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In this application I disclose an improved of the tuned circuit. Depending on the phase 

method of and means for Securing frequency relationships in the reactance tube circuit, this 
shift keying in signalling Systems. tube appears as either a capacitive or inductive 

In telegraphy systems of the frequency shift reactance across the tuned circuit. Varying the 
keying type one frequency is used to represent 5 voltages on one or more elements of this tube will 
marking condition and a second and different cause a change in effective reactance. There 
frequency is used to represent spacing condition. fore, when a keying device is used to alter the 
The frequencies may be separated as desired, it Voltages on one or more elements of this tube it 
being essential only that they be separated by a Will cause the Oscillator frequency to shift in ac 
frequency band sufficient to permit readily a dis- 10 cordance with the keying. 
crimination therebetween and Selection thereof 3. By combining the output of a fixed high fre 
at the receiver. In practice they are usually quency oscillator and the output of a compara 
separated by a band of frequencies of the Order tively low frequency oscillator which is so ar 
of eight hundred cycles. One frequency may be ranged that its frequency shifts in accordance 
designated the marking frequency, the other fre- ls with the keying as described in 2 above. The 
quency may be designated the spacing frequency, sum or difference frequency of these combined 
The marking frequency may be higher than the signals is taken from the mixer and then ampli 
spacing frequency or vice versa. The currents fied and used in the usual manner. 
of different frequency may be derived in various In these known systems the amount of fre 
manners, Some of which will be listed herein 20 quency shift usually may not be quickly and 
after. Often the currents are of relatively low easily varied to meet desired operating condi frequency and appear as modulation on a higher tions. 
frequency wave. At the receiver currents repre- An object of my invention is to provide a meth 
senting mark and space frequencies are produced od of and means for frequency shift telegraphy 
and subjected to selection or frequency discrim- 25 wherein the amount of frequency shift may be ination to receive the signals. The signals have quickly and easily varied. 
characteristics of on-off telegraphy but may be In known systems of the type described above, 
considered frequency modulated Signals since the when the amount of frequency shift is varied the 
frequency thereof shifts between two values in center frequency is usually varied also, thereby 
accordance with signals. One or the other of 30 necessitating changes throughout the transmit 
the currents may be on at all times but both ter circuits and/or at the receiver. thereof are never on simultaneously. An obj 

- Za vrsi object of my invention is to produce an im In the embodiments described, the frequency proved frequency shift telegraphy system where shift signals are shown as being produced in a 
transmitter for radiation. It will be understood, 35 in the amount of frequency shift may be varied 

as desired readily without changing the mean however, that they may be produced for trans- or average frequency of the currents in the trans mission over lines. 
Frequency shift methods and means are itter and/or at the receiver. M 

In th e shif tems ibe known in the art and I do not lay claim to the e frequency shift syste aS described 
same broadly 40 above considerable difficulty is encountered in 

adapting the same to existing tr ? In existing frequency shift keying Systems the pting the same to existing transmitter appar 
atus. For example, transmitters usually include marking and spacing frequencies are usually ob- $4n Yu 

tained by one of three general methods: a crystal for stabilizing their carrier frequency 
1. By shifting the frequency of a crystal oscil- and ???? 1S ???; ?????? to # the ?????? of this latory a smail amount risis usually done 45 CES /or to vary the amount of shift. 

by connecting an extra capacitance in Series This often requires use of a new crystal and of 
With a keying device across the crystal. When considerable circuit apparatus to adapt the ex 
the keying device is closed the extra capacitance isting transmitters to production of frequency in parallel with the crystal will slightly lower the shift telegraphy. a 
frequency. when the key is raised the reduction 50 A further object of my invention is to provide 
of capacity across the crystal will slightly raise frequency shift keying circuits or adaptors for 
the frequency. Therefore, the frequency will be producing frequency shift telegraphy currents as 
shifted in accordance with the keying. described above, which keying circuits or adap 

