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UNITED STATES PATENT OFFICE. 
JOHN R. CARSON, OF NEW YORK, N. Y., ASSIGNOR. To AMERICAN TELEPHONE AND 

TELEGRAPH. COMPANY, A CORPORATION OF NEW YORK, 

WRELESS RECEIVING SYSTEMI. 

1,244,697. Specification of Letters Patent, Patented Oct. 30, 1917. 
Application filed January 7, 1916. Serial No. 70,778. 

To all whom it may concern: 
Be it known that I, JoEIN R. CARSON, re 

siding at New York, in the county of New 
York and State of New York, have invented 
certain Improvements in Wireless Receiv 
ing Systems, of which the following is a 
specification. 
This invention relates to a signaling sys 

tem and more particularly to a signaling 
system wherein ESE are trans mitted by the agency of a high frequency 
carrier wave modulated in accordance with 
said speech signals. It is the object of this 
invention to provide means in the receiving 
part of said system whereby the quality of 
the received speech signals is considerably 
improved and interference, particularly 
that known as “static,” is reduced or elimi 
nated, 
The transmitting part of the signaling 

system with which the receiving organiza 
tion of my invention coöperates in the trans 
mission of speech may be of any form in 
which a high frequency carrier Wave is 
modulated in accordance with the signals 
to be transmitted, the carrier wave being 
preferably generated by a source of un 
damped continuous Waves. In transmitting 
signals, this carrier Wave is combined with 
a low frequency signal Wave, so that the 
transmitted wave is modulated. The modu 
lation of the carrier wave results, in gen 
eral, as is well known, in the transmission 
of three waves of frequencies which may 
be designated as F, F--f, and F-f where 
F is the frequency of the carrier and f the 
frequency of the signal Wave of audio-fre 
quency. (See patent to Leblanc, No. 
S57,079, January 18, 1907.) When the 
transmitted wave reaches the receiving sys 
tem it sets up corresponding oscillations 
therein which are impressed on the input 
side of a detector to whose output side is 
operatively connected a receiving device, 
preferably a telephone receiver. The ob 
ject in such a signaling system is to produce 
in the receiving device oscillations equal in 
frequency and proportional in magnitude 
to the oscillations in the transmitting device 
at the transmitting station. In the ordinary 
receiving system the oscillations in the re 
ceiver are not faithful copies of the original 
oscillations in the transmitter and as a con 
sequence the signals are distorted. The 

present invention provides means whereby 
this distortion is greatly reduced. 
For the sake of clearness, this invention. 

Will be described in terms of a wireless tele 
phone system, though it is not so limited in 
its scope and is applicable to and finds its 
useful embodiment in any system wherein 
signals are transmitted by the agency of a 
modulated high frequency or carrier wave, 
a further example of such system being the 
wire system commonly known as the Squier 
high frequency telephone system. 
The arrangements of my invention as em 

bodied in a wireless telephone receiving 
system may be described broadly as follows: 
To the receiving antenna is coupled a re 
ceiving arrangement comprising tuned os 
cillation circuits, amplifiers and a detector, 
to the last of which is connected a receiving 
device such as a telephone receiver. This 
arrangement constitutes the receiving sys 
tem as ordinarily employed. In this inven 
tion. I couple to the antenna, a receiving ar 
rangement substantially identical with the 
first named receiver system as regards os 
cillation circuits, amplifiers and detector. 
The two detectors are differentially con 
nected to the same receiving device. It will 
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be clear that in such case the receiver will 
not be energized, since the oscillations in the 
two similar and equal receiving arrange 
ments oppose and substantially neutralize 
with respect to said receiver. To prevent 
this complete neutralization and to provide 
for good quality of received speech, this 
invention contemplates operatively connect 
ing to One and one only of said receiving 
arrangements a Source of energy generating 
continuous undamped waves of frequency 
F, that is the frequency of the carrier wave 
generated at the transmitting station. This 
Source of energy is loosely coupled to the 
receiving arrangement between the antenna. 
and detector, preferably to the input side 
of the detector. As a result of this arrange 
ment the oscillations in the two receiving 
arrangements do not completely neutralize 
but the neutralization extends only to oscil 
lations which are conducive to distortion 
and which, therefore, it is desirable to elimi 
nate. 
My invention, as embodied in a wireless 

