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20 Claims.

This invention relates to signalling and in par-
ticular to means for varying in phase the fre-
quency of carrier oscillations at signal frequency.
The phase modulating means may be applied to
radio transmitters in which the modulated and
amplified oscillations are radiated into a natural
medium or in transmission systems wherein the
modulated oscillations may be impressed for
transmission on conductors or other artificial
channels.

Phase modulator systems have been known
heretofore. In genera] the phase modulating
schemes known heretofore have required that
either completely new installations be made in-
cluding the modulating schemes, or considerable
modifications be made to the existing circuits in
the transmitters.

An object of the present invention is to provide
2 new and improved phase modulator scheme
which may be applied to completely new instal-
lations or may, without modification of existing
transmitters, be inserted bodily into transmission
circuits now in use to adapt the same to phase
modulation signalling. All that is required in

' modifying a transmitter now in use, as, for ex-

ample, an amplitude modulated transmitter, is
to remove the amplitude modulating unit and
substitute in place thereof the phase modulator
circuit of the present invention. :

Moreover, the phase modulator of the present
invention may be used simultaneously with am-
plitude modulation in new installations and in
amplitude modulators now in use, This is an ex-
tremely important feature since it permits multi-
plexing of signals on the same carrier frequency.
Furthermore, the resulting apparatus is simple
in nature and efficient in operation.

The phase modulator circuit of the present in=

- vention may be introduced or inserted in the ex-

citation leads in any of the stages of the trans-
mitter. For example, it may be inserted between
the high frequency oscillator, the modulating
potential source, and the amplifier. The only es-

- sential is that the phase modulating circuit of

the present invention be followed by an amplifier
of the class A type. The reason why this re-
quirement must be met will appear more in de-
tail hereinafter.

In its broadest aspect my phase modulating
scheme comprises a bridge cireuit having four
arms, each arm being composed of impedances,
the impedances of an opposed bair of arms be-
ing variable, and means for varying at the sig-

" nal frequency the impedances of said arms. Now,

(CL 179—111)

if a source of high frequency oscillations is con-
nected with one pair of diagonal points of said
bridge, the potentials appearing across the other
pair of diagonal points of said bridge, when the
impedances of said variable arms are varied at
signal frequency, will be phase modulated in ac-
cordance with the said signal.

One apparent advantage to be obtained by the
use of my invention is that it permits rapid in-
terchange or simultanecus use of different types
of modulation and so results in s considerable
saving of time and maintenance work. For ex-
ample, an amplitude or frequency modulated
transmitter may be readily, and with little effort,

changed into a phase modulation transmitter by -

merely inserting therein my phase modulating
bridge circuit. Subsequently the transmitter
may be reconverted into an amplitude or. fre-
quency modulated transmitter by removing the
bridge circuit of the present invention and re-
storing the original connections, Of course, both
types of modulation may be used simultaneously.

Another advantage to be gained by the use of
the bridge circuit phase modulating scheme of
the present invention is that, since it may be
substituted or inserted in transmitters now in ex-
istence, the use of phase modulated signals with
all the advantages to be gained thereby does not
necessitate a complete transmitting apparatus
since all that is necessary is the simplified phase
modulating bridge circuit of the present inven-
tion. This results in economy since a limited
amount of apparatus is necessary to signal with
several types of modulation.

The novel features of my invention have been
pointed out with particularity in the claims ap-
pended hereto. )

The nature of the circuit of the present inven-
tion and the mode of operation thereof will be
better understood from the following detailed de-
scription thereof and therefrom when read in
connection with the dawings, throughout which
like reference characters indicate like parts, and
in which: ’

Figure 1 is a bridge. circuit used to illustrate
the principle of the present invention; )

Figures 2, 3, 4 and 5 are circuit arrangements
similar to Figure 1, which may be used in the
bractical application of the invention;

Figures 6 and 7 show the application of the
present phase modulating scheme to 3 transmit-
ter which may be an installation how in use or
a new installation; while,
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Figures 8 and 9 are graphs which, with Fig-
ure 1, assist in clearly disclosing the principles
of my invention.

