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This invention relates to intelligence transmis-
sion and reception, and more particularly has
reference to a phase modulation system and
transmitter in accordance with factors desired to

5 be transmitted and received or utilized at some
distant point. .

As will appear more fully, the present system
has an extremely wide field of use. However,

. since the fundamental principles of the concept

10 can well be explained by an embodiment in
radio transmission and reception, and since this
field includes the essentials of facsimile transmis-
sion and remote control, this particular embodi-
ment will be chosen for illustration.

15 A major object of the present invention there-
fore is to overcome the disadvantages of ampli-
tude modulation.

Another object is to provide a novel system of
modulation.

20 Another object is to devise a system of modula-
tion which increases the utility of the radlo
broadcasting spectrum.

A further object is to provide a novel system of
radio transmission and reception.

25 Yet another object is to provide a new system
of transmitting and receiving intelligence util-
izing electro-magnetic waves as the carrier or
transmitting medium.

Yet another object is to provide a novel method

30 of remote actuation or control.

In order to more clearly explain the principles
of the invention, a physical embodiment in a
radio transmitting and receiving system is shown
in the accompanying drawings, of which:

35 PFig. 1 is a circuit diagram of one type of
transmitter.

Fig. 2 is a modification of the circuit shown in
Fig, 1.

Fig. 3 is a further modification of a transmitter

40 made in accordance with the present invention.

Pig. 4 is an electrical diagram of a receiver,

Fig. 5 is a schematic representation of the units
comprising the complete radio system.

Fig, 6 is a graphic illustration of the type of

.45 modulation which represents prior practice.

Figs. 7 and 8 are graphic illustrations of the
essential operation of the present system.

Phase displacements are utilized in the present
svstem to effect modulation. In Fig. 8 is shown

50 the effect of capacitance in dot-dash line, and of
inductance in dotted line. It will immediately be
appreciated that in the new system the modulat-
ing effects are impressed directly on the trans-
mitting vehicie, in radio the “carrier” wave, and

.55 in a mechanical analogy may take the form of a

(CL, 258—17) ,
lateral displacement of one of the phase com--

ponents. This sharply differentiates from the
prior art method where the modulating effects in
wave form are, in a sense, superimposed on the

carrier and a new resultant wave form of accen- .

tuated differential amplitude obtained. 'Thus
with the older method the so-called modulated
carrier is not in effect a carrier but a new wave
or, at the least, a markedly modified carrier.
With the new system the so termed carrier is in
truth a carrier, for it retains its identity of fre-
quency and amplitude even after the modulation
effects have been impressed. The present system
then presents all the advantages of transmission

on a carrier of substantially fixed or constant.

amplitude and the obvious advantages of a re-
ceiving system designed to be responsive to a
transmitted wave of varying phase.

The essential differences between amplitude
type of modulation and the new system of phase
relationship may be more readily comprehended
by a study of the mechanical analogy depicted in

10

20

Fig. 7. Whereas in the amplitude modulation .

system, as shown in Fig. 6, the modulation fre-
quency may be considered as superimposed on
the carrier to give a new resultant wave form—
the operation of the new system may be consid-
ered as comprising a helix. During modulation
the dimensions of the helix remain unaltered and
the modulating effects are caused by a shift or
reciprocation of a factor up to ninety degrees on
each side of a center point on half a turn. If the
helix is now considered as a sign wave, it will be
seen that the effective modulation may be con-
strued as a shifting of the modulating factor to a
predetermined degree on opposite sides of the
half wave. In other words, the modulating fac-
tor may be considered as a linear reciprocation or
oscillation on a curvilinear locus, where the curv-
ilinear locus is the energy wave form and the
oscillating or reciprocating factor is one of the
phase components.

As will be explained more .fully, a number of
the components of the phase of the carrier energy
may be utilized to effect modulation. In order to
clearly explain the system a preferred modifica-
tion involving the utilization of voltage phase
angle will be described.

In the operation of the improved system the
equivalent of one hundred percent modulation is
represented by a condition in which the voltage
phase angle of the carrier, at the transmitter, is
caused. to lead by a varying degree up to 90° the

unmodulated angle for one peak half wave of-

the modulating frequency, and then to lag to the

25

30

35

40

45

50

85




10

15

20

25

‘30

35

40

60

70

75

2

same degree the other half of the unmodulated
phase angle for the opposite peak half wave.

For receiving the specially modulated carrier,
the incoming energy is mixed with an alternating
current energy having the same frequency and
strength as that used in transmission but differ-
ing from the latter in having a mean or constant
voltage phase angle. This latter or local oscilla-
tion is unmodulated. The conditions are so con-
trolied that the reaction between the transmitted
energy, having a variable voltage phase angle, and
the local energy of a mean or intermediate volt-
age phase angle, produces the exact form and
character of the modulation energy used at the
transmitter. At this point it will be appx;eciated
that since thermionic tubes are voltage opérated
devices, they are immediately available in carry-
ing out this system of modulation.

The receiver may be provided, as the exigen-
cies of the particular case demand or require,
with any desired number of amplification stages
and the energy of the reception unit may be
utilized either directly or may be transmuted into
any other desired form or type of energy to
operate mechanical, electrical or hydraulic con-
trol. Manifestly such conftrol may be made
either cptional or automatic.

The transmitting circuit, as shown in Fig. 1,
comprises essentially a stage {0 for generating
radio frequency oscillations (or the other oscil-
lations utilized as a carrier), the isolating stage
{1 and the effeciive phase control stage {2. The
phase control stage 12 is associated with a stage
{3 through which the intelligence is made to
act on the phase control stage.

The output is coupled to a radiator, such as
the antenna circuit (4.

The isolation stage {{ and the phase control
stage 12 are shown as comprising in effect dual
units. These are thus designed because of these
stages performing a dual function.

