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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
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 concep_t

can, well be explained by an embodiment in
radio transmission and reception, and since this

field includes the essentials of facsimile trahsmis--

sion and remote control, this particular embodi-
ment will be chosen for illustration. |
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.

Another object is to devise a system of modula~
tion which increases the utlllty of the radm |

broadcasting spectrum.

A further object is to provide a novel system of'

radio transmission and reception. -
Yet another object is to provide a new system
of transmitting and receiving intelligence util-

1zing electro-magnetic waves as the carrier or

transmitting medium.

Yet another object is to provide a novel method,'

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: |

Fig. 1 is a circuit diagram of one type of
transmitter.

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

Pig. 3 is a further modification of a transmitter
made in accordance with the present invention.

Fig. 4 is an electrical diagram of a receiver.

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

Fig, 6 is a graphic illustration of the type of
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
In Hig., 8 is shown
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
in a mechanical anhalogy may take the form of a

(CI,

lateral displacement of one of _.the phase com-

250—-—-17)

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 refains its identity of fre~

5_

10

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-

15

ceiving system deﬂgned 10 be responswe to a

transmitted wave of varying phase o
The essential differences between amphtude
type of modulation and the new system of phase

relationship may be more readily comprehended

by a study of the mechanical analogy depicted in

~PFig. 7. 'Whereas in the amplitude modulation

system, as shown in Fig. 6, the modulation fre~
quency may be considered as superimposed on

the operation of the new system may be consid-
ered as comprising & helix. Durihg modulation
the dimensiongs 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 moduwlating factor to a

predetermined degree on opposite sides of the
half wave.
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
cscillating or reciprocating fa,ctor 1s. one of the

phase components.

As will be explained more fully, 2. number of_
the components of the phase of the carrier energy
may be utilized to effect modulation. In order to

20
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the carrier to give a new resultant wave form—
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clearly explain the system a preferred modifica-

tlon involving the utilization of Voltage phmse
angle will be described. -

In the operation of the 1mproved system the
equivalent of one hundred percent modulation is

650

represented by a condition in which the voltage

phase angle of the carrier, at the transmltter 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
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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 alternafing

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 cr 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 energyv of a mean or intermediate voli-
age phase angle, produces the exact form and
character of the modulation energy used at the
transmitter. At this point it will be appg_gciated
that since thermionic tubes are voltage operated
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. _
either cptional or automatic.

The transmitting circuit, as shown in Fig. 1,
comprises essentially a stage {8 for generating
radio frequency oscillations (or the other oscil-
lations utilized as a carrier), the isolating stage
{1 and the effective phase control stage 2. The
phase control stage 12 is associated with a stage
i3 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 1l 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 examnle as changing or varying the load
taken from the generator stage and fed thrcugn

 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

- staze {2 were common to one circuit.

Similarly the phase control circuit 12 sub-

serves a dual function. In the first place, it

60

70

20 and lead 28.

75

modifies the phase characteristics of the alter-
nating energy from the output of the generator
stage, in accordance with the input energy from
the intellizence source 3. In the second place
it serves to pass on the frequencies from the
cenerator stage with unvarying output amplitude
and frequency. |

Tt will be seen from an inspection of Fig. 1

- that the tubes comvprehended within the differ-

ent stages are fed from a power supply 4.

- The power supply may comprise a power line
{5 connected to transformer {71 at primary 6.
This winding has a voltage adjusting tap 23.
The core of the transformer is grounded at 3.
The transformer is provided with a plurality of
secondaries 18, 29, 21 and 22. Secondary {8
stupplies high voltage tc the rectifying and fila-
ment system, consisting of rectifying tubes 29
and 25: and filament heating winding 28; tap
Tap 24 of secondary (9 is the
negative terminal connecting to voltage dividing

Manifestly such control may be made

2,183,905

resistor 27, 'Tap- 20’ of secondary 28 is the posi-
tive terminal connecting to lead 28. Secondary

28 as sbove noted, supplies heater current to

the rectifying tubes. Secondaries 21 and 22 sup-
nly 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 271 1is
connected to the common ground 28 and to the
intermediate filter condensers 38. It will be seen
that since the cathcdes 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
froin 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 entireiy a point of reference
in the radio system to which the transmitter will
oprerate. The radio f{requency generatol! may
comprise a thermionic tube 3! and is preferably
of the indirectly heated cacthode, screen grid type.
This is provided with a cathode and a heating
element for the cathode.