telephone system, is best understood by ref 
erence to the accompanying drawings in 
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which Figure 1 is a diagram illustrating a 
wireless receiving system embodying the ar 
rangements of my invention and Fig. 2 is a 
diagram of an organization in which the ar 
rangements shown in Fig. 1 are coãpera 
tively combined with an auxiliary system. 
Referring to Fig. 1, 1 is a receiving antenna, 
tuned to a frequency differing from that of 
the carrier wave by approximately 1?00 
cycles per second, that is by mean speech 
frequency. Coupled to said antenna are two 
similar and equal oscillation circuits 2 and 
2' tuned to the same frequency as antenna 
1. 3 and 3' are amplifiers, preferably of 
the vacuum tube type and preferably simi 
lar and equal. Coupled to the output cir 
cuits 4 and 4 of said amplifiers are oscilla 
tion circuits 5 and 5', preferably sinuilar and 
equal and tuned to the same frequency as 
antenna 1. To oscillation circuit 5 is loosely 
coupled a source of high frequency energy, 
conventionally represented by 6, said source 
generating undamped continuous Waves of 
the carrier wave frequency. 

It is desirable that the coupling of gener 
ator 6 to circuit 5 should be loose in order 
that generator 6 shall not affect to any ex 
tent the natural oscillations in circuit 5. 
Connected to oscillation circuits 5 and 5' are 
detectors 7 and 7 respectively, preferably 
of the vacuum tube type and preferably sim 
ilar and equal as regards adjustments and 
operating characteristics. Differentially 
coupled to output circuits 8 and 8' of detec 
tors 7 and 7 is coupled a circuit 9 containing 
a receiving device 10, preferably a telephone 
receiver. Circuit 9 is coupled to circuits 8 
and 8 in such a manner that no sound is 
heard in the telephone receiver when gener 
ator 6 is removed. When this condition 
obtains the oscillations of audio-frequency 
in circuits 8 and 8 excited by the waves 
absorbed by antenna 1, oppose and substan 
tially neutralize with respect to circuit 9 and 
receiver 10. The operation of the system 
shown, when generator 6 is generating a 
wave of carrier frequency, will be readily 
understood from the explanation now to be 
given, from which it will be seen that not 
only is the quality of the received speech sig 
nals improved, but also interference is 
largely reduced. 
The transmitted wave which reaches an 

tenna 1 and excites oscillations therein is a 
wave of carrier frequency F, whose ampli 
tude is modulated in accordance with a sig 
nal wave of audio-frequency f. Such a 
wave may be analyzed into three waves of 
constant amplitude and frequencies F, F--f, 
and F-f, respectively. In consequence cur 
rents of said three frequencies are excited 
in the antenna. As heretofore stated, I con 
template tuning the antenna and the asso 
ciated oscillation circuits to a frequency dif 
fering from F by mean speech frequency; 

assume for definiteness that the antenna is 
tuned to F plus mean speech frequency. As 
a consequence the current of frequency 
Ff is reduced in amplitude as compared 
with the current of frequency F--f and this 
reduction may be made as great as desired 
by sharp tuning and by providing a plural 
ity of oscillation circuits between the an 
tenna and the detector. It will therefore be 
assumed that the currents of frequency F-f 
reaching detectors 7 and 7' are negligibly 
Small in comparison with the currents of fre 
quencies F and F--f. 

