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To all whom it may concern: _ :
‘Be it known that I, Joux F. FARRINGTON,
a citizen of the United States, residing at

New York, in the county of Bronx, State of

New York, have invented certain new and
useful Improvements in High - Frequency
Transmission, of which the following is a

full, clear, concise, and exact description:

This invention relates to wave transmis-
sion systems and especially to radio tele-
phone systems for two-way conversation and
other similar systems employing carrier
waves. . . :

An object of the invention is to decrease
the interference - between channels of the
same or different carrier wave transmission
systems and thereby increase the number of
possible channels in @ multiplex system or in-
crease the number of simultaneous conversa-
tions which can be carried on through the
same energy transferring medium as, for
example, the ether of a given region. Since
the radio field is the principal field of util-
radio signaling systems, are
described_herein to illustrate the principles
involved. ; Co

Another object of the invention is to pro-
vide improved methods of and means for
secret communication. '

In one well-known type of carrier wave
signaling system two-way communication
between distant stations is carried on by
modulating -a high frequency carrier wave
at -each of the stations in accordance with
the signal to be transmitted to the other sta-
tion.  The carrier waves at the two stations
are not of the same frequency but differ
from each other by a difference frequency
preferably above audibility in the case of
telephony but not otherwise limited to any
definite range. The receiver at each sta-

" tion receives the carrier wave from its own

transmitter as well as that from the distant’
transmitter. These two different frequency,

received waves are combined to produce a
third carrier wave having a frequency with-
in a range preferably of 8.000 to..100,000
cycles per second but in any case having its
frequency dependent upon the frequencies of
the two principal carrier waves. The par-
ticular range indicated is preferred because
it is high enough to act as a carrier for
speech frequencies and not high enough to
necessitate expensive apparatus for ampli-
fication -and- selection. The wave of the

‘tems wherein the incoming and outgoing

third frequency produced at each station
will be styled the “auxiliary carrier wave,”
to distinguish it from the principal car-
rier waves which are combined to produce it.
The auxiliary carrier wave is modulated in
accordance with the signal being sent by the
distant transmitter when the operator there-
at is sending and is modulated in accord:
ance with the signal of the local transmitter
when the local operator is sending. If both
are sending, the auxiliary carrier wave will
be modulated 'in accordance with both sig-
nals and both ‘signals will be heard at each
station. Both principal carrier waves must
be transmitted when signals are transmit-
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.ted from either station to the other.

In another well-known type of system -
a modulated carrier wave having its un-
modulated component suppressed is radiated
or otherwise transmitted. This is sometimes
styled a “carrier suppression system” and
the method employed: 1s called “carrier sup-
pression.” In the present system a similar
principle is made use of for partial carrier
suppression. '

A particular object of the present inven-
tion 1s to provide methods and means for
combining substantial advantages of the two
systems described, that is,—for -utilizing
partial carrier suppression in duplex sys-

({]

80

carrier waves combine to produce an auxil-
jary carrier wave at each station. .
A.difficulty which is apparent in applying
the method of carrier suppression to two-
way systems of the kind described is that
the auxiliary carrier frequency at each sta-
tion will lack an unmodulated component of
sufficient amplitude to reproduce a low fre-
quency signaling wave of the original low fre-
quency wave form. See article by Colpitts
and Blackwell, “Carrier current telegraphy

90
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"and telephony,” Proceedings of the Ameri-

can Institute of Electricali?ngineers, April,
1921, vol. 40, No. 4, page 309. In case the 100

“original wave form is not approximately re-

produced, the reproduced signal will not be
of good quality. This is especially important
in telephony.

As hereinafter described, there are pro- 105.
vided means and methods for increasing the
relative amplitude of the unmodulated com-
ponent of the auxiliary carrier frequency
with respect to its accompanying modulated

component. 110
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Use is made of an additional auxiliary
carrier wave which is generated at each sta-
tion of the two-way system. The energy of
this wave is utilized at the transmitter in
transmission and at the receiver in recep-
tion. By means of this additional auxiliary
carrier wave, the frequencies of the side
bands of the several carrier waves travers-
ing the entire system are caused to.be spaced
away from the unmodulated or base fre-
quency component accompanying the side
band. On account of the function of this
additional auxiliary carrier wave, which
may be of any relatively low frequency as,
for example, from about 8,000 up to 10,000
cycles per second or higher, it is herein
styled a “spacing carrier” or “spacing car-
rier wave” in order to distinguish it from
other carrier waves used in the system.

It will later be shown how a spacing car-
rier wave having a frequency of 3.500 cycles
per second may be employed to change the
side bands of a speech modulated auxiliary
carrier wave which, in the normal case, may
be assumed to be of frequency of 50,000
cycles with side band frequencies ranging
from 48,000 cycles to 49,800 cycles and
50,200 cycles to 52,000 eycles so that the side
frequencies will range from 46,700 cycles to
48,500 cycles and from 51,500 cycles to
53,300 cycles. As a result of this, it becomes
practical to receive a very small energy of
auxiliary carrier frequency and select it
from its side frequencies. After selection
its energy is greatly increased by amplifi-
cation whereupon it is recombined with.the
unamplified or more slightly amplified side
frequency wave and impressed upon a de-
tector. :

A feature of the invention is that the

\

“guxiliary carrier” frequency may be equal>

if desired, to the sum of the two principal
carrier frequencies as an alternative to the
case where it is equal to their difference.
In special cases this may be advantageous.

Another feature consists in transmission
of energy of the local transmitting gener-
ator into the local receiving. circuit without
first passing it through the modulating a}le-
paratus of the transmitter. In this way the
ratio of modulated and unmodulated energy
of the outgoing principal carrier frequency
which is impressed upon the local detecting
apparatus may be regulated at the will of
the operator in anv manner necessary to se-
cure the best operation or as particular cir-
cumstances necessitate.