2. By using a self-excited oscillator and con- tors may be readily applied to new or existing 
necting a reactance tube across all, or a portion, transmitters with a minimum of change from the 
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original circuits and without the use of addition 
all crystal oscillator stabilizing apparatus. 
The above objects are accomplished in accord 

ance with my invention by applying Oscillations 
of a sub-carrier frequency as nodulation to a 
balanced modulator of the suppressed carrier 
single side band type and by utilizing one side 
band as the marking frequency and the other side 
band as the spacing frequency. In accordance 
with my basic idea the frequency shift keying 
currents represented by one side band or the other 
are obtained by applying the oscillations of one 
frequency in phase quadrature relation to two 
balanced modulators and by applying oscillations 
of a second and different frequency alternatively 
by electronic or mechanical switching means in 
phase opposed relation to the balanced modula 
tors so that in the output, one side band or the 
other, depending upon the position of the elec 
tronic or mechanical Switching means is selected 
and fed out of the modulators. In the embodi 
ments described, the oscillations wherein the key 

0 
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ing takes place are of lower frequency than the 
other oscillations. However, it will be understood 
that the keying may take place in the couplings 
for the higher frequency oscillations. 

it will also be understood that the keying may 
take place in the couplings applying the oscilla 
tions in quadrature to the two balanced modula 
tors, rather than in the couplings applying the 
oscillations in phase opposed relation to the bal 
anced modulators as shown. 
One advantage to be gained by use of my 

method and means resides in the fact that all 
that is necessary to convert most existing trans 
mitters to frequency shift keying is to supply the 
low frequency oscillator, the balanced modulators, 
the phase shifting circuits and the electronic or 
mechanical keying means for feeding the low fre 
quency oscillations alternatively in phase opposed 
relation to the balanced modulators. As will be 
seen from the detailed description which follows 
these means are relatively simple and inexpen 
sive, and easily added to most modulation systems 
known today. The low frequency oscillator may 
be an ordinary RC or beat frequency type such 
as can be found in most laboratories or radio sta 
tions. The center frequency determining oscilla 
tor maybe the ordinary transmitter crystal con 
trolled oscillator. Then, all that is necessary to 
adapt the arrangement to frequency shift signal 
ling is to interrupt the circuit between the crystal 
controlled oscillator and a following stage and 
insert mv balanced modulators arranged as de 
scribed above. 
Another advantage resulting from the use of my 

system resides in the fact that frequency or phase 
modulation may be applied to the low frequency 
oscillations so that the output comprising the 
alternatively present side bands may be frequency 
or phase nodulated to thereby derive the benefits 
of frequency diversity. 
Although it is believed that my invention in 

its broader aspects will be apparent to those 
skilled in the art from the foregoing description 
thereof. I will now describe detailed embodiments 
thereof. In this description reference will be 
made to the attached drawings wherein 

Fig. 1 illustrates by rectangle and line connec 
tion one embodiment of my frequency shift teleg 
raphy System. 

Fig. 2 illustrates by circuit element and circuit 
connection the essential elements of a frequency 
shift telegraphy system as illustrated Schemati 
cally by block diagram in Fig. 1. 
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4. 
Fig. 2d. illustrates by vector diagram the manner 

in which the upper or lower side band is selected 
in accordance with the electronic or mechanical 
Switching means in Figs. 1 and 2 to provide the 
mark and space output frequencies represented 
by the two side bands. 

Fig. 3 is a line connected block diagram of a 
modification of the arrangement of Fig. 1. 

