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1. 
This invention relates to wave signalling Sys 

tems and more especially to systems of signalling 
by carrier frequency shift. . . . . . ; ". . . . . . 
A principal object of the invention is to pro 

vide an improved method and organization of ap 
paratus for producing frequency-shift carriers 
whose mean frequency is maintained at an accu 
rately predetermined value. 
Another principal object is to provide a car 

rier frequency-shift radio transmitter wherein 
a highly stable carrier frequency source such as 
a crystal-controlled master oscillator, is Sub 
jected to a plurality of successive frequency mod 
ulation stages in such a way that the mean fre 
quency of the shifted output carrier frequencies 
is maintained equal to the frequency of Said. 
SOCe: . . . ." - - - 

A feature of the invention relates to a carrier 
frequency-shift signalling system wherein keyed 
signals are simultaneously applied in Successive 
stages of a frequency modulation system whose 
main exciting frequency is supplied by a Suitable 
oscillator such as a crystal-controlled oscillator. 
The frequency relations of the said successive 
stages are such that at the output of the System 
there is produced shifted carrier frequencies hav 
ing a highly stabilized mean frequency equal to 
that of said oscillator. 
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Another feature relates to a carrier frequency 
shift transmitter having a main crystal-con 
trolled carrier generator and a pair of local free 
running oscillators, each of said running oscilla 
tors being simultaneously frequency-shifted "un 
der control of the same signal; together with 
means to modulate said main carrier by the fre 
quency-shifted output of one local oscillator, and 
means to frequency-shift the modulated main 
carrier by the frequency-shifted output of the 
other local oscillator. By means of suitable fre 
quency selector circuits such as band-pass fil 
ters or the like, there are selected at the output 
of the System frequency-shifted carriers whose 
mean frequency remains equal to the frequency 
of said crystal-controlled generator and is sub- 45 
stantially independent of accidental changes in 
the said local oscillator circuits and associated 
equipment. 
A further feature relates to an improved meth 

od of shifting carrier oscillations derived from 
a crystal-controlled Oscillator so that the output 
carrier has a fixed mean frequency equal to the 
crystal frequency, the said output mean fre 
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quency being shifted equally in opposite direc 
tions with respect to the crystal frequency and 55 

corresponding to telegraph. 

erial No. 664,168 it ... . 
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2. . ... . . . . . . . . . . . . . . . 
ark, and space sigs. i. 

nals or the like. . . . . . . . . . . . . . . . . . . ; 
Astill further feature relates to the novel: Orie.: 

ganization, arrangement and relative intercon. 
nection of parts: which cooperate to provide an 
improved and flexible, carrier frequency, shift. 
telegraph system and the like...... -- ... 3 

Other-features and advantages not specifically... 
enumerated will be apparent after a considera 
tion of the following detailed descriptions and 
the appended claims. 
In the drawing which shows one preferred em- : 

bodiment of the invention, there is represented 
by the numeral fo any highly stabilized high fre 
quency oscillator, such as a temperature-con 
trolled crystal oscillator, which generates the 
desired master radio frequency "F.' The out 
put frequency of the System is indicated as: 
(F-2Af), where Alf is preferably in the audio. 
frequency range, e. g., 400. C. P. S. This output. 
can then be considered as two separate carriers, 
one having a frequency (F-2A.f) representing: 
for example a telegraph space signal; and a frei 
quency (F-2Af) representing for example a tele 
graph mark signal For the purpose of shifting 
the output frequency between the above-noted 
limits representing space and mark, there is pro 
vided any well-known keying device , , which 
produces at the path 2 a D. C. voltage of for 
example a positive polarity - and predetermined 
magnitude when keyed by a space signal and 
a D. C. voltage of negative polarity but the same 
magnitude when keyed by a mark signal. It. 
will be understood of course, that the reverse may 
be true, that is, the space signal may be repre 
sented by the negative polarity. and the mark. 
signal may be represented by the positive polar 
ity. In any event, and in accordance with the 
present invention, the output of the keyer is 
divided into two paths f2, 3, and one path is 
designed to produce opposite polarity of voltages, 
with respect to that in the other path, as indi-li, 
cated schematically by the waves. 4, 15. . . . . 
The signal from path f2 is fed to any suitable 

reactance tube 6, so that the input voltages ap 
pear in the output of the tube as equivalent re-s: 
actance variations. The magnitude of these re 
actance variations will, in the well-known way, 
be a function of the amplitude of the tone sig- . 
nal applied over path 2. For a detailed descrip-. 
tion of a typical reactance tube that may be used, 
reference is hereby made to application Serial 
No. 434,498, filed March 13, 1942, which issued 
April 9, 1946, as Patent No. 2,398,054. Likewise, 
the Signal in path f3 which is in exact phase 
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3 
opposition to the tone signal in path 2, is 
plied to a similar reactance tube 7. 