A further feature, the advantages of

which will be described hereinafter in de-
tail, eonsists in selecting the intermediate
carrier frequency and one or both of the ac-
companying side frequencies both before
and after amplification. .

A still further feature is the use, in a
system employing -a partially. suppressed

- Iine.
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‘carrier and additionally employing any or

all of the other features above mentioned,
of a variable frequency carrier to promote
secret communication. s
Many of the features of the invention are
useful not only in connection with systems
where incoming and outgoing carrier waves
combine to produce an auxiliary carrier

7«

wave, but also in systems where a local -

source of any suitable high frequency is usad
to beat with the incoming principal carrier
wave to produce -ar auxiliary carrier wave.

The novel system proposed admits of the
use of certain desirable features heretofore
suggested in connection with other systems,

among which may be mentioned :—(1) The

selection and transmission of one side band
only at any point in the system; (2) the
connection of the transmitter and the re-
ceiver at a high frequency terminal station
to a low frequency telephone line by means
of a balanced or other suitable -circuit
whereby the radio signaling channel may
be extended through one or more telephone
exchanges to subscribers; (3) suitable selec-
tive circuits of other types than iterative
band filters; and (4) low frequency select-
ing apparatus. S " :

"~ Although the translating devices used for
modulation, detection, and amplification are
described as electron discharge tubes of the
thermionic type it will be understood that
the principles of the invention may be em-

‘ployed in systems utilizing other equiva-

lent forms of translating devices.
The invention will now be described in
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detail with reference to the accompanying

drawings wherein Fig. 1 represents a com-
plete radio terminal station comprising a
transmitter and a receiver connected respec-
tively to separate antennw; I'ig. 2 repre-
sents alternative apparatus which may be
substituted for the apparatus between the
Iines X—X and Y—Y of Fig. 1; Fig. 3 rep-
resents a simplified radio terminal station
in which a spacing carrier is not used; and

Fig. 4 illustrates a convenient manner- of.

10¢

110

connecting either of the stations illustrated

in Figs. 1 or 8 to a low frequency telephone

In Fig. 1, a signaling circuit 1 which rep-
resents any suitable source of audible fre-

_quency signaling currents is connected to

the input circuit of a modulating system 2
of a type described, for example, in United
States patent to Carson No. 1,343,306,
granted June 15, 1920. A source of spac-
ing carrier waves 3 is also connected to the
modulating system. The output circuit of
the device 2 is connected to the input circuit
of a principal modulating system 4 of a type

115

120

similar to the system 2. Between the sys- -

tems 2 and 4 is connected a suitable selective
circuit 5 -which is preferably a band-pass
filter.

130
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A band-pass filter is any network which
passes a definite band of frequencies with
negligible attenuation and highly attenu-
ates other frequencies. A source 6of carrier
waves constitutes the outgoing carrier wave
source. The waves from the source 6 are

‘supplied to the modulator 4, the output cir-

cuit of which is connected through a suitable
selective circuit, preferably a band-pass
filter 7, to the input circuit of a power am-
plifier 8.. The amplified wave energdy pro-
duced by the amplifier 8 is impressed upon
a transmitting antenna 9 of any convenient

“type.
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~ as source 3. The output circuit of the cir--
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-vergent channels.

The receiving system associated at a radio
terminal with the transmitting system de-
seribed consists of a receiving antenna 10
connected by suitable selective circuits to a
detecting device 11, the output circuit of
which is preferably connected through a se-
lective eircuit 12 and an amplifier 13 to two
selective circuits 14 and 15, arranged in di-
The waves passing

‘through the circuit 15 are amplified in an

amplifying system 16 which may consist
of one thermionic amplifier or a nlurality
of thermionic "amplifiers or equivalent de-
vices arranged in tandem. The divergent

channels converge and are united by con--
necting output circuits of the devices 14 and’

16 to the input circuit of a detecting circuit

.

17 in the output circuit of which is a selec-

_tive circuit 18 followed by another detect-

ing circuit 19 to the input circuit of which
is connected a source 3’ of waves of spacing
carrier frequency, that is, the same frequency

cuit 19 is connected through a filter 20 which
is preferably a low pass filter transmitting
freely a range of frequencies from 0 to 2000
cycles and an amplifier 21 to a low fre-

quency circuit 22 which contains any suit-.

able indicating means, for example, a tele-
phone head set or other receiver.  The se-
lective circuits 12, 14, 15, 18 and 20 are pref-
erably of the band-pass type described in
United States patent to Campbell *No.
1,227,118, granted May 22, 1917, but may be
any selective circuits capable of performing,
to a sufficient degree, the functions herein in-
dicated. It is practicable to omit certain se-
lective circuits, amplifiers, and other appa-
ratus without rendering the system inopera-
tive. However, the omission of these may

render the system somewhat less selective or .

less efficient in some respects.

To explain the operation of the system,
definite values of frequencies will be' stated.
This, however, is not intended to limit the
invention to the particular values stated,
since these may vary over a wide range.
For telephony, the microphone circuit 1 will
be considered as a source of speech fre-
quency waves covering a range of from 200
to 2000 cycles of which the frequency is

represented by “s.” The spacing Irequency
source 3 has a frequency of 3500 cycles. The

filter 5 passes a range of frequencies of from

1500 to 3300 cycles. The source 6 supplies
outgoing carrier waves of frequency f,, which
is 800,000 cycles. The band filter 7 may pass
currents of a range of frequencies of from
796,400 cycles to 803,600 cycles, that is to
say,—it may pass both side bands produced
by modulating 800,000 cycles with a band of
frequencies of from 1500 to 3300 cycles.
Filter 7 may, however, and preferably does

70
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suppress one of these side bands. It may or .

