‘Aug. 4, 1936. W. VAN B. ROBERTS
' PHASE MODULATION

Filed July 10, 1930

2,050,067

TRXAX LY AY

22

BY

/™

~)
2
\V/®

24 g

Z

PA

&
L.

INVENTOR

WALTER VAN B. ROBERTS

ATTORNEY



Patented Aug. 4, 1936

UNITED STATES

2,050,067

PATENT OFFICE

2,050,067
PHASE MODULATION

Walter Van B. Roberts, Princeton, N. J., assignor
to Radio Corporatlon of Amerlca, a corporation

of Delaware -

Application July 10, 1930, Serial No. 466,956

7 Claims.

Thisinvention has for its object the provision of
new and useful methods and means for obtaining
modulated energy by phase displacement of car-
rier energy.

8 If a network comprising the parallel combma.-

tion of a pure capacity and a pure resistance in
series with a pure inductance be supplied with
electrical voltage of substantially constant ampli-
tude and frequency, the voltage across the in-
10 ductance will have a magnitude which is sub-
stantially constant and independent of any value
given to the resistance. “However, the phase of
the current through the inductance will vary in
accordance with variations of the resistance. It
15 is an object of this invention to utilize this phe-
nomenon for phase modulating carrier energy.
Another object of the present invention is to
provide an arrangement whereby variations in
the purity of the inductance; for example, where

20 resistance free inductors are not-available, will

(=]

not aflect operation of the system for the pro--
duction of phase modulated energy. This is ac~:

complished by arranging the network so that the

inductance and resistance are in-series, and the:

2

>

capacity parallels the series combination. In
this manner, any resistance appearing.in the in-
ductance, acts as though it were 1ncluded in the
resistance element of the network..

Still -a further object of this invention is to

30 make the resistance utilized in the form of the:

resistance of an electron discharge device Whose
resistance may be varied in accordance with mod-
ulating potentials apphed to the control electrode

3 thereof.

(34

of the present invention; and, to provide means
for removing any amplitude modulation which

40 may have been introduced in any fashion. This

is accomplished, preferably, by imiting the mod--
ulated energy before amplification for further

uransmlssmn

45 The novel features of the invention are de-

scribed with particularity in the appended claims.
However, the invention may best be understood

both as to its principles of operation and struc--
tural organization by referring to the accom-

50-panying drawing, wherein,
Figure 1 is given by way of explanation of the
present invention, :

Figure 2 illustrates. a transmitting system em-'

bodying the principles of the present invention

58 wherein the resistarice of the- conttolling network

Still a further object of ‘this invention is to
provide means for transmitting phase modulated
energy derived in accordance with the principles -

(CL.179—171)

takes the form of an electron dlscharge devme,
and -

Flgure 3is a preferred form of the mventmn
illustrated in connection with a transmitting sys-
tem, ]

Turning to Figure 1, if the resistance of the.
network illustrated, including pure resistance 2:
paralleling the pure capacity 4, the parallel com-.
bination being in series with a pure inductance 6, .
is alone varied, then the voltage appearing across 10
inductance 6 w111 remain constant in amplitude
bul will shift in relative phase depending upon
the value given to resistance 2. The constancy
of the voltage appearing across inductance 6 .re- - )
quires as a prerequisite, application of electrical 15
voltage of constant frequency and amplitude to
the input terminals 8 and, as an additional re-'
quirement for the constancy in amphtude of the
voltage across inductance 6, it is necessary that
the values of the 1nductance ‘and capacity be

chosen so that they satisfy the following ‘Trequire- 20
ment , »
il 1
2 LC - B
where B . ) . o5
w
2

is the frequency .

The other symbolsare thought to be suﬂimently 0'
well known so as not to require further explana-
tion. -

As g shift in phase necessitates a change in fre-
quency during phase shifting, it can be said that . .
the voltage or energy ‘appearing in inductance § ‘5'
is either frequency or phase modulated in accord-
ance with variations of resistance 2.

