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To all whom it may concern, 
Be it known that I, HAROLD DE, FoREST 

ARNOLD, a citizen of the United States, re 
siding at East Orange, in the county, of Es 

5 sex and State of New Jersey, have invented 
certain new and useful Improvements in 
Systems of Telephony, of which the follow 
ing is a full, clear, concise, and exact de 
scription. V 

This invention relates to a method of, 
and apparatus for signaling by means of 
modulated high frequency waves or currents. 
More specifically its object is to increase 

the efficiency of telephonic communication 
15 by modulating a high frequency oscillation 

and eliminating from the antenna, or other 
sending circuit, constant amplitude oscilla 
tions of the carrier-wave frequency, which, 
in present practice, are impressed upon it. 

20 Further objects are to improve the quality of 
speech received and to make possible the 
secret transmission and reception of mes 
Sages. - 

O 

These objects are accomplished by pro 
25 viding an arrangement of circuits whereby 

current is suitably modulated and is supplied 
to the antenna only when the characteristics 
of the high frequency current to be im 
pressed on the antenna are changing in ac 

30 cordance with the wave form of the signal 
to be transmitted, and by providing at the 
receiving station a small auxiliary generator 
which shall furnish a wave of the frequency 
of the unmodulated carrier wave. 

Heretofore in high frequency carrier wave 
telephony it has been customary to employ a 
E. of unmodulated or carrier high equency oscillations, which oscillations 
are modulated in amplitude in accordance 

30 with the low frequency signals to be sent, 

35 

and are then radiated. At the receiving sta 
tion, detecting devices are used to respond 
to low frequency modulations of ly. 
Now in such a system, if the carrier wave 

&S is of frequency C, and the modulating sig 
nal wave of frequency S, the resultant modul 
lated high frequency wave of a current of 
varying amplitude sent into the sending 
circuit can be resolved into three simple 

60 sine waves of frequencies. C-S, C, CFS, 
These may be considered to be transmitted 
independently, and to recombine at the re 
ceiving station. This is the method which 
has heretofore been commonly followed, but 

65 in this invention, as hereinafter disclosed, 

steps are taken to prevent at all times the 
radiation of the unmodulated component 
with frequency C, and in certain cases to 
prevent, in addition, the radiation of one 
of the modulated components C-S (or 
C--S). 
When the carrier wave is not being modu 

lated, that is, when signals are not being 
transmitted, an unmodulated current or fre 
quency C flows in the sending circuit, and 
the power represented by this current is 
wasted as heat or radiation. Further, when 
signals are being transmitted, only, the first 
and third of the waves mentioned above con 
tain the signal frequency, and hence in this 
case the wave of carrier frequency is of use 
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only after it arrives at the receiving station 
and enters the detecting device. Since the 
power represented in the sending circuit by 
currents of frequency C may be several times 
that radiated in the other frequencies, the 
power so wasted in useless radiation is con 
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siderable, and requires large generator ca- - 
pacity. 

Since this unmodulated wave of frequency & 
C is required only at the receiving station, 
this invention proposes to eliminate it from 
the sending circuit, and to add, at the re 
ceiving station, a generator which shall sup 
ply a wave of this frequency to combine with 
the first and third of the waves above men 
tioned, or either separately when they ar 
rive at the receiving circuit. Since only a 
very small part of the power radiated ar 
rives at the receiving station, it is clear that 
the power output of this auxiliary generator 
need be but small (perhaps one millionth 
part of that of the sending generator), and 
there will result a decided gain in efficiency. 
I have found, for example in transmitting a 
note of audible frequency S, that in one 
case the unmodulated antenna current of 
frequency C was 25 amperes, and that of fre 
quéney C--S was but amperes. By tun 
ing out the frequency C, by means described 
later, this waste of power could be avoided. 
One simple method of tuning out the carrier 
frequency is to tune the sending circuit 
rather sharply to the frequency Ö-S (or 
C-S) where S is, for telephony, about 800 
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cycles per second. When this is done, trans . 
mission takes place almost entirely on but 
one frequency, C-S (or C-S), the other 
two waves being suppressed. By this adjust 
ment, waves containing the signal. frequen 
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cies are transmitted with maximum ampli 
tude; that is, the system is selective for audio 
frequencies of 800 cycles, as in the case of 
ordinary wire telephony. 
My invention will be more completely de 

scribed in connection with the drawings, in 
which Fig. 1 and Fig. 2 represent, respec 
tively, a sending and a receiving station 
for radio telegraphy or telephony. 