~ mag not be designed to discriminate against

the carrier frequency f,, but must in general
permit the passage of some current of this
frequency. ~'The antenna -9 is preferably
tuned to the mean of the frequency which it
is to transmit but may be tuned to discrimi-
nate against certain frequencies in favor of
others. From a distant transmitting sta-
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tion, which is supposed to be like the trans- .

mitting station illustrated in Fig. 1 with the
exception that its carrier frequency f, (cor-
responding to f,) is 750,000 instead of
800,000 cycles, are received carrier waves.
I will be seen that the incoming wave of fre-

uency f, is accompanied by one or more
side frequencies which result from modula-
tion at the distant transmitter by means
similar to those illustrated. In'the receiving
antenna 10 a loop or trap circuit 23 is lo-
cated which may be adjusted to discriminate
to any desired extent against waves of fre-
quency f, and its accompanying side fre-
quencies. The antenna circuit may consist
of a tuned or untuned loop having the trap
cireuit 23 in series in the loop. The antenna
10 or an equivalent loop circuit may con-
veniently be arranged to have its maximum

“receptivity in the direction of the distant sta-

tion and its minimum receptivity in the di-

rection of the antenna 9. A variable con-

denser 24 and inductance 25 serve to tune
the antenna 10 to the waves from a distant
station. Inductance 25 ulso serves to couple
the antenna circuit 10 to the input circuit
of a detector 11. A selective circuit 26 is
tuned to select desired waves and discrimi-
nate against other waves. The carrier waves

90
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of frequencies f, and f, are combined by the -

detector 11 to produce waves of sum and
difference frequencies, that is, f,--f. and
f.—f either of which may be utilized as
an auxiliary carrier. Generally it is desir-
able to select the lower of these frequencies
for the auxiliary carrier, that is f,—f,

which in the present instance is a frequency:

of 50,000 cycles. This frequency will be
designated as f,. The auxiliary carrier wave
of frequency f; will be modulated in accord-
ance with whatever signaling waves are
modulating the carrier wave of frequency
7, at a given instant and likewise with
whatever signaling waves are modulat-
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125

i3




10

15

-

ing the. carrier wave of frequency f,.
Either party may at any time break in
and be heard by the other. The circuit 12
selects the auxiliary carrier and its accom-
panying side frequencies and is therefore ad-
justed to pass a band of from 46,700 to
53,300 cycles. It may, however, and prefer-
‘ably does exclude one of the side frequencies.
For example, if the lower side frequency is
to be excluded, the band passed will extend
from 50,000 to 53,300 cycles. The selected
components are amplified by the amplifier
13 and impressed upon two selective circuits
14 and 15. The circuits 14 and 15 are in-
tended to separate side frequency  energy
from the energy of the auxiliary carrier fre-
gency. This allows the energy of the aux-

_ iliary carrier frequency, that 1s, the unmodu-
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lated component, to be amplified in the-am-

plifying system-16 whereby its energy may
be increased relative to that of the side fre-
‘quéncies to any desired extent. The modu-
lating system 4 is of the carrier suppression
type and is intended to partially but not
completely suppress the unmodulated com-
ponent of the frequency f,, while at the dis-
tant * transmitting station, a. similar or
equivalent modulating system will partially
suppress the uhmodulated component of the
frequency f,. No definite extent to which
the unmodulated component is suppressed
need be assigned herein. -1t may be assumed,
for example, that nine-tenths of the un-
modulated component which would other-
wise bhe transmitted, is suppressed. Instead
of a band filter, the circuit 15 may consist
of a series of sharply tuned circuits each
resonant to the frequency of 50,000 cycles
and having thermionic amplifiers interposed
between them. Such an arrangement is il-
lustrated in the United States patent to

Alexanderson, No. 1,173,079, granted Feb-.

ruary 22, 1916. In.that case the elements

of the selective circuit 15 and the amplifier’
.16 are divided up and interposed between

each other. The cirenit 14 is adapted to
pass the same range of frequencies as the
circuit 12 is adapted to pass; with this dis-
tinction, however, that it may exclude the
unmodulated component, that is, 7, or 50,000

" cycles, if desired. On the other hand, the
. unmodulated component may be transmitted

e
<t

through the circuit 14. The side frequency
energy passing the circuit 14 and the ampli-
fied unmodulated component from the ampli-
fier 16 are impressed together and combined

by the detector 17. In the output circuit of

this detector, a component of energy results

“ which has the same frequency range as that

60

a5

transmitted through the circuit 5, for ex-
ample, 1500 to 3300 cycles, is selected by
the circuit 18 and impressed upon the circuit
19 which has been variously designated in
the art as a detecting, demodulating, or dis-
torting circuit. ‘

- 1,495,470

The modulating system 2 at the local sta-
tion as well as the modulating system of the
distant station, which is equivalent thereto,
are preferably of the carrier suppression
type, hence, the spacing carrier frequency
has had its unmodulated component largely
or entirely suppressed. When this suppres-
sion is moderately well accomplished at the
distant station, it becomes impractical to
derive the original low frequency speech
waves from the waves transferred by the

circuit 18 without resupplying the spacing’

carrier frequency. For this wurpose,” a
source 3’ is provided  which impresses waves
of the spacing carrier frequency upon the

‘modulating circuit 19. The sources 3 and 3’

are of relatively low frequency and hence
may be synchronized without much difficulty
whereas if it should be attempted to supply
energy of the auxiliary carrier frequency,
that 1s, f,, to the device 17 from a local
source, more difficulty would be experienced
in “maintaining synchronism within any

-specified range of allowable variation. The

speech frequency waves occurring in the
circuit 1 or in the corresponding circuit at
the distant station are reproduced in the out-
put circuit of the system 19. These waves
are preferably separated from interfering
waves of higher frequencies by a filter 20,
amplified by a device 21 and impressed upon
the telephone circuit 22.