- A transmitting system embodying the foregomg
features is illustrated in Figure 2. - A vacuum tube -
amplifier 10, preferably of the screen grid type, 40
amplifies oscillations generated at source 12 and
supplies the amplified oscillations through a
transformer. 14 having-a loosely: coupled -primary-
and secondary to a network including inductance .
6, capacity 4 and a resistance in the form of -the 45
anode-cathode resistance of a vacuum tube 16.
The secondary of transformer 14 may. be consid-
ered as part of the inductance. By virtue of the.
loose coupling between the primary and second-
ary of transformer 14, the voltage fed to the fre-
quency  or phase.controlling’ nétwork including
inductance 6, capacity 4 and resistance 16 will be
substantlally constant m frequency and amph-
tude -
. The' voltage appearing in’ secondary l8 how- 55
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ever, will appear as phase modulated or Ire-
quency modulated voltage, whose modulation de-
pends upon the modulating voltages applied to
the input circuit of electron discharge device 16
which, as shown, may be either voice currents
from a transmitter 20 or keyed alternating energy
from a suitable source 22.

The frequency modulated energy appearing
in secondary 18 is amplified by amplifier 18’; pref-
erably of the screen grid type, fed to a suitable
limiter 24, power amplifier 26, and radiated
through a suitable antenna 28. Limiter 24 is.of
known construction and removes any extraneous
amplitude modulation which may have been in-
troduced. This limiter is not, however, essential
to the practice of the invention.

As the efficacy of the network in controlling the '

phase or, in effect, the frequency of the supplied
energy, is lessened by presence of resistance in
the inductance, another arrangement, as shown
in Figure 3, will eliminate this difficulty in in-
stances wherein it is difficult to obfain an in-
ductor free of resistance. Referring to Figure 3
a source of energy 12 of constant frequency and
amplitude is coupled to an amplifier 10 through a
transformer &44. In the output circuit of the am-
plifier 10 there is coupled a phase controlling net-
work comprising the series combination of an
inductance. 6, a resistance 30 in the form of a
microphone, and a capacity 4. Resistance una-
voidably present in inductance 6 will not prove
detrimental, but will act as though it were part
of the microphone resistance 30.

At the junction point of inductance 6 and ca-
pacity 4, phase shifted or frequency modulated
potentials will appear, which may be fed through
a suitable blocking .condenser 32 to a power am-
plifier and limiter 34 and thence further trans-

mitted by land lines or preferably by a suitable.

radiating antenna 36.

It is hot necessary that the resistance take the
form of a microphone as shown in Figure 3, but
it may be replaced by any device presenting re-
sistance which can be varied by the source of
modulations. '

In particular, as in Figure 2, microphone 30 of
Figure 3 may be replaced by the resistance offered
by an electron discharge device whose control
electrode is supplied with modulating potentials,
although in this case a transformer of suitable
construction should be connected with its high
tension side in the plate circuit of said electron
discharge device and its low tension side con-
nected in place of microphone 30 in order to re-
duce the resistance to a suitable value. Induct-
ance 6 may be utilized as the low tension winding
of this transformer.

In Figure 3 also, inductance 6 and capacity 4
must satisfy the relation

11

2 — .
w'=32.1C

and the tube 10 must have a high impedance plate
circuit so as to supply substantially constant cur-
rent to the phase shifting network 4, 6, 30, what-
ever the instantaneous value of resistance 30.

By way of further explanation of my present,
invention reference is made in particular to the
arrangement shown in Figure 3. By virtue of the
characteristics of screen grid tube amplifier 10,
the current output therefrom will be constant due

to the fact that the impedance of tube 10 is large.

with respect to the load impedance, '
The alternating voltage across_the circuit 4,6,

2,050,067

30 of Figure 3 is given by the expression E=IZ
where Z=the load impedance.

Now
X —J
(t+JwL)<——)
P vr;c b
z'-I—JWL—;;é
L .z
_ ¢ Jwe
AT 10

L r2
GRS

2 —-— B
r +(WL Wc)

The above expression gives the square of the
absolute value of the impedance of the circuit
formed by the capacity 4, inductance 6 and re-
sistance of the microphone 30. Imposing the 20
condition given above, namely, that
1
2Lc

V(Z)2= [(%)2+§2Lc] 25

P %))

w2=

Ifind

2
(£> +1-22£ 30
—N¢/ ¢
T 1L
2ot
I L
B 2L> FT7%s 35
=\"¢ Fl
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The final expression above indicates clearly that 40
under. the conditions assumed, variations in re-
sistance of the network shown in Figure 3 have no
effect upon the absolute impedance thereof as a
result of which pure phase modulated energy may
be.derived therefrom. . 45

. Having thus described my. invention, what 1
claim is:

1. In combination, a closed network comprising
an inductance and a capacity in series and a re-
sistance in the form of the internal resistance
of an electron discharge device in parallel with
said capacity, a generator for supplying electri-
cal energy. of substantially constant frequency
and amplitude to the network, means for varying
the resistance.in accordance with modulating
energy whereby to produce in the network a
phase modulated electromotive force, means cou-
pled to the inductance of the network for deriving
therefrom phase modulated energy, limiting
means connected with said output circuit for sup-
pressing or minimizing amplitude modulation in
the phase modulated energy so derived, and means
for transmitting the resulting energy.