It will be readily seen that since the two 
paths whereby the receiving circuit proper 
9 is coupled to antenna 1 are similar and 
equal and similarly related to said antenna, 
equal currents will be excited in said paths 
by the oscillations in the antenna. There 
fore if generator 6 were removed no current 
would be induced in circuit 9 since its con 
nections with circuits 8 and 8' are differen 
tial. Generator 6, however generates a wave 
of constant amplitude and of carrier fre 
quency F; the resultant wave of frequency 
F is therefore larger in circuit 5 than in cir 
cuit 5', while the Waves of frequency F--f 
are equal in said circuits. Now it has been 
experimentally shown that the action of a 
detector is such that two waves of frequen 
cies F and F--f presented to the input cir 
cuit excite in the output circuit audio-fre 
quency oscillations of frequencies f and 2f 
respectively, the latter wave being independ 
ent of the Wave of frequency F, while the 
Wave of frequency f is proportional in am 
plitude to the product of the amplitudes of 
the input waves of frequencies F and F--f. 
A full theoretical discussion of these phe 
nomena will be found in my copending ap 
plication Serial Number 64,524, filed Decem 
ber 1, 1915. It is the wave of frequency f 
alone which reproduces speech signals, the 
wave of frequency 2f representing an inter 
fering or distorting harmonic. Now the 
Waves of frequency 2f being independent of 
frequency F are generated with equal am 
plitude in circuits 8 and 8' and hence neu 
tralize in the receiving system of my inven 
tion, while the desired wave of frequency f, 
since its amplitude depends upon the am 
plitude of frequency F, is generated with 
greater amplitude in circuit 8 because fre 
quency F is reinforced in said circuit by 
generator 6, and hence frequency f is not 
neutralized. In other words the receiving 
System of my invention transmits to the re 
ceiver proper the wave necessary to set up 
sound vibrations therein which are faith 
ful copies of the transmitted signals while 
suppressing oscillations which serve only to 
distort the received signals. Further the 
signals may be amplified by making the wave 
of generator 6 large compared with the re 
ceived wave. As regards static interfer 
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ence, the amplitude of static is in general 
much greater than that of the wave it is de 
sired to receive and the interference is repre 
sented largely by an audio-wave propor 
tional to the square of the static or interfer 
ing wave. This term is completely neutral 
ized by the differential connections of the 
receiving system of my invention, which, 
therefore, provides a large measure of pro 
tection from static or other foreign interfer 
eCe. 

To summarize, the arrangements of my in 
vention as illustrated in Fig. 1, provide for 
improved quality and increased volume of re 
ceived speech signal while at the same time 
providing for a large measure of protection 
against static and other foreign interference. 
As hereinbefore stated the organization 

illustrated in Fig. 1 does not completely 
eliminate the effect of interference although 
it reduces the magnitude of interference in 
large measure. In Fig. 2 is illustrated a re 
ceiving system which provides for practi 
cally complete elimination of interference 
due to natural oscillations such as those ex 
cited by static or atmospheric disturbances. 
Referring to Fig. 2, receiving antenna 1 and 
its associated circuits and apparatus are 
identical with the arrangements of Fig. 1 
and corresponding component parts are 
designated by the same numerals. An aux 
iliary antenna 1 with corresponding asso 
ciated circuits and apparatus is shown, com 
ponent parts of the auxiliary antenna sys 
tem corresponding to component parts of the 
receiving antenna system being designated 
by the same numeral with the subscript “a.” 
The operation of the receiving antenna sys 
tem is the same as that described and illus 

auxiliary antenna system is to eliminate in 
terference. Auxiliary antenna 1a, and as 
sociated circuits 2a, 2, 5, 5a, are tuned to 
the same frequency, said frequency differing 
materially from that to which antenna 1 is 
tuned. As a result the auxiliary system is 
unresponsive to the signals which antenna 1 
is tuned to receive, and antenna 1a plays no 
part in the reception of signals, although 
obviously it is capable of receiving signals 
transmitted on a wave to which the auxiliary 
system is tuned. 
When a static disturbance sets up oscilla 

tions in antenna, 1, it simultaneously excites 
oscillations in antenna, 1a, the periodicity of 
the natural oscillations in antenna 1 differ 
ing by approximately 1000 cycles per sec 
ond, or mean speech frequency, from that of 
the wave generated by generator 6, while the 
periodicity of the natural oscillations of an 
tenna, 1a is that to which said antenna is 
tuned. Generator 6a is adjusted to generate 
a wave whose frequency differs from that of 
the natural oscillations of antenna 1a by Sub 
stantially the same amount as does the Wave 