Referring to Fig. 1 which represents a 
form which may be taken by the transmit 
ting station of this invention, 1 represents 
a high frequency generator of small power 
capacity, preferably an oscillating audion, 
such for example, as that described in the 
U.S. ENE 1,137,384 to E. H. Colpitts. 
By means of transformer 3 its oscillations 
are impressed upon the input circuit of a 
modulator 5. 2 represents a microphone 
circuit and 4 a transformer by means of 
which waves of signal frequency may also 
be impressed upon the input circuit of the 
modulator. These oscillations of signal 
frequency are preferably of somewhat 
greater amplitude than those impressed up 
on the modulator 5 by the generator 1. 
Under these circumstances the amplifying 
power of the device 5 is varied in accord 
ance with the wave form of the telephonic 
currents in circuit 2, and there therefore 
appears in the output circuit of modulator 
5 a modulated high frequency current. 
Transformer 6 serves to impress these mod 
ulated high frequency oscillations upon a 
system of tuned circuits next to be described, prevent the passage 
of unmodulated currents of the carrier fre 
quency to the sending antenna. This sys 
tem of tuned circuits may also suppress one 
of the modulated components as described 
above. 
This system of tuned circuits may be of 

any suitable form, and as shown here, con 
sists of the resonant circuit 7 tuned to the 
carrier frequency and the pair of resonant 
circuits 8, one of which is tuned to a fre 
quency slightly above the carrier frequency 
and the other to a frequency slightly below 
it, while the combination of these two cir 
cuits in parallel offers an infinite impedance 
to currents of the carrier frequency. When 
the transmitting circuit 2 is not in operation, 
the current in the output circuit of modu 
lator 5 is of carrier frequency, and there 
fore no current appears in the primary of 
the transformer 9. The term “modulation” 
is intended herein to define the variations 
of the amplitude of oscillations of one fre 
E. in accordance with a wave of lower 
requency. In a broad sense, the term 
“modulation” is intended to specify a change 
in either the amplitude or the frequency or 
both, of periodic disturbances occurring in 
any medium, at a desired relatively low rate. 
In one aspect it is a change at a relatively 
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low rate in the energy variations of a rela tively high frequency wave. 
The term “pure modulated wave' is used 

to define a modulated wave in which there is 
present no component having the wave form 
and frequency of the unmodulated high fre 
quency oscillations and in which the modu 
lation is complete, in the sense that the 
modulation is effective throughout the entire 
cyclic period of the modulating wave. 
Now, as is well known, a high frequency 

wave, for example of frequency 50,000, when 
modulated by means of a current of, say 
1000 cycles per second, is equivalent to 
three simple harmonic waves of frequencies 
49,000, 50,000 and 51,000. The wave of car 
rier frequency of constant amplitude, namely 
50,000, is not concerned directly in the trans 
mission of speech, and it is this wave which 
it is proposed to eliminate in this inven 
tion. In this illustration, therefore, the 
tuned circuit 8 would have a small imped 
ance to waves of frequency 49,000 and 
51,000 and a practically infinite impedance 
to waves of frequency 50,000. 
By means of transformer 9 waves of these two transmitting frequencies are impressed 

upon the input circuits of the amplifiers 10. 
It has been found in practice that a num 
ber of these, perhaps six or seven, arranged 
in parallel, is desirable. The common out 
put circuit of these amplifiers is coupled by 
means of transformer 11 to the input cir 
cuits of a parallel arrangement of ampli 
fiers 12, which are constructed to deliver 
from their output circuits a sufficient amount 
of power for radio operation. This power 
is delivered to the antenna 14 by means of 
transformer 13. There are therefore sent 
out into the ether two waves of frequencies 
slightly different from that of the unmodu 
lated carrier wave which has been sup 
pressed. In particular, since unmodulated 
waves of this frequency are no longer pres 
ent in the antenna, the power represented 
by this current is not wasted. 