Fig. 1 illustrates the application of this type of 
frequency shift keying in the first general class 
described above. The high frequency oscillator 
fo is so arranged that it feeds a voltage of fre 
quency, fo, directly into a pair of balanced mod 
ulators 20, and also a voltage of the same fre 
quency through a 90° phase shifter 39. The oscil 
lator O may be the regular frequency determin 
ing oscillator as found in any transmitter or it 
may be a separate unit as desired. A low fre 
quency oscillator 40 feeds an audio voltage of 
frequency, fm, directly into the balanced modul 
lators 20 and also through a switching unit 50, 
and 90° phase shifter 60 or 70, depending upon 
the position of the switching unit 50. By properly 
combining and phasing these voltages in the bal 
anced modulators a suppressed carrier single 
side band output may be obtained. A typical 
method of accomplishing this is described in U.S. 
Patent #1,773,116 by R. K. Potter. If the phase 
of the phase shifted frequency fin supplied to the 
balanced modulators is shifted by 180° it will re 
sult in the suppression of the originally trans 
mitted side band and the transmisssion of the 
other originally suppressed side band. In the 
proposed system this is accomplished by having 
the switching unit 50 connecting one audio signal 
to the balanced modulators 20 through the --90° 
phase shifter 60 for the spacing condition, while 
on the marking condition it connects the same 
audio signal to the modulators 20 through the 
-90 phase shifter G. Thus, as the switching 
unit 50 alternately connects the one audio voltage 
to either --90° phase shifter 60, or -90° phase 
shifter 70, there is a shift of 180 which causes 
the output frequency of the balanced modulators, 
20, to shift between a frequency offic plus fin and 
fe minus fan. Depending on the type of balanced 
modulators used there may be other harmonics 
and combinations of the original frequencies in 
the output. It is, of course, necessary to select 
the proper output frequencies. However, if a 
ring-type modulator (as illustrated in Fig. 2) is 
used, the Output will contain only one side band 
or the other when the equipment is properly ad 
justed. The output frequency from the balanced 
modulators may be amplified in the usual man 
ner. If desired, the frequency may also be multi 
plied in this and succeeding amplifiers. If the 
frequency of the high frequency oscillator O is 
5,000 kc. and that of the low frequency oscillator 
40 is 400 cycles, the output frequency of the bal 
anced modulators 20 will shift from 5,000 --0.4 to 
5,000 -0.4 kc.; i. e., from 4,999.6 to 5000.4 kc., a 
shift of 800 cycles. Where a different frequency 
shift, is required at the output frequency with 
frequency multiplication in the intermediate 
stages between the balanced modulators 20 and 
the Output amplifier 80 the low frequency signal 
fm should equal one-half of the desired frequency 
shift divide by the order of multiplication. 

In Fig. 2, 20 and 20” are the balanced modula 
tors, each comprising two pairs, 22 and 24, of 
diodes in a conventional ring type modulator are 
rangement. The diodes are shown in separate 
envelopes but pairs thereof may be in a common 
envelope. Other types of rectifiers may be used. 
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The cathode of one diode and the anode of the 
other diode of each pair are tied together and cou 
pled differentially by a winding 23 which is the 
secondary winding of a transformer the primary 
winding of which is coupled to one source of al 
ternating current, in the embodiment illustrated, 
the low frequency source 40. 
The other balanced modulator 20' is similarly 

coupled by . winding. 23 to the low frequency 
source 40. This coupling includes phase shift 
ing and phase reversing means including the two 
tubes 32, 34. Tubes 32 and 34 each have an anode 
coupled to the primary winding of transformer 
23, and have control grid electrodes 36 and 38 
coupled to the low frequency source 40. The grid 
36 is connected to the cathode of tube 32 by re 
sistances 3 f and 33, and the cathode bias and con 
denser unit 35. Grid 38 is similarly coupled to its 
cathode by resistances 3, 33' and 35'. The 
biases Supplied by these connections are such that 
the tubes amplify applied alternating current 
voltages. A source of blocking bias B has its 
positive terminal grounded and its negative ter 
minal coupled to a key K arranged to put the 
negtive source on resistance 3 or 3' to block tube 
32 or tube 34. 
The anode circuit of tube 32 includes a ca 

pacity C and resistance R of which C is of rela 
tively high reactance and R is of relatively low 
resistance so that the alternating current 
through C-R is leading the voltage about 90°. 
The grid 37 then is excited by a voltage relatively 
retarded about 90 with respect to the voltage 
on grid 36. Tube 32 then will feed out of its 
anode into winding 39 a voltage relatively re 
tarded about 90°. The tube 34 has its anode con 
nected to ground by a coupling condenser CC and 
phase shifting resistor R." and capacitor C' in 
series. The grid 37' is connected to the junction 
point between resistor R' and capacitor C.' and 
to ground by resistor R3. The resistance of R is 
made large as compared to the reactance of ca 
pacitance C’ so that the current through R'C' is 
in phase with the voltage across R'C'. The po 
tential on the grid 37' is in phase with the po 
tential drop across C” and this potential is rela 
tively advanced 90, with respect to the voltage 
on grid 38. Tube 34 therefore feeds to its anode 
an alternating current voltage relatively ad 
vanced about 90°. If key K is put on contact #2 
tube 32 amplifies and the alternating current 
voltage on winding 39 is of a first phase and the 
phase of the alternating current voltage is shifted 
about 180° when tube 34 is unblocked by putting 
key K on the contact #4. Key K may be oper 
ated by hand but in practice is operated by elec 
tionic or mechanical means. The oscillations 
from source 0 are supplied in parallel to the 
pairs of modulators. A phase shifter 30 is in 
cluded in the coupling between one of the bal 
anced modulators and the source f O so that one 
of the parallel excited balanced modulators is 
excited by an alternating current voltage about 
in quadrature with the voltage on the other bal 
anced modulator. The outputs of the modu 
lators are combined in series or additively in the 
secondaries of transformers 27 and 27. 