Referring to the drawings, and in particu-
lar to Figure 1 thereof, the phase modulator cir-
cuit | comprises a bridge circuit having four
connected arms. The impedances of the arms
are substantially equal numerically in their un-
energized state. Two of the opposed arms may,
as shown, comprise substantially equal resist-
ances B and R, while the opposite arms may
be composed of substantially equal capacities C
and C. If oscillations are impressed by way of
leads 3 and 5 on to opposed points 6 and 8 of
the bridge circuit, potentials of amplitude equal
to the amplitude of the impressed oscillations will
appear across the opposed points 19 and 12 of
this bridge circuit. Due to the action of resist-
ances R and R and the capacities C and C, these
oscillation potentials appearing on the opposed
points 10 and 12 will be shifted in phase with
respect to the oscillating potentials applied on
the opposed junction points 6 and 8. The cir-
cuit is not a balanced or null bridge in which there
is no output when the bridge is balanced, but
is a phase angle bridge in which, as indicated, the
output voltage e is equal in magnitude to the in-
put voltage E, and in which, as indicated, in Fig~
ure 1, e=E sin (vf-++6). The relationship of phase
shift between the input and output oscillations
may be determined by the equation:

(R2—X¢%)
. —cos —1e =L
1. f=cos ®FXc)

That the relationship of phase shift between the
input voltage E and the output voltage e is rep-
resented by Equation No. 1, given above, will
be clear by reference to Figure 1 and to the graph
of Pigure 8.

In Figure 8 the voltage E, applied across the
opposed points 6 and 8 of Figure 1, has been
plotted along the X axis. The resistances R are
assumed to be larger in impedance than the ca-

pacities C. The potential drop in R is represented-

in the graph by iR, which lags the voltage E. The
potential drop through C has been represented
by iXc and leads the voltage E. The resultant e
represents the voltage appearing across the op-
posed points 10, 12. The resultant voltage e

is shifted with respect to the voltage E by an

angle 6. Now if the angle 6 is bisected we have
the following relations:

[/} _i X c 2 _ _}_{
2. S N =TRSO R
from which
3. §=2 tan ! %
Now ii=iz because Xc=Xc and R=R. (Xc=the
reactance of the condensers).
Also
4. e=i1R—(—ji2Xc)=i1R+ji2Xc
and
. E _
5. h= R %, i
Substituting Equation No. 5 in Equation No. 4
we get
(R+jXo)
6. =
= R—JjX0)

=I‘R2—X2h j2RXc | o

R+ X% R X2
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From the real part of this equation we get the
cosine of the phase angle, or,

2__X2
7. 0=cos“%%¢1—{2‘:%

In other words, E=e in absolute values but the
respective voltages are of different phase. This
is because the bridge is not a null bridge but is
a phase angle bridge, the voltage output of which
is equal in magnitude to the voltage input. The
voltages are out of phase except when the bridge
is in a balanced state. If the impedances in
either pair of opposed arms, that is, the resist-
ances R, R or the capacities C, C, are varied in
value in phase at signal frequency, it is obvious
that the phase of the oscillations appearing at
the output points, that is, the opposed points 18
and 12, will be shifted in variable degrees at sig-
nal frequency with respect to the phase of the
oscillations impressed by leads 3 and 5 on to the
other points 6 and 8 of the bridge circuit. That
a change in the values of the resistances R or in
the capacities C of the bridge arms results in a
phase shift between the input voltage E and the
output voltages e has been proven graphically in
Figure 9, in which the values of the applied volt-
age E, the potential drop iR through the resist-
ance R, and the potential drop iXc through the
capacities are the vectors of a vector system.

Trirst, assume that the resistance R is large as
compared to the capacity C. In this case the
potential drop through R is represented by the
vector 41R1 lagging the vector E. The potential
drop through C is represented by #1Xc. The re-
sultant e: lags the vector E by the angle 61.

Now assume that the value of the resistance R
has been decreased substantially (say, by modu-
lating means) and is small as compared to C.
The potential drop through resistance R still lags
E but is smaller and is represented by the vector
i»R2. The potential drop through C is larger
and again leads the voltage E. The resultant ez
now lags the vector E by an angle 02 which is con-
siderably larger than the angle 61. This increase
in phase shift between E and e is due to the mod-
ulation of the value of R and the phase shift A¢
resulting from said modulation==f2—0i.

In a similar manner it can be shown that
modulation of the value of C will result in a phase
shift between E and e. The phase shift may not
be as large when C is modulated as when R is
modulated.

The phase shifted oscillations may be impressed
from the leads {1, I3 connected with points 19,
12 to any utilization circuit.