Referring to Fig. 2, which represents a 
receiving system adapted for use in con 
nection with the transmitting system of 
Fig. 1, 15 represents an antenna and 16 a 
transformer by means of which power is, 

70 

75 

80 

85 

90 

95 

100 

105 

10 

15 

transferred from the antenna to a system 
of resonant circuits similar to that described 
in connection with Fig. 1. In this system, 
17 is a resonant circuit tuned to the carrier 
frequency, and 18 a pair of circuits similar 
to 8 in Fig. 1. Transformer 19 communi 
cates power from these tuned circuits to . 
the circuit 20 and coupled to this circuit 20 
through transformer 21 is a detecting ele 
ment 22, whose output circuit supplies the 
receiving device 24 through the transformer 
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23. In order to introduce into the receiv- . 
ing system oscillations of the carrier fre 
quency, the oscillation generator 26 is used, 
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which may be similar to the oscillation gen 
erator 1 of Fig. 1, and is coupled to circuit 
20 by transformer 25. The power supplied 
by this oscillator 26 may obviously be very 
small compared to the power of the oscil 
lations radiated at the sending station. 

It will further be obvious that if the gen 
erator 26 is eliminated, there will remain 
only the type of circuit ordinarily used in 
receiving wireless messages, and if the un 
modulated component is suppressed at the 
transmitting station, the quality will be 
very poor, and if, in addition, one of the 
modulated components is suppressed, the 
signals will not be interpreted and the sys 
tem may be used for secret transmission of 
messages. 
Although this invention has been described 

in connection with a telephone system, it 
will be obvious to those skilled in the art 
that its use is not so limited, since, as is 
well known, telegraphy and other methods 
of signaling involving modulating a high 
frequency current are fundamentally the 
same in principle as carrier current teleph 
ony. It is also obvious that this inven 
tion is applicable to systems, employing a 
conductive transmission circuit, as well as to 
radio systems. 
What is claimed is: 
1. The method of signalling which com 

prises modulating a carrier frequency wave 
in accordance with a signal and subsequent 
ly suppressing the carrier frequency com 
ponent of the resultant wave. 

2. The combination of a transmitting sta 
tion comprising a source of high frequency 
waves, a source of low frequency waves, a 
thermionic modulator upon whose input cir 
cuit are impressed the waves generated by 
said sources to produce a wave having an 
unmodulated component and side frequency 
components comprising respectively a wave 
of the frequency generated by said high fre 
quency source and the combination frequen 
cies of the waves from said high and low 
frequency sources, a tuned circuit whereby 
the unmodulated component is suppressed, 
a system of amplifiers, a sending antenna 
connected to said system of amplifiers, with 
a receiving station comprising an antenna, 
a tuned circuit, an auxiliary source of waves 
of frequency equal to that of the waves gen 
erated by said first mentioned source, and 
a detecting device acted upon by said re 
ceived waves and by said auxiliary waves. 

3. The combination with means for pro 
ducing a wave, of means for modulating said 
wave in accordance with a signal, means for 
transmitting said wave, and means for sup 
pressing the unmodulated component of said 
wave comprising a circuit interposed be 
tween said modulating means and said trans 
mitting means and tuned to the frequency 
of said cornponent. 

3. 

4. The combination with means for pro 
ducing a wave, of means for modulating said 
wave in accordance with a signal, and means 
for suppressing the unmodulated component 
of said wave comprising a branched circuit, 
one branch of which offers high impedance 
and another branch of which offers low im 
pedance to said component. 

5. The combination with means for pro 
ducing a wave, of means for modulating said 
wave in accordance with a signal, and means 
for suppressing the unmodulated component 
of said wave comprising a branched circuit, 
one branch of which is tuned to said unmod 
ulated component and another branch of 
which is tuned to two frequencies, one higher 
and one lower than that of said component. 

6. Signal transmitting means comprising 
a source of oscillations, means to modulate 
said oscillations in accordance with signals 
to produce a wave having an unmodulated 
component and side frequency components 
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comprising respectively the oscillations of . 
the frequency generated by said source and 
the combination frequencies of said oscilla 
tions and the signal waves, means to filter 
out the unmodulated component, and means 
to amplify the modulated oscillations passed 
by said filtering means. 

7. The method of signaling, which con 
sists in transmitting high frequency carrier 
waves, whose amplitude is directly proport 
tional to a low frequency signal wave, and 
combining there with another wave. 