In Fig. 2d I have illustrated graphically the 
manner in which one side band or the other is 
cancelled by virtue of the fact that the said side 
band energies of the two modulators are of op 
posed polarity. The figure also shows graphi 
cally how the other side band energies of the 
two modulators being of like phase add to supply 
the keyed output. When tube 32 is active, i. e., 

O 
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unblocked by putting the key K on the #2 con 
tact corresponding side bands add in the con 
mon output circuit while the remaining side 
bands oppose and cancel. In the example given, 
the upper side bands add and the lower side 
bands cancel when K is on the #2 contact. 
When K is on the #4 contact the lower side 
bands add and the upper side bands cancel. 
The carrier cancels in both positions of Switch K. 
The keyed side bands are supplied to use as 
desired from the common output circuit. . 

Fig. 3 shows a method of securing frequency 
shift keying when a balanced modulator is used 
to Suppress the carrier and electric filters to elim 
inate either side band. A high frequency Oscil 
lator f0 feeds voltage of frequency fo into a bal 
anced modulator 20. A low frequency OScillator 
30 feeds a voltage of frequency fm into the same 
balanced modulator 20. If a ring-type modulator 
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is used the output of the modulator will contain 
the frequencies, fc plus fin, and fo minus fin, 
the carrier being suppressed. The output of the 
balanced modulator is connected through a 
switching unit 50 to either the filter 82, designed 
to eliminate the lower side band and pass the 
upper side band, or to the filter 84, designed to 
pass the lower side band and suppress the upper 
side band. Switching unit 50 may be of either 
the electronic or mechanical type, being actu 
ated in accordance with the keyed intelligence. 
In this system the switching unit is so arranged 
that for the spacing condition the output of the 
balanced modulator 20 is fed into filter 82 so that 
the frequency fed to the amplifier 80 is fe plus fim, 
while for the marking condition the filter 84 is 
connected to the output of the balanced modu 
lator so that the voltage fed to the amplifier 80 
is feminus fm. Therefore, the frequency applied 
to the input of the amplifier will shift from for 
plus fm to for minus fin in accordance with the keying. 
This same idea of shifting from one side band 

to the other for the marking and spacing condi 
tions may be applied to other suppressed carrier 
single side band systems, as well as the two 
described above. 
What is claimed is: 
1. The method of creating frequency shift sig 

nals which includes these steps, modulating 
energy of a first frequency by energy of a second 
frequency in a manner such as to provide an out 
put wherein the carrier is suppressed, and select 
ing from said output alternatively and in accord 
ance with keying signals one side band for mark 
ing condition and the other side band for spacing 
condition. 

2. The method of creating frequency shift 
signals which includes these steps, modulating 
energy of a first frequency by energy of a second 
frequency in a manner such as to provide an 
output including side band currents, and selecting 
from said output alternatively and in accord 
ance with signals One side band representing 
mark and the other side band representing space. 

3. The method of producing oscillatory energy 
that shifts from a first frequency representing 
mark to a second frequency representing space 
which includes these steps, generating two por 
tions of oscillatory energy of a first frequency in 
quadrature relation, generating two other por- . 
tions of oscillatory energy of a second frequency 
in quadrature relation, combining each of said 
first two portions of energy with a different one 
of said two other portions to derive beat note. 
currents, combining the beat note currents to 



7 
derive output energy, and reversing the phase of 
one of the quadrature related energy portions in 
accordance with signals. 