In practice either the resistances R, R or the
capacities C, C may be varied by the modulating
potentials. The practical applications of my
phase modulating bridge circuit will now be de-
scribed. N

Referring to Figure 2 of the drawings, the
bridge circuit | comprises four arms, as in Figure
1. Furthermore, an opposed pair of arms in-
cludes, as shown, capacities C and C. Here,
however, the resistances R, R in the other pair of
arms are replaced by the impedances between
the anode 12 and cathode ¢3 and anode 12’ and
cathode 13’ of thermionic tubes 14 and 14’ re-
spectively. Space current is supplied to the tube
14 by way of source {8 connected, as shown, be-
tween the cathode 13 and anode 12 by way of
choking inductance 1. In a similar manner
space charge current for the tube (4’ is sup-
plied from source 16’ by way of choking in-
ductance 17’. The control grid cathode circuits
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include biasing. batteries 18
and 18’ which maintain the control. grids 19 and
19’ at negative potential with respect to the
cathodes and also inductances 20 and 20, In
order to vary the anode to cathode impedances
of each of tubes {4 and {4’ in: phase at signal
frequency, modulating potentials are.applied by
way.of leads 2{ and 22 to an inductance 23 sym-
metrically coupled with inductances 28 and 20’.
The oscillations at signal frequency flowing in
the inductance 23 are impressed in like phase on
to inductances 28 and 2§’ and from said. in-
ductances in phase on to the control electrodes
18 and 19’ of tubes 14 and 14’. These in-phase
potentials are superimposed upon the direct cur-
rent potentials applied to the control grids i9
and (9§’ reSpectively from sources {8 and 8’ re-
spectively and vary the conductivity of the tubes
in phase. Now if, as in Figure 1, the carrier fre-
quency oscillations to be modulated are applied
by leads 3 and 5 to tha junction points § and 8,
potentials equal in amplitude to the applied po-
tentials will appear at the junction points (0

and {2, The potentials at 16 and 12 will be
shifted in phase with respect to the applied po-
tentials. The amount of phase shift between

these potentials will be determined by the ampli-
tude of the modulating potentials acting on the
conductivity of the tubes {4 and 12, and the rate
at which the phase shifts between the applied os-
cillations and the oscillations appearing at (0
and 12 take place will be determined by the
frequency of the modulating potentials. The
bhase modulated oscillations may be utilized by
connecting any utilization circuit to the leads
Il and 12, In order to insure efficient operation
of the modulating circuit, and to insure that the
bhase modulations on the carrier be truly repre-
sentative of the signal, it is desirable that the
load, that is, the current flowing in the several
arms of the bridge circuit, is maintained at min-
imum. This requirement is satisfied in accord-
ance with the present invention by connecting
the output leads {{, i3 of the bridge circuit. to
an amplifier of what is known as the class A
type. In this type of amplifier the thermicnic
tube is biased to such 2 point that litle or no
grid current flows in the input circuit, and, there-
fore, little or no load is applied on the bridge
circuit which is to be connected with the grid-

~ electrode or with the input circuit of the ampli-

fier. :
Since change in the botential applied to the
control grid electrode of g thermionic tube re-
sults in change in capacity of the tube, and since
change in the value of the capacities C, C in the
arms of the present bridge circuit results in
phase modulation of the oscillations applied, as
indicated hereinbefore, the arms C, C of the
bridge circuit may be replaced by the impedances
of the thermionic tubes, as shown in Figure 3.
In this figure, 3, the other two arms of the bridge
cireuit include the two resistances R and R. The
bridge circuit is otherwise the same as the bridge
circuit of Figure 2. Furthermore, the oscilla-
tions to be modulated and the: modulating oscil-
lations are applied in a manner similar to which
they are applied to the bridge eircuit of Figure 2.
Moreover, the phase modulated oscillations are
derived from the points {§ and 12, as in Figure 2,
and may be applied to any work circuit by way
of a-class A amplifier.,

The arrangement of Figure 3 and the opera-
tion thereof will be obvious to the reader of the
prior specification, and a description thereof and

+:Pe obvious to one who hag read the
“ specification, & description of the

3

a statement of the. operation thereof is thought
unnecessary at this point, It will be noted, how-
ever, that, since changes in capacity of the tubes
due to' variations in the applied modulating: po-
tentials: are slight, the phase shift resulting at
‘the junction points 18 and | 2. will be less than
in the arrangement of Figure 2. Where ap-
paratus is limited the arrangement of Figure 3
may not be as desirable as the arrangement of
Figure 2. However, if the class A amplifier, con-
hected with the leads if and 13, can be followed
by a frequency multiplier, the bridge circuit of
Figure 3 may be more desirable than the bridge
circuit of Figure 2 since frequency multiplica-
tion of the modulated carrier will increase the
phase modulation sufficiently to insure satisfac-
tory detection of the modulated wave at the re-
ceiving point,