The isolating stage 11 serves to segregate the
generator stage 18 from the control stage 12 and
functions to prevent undesired reactions of the
phase control circuit on the generator circuit,
such for example as changing or varying the load
taken from the generator stage and fed through
the system. This circuit or stage {! addition-
ally functicns to prevent undesired reactions
within the phase ccntrol circuit (2, such as
would occur if the input grids of the tubes in
stage {2 were common to one circuit.

Similarly the phase control circuit 12 sub-
serves a dual function. In the first place, it
modifies the phase characteristics of the alter-
nating energy from the output of the generator
stage, in accordance with the input energy from
the intelligence source 13. In the second place
it serves to pass on the frequencies from the
generator stage with unvarying output amplitude
and frequency.

1t will be seen from an inspection of Fig. 1
that the tubes comprehended within the differ-
ent stages are fed from & power supply 14.

The power supply may comprise a power line
{5 connected to transformer {71 at primary 6.
This winding has a voltage adjusting tap 22.
The core of the transformer is grounded at 8.
The transformer is provided with a plurality of
secondaries §8, 28, 21 and 22. Secondary {9
supplies high voltage to the rectifying and fila-
ment system, consisting of rectifying tubes 25
and 26; and filament heating winding 28; tap
20’ and lead 28. Tap 24 of secondary (9 is the
negative terminal connecting to voltage dividing
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resistor 23. Tap 208’ of secondary 29 is the posi-
tive terminal connecting to lead 28. Secondary

‘%8, as shove noted, supplies heater current to

the rectifying tubes. Secondaries 2 and 22 sup-
ply heater current to the tubes in the radio fre-
quency portion of the transmitter,

In the preferred modification, at some point
near midway the voltage divider-resistor 27 is
connected to the common ground 2§ and to the
intermediate filter condensers 33. It will be seen
that since the cathodes of the tubes in the trans-

 mitter proper are at common ground potential,

points between the ground point of the voltage
divider and the positive end may be used to give
varying degrees of positive potential. Similarly
from the same grounded cathode condition,
points between the grounded point of the voltage
divider and the negative end may be used to
give varying degrees of negative potential.

It is to be clearly understood that since modu-
lation is here secured by a control of the phase
characteristics, the radio frequency generated
by the oscillator is entirely a point of reference
in the radio system to which the transmitter will
operate. The radio frequency generator may
comprise a thermionic tube 3! and is preferably
of the indirectly heated cathode, screen grid type.
This is provided with a cathode and a heaiing
element for the cathode.

As shown, the cathode or electron emitting
element is connected to the common ground
through the potentiometer resistance 32. The
moving arm of the potentiometer, by-passed to
the common ground by condenser 23, is con-
nected to the control grid of the tube. The pur-
pose of this arrangement is to establish an inde-
pendent and variable source of grid bias so that
the electronic flow to the screen and hence the
screen and plate current drawn by the tube
may be controlled.

In the tube shown in the illustration the screen
carries a higher potential value than the plate
and is thus operated on the dynatron or sec-
ondary emission principle. The frequency of
oscillation of the tube is governed by the reso-
nant period of the oscillating circuit connected
to the plate and comprises the inductance 34 and
variable condenser 35. The low side of this
circuit, as well as that of the screen, is bypassed
to the common ground by the condensers 36 and
3T and is additionally filtered by choke coils 38
and 39. The output of the oscillator is taken
off from the high side of the plate circuit by the
variable condenser 48. The utilization of a var-
iable condenser at this point allows for a varia-
tion of the excitation to the subsequent tubes
in the system.

The output of the oscillation generator stage
{8 is connected through the variable condenser
48 to the isolating circuit 1. It will be noted at
this point that this circuit branches out in the
form of a Y. This is advisable since from this
point on to the antenna the circuit is in dual
form. This dual form has been found at the
present time best suited to perform the dual
function incident to the isolation circuit ff and
the phase control circuit §12. The output of the
oscillation generator 1is therefore connected
through the variable condenser 49 and leads 41
and 42 respectively to the control grids of ther-
mionic tubes 48 and 44. 'These tubes, similarly
to the tube employed in the first stage, are of the
indirectly heated cathode screen grid type, al-
though manifestly other specific types may he
employed,
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This isolation circuit, therefore, insures a sta-
bility of frequency output from stage 10 and

also insures the proper functioning of the units

in the phase control circuit.

The cathodes of the tubes in stage I{ are
directly connected to the common ground as
shown. The control grids, as noted, are con-
nected to the center point of the Y connection.
This center point is also connected with the
aperiodic choke coil 44.- This choke coil allows
the control grids to follow the excitation of the
frequency scurce {0 and at the same time to be
under the stabilizing control of a constant value of
negative potential. The low end of the choke coil

44 is bypassed to ground by the condenser £5.

This low end is also connected, as previously
described, to the correct degree of negative poten-
tial at the power supply, through the lead 26.

The screens of tubes 43 and 44 are bypassed to
ground by condensers 47 and 48 respectively and
are additionally filtered by choke coils 49 and 50.
The low end of these choke coils go to a common
connection, lead §1, and through this are supplied
with the proper degree of positive potential from
the power supply. ) .

The plate of tube 43 is connected to the C/L
circuit including the inductance 52 and the capac~
ity 83. Similarly the plate of tube 44 is connected
to the C/L circuit, including the inductance 54
and variable capacity 55. The low end of circuit
§2—83 is bypassed to the common ground by con-
denser §6 and is additionally filtered by choke coil
31. The low end of choke coil 87 is connected by

1sad 58 to the correct degree of positive potential

in the power pack. Similarly eircuit 5455 is by-
passed, through condenser 58, to the common
ground and is additionally filtered by choke coil
86. Choke coil 88 connects with lead 58 and thus
the plate of tube 44 is supplied with the correct
degree of positive potential from the power supply.

