’

Aug. 12, 1947. DE WITT R. GODDARD 2,425,614
CONTROLLED CARRIER AMPLITUDE COMMUNICATION SYSTEM
' Filed Sept. 16, 1943

e TE

‘s lBemmar 4 ZEppunas BB

DD:ZPMIA///‘/’[A’ REcEVER
’ 7R ' yey-) ®

'\
. 1

Discrm-R 15551 | 47 o
@.

INVATOR, 727580 | dppos,

Tlﬁ'a' .12 sz

M ¢ o 1200~ }. ‘A
FREQ.
) Osc. Banw P55y 74
L1 LUTER 76
N 74 v LHATER
2F 1
\ é%[} SLOPUNG f/LTER / ‘58
Vorume
_Ga/vma;

. 1
3 000~  S000~ _l
— 2.c — ey FreR

Ame
= BEACTANCE . v
0 = I : 7 e 82/ 80
: | | = 40 .
: Bear 3
= /00/: PRREQU N Y| !
- Y .
. . . _l_
Lo 56 |
- Sosenoso R %Z ,
) ' 57 ] %/ﬁz//vg
Berrwg, . VA LA7L MICR.OPHONE
0 g RINSIHTIR ' /70
: - Couvoimic INVENTOR
N 50 "’ ZInzPL .
60~ 44 DeWirr i Ggpoaes.
/7 | wz! G ) ; |

ATTORNEY



Patented Aug. 12, 1947

2,425,614

UNITED STATES PATENT @FFECE

2,425,614

CONTROLLED CARRIER AMPLITUDE COM-
MUNICATION SYSTEM :

De Witt R. Goddard, Riverhead, N. Y., 'aSSIgpor
to Radio Corporation of Ameriea, a corporation

of Delaware

Application September 16, 1943, Serial No. 502,622
(CL. 250-6)

8 Claims
1

Thls apphcatmn concerns ultra-high frequency
signaling systems wherein secrecy of operation is
desired.

The general object. of my invention is improved
secret signaling.

In order to achieve maximum secrecy on a UHF
communications circuit with highly directive an-
tennas I propose to operate with the least gmount
of radiated power possible consistent with a suit-
able received signal. In the past it has been
customary to radiate g much stronger signal than
is necessary. This superabundance of signal is re-
duced to a reasonable value through the use of
AGC circuits at the receiver.

Where & large amount of power is radiated even
by a highly directive antenna there is the danger
that a receiver, not of the system, outside the
direct path of the radiant energy may pick up
enough of the radiant energy to reproduce the
signal thereby nullifying the secrecy of the sys-
tem.

A more specific object of this invention is to
provide a communication system wherein the
radiated signal is at all t{imes maintained just
sufficient for good reception at the receiver to
which it is directed.

I propose a systemn in which the receiver of a
cireuit, instead of controlling the gain of its own
amplifying circuits, controls the power being
transmitted to it. Tn this way the receiver op-
erates at maximum gain consistent with a useful
signal-to-noise ratio and the power of the trans-
mitter supplying the received signal is so reduced
that it just overrides the noise in the receiver.

In describing my invention in detail, reference
will be made to the attached drawings wherein
Fig. 1 shows schematically and mainly by rec-
tangles a communication system arranged in ac-
cordance with my invention; while

Fig. 2 illustrates the essential features of the
equipment at one terminal of the system. . The
other terminal being similar to a large extent has
not been shown. In Fig: 2 rectangles are again
used to show certain units the details of which
per se are not claimed herein. .

‘Referring to Fig. 1, terminal A consists of g re-
ceiver RA-and a transmitter TA. Terminal B
consists of a receiver RB angd a transmitter TB.
These two terminals are in communication with
each other as shown by the arrows. . The strength
of the signal picked up by RA by suitable means
modulates g superaudible tone transmitted by
TA. This tone is picked up by RB and by the use
of sultable filbers is separated from the voice fre-
quencies and fed -to transmitter TB. - Here,
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through suitable circiits it controls the power
being transmitted. In a preferred application the
strength of the signal picked up by RA operates
through suitable means to control the frequency
of the tone transmittéd by TA. In a similar
fashion receiver RB is able to control the power
of transmitter TA. It is of course understood that
the transmitters TA and TB do not operate on
exactly the same carrier frequency.

Thus I have provided a communication system
having a maximum of secrecy because an enemy
would have to locate a receiver directly between
terminals A and B to obtain a strong enough sig-
nal to override the noise in his receiver. If he
were located to the right of terminal B or to the
left of terminal A, the signal he would receive
would be too weak to be useful.