4. The method of producing oscillatory energy 
that shifts from a first frequency representing 
mark to a second frequency representing space 
which includes these steps, generating two por 
tions of oscillatory energy of carrier frequency in 
quadrature relation, generating two other por 
tions of oscillatory energy of a lower frequency 
in quadrature relation, combining each of Said 
first two portions of energy with a different one of 
said two other portions to derive beat note cur 
rents, combining the beat note currents to derive 
output energy, and reversing the phase of one of 
the quadrature related energy portions of lower 
frequency in accordance with telegraphy signals. 

5. In a frequency shift telegraphy System, in 
combination, a balanced modulator System Sup 
plied with carrier energy and modulating energy, 
an output circuit coupled thereto, and means 
controlled by a signal for alternatively Supply 
ing from said modulator to said output one side 
band or the other while suppressing the carrier, 

6. In a frequency shift telegraphy system, two 
carrier suppressed modulator Systems which are 
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arranged to be excited in quadrature by oscilla 
tions from two sources, an output circuit coupled 
to both - modulators, and means controlled by 
signals for reversing the phase of the oscillations 
from one source supplied as excitation to one 
modulator system. 

7. In a telegraphy system, in combination, two 
carrier suppressing modulators, two sources of 
oscillations of different frequency, couplings be 
tween each of said sources and both of said 
modulators for modulating therein Oscillations 

30 

5 

from one source by oscillations from the other 
source, means in the couplings between one source 
of oscillations and the modulators to establish a 
quadrature relation between the voltages supplied 
to the respective modulators, means in the cou 
plings between the other source and Said modu 
lators for relatively shifting the phase of one of 
the voltages fed by said other source to said 
modulators about 90, signal controlled means for 
reversing the phase of said last named voltage, 
and means for adding the modulator outputs in 
Series. 

8. In a telegraphy system, in combination, two 
carrier suppressing modulators, two sources of 
oscillations of different frequency, one of which 
is of carrier frequency, couplings between each 
of said sources and both of said modulators for 
modulating therein oscillations from said carrier 
frequency source by oscillations from the other 
source, means in the couplings between said 
source of oscillations of carrier wave frequency 
and the modulators to establish a quadrature 
relation between the voltages of carrier Wave fre 
quency supplied to the respective modulators, 
means in the couplings between the other source 
and said modulators for relatively shifting the 
phase of one of the voltages fed by said other 
source to said modulators about 90°, means con 
trolled by signal markings for reversing the phase 
of said last named voltage, and means for adding 
the mbdulator outputs in Series. 

9. In a telegraphy system, in combination, a 
pair of suppressed carrier modulators, means for 
feeding oscillations of a first frequency in parallel 
relation to said pair of modulators, one of Said 
modulators being excited in quadrature relation 
with respect to the excitation of the other of said 
modulators, means for feeding oscillations of a 
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8 
second frequency in push-pull relation to one of 
said modulators, means for feeding oscillations of 
said second frequency in push-pull relation to the 
other of said modulators, means for reversing the 
phase of said last named oscillations in accord 
ance with signal markings, and means for con 
bining the outputs of said pair of modulators in 
Series. 

10. In a frequency shift telegraphy system, 
a pair of electron discharge system balanced 
modulators having input electrodes and output 
circuits, a source of oscillations of substantially 
fixed frequency, couplings for applying oscilla 
tions from said source in parallel to correspond 
ing input electrodes of said modulators, phase 
displacing means in at least one of said couplings, 
a Source of oscillations of relatively low fre 
quency, couplings for applying oscillations from 
said last named source in pushpull relation to 
corresponding input electrodes in both of said 
balanced modulators, means in said last-named 
couplings controlled in accordance with Signals 
for advancing or retarding the phase of the low 
frequency oscillations applied in pushpull rela 
tion to one of said modulators, and a series output 
circuit coupled to both of the output circuits of 
said modulators. 

11. In a frequency shift telegraphy system, 
two carrier suppressing modulators each having 
input and output circuits, a source of oscillations 
of Substantially fixed frequency, couplings for 
applying Oscillations from said source in parallel 
to the input circuits of said modulators, phase 
displacing means in at least one of said cou 
plings, a Source of oscillations of relatively low 
frequency, couplings for applying Oscillations 
from Said last named source in pushpull relation 
to the input circuits of both of said modulators, 
one of said last couplings comprising two paths 
alternatively conductive in accordance with sig 
nals, means in said paths for relatively shifting 
the phase of the low frequency oscillations ap 
plied in pushpull relation to the input circuit of 
one of Said modulators, and a series output circuit 
coupled to the output circuits of both of said 
modulators. 