The plate circuits of tubes 43 and 44 are con-
nected through the coupling condensers 81 and 62
to the control elements, i. e., the grids, of the tubes
in the phase control unit. Thus coupling con-
denser i is directly connected with the grid 63 of
the tube 84, while coupling condenser 62 is directly

connected with the control grid 65 of thermionic

tube §86.
The grids of tubes 64 and 66 are each connected
to special C/L circuits. Thus grid 63 is connected

. to the circuit including inductance §7 and variable:

capacity 68.  Similarly grid 85 is directly con-
nected to the circuit including inductance 89 and
variable capacity 78.

It will thus be seen that the C/L circuits 52—53
and 54—755, associated with the tubes 48 and 44,
and the C/L circuits 87—58 and 69—170 connected
in the grids of the phase control unit, form. an
interstage coupling between the isolating stage {1
and the phase control stage 12. The constants of
these circuits are so chosen as to insure energy

input from stage {9 to the control grids of stage 12 -

with undisturbed phase characteristics. The cir-
cuit is so designed that the energy from the oscil-
lator stage is fed to the control elements of the
modulation stage with unchanged and undistorted
phase. With the type of interstage coupling
shown, this can in most circumstances be secured
by having the constants of the several C/L circuits
of the same value.

Like the isclating stage, the phase control stage
comprises in effect a dual circuit. The two tubes
employed in this circuit are disclosed as of the
directly heated cathode type. The tube 84 is pro-
vided with a cathode 71 which is connected to the

3

grounding and filtering network . comprised by
resistor 12 and the condensers 13 and 4. The
function of the resistor is to permit the cennection
of the electrical center of the filament to the
common ground. The condensers function to:
offer a short path.to the common ground for the
radio frequency energy operating within the cir-
cuit and secondly to stop or block this energy from

. following the cathode wires to the power supply.

This is fo insure the stability in previous portions

of the transmitter circuit which operate at a lower

level of radio frequency energy.” The cathode and

the associated connections of tibe 66 are identical

with those of tube 64. Thus the cathode 15 is

connected to the grounding and filtering network

including resistor 18 and condensers .17 and 18."
The heating current for cathodes 74 and 15 is

obtained from the power supply through leads

78 and 890. :

It will be noted that the low point of inductance
87, which is bypassed through the tap to the com-
mon greund by the bypass condenser 8¢, is addi-
tionally filtered by choke coil 82. Similarly that
point on inductance €9 is bypassed to. ground
through condenser 83 and additional filtering is
secured through choke coil 84. The low end of
coils 82 and 84 are connected common to lead 85
and are supplied through this lead, from the
power supply, with the correct degree of negative
potential, a ‘ :

The tapping arrangement on inductances §7

~and 83 is an important feature of the present

embodiment. This is desirable in order that g

source of radio frequency potential, opposite in _' :
35!

instantaneous polarity to that introduced on the
contro! grids, may be available and by the use of
condensers 86 and 87 this energy may be fed tothe
plates. Condensers 86 and 87 are properly ad-
Justed <o as to completely neutralize the effécts of
the inter-electrode capacities between the control”
grid and plate of tubes §4 and 68. It will be
understood that the necessity for neutralization of
the inter-electrode capacity is in a sehse inherent
in the triode tube.

The plate of tube 64 is directly connected with
the C/L circuit comprising inductance 88 and -
variable capacitance 83. Similarly the plate of
tube 66 is connected with the circuit including the

Inductance 96 and associated variable capacitance
9t 50

Thus, as shown, circuit 88—88 hag a. prepon-
derance of inductance snd is, therefore, inductive

: 45
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in effect, that is to say it functions to cause the *
voltage in that circuit tolead the current. Circuit

86—281, on the other hand, contains a prepon-
derance of capacity and. is capacitative in effect,
and hence will cause the voltage to lag the current.
It is to be clearly understood that the energy from

55

the oscillator stage 18 is fed through the isolsting . .

circuit with its phase characteristics unchanged.
Assuming this energy fed into the tubes of the
control stage 12 to be of the reference or standard
voltage phase angle, it will be seen that the cir-

cuits 88-—89 and $6—9i operate conjointly and: -

sequentially to shift the voltage phase angle of.
the eneregy to lead and lag positions.
two circuits cause the voltage phase angle to shift
or reciprocate with respect to the main or medial.
phase angle established at the oscillator siaga.

Clrcuits 88—=88 and 99—9! are associated or.
coupled to a radiator which functions to transmit
or radiate energy with the modified phase angle:
In order to eliminate undesired shifting or dis-
tortion of the phase angle, in the antenna proper

‘60
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the antenna circuit is designed so as to have a
nsgligible reactance.

A% this point it will be appreciated that if de-
vices are asscciated with the output circuits of
tubes 54 and 68, which modify the phase angle
shift provortionately to the intelligence input
energy in the devices, a definite means of modu-
lating the radiated signal in accordarnce with this

input energy is available. The inductances 38 and

29 of tubes 64 and 85 respectively are coupled to
individual sccondary sections 92 and 83. These
two inductances or secondary sections are dirvectly
connected together. Across the extremities of the
cireuit thus formed is connected the capacitaince
84, The circuit is completed with the radiator or
antenna 85. The capacitance is so adjusted as
t3 cause the antenna circuit to rescnate ab the
frequency which is desired to be utilized and
which is generated at osciliator 8. This anfenna
cireuit is adiusied to have as low a reactance as is
practically possible. In other words the capacity
to induectance ratio in this circuit is so adiusted as
to cause the voltage phase angle to equal and co-
incide with the current phase angls.

In this transmitter when no micrcphonic cur-
rents are ubilized the signal emanating from the
antenna is a pure radio frequency wave, the voli-
age phase and current phase angle of which coin-
cide, giving it a unity power factor. All factors
of the wave, namely frequency, energy phase
anegle, wave form and amplitude, remain - fixed
under this unmodulated condition. When, how-
evar, modulation is imposed the voltage phase
angle is made to vary, the angle first leading and
then lagging the medial phase angle. It will be
noted also that the power factor of the energy
likewise varies as it is governed by the instan-
taneous voltage and current phase angle.