As shown, the cathode or electron emitting
element is connected to the common ground
through the potentiometer resistance 22. The
moving arm of the potentiometer, by-passed to
the comimon ground by condenser 33, 1S con-
nected to the control grid of the tube. The pur-
nose 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
secreen and plate current drawn by the tube

may be controlled.

In the tube shown in the illustration the screen
carries a higher potential vaiue than the plate

and is thus operated on the dynatron or sec-

ondary emission prineciple. The frequency of

oscillation of the tube is governed by the reso-

nant periocd of the osecillating circuit connected
to the plate and comprises the inductance 34 and
variable condenser 3%, The low side of this
circuit, as well as that of the screen, is bypassed
to the common ground by the condensers 286 and
a1 and is additionally filtered by choke ceils 38
and 39. The output of the oscillator is taken
off from the high side of the plate circuit by the
variable condenser 4¢. The utilization of a var-
iable condenser at this point allows for a varia-
{ion of the excitation to the subsequent tubes
in the system. | |
‘The output of the oscillation gencrator stage
{8 is connected through the variable condenser
48 to the isolating circuit {{. It will be noted at
this point that this cireuit 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 ! and
the phase conuvrol ¢ircuit i2. The output of the
oscillation generator 1s therefore connected
through the variable condenser £3 and leads 41
and 42 respectively to the control grids of ther-
mionic tubes 42 and 48. 'These tubes, similarly
to the tiihe employed in the first stage, are of the
indirectly heated cathode screen grid type, al-
though manifestly other specific types may be
employed,
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This isolation circuit, therefore insures a sta-
pility of frequency output from stage 10 and
also insures the proper functioning of the umts
in the phase control circuit. |

The cathodes of the tubes in stage (i are
directly connected to the common greund 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.
the control grids to follow the excitation of the
Irequency source {8 and at the same time to be

under the stabilizing control of a censtan’r value of

negative potential. The low end of the choke coil

44 is bypassed to ground by the condenser 48.

This low end is also connected, as previously

described, to the correct degree of negetwe poten-

tial at the power supply, through the lead 46.
- The screens of tubes 43 and 44 are bypassed to

giround by condensers 47 and 48 respectively and
are additionally filtered by choke coils §9 and 58.

The Iow end of these choke coils go to 8 common

connection, lead 1 and through this are supplred-

with the proper degree of peertwe poteﬁtml from
the power supply. |

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
vl—1E3 is bypassed to the common ground by con-
denser 58 and is additionally filtered by choke coil
91. The low end of choke coil 57 is connected: by

12ad 58 to the correct degree of positive potential

1n the power pack. Similarly circuit 34-—55 is by-
passed, through condenser 58, to the common
ground and is addltlenally ﬁltered by choke coil
66. Choke coil 68 connects with lead 58 and thus
the plate of tube 24 is supplied with the correct

degree of positive potential from the power supply.
"The plate circuits of tubes 3 and 44 are con-
nected through the coupling condensers 84 and 62
to the control elements, i. e., the grids, of the tubes
Thus coupling con-

in the phase control unit.
denser 8i is directly connected with the grid 63 of
the tube €4, while coupling condenser §2 is directly

connected v.nth the centrol orid 85 of thermlomc )

tube §86.

The grids of tubes 64 and 66 are each connected |

Thus grid 83 is connected
_to the circuit mcrudmg inductance 67 and variable -

to special C/L circuits.

capacity. 8. Similarly grid €5 is directly con-

nected to the circuit meludmg inductance 59 and

varigble capacity T8.

It will thus be seen that t’le C/L erreurts 52-—-53_' |
and §4—39, associated with the tubes 43 and 44,

and the C/L circuits §7—%8 and §9—10 connected

in the grids of the phase control unit, form. an
interstage counling between the isolating stage 11
‘The constants of
these circuits are so chosen as to insure energy
input from stage 18 to the control grids of stage 12

and the phase control stage 2.

with undisturbed phase characteristics. The cir-
cuit is 80 designed that the energy from the oscil-

lator stage is fed to the control elements of the

modulation stage with unchanged and undistoried
phase. With the type of interstage coupling
shown, this can in most circumstances be secured

ey naving the constants of the several C/L mrcmts

of the same value.

Like the isclating stage, the phe,er.. centrel stege |

comprises in effect a dusl circuit. The two tubes
employed in this circuit are disclosed as of the
directly heated cathode type.
vided with a cathode 71 which is connected to the

1his choke coil allows

- through condenser 83 and additional
The plate of tube 43 is connected te the C/L N

circuit including the inductance 52 and the capac-

1 B

ine

The tube 64 is pro-

grounding and ﬁltermg network comprrsed by
resistor 12 and the condensers 13 and 74.