It will be observed.that the circuit 22 will
receive not only the signal from the distant
station but also the local outgoing signal.

The circuit 32 serves to supply a relatively
small amount of energy of the outgoing car-

‘rier frequency f* to the detecting device 11.

The circuit 82 need be only slightly coupled
to the circuit of the source 6 and only slightly
coupled to the circuit of the device 11. If
undesirable reaction occurs whereby energy
is transferred from the input circuit of the
device 11 to the circuit of the source 6, a
thermionic amplifier 83 may be included in
the .circuit 32. This amplifier will repeat
only in the direction away from the source
6. Since the coupling and adjustment of the
circuit 32 and the adjustment of the device
33 are entirely under the control of the local
operator, they may be adjusted from time to
time in any manner necessary or desirable to
secure the best-results. The energy supplied
through the circuit 32 is wholly unmodulat-
ed, which tends to the production of better
quality and more uniform signals. The cir-
cuit 32 is not essential and may be omitted.
When it is used, however, the spacial con-
figuration and relationship of the antennwx
9 and 10 and their tuning and adjustment
may be such as to suppress from the circuit

10 the energy of the frequency f* to a more

considerable extent than when the circuit 32
1s absen!:. The use of the circuit 32 is not
necessarily associated with the use of an un-

71
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modulated carrier suppression modulating
system- 4. Furthermore, neither of these
features is wholly dependent upon the use of
a spacing carrier frequency or upon a modu-
lating system 2 of the carrier suppression
type. . ' :

Means for superimposing a telegraph or
call channel upon the telephone channel is
illustrated. ‘A source ¢ of current having a
suitable frequency is connected to the input
circuit of the modulator 4 by a circuit in-
cluding a key. When the key is closed the’
carrier frequency f* is modulated by waves
from. the source ¢. If the source ¢ has any
frequency without the range of the band
1500 to 3300 cycles, it will interfere little
with the speech-transmission. When the

- call channel is used in this manner the

20

30
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45

various filters through which the resultant
modulated wave passed will be modified. to
pass the additional side fequency thus pro-
duced. For example, if ¢ has a frequency

"of 8400 cycles per second, the filters 7, 12,

14 and 18 must be designed or adjusted to

pass a frequency removed 3400 cycles from

the carrier. A circuit 84 tuned to 3400 cycles
and connected to an alternating current re-
lay 85 or equivalent receiving instrument
serves for reception of the telegraph or call
signal.” . . ‘
" The present system offers considerable
possibilities in the way of making the un-
authorized reception of signals difficult.
Partial suppression of the unmodulated
component and transmission in each direc-
tion on different carrier waves are two fea-
tures which tend to prevent reception. by
simple systems. Let it be assumed that the
present system radiates the upper side band
resulting from the modulation of a carrier

“of 800,000, cycles with a side band of 1500
to 3300 ¢cycles. Then this signal can be

picked up by means of a local source of 803,-
500 cycles. If both side bands of the 800,000
cycle wave, modulated as stated, are radiat-

~_ed the signal can, nevertheless, be received

by means of a properly selective antenna

. and a local source. If, however, the trans-
_ mitted carrier. wave. varies over a range of -

50
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several hundred cycles, such unauthorized
reception becomes more difficult. For se-
crecy this variation may be purposely intro--
duced. Let it be assumed that the local and
distant principal carriers are each varying
from 250 cycles above the inean value to 250
cycles below the mean value. - If the varia- -
tions of the principal carriers are not syn-
chronous, a total variation of the intermedi-
ate carrier of from 500 cycles above to 500

cycles below the -mean value- will occur.

. For transmission of a single side band, that

85

is; upper side band, the following filter

‘values will be needed: filter 7, 799,750 to

803,550 cycles; filter 12, 49,500 to 53,800
cycles; filter 14, 51,000 to 58,800 cycles; and .

pressed by the circuits 14 and 15.

filters 5, 15, 18 and 20 Would have the values
indicated on the drawing. For transmission

of both side bands, the values would be:

filter 7, 796,450 to 808,550 cycles; filter 1%,
46,200 to 58,800 cycles; filter 14, 46,200 to
53,800 cycles; and filters 5, 15, 18 and 20 as
before. When such a variable carrier or
variable carriers are used, the telegraph or

‘call frequency of 3400 cycles can still be

used. In case this is used each filter through
which the wave modulated with 8400 cycles:
passes must have such a value as to pass a
component differing from the carrier by
3400 cycles. If one carriér is maintained
constant, the other may be given a total
variation of from 500 cycles above to 500
cycles below the mean carrier frequency.
In other words, the sum of the total varia-
tions of both carriers from their mean
values determines the filter values necessary
in the receiver circuit. This variation may
be divided between the two carriers in any
desired proportion. If the variation is an
accidental one instead of intentionally pro-
dueed, the results will be the same.