When the present structure is used for radio
proadessting, a source of variable or modulated
energy is provided. This source may be a micro~
phone 88. In leu of a microphone, cof course,
any device which is electrically responsive propor-
tionately to variations in the factor tc be
transmitted may be employed. Thus variations in
gound, light, temperature, pressure and so forth
may he made to act upon the element 85 to cause
a variable electrical response therein, Energy
from the elemment 96 is fed through an apprepriate
smplification stage or siages 97 and the ouly
from this stage is connected to the primary 28 o
a special transformer. The secondary 99 of the
transformer is center tapped at 188. This center
tap of the secondary is connected to the positive
end of the standing plate voltage supplied by the
nower supply. The two ends or extremities of the
secondary connect to the plate circuits cf the
tubes 68 and 88 through the leads 91 and £92 re-
spectively. This transformer connection, as
shown, is made to the low sides of the plate cir-
cuits of the dual phase control tubes. Thesge W0

LY}
o
|3

tubes, that is to say the two halves of the conirol

cirenit, are thus operated under class C operation
in which modulation by plate veltage variation is
secured. In other words, the tubes 64 and &6 ar
so operated that their output is purely a function
of the square of the plate voltage. The low sides
of the plate circuits of tubes &4 and 88 are by-
rassed o the common ground by condensars 89’
and 81’ and additionally filtered by choke coils ag’
and 88’ respectively, thus preventing feed back
of radio frequency energy through lsads 191 and
£8%. t0 the microphone circuit.

Tt will thus be seen that the output of ths units
of the phase control system, specifically the tubes

2,183,905

24 and 68, independently present a substantially
linear variation with the square of the plate volt-
age. 'The plate voltage is represented by a stand-
ing D. C. voltage with the positive at the plate and
the negative at the cathode or filament. In series
with this is introduced an alternating or pulsating
voltage, thus increasing or decreasing the effective
operating plate voltage. The plate voltage there-
fore is constant when the systemn is unmodulated,
but varies with modulation.

Tt will now be appreciated that when the ele-
ment &8 is actuated one end of the secondary will
have a positive polarity in respesct of this center
tap and at the same time instant the other end
will have a negative polarity. Hence at any
given instant one of the tubes in the control stage
13 will have an increased plate voltage when its
section of the secondary 99 has a positive polarity.
The output of this tube will, therefore, increase.
This increase will be substantially linear following
the ratio of the square of the sum of the standing
plus the peak voltage established at a given in-
stant between the extremity of the secondary and

+the center tap to the square of the standing plate
The other half of the centrol cireult ab

voitage.
this same instant is subjected to negative polarity
and will have a corresponding decresse in plate
voltage. The voltage from either extremity of the
special transformer to the center tap will be the

same 24 any given instant hut will' differ only in .

larity. )

As the amplitude of the output of one half of
the control unit, say tube 84, is increased by the
introduction of positive potential from the trans-
former, the amplitude of the output of the other
half of the circuit, tube 66, is decreased less abso-
fute amount by the simultaneous introduction of
an equal amount of negative potential from the
same transformer. Thus, paradoxically, while
true amplitude modulation is in fact utilized in
cach half of the circuit (i. e., in each tube), the
correlation and interacticn of the tubes and the
Aifferentinl reactance circuits is such as fo com-
pletely nullify or eliminate the amplitude effects
in the final output.

Tt is thus evident that amplitude variations as
such are not utilized in this modification of the
invention. It is to be nofed, however, that the
differentially reactive circuits 88—389 and 9991
are associated with the tures 64 and 68 respec-
tively. The maximum relative load, passing
through tubes §4 and 68, following the microphon-
ic variations, reciprocates frem one-half of the
contrel circuit to the other and is alternately re-
acted upon by the positive and negative reactance
of the differential circuits. There is thus imposed
on the output energy a shift or displacement of
the voltage phase angle corresponding to the
microphonic input, while nevertheless maintain-
ing the frequency of the original cr carrier en-
ergy at o substantially constant value so far as the
modulation factor is concerned.

This will be seen to be true in view of the fact
that the carrier energy is impressed on each the
grid of tuke 64 and tube 66 in exactly the same
frequency amplitude and phase as this energy is
generated in tube 1. Such energy thercfore, up
to its introduction on grids §3 and 6§, is main-
tained at a constant value under all conditions.
As ezplained, the microphonic or modulating ef-
fect operates upcn the output energy from these
last tubes, i. e., tubes 64 and 68, The differential
reactance circuits 88—-28 and 22—3! then operate
upon the energies from tubes 54 and 68 sc as to
modify the voltage inverse cuvrent phase angle
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positions, these positions being a function of or
controlled by the modulating or microphonic cir-
cuit. The energy as thus modulated is then fed
immediately and directly to the antenna, with-
out any further interaction in thermionic devices
and is thus radiated. It will thus be seen that the
voltage inverse current energy and the current
inverse voltage energy are mixed directly in the
output circuit. There can thus be no change in
frequency in the energy radiated from the an-
tenna.

The alternating energy of substantially con-
stant frequency and amplitude but of varying
voltage phase- angle is transferred to the sec-
ondary or antenna circuit, in the manner de-
scribed. Since this secondary circuit is so de-
signed as to have substantially negligible re-
actance, that is to say negligible eifect upon the
microphonically displaced phase angle, the car-
rier wave is radiated as energy of substantially
constant frequency. and amplitude but with a
modulated voltage phase angle.