-The
function of the resistor is to permit the connection
~ of the electrical center cof the filament to the
common ground. The condensem function to

cifer a short path to the common ground for thej__, a
radio frequeney energy operating within the cir-

“cuit and secondly to stop or block this energy from
- Iollowing the cathode wires to the power eupply

This is fo Insure the stability in previous. portions

~ of the transmitter circuit whmh operate at a lower
level of radio frequency energy. The cathode and

the associated connections of tube 66 are identical

10

“with those of tube 4. ~'Thus" the cathode 75 is

- connected to the 21 eundmg and filtering network
including resistor 78 and condensers .17 and ?8

The heating current for cathodes 74 and 75 is .

78 and 80.

It will be noted tha,t the low pemt ef mduetance
87, which is bypassed through the tap to the com-

mon ground by the bypass condenser 8¢, is addi-

tionally filtered by choke -coil 82. Slmlle,rly that
point on inductance 69 is bypassed to. ground

secured through choke coil 84.
coils 82 and 84 are connected eemmen to lead 85

and are supplied through Lhrs lead, from the

power supply, Wlth the cerreet degree of neﬂ*atwe
votential. - | -

The tenpmg errengement orn 1nduetancee er

~and @3 is an important feature of the present
This is desirable in order that a

embpodiment.
source of radio frequency petemle,l opposite in

Instantaneous polarity to that introduced on the
control grids, may be available and by the use of

11termg is
Tne low end of

- obtained fr 0111 the pewer supply thleugn lea,de

25 .

30

condensers 86 and 87 this energy may be fed to the

plates. Condensers 86 and 87 are properly ad-
Justed g0 as to completely neutralize the effects of

the inter-electrode capacities between the control’

It will be
understood that the neeees%y *"‘er neutralization of

the infer-electrode eapeelty Is in a sense Inherent

grid and plate of tubes 64 and B86.

in the triode tube.

The plate of tube 54 is dlreetly cermected with

the C/L circuit comprising inductance o8 and

variaple capacitance 88.
Iuemg the

Thus, as shown

| Similarly the plate of -
tube 66 is connected with the circuit in

inductance 98 and associated V&I‘l&bTe eapaeltenee e
| 50
Ccir emt ﬁﬂ—-—&@ has a prepen-' S

derance of mductance and is, therefore, mductlve--- B

e ]

voltage in that circuit tolead the cur rent,

derarice 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 ener gy fr om”

ect, that is to say it functions to cause the - R
Circuit .
66—981{, on the other hand, contains a prepon- 5 -

65

the oscillator stage 10 is fed through the isclating .

circuit with its phase charmeterlstlce ‘ll"ICh&Il'TF*d
Assuming this energy fed into the tubes of the

60

control stage 12 to be of the reference or standard

_ voltage phase angle, it will be- seen that the cir-
cuits 88—89 and 80—9 operate eerummtly and- -
sequentially to shift the. voltage phase angle -of. 6o -
Thus these
two circuits cause the voltage phase angle to emft.

the energy to lead and lag positions.

or reciprocate with respect to the main or med 1'-_'

phase angle established at the: ﬁscﬂle‘fee staga,
~ Circuits 88—89 and %9—8! are associated or. o
coupled to a radiator Whleh fw'letrem to transmit
or radiate energy with thsa med fied phase. angle.
In order to eliminate unde51red shifting or dis-
tortmn ef the phase angle in the erlterme proper

?

75, o
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then lagging the medial phase angie.

4

the antenna circuit is designed so as to have a
negligible reactance. | | |
At this point it will be apprecmted that if de-
ces gre asscciated with the output circuits of
-:.beh, 88 and 68, which modify the phase angle
1ift proporticnately to the intelligence Input
uL.L@l oy in the devices, a definite means of modu-
1sting the radiated signal in scecordance with this
input energy is available.
a8 of tubes 54 and 8% respectively are coupled 1o
mu...vzdua,.. sccondary sections 92 and 93, These
two inductances or secondary sections ar di“ﬂctly
connected together. ACross the ext: emltwu of the
cireuit thus formed is conhected tie ca pacitance
94, The circuit is completed with ine radiator or
ntenna §5. The capacitance 1S sO Lhdjuc‘tt_.d 25
+ cause the antenna circuit to rescnate av the
froquency which is desired to be utilized and
which is generated at oscillator 18. This anienna
circuit is adjusted to have as 10w & I'e actance as is
practically powsubie “In other words the capacity
to inductance ratio in this circuit is so adiusted &3
to cause th'er voltaﬂ*e phase angle to equal ana co-
incide with the current phase angle.
In this transmitter when no microchonic cu

