July 31, 1934 G. E. LAMPKIN 1,968,528
: COMMUNICATION SYSTEM

Filed. April 17, 1929

ﬁ%z 2
o)
%6 3 Oudpat Cireait
7 pat (e

Source of Thermionic [m,belaﬂfe 1

&rr(epﬁveyzemyo Ampletier

O
Transformer _2;1 ) Zo
Mzcro,b l ‘ |é 7

Transmitter -
AN AN A
Gred Céma{e/zser' v

o (o]
Grid % 6

O

Z Leak $IE

TZg. .

=zz)

57
Z)
| il
Hecltlrer l
% Er/ﬁ
‘ L ;
\ <E ) 2. [
Z 3
7/ :
o) O

]?es:sfartce

| F - o INVENTOR
9 %7 20 %: Y %y,@‘
I._
g
llll 5 %ﬁém )7/— ( m ATTORNEYZ




5

20

e
(524

55

60

Patented July 31, 1934

UNITED STATES

1,968,528

PATENT OFFICE

- 1,968,528
COMMUNICATION SYSTEM
Guy Forest Lampkin, Cincinnati, Ohio
" Application April 17, 1929, Serial No. 355,974

3 Claims.

ThlS mventmn relates to 1mprovements in the
system of electrical communication: employing: a
high-frequency carrier wave...The desirable re-
sults accomplished by the invention are (1) trans-
mission of the carrier wave is effectively prevent-
ed during the absence of a modulating signal;
and .(2) the amplitude of the carrier wave:is au-
tomatically adjusted: at all times to the require-
ments-of ‘the modulating signal.: These results
are in sharp contrast to the usual method of car-
rier-frequency transmission, in which the:car-
rier wave is always present whether or not' there
be a modulating signal while at all times the am-
plitude of the carrier wave is approximately con-
stant, independent 'of the amount of modulating
signal.  'These two results have been accomplished
in a variety of ways, as will be deseribed i this
specification.

The importance. of the first result’ is illustrated
in the application to'a multiplex carrier-frequen-
cy telephone system. “In order that each station
of such a system shall-be able to communicate
with each of the other stations of the system it is
necessary that ‘all the stations be adjusted -to
transmit and receive on a single carrier frequen-
cy.  In order to prevent -interférence it is-then
necessary that all but one of the transmitters be
completely. de-energized during the transmission
of a signal. - Therefore rapid communication be-
tween two or more stations which utilize a--con-
stant carrier is impossiblé; or, complicated and
expensive switching arrangements ‘are required,
These difficulties are cbviated in the system here~
in described, in which any number of fransmit-
ters may be in operation simultaneously on the
same’ carrier frequency, with: no interferénce
whatever ‘between the: carrier waves, sifice the
carrier wave is entirely suppressed in the absence
of a modulating signal.

The second result has an important apphca—
tion in the field of radio broadcasting of popular
programs. - It'is-now common practice to trans-
mit g carrier wave whose:intensity is consider-
ahly greater than is needed for the averagé mod-
ulating signal; in' order to prevent the possibil-
ity of :over-modulation on the extremes or peaks
of the modulating signal. "It i{s found then that
the carrier wave of a broadcasting station can be
detected in a suitable receiver at a distance from
the transmitter considerably greater than that
over which the modulated signal can be received.
Thus interference may be made and is produced
by the carrier wave of a station at points lying
outside ‘of its own rarige of useful transmission.
This is prevented by the system described below,
in which the strength of the carrier wave is al-
ways adjusted automatically to the requnements
of the modulating s1gna1 and no surplus is ever
produced.

The system has the further advantage that
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the-amount of power required to produce a signal
of given strength in the distant receiver is less
than with the methods of signal transmission now
in use.

The reception and: detection of the signals
emitted by transmitters using this system may
be accomplished by receivers of ordinary design
and construction.  In this respect it is superior
to transmitting systems in which the carrier wave
is completely eliminated at all times, since in such
systems it 'is :essential that a local oscillation of
exactly carrier frequency be produced at the re-
ceiver.to render the signals-intelligible.