2. In combination a source of current of con-
stant amplitude and frequency, an inductive and
capacitive network containing a resistance cou-
pled thereto, the inductance and capacity of said
network being related to the frequency by the re-
lation

=2X1c

50

55

w2

where
' W=2xf

whereby the magnitude of the complex quantity 75
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expressing the network impedarnce is independent
of the value of the resistance while the relative
values of real and imaginary components of said
complex quantity depend upon the value of said
resistance, connections from said source to said
network whereby constant current flows in said
network, means for varying the resistance of the
network in accordance with a signal to be trans-
mitted, an electron tube amplifier, and, connec-
tions irom said network to said amplifier whereby
the output of said amplifier is determined by the
voltage taken from said network.

3. In apparatus for transmitting phase modu-
lated waves, a source of constant frequency con-
stant amplitude carrier wave energy, a network
comprising inductance, capacity and resistance,
a circuit coupling said source of constant fre-
quency constant amplitude wave energy to the in-
ductance of said network, an output circuit cou-
pled to the inductance of said network, means for
varying the resistance of said network whereby
the phase of energy fed from said source by way
of said network to said output circuit is varied,
limiting means connected with said output circuit
for suppressing or minimizing amplitude modu-
lation in the phase modulated energy appearing
in said oufput circuit, and, means for transmit-
ting the resulting phase modulated energy.

4, In combination, a network including, an in-
ductance, a capacity and a resistance, said resist-
ance including the internal resistance of an elec-
tron discharge device, means for supplying elec-
trical energy of constant frequency and ampli-
tude to the network, the frequency of the sup-
plied energy being related to the values of the
capacity and inductance in said network by the
equation

1 1
Wr=2X1c
where
W=2xf,

-means for varying the resistance of the network

whereby the phase of the voltage in a portion of
the network is shifted in accordance with varia-
tions in the resistance, and means coupled to the
network for deriving therefrom the phase mod-
ulated energy.

5. Phase modulating means including, a net-
work comprising a capacity, inductance and a
resistance, the resistance element being variable
at signal frequency, means for energizing the
network from a source of constant frequency
constant amplitude energy, said capacity and

3

inductance element being related to the frequency
applied to the network by the equation

1,1
W=, Xic
where
W=2xf,

whereby the voltage drop across one of said re-
actance elements is of constant amplitude but
of a phase determined by the magnitude of said
resistance element, and means for utilizing the
potential drop across said last named reactance.

6. Phase modulating means including, a plu-
rality of impedance elements, at least one of
which elements is inductive and another capacl-
tive, and one of which is variable at signal fre-
quency, means for energizing the network from
a source of high frequency oscillations of con-
stant frequency and amplitude, certain of said
impedance elements being related to the fre-
quency at which the network is energized by the
equation

1,1
Wi=3X1e
where
W=2xf,

whereby the voltage drop across one of the im-
pedance elements is of constant amplitude but of
a phase determined by the magnitude of said
variable element, and means for utilizing the po-
tential drop across said last named impedance.
7. In a system for modulating the phase of
oscillations of carrier frequency at signal fre-
quency, a network comprising -a condenser, a
resistance variable in accordance with signals to
be transmitted and having its terminals directly
connected to the condenser terminals, an in-
ductance having its terminals connected to the
condenser terminals by connections having neg-
ligible impedance at the frequency of the oscil-
lations to be modulated, means for injecting in
the branch containing said aforesaid inductance
an oscillating voltage of carrier frequency and
of substantially constant amplitude, an amplifier
coupled to the inductive branch of said network
to be excited by current flowing therein, said
coupling being so arranged that the instantane-
ous voltage applied to said amplifier is directly
proportional to the rate of change of instantane-
ous current in the aforesaid inductance, and a
utilization circuit coupled to said amplifier.
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