If he were located to the north or south of the
straight line between the two terminals his re-
ceived signal would be too weak to be useful due
to the directivity of the antenna system. '

Fig. 2 shows mainly by  block diagram ‘one
possible circuit arrangement for achieving the
above result. It makes use of g conventional fre-
quency modulated -transmittey and a conven-
tional .frequency modulated receiver., This dia-
gram illustrates the equipment required by one of
the two terminals shown in Pig. 1. The equip-
ment at the other terminal is the same.

-The incoming signal is picked up at the receiver
by the parabolic reflector antenna 12 and fed to
the receiver which may be conventional to a large
extent. The receiver includes a source of oscilla-
tions {4, a mixer or converter {8 wherein the
oscﬂlatlons from (4 and picked up signal are beas,
one. against the other. The selected beat fre-
quency is fed to the I. F. amplifier 18 and thence
to & limiter. The limiter tube 20 has in its grid
circuit a resistance 24 wherein a potential is de-
veloped which depends on the intensity of the
signal applied to the limiter input. The grid cur-
rent of this limiter provides a potential across the
resistor 24 which is usually used to bias the inter-
mediate frequency amplifier tube grids so as to
provide automatic gain control action.. In my
system, however, the I, F. amplifier grids may ob-
tain an adjustable bias from a potentiometer 26
acress g battery 30 while the potential obtained
from the limiter is used to actuate a reactance
tube in unit 36 which in turn adjusts the fre-
quency of one of two oscillators in unit 40 so that
the frequency of the beat frequency of these two
oscillators is controlled in accordance with the
intensity of the received signal. The constants of
this beat frequency oscillator in 40 are adjusted
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so that the beat frequency varies over the range
of from say 4000 cycles to 5000 cycles depending
on whether a strong or a weak signal is present at
the limiter. This control tone is impressed upon
a coupling amplifier 42 and then used to modulate
the timing of high frequency wave energy in 44.
The timing modulated output from 44 is coupled
at 50 into the transmitting antenna 69 located in
its parabolic reflector.

At the other end of the circuit: this tone of

variable frequency is filtered off of the received -
signal and used to adjust the power cutput of the

transmitter sending the signal picked up at 2
which controls the potential across 24 in accord-
ance with its intensity.

The other terminal includes a receiver, limiter,
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or similar means on the coupling amplifier 112
and thence to the timing modulator in 44. The
signal sent from the other station is fed from
the Iimiter to the discriminator 70 and selected
out by the low pass filter in 120 and amplified
in, 122 and used as desired.

The received signals will remain of constant
strength regardléss of moderate fading, etc.
Should interference oceur the gain of the receiver
may be reduced through the receiver gain control
incliding battery 30 and potentiometer 26. This

" will increase the strength of the transmitted sig-

15

reactance controlled beat generator; timing mod- -

ulated generator and transmitting means--ar--
ranged and operating as described above but op-

erating on a different carrier frequency. This
being so in order to simplify the description,
reference is made again to the receiver of Fig. 2
to disclose how this tone generated in 40 is used
to control the amount of signal being sent out
by the other transmitter not shown.

The signal picked up by the receiver in Fig. 2
containg a tone the frequency of which is be-
tween 4000 and 5000 cycles, and which is deter-
mined by the streneth of the incoming carrier.
This fone appears at the output of the limiter
and is fed to the discriminator 70 and is filtered
off of the voice channel by the band pass filter
i3, 1% passes through a sloping filter in 1§, a
Volume control,’ i. e,, an amplifier of adjustable
gain in 18, & rectlﬁer 80 and a direct eurrent am-
phﬁer in 82 to energize a solenoid 88. - This sole-
noid, is arranged as shown to rotate a frame con-
tammg the antenna, couphng coils at 80. The
frameis on a bearing and is biased by a spring
or similar means tending to increase the coupling
at 50. The greater the current in the solenoid
88 the more the coupling is opened thereby reduc-
ing the antenna power. This rotating frame also
contains a second coupling coil 54 feeding a load
resistor, the arrangement being such as to in-
crease this coupling as the coupling 50 is reduced
to keep the transmitter -under approximately
constant load regardless of the amount of power
fed to the antenna 60.

