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This invention relates to apparatus for modu-~
lating an alternating current wave of radio fre-
quency in accordance with a signal wave.

It is an object of my invention to provide im-
proved and simplified circuits for modulating a
carrier wave with a signal wave in a better and
more convenient way than heretofore. It is a
further object of my invention to provide a car-
rier modulating circuit which is suitable for mod-

- Wlating a carrier wave by a signal wave having a
very broad range of frequencies.

In the attainm_ent of my objects it is a prin-
cipal feature of my invention to amplify the sig-
nal wave, with which a carrier wave is to be mod-
ulated, by a pair of amplifier tubes arranged in
push-pull relation. One of these amplifier tubes
is connected so .as to reduce the voltage supplied
to the anode of a carrier amplifier from a suitable
source of operating potential to a minimum so
that the carrier wave is amplified in minimum
amount. The ‘other of these signal amplifier
tubes is arranged to decrease an impedance be-
tween the source of operating potential and the
carrier amplifier tube to supply a maximum voli-
age to the carrier amplifier and hence produce a
maximum amount of the carrier wave. Since the
signal amplifier tubes are arranged in push-pull
relation these operations occur alternately and
may easily be adjusted to produce a faithfully
modulated carrier.

The features of my invention which I believe %o
be novel are set forth with particularity in the
appended claims. My invention itself, however,
both as to its organization and method of opera-
tion, together with further objects and advantages
thereof may best be understood by reference to
the following description taken in connhection
with the accompanying drawing in which Fig. 1 is
a schematic diagram representing my invention;
Tig. 2 represents certain characteristics thereos:;
and Figs. 3 and 4 represent certain modifications
of my invention.

Referring to Fig. 1 of the drawing, there is illus-
trated a portion of a radio transmitter including

5 a carrier wave amplifier and apparatus con-

structed according to my invention for modulat-
ing the carrier wave in accordance with a signal
wave having a very broad range of frequencies.
The carrier wave amplifier is a conventional one
and is supplied from a source of waves of carrier
frequency by a transformer 18. ‘The secondary
of the transformer 19 is connected between the

grid and cathode of an electron discharge ampli--
- fier device 11,

In circuit with the grid and cath-
ode of the ‘device i1 and the secondary of the

(CL 179—171.5)

transformer 10 ‘there is provided a grid leak

resistor 12 by-passed by a condenser {3 which -

maintains a suitable bias potential between the
grid and the cathode. The output circuit for the

amplifier comprises a tuned circuit 14, 15, a 5

source of operating potential {8, and a pair of re-
sistors 20 and 21. ' A condenser {8 is connected
in shunt to the source 19 and resistors 26 and 2{
to transmit high frequencies thereacross.. The
tuned circuit {4, I5 may be coupled to any suit-
able load device, such as the antenns {1, which
is connected to sreund through a secondary wind-
ing 16 of a transformer, the primary of which is
the inductance 5 of the tuned circuit 14, 15.
The source of operating potential 8 has means
associated therewith for varying the potential
applied to discharge device I{ in accordance with
a signal wave. This means comprises an imped-
ance, represented as discharge device 22 con-

nected in shunt with the source 19 and resistance :

20, and a second impedance, represented by dis-
charge device 23 connected in shunt with resist-
ance 21. These impedances are maintained at
a constant value in the absence of 5 signal wave
and are alternately reduced in value in response
to alternate half cycles of the signal wave, go
that the carrier wave operating potential first
rises and then falls as first one and then the other
of these impedances is reduced.

The discharge devices 22 and 23 have their
cathodes connected together and to the point be-
tween the negative terminal of the source 1§ and
one terminal of resistance 2i. Each of these de-
vices is provided with a grid circuit and these
circuits are connected in push-pull relation for
signal currents, which may be applied to the grids
through coupling condensers 28 and 28. Suitable
bias potential may be applied to the grids through
inductances 24 and 25 and, if desired, suitable
resistors 26 and 27 may be connected between the
cathodes and the opposite sides of the signal
source.