8. The method of signaling, which con 
sists in transmitting high frequency carrier 
waves whose amplitude is directly propor 
tional to a low frequency signal wave, and 
combining therewith another wave of car 
rier frequency and constant amplitude. 

9. The method of signaling, which con 
sists in transmitting, to the exclusion of 
other waves, a high frequency carrier wave 
whose amplitude is directly proportional to 
a low frequency signal wave, and combining 
therewith another wave of carrier fre 
quency and constant amplitude. 

10. In a signaling system, means for pro 
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ducing a carrier wave component and a sig: 
nal representing side band component and 
means for separating said components in 
cluding a combination of electrical elements 
which comprise a series-resonant path for 
alternating current impulses of a frequency 
corresponding to one of said components 
and aparallel-resonant path for alternating 
current impulses of a frequency correspond 
ing to the other of said components. 

11. In a signaling system, means for 
producing a carrier wave component and a 
signal representing side band component and 
means for separating said components in 
cluding a combination of condensive and in 
ductive elements arranged to form a series 
resonant path for alternating currents of a 
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frequency corresponding to one of said com 
ponents and a parallel-resonant path for 
alternating currents of a frequency corre 
sponding to the other of said components. 

12. In combination, a seurce of waves 
comprising an unmodulated carrier com 
ponent and signal representing side band 
components and means providing high im 
pedance for said unmodulated component 
and low impedance for said side band com 
ponents comprising a branched circuit, one 
branch of which is resonant to one side 
band and the other branch of which is 
resonant to the other side band. 

13. In combination, a source of waves com 
prising an unmodulated carrier component 
and signal representing side band compo 
nents and means providing high impedance 
for said unmodulated component and low 
impedance for said side band components 
comprising a branched circuit, one branch 
of which is resonant to one side band and 
the other branch of which is resonant to the 
other side band, said branches comprising a 
loop which is resonant to said unmodulated 
component. 

14. In combination, a source of complex 
waves including components of desired fre 
quencies and a component of an undesired 
frequency and means for separating said 
components, comprising a group of reactive 
elements arranged to form parallel paths 
for the passage of electrical energy and 
comprising a series-resonant path for each 
of said desired frequencies and a parallel 
resonant path for said undesired frequency. 

15. In combination, a source of complex 
Waves having a component of a desired fre 
quency and a component having an unde 
sired frequency and a circuit for passing the 
component of the said desired frequency and 
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for suppressing the component of said un 
desired frequency, comprising a loop circuit 
tuned to resonance with said undesired fre 
quency and comprising two branch circuits, 
one of which is resonant at said desired fre 
quency and the other of which is resonant at 
a frequency spaced from the undesired fre 

1,449,372 

quency an interval equal to that between 
said desired and undesired frequency and 
in the opposite direction. 

16. In a signaling system, means for pro 
ducing a high frequency wave, means for 
modulating said wave in accordance with a 
signal to give an unmodulated component 
and side frequency components, said means 
comprising a space discharge modulator, 
and means in addition to the modulating 
means for suppressing the unmodulated 
component of the modulated wave. 

17. The method which consists in generat 
ing high frequency oscillations modulated 
in accordance with a signal wave to pro 
duce a wave having an unmodulated com 
ponent and side frequency components, at 
tenuating the unmodulated components of 
the current resulting from modulation, and 
amplifying the resultant current. 

18. The method which consists in generat 
ing undamped high frequency oscillations 
modulated in accordance with a signal wave 
to produce a wave having an unmodulated 
component and side frequency components, 
filtering out the unmodulated component 
thereof, and amplifying and transmitting 
the resultant wave. 

19. The combination in series energy re 
lation of a means for modulating high fre 
quency oscillations in accordance with a sig 
nal wave to produce a wave having an un 
modulated component and side frequency 
components, a filter for eliminating the un 
modulated component from the modulator 
output, and means for amplifying the result 
ant current. 

20. The combination in series energy rela 
tion of a means for producing a high fre 
quency, signal modulated wave, a filter, and 
an amplifier, said filter comprising a shunt 
circuit resonant to one component of the 
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modulated wave and a series loop also reso 
nant to a component of the modulated wave. 
In witness whereof, I hereunto subscribe 

my name this 26th day of November, A. D., 
1915. 

HAROLD D.ARNOLD. 