In operatxon the switch IGU is ﬁrst thrown to

and the system operates in conventlonal fashion
with AGC on the receiver and no tone developed
in 40 to act on the transmitter through coupling
amplifier 12, - Maximum output from. the trans-~
mitter also occurs since the sprmg moveg the
frame to & position whereat there is large cou-
pling at 50. = As soon as the two terminals A and
B haye estabhshed contact and the receivers and
transm1tters have been adjusted for optimum op-
eration transmitter TA and receiver RB at one
carrier frequency and transmitter TB and re-
ceiver RA at another carrier frequency the switch
,mo at both terminals is thrown to the left. The
receiver gain control is now adjusted by boten-

tiometer 26 to brmg the thermal agitation noise,-

etc., up until it is just audible.. The beat fre-
quency oscillator in 40 is normally adjusted to
produce a beat of approximately 4500 cycles and
the volume control in 78 following the sloping fil~
ter in 16 is adjusted to draw the piunger approxi-
mately half way into the solenoid at 88.

The equipment will now operate as described.
The 51gna1 is- impressed by the microphone 110
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nal because the input to the limiter has been

increased as has the frequency of the output of
the beat frequency oscillator in 40, thereby reduc-
ing the interference. Of course, if desired, the
switch 100 ‘may be thrown to the right thereby
converting the system to cocnventional full power
operation by applying the potential developed in
resistance 24 to the gain controlled stages in the
receiver and grounding the output' of the beat
frequency oscillators in £0. :

The circuits and apparatus in units 14 and lo
may be of any approved type provided they in-
clude means for generating oscillations, amplify--
ing the received wave; mixing the amplified re-
ceived wave and generated oscillations, selecting
the intermediate frequency from the mixer out-
put and supplying the same to an intermediate
frequency amplifier of controllable gain, :

The limiter including tube 20 likewise may be
of any approved type wherein grid limiting takes
place and grid current flows which-is a measure
of carrier input intensity so that a control poten-
tial is developed in resistance 24. S

The diserimingtor in 10 may be of any ap~
proved type, but preferably-is of the type dis-
closed in the U. 8. Patent #2,229,640, dated Jan-
uary 28, 1941, or in Seeley U. S. Patent #2,121,103,
dated June 21, 1938, or in Conrad U. S. Patent
#2,057,640, dated October 13, 1936.

The low pass filter in 120 and band pass ﬁl’cer
in: 74 may be of any approved type and such fil-
ters are too well known in the prior art to need
further discussion here. : )

The sloping filter in unit 76 which converts the
frequency changes on the beat frequency sent out -
by the other transmitter, as controlled by the
other receiver, into- corresponding -ampiitude
changes for-amplification control in 18 and detec-
tion in 80 may be of the type used for frequency
Qiscrimination in unit 70, or may be" a simple
resonant cireuit off-tuned to utilize one side of
the resonant curve characteristic as used in Con-
rad U. S. Patént #1,528,047, dated March 3, 1925.

The amplifier of variable gain in 18, the recti-
fier in 80, and the direct current amplifier in 82
may be conventional and are so well known in
the prior art that it is believed a descnption
thereof is unnecessary.

The beat frequency generator in 486 may com-
prisé two sources of oscillations which are beat
one against the other to provide the beat output
with the frequency of one of the oscillators con-
trolied by a reactance tube modulator in rectangle
36, in accordance with the principle disclosed in
Crosby U. S. Patent #2,279,659, dated April 14,
1942, Of course, the reactance tube in .36 or
similar means may modulate the frequency of a
source of oscillations of superaudible frequency
such as, for example, 4500 cycles directly, if de~
sired. 'If is believed that this system needs no
illustration in detail other than as given above.

The amplifiers in 42 and 112 likewise may be
conventional and of any approved type, and the
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same will not be described.. The timing modu-
lated transmitter in 44 may utilize the principle
disclosed in Crosby Patent #2,279,659, dated April
14, 1942,

Of course, various means may be used to con-
trol the power output of the transmitter, such
as changing the plate voltage, inserting attenua~
tion in the antenna transmission line, opening
and closing shutbers across the mouth of the
parabolic-reflector, etc. In the case of an ampli-
tude modulated system even the depth of thodu-
lation may be varied. :

It is to be understood that this describes just
one of many possible systems that will permit
the transmitter power to be automatically varied
to permit the minimum signal consistent with
good communication to be present at the receiver.

This system can also be adapted to effect econ-
omy in transmitter power consumption as at all
times o minimum of power is required for com-
munication and waste or excess is eliminated.

I claim:

1. In a signalling system, g signal transmitter
and a receiver for the transmitted signal, and
means for controlling the strength of the trans-
mitted signal energy in accordance with the
strength of the signal energy at the receiver in-
cluding means in said receiver for producing a
potential depending upon the strength of the re-
ceived signal energy, an oscillation generator con-
trolled as to frequency of operation by said pro-
duced potential, means at the transmitter for
producing a control potential which varies with
variations in the frequency of the produced oscil-
lations, and control means at said transmitter
responsive to said last mentioned potential for
controlling the strength of the transmitted signal
energy.