The input coupling systems 24,28, 26 and 25, 29,
27 for the discharge devices 22 and 23, being of the-
resistance-capacitive type, may be readily de-
signed for faithful transmission of extremely
broad ranges of frequency, such as those used in
television. This is also true of the anode coup-
ling system of these devices, which comprises only
the resistances 20 and 21 and the small radio
irequency by-passing condenser 18,

The operation of this circuit may be more read-
ily understood by reference to Fig. 2 in which the
curve 30 illustrates the signal voltage applied to
the grids of the device 23 and the curve 21 illus-
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trates the signal voltage applied to the grid of
the device 22. The curve 32 illustrates the volt-
age appearing across the condenser 18 when the
voltages represented by the curves 30 and 31 exist.
When no signal voltage is applied to the grids of
devices 22 and 23, as is indicated by the parts of
the curves 38 and 81 to the left, a constant volt-
age appears on the condenser (8. This.is repre~-
senied by the level portion of the curve 32 to the
left. As represented by the curves 38 and 31
when the voltage on the grid of the device 23 be~
comes more positive, the voltage on the grid of
the device 22 becomes more negative. Tube- 23
therefore practically short-circuits the resistor 21
and the device 22 becomes practically an open cir-
cuit: therefore, the voltage of the source 19 ap-
pears across the condenser i8 except for the volt-
age drop in the resistor 20. 'This higher-voltage
is represented by the rise in the curve 32.

As curves 30 and 31 also illustrate, when the
voltage on the grid of device:23-becomes more
negative, the voltage on the grid-of:the device-22-
becomes more positive. Therefore, the:device 23
pecomes practically. an-open.circuit: and the -de=
vice 22 becomes practically a:short-circuit.. The
potential of the source 19.is: almost:entirely re-
moved from the device i and the potential drop
across the resistor 20. becomes practically- equal
to the potential of the source 19. Since- the
amplitude of the wave amplified in the. device I
varies as the operating. voltage.for that: device
varies, the amplitude of the: carrier- wave follows
the curve 32; ‘

Referring to Fig. 3; there is shown.a .modified
arrangement for supplying® operating: voltage,
modulated in sccordance with signals, to:a high
frequency amplifier, The high frequency ampli-
fier is identical with that: shown in:Fig. 1’ and
functions in the same way. Its parts:correspond
to respective parts of the amplifier:illustrated by
Fig. 1 and like reference characters:have been
applied thersto. When there:is no signal to vary
the operating voltage which:is applied’ across: the
concenser {8, a steady: voltage: is supplied: by &
source 3 of direct current. through' an:induc-
tance 34 to the junction-between .the’ condenser
18.and the coil- 15 -and-hence to:the: anode of
amplifier {1. Thecathode. of device {1 is'ground=
ed and the negative terminal of the-source:33 is

grounded. A steady voltage thus:applied across -

the condenser {8 maintains a- carrier: wave. of
constant amplitude.

Means is provided for varying -the- ampiitude:
of the carrier wave, which comprises an imped-
ance in series with the source- 33.of operating
potential and a second impedance in shuntto the
source. The series impedance is the .inductance
24 which is shunted by 2 condenser 38:and:a dis-
charge device 37 connected in series::. On.one
half of the signal wave the resistance of the de-
vice 87 is reduced and it, with the condenser 36,
provides for a brief time a low impedance path
around the inductance 84

Although the condenser 38 does form-a-low im=
pedance path momentarily, it .also-performs:an
additional function: . The point between the:con-=.
denser 36 and the cathode of:the discharge:de=
vice 87 is connected to.one-end.of an inductance:
35, whose other end is.connected: to ground. The.
average potential across condenser: 38:must re-
main at the potential of :the;source-33.; There-
fore, when the-resistance: of ‘the; device:+31 is.re-
duced, the: condenser 38 not: only: forms .a low:
impedance path around-the: inductance 345 bub:
also momentarily. adds: the: voltage due: to its
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stored charge to the voltage of the source 33 ap-
pearing on the anode of device {1. Thus on that
half cycle of signal voltage, the anode voltage
of the device i1 rises nearly to twice the voltags
of the source 33.

The second impedance connected in shunt to
the source 33 comprises a second discharge de-
vice. 38..connected.in shunt to the scurce 33 and
the inductance-34: On the other half of the sig-
nal wave the resistance of device 88 is reduced
and substantially the entire voltage of the source
33 appears across inductance 34 so that the an-
odé. potential of amplifier device {1 is reduced
nearly to zero.

Eszch of the devices 37 and 38 is provided with 15

2 grid circuit.and.these circuits are connscted by
a transformer 39 to a source of signal voltags
so.that: first one-and then the other device be-
comes. conductive. One secondary 48 of trans-
former 39 is connected at one end to the cathode
and- at  the: other: end: through a- condenser 42
to the. grid‘of:device:38. This -grid-is connected:
to the cathode through:an inductance 43 andia
source 44rof biasipotential. Similarly the other

secondary. 81-of the transformer: 38 ‘is connected

at-one end to -the-cathode and:at-the: other end:
through ascondenser 43:to the grid:of the: device:
37; The grid-is connected to'the cathodethrough
an- inductance 48:and:a-source 47. of grid” bias
potential.