70
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In Fig. 2, a selective circuit 12" is con- -

nected between the amplifier 13 and the
selective circuits 14 and 15, The purpose of
this arrangement is to give additional am-

lification and  selectivity. The source 27

‘indicates the introduction of an additional

locally genérated frequency which may be
utilized either to step up the auxiliary car-
rier frequency and its associated side fre-
quencies to a higher value, or, if preferred,
to step it down to a lower value. In the
present instance, it is assumed that the aux-

" iliary carrier frequency is to be stepped up

to a higher value, for example, from 50,000
cycles to 150,000 cycles. - In this case, the
source 27 may have a frequency -of 100,000
cycles desighated as f,. This need .not be

95

100

106

accurately maintained as a slight frequency -

variation will ordinarly produce no detri-
mental -effect. The -modulating device 28
gerves to combine the energy transmitted
through: the filter 12’ with energy from the
source 27 thereby producing a supplemen-
tal auxiliary carrier frequency of 150,000

as well as a difference carrier frequency of

110

118

50,000 which will be ignored as it is sup-

The.
150,000 cycle component is, of course, ac-
companied by one or both ‘side bands as
is determined by the transmission of one or

two side bands from the local and distant

station and the corresponding. adjustment
of the circuits 12 and 12’. Naturally when

‘both side bands-are utilized at one point in

the system it is desirable that-both be trans-
mitted thro‘u%h
cuits, and when only one is transinitted,
then the filter circuits will be adjusted so

120

128

all the various fHter cir- °

that only the corresponding side band will

be transmitted and other ‘frequencies- sup-




. bands.

6 -

pressed. .The advantages of the transmis-
sion of only one side band are well known.
The present invention is applicable to .the
transmission of either one or both side
The circuits 14 and 15 in Fig. 2
are analogous to the circuits 14 and 15 in
Fig. 1 and perform  identical functions.

" Their difference consists only in such design

10

18

20

or adjustment as is necessary to render them

applicable to a carrier frequency of 150,000

The appa-

cycles instead of 50,000 cycles. y
0

ratus between the lines X—X and Y—

Figs: 1.and 2 are interchangeable and may

be substituted each for the other.

. In Fig. 8 is illustrated a simplified sys-
tem wherein a spacing carrier source is not
utilized. In this system the carrier fre-
quency f, is directly modulated by a speech
or other signaling wave and the resultant
energy impressed directly or through am-

- plifiers (not shown) upon a _transmitting

25
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antenna 9. The receiving antenna 10 is

.similar to that of Fig. 1 and the detecting

device 11 and its associated circuits are like-
wise similar to the corresponding elements
of Fig. 1. ‘The outgoing and incoming car-
rier frequencies f, and - f,, together with
such components as result from modula-
tion, are combined by the device 11 to pro-
duce sum and difference frequencies, either
of ‘'which may be selected as an auxiliary
carrier. " If the sum frequency is to be

selected, the amplifying system 13 and the

associateéd filters 12 and 14 are designed to
select and amplify the auxiliary carrier fre-
quency ' f,-+f.+s. The double 'sign be-

fore ¥s” indicates that either one or hoth

side frequencies may be selected. On the
other hand, the system 12, 13, 14 may be

designed and adjusted to select and amplify"

the difference frequency, that is, f,—f,-+s.
The various ranges of frequencies which
may be passed by the filters 12 and 14 are

"indicated on the drawing. .The detecting

circuit. 19 detects the. waves transmitted
through the filter 14 thereby reproducing
the original speech waves which are then

‘impressed -upon a’ telephone receiver cir-

cuit. 22, In the arrangement of Fig. 3, as
so. far described, the modulator 4 does not

“suppress the unmodulated component or

55

~ case it may be supplied through the circuit
- 32 as described in connection with Fig. 1.

‘60

by .the device 19,is still possible.

-suppresses it  to such a small extent that

reproduction of the original signaling wave
If de-
sired, however, the modulator 4 at.the local
station may suppress the unmodulated com-
ponent as completely as possible, in which

In case the corresponding modulator 4 at
the distant cooperating -station partially
suppresses the = unmodulated component,
then it becomes necessary to substitute for
the system 12,13, 14 of Fig. 3, an arrange-

-ment like that of Fig. ‘1, consisting of the

1,495,470

elements 12, 13, 14, 15 and 16, since other-
wise the energy of the unmodulated aux-
iliary carrier frequency in the input circuit
of the device 19’ would be too small to per-
mit good signal reproduction.

Fig. 4 illustrates the manner of connect-
ing a low frequency telephone line 29 te, the
input circuit of the local radio transmitter
and to the output circuit of. a local radio
receiver so that a two-way conversation may
be carried on via radio by a subscriber at
the remote end (not shown) of the.line 29.
The transformer 80 represents the trans-

former 30 of Fig. 1, and the amplifier 21

represents the amplifier 21 of Fig. 1. . The
network N balances the line 29 at speech
frequencies and the civeuits leading to and
from the amplifier 21 and the transformer
30 are connected in conjugate relation with
respect to each other to the triple winding
transformer 81. The systems illustrated in
Figs. 1, 2 and 8 or any equivalent system
may be connected to & telephone line in a
similar manner. - v

" The object of providing duplicate -filters
12 and 14 needs brief mention. Assume that
the filter 14 is omitted. Incoming impulses
would tend to act upon the filter 12 and to
set up oscillations having all the  possible
natural frequencies of the filter. If any of
these natural frequencies or possible ‘com-
bination frequencies which might be pro-

duced by distortion in amplifier 13 or by de-

tector 14 are within the range passed by the
filter 18 they -will appear in the line 22 as
noise currents. ‘When filter 14 is included,
an additional diserimination occurs ir that
disturbing foreign frequencies
from impulsive excitation of filter 12 or dis-
tortion in amplifier 13 must not only pass

through filter 14 but their combination fre--

quencies must likewise pass filter 18. Assum-
ing filter 12 to be omitted and filter 14 pres-

resulting:
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ent, then impulsive excitation of filter 14

will cause somewhat similar disturbances

‘and in addition foreign frequencies which

cannot pass filter 14 may combine in ampli-

fier 13—owing to the inherent distortion—to .

produce waves which will pass filter 14.
‘When both filters are employed impulsive

filter 14 and the undesired waves produced

110
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disturbances are mot allowed to act upon

by filter 12 and amplifier 18 are largely sup-

‘pressed by filter 14. Another.advantage of

filter 12 is an increase of efficiency in the
amplifier 13 in consequence of permitting it
to handle less energy of undesired and un-
used frequency components. Iakewise when

filter~ 12 is provided any incoming waves

which are such as can produce combination
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frequencies capable of passing filter 14 will . .

not be transmitted to amplifier 18 to cause.