It will be appreciated that within the scope of
the invention there are a wide number of varia-
tions permissible. A typical example of one of
these is shown in Fig. 2. This illustrates a modi-
fication of the secondary or antenna circuit and
is designed to subserve a number of functions.
In the first place it serves to make the operation
Its operation
is quite analogous to that of a fiy-wheel operating
to lock the medial voitage phase angle of the
secondary or antenna circuit at the fixed prede-
termined value. In one form the circuit may com-
prise a self controlled oscillator {83 provided with
the filament grid and plate elements 184, 105 and
186 respectively. The tube may take the form
of g directly heated cathode and is shown as of
the same type as tube 84 and 66. The cathode
may be connected to a grounding and filtering
network including the resistor 107 and the con~
densers 108 and 108, Heating current is supplied
to the fAlament through the leads {10 which may
be suitably connected to the power supply.. The
plate is connected in C/L circuit with the in-
ductance §!1 and variable condenser or conden-
sers 1§2. The inductance {i{ forms a primary
of a variable inductive coupling to the secondary
circuit, the secondary of which is formed by the
coil {13. This type of circuit is a self controlled
oscillator, the frequencies of the oscillations of
which are a function of the resonant frequency
of the inductance capacity circuit 1{1—1012. The
frequency control circuit is so designed and/or
adjusted as to have the same medial voltage phase
angle as the energy fed through the system from
the frequency generating stage (8. The refer-
ence or medial phase angle of this circuit is the
same as that of the energy fed to the grids of tubes
€4 and 68.

It will be understood that although this circuit
is shown as a self controlled oscillating circuit of
the so-called TNT variety utilizing an aperiodic
grid circuit 185’, it may well take the form of
any suitable externally controlled oscillator.

It will be appreciated from the description of
the apparatus in Fig. 2 that it operates to fix
or stakilize the medial voltage phase angle of
the antenns circuit proper. Since the oscillator
§83 has the inductance {11 and capacitance {§2
so adjusted as to establish its C/L ratio in con-
formity to the C/1 ratio of circuit 3423, it will
function to establish this exact medial voltage
phase angle of the energy in the antenna circuit
proper. In a mechanical sense then it tends to

5

pull the medial phase voltage angle of the an-
tenna circuit into step with its own medial voltage
phase angle and to lock the former in its desired
value.

Since the circuit {1i—142 may be adjusted to
any practically desired value, the tube may be op-
erated at a frequency different from the resonant
frequency of the secondary or antenng circuit. In
such circumstances it will react with the antenna
circuit to produce a beat frequency. By reacting
on the main energy passing through the trans-
mitter sysem with a signal, and in such circum-
stances as to shift the voltage phase angle of the
irequency in accordance with the signal, a new
type of secret signalling system is thus provided.
Such a signal, comprising a variable or shifting
voltage phase angle of a heterodyned transmitted
wave may be received only by a receiving system
designed with particular reference to the trans-
mitter and corresponding precisely with it in the
major functioning principles. By proper adjust-
ment of the circuit f{4—1{12 various other modi-
fied reactions on the energy in the antenna circuit
may be obfained.

The improved results secured with the structure
shown in Fig, 2 'may be achieved with other, and
specifically different, arrangements, such as shown
in Fig. 3. This is illustrated to disclose the utiliza-
tion of an amplifier type of circuit in lieu of the
oscillator type shown in Fig. 2.

The amplifier tube 115 is shown as of the screen
grid, directly heated cathode type. 'The filament
1§8’ is suitably connected to a source of heating
current and like the filament of tube (03 is pro-
vided with an effective grounding and filtering
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arrangement. The grid {16 is capacitively cou-

pled to the main oscillator circuit 10 and is sta-
bilized by the correct degree of negative potential
being introduced through choke coil 44’, the low
side of whieh is bypassed to the common ground
by condenser 45’. The plate 117 is connected to a
circuit comprising the inductance {18 and paral-
lel variable condensers {19 and 120. This C/L
circuit, like circuit {14—1t12, in the preferred op-
eration is so chosen as to constants and is so ad=
Jjusted as to positively establish a medial or ref-
erence phase angle in exact conformity with the
phase angle of the energy transferred from the
oscillator circuit {18 through the coupling con-
denser 4@ to the main control circuit,.

The inductance {18 forms a primary of a vari-
able inductive coupling to the secondary circuit,
the secondary of which is formed by the coil 121.

The tube 115 is shown as excited directly from
the frequency source of the transmitter.
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Like the circuit shown in Fig. 2 the circuit of *

Fig. 3 may be adjusted to preduce any desired
beat note, a harmonic or submultiple of the fre-
guency of the output energy from circuit 18,

" It will be understood by those skilled in the art

that the fly-wheel circuits of Figs. 2 and 3 may

be associated with the antenna circuit in a num-~
ber of ways. The connections shown are merely
for the purpose of illustrating the fact that the
fly-wheel circuit is operated either to effective-
ly stabilize the antenna in respect of its medial
voltage phase angle or modify the antenna energy
to effect secret signalling, or other purposes.

The transmitting circuit shown in Fig. 1, to-
gether with the antenna circuit modification
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shown in Figs. 2 and 3, is given merely to illustrate -

the major concept here involved, that is to accom-
plish modulation by varying the phase character-
istics of an energy of constant amplitude and fre-

quency in order to cbtain a modulated signal.
. {
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Thus in lieu of the method inhering in Fig. 1
the voltage phase angle may be controlled in ac-
cordance with modulating currents by varying
the capacitance-inductance ratio by varying the
capacitance inversely with the inductance, or vice
versa, in one circuit, the resonant period remain-
ing the same. Again, the voltage phase angle
modulation may be accomplished by varying the
voltage phase angle of the resonant frequency of
a piezo electric crystal or a magneto-striction
element, such as a mass of a particular nickel
alloy.

Also this voltage phase modulation may be
achieved by microphonically varying the capacity
associated with an aperiodic circuit; similarly
this same result may be accomplished in this
type of circuit by varying the inductance.

Thus the new type of modulation may be ef-
fected by varying the voltage phase angle output
from a dual circuit composed of two reacting
aperiodic circuits, in one of which inductance
and in the other of which capacitance predomi-
nates. Modulated output may be obtained in
this type by first allowing one circuit to repre-
sent most of the output, and then alternately
allowing the other to represent the major output.

When factors other than the voltage phase
angle are utilized as the effective modulating
means, it will be understood that the receiver
is designed to be actuated by or responsive to
one or more of these three variable factors in
the transmitted signal.