The grid bias petential-sources. 44:and 41 are
arranged-to: maintain-the -devices: 3T-and:38 sub-
stantially-nonconductive in the: absence of a:sig-~
nal wave. The transformer windings are’so ‘poled.

that, when energized by a:signal wave, first one :

and then the-other grid.of devices-31 and" 38:is
made-more positive so-tHat the devices:are: alter-
nately conductive. Since-ithe -cathodes of the de-
vices- 31" and 38 are at different potentials, a

transformer :is- employed- to -apply signal poten- .

tials-to-the grids.

Referring-to Fig. 4; a-third-modification of:my
invention: is shown wherein: a source 48 of poten-
tial and o resistor:49-are-connected in series.re=

lation' between the: two: terminals’ of thercon- |

denser 8. In-this figure, as-in Fig. 3, the high
frequency amplifier- iustrated is-idéntical! with:
that shown by PFig: 1 and:like-reference charac~
ters have been applied to:like pazrts.. The source
48 of potential must be sufficiently large to sup~
ply. across the’condenser- {8 -not: only the proper
operating potential-for the-device: i1 but also to.
supply.-the potential drop:through: the resistor-49:
due- to - the- flow of - operating: current there-

through. An -electror -dischiarge device 58 has its !

anode-connected ‘to- the positive terminal ‘of the
source-48 andiits cathode:connected-to the:cath-
ode of the-device {{; The anode.of a:seeond dis-
charge- device :51 is-connected: to ' the ‘cathiode. of
the~device- || ‘and-the:cathode: o the device. 5l
is-connected-to the junction betweennthe. resistor:
89 and the source 48, which is grounded: . Suit-
ablé control circuits for the dévices $97and 51 act

first: to reduce ‘the impedance. of one: device. on’

one-half cycle of a signal wave and:ithen to-re-
duce: the:impedance .of the other.dévice:on-the
other:-half cycle...

A-circuit.for-controllingthe impedances of these
devices-is..conmected: to- thecontrol eléctrodes- of-
the two devices and comprises:a-source of:signhal-
voltage-including .a. transformer +52 which:hasca:
pair of secondary windings :53 'and:54.. One:tér--
minal of -each of these windirigs: iszconnected:to-
a-respective: control eléctrode of 4he tubes:50tand-
51 ‘and the other terminal of the wiriding'is con--
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nected through respective sources of hias poten-
tial 85 and 56 to the corresponding cathodes.
The sources 55 and 56 of the biag voltages are
adjusted so that the devices 50 and 5/ in the
absence of signal voltages are substantially non-
conductive.

When signal voltages are applied through. the
transformer 52, first one device and then the
other becomes conductive and changes the anode
operating voltage for the device 11 above and
below its steady value in the absence of signals.
When the device 50 becomes conductive the volt-
age supplied to the anode of the device i drops
to a very low value and substantially all of the
botential of the source 48 appears across the re-
sistor 49. When the device 51 becomes conduct-
ing the potential drop across the resistor 49 sub-
stantially disappears and practically the entire
potential of the source 48 appears on the anode
The resistance 49 and device
51 may be considered as an impedance in series
with the source 48 whose magnitude decreases on
one half cycle of the signal and the device 59
may be considered as the impedance in shunt to

the source whose magnitude decreases on the

other half cycle.

In each figure there are certain optimum values
for certain of the elements which are instru-
mental in varying the operating voltage for the
high frequency amplifier. For example, in the
circuit illustrated by Fig. 1, the values of the re-
sistors 29 and 21 should be so chosen that the
depth of modulation produced by device 22 is
substantially equal to that produced by the de-
vice 23. 'The values of the inductances 34 and 35
and the condenser 36 in the circuit illustrated by
Fig. 3 should be made such as to give as nearly
as possible equal depths of modulation on suc-
ceeding half cycles of the signal valve. In the
circuit illustrated by Fig. 4 the resistor 49 should
be of such size that, when no signal is applied
to the circuit, a potential exists across it equal
to half the potential of the source 48. Of course,
the relative depth of modulation produced by the
two tubes 22 and 23, 37 and 38, or 50 and 51, may
be varied over a considerable range by adjusting
the relative amounts of signal voltage applied to
the respective grids. . i

While I have shown particular embodiments of
my invention, it will, of course, be understood
that I do not wish to be limited thereto, since
different modifications may be made both in the
circuit arrangement and instrumentalities em-
ployed, and I aim by the appended claims to cover