Although in illustrating the present invention
thermionic tubes of the triode type have been
used, it will be understood that tubes of any
other type may be used, and in particular tubes
of the screen grid type in which the screening
electrode is maintained at a positive potentisl
to eliminate coupling between: the input and.out-
put electrodes. The use of such’ tubes in the
bridge circuit of the bresent invention has been
illustrated in Figure 2 wherein the screening grid
electrodes 30 and 30’ are shown in dotted lineg
connected with a point on the- Potential sources
16 and 167,

Moreover, the impedance of the tubes 14 and
14’ may be varied by applying the modulating
botentials to other electrodes therein.. For ex-
ample; the medulating potentials may be applied
to the screen grid electrodes 30 and 31, as indi-
cated in Figure 4, or plate modulating may be
utilized, as shown in Figure 5. Since the opera,.-
tion of the arrangements of Figures 4 and 5 will

thereof will not be given at this point,

Where the modulating potentials are applied
to the screen grig electrodes, as in Figure 4, or to
the plate. electrodes, as in Figure 5, the anode
leads include radio frequency choke coils RFC
and RFC’, as shown.

In practice the bridge circuits of Figures 2, 3; 4
and 5 may in new installations be connected with
& source of modulating botentials M and g source
of oscillations O and with a class A amplifying
means A and radiating means RA, as shown in
Figure 6. 'The phase modulator here and the
rest of the apparatus may comprise a new. insta]-
lation. If phase modulation only is used the class
A amplifier may be followed by an amplitude
limiter AL, shown in dotted lines: between the
class A amplifier and the utilization circuit. The
class A amplifier amplitude limiter, when the
latter is also used may be followed by frequency
multiplying means FM and additional amplifying
means, if necessary. The amplified frequency
multiplied or limited and frequency multiplieq
energy may be radiated from the ‘aerial RA.
The use of the frequency multiplier may be de-
sirable in many cases and is particularly’ desir-
able if a phase modulating bridge circuit; as
disclosed .in Figure 3, is used. : e

When the phase modulating bridge ecircuit of
the present invention is to be utilized with in-
stallations now in use of bractically any type;
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closed in the dotted line rectangle and inter-
posed between M and O and A, may be removed
and replaced by a phase modulator bridge circuit,
as disclosed in Figures 2, 3, 4 or 5. In this case,
if the transmitter does pot already include an
amplifier of the class A type, such an amplifier
may be interposed between the modulator I and
the utilization circuits M and RA, as shown.

When multiplex signalling is desired by new
installation the arrangement as shown in Figure
7 may be used. Where multiplex operation is
desired by transmitters now in use, as, for exam-
ple, .amplitude modulated transmitters, said
transmitters may be modified as indicated in
Tigure 7. In Figure 7 the source of modulating
potentials M is connected with a phase moedulator
{ which is also energized by carrier frequencies
from source O. The phase modulated oscilla-
tions are fed from 1 fo a class A amplifier A and
from thence fo an amplitude modulator AM,
from which the phase modulated and amplitude
modulated signals may be fed to frequency mul-
tipliers and amplifiers and radiating means and
to one or more of such devices. If an installa-
tion, as for example, an amplitude modulated
transmitter, is to be modified for multiplexing
by adding a phase modulator thereto, the leads
1,, shown in dotted . lines between the amplitude
modulator AM and the source of oscillations O,
may be disconnected. The leads between the
source of modulating potentials M and the am-
plitude modulator AM may be opened and phase
modulator | may be connected between the mod-
ulation source M and the amplitude modulator
AM. The source of oscillations O may now be
connected to the phase modulator i, as shown.
The oscillations from O are phase modulated in
| by the signal potentials from M and the phase
modulated carrier is fed from [ to the amplitude
modulator AM, which may be supplied with other
modulating potentials from a source M’. The
carrier frequency oscillations, which have already
peen modulated in phase by the signal potentials
from| the source M, will in the stage AM be mod-
ulated in amplitude in accordance with the signal
oscillations from M’. The carrier frequency 0s-
cillations modulated in phase and in amplitude
may be multiplied in frequency and amplified
and radiated.

In order that the current in the arms of the
phase modulating bridge circuit | of the present
invention be maintained ot minimum, a class A
amplifier may be interposed between the ampli-
tude modulator AM and the phase modulator f,
as shown.