_ Thus, an im-
portant feature of the present invention con-

such combination frequencies.

sists in selecting the intermediate frequency 130
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and its accompanying side bands both betore
and after amplification. A still greater ad-
vantage results from selecting a single side

band and the unmodulated component of

the auxiliary carrier frequency both before
and after amplification. The filters used

“should have sharp and definite cut-off limits

if high efficiency and good selectivity are de-
sired. Double selection of the intermediate
frequency is not dependent on the use of a
spacing carrier or of unmodulated carrier
suppression means for its utility. .

The use of a spacing carrier permits the
auxiliary carrier frequency to be spaced
away from its accompanying side bands by
any necessary amount, This enables the
auxiliary carrier to be selected by means of
apparatus of moderate cost and reasonable
refinement. Unless the auxiliary carrier can
be selected from its accompanying side fre-
quencies, it is difficult to introduce any great
amplification by the amplifier 16 because if
some of the side frequency components are

amplified in the device 16 and others are not .

amplified, or are only slightly amplified, an

_undesirable distortion is introduced as a re-

sult of increasing the amplitude of certain °

~ speech components disproportionately.

- 30
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If the transmitting modulator 4 and the
amplifier § are not operated during a time

“when the receiving system is recciving waves

from a distant station, but the source 6 is
operating and is supplying energy through

the ciréuit 32 to ‘the device 11, 1t will be-
seen that the auxiliary carrier frequency will

“be produced, selected, amplified and detected

- 40
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in the same manner as if the transmitting sta-
tion is operating. The source 6 then acts
as a local source used solely for aiding re-
ception and not for transmission. '

For line wire transmission, the antennee

9-and 10 are replaced by any suitable wire

‘cireuit extending to the distant station.
Before pointing out the novel features of

the invention in the claims, the scope of cer-

tain expressions used therein will be indi-.

cated. The expression “side frequencies” or

© “gide band” includes a single side frequency

50

as well as a band of side frequencies. “Un- ’
suppressing the unmodulated component of

modulated component” is an expression

~ adopted from British Patent No. 102,503, of

55

1916 and is used in the same sense as in that
patent. However, it is not intended to limit

the present invention to the type of modu-

lator described in that patent. The suppres-

" sion of the carrier may occur in the modu-

6¢

a5

lator itself or result from the action of selec-

‘tive circuits or partially from both.

The novel features believed to be inherent
in the invention are defined in the appended
claims. : ‘ I

What is claimed is: .

1. The method of securing the advan-
tages of partial suppression of the unmodu-

latéd component in a wave transmission sys-

x4

tem employing a detector, which comprises

transmitting only feeble energy of the un-

modulated component, separating-the un-

-modulated component from its accompany-

ing side frequencies at a point in the sys-
tem where the total energy is small rela-
tive to the transmitted energy, increasing

the energy of the selected unmodulated com- .

ponent, and- combining at the detector the
mecreased energy of the unmodulated com-
ponent with its accompanying side frequen-

cies.

9. The method of signaling in a system
wherein is transmitted a carrier wave modu-
lated in accordance with a signal and hav-

ing an unmodulated component too small..

to reproduce a sufficiently perfect signal,
which comprises receiving, selecting out as
such, and increasing the energy of the un-

modulated component at a receiving station, .

?5,
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and recombining the unmodulated compo- -

‘nent of increased energy with the modulated
carrier wave energy to produce a modulated ,

carrier wave having a relatively greater un-

‘modulated componént than the. received

wave. S .
3. The method which comprises. largely
suppressing the unmodulated component of

90

a modulated carrier wave at a transmitter, -

receiving the energy of the unmodulated
component and one or more accompanying

95

side frequencies; and producing energy de-

rived from the feeble unmodulated carrier
component having an amplitude propor-
tionately greater in relation to the side fre-
quency component than the energy of the
unmodilated component received is with re-

‘spect to the received side frequency energy.

4. The method which comprises trans-
mitting a wave of relatively small ampli-
tude and a side frequency of relatively large
amplitude of a modulated wave, receiving

the energy of both, deriving energy from

the side frequency, deriving energy from the
first mentioned wave having a relatively
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much greater ratio to the received unmodu- -

lated component, and combining said de-
rived energies. o
5. The method which comprises largely

a modulated carrier wave at a transmitter,

us

receiving the energy of the unmodulated -

component and one or more accompanying
side frequencies, converting the frequencies
of all the received waves by an equal amount
to produce another unmodulated component
and one or more accompanying side fre-

. quencies; and producing from the converted

unmodiulated component, energy having its
relative amplitude proportionately greater

than the received unmodulated component

" is with respect to the received side frequency

‘128
with respect to the side frequency energy.

energrﬂl i o . Cod
- 6. The method which comprises transmit-
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ting an unmodulated component of relative-
ly small amplitude and a side frequency of
relatively large amplitude, receiving and
converting the energy of both to produce
an auxiliary unmodulated component of
small amplitude and an auxiliary side fre-
quency, amplifying in relation to the modu-
lated component the energy of the unmodu-
lated component, and combining the result-
ant energies. .