2. In a signaliing system, two terminals each
including a signal transmitter and a signal re-
ceiver, means at each receiver for producing a
potential which is representative of the strength
of the signal received at the other receiver, and
a control circuit at each transmitter responsive
to changes in the produced potential for control-
ling the strength of the transmitted signal energy
to thereby automatically hold the transmitted
energy at a value sufficient for good reception at
the receiver.

3. A communication system having at least two
terminal stations each including a signal modu-
lated transmitter and a receiver, a control circuit
coupling the receiver to the transmitter for con-
trolling the power transmitted in accordance with
modulations on the energy received at the re-
ceiver, and a coupling between said transmitter
and said receiver for modulating the transmitted
energy in accordance with the intensity of the
signal at the receiver.

4. A communication system having at least
two terminal stations each including a signal
modulated transmitter and a receiver, a control
circuit coupling the receiver to the transmitter
for controlling the power transmitted in accord-
ance with modulations on the energy received
at the receiver, a source of oscillations, a coupling
between said source of oscillations and said re-
ceiver for modulating the oscillations in accord-
ance with the strength of the signal at the re-
ceiver, and connections between said oscillator
and said fransmitter for modulating the trans-
mitted energy in accordance with said modulated
‘oscillations.

5. In 2 signalling system, a signal transmitter
and a receiver for the transmitted signal, and
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6

means for cotitrolling the strength of the transs
mitfed sighal energy in accordance with-the
strength of the received sighal energy including
a reetifier at said receiver for producing current
a characteristic -of which -depends upon the
strength: of the reeceived signal energy, a second
transmitter modulated by said current, and a
second receiver including a rectifier associated
with said first transmitter and responsive to the
modulations on said second transmitter for con-
trolling the strength of the signal sent out by said
first transtitter. - )

6. A signalling system comprising at least two
terminals, each including g receiver and g trans-
mitter with the transmitter at one terminal and
the receiver at the other terminal operating on
one frequency and the transmitter at the other
terminal and the receiver at said one terminal
operating on another frequency, means for con-

trolling the strength of transmission from the

transmitters at the receivers therefor including,
a rectifier at each receiver for producing a po-
tential depending upon the strength of the re-
ceived signal, a control circuit between the trans-
mitter and receiver at each terminal for modu-
lating a characteristic of the wave transmitted
by each transmitter in accordance with the po-
tential produced by the receiver at that terminal,
and means at each receiver responsive to the
modulations on the wave sent out by the trans-
mitter at the other termina] for controlling the
intensity of the signal sent out by the transmitter
at the receiver terminal,

7. A signalling system comprising at least two
terminals, each including a receiver and a trans-
mitter with the transmitter at one station send-
ing signals to the receiver at the other station
and the transmitter at the other station sending
signals to the receiver at said one station and
means for controlling the strength of transmis-
sion of the respective transmitters at each re-
ceiver including means at each termina] for pro-
ducing oscillatory energy the frequency of which
depends on the strength of the received signal,
means at each terminal for modulating the am-
plitude of the transmitted wave in accordance
with the produced oscillatory energy, means at
each terminal for rectifying the received wave
energy to recover said oscillations, a frequency
discriminator at each terminal excited by the
recovered oscillations for producing current the
intensity of which varies as the frequency of the
oscillations vary, and means at each termina) for
controlling the intensity of the transmitteq en-
ergy by the produced currents.

8. A signalling system comprising at least two
terminals, each including a receiver and a trans-
mitter with the transmitter at one station send-
ing signals to the receiver at the other station
and the transmitter at the other station sending
signals to the receiver at said one station and
means for controlling the strength of transmis-
sion of the respective transmitters at each re-
ceiver including a rectifier at each receiver ex-
cited by wave energy transmitted from the other
terminal for producing a potential depending
upon the strength of the received signal, a source
of oscillations of variable frequency at each ter-
minal, a modulator coupled therewith and con-
trolled by the produced potential for controlling
the frequency of the oscillations generated, con-
nections from said source of oscillations to the
transmitter at each terminal for modulating a
characteristic of the transmifted wave by the
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oscillationis of .controlled frequency, a frequency
responswe ‘circuit and detector at each terminal
responsive to the oscillations transmitted as mod-
ulation on the wave energy from the transmitter
at the other terminal for producing current the
intensity of which depends on-the frequency of
the said oscillations, and apparatus at each ter-
minal controlled by said current for controlling
the intensity of the wave energy transmitted.

DE WITT R. GODDARD.
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