- Having thus described my invention and the
operation thereof, what I claim is:

1. A phase - modulator circuit comprising, a
pair of thermiocnic tubes having their cathodes
connected together by way of an impedance and
their anodes connected together by way. of a
second impedance equal in value to the value
of the first impedance, means for applying high
frequency oscillations to the cathode of one of
said tubes and to the anode of another of said
tubes, means for varying the impedances of said
tubes in phase, and 2 utilization circuit connected
with the cathode of the other of said tubes and
the anode of said first named tube.

2. The combination with a bridge circuit hav-
ing four arms and two pairs of opposed points
of, a source of ‘modulating potentials connected
in phase to a pair of opposed arms, a source of
high frequency osciliations connected across oné
of said pairs of said. opposed points, and a work

2,045,107

circuit connected across the other pair of said
opposed points.

3. Signalling means comprising, in combina-
tion, a bridge circuit having pairs of opposed
impedances which are normally substantially nu-
merically equal, one pair of which impedances
are variable, and pairs of opposed points, &
source of high frequency oscillations connected
across one of said pairs of opposed points, a
class A amplifier having its input electrodes con-
nected across another pair of said opposed points,
and means for phase modulating said high fre-
quency oscillations comprising a source of mod-
ulating potentials connected with said opposed
pair of variable impedances.

4. A combination as claimed in claim 3 includ-
ing, a frequency multiplier connected with the
output electrodes of said class A amplifier.

5. In a phase modulator, a bridge circuit hav-

ing four balanced arms, each including an im- g

pedance, the impedances in an opposed pair of
said arms being variable, & cireuit for applying
carrier oscillations to a pair of opposed junction
points on said bridge, a circuit for varying said

variable impedances in phase at signal frequency, :

and a relaying circuit connected with another
pair of opposed junction points on said bridge.

6. A phase modulator circuit comprising, a pair
of thermionic tubes having their cathodes con-
nected together by way of
anodes connected together by way of a second
capacity substantially equal in value to the value
of the first capacity, a circuit for applying high
frequency oscillations to the cathode of one of

said tubes and to the anode of another of said ;

tubes, an inductance connected between the con-
trol grid and cathode of each of said tubes, a
source of low frequency oscillations coupled to
said inductances, and a utilization circuit con-
nected with the cathode of the other of said tubes
and the anode of said first named tube,

7. A phase modulator cireuit comprising, a pair
of thermionic tubes having their cathodes con-
nected together by way of a capacity and their
anodes connected together by way of a second
capacity substantially equal in value to the value
of the first capacity, a circuit for applying high
frequency oscillations to the cathode of one of
said tubes and to the anode of the other of

gaid tubes, a circuit for applying low frequency -

oscillations to the control electrodes of each of
said tubes, an auxiliary electrode interposed be-
tween the anode and control electrode in each
tube, and a utilization circuit connected with
the cathode of the other of said tubes and the
anode of said first named tube.

8. A phase modulator circuit comprising, a pair
of thermionic tubes of the screen grid type hav-
ing their cathodes connected together by way of
a capacity and their anodes connected together
by way of a second capacity equal in value to the
value of the first capacity, a circuit for applying
high frequency oscillations in phase opposition to
the anode of one of said tubes and to the cathode
of the other of said tubes, a circuit for applying
oscillations of a different frequency in phase to
the screen grid electrodes of said tubes, means
for maintaining the control grid electrodes of
said tube at a potential different with respect to

the cathodes of said tubes, and a utilization cir- ;

cuit connected between the cathode of the other
of said tubes and the anode of said first named
tube.

9. A phase modulator circuit comprising, a pair
of thermionic tubes having their cathodes con-

a capacity and their ;
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nected together by way of a capacity and their
anodes connected together by way of a second
capacity equal in value to the value of the first
capacity, a circuit for applying oscillations to
the anode of one of said tubes and to the cathode
of the other of said tubes in phase opposition, a
eircuit for applying oscillations of a different fre-
quency in phase to the anodes of each of said
tubes, means for maintaining the control grid
electrodes of said tubes at a potential different
than the potential of the cathodes, and a utiliza-
tion circuit connected with the cathode of said
first named tube and the anode of said other tube.