‘Viﬂmn

rents are utilized the signal emaaatmﬂ from the.

antenns is 2 pure radio frequency wave, the voli-
age phase and current phase angle of W"lluh coin-

cide, giving it a unity pawer factor. ¢
of the wave, namely frequency, energy phase
sirele, wave form and amplituce, remain . fxed
undel this ynmodulated condition. When, noOw-

evear, modulation is 1mp03ed the voltage phase

angle is made to vary, the angle first leading and
Tt will be
ncted 21s0 that the power factor of the energy
lrewice varies as it is governed by the instan-
+sneous voltage and current phase angie.

When the present structure 1s. used for radio
nroadessting, a source ci variable or mogduiates
sneregy is provided. This source may be g micre~
phonsz 68 Tn lieu of a microphone, of course,

any device which 1s e;ectrlcally responsive propor
tionately to variations In tne factor fto be
rransmitted may be employed. Thus variations in
sound, lighi, temperature, pressure and 30 forin
may he made to act upon the element 85 to cause
o, variable electrical response therein. nergy
frorm the element 86 is fed through 8?"] aeproprig
amplification stage or siages 97 and the oulnu
frem this stage is connecied to bh? pm mary 96
o, 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 of the
+1hes 64 and 66 through the leads 181 and 9% re-
anectively.  This transformer connection. as
shown, is made to the low sides of the plate cir-
cinits of the dual phase control tubes. These TwWo

tuhes, that is to say the two halves of the confbrol

11*(3:'11; ara phus one*'ated vnder class C operation

in which modulatlon by plate veltage variation is

secured. In other words, the tubes B8 and b5 are

 so overated that their output s pur ely a function

70

75

| --.nrﬁ;:ﬁrﬂ

of the souare of the plate Volﬂlﬁﬂ'“ The low sides
of the plate circuits of tubes 84 and 8% are by-
Fettialae) the common ground Dy condenssrs ‘“‘"‘%’
and Qf’ amd additionally ﬁltered by choke coils 3%/
angd S8 respectively, thus preventing ieed ba.ug
mt “adlo {requency energy through leads 191 f‘n

0% t0 the microphone circuit.

I{ will thus be seen that the output of the
of the phase control systﬂm SDBClﬁf‘& Iy tbe tubes

gpnerating plate voltage.
The inductances 88 and

- wrill

! factors

e
13t
R

£
L4

- tively,

the voltage phase
microphonic input, while nevertheless maintain-

11TS

-2,183 905

2 and 88, 1ndependently present a substantially
11near 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 ser ies

with this is introduced an alternating or pulsating
voltage, thus increasing or decreasing the effective
The pnlate voltage there-
fore is constant when the systein is unmodulated
bu’r varies with modulation. |
t will now be appreciated that when the ele-
r'lent 08 is actuated one end of the secondary will
have a positive polarity in respzct of this center
tap and at the same time instant the other end
have o negative polarity.
gwen instant one of the tubes in the control stage
5 will have an increased plate voltage when its
sec tion of the secondary 99 has 8 positive polarity.
The output of this tube will, therefcre, increase.
Thig incrsase will be substantially linear following
the ratio of the square of the sum of the standing
plus the peak voltage established at 2 given in-
stant betwesn the extremity of the secendary and

+he center tap to the square of the standing plate
The cther half of the control circult at

VOILass

L-ﬂ.l,,_-'_:;..-i

Hence at any

10

15

20

25

this same instant is subjected to negative polarity

and will have o corresponding decrease in plate
voltage. The voltage from either extremity of the
special transformer to the center tap will be the
same 2t any given instant kut will differ only In
nolarity. |

As the amphtude of the output of one half of
the control unit, say tube 64, is increased by the
introduction of pesitive potential from the trans-

former, the amplitude of the cutput of the other
half of the circuit, tube 88, is decreased less abso~-

iute amount by the simultaneous introduction of
an eqml amount of negative notential from the
aame transformer. Thus, paradoxically, while
true amplitude modulation '-s in fact utilized in
cach half of the circuit (i. 2, in each tube), the

correlation and interacticn ef the tubes and the
Aifferentinl reactance circuits is such as to com-
pletely nullify or eliminate the amnplitude effects

in the final output.
Tt is thus evident that amplitude variations a8

such are not utilized in this modification of the
invention. It is to bhe ﬂo”ed haowever, that the

30

35

40

45

differentially regactive circuits 88—389 and 999§

are asscciated with tae tuhes 84 and 68 respec-
The maximum relative load, passing
throuch tubes 84 and 6%, following the microphon-

i¢ variations, reciprocates from one-half of the

contrel circuit to the ether and is alle:x nately re-
acted unon by the positive and negative reactance
of the differential circuits.
on the outnut energy a shift or displacement o1
angle corresponding o the

ing the frequency of the original or carrier en-
ergv at a substantially constant value so far as the
modulation factor is concerned.