ig it as 'e?, 

generated by generator 6 from the natural 
frequency of antenna, 1. Natural oscillations 
of the same periodicity and damping are ex 
cited in oscillation circuits 5 and 5 by the 
natural oscillations in antenna 1a, and said 
oscillations would produce the same low fre 
quency oscillations in the output circuits 
8, and 8' of detectors 7, and 7 if gener 
ator 6 were removed. Owing to the pres 
ence of the continuous wave generated by 
generator 6 in oscillation circuit 5, the low 
frequency oscillations in circuits 8, and 8, 
differ just as do the low frequency oscilla 
tions in circuits 8 and 8. Circuits 8, 8, 8, 
and 8, are coupled to circuit 11 including 
a telephone receiver 12 in such a manner 
that the low frequency oscillations in cir 
cuits 8 and 8 oppose, in circuits 8 and 8, 
oppose and in circuits 8 and 8 oppose. As 
a consequence the effects due to natural os 
cillations in antannae 1 and 1 oppose and 
tend to neutralize each other with respect to 
receiver 12. This neutralization may be 
made complete by adjustment of the rela 
tive amplifying powers of amplifiers 3, 3, 
3,3'. It is desirable for complete neutrali 
zation that the damping factor of the 
natural oscillations in circuits 5, and 5, be 
substantially the same as the damping factor 
of the natural oscillations in circuits 5 and 
5'. This may be practically attained by ad 
justment of the inductances in said oscilla 
tion circuits. 
While two separate antennae have been 

shown in Fig. 2 it is evident that an equiva 
lent arrangement may be secured by pro 
viding a single antenna, said antenna hav 
ing two degrees of freedom and being there 
fore resonantly responsive to currents of two 
frequencies. Such an equivalent arrange 
ment is disclosed in application of Espen 

id: Serial H52,260, filed September 23, 
915. 
This invention is not limited to the spe 

cific structure shown but is directed to the 
broad idea of differentially connecting a re 
ceiving device to the source of the energy 
to be received by two similar and equal cir 
cuit arrangements in one of which a locally 
generated high frequency wave is combined 
with the received wave to the improvement 
of quality of received signal and also to the 
reduction of interference. 

For the complete elimination of static in 
terference my invention contemplates and 
includes also the coöperative combination 
with the receiving system illustrated in Fig. 
1 of an auxiliary system structurally simi 
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lar in its component parts to said receiving 
system but tuned to a different frequency 
and having an associated source of contin 
ous high frequency energy which generates 
a wave of frequency differing slightly from 
that to which said auxiliary system is reso 
nantly responsive, said auxiliary system be 
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ing connected to the same receiving device 
as said receiving system. 
I claim: 
1. In a system for receiving electric Waves, 

a receiving device, two similar and equal 
paths oppositely applying the received 
waves thereto, and means local to said re 
ceiving system for generating additional 
waves and impressing them on one of Said 
paths only. 

2. In a signaling system wherein signals 
are transmitted by the agency of a modul 
lated high frequency carrier wave, a receiv 
ing system comprising two similar and equal 
circuit arrangements similarly related to 
the energy to be received, a receiving device 
differentially related to said receiving cir 
cuit arrangements, and means local to the 
receiving arrangement for impressing a con 
tinuous wave on one of said circuit arrange 
ments only. 

3. In a signaling system wherein signals 
are transmitted by the agency of a modul 
lated high frequency carrier wave, a receiv 
ing system comprising two similar and equal 
circuit arrangements similarly related to the 
energy to be received, a receiving device dif 
ferentially related to said circuit arrange 
ments, and means local to said receiving ar 
rangement for impressing on one of Said cir 
cuit arrangements a continuous Wave of the 
frequency of said carrier Wave. 

4. In a signaling system wherein signals 
are transmitted by the agency of a high fre 
quency carrier wave, two similar and equal circuit arrangements similarly related to 
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the energy to be received, a translating de 
vice in each of said circuit arrangements; a 
receiving device differentially connected to 
said circuit arrangements; and a generator 
of high frequency energy connected to one 
of said circuit arrangements only. 

5. A wireless receiving system comprising 
an antenna; two similar and equal circuit 
arrangements similarly related to said an 
tenna; a generator of high frequency en 
ergy connected to one of said circuit ar 
rangements; and a receiving device con 
nected differentially to said circuit arrange 
ments only. 

6. A wireless receiving system comprising 
an antenna; two similar and equal circuit 
arrangements similarly related to said an 
tenna; a generator of high frequency waves 
connected to one of said circuit arrange 
ments; a receiving device; and two detec 
tors differentially connecting said receiving 
device to said circuit arrangements only. 

7. In a signaling system wherein signals 
are transmitted by the agency of a modul 
lated high frequency carrier wave, a receiv 
ing arrangement comprising two similar 
circuit arrangements similarly related to the 
energy to be received, each of said circuit 
arrangements including a detector; a tele 
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phone receiver differentially connected to 
said two circuit arrangements; and a source 
of energy generating waves whose frequency 
is that of said carrier wave, said source of 
energy being connected with one of Said cir 
cuit arrangements. 