10. The combination, with g bridge circuit hav-
ing four arms and two pairs of opposed junction
boints between said arms, of a source- of mody-
lating potentials coupled in phase to a pair of
opposed arms, a source of high frequency oscil-
across one of said pairs of op-
posed junction boints, an amplifier connected
across the other pair of said opposed junction
boints, a frequency multiplier connected with
said amplifier, and radiating means connected
with said frequency multiplier,

11. The combination, with a bridge circuit hav-
ing four arms, each including an impedance and
two pairs of opposed junction boints, of a source
of modulating potentials coupled in phase to a
pair of opposed arms, a source of high frequency
oscillations connected across one of said pairs of
said opposed junction points, an amplifier con-
nected across the other Dbair of said opposed junc-
tion points, an amplitude modulator including a
source of modulating potentialg connected with
said amplifier, and a utilization circuit coupled
to said amplitude modulator,

12. The combination, with g, bridge circuit hav-
ing four arms and two bairs of spaced points, of
a source of modulating potentials connected in
bhase to a pair of obposed arms, a source of
high frequency oscillations connected with one
of said pairs of said spaced points, and a class A
amplifier connected across the other pair of said
spaced points of said bridge.

13. Signalling means comprising, in combing-
tion, a bridge circuit having pairs of opposed im-
pedances, one pair of which impedances is vari-
able, and pairs of Spaced points, a circuit for
applying constant Irequency oscillations to one
of said pairs of spaced boints, an amplifier hav-
ing its input electrodes connected across another
pair of said spaced points, and a circuit for ap-
blying modulating botentials in phase to said
opposed pair of variable impedances.

14, A combination as set forth in claim 13
including, g frequency multiplier connected with
the output electrodes of said amplifier.

15. In g phase modulator, a bridge circuit hay-
ing four arms, each including an impedance, the
impedances in an opposed pair of said arms being
variable, a circuit for applying carrier oscilla-
tions to a pair of opposed points on said bridge,
and a circuit for varying said variable impedances
in phase at signal frequency whereby carrier
wave energy modulated in phase at signal fre-
quency is produced at another Ppair of opposed
boints on said bridge.

16. The combination of g device for phase
modulating carrier waves including a bridge cir-

5

cuit having a plurality of arms, opposed pairs of
said arms being substantially balanced, a circuit
for applying carrier frequency oscillations to 3
pair of opposed junction points .on said bridge
circuit, means for phase modulating said carrier
frequency oscillations comprising a circuit for
applying modulating potentials to a pair of said
opposed arms, an amplifier connected across an-
other pair of opposed Junction points on said
bridge cireuit, and an amplitude modulator con-
nected with said amplifier.

17. The combingtion of & phase modulator in-
cluding a bridge circuit having a plurality of
pairs of arms, opposed bairs of said arms being
substantially balanced, a circuit for applying car-
rier frequency oscillations to a pair of opposed
points on said bridge circuit, mreans for rhase
modulating said carrier frequency oscillations
comprising a circuit for applying modulating po-
tentials to a pair of opposed arms, an amplifier
of the type in which small grid current flows
during operation connected across another pair
of opposed points on said bridge cireuit, and an
amplitude modulator including a circuit ener-
gized by modulating botentials connected with
said amplifier.

18. A phase modulator comprising, a pair of
thermionic tubes having their cathodes connected
together by way of a reactance and their anodes
connected together by way of a second react-
ance, a circuit for applying high frequency os-
cillations to the cathode of one of said tubes and
to the anode of another of said tubes, a reactance
connected between the control grid and cathode
of each of said tubes, a source of low frequency
botentials coupled in phase to said last named
reactances, and a utilization circuit connected

with the cathode of the other of said tubes and‘

the anode of said first named tube.

19. A phase modulator comprising, a pair of
thermionic tubes of the Screen grid type having
their cathodes connected together by way of a
reactance and their anodes connected together
by way of a second reactance, a circuit for ap-
plying high frequency oscillations in phase op-
bosition to the ancde of one of said tubes and to
the cathode of the other of said tubes, a reactance
connected between the screen grid and cathode
of each of said tubes, a circuit for applying oscil-
lations of a different, Irequency to said last named
reactances, and g utilization - circuit connected
between the cathode of the other of said tubes
and the anode of said first named tube.

20. A phase modulator circuit including, a pair
of thermionic tubes having their cathodes con-
nected together Ly way of reactance and their
anodes connected together by way of a second
reactance substantially equal in value to the
value of the first reactance, a circuit for apply-
ing oscillations to the anode of one of said tubes
and to the cathode of the other of said tubes in
prhase opposition, a reactance connected between
the anode of each of said tubes and the cathode
of each of said tubes, a circuit for applying con-
trolling potentials in phase to said last named
reactances, and a utilization ecircuit connected
with the cathode of said first named tube and
the anode of said other tube.
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