In the embodiment chosen for illustration the
receiving circuit, shown in Fig. 4 is designed to
be actuated by variations in the voltage phase
angle. But as noted above, such receiver may

readily be adapted to be responsive to the other

two variable phase characteristics.

In its essentials the receiver comprises means
to receive the transmitted signals, means for
coupling the signal receiving means to a special
demodulator circuit, means to supply a con-
stituent reacting with the received signal, means
for isolating the reacting demodulating opera-
tion from the output connection, and an element
or elements in the output connection which is
proportionately responsive to the effective modu-
lating energy input. The receiver is also pro-
vided with a power supply for supplying the
power requirements of the operative elements of
the receiver.

As shown in Fig. 4 the receiver proper com-
prises the antenna circuit designated generally
by the numeral 138, the coupling and demodulat-
ing stage 131, which corresponds in general func-
tion to the control stage I2 of the transmitter,
the reacting circuit 132 which serves primarily to
palance out or neutralize the received frequencies,
thus leaving the stage 133 to be operated by the
shifting voltage phase angle, or other phase char-
acteristics chosen and which actuates the signal
responsive element (34,

The receiver is provided with a power supply
entirely comparable to the similar unit in the
transmitter. This is connected to a source of

- power which is usually a sixty cycle A. C. current.

The power line is connected fo a transformer
primary 135. This has such a copper to iron
ratio as to effectively operate on the alternat-
ing energy available. The primary is provided
with taps 138 so as to adjust varying line volt-
ages. 'The secondary comprises a number of dif-
ferent sections 138, 139 and 148. The core 141
is connected, as shown, to common ground so as to
minimize the effects of radio frequency energy
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flowing from the secondary to the primary and
thence to the line and also the energy flowing
from the line to the secondary through the pri-
mary.

Secondary 138, which is designed to supply the
high voltage, is center tapped at t42. The ex-
tremities of this winding each connect to a plate
of a half wave rectifier, two of such tubes 143
and {42 bheing employed to secure iull wave
rectification. The center tap lead 142 forms the
negative pole of the rectifier output.

The secondary section (39 provides the heat-
ing current for the filaments of the rectifier tubes.
This secondary is likewise center tapped by lead
i4% and the tap forms the positive pole of the
rectifier output. The third section {45 provides
the heating current for the tubes in the receiver.
This is center tapped and grounded, as shown at
146.

Like the transmitter power supply, the negative
pole of the rectifier system is connected, through
lead 142, to the negative end of the voltage divid-
ing resistor 147, the negative end of the filter
condensers, the negative end of the stabilizing
condenser. ‘The positive pole is ~connected
through lead (45 to the positive end of the first
filter condenser, first filter reactor, thence
through this reactor to the positive end of the
second filter condenser to the second filter re-
actor, then to the positive end of the third filter
condenser, the positive end of the voltage dividing
resistor, and finally to the point in the receiver
proper requiring the highest positive potential.
Since these parts have been fully described in
Fig. 1, the numerals are here omitted to simplify
the drawings.

Some point near midway on the voltage divider
resistor is connected through lead (48 to com-
mon ground and to the intermediate filter con-
densers. It will be observed that points between
this ground point of the voltage divider and the
positive end may be utilized to obtain varying
degrees of positive potential. Similarly points
betweerni the ground point of the divider and the
negative end may be used to give varying de-
grees of negative potential. The power supply is
thus adapted to fuifill all the power requirements
of the system.

The antenna system which receives the trans-
mitted waves may comprise any suitable aerial
§56. This is connected to the inductance coil 154
and thence to ground. Preferably the leakage
resistance between the antenna and the return

. path should be as high as possible so as to insure

efficient operation,

The circuit {31 is a dual circuit. This com-
prises the thermionic tubes 152 and {58. This
circuit is designated as the amplitude filter de-
modulator circuit since in its operation the trans-
mitted carrier frequency is nullified or eliminated,
leaving only the effective modulation directly in
its pure form. :

The tubes 162 and §53 are preferably, though
not necessarily, of the indirectly heated cathode
screen grid type. Tube 52 is provided with a
heater §54, a cathode or electron emitting ele-
ment 158, a grid 156, plate {571 and screen grid
158. Tube 153 may be of identical construction,
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having a cathode 168, grid 16( and plate 162, -

The grids {55 and I8! are each connected di-
rectly to the high end of a CL circuit composed
of the inductance (63 and the capacitance i684.
The inductance 163 serves as the secondary of
the aerial circuit, being coupled to the primary
151. The circuit 163—164 is so designed and /or
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adjusted as to have a reference or medial voltage
phase angle equal to or coinciding with the medial
voltage phase angle in the transmitter and to
have negligible reactance. The low end of cir-
cuit 163—184 is connected to ground and the
high end, as noted, to the grids in the demodu~
lating circuit.

The cathode 1§55 is connected fto common
ground through the resistance 165 and is by-
passed to ground through the condenser 188§.
Similarly the cathode 189 is connected to ground
through resistance 167 and bypassed to ground
through condenser 168. The function of these
resistances is to allow the plate current IR drop
to impose the optimum positive change on the
cathodes in respect to the common ground. In
this manner, since the control grid circuits re-
turn to common ground, the grids will have a

. charge of the correct sign and value, with re-

- tionally filtered by choke coil
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spect to the cathode. The condensers 166 and
168 establish a short path for the alternating
signal energy between the common ground and
the cathodes.

The screen 158 is bypassed to common ground
through the condenser 169. This screen is addi-
178. Similarly
screen 171 of tube 153 is bypassed to common
ground by condenser 72 and is further filtered
by choke {73. The low end of choke coils 178 and
113 have a common connection to lead 174 and
through this are connected to the power supply
so as to receive the proper degree of positive po-
tential.