8. In a wireless signaling system wherein 
signals are transmitted by the modulated 
high frequency carrier wave the combina 
tion of a receiving antenna, a receiving cir 
cuit operatively connected to said antenna 
and including an amplifier and a detector, 
a second similar and equal receiving circuit 
related to said antenna in a manner similar 
and equal to that of said first named circuit, 
a source of energy generating Waves of the 
frequency of said carrier wave and connect 
ed to said first named circuit, and a receiv 
ing device differentially connected to said 
receiving circuits. 

9. In a wireless receiving system, a receiv 
ing antenna, an oscillation circuit coupled to 
said antenna, a second similar oscillation 
circuit similarly coupled to said antenna, an 
amplifier connected to said first named oscil 
lation circuit, a second similar amplifier con 
nected to said second named oscillation cir 
cuit, a detector connected to said first named 
amplifier, a second similar detector connect 
ed to said second named amplifier, a source 
of high frequency undamped Waves connect 
ed to said first named detector, and a receiv 
ing device differentially connected to both 
of said detectors. 

10. A wireless receiving system compris 
ing a receiving antenna; an auxiliary an 
tenna; a receiving device; two similar and 
equal circuit arrangements differentially con 
necting said receiving device to said receiv 
ing antenna; two similar and equal auxil 
iary circuit arrangement differentially con 
necting said receiving device to said auxil 
iary antenna; a Source of high frequency 
waves connected to one of said first named 
circuit arrangements; and a second local 
Source of high frequency waves connected to 
one of Said second named auxiliary circuit arrangements. 

11. In a signaling system, wherein signals 
are transmitted by the agency of a high fre 
quency carrier wave modulated in accord 
ance with Said signals, a receiving organiza 
tion comprising a receiving antenna tuned 
to a frequency differing from that of said 
carrier Wave by approximately mean speech 
frequency, an Oscillation circuit coupled to 
Said antenna and tuned to the same fre 
quency as said antenna, a second similar and 
equal oscillation circuit similarly related to 
said antenna, a vacuum tube amplifier whose 
input side is connected to said first named 
oscillation circuit, a second similar and equal 
vacuum tube amplifier whose input side 
is connected to said second named oscilla 
tion circuit, a third oscillation circuit, tuned 
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to the same frequency as said antenna, and 
connected to the output side of said first 
named amplifier, a fourth oscillation circuit, 
similar and equal to said third named oscil 
lation circuit and connected to the output 
circuit of said second named amplifier, a 
source of high frequency energy, generating 
undamped waves of the frequency of said 
carrier Wave, and connected to said third 
named oscillation circuit, a vacuum tube de 
tector whose input side is connected to said 
third named oscillation circuit, a second sim 
ilar and equal vacuum tube detector whose 
input side is connected to said fourth named 
oscillation circuit, and a telephone receiver 
ifferentially connected to the output cir 

Auits of said vacuum tube detectors. 
12. A wireless receiving system compris 

ing a receiving antenna; two similar and 
equal circuit arrangements including ampli 
fiers and detectors similarly connected to 
Said antenna; a local source of energy 
generating a continuous wave of the same 
frequency as said carrier wave and impress 
ing it on one of Said circuit arrangements; 
an auxiliary antenna tuned to a frequency 

differing from that to which said receiving 
antenna is resonantly responsive; two simi 
lar and equal circuit arrangements includin 
amplifiers and detectors similarly couple 
to said auxiliary antenna; a local source of 
energy, generating a continuous wave and 
impressing said wave on One of said circuit 
arrangements associated with said auxiliary 
antenna; and a receiving device coupled to 
all of said circuit arrangements the coupling 
being differential as regards the two circuit 
arrangements having locally generated 
waves impressed thereon and differential as 
regards the two circuit arrangements asso 
ciated with said receiving antenna, and also 
as regards the two circuit arrangements as 
sociated with said auxiliary antenna. 

In testimony whereof, I have signed my 
name to this specification in the presence of 
two subscribing witnesses, this fourth day 
of January 1916. 

JOHN R. CARSON. 
Witnesses: 

FREDK. S. RoBIN soN, 
GEORGE E. FoLik. 

Copies of this patent may be obtained for five cents each, by addressing the “Commissioner of Patents, 
Washington, D.C.' 
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