. 7. The method which comprises. succes-
sively detecting an unmodulated component
and an accompanying side frequency and
converting the frequencies thereof, and at
one stage amplifying one of the energies
representing the unmodulated component
and the modulated component dispropor-
tionately with respect to the other.

8. In 3 signaling system, means for trans-
mitting an unmodulated component of rela-
tively small amplitude and a side frequency
of relatively large amplitude, means for re-
ceiving the energy of both, means for con-

-verting the frequencies of both by a fixed

amount, means for increasing the energy of
the unmodulated-component to a relatively
high value with respect to the. modulated
component, and means for combining the
amplified unmodulated component and the

} modulated component to reproduce a signal--

ing component. -

9. In a signaling system, a transmitter in-
cluding means for partially suppressing the
unmodulated component of the transmitted
wave, means for receiving the energy of the
feeble unmodulated component and one or
more accompanying side frequencies, means
for deriving an unmodulated component of
increased amplitude .from the unmodulated

received component, and means for com-

bining the side frequency energy with the
unmodulated component of relatively in-
creased amplitude. :

10. A receiving system comprising a de-
tector for combining incoming carrier waves
with locally generated waves to produce an
auxiliary carrier wave, a selective circuit
for selecting the unmodulated component of

‘the auxiliary carrier wave from the modu-

lated components thereof, means for ampli-

. fying the selected unmodulated component,
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and means for recombining the amplified

_unmodulated component with the modulated

components. ‘ g o

11. A signal transmission system compris-
ing two cooperating stations, each transmit-
ting to the other and each supplying high fre-

quency energy of itsown carrier frequency to
its local receiver, means at each of said sta- .
-tions to transmit a modulated wave having
a relatively small unmodulated component,
.and means at each receiving station to in-

¢ crease the energy of the unmodulated com-

65

ponent to an extent disproportionate to any
increase of the modulated component,

1,405,470

12.. A signal transmission system com-
prising two cooperating stations, each trans-

mitting to the other and each supplying high

frequency energy of its own carrier frequen-
cy to its local receiver, frequency changing
means at each station for combining the en-
ergies received from the local and distant
stations and converting the combined ener-
gies to an auxiliary carrier frequency ener-
gy, means at one of said stations for partial-
Iy suppressing the unmodulated component
of the transmitted carrier frequency energy,
‘and means at one of said stations to increase
the energy of the unmodulated component
of the auxiliary carrier frequency energy
disproportionately with respect to any in-
crease in energy of the modulated compo-
nent. o :

18. In a signaling system, a transmitter
comprising a source of high frequency
waves, a source of signaling waves, and a
spacing carrier source for spacing the side
frequencies of the modulated carrier ivave
away from the unmodulated component in
combination with a receiver having means
for separating the side frequencies from the
unmodulated carrier wave. -

14. In combination with a receiving sys-
tem comprising means for producing from
received carried waves an auxiliary carrier
wave, means for selecting the unmodulated
component of the auxiliary carrier wave
from the modulated. component, means for
amplifying the selected unmodulated compo-
nent, means for recombining the amplified
unmodulated component and the modulated

‘component, and means for combining energy

of the spacing carrier frequency with the
waves produced by the last.»mezntioned com-
bining means.
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15. A system comprising two cooperating

stations, each provided with means for

transmitting its own carrier wave to the

other and. each provided with means for re- -

ceiving its own carrier wave and combining
its energy with energy of the carrier wave
from the distant station to produce an auxil-
iary carrier wave, and means for decreasing
by a substantial amount the amplitude of
the unmodulated component of the carrier
wave transmitted from one station.

110
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16. In a system in accordance with claim o

15, means for decreasing by a substantial
amount the amplitude of the unmodulated
component of the carrier wave transmitted
from the other station. - _

17. In a signaling system, a source of sig-
naling waves, a spacing carrier source, means
for modulating the spacing carrier source
with waves from the source of signaling
waves, a principal carrier source, means for
modulating waves from the principal carrier
source with waves resulting from the first
meritioned modulation, the system being de-

120
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signed and arranged to partially suppress 130
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t!le carrier component. of ‘the transmitted
prmmpa} carrier, and means at a cooperat-
Ing receiving station for combining energy

 of the spacing carrier frequency with the re-
~.ceived  waves.

18. A signalin sySt_em comprising a re-

~ ceiving channel for incoming high frequen-
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- ing the unmodulated component of increased.
N ergy to produce a modulated

‘48

cy waves, means for supplying locally gen-
erated waves to the receiving channel, means
for combining energy of the received and
locally generated frequencies to produce an

-auxibary carrier frequency of frequency

higher than the ‘frequency-of the combined

- wavyes and accompanying side frequencies,

and means for amplifying the unmodulated
component of the auxiliary carrier frequen-

¢y without a corresponding amplification of'
_the side frequency energy, and means for’

combining the amplified unmodulated com-
ponent with the side frequency energy. -

19. A signaling system comprising two-

cooperating stations, each provided with

‘means for. transmitting a modulated car-

rier wave, means at one of said stations for
combining a portion of the energy of the
outgoing carrier- wave Source with energy
incoming from the other station to produce

an-auxiliary carrier frequency equal to the -

sum of the two carrier frequencies, means
for selecting the sum frequency, and means

for deriving. the signal to be received from

the selected frequency. - :
20. The method of signaling in a system
wherein is transmitted a carrier wave modu-
lated in accordance with a signal and hav-
ing an unmodulated component too small to
reproduce a sufficiently perfect signal, which
comprises receiving the carrier wave and re-
ducing the frequency thereof, then selectin%
out as such and increasing the energy o
the unmodulated component, and recombin-

energy with the modulated carrier wave en-
carrier wave

having a relatively greater unmodulated

- component than the received wave.