ap 

Associated with the output of tube 6 is a 
local oscillator 8, which may be a "free run 
ning" oscillator that need not be controlled to 
the same degree of accuracy as oscillator f0, and 
which can have its output frequency varied in 
accordance with the reactance variations pro 
duced by tube 6. The local oscillator 8 may 
normally generate a frequency f, which by way. 
of example may be thirty k, c. The oscillatory 
control circuit of oscillator 8 will include the 
plate reactance of tube 6 so that as the latter 
is varied by the signals from path 2, a corre 
sponding change Alf is produced in the output 
frequency of Oscillator 8. For a detailed de 
scription of one preferred manner of varying the 
frequency of oscillator 18, reference may be had 
to said application Serial No. 434,498. 
quently, there is produced an output frequency 
from escillator 8 which is . (f--Af) represent. 
ing a telegraph mark signal, and (fe. Af) repress 
seating a telegraph Space signal. It will be uns 
derstood of course, that when a...mark signal is . 
being keyed at device , the oscillator 8 nay. 
generate the frequency... (fest Af), consequently 
when a space signal is being keyed at device. , , 
oscillator 8 generates the frequency (f-i-Af). . . 

In a similar manner, the reactance tubei con 
trols the frequency of...a...'"free running' oscil 
lator 9 which is similar to oscillator. 8, and nor 
mally generates a frequency f. Likewise, the out 
put of oscillator 9 is varied in frequency between 
(f-Af), and (f--Af). However, because of the 
phase opposition of the signals in paths: 2 and . 
3, the frequency of oscillator. 9 is changed in the 

opposite direction from the change in frequeney. 
of oscillator 8: for the same telegraph signal. 
which is keyed at device . . In other words, if 
for a space signal at device . . the oscillator 8 
produces a frequency (f--Af), then simultaneously 
the oscillator. 9 produces a frequency (f-Af). 
Likewise, when oscillator. 8 is producing a fre 
quency. (f-Af), corresponding to a mark signal 
at device , oscillator 9 is producing a fre 
quency (f--Af). . . . . 
The output of oscillator 8 is connected in bal-' 

anced divided relation to any well-known bal 
anced modulator 20, such for example as described: 
in “Radio Engineering, by Terman, 1st edi 
tión, page 551, published by McGraw-Hill Book 
Company, Inc., New York, N. Y. Modulator 28 
is also fed with the frequency F from t 
oscillator 9. These two frequencies are mixed i 
the device 20 in the well-known manner so as to 
produce in the output the sum and difference fre 
quencies. In this type of modulator, the fre 
quency.Fis suppressed in the output. The double 
beat frequencies from the modulator 28 are ap 
plied to a band-pass filter 2 f, which passes for , namely example only the higher beat freque 
F-- (fil-Af) as indicated in the drawin The shifted frequency from oscillator 9 is like 
wise fed in balanced divided relation to another 
balanced modulator 22, which is also fed with the ' 
F-1 (f-i-Af) signal from filter 2i. Because of 
balanced modulator action of device 22, the fre 
quency F+ (f-i-Af) is suppressed in the output. 

s 70 However, there are present at this output two 
beats, namely IF-E(f-i-Af) + ) 1 and 

IF-E (fil-Af-fraf)) 
One of these beats, for example the lower beat 
is selected for passage by the band-pass filter 23. 75 
The net result is that the frequency at the output 
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4 : 
terminals of filter 23 is (F-2Af) representing a 
space signal at device ; and (F-2Af) repre 
senting a mark signal at device . It will be ob 
served therefore, that the mean frequency F of 

5 these two output carrier frequencies always re 
main equal to, the said frequency F of the master 
oscillator f0; and this mean frequency remains 
stable. notwithstanding undesired variations in 
temperature, humidity and similar sconditions 

10: affecting oscillators 8 and 9 and their asso 
ciated equipment. 
By the expression "free running' as employed 

in the claims, is meant-an Oscillator which can be 
set to generate normally a particular frequency 
but which frequency can be varied by means of a 
signal; as distinguished from a fixed frequency 
oscillator such as a crystal controlled oscillator. 
While one particular embodiment has been de 

scribed, it will be understood that various changes 
and modifications may be made therein without 
departing from the spirit and scope of the inven 
tion... . . . . . . . . . . . . . . . . . . . . . . . . 
What is claimed is: . . . . . . . . . . . . . - 1. The method of signalling which comprises, 

5 gerierating a master frequency F, generating:a:: 
pair of local auxiliary frequencies: each of fre-i. 
quency, j, frequency-modulating both said locali, 
frequencies by the same signal but in opposite re-is 
spects to produce respective side bands (fals. Af) 
and (fif Af), mixing the (f-EAf) frequency from 
one local oscillator with said master frequency is 
F, and selecting one side band alone, mixing the i: 
said selected side band with the frequency, 
(f-EAf) from the other local oscillator, and se-i:. . 
lecting therefrom a side band component: 
(FE2Af). : . . . . . . . . . . . . . . . . . 