This will be seen to be true in view of the iact
that the carrier energy is 1mpre55ﬂd cn each the
grid of tuke €4 and tube 66 1n exactly the same
freguency am@;iitude snd phase as this energy i3
cenerated in tuke 2{. Such energy therefore, up
to its introduction on grids 63 and 6§, is main-
tained at a constant value under all conditions.

~ As explained, the microphonic or modulating ef-

fect operates upen the output energy irom these
1ast tuhes. i. 2., tubes 64 and 68, The differential
veactance circuits 88—-28 and 82—31 then operate
upon the energies from tubes 54 and 686 so as to
modily the voltage mverse current phase angle

There is thus imposed

650

55

60

65

70

L3



10

18

25

40

45

50

95

G0

sers 1§2.

2,183, 905

positiomns, these positions bemg 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 anfenna, 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 radla,ted frem the an-
tenna.

The alternating energy of substentmlly con-
stant frequency and amplitude but of varying
voltage phase angle i1s transferrad 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 tc say negligible effect upon the
microphonically displaced phase angle, the car-
rier wave is radiated as energy of subsiantially
constant frequency. and amplitude but with a
modulated voltage phase angle.

It will be eppreelated that within the scope of

the invention there are a wide number of varia-
tions perimissible. A typical example of one of

these is shown in Fig. 2. This illustrates a modi-
fication of the secondary or anienna circuit and

is designed to subserve a number of functions.
In the first place it serves to make the operation
of the transmitter more flexible. Iis cperation
is quite analogous to that of a fly-wheel operating
to lock the medial voltage phase angle of the
secondary or antennsa 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, {85 and
188 respectively. The tube may take the form
of a directly heated cathode and is shown as of
the same type as tube 84 and §6. The cathode
may be connected to a grounding and filtering
network including the resistor (07 and the con-
densers 108 and i88. Heating current is supplied

to the filament 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 141 and variable condenser or conden-

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 cof the resonant frequency
of the inductance capacity circuit 1i11—[0{2. 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 (3. The refer-
ence or medial phase angle of this circuit is the

same as that of the energy ied to the grlds ef tubes

64 and 58%.
- It will be understood that although thls circuit

is shown as a self controlled oscillating circuit of

the so-called TNT variety utilizing an aperiodic
orid circuit 185/, it may well take the form of
any suitable externally controlled osciflator,

It will be appreciated from the descrlptlen of
the apparatus in Fig. 2 that it operates to fix
or stakilize the medial voltage phase angle of
the antennsg circuit proper.

so adjusted as to establish its C/L ratio in con-
formity to the C/I ratio of circuit 34-—25, it will
function to establish this exact medial voltage

phase angle of the energy in the antenna circuit

proper. In 2 meeh nical sense then it tends to

The inductance {i{{ forms a primary
of a variable inductive coupling to the secondary

Since the oscillator
$82 has the inductance ¢1i and capacitance {12

_queney in order to obtain a modula,ted s1gna,1

pull the medlal phase voltage angle of the an-
tenna circuit into step with its own medial voltage
phase angle and to leck the fermer in its desired
value

Since the circuit §1{—1i142 may be adJusted to.
-any practically desired value, the tube may be op-

erated at a frequency di:ferent_frem the resonant

frequency of the secondary or antenng circuit. In

such circumstances it will react with the antenna
circuit to produce a heat frequency. By reacting

5
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on the main energy passing through the trans-

miteer sysem with a signhal, and in such circum-
stances as to shift the voltage phase angle of the
frequency in accordance with the signal, a New
type of secret signalling system is thus provided.
Such a slgnal, comprising a variable or shifting
voitage phase angle of & heterodyned transmitted

wave may be received only by a receiving system

designed with particular reference to the trans-
mifier and corresponding precisely with it in the
major functioning principles.
ment of the circuit [ §§—112 various other modi-
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By proper adjust-

fied reactions on the energy in the entenner circuit

may be obfained.
The improved results secured with the structure

shown in Fig. 2 may be achieved with other, and

spemﬁcally different, arrangements, such as shown
in Fig. 3. Thisis illustrated to disclose the utilizg-
ticn of an amplifier type of circuit in 11eu ef the
oscillator type shown in Fig. 2.