12. In a frequency shift telegraphy system, 
two carrier suppressing modulators each having 
input and output circuits, a source of oscillations 
of Substantially fixed frequency, couplings for 
applying oscillations from said source in parallel 
to the input circuits of said modulators, phase 
displacing means in at least one of said cou 
plings, a source of oscillations of relatively low 
frequency, couplings for applying oscillations 
from said last named source in pushpull relation 
to the input circuits of both of said modulators, 
one of said last couplings comprising two paths 
each having a tube, means in said paths for 
relatively shifting the phase of the low frequency 
Oscillations applied in pushpull relation to the 
input circuit of one of said modulators, keying 
means controlled by signals for differentially 
controlling the conductivity of said tubes, and a 
Series output circuit coupled to the output cir 
cuits of both of said modulators. 

13. In a telegraphy System, a, balanced modu 
lator, a source of oscillations of carrier frequency 
Coupled to Said modulator, a source of oscilla 
tions of lower frequency coupled to said modul 
lator whereby side band energy is produced by 
Said modulator, an output circuit, a filter for 
each side band, a coupling between each filter 

75 and Said output circuit, a coupling between each 

ry 
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filter and said modulator, and a key in at least 
one of the last named couplings. 

14. In a frequency shift telegraphy system, two 
carrier suppressed modulator Systems which are 
arranged to be excited in quadrature by oscilla 
tions from two sources, an output circuit coupled 
to both modulators, and signal controlled dis 
charge devices reversing the phase of the Oscilla 
tions from one source supplied as excitation to 
One modulator System. 

15. In a telegraphy system, in combination, 
two carrier suppressing modulators, two Sources 
of Oscillations of different frequency, couplings 
from each of said sources to both of Said 
modulators for modulating therein oscillations 
from one source by oscillations from the other 
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source, a phase shifting network in the couplings 
between one Source of oscillations and the modul 
lators to establish a quadrature relation between 
the voltage supplied by said one source to the 
respective modulators, a phase shifting network 
in the couplings between the other source and 
said modulators to establish a phase quadrature 
relation between the voltages fed by Said other 
source to said modulators, key conta olled tubes 
in said last couplings for shifting the phase of 
one of said last named voltages about 180° in 
accordance with signals, and an output circuit 
coupling the modulator outputs in series. 

16. In a telegraphy. System in combination, a 
pair of suppressed carrier modulators, connec 
tions for feeding OScillations of a first frequency 
in parallel relation to said pair of modulators, 
one of said modulators being excited in quadra 
ture relation with respect to the excitation of 
the other of said modulators, electron discharge 
tube means for feeding oscillations of a second 
frequency in push-pull relation to one of said 
modulators, connections for feeding oscillations 
of said second frequency in push-pull relation 
to the other of said modulators, a key cooperat 

20 
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ing with said electron discharge tube means for 
reversing the phase of said second-named 
Oscillations in accordance with signal markings, 
and an output circuit for combining the outputs 
of said pair of modulators. 

17. In a frequency shift telegraphy system, a 
pair of electron discharge system balanced modul 
lators having input electrodes and output cir 
cuits, a source of oscillations of substantially 
fixed frequency, couplings for applying oscilla 
tions from said Source in parallel to correspond 
ing input electrodes of said modulators, phase 
displacing means in at least one of said couplings 
for establishing a phase quadrature relation be 
tween the oscillations fed to the respective 
modulators, a source of oscillations of relatively 
low frequency, couplings for applying ocillations 
from said last named source in push pull rela 
tion to corresponding input electrodes in both 
of Said balanced modulators, the said couplings 
between said last named source and one of said 
balanced modulators comprising a pair of elec 
tron discharge devices having their input elec 
trodes coupled to said last named source and 
their output electrodes coupled to said one of said 
balanced modulators, phase shifting reactances in 
said last named couplings, a key connected with 
the input electrodes of said electron discharge 
devices, and a series output circuit coupled to 
both of the output circuits of said modulators. 

JOSEPH. M. BRIAN. 
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