillations, a first source 
of auxiliary oscillations whose phase is dependent 
upon the phase of the oscillations of said gen 
erator, a second source of auxiliary oscillations 
Whose phase is dependent upon the phase of Said 
control OScillations, means combining the Oscil 
lations of said auxiliary sources in phase rela 
tionship to provide resulting oscillations and a 
relay member controlled by the resulting oscilla 
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tions short-circuit said impedance upon the de 
parture from a predetermined difference of the 
phase of said first and second auxiliary Oscilla 
tions. 

8. In a circuit arrangement in combination, an 
oscillation generator, a source of control oscilla 
tions directly influencing the frequency of said 
generator, a first source of auxiliary oscillations 
whose phase is dependent on the phase of the 
Oscillations of said generator, a Second Source Of 
auxiliary oscillations Whose phase is dependent 
on the phase of said control oscillations, means 
combining said first and Second auxiliary oscil 
lations to provide resulting Oscillations and means 
controlled by said resulting Oscillations to render 
inactive said source of control oscillations upon 
the departure from a predetermined difference 
of the phases of said first and second auxiliary 
OScillations, said means having a threshhold 
value equal to the amplitude of the largest of said 
resulting OScillations. 

9. A multi-channel carrier wave telephony 
System comprising a plurality of stations, car 
rier Waves for the various channels derived from 
a connon generator, a Source of Synchronizing 
Oscillations for the generator of a first Station 
derived from the generator of a second station, 
said first station comprising a circuit rendering 
inactive the influence of said Synchronizing Os 
cillations, said circuit including a first source of 
auxiliary oscillations whose phase is dependent 
upon the phase of the OScillations of the gener 
ator of the first said station, a second source of 
auxiliary oscillations whose phase is dependent 

5 upon the phase of said synchronizing oscillations 
and means combining the OScillations of said 
auxiliary sources in phase relationship. 
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