9 any such modifications as fall ‘within the true

spirit and scope of my invention.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. In a power supply for an amplifier through
which a carrier wave is transmitted to be modu-
lated by a signal, the combination of means for
applying an operating voltage to said amplifier,
said means comprising a source of operating po-
tential and an impedance in series with said
source, means for by-passing said carrier wave
around said first means, means in shunt to said
impedance for transmitting current therearound
on one half cycle of said signal to increase said
voltage, and means in shunt to said source and
said impedance to transmit current from said
source through said impedance on the other half
cycle of said signal to decrease said voltage,
whereby the carrier wave generated in said am-
plifier is varied in amplitude in response to said
signal,

3

2. In a power supply for an amplifier through
which a high frequency wave is transmitted to
be modulated by a signal, a source of unidirec-
tional operating potential for said amplifier, an
impedance in series with said source, meang for
by-passing said high frequency wave around said
source and said impedance, means for reducing
the magnitude of said impedance from a con-
stant value in correspondence to increasing in-
tensities of one half cycle of said signal, thereby
to increase the current through said amplifier,
and means for reducing the botential applied
from said source to said amplifier from a con-
stant value in correspondence to increasing in-
tensities of the other half cycle of said signal,
thereby to reduce the current through said am-
plifier, whereby said wave is modulated accord-
ing to the varying intensities of said signal.

3. In a power supply for an amplifier through
which a high frequency wave is transmitted to
be modulated by a signal, a source of unidirec-
tional operating potential for said amplifier, an
Impedance in series with said source, means for
by-passing said wave around said source and said
impedance, an electron discharge device con-
nected in shunt te said impedance, means to
make said device conductive on one half cycle
of said signal, thereby to increase current
through said amplifier, a second electron dis~

charge device -connected in circuit - with said 8

source to reduce the potential applied from said
source to said amplifier, and means to make said
second device conductive on the other half eycle
of said signal, thereby to decrease current
through- said amplifier, Whereby said wave is
modulated according to the varying intensities
of said signal. -

4. In a power supply for an amplifier through
which a high frequency wave is transmitted to
be modulated by a signal, a source of unidirec-
tional operating potential for said amplifier, a
pair of impedances connected in series with said
source, an electron discharge device connected
in shunt to the first of said impedances, means
to make said device conductive on one half cycle
of said signal, thereby to increase the current
through said amplifier, a second electron dis-
charge device connected in shunt to said source
and the second of said impedances, and means
to make said second device conductive on the
other half cycle of said signal, thereby to de-
crease the current through said amplifier,
whereby said wave is modulated according to the
varying intensities of said signal.

5. In a power supply for an amplifier through
which a high frequency wave is transmitted to
be modulated by a signal, a source of unidirec-
tional operating potential for said amplifier, g
resistance in series with said source, an electron
discharge device connected in shunt to said
resistance, means to make said device conductive
on one half cycle of said signal, thereby to
increase current through said amplifier, a second
electron discharge device connected in circuit
with said scurce to reduce the potential applied
from said source to said amplifier, and means
to make said second device conductive on the
other half cycle of said signal, thereby to de-
crease current through said amplifier, whereby
said wave is modulated according to the varying
intensities of said signal.

6. In a power supply for an amplifier through
which a high frequency wave is transmitted to
be modulated by a signal, a source of unidirec-
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tional. operating. potential: fon said: amplifier, a
pair of resistances:in: series with:said: source;.an’
electron: diseharge: devicer connected:in:sHunt. to:
the first.of:said resistances; means: to. make: saids

. device conductive on-one half cycle of isaid signal,.

tHereby: to increase: current; through:said: ampli=
fier, a-secand electron:discharge device connected:
in. shunt to.said: source-and the seeond:of: saidi
resistances, roeans: to.make said second:-device:
conductive on the other-Half cycle of:said signal,
therehy- to decrease-current- through' said”ampli-
fier, wheraby- sald wave: is-modulated’ aecording
to the varying intensities-of said signal:

7. In. g power supply for an- amplifier through-

. which:a- high- frequency- wave-is transmitted- to

he modilated by a-signal; capacitance in-cir-
cuit with: saidiamplifier-for by-passing-said-wave:
from said power supply, and means:in shunt to
said capacitance for maintaining operating volt-
age: for said amplifier- across said- capacitance;
said means comprising & source of unidirectional
operasing potential for said amplifier, an im-
pedance in series with said source, means for
reducing the magnitude of said impedance from
a.constant value in correspondence to-increasing
intensities of one half cycle of said signal; thereby
to . increase- current through- said amplifier; a
second impedance in circuit with- said scurce o
reduce the potential.applied from said source to
said amplifier, and means for reducing the mag-
nitude of said second impedance from a constant:
value in correspondence to increasing intensities
of the other half cycle of said signal, thereby
to decrease current through said amplifier,

. whereby said wave is modulated according  to

the varying intensities of said signal.