The plate circuits of tubes {52 and {58, so to
speak, are functional counterparts of the piate
circuifs of tubes 84 and 58 of the phase control
dual circuit. Thus, plate 187 is connected to 2
circuit including inductance {75 and variable ca-
pacitance 176. Plate 162, of tube 152, is likewise
connected in a circuit including inductance {17
and variable capacitance {18. 'The plate cireuit
of tube 152, as will be seen, contains a preponder-
ance of inductance while plate circuit of tube {53
contains a preponderance of capacitance. . The
two circuits, are designed to present a certain
voltage phase angle. In the circuit of predomi-
nant inductance, the voltage phase angle will
lead that found in the standard or medial volt-
age phase angle circuits. In the circuit of pre-
dominant capacitance, the voltage phase ansle
will lag that found in the standard C/L: circuit.

These two differential reactance circuits are
coupled to individual secondaries, inductance 115
of tube 152 being coupled to the secondary coil {78
and inductance {71 being coupled to secondary
coil 183. The secondaries 178 and 189 are adapt-
ed to be connected together and in the cireuit
thus formed is the capacitance 18{. The capac-
ity 181 is so adjusted that the circuit will reso-
nate at the frequency of the signal being re-
ceived. The ratio of inductance to capacity in
circuit 179—i80—181 is fixed and is so estab-
lished as to cause the voltage phase angle to
equal and coincide with the current phase angle,
or in other words to have unity power factor.

Circuits {75—178 and {1T—!{78 are grounded
and filtered in the same manner as the corre-
sponding circuits connected to tubes §4 and 86
of the transmitter.

Associated with the demodulator circuit just
described is the generator stage 182. In the pre-
ferred embodiment this performs two major func-
tions. First it generates and introduces into the
demodulator circuit oscillations of the exact char-
acter as those generated at the transmitter and

due to the reaction the earrier frequencies, as
such, are nullified or eliminated. In the second
place, due to its operation, it serves to establish
a fixed medial voltage phase angle in the re-
ceiver which serves as the point of reference for
the shiftable voltage phase angle of the signal
as fed to the voltage responsive coupling tube
133. )

The generator stage comprises the tube {32
which preferably is of the indirectly heated cath-
ode screen grid type of tube. This has a cathode
heater 198 suitably connected to the filament
heating secondary (46. The cathode i8¢ is
grounded through resistance 192 and is bypassed
to- ground through condenser 193. The screen
194 is bypassed to common ground through the
condenser 198 and the low end is connected
through the filtering choke coil to lead {74.
Through this lead the screen is supplied with
the correct degree of positive potential,

The purpose of the cathode resistance {89 is to
cause the cathode to have an optimum positive
charge in respect to the common ground, and
in this way, since the control grid connects di-
rectly to common ground, the control grid has
the correct sign and value of charge in respect
to the cathode.

The plate 198 is connected to 2 flexible C/1,
circuit comprising the inductance coil {97 and the
adjustable condensers 198 and {93, The coil {97
is coupled to the variable coupling coil 208 in
the output secondary circuit of the demodulator.
The low end of circuit 197—188 is bypassed to
the common ground through the condenser 20{
and is additionally filtered by choke coil 202, 'The
low end of the choke is connected to the power
supply s0 as to provide for the correct degree of
positive potential. : ’

The variable coupling between the generator
stage and the demodulating stage not only zllows
for the introduction of energy of constant ampli-
tude and frequency but also of adjustable voltage
and current phase angle into the low end of the
secondary circuit of the demodulator. Also this
coupling allows that portion of the signal energy
that is in coil 200 of the secondary circuit (under
the proper adjustment of condensers { 88 and
189) to pull the frequency of the generator cir-
cuit into step or synchronism with the signal fre-
quency. It is to be noted that the inertia of
circuit {9%-—198 does not allow the voltage phase
angle to vary with that of the incoming signal.
Thus the generator circuit becomes g reacting
circuit, the reaction being cffective between the
high end of the secondary circuit 17—208 and
the common ground.

A coupling device which is a voltage operative
unit is connected to the high side of the sec-
ondary circuit of the demodulator. The coupling
tube is provided with an indirectly heated cath-
ode. The heater 265 is connected to the power
supply and the cathode 206 is connected to com-
men ground through resistance 207 and is by~
rassed to ground through condenser 267, the
functions of which have already been described.
The grid 288 is directly connected to the high
side of the secondary circuit 178—{280. Plate 269
connects the output post or terminal 218, The
other output terminal 212 is connected to the
power supply through an isolation filter and line
2t3. The purpose of this isolation fAlter is to
allow the modulation frequencies to remain, in
their pure form, free of any disturbances that
might be introduced through line 213 from the
associated equipment and power supply. Output
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posts 218 and 212 contain the modulation fre-
quencies in their pure form and may be utilized
from then on in any desired manner.

In sound reception, modulation frequency am-
plifying stage or sztages 218 may be employed.

Associsted with the output is the respomsive
device 134. This is representative of any type
of instrument or apparatus that the modulation
frequencies are intended to affect.

The coaction ¢f the several units of the re-
ceiver will now be appreciated. The reactor cir-
cuit is so adjusted that the oscillations gener-
ated therein are in synchronism with the signal
frequency fad to the demodulation circuit, but
are substantially 180° cut of phase with the sig-
nal frequency. From this the interaction of the
reactor stage and the demodulating stage will be
appreciated. Since one Irequency is reacting with
s like freguency, the incoming signal frequency
is thus nullified or eliminated and the grid of the
final coupling tube 33 is stubjected only to static
voltage fluctuations cerrespending to the voltage
phase angle variations.

Tt-will be clear that the only factor that can
alter the plate current of the coupling tube is a
change in the relation between the voltage phase
angles of the local reactor and the incoming sig-
nal. Since the voltage phase angle of the local
reacting energy is esgtablished at a fixed value,
it foliows that the plate current of tube 33 fol-
lows only the variations in the voltage phase angle
of the incoming signal, The plate current, there-
fore, accurately corresponds to the modulating
offects impressed at the transmitter. When

~ these are audio frequency modulating effects and

the responsive device 134 is a loud speaker, or
similar audio respensive unit, the musieal notes
are reproduced in precise faithfulness and full
clarity.