The amplifier tube 115 is shown as of the screen

- grid, dlreetly heated cathode type. 'The filament

116’ is suitably connected to a source of heating
current and like the filament of tube 102 is pro-
vided with an effective grounding and filtering
arrangement. The grid {16 is capacitively cou-
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Pbled to the main oscillator circuit 10 and is sta- .

being mtroduced through choke coil 44, the low

- side of which 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 {20. This C/I,

circuit, like circuit {14—1t{2, in the preferred op-

eration is so chosen as to constants and is so ad=

erence phase angle in exact conformity with the
phase angle of the energy transferred from the
oscillator circuit {8 through the eouphng eon-
denser 40 to the main control circuit,.

~bilized by the correct degree of negative petentml o

40

b0

The inductance {18 forms a primary of a vari-

able inductive coupling to the secondary circtiit,

the seeondary of which is formed by the coil {21.
The tube ({5 is shown as excited directly from
the frequency source of the transmitter,

~Like the circuit shown in Fig. 2 the circuit of

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

I 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-
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65
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 antenns circuit medﬁcetmn

70

shown in Figs. 2 and 3, is given merely to illustrate

the major concept here involved, that is to accom-
pilsh modulation by varying the phase character-

istics of an energy of constant amplitude and fre-

{

45
justed as to positively establish a medial or ref- =~
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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 withh the inductance, or vice
versa, in one circuit, the resonant period remain-
ine 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 moau.latmn 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 ocutput
from a dual circuit composed of two reacting
gperiodic circuits, in one of which inductance
and in the other of which capacitance predomi-
nates. Modulated outpuct 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 Ior
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 18
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 recelver. | |
As shown in Fig. 4 the receiver proper com-

'puses the antennga circuit designated generally

by the numeral {30, the coupling and demodulat-
ing stage 131, Whlch corresponds in general func-
tion to the control stage 12 of the transmitier,
the reacting circuit 132 which serves primarily to
balance 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 to a transiormer
primary {35. This has such a copper to iron
ratio as to effectively operate on the alternat-
ing energy a,vallable 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, 138 and 148. The core 4
is connected, as shown, to common ground so as to
minimize the effects of radio frequency energy

- condenser.

filter condenser,
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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 144 bemg employed to secure full wave
rectification. The center tap lead 142 forms the
negative pole of the rectifier output. .

The secondary section 138 provides the heat-
ing current for the filaments of the rectifier tubes.
This secondary is likewise center tapped by lead
169 and the tap forms the positive pole of the
rectifier output. The third section {40 provides
the heating current for the tubes in the receiver.
This is center tapped and grounded, as shown at
146G,

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 1487, the negative end of the filter
condensers, the negative end of the stabilizing
The positive pole 1is " connected
through lead (49 to the positive end of the first
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 herse omltted to sunphfy
the drawmgs |

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
aegrees 0Of positive potential. Similarly points
betweern 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 fulfill all the power requirements
of the system. |

The antenna system whmh receives the trans-
mitted waves may comprise any suitable sgerial
{56. 'This is connected to the inductance coil 151
and thence to ground. Preferably the leakage
resistance between the antenna and the return

- patix should be as high as possible SO as to insure
- efficient operation.,

'The circuit i3{ is a dual circuit. 'This com-
prises the thermionic tubes 152 and (53. This
circuit is designated as the amplitude filter de-
rmodulator 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 (82 and 193 are preferably, though
not necessarily, of the indirectly heated cathode
screen grid type. Tube 52 is provided with a
heater 94, a cathode or electron emitting ele-
ment 158, a grid 156, plate 157 and screen grid
[58. Tube 153 may be of identical construction,
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having a cathode 168, grid i6f and plate (62, -

The grids {55 and (8! are each connected di-
rectly to the high end of a CL circuit composed
of the inductance (63 and the capacitance 164.
The inductance 163 serves as the secondary of
the aerial circuit, being coupled to the primary
131, 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 transmitier and to -

have negligible reactance. The low end of cir-
cuit 163—164 is connected to ground and the
high end, as noted, to the grids in the demodu-
lating circuit. - | '

The cathode !55 18 connected to common

ground thirough the resistance (65 and is by-
passed to ground through the condenser (6%
Similarly the cathode 189 is connected to ground
through resistance {67 and bypassed to ground
through condenser {68. 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-
spect to the cathode. The condensers {66 snd
168 establish a short path for the alternating

signal energy between the common ground and
the cathodes.