8. In a power supply for an amplifier through
which a high frequency wave Is transmitted to be
modulated by a signal, a capacitance in - circuit
with ‘said amplifier for by-passing said wave from
said power supply, and means in shunt to said
capacitance for maintaining operating voltage
for said amplifier across said’ capacitance; said
means comprising a source-of ;unidirectional cp-

: erating potential for said amplifier, an impedance

in series with said source; an electron discharge
device connected in shunt: fo said: impedance,
means to make said device conductive: on. one--
half cycle of said signal, thereby. to increase: cur-
rent through said amplifier, a- second electron
discharge device connected to said source.to re--
duce- the potential applied from said. source. to
said amplifier, and means to make -said. second
device conductive on:the other half cycle of said
signal, thereby to decrease current. through- said
amplifier, whereby said wave is. modulated: ac--
cording to the varying intensities -of said signal.

9. ITn a power supply for an. amplifier through
which a high frequency wave: is transmitted: to
be modulated by a signal, a. capacitance in cir-
cuit with said amplifier for by-passing said. wave.
from. said power supply, and means. in_shunt to
said capacitance for maintaining operating voli-
age for said amplifier across.said condenser, said
means comprising a source of unidirectional op-
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erating potential. for:said: amplifier, a.condenser,
means. connecting: said: condenser: in. conductive
charging: relation with: said, source thereby: to
maintain the: average potential on:said-condenser
at’ the potential. of said:source; means connected
across said capacitance for reducing the: voltage
thereacross:on-one=half:cycle. of :said signal, there-
by.to:decrease:the current:throughsaid amplifier,
and: means: for- effectively: connecting said con-
denser-and said: source:in series:across said ca-
pacitance:on.the .other: halfcycle:of ‘said- signal,
thereby:to;increase the current through: said am-

plifier, whereby: said: wave-is modulated accord-

ingstoithe varying-intensities of’ said. signal.

10: Th:a.power: supply:for an amplifier through:

which:a:high-.frequency: wave is: transmitted to be
modulated by a:signal, a:source of unidirectional
operating. petential. for: said’ amplifier, a. con-

denser, means for:connecting:said ‘source and’'said.

condenser in: conductive . charging relation: with
each other: to:maintain -said: condenser -charged
to- the: average: potential of:'said source, means

connected in.circuit with said source for reducing-

the: potential applied: from: said” source: to. said
amplifier-on; one-half:cycle: of said signal; there-

by to reduce the current through-said amplifier,

and: means: for: connecting: said-source and: said
condenser-effectively-in seriés to said -amplifier on

the: ottier-halfr cycle. of ssaid:signal, thereby:to-in--

crease:the:current:through:said amplifier; where-
by-said: wave:isimodulated: according to.the vary-
ingrintensities;of:said signall

“11.. T combination; an:electron: discharge. am-

plifier: forramplifying a: carrier:wave, said ampli~

fierrhaving: an: anode.iand a.cathode; a.source of’

variable: operating: potential: connected between
said: anode: and: cathode: through- an. impedance,

means: for: By=passing: said’ carrier. wave around:

said source:and said impedance, a.source of signal

current,. means: responsive-to: one-hali” cycle’ of-
said-signal current to shunt said impedance:there=-.

by'tozinc'rea;se:-the;operati‘ng:potentia;l:appliedﬂ.be—
tweers said anode- andc cathiode; and’ means: re-
sponsive: to;theropposite:half: cycle-to shunt: said

source:andsimpedance in series tHereby: to- reduce:

the: operating: potential. applied: between. said
anode ang cathode. :

12. The combination with an:amplifier having
an anode and- a: cathode:and: adapted:to. amplify
o carrier: wave in:an-amount: determined by op-

erating: voltage :applied. between: said-anode and.

cathode;. of means for- impressing; operating - po-
tential: between: said: anode: and- cathode; said
means; ineluding: substantial: impedance; a signal

source; means: for reducing said impedance on:

one-half cycle of said: signal:-so that the operat-
ing potential om: said. anode is increased, and
means in shunt; tossaid first.means. whose:imped-
ance: is: rediiced: on:. the: other: halfy cycle: of: said
signal: so. that: the: operating: potential between

said anode and:cathode:is:reduced; whereby said

carrier: wave: is: modulated in. response to said
signal:
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