2. The method of transmitting a telegraph - 
nal by carrier frequency shift which comprises, 
generating a master frequency F which repre 
sents the mean between the limits of the shifte 
carrier frequencies to be transmitted, mixing wit 
said master frequency, a frequency f from a lo 
“free running' carrier source whose frequency 
shifted a predetermined amount and direction in 
accordance with a telegraph signal such as a mark. 
signal, selecting one side band of the result 
ing mixture, mixing with said selected side band; . 
a carrier frequency if from another local free: 
running" carrier source whose frequency is simul 

0 taneously shifted said predetermined amount: in 
aceordance with said signal but in the opposite. 
direction, and selecting from the resulting, mix 
ture a frequency in the range. (F-2Af). . . . . . . . . 

3. The method of transmitting a telegrap 
signal such as a mark. signal by , carrier if 
quency shift which comprises, generating 
"free running' carriers each of...th 

45 

4. In a carrier frequency shift signal 
tem, a source of master frequency F, a 
local "free running" osci 
generating the same frequency f 
graph signals, means responsive to 
graph signal such as a mark signal 
taneously shifting the frequencies of 
oscillators substantially the same amount"but in 
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opposite frequency directions, means to mix the 
output of one oscillator with said master fre 
quency F and to select one side band from the 
resultant mixture, means to mix said selected 
side band with the shifted frequency from the 
other local oscillator, and means to select from 
the last-mentioned mixture a frequency in the 
range (F-2Af), where Alf represents the extent 
of frequency shift in said local oscillators. 

5. In a carrier frequency shift signalling sys 
tem, a source of master carrier frequency F, a 
telegraph tone keyer, a pair of shiftable frequency 
local oscillators each normally generating the 
same frequency f, means to apply keyed tone 
signals simultaneously to both said oscillators to 
shift their respective output frequencies substan 
tially equal amounts but in opposite directions, 
a first balanced modulator which is fed with said 
master frequency F and with the shifted fre 
quency from one local Oscillator, means to select 
from the output of said first balanced modulator 
a sideband frequency F-- (f-cAf), another bal 
anced modulator which is fed with a selected side 
band from the first balanced modulator and with 
the shifted frequency from the second local oscil 
lator, and means to select from the output of said 
second balanced modulator a band represented 
by (F-2Af) where Alf represents the extent of 
frequency shift in said local oscillators. 

6. In a carrier frequency shift signalling sys 
tem, a source of master frequency F, a source 
of keyed telegraph signals, a pair of balanced 
modulators, a plurality of separate paths lead 
ing from said keyer respectively to said balanced 
modulators, each of said paths including in series 
a local shiftable frequency oscillator and a reac 
tance tube, each OScillator generating normally 
the same frequency f, means to vary the plate 
reactances of the tubes in said paths to produce 
opposite frequency shifts in said local oscillators 
under control of said keyed signals, a selector 
system in the form of a band-paSS filter for Select 
ing from the output of the first balanced modu 
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6 
lator a sideband F-- (f-Af) and a selector system 
in the form of a band-pass filter connected to the 
output of the second balanced modulator for se 
lecting a frequency in the range (F-2Af) where 
Afrepresents the extent of frequency shift in said 
local oscillators under control of said keyed Signals. 

7. In a carrier frequency shift signalling sys 
tem, a source of master frequency F, a local shift 
able frequency oscillator of normal frequency f, 
a first mixing network upon which the said master 
frequency F and said local oscillations are im, 
pressed said mixing network acting to suppress 
said frequency F, means to shift the frequency 
of Said local oscillator over the range (f-cAf) 
under control of one telegraph signal, means to 
Select from the output of said first netWork a fre 
quency band F-- (f-cAf), a second local shiftable 
frequency oscillator of normal frequency f, a 
second mixing network upon which the said fre 
quencies F-- (f-Af) are impressed together with 
the oscillations from said Second Oscillator, Said 
second network acting to suppress the range of 
frequencies F--- (f-Af), and means to select from 
the output of said second network a frequency in 
the band (F-2Af). 
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