The screen {58 is bypassed to common ground

through the condenser 169. This screen is addi-
118, Similarly
screen IT! of tube 153 is bypassed to common
ground by condenser {712 and is further filtered
by choke {73. The low end of choke coils {78 and
113 have a common connection to lead {74 and
through this are connected to the power supply
s¢ as to receive the proper degree of positive po-
tential. |

The plate circuits of tubes {52 and 153, so to
speak, are functional counterparts of the piate
circuits of tubes 84 and 68 of the phase control
dual circuit.
circuit including inductance {75 and variable ca-
pacitance 176. Plate 162, of tube 152, is likewise

connected in a circuit including inductance {77

and variable capacitance {78. 'The plate circuit
of tube 152, as will be seen, contains a preponder-
ance of inductance while plate circuit of tube 153
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 angle
will lag that found in the standard C/L circuit. .

These two di
coupled to individual secondaries, inductance {15
of tube {22 being coupled to the secondary coil {75
and inductance {711 being coupled to secondary

coil 188. The secondaries {78 and {88 are adapt-

ed to be connected together and in the circuit
thus formed is the capacitance {8!{. 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 {789—7180—181 is fixed and is so estab-
lished as to cause the voltage phase angle to
equal and coincide with the current rhase angle,
or In other words to have unity power factor.
Circuits {15—I178 and (TT—!78 are grounded
and filtered in the same manner as the corre-
sponding circuits connected to tubes §2 and 86
of the transmitter. -
Associated with the demodulator circuit just
described is the generator stage 132. 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

to the cathode.

Thus, plate 157 is connected to gz

erential reactance circuits are

- the common ground.

such, are nullified or eliminated. In the second
vlace, 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

7.

due to the reaction the carrier frequencies, as |

the shiftable voltage phase angle of the signal |

as fed to the volfage responsive coupling tube
{33. B |

The generator stage comprises the tube 132
wnich preferably is of the indirectly heated cath-

cde screen grid type of tube. This has a cathode

heater 188 suitably connected to the filament
heating secondary (48. The cathode [8¢ is

‘grounded through resistance 192 and is bypassed

to- ground through condenser 193. The screen
194 is bypassed to common ground through the

condenser (8% and the low end is connected

10,

15

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 162 is to
cause the cathode to have an optimum positive
charge in respect to the common ground, and

20

In this way, since the control grid connects di-

rectly to common ground, the control erid has
the correct sigh and value of charge in respect

The plate 18§ is connected to 2 ﬂexible/ C/L
circult comprising the inductance coil {97 and the
adjustable condensers 198 and {99 The coil {97

1s coupled to the variable coupling coil 200 in

the output secondary ecircuit of the demodulator.

- The low end of circuit 197—198 is bypassed to

the common ground through the condenser 20
and 1s additionally filtered by choke coil 202. The
low end of the choke is connected to the power
supply so as to provide for the correct degree of
positive potential. R ” |

- The variable coupling between the generator

stage and the demoedulating stage not only zaliows
for the introduction of energy of constant ampli-

tude and frequency but also of adjustaeble 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 {93 and

153 to pull the frequency of the generator cir-

cuit into step or synchronism with the signal fre-

Bi2

Quency. It is to be noted that the inertia of
circuit {97—198 does not allow the voltage phase

angie to vary with that of the incoming signal.

Thus the generator circuit becomes g3 reacting
circuit, the reaction being effective between the
high end of the secondary circuit 179—208 and

A coupling device which is a voltage operative
unit is connected to the high side of the sec-
ondaary circuit of the demodulator. The coupling
tube Is provided with an indirectly heated cath-

- ode. The heater 205 is connected to the power
supply and the cathode 286 is connected to com-

men ground through resistance 207 and is by~

passed to ground through condenser 267’. the

functions of which have already been described.

‘The grid 208 is directly connhected to the high
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side of the secondary circuit {79—{88. Plate 289

connects the output post or terminal 2{8. The
other -output terminal 212 is coannected io the
power supply through an isolation filter and line
2{8. The purpose of this isolation filter is to

aliow 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. Outpuk
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posts 218 and 2{2 contain the modulation ire-
quencies in their pure form and may be utilized
Irom tien on in any desired manner.

n sound reception, modulaticn frequency am-
plifying stage or stages 2% may be employed.

Associsted with the output is the respomnsive
device i134. 'This is representative of any type
of instrument or apparatus that the modulation
frequencies are intended to affect.

The coaction of the several units of the re-
ceiver will now be appreciated. 'The reactor cir-
cuit is so adiusted that the oscillaiions gener-
ated therein are in synchronism with the signal
frequency fed to the demodulation circuit, but
are substantiaily 180° cutb of phase with the sig-
nal frequency. rrom this the interaction of the
reactor stage and the demodulaling stage will be
appreciated. Since one ireguency is reacting with
o, like freguency,
o thus nullified or eliminated and the orid of the
final coupling tube $33 is subjected only to static
voitage fiuctuations cerresponding to the voltage
phase angle variations. |

Tt wiil be clear that the only factor that can
alter the viate current of the coupling tube is a
change in the relation between the voltage phase
angles of the local reactor snd the incoming sig-
nal. Since the voltage
reocting energy 1s octahlished at a fixed value,
i+ follows that the plate current of tube {33 1fol-
lows only the variations in the voltage phase angle
of the incoming signal. The plate current, there-
fore, accurately corresponds to the modulaving
oftects impressed at the transmitter. When
+hese are audic freqguency modulating effects and
the responsive device 138 is a loud speaker, or
<imilar audio respensive unit, the musiecal notes
are reproduced in precise faithfulness and full
clarity.

It is wparticularly 1o be observed that the

smplitude filler demodulater is, so to speak, of
dual construction. The plates of the two tubes
are connected to C/L circuits of differential re-
actance, It will be seen that each half of this
dual circuit will be more responsive to a particu-
1ar voltage phase angle In the received signal,
nence the voltage phase angle moduwlated sig-
nal ecannct afect the two halves of the circuit
to the same extent at the same instant. How-
ever, all other characteristics of the received
enzrgy, not having this variable component, will
he cancelled out since they will affect each half
ta the same extent at the same instant. This is
<o bhecause the secconaaily 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. 1t will be observed
that if amplitude modulated signals are intro-
duced into the system they will likewise be nulll-
Aed and cancelled because of the special nullify-
ing action of the dual circuit on this particular
tvpe of energy. Since static is one form of ampll-
1ade modulated energy and since amplitude en-
ergy is nullified, this novel receiver is in truth
an amplitude filter. |

Again, it is known that the reaction between
rarn substantially constant amplitude alternating
energics will simultaneously alter the amplitude
of each of these two energies. The amplitude
rnodumiation thus effected directly follows the

‘heaterodvne beat, or difference between the ire-

gquencies. Heterodyne or beats between two oOr
more sources of alternating energy efiect a con-
dition of amplitude modulation on each source of

he incoming signal frequency

phase angle of the local

2,183,905

energy. Thus heterodyne frequency is energy in
an amplitude medulated form. The new circuit,

as noted, filters cut or nullifies all such ampli-

fied moedulated 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

tg feed through the system. As shown in Fig. 4,

in the secondary circuit {19—{80 of the demodu-
lator is connected the polarity reversing switch
216 In the normal or usual operation the in-
ductances 179 and 189 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 ocppose, and since they are equal they
will nullify each other. However, by connecting
one of the coils {79 or 80 into the secondary
circuit 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 sysiem,
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 fto
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. If 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—1t76 and {T7i—I118
have been described as of g 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 unaifected 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.

1t 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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amplitude and freguency comprising branch cir-

cults connected in parallel to a source of carrier
| _ energy in each-
branch, means for implanting intelligence dif- -

waves, means for amplifying the

- ferentially on the amplitude characteristic of the

10

_. 15_

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-rea,ctive_t,ransformers’_'to a
‘common series circuit from which the energy is

radiated.

2. In a phase mddulatin’g apparatus: mea;ns f01
generating an electrical energy wave, branch cir-

cuits through which the

and an inductive transformer in the other

<) branch, said transformers having their second-

,188,905

on an electrical wave energy of ‘predetermined

~Ing fo the superimposed intelligence. C
- .3, Means for impressing phase modulations at

_ energy is directed, a
capacltative reactive transformer in one branch

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-

. 9
aries connected in series, means to cause differ- =
‘ential amplitude modulations within the branches

signal frequency on carrier frequency oscillations

including, a pair of thermionic tubes having their
input electrodes energized by said carrier fre-
- qQuency oscillations, means for varying the im-
bedance of said tubes in phase opposition at sig-
‘nal frequency, and tuned circuits connected with
sald tubes for relatively:

the output electrodes of

shifting the phase of the oscillations repeated in -

said tubes.
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