The method by which these results have beet:
attained is shown in the following figures, which
are, however, merely illustrative.. Many modifi-
cations of these arrangements may be used with-
cut departing from the content of my invention,
as will be evident to any one skilled in the art.

In Figure 1 is shown the simplest arrangement ¢

of the system. 1 is an oscillator supplying a
steady voltage of carrier frequency; 2 is a thermi-
onic amplifier; 3 is the cutput translating device,
which may be a transformer or network feeding
2 transmission’ line -or radiating system, or
andther amplifier; 4 isa source of modulating po-
tential, which in the usual application may be
a microphone with' associated batteries and
speech amplifiers; 5 is a modulation transformer;

and 6 is an impedance of suitable value to pre-

vent the carrier-frequency output of the ampli-
fier 2 from passing through the windings of the
transformer 5.

The amplifier: 2, while of ordinary desigh and
construction, nevertheless has a special function,
which is novel to'my-invention. In.each of the
arrangements exhibited.in this specification, this
amplifier is used as the modulating element of
the ‘device, and it also serves to limit the amount
of carrier-frequency output tc the requirements
of the modulating signal, a.nd to reduce the car-
rier-frequency output to zero when there is no
modulating signal Dresent This amplifier will
be kriown as the “modulating amplifier” in this
specification. The modulating amplifier must
by no means be construed as being limited to a
three electrode vacuum tube. Four or five elec~
trede tubes, in which the additional elements are
used for space charge réduction, or grid-plate ca~-
pacity reduction, or both, come within this defi-
nition of the modulating amplifier.

In operation, the anode current of the modu-
lating amplifier 2-is zero as long as the source 4
and transformer 5 do not supply a modulating
potential, and therefore the output into 3 is also
zero. When a modulating potential is produced
at 4, the ancde of amplifier 2 is subject to this
potential, modified by transformer 5, and during
the parts of the cycle. when this potential is posi-
tive there will be a flow of anode current, This
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current will have a wave form such as shown in
Figure 2, where the envelope of the curve is ap-
proximately of the same form as the modulating
potential. :

A certain amount of distortion is introduced
by this system, as is evident since the negative
loops of the modulating pofential have no effect
iz the modulation. I have found by actual use,
however, that ordinary speech introduced by mi-
crophonie and amplifier is completely intelligible
in the receiver when using thig system.

In Figure 3 is shown an arrangement of parts
in which the distortion inherent in the method of
Figure 1 is eliminated. Here the numbers have
the same significance as in Figure 1, and in ad-
dition 5’ is one form of a special transformer with
double secondary windings 7 and 8, 9 is a rectifier
of any type, 10 is a condenser for the separation
of alternating from unidirectional current. A
grid leak resistor 16 and condenser 17 are also
stiown, which combination serves to bias the am-
plifier in conventional manner, and thereby im-
prove the linearity between input and output of

he amplifier.

This combination acts as above described for
IMgure 1, except that when a medulating potential
is produced at 4, the secondary winding 8, in con~
junction with the rectifier 2 and filter condenser
10, preduces a unidirectional current flow in the
anode circuit of the modulating amplifier 2, to
which ig added the alternating anode current due
to the potential induced in sscondary winding 7.
If the windings 7 and 8 and the condenser 10 are

preperly proportioned relative to each other, the.

effect on the anode current will be as shown in
Figure 4. If the component of modulation-fre-
quency current is subtracted from this output
current, as can be done by well-known methods in
the translating device 3, the form of variation
shown in Figure § is opbtained. This is clearly a
modulated carrier-frequency wave with complete
modulation.

I do not wish to imply that it is essential or
even haportant to have the adjustinent of wind-
ings 7 and 8 and condenser 10 so made as to pro-
duce exactly the result of Figure 4. 'The unidi-
rectional component may be made either larger
or smalier relatively than there indicated with-
cut impairing the result materially. The rela-
tion shown is desirable, since it provides bhest re-
production with maximum economy.