. 50
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_cooperating - stations, -each

21. A signaling system comprising two
: rovided with
means for transmitting to the other a sig-
nal modulated high uency wave, one of
said stations being provided with means for

‘combining energy of the incoming and out-

ing carrier frequencies to produce an aux-
ﬁary carrier frequenc{, and one of said sta-
tions which may be the same or the other

station having means for supplying to this,

_ receiving circuit unvaried carrier frequenc

“energy at all times whether the local signal-

in apf:ratus is operating or not.
: %2. Tn a wave receiving system, means for
combining received énergy with locally gen-

~ erated energy to produce an auxiliary car-

05

rier wave, amplifying means for the auxili-
ary carrier, wave, selecting means both pre-
ceding and follo

_to produce dn auxi

‘the unmodulated component o:
_carrier wave,

wing said amplifying

O

means, said selecting ‘means each compris-

ing a band pass filter.

23. The method of signal reception which .

comprises convertin% a received carrier wave

iary carrier wave, and
selecting the carrier and one side band of the
auxiliary carrier wave to the exclusion of

70

the other side band both before and after

amplification. o
94. A signaling system comprising two

‘cooperating stations, each having means to

transmit a signal modulated wave to the

7%

other, one of said stations having means for -

receiving energy from a distant transmitter”

and combining it with energy of the local
outgoing carrier .wave to produce an auxil-
iary carrier wave, and means for selecting
and amplifying ti] auxiliary carrier wave

comprising a selective circuit, an amplifier

and a second selective circuit in tandem
arrangement in the order named.

© 25. In signal reception, the method which
comprises producing an - auxiliary carrier

‘wave from a received carrier wave, selecting

the unmodulated component of the auxili
carrier wave and a side band before ampli-
fying, amplifying the selected components,
then selecting the side band sefparate’iy from
the auxiliary

26. In a receivin

system, means for se- .
lecting a carrier and an accompanying side -
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band before amplifying, means for ampli-

fying .the selected components, means for

soparating the unmodulated component of
the carrier from the side band, and means
for amplifying the selected unmodulated
component separately from the side band.

27. The method of introducing an ele-
ment - of ‘ secrecy into carrier wave signal
transmission which. comprises ‘transmitting

8 side band based upon a given carrier wave:

which is variable in frequency, transmitting
with the side band energy of the variable
carrier wave which is of too small intensit;
to reproduce a signal of satisfactory intell1-
Eibility by direct combination with the side
and, receiving said side band and carrier

wave, producing from the receivéd energy

a wave corresponding to the carrier wave
and of energy greatly increased with re-
spect. to the. energy of the side band, and
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combining the side band wave and the pro-

duced wave. - ' :
28. A signalling system comprisin% a high
frequency section connected to a telephone

120

line by means of a-high fre«iuency terminal, -

said high fre?uency termina
ed to said telephone line by means of con-
jugately related input and output voice fre-
quency - circuits; said input circuit being
connected to a carrier suppression modula-
tor, & spacing frequency source connected to
said modulator, s band filter in the output
of said modulator adapted to suppress waves

being connect- -
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having the frequency of said spacing fre-
quency source, a second carrier suppression

modulator supplied by said band filter, a-

principal carrier frequeney source supply-
ing said last mentioned modulator, a band
filter for selecting a component from the out-
put of said last mentioned modulator, a
power amplifier connected with said last
mentioned band filter, a transmitting con-
ductor supplied by said power amplifier; a
high frequency receiving circuit terminating
in said output circuit, said receiving circuit
comprising in tandem relation, (1) select-
ing means, (2) a detecting device, (3) a band
filter, (4) an amplifying device, (5) a two-
branched parallel combination consisting of
a band filter in each branch and an ampli-
fier in one branch, (6) a detecting device
connected to both of said branches, (7) a
band filter connected in the output of said
detecting device, (8) a detecting circuit con-
nected to the output of said band filter, (9) a
source of spacing frequency waves connect-
ed to said detecting circuit, and (10) a band
filter for passing speech frequencies con-
nected to said last mentioned detecting cir-
cuit, said band filter leading into said output
circuit. - ’ :
29. A station comprising means for trans-
mitting a carrier wave, means for combining
received energy with energy of the local out-
going carrier wave to produce an auxiliary
wave, amplifying means for the auxiliary
carrier wave, and selecting means both pre-
ceding and following said amplifying
means, said selecting means each comprising
a band pass filter.

30. In a signaling system, means for com-
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bining incoming and outgoing carrier waves
to produce an auxiliary carrier wave in com-
bination with means arranged in the order
named for selecting, amplifying, and again
selecting the auxiliary carrier wave energy
before detecting it. _ : ,

31. A two-way signaling system compris-
ing-means for receiving and combining the
energy of an incoming carrier wave with
energy of the outgoing carrier wave fre-
quency, means for selecting from the re-
sultant waves a modulated component which
is of a frequency equal to the difference of
the incoming and outgoing carrier frequen-
cies, means for detecting the selected com-
ponent to produce an audible frequency
wave, and a non-signaling channel for sup-
plying energy of the local outgoing carrier
frequency to said means for combining.

32. A two-way signaling system compris-
ing means for receiving and combining the
energy of an incoming carrier wave with
energy of the outgoing carrier wave fre-
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quency, means for selecting .from the re-

sultant waves a modulated component which
is of a frequency equal to the difference of
the incoming and outgoing carrier frequen-
cies, means for detecting the selected com-
ponent to -produce - an -audible frequency
wave, and a non-signaling channel for sup-
plying oniy the unmodulated carrier com-
ponent of the outgoing carrier wave to said
means for combining, : :

In witness whereof, I hereunto subscribe
my name this 81st day of January, A. D.
1922.

' JOHN F. FARRINGTON.
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