It is particularly to be observed that the
amplitude filter demodulater is, so to speak, of
dual construction. The plates of the two tubes
are connected to C/L eircuits of differential re-
actance. It will be seen that each half of this
dusal circuit will be more responsive to a particu-
1ar voltage phase angle in the received signal,
hence the voitage phase angle modulated sig-
nal esnnct aFect the two halves of the circuit
to the same extent at the same instant. How-
ever, all other characteristics of the received
enargy, not having this variable component, will
be cancelled out since they will affect each half
to the same extent at the same instant. This is
so because the secondary circuit is intercon-
nected in such a way that like values of energy
introduced at the same instant, from the two
halves of the preceding circuit, will oppose each
other and hence cancel out. It will be observed
that if amplitude modulated signals are intro-
duced into the system they will likewise be nulli-
Aed and cancelled because of the special nullify-
ing achion of the dual circuit on this particular
type of energy. Since static is one form of ampli-
rude modulated energy and since smplitude en-
grgy is nullified, this novel receiver is in truth
an amplitude filter.

Again, it is known that the reacticn between
two substantially constant amplitude alternating
energies will simultaneously alter the amplitude
of sach of these two energies. The amplitude
rmodulation thus effected directly follows the
heterodvns heab, or difference between the fre-
quencies. Hetercdyne or beats tetween two or
more sources of alternating energy effect a con-
dition of amplitude modulation on each source of
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energy. Thus heterodyne frequency is energy in
an amplitude moedulated form. The new circuit,
as noted, filters out or nullifies all such ampli-
fied modulated energy. .

To more clearly illustrate this special function
of the dual demodulator circuit, it is so designed
as to permit the effects of amplitude modulation
to feed through the system. As shown in Fig. 4,
in the secondary circuit {79—i80 of the demodu-
lator is connected the polarity reversing switch
2{6. In the normal or usual operation the in-
ductances 179 and 180 are connected together
in such a manner that like values of energy in-
troduced into the secondary from the two halves
of the preceding circuit, at the same instant, will
mutually cppose, and since they are equal they
will nullify each other. However, by connecting
one of the coils {79 or i88 into the secondary
cireuit in the opposite polarity, it will be seen
that such energies will not oppose but will am-
plify each other. It has actually been demon-
strated that a receiver, constructed according to
the circuit of Fig. 4, can be made responsive to
the usual amplitude modulated signals, by proper
operation of switch 216, and that furthermore
amplitude modulations from a nearby high power
station can completely be eliminated while,
nevertheless, phase modulated signals are re-
ceived in full clarity.

In view of this it will readily be apparent that
the improved receiver may be adapted as a dual
functioning device, receiving not only special
phase modulatzd signals but also the typical or
usual amplitude modulated signals. The duality
may likewise be extended to the complete system,
that is to say to the transmitter as well as the
receiver. 'Thus within the scope of the invention
one source of intelligence may be utilized to
effect the amplitude of the transmitted signal,
to secure amplitude modulation, and simultane-
ously another source of intelligence may be used
to effect voltage phase angle modulation. The
two sources of intelligence may be isolated in one
receiver of the proper design or may be received
in two receivers, one of which is responsive to
the amplitude modulated signal and the other to
the phase modulated signal.

This type of dual operation lends itself very
readily to secret signalling. It is understood how-
ever that the preferred form of commercial utili-
zation of the phase principle involves the use of
the special type of transmitter and receiver de-
scribed inasmuch as when operating with this
novel system the disadvantages of amplitude
modulation discussed hereinbefore are elim-
inated.

The reactance circuits 175—176 and {T7—I118
have been described as of a differential reactance,
one of the circuits being inductive in reactance
and the other capacitative. These have been
described as of fixed or established value, that
is to say their constants are unaffected by the
modulations in the system for any given opera-
tion. It will be readily understood, however, that
in the receiver, by the proper utilization of ad-
justing mechanism, such as gang control sys-
tems, these two circuits may be varied in their
absolute values so as to tune the receiver to
carrier waves of different frequency.

It is to be understood, therefore, that the ap-
pended claims are to be limited, in interpretation,
only by the prior art and within the compre-
hensive scope of the invention as defined herein.

I claim:

1. In an apparatus for implanting intelligence
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on an electrical wave energy of predetermined
amplitude and frequency comprising branch cir-
cuits connected in parallel to a source of carrier
waves, means for amplifying the energy in each
branch, means for implanting intelligence dif-
ferentially on the amplitude characteristic of the
energy in each branch, transformers having a
reactive primary connected in each branch, the

-reactance in the primary of one transformer be-

ing equal in extent and of opposite sign to that
of the other, means for coupling the secondaries
of the two inversely reactive transformers to a

common series circuit from which the energy is

radiated. ‘ :
2. Ina phase modulating apparatus, means for
generating an electrical energy wave, branch cir-

cuits through which the energy is directed, a

capacitative reactive transformer in one branch

and an inductive transformer in the ‘other

branch, said transformers having their second-

9

aries connected in series, means to cause differ-

ential amplitude modulations within the branches v

in accordance  with superimposed intelligence
energy and means to radiate the.energy from
the secondary circuit of the transformer, the
transformers being so adjusted that there shall

be radiated a wave of substantially constant am-

plitude with wave variations therein correspond-
ing to the superimposed intelligence, o

-3. Means for impressing phase modulations at
signal frequency on carrier frequency oscillations

including, a pair of thermionic tubes having their:

input electrodes energized by said carrier fre-

~quency oscillations, means for varying the im-

pedance of said tubes in phase opposition at sig-

nal frequency, and tuned circuits connected with
the output electrodes of said tubes for relatively
shifting the phase of the oscillations repeated in.

said tubes. . ]
MARSHALL LYTTON DULL.
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