There is still another element of distortion re-
maining in the improved arrangement. This is
due to the fact that anode current is not strictly
proportional to anode potential, particularly at
low values of anode potential; therefore the en-
velope of the modulated signal will not be of ex-
actly the same form ss the input modulation po-
tential., I have overcome this drawback as shown
Here the resistance 11 has been in-
serted in the input circuit to the modulating am-
plifier, in such wise that the anode-current com-
ponent of modulation frequency is forced to flow
through said resistance. This introduces a vari-
able grid bias potential in addition to any con-
stant bias potential already present, and the
variable bias is directly proportional to the low-
irequency component of anode current. If the
value of the resistance 11 is suitably chosen, the
effect of the variable bias will be, as I have found
by test, to produce an ancde current which is sub-
stantially proportional to the anode potential.

T have also shown in Figure 6 another improve-
ment in that the unidirectional component of
anode current is supplied by a full-wave rectifier

of conventional form, This greatly simplifies the
filtering of the output. The same effect may be
produced by means of any other full-wave rec-
tifier device, as for example in Figure 7, where
the rectifier 9 is arranged in the well-known
“bridge” form of connection.

All the above arrangements may be grouped
into a single statement of the ground which my
invention covers, as follows: In modulating a car-
rier-frequency voltage wave, a tube is used which
has grid (or grids) and anode excited in any one
of a variety of ways by a carrier-frequency poten-
tial and a modulation-frequency potential, in
combination with such unidirectional potentials
as may be required. The characteristic feature
of the operation is that the anode current of the
amplifier tube is forced to be zero in the absence
of modulation potential, and the anode current
has a component in the form of a modulated car-
rier-frequency wave when modulation potential
is present.

Having described my invention, I desire to be
limited only by the following claims:

1. A device for producing modulated carrier-
frequency signals, said device comprising a mod-
ulating amplifier of thermionic type, an independ-
ent source of carrier-frequency oscillations as-
sociated with the grid of said amplifier, s source
of modulating potential, a transformer whose
primary winding is energized by said modulating
source, said transformer provided with two sec-
ondary windings, a rectifier and filter associated
with one of said secondary windings in such wise
that the rectifier-filter polential together with
the modulation-frequency potential of the other
secondary winding constitute the only potentials
supplying the anode of said amplifier, and a suit-
able output circuit.

2. A device for producing meodulated carrier-

frequency signals, said device comprising a mod-

ulating amplifier of thermionic type, an inde-
pendent source of carrier-frequency oscillations
associated with the grid of said amplifier, a source
of modulating potential, a transformer whose
primary winding is energized by said modulating
source, said transformer provided with two sec-
ondary windings in such wise that the rectifier
filter potential together with the modulation-
frequency potential of the other secondary wind-~
ing constitute the only potentials supplying the
anode of said amplifier, a full wave rectifier and
filter associated with one of said secondary wind-
ings, and a suitable output circuit.

3. In an electrical communication system em-
ploying a high frequency carrier wave, a device
for transmitting said wave only contemporane-
ously with modulaling signals, said device ¢om-
prising means for producing a wave of carrier fre-
quency, a thermionic amplifier, the grid of which
is connected to said means, a transformer, a full
wave rectifier connected to a part of the secondary
of the transformer to rectify part of the zecondary
output, a condenser adapied to lessen the pul-
sations of said rectified wave, the other part of
the secondary of the transformer being propor-
tioned to provide an output of amplitude slightly
less than the value of the rectified current, a
connection between the anode of the thermionic
amplifier and said secondary outputs, a source of

direct current and o signaling device connected i

to the primary of said transformer, and an output
device connected to the thermionic amplifier, said
device adapted to transmit the resultant wave of
amlgliﬁed and modulated carrier frequency cur-
rent.

GUY FOREST LAMPKIN.
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