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DATA ANSI SS ON AND CON RO 
S. St. 

Francis L. Moelley, Pelham, and re. ... ster, 
Brooklyn, N.Y., anoes the Sperry Gyrocope 
Coalpany, he rooklyn, N. Y., a corporatea 
of New York 

Application October 7, 1938, serial No. 10464 
15 Clains (C1-SS) 

This invention relates, generally, to data 
transmission systems and he invention has ref 
erence, more particularly, to a Rovel two wire 
data transmission and control systern employing 
A. C. voltages of fixed selected frequencies and 
constant magnitude, but of variable phase po 
stion. 

Date transmission systems, i. e., electrical sys 
tems employed for transmitting various data 
such as angular data or data that are suscepti 
ble of indication on a suitable sheet, card or 
other member having relative movement with 
respect to a pointer or other designating means, 
as heretofore constructed, have generally required 
five or more wires extending between the trans 
mitting or field station and the receiving or cen 
tral station for transmitting a single channel 
of data. The use its relatively large number 
of wires not only greatly increases the installa 
tion and maintenance expenses, but ofttimes the 
desired number of wires are not available for 
use in transmitting data, as during army maneu 
vers, where it is not practicable to string five or 
more wires from a transmitting station, such 
as an outpost, to a receiving or central station 
which may be several miles away. 

In our copending application Serial No. 83,844 
there is disclosed a novel data transmission and 
control system that employs but two wires ex 
tending between the remotely located transmit 
tling and receiving points, the said system en 
ploying means for producing a synchronizing sig 
nal voltage of fixed frequency that is sent out 
from the receiver to the transmitter, at which 
station means is provided for converting such sig 
nal voltage to one of different frequency and 
variable phase position corresponding to the data 
transmitted, such different frequency voltage be 
ing sent back to the receiver, which latter is ar 
ranged to select the returning signal voltage 

- and detect its phase position for use either in 
operating a follow-up indicator or, through use 
of a torque amplifier, to control a servo motor 
to effect the positional control of a heavy ob 
ject. 
The principal object of the present invention 

is to also provide a two-wire data transmission 
and control system using a variable phase, con 
stant frequency signal voltage for transmitting 
the desired data, the present system, however, 
employing means at the transmitter for produc 
ing the data transmitting fixed frequency volt 
age of variable phase position and a synchroniz 
ing or timing voltage of different frequency and 

sent over two wires, such as a commercial tele 
phone line, to the receiver, which latter is pro 
vided with means for separating said voltages 
and detecting the phase shift of the data trans 
Initting voltage for use either in operating a foll 
low-up indicator or, through the use of a torque 
amplifier, to control a servo motor to effect the 
positional control of an object. 
Another object of the present invention lies in 

o the provision of a novel data transmission and 
control system of the above character that is en 
tirely self-synchronous and continuously rotat 
able, the said system requiring but one data 
transmitting frequency voltage for each channel 

15 of data transmitted, and being adapted to pro 
vide additional channels, if desired, over the 
same pair of wires by employing corresponding 
additional data transmitting frequencies at the 
transmitter, these additional frequencies being 

20 separated from one another and from the syn 
chronizing frequency by use of suitable filter 
means at the receiver. 
Still another object of the present invention is 

to provide a novel data transmission and control 
25 system of the above character that is easy to op 

erate and is reliable in use, the said system em 
ploying a small and compact transmitter that 
can be readily carried from place to place. 
Other objects and advantages will become ap 

30 parent from the specification, taken in connec 
tion with the accompanying drawings wherein 
one embodiment of the invention is illustrated. 

in the drawings, 
Fig. 1 is a schematic view showing a two-chan 

35 nel, two-wire data transmission system of this 
invention arranged for automatic follow-up. 

Figs. 2a and 2b are a wiring diagram of the 
system of Fig. 1, and Fig. 3 shows the system 
adapted for radio transmission. 

40 Similar characters of reference are employed 
in the above views to indicate corresponding 
parts. 

Referring now to Fig. 1 of the drawings in con 
nection with a brief description of a two-chan 

45 nel system arranged for automatic follow-up, the 
reference numeral designates a storage bat 
tery connected to supply motor operating cur 
rent to a notor-generator set 2 that has genera 
tor windings adapted to supply a single phase 

50 output of one frequency through leads 3 and two 
three-phase outputs of different frequencies 
through cables and 5. 

if more than two channels of data transmis 
sion are desired, the generator portion of motor 

fixed phase position, both of which voltages are generator set 2 is provided with additional wind 



of data, if desired. 

2 
ings for producing additional three-phase out 
puts, each of which is of a different frequency 
from the others. Thus, additional cables 4 and 
5 are shown extending from motor-generator. 
set 2, indicating that this set is capable of pro 
viding transmission frequencies for four channels 

Leads 3 extend to the single phase rotor wind 
ings of transmitter inductive devices and S' 
having three-phase stator windings connected 
respectively to cables and 5. Ieads 3 are also 
shown broken off to indicate that the same are 
adapted to extend to the single phase windings 
of additional transmitter inductive devices (not 
shown) similar to 6 and 6', having three-phase 
stator windings connected respectively to the ca 
bles 4 and 5', should two additional channels of 
data transmission be desired, thereby providing 
four channels of data transmission over two 
wires. Four channels of transmission are par 
ticularly convenient in the operation of anti-air 
craft and seacoast defense fire control equipment 
since the same permit one to one and multiple 
speed transmission in both train or azimuth and 
elevation. 

From inductive devices and 6' of the trans 
mitter the leads 3 extend to the two-wire trans 
mission line 8, which may be a commercial tele 
phone line. Thus, the single phase current of, 
for example, 100 cycle frequency constituting the 
synchronizing or timing signal and supplied by 
leads 3, passes through the rotor windings of 
devices 6 and 6' in series to the line 8' and over 
this line, which may be several miles long to the 
receiver or receiving station. 
At the receiver there is provided a line ampli 

fier T that restores the received signal voltage 
to a suitable value, which signal is then passed 
to a band pass filter 8. If the rotor of either 
of the inductive devices 6 or 6' is angularly 
shifted or turned by suitable means, such as 
shown in our above mentioned copending appli 
cation, causing a similar turning of indicator 
discs 0 or 0' attached to the rotors thereof, 
then a single phase voltage of changing phase 
position is applied to leads 3 at the rotor termi 
nals of the shifted device, which voltage has a 
frequency depending upon the frequency of the 
three-phase supply to the stator winding of such 
device. If the frequency of the three-phase 
supply through cable 4 to the stator of inductive 
device or Selsyn 6 is 150 cycles, then the single 
phase voltage applied by this device to leads 3 
will also be of 150 cycles frequency. The phase 
position of the voltage thus applied to leads 3 
will be shifted one degree for each degree the 
rotor of the device is turned. 
Thus, there is supplied to line 3' (in the ab 

sence of additional inductive devices connected 
to cables 4' and 5') three frequencies, a timing. 
frequency of, for example, 100 cycles, and two 
signalling frequencies of, for example, 150 and 
250 cycles, the phase positions of which latter 
frequencies may be shifted at will by turning 
the rotors of devices 6 and 6. At the receiver 
or receiving station a band pass filter 8 sepa 
rates these three frequencies, passing the timing 
frequency through leads 9 to an amplifier 
that builds up this frequency to a voltage value 
sufficient for operating the synchronous driving 
motor of a motor-generator set 2, thereby caus 
ing this set to run synchronously with the motor 
generator set 2 at the transmitter. The band 
pass filter 8 passes the 150 cycle signal voltage 
received from inductive device 6 through leads 
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is to a box is containing detecting and ampli 
fying apparatus. Likewise the filter passes the 
250 cycle signal voltage received from inductive 
device 6' through leads 7 to another box 22 con 
taining detecting and amplifying apparatus. 
At the receiving station there is provided re 

ceiving inductive devices and 3' similar to 
devices and 6. The three-phase stator of de 
vice 3 is supplied from motor-generator set 12 
through cable 4 with three-phase current of the 
Same frequency that is supplied to the stator of 
device 6, for example, 150 cycles, whereas device 

is similarly supplied through cable is with 
three-phase current of the same frequency as 
that supplied to the stator of device B'. The 
rotors of devices and 3' are respectively con 
nected through leads 9 and 2D to the detector 
amplifiers and 22, which latter are connected 
through cables 2 and 2 to motors 23 and 23 
that are connected through suitable gearing 2 

ning the respective rotors of devices 3 
and 3'. 
Any turning of the rotor of transmitter de 

vice 6 shifts the phase of its output signalling 
voltage with respect to the timing voltage and 
the phase shift is supplied through leads and 
appears at the device is of the receiver, within 
which this voltage is compared with the phase 
of that supplied through leads 9 from the re 
ceiver inductive device 3. Any departure from 
predetermined fixed relative phase positions of 
these voltages corresponding to the synchronous 
positioning of transmitter indicator disc D with. 
receiver indicator disc 2, resulting from the 
turning of the transmitter rotor, will cause de 
tector-amplifier 5 to operate motor 23 so that 
the latter, acting through gearing 29, serves to 
turn the rotor of inductive device 3 to restore 
its output to phase alignment with the incoming 
signal, thereby causing indicator 27 to follow the 
movements of indicator f0. 
The Second channel of transmission acts in 

like manner so that as transmitter inductive de 
vice indicator disc o' is turned, the motor 28’ is 
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callsed by detector-amplifier 22 to turn indi 
cator disc 2' by a like amount. Cables 4 and 
6' are shown extending from motor-generator 
2 for supplying three phase current to two add 

tional receiver inductive devices in the event that 
four channels of transmission are desired, the 
respective signalling voltages of differing fre 
quencies for the detector-amplifiers (not shown) 
of said additional receiver inductive devices be 
ing supplied from filter 8 through leads 30 and 3. 

Referring now to Figs. .2a and 2b, showing the 
wiring diagram of the system of Fig. 1 in de 
tail, the motor 28 of the motor-generator set 2 
is shown provided with a centrifugal speed con 
trol device 33 and has a single phase, inductive 
type generator rotor 4 on its drive shaft and 
a plurality of three-phase generator rotors 35, 
36, 37 and 38. Rotor 34 is associated with single 
phase generator winding 39 for the generation in 
the latter of the low frequency synchronizing or 
timing signal which in the example previously 
given was assumed as 100 cycles. Rotors 35 and 
36 are associated with three-phase generator 
windings 40 and 4 for the generation in the 
latter of three-phase voltages of different fre 
quencies, assumed as 150 and 250 cycles in the 
example previously given, which voltages are re 
spectively communicated to the stator windings 
2 and 3 of the inductive devices, 6 and 6. The 

single-phase rotor windings 44 and 45 of these 
inductive devices are connected in series with 

  



s250,487 
each other through the slip rings shown to the 
winding , and through the telephone or other 
two-wire line 3' to the receiving station 
A transformer 48 at the receiver couples the 

line 3 to an attenuator 47 which, in turn, is 
coupled by transformer to the push-pull 
amliner that serves to amplify the synchro 
nising and signal voltages which are delivered 
through output transformer 4 to the band pass 
filters. A voltmeter or volume indicator is 
shown connected across the output of trans 
former 49. By adjusting the attenuator to 
get a desired reading of meter 5, variations in 
the length and hence attenuation of line may 
be compensated for. 

section S of the band pass falter selects the 
timing frequency and supplies the same through 
leads and thermionic amplifier to the syn 
chronous motor 52 of the motor generator set 2. 
Motor 52 is illustrated as a single-phase na 
chine provided with a D. C. excitation winding 
on the rotor. In practical use, a starting wind 
ing is provided on motor 52 to make it self-syn 
chronising. Motor 52 has a plurality of three 
phase inductive type generator rotors on its drive 
shaft two of which, designated 53 and 5 are 
shown in the drawings, which rotors cooperate 
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with three-phase windings is and 56 for the 
generation in the latter of three-phase voltages of 
frequencies corresponding respectively to those 
produced by windings 40 and 4 of motor-gen 
erator 2. 

Section 57 of the band pass filter selects the 
signalling frequency put into the line' by in 
ductive device E. and supplies the same through 
leads 8 to an input transformer 58 of the phase 
detector-amplifier S. Transformer is passes 
this signal in 180 out of phase relation to the 
plates of diode phase detector rectifier tubes 9 
and S9. The plates of diode tubes 59 and 59 
are also supplied with the single phase Woltage 
output of the receiver inductive device 3 by 
means of leads and transformer S. When 
the voltages across transformers 5 and 6 are 
90° out of phase with each other, their vector 
sums applied to the plates of tubes 59 and 59 
are equal, and the rectified voltage drops ob 
taining across resistors Gl, in the external 
cathode-plate circuits of these tubes are equal 
and opposite. A low pass filter 3 is connected 
across resistors i? and 6 so that with the volt 
age drops across these resistors equal and oppo 
site, there is no net voltage drop across points 
B2 and 62' at the output of this filter. However, 
when the rotor of the transEmitter inductive de 
vice S is turned with respect to the rotor of in 
ductive device f3, causing the phase of its output 
signalling voltage to shift relative that of device 
3, the voltage across transformer 5 will shift 
from its 90 relation with that across transformer 
BO, causing the voltages across resistors 6 and 
B' to become unequal, since one of the tubes 59 
or 59' will pass more current than the other de 
pending upon the direction in which the device 
S is turned, and a D. C. signal voltage drop will 
appear across points 52, 62. This voltage is di 
vided through resistors 6 and 4 and is com 
municated to the control grids of modulator 
tubes 66 and 66' arranged in push-pull. An A. C. 
bias voltage is also supplied from a transformer 
BB through resistors 4, 4' to the control grids 
of tubes SB, BS". The plates of tubes S6, 66' are 
supplied with a D. C. voltage through the divided 
primary of output transformer S. Tubes it and 
BB are provided with a degenerating network 
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former 8 and tubes and '. 

3 
consisting of resistance and condenser to 
prevent oscillation, and 7 designates a fixed bias 
resistor. 
With a D. C. signal voltage applied to tubes 

SE, S' together with an A. C. bias voltage from 
transformer it, there appears in the plate cir 
cuits of these tubes A. C. voltages passing 
through the halves of transformer 7. When the 
currents drawn by tubes tis, 6 are unequal, a 
net A. C. voltage passes through transformer ST 
and to the grids of amplifier tubes 70, O' that 
are arranged in push-pull and are connected to 
the output terminals of transformer B. The 
plates of tubes and 70' are supplied with A. C. 
voltage from a transformer 8 connected to com 
mercial frequency supply leads that also sup 
ply transformer it. A phase correcting network 
B' is included in the connection between trans 

the net A. C. 
signal voltage applied to tubes O and O' causes 
these tubes to draw unequal plate currents 
through the halves of an inductance and re 
sistors 2, 2’. Since the plate supply to these 
tubes is A. C., the drop across the plate circuit 
impedance contains both an A. C. and a D. C. 
voltage component. The A. C. component is in 
proved in Wave form by condenser 74 and passes 
through condensers TS, T5' to the grids of grid 
controlled, gaseous rectifier tubes T6, 7'. A 
phase bias voltage is applied to the grids of tubes 
76, 6' from secondary winding 79 of transform 
er through the use of phase shift condenser 
and resistor, B, . The A. C. voltage component 
appearing across resistors 2, 82' thus adds vec 
torially with the bias A. C. voltage so as to ad 
wance the phase of the voltage appearing at one 
of the rectifier grids while simultaneously re 
tarding the phase of the voltage at the other. 
The plate currents drawn by these tubes from 
supply through the differentially wound motor 
2 are thereby unbalanced, causing this motor to 
operate through gearing transmission 29 to turn 
the rotor 85 of receiver inductive device 3 in the 
proper direction to move receiver indicator disc 
2 into synchronism with transmitter indicator 
disc , the turning of rotor 85 serving to again 
position the voltages across transformers 58 and 
60 at right angles to one another. If desired, a 
ponderable object such as a searchlight 83, driven 
from motor 23, may thusly be controlled from the 
initter by turning the rotor of inductive de 

wices. . 

The operation of the second channel of trans 
mission is similar to that just described in con 
nection with the first channel, the signalling 
Woltage supplied from transmitter inductive de 
wice 6 through line 3' passing through section 
fit of filter 8 and feeding into detector-amplifier 
22, which detector-amplifier may be used to con 
trol motor 23 for automatically positioning the 
receiver indicator disc 27, as shown in Fig. 1 or 
as shown in Fig. 2b, where manual operation of 
the receiver indicator disc is desired, the output 
Woltage of diode phase detecting rectifiers 59, 59, 
taken across resistors 6, 6', is shown employed 
to operate a zero center or right and left indi 
cating meter 89. The operator at the receiver 
observes meter 89 and turns the rotor 90 of re 
ceiver inductive device f3' so as to cause the 
meter 9 to read zero, thereby positioning the in 
dicator disc 27" (see Fig. 1) in angular alignment 
with the indicator disc 0' at the transmitter. 

. If desired, the two wire transmission line 3' 
may be dispensed with and a radio transmitter 
installed at the transmitting station and a radio 



4. 
receiver installed at the receiving station. Such 
an arrangement is shown in Fig. 3, wherein an 
amplifier 4 is shown connected to leads 3 at 
the transmitter, which amplifier feeds the am 
plified timing and signalling voltages to a nodu 
lator 95 that is supplied with a radio frequency 
carrier voltage from the oscillator 8. Modulator 
95 feeds the transmitter antenna 9 and the sig 
nals received by receiver antenna 2 are fed to 
demodulator 93, the audio Output of which is 
supplied to amplifier of the receiving station, 
which in turn supplies the same to filter 8, as 
before. 

It will be apparent that, if desired, a power 
transmission line may be used for conveying the 
signal potentials, preferably at a frequency high 
er than the frequency of the power current of 
the line, from the transmitting to the receiving 
station, and in such case the transmission of a 
timing potential is not essential since synchro 
nous motor-generator sets supplied from the line 
may be used at the transmitter and receiver for 
supplying three phase currents to the inductive 
devices. 
As many changes could be made in the above 

construction and many apparently widely differ 
ent embodiments of this invention could be made 
without departing from the scope thereof, it is 
intended that all matter contained in the above 
description or shown in the accompanying draw 
ings shall be interpreted as illustrative and not 
in a limiting sense. In some instances a single 
wire and ground may be used in lieu of two wires, 
although the operation would not ordinarily be 
so good, so that the expression "two wire trans 
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mission line" in the claims is intended to cover 
such a possible structure. 
What is claime is: 
1. In a control system of the character de 

scribed, a two-wire transmission line, a trans 
mitting station connected to said line, a receiving 
station connected to said line remote from said 
transmitting station, controlling means at said 
transmitting station including an A. C. generator 
and an inductive device energized therefrom for 
delivering electric signal impulses of changing 
phase to said line in accordance with desired data 
for transmission to said receiving station, means 
at the latter station for detecting the phase of 
said signal impulses and including an A. C. Sen 
erator operating synchronously with said trans 
mitting station generator, and controlled means 
including an inductive device at said receiving 
station energized from said receiving station gen 
erator and operable from said detecting means in 
synchronism with said controlling means. 

2. In a data and control system, a transmitting 
station, an A. C. voltage supply, a two-wire trans 
mission line supplied with a single phase timing 
voltage from said supply, a transmitter inductive 
device supplied with polyphase voltage from said 
supply and operable to deliver a single phase 
signal voltage continuously variable as to phase 
position, the single phase signal voltage output of 
said inductive device being supplied to said line, 
and a receiving station connected to said line at 
a remote point, a receiver inductive device, filter 
ing means for selecting said single phase timing 
voltage for use in supplying said receiver induc 
tive device with polyphase current that is syn 
chronous with that supplied to said transmitter 
inductive device, sa detector-amplifier connected 
for receiving the single phase signal voltage out 
put of said receiver inductive device, said filter 
ing means selecting said single phase signal volt 
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age output of said transmitter inductive device 
for application to said detector-amplifier for 
comparison and combination with said receiver 
inductive device signal voltage output, and means 
controlled from the output of said detector-an 
plifier for use in synchronizing said transmitter 
and receiver inductive devices, 

3. In a data transmission and control system, 
an A. C. voltage supply, a radio transmitter haY 
ing its carrier modulated with a single phase tim 
ing voltage from said supply, a transmitter in 
ductive device supplied with polyphase voltage 
from said supply and operable to deliver a single 
phase signal voltage variable as to phase posi 
tion, the single phase signal voltage output of 
said inductive device being also supplied so as 
to modulate said radio transmitter carrier with a 
variable phase signal, a remote radio receiver, a 
receiver inductive device, filtering means sup 
plied from said radio receiver, said filtering 
means selecting said received and detected single 
phase timing voltage for use in supplying said 
receiver inductive device with polyphase current 
that is synchronous with that supplied to said 
transmitter inductive device, a detector-amplifier 
connected for receiving the single phase signal 
voltage output of said receiver inductive device, 
said filtering means selecting said received and 
detected single phase signal voltage output of 
said transmitter, inductive device for application 
to said detector-amplifier for combination. With 
said receiver inductive device signal voltage out 
put, and means controlled from the output of 
said detector-amplifier for use in synchronizing 
said transmitter and receiver inductive devices. 

4. In a data transmission and control system, a 
transmitting station comprising a constant speed 
generator, a transmitter inductive device supplied 
with polyphase voltage from said generator and 
Operable to deliver a single phase signal voltage 
Variable as to phase position, a two-wire trans 
mission line supplied with single phase timing 
voltage from said generator, the single phase sig 
nal voltage output of said transmitter inductive 
device being supplied to said line, and a receiv 
ing station connected to said line at a remote 
point, said receiving station comprising a syn 
chronous motor-generator set, filtering means for 
selecting said transmitter generator single phase 
timing voltage for use in operating the synchro 
rous motor of said set, whereby a polyphase volt 
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age output of the generator of said set is syn 
chronous with that supplied to said transmitter 
inductive device, a receiver inductive device sup 
plied with said polyphase voltage output of said 
set, a detector-amplifier for receiving the single 
phase signal voltage output of said receiver in 
ductive device, said filtering means selecting said 
single phase signal voltage output of said trans 
mitter inductive device for application to said de 
tector-amplifier for comparison and combination 
with said receiver inductive device signal voltage 
output, the Output of said detector-amplifier 
serving for use in synchronizing said transmitter. 
and receiver inductive devices. 

5. In a data transmission and control system, 
a transmitting station comprising a constant 
speed generator, a transmitter inductive device 
supplied with polyphase voltage from said gen 
erator and operable to deliver a single phase 
signal voltage continuously variable as to phase 
position, a two-wire transmission line supplied 
with single phase timing voltage from said gen 
erator, the single phase signal voltage output of 
said transmitter inductive device being supplied 



2,250,487 
to said line, and a receiving station connected to 
said line at a remote point, said receiving station 
comprising a synchronous motor-generator set, 
filtering means for selecting stati generator single phase timing voltage for use in 
operating the synchronous motor of said set, 
whereby a polyphase voltage output of the 
generator of said set is synchronous with that 
supplied to said\transmitter inductive device, a 
receiver inductive device supplied with said poly 
phase voltage output of said set, a detector-am 
plifier for receiving the single phase signal volt 
age output of said receiver inductive device, said 
filtering means selecting said single phase signal 
voltage output of said transmitter inductive de 
vice for application to said detector-amplifier for 
comparison and combination with said receiver 
inductive device signal voltage output, and no 
tive means operated from said detector-amplifier 
for maintaining said receiver inductive device in 
synchronism with said transmitter inductive de 
vice. 

6. In a data transmission and control system, 
a transmitting station having means for supply 
ing an A. C. timing voltage, a movable control 
member, and means responsive to movement of 
said control member for supplying a variable 
phase signal voltage, a remote receiving station, 
means for transmitting said timing and signal 
voltages to said receiving station, said latter sta 
tion having thermionic control means, a mov 
able controlled member operated therefrom, and 
means energized in response to said timing volt 
age and responsive to movement of said con 
trolled member for supplying a variable phase re 
ceiver voltage, and means for causing said re 
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means for transmitting said voltages, and means 
near said controlled object and connected there 
with for receiving said transmitted voltages and 
for determining the movement of said con 
trolled object in accordance therewith. 

10. In a data transmission and control system 
for multiple channel transmission, a transmitting 
station having means for producing a synchro 
nizing A. C. single phase voltage and a plurality 
of polyphase voltages of different frequencies, a 
plurality of transmitters for receiving said poly 
phase voltages and for delivering variable phase 
signal potentials of corresponding frequencies, 
transmission means comprising but two Wires for 
transmitting said single phase voltage and said 
signal potentials, a remote receiving station for 
receiving said voltage and potentials, said receiv 
ing station having a plurality of receivers, gen 
erating means controlled from said synchronizing 
A. C. voltage for supplying polyphase voltages to 
said receivers corresponding to those supplied to 
said transmitters, and data indicators controlled 
in response to said signal potentials and to po 
tentials supplied from said receivers. 

11. In a data transmission and control system, 
a transmitting station having means for supply 
ing an A. C. timing voltage, a movable control 
member, and means responsive to movement of 
said control member for supplying a variable 
phase signal voltage, a remote receiving station, 
a controlled member at said receiving station, 
means for transmitting said timing and signal 
voltages to said receiving station, said latter sta 
tion having push-pull phase detector-rectifier 

35 

ceiver voltage to act jointly with said signal WOIt 
age to determine the Operation of said thermionic 
control means, and hence of said controlled 
member. 

7. A data transmission and control means as 
defined in claim 6, wherein said thermionic con 
trol means comprises push-pull phase detector 
rectifiers having their plates supplied not only 
with said variable phase receiver voltage in in 
phase relation, but also supplied with said varia 
ble phase signal voltage in 180 out of phase re 
lation, the vector addition of said voltages serving 
to determine the action of said detector-recti 
fiers, and hence of said controlled member. 

8. A data transmission and control means as 
defined in claim 6, wherein said thermionic con 
trol means comprises push-pull phase detector 
rectifiers having their plates supplied not only 
With said variable phase receiver Woltage in in 
phase relation but also supplied with said varia 
ble phase signal voltage in 180' Out of phase re 
lation, the vector addition of said voltages serv 
ing to determinen the action of said detector 
rectifiers, modulator means for receiving and 
modulating the D. C. voltage output of said de 
tector-rectifiers, an amplifier for amplifying the 
output of said modulator means, and a motor 
controlled from the output of said amplifier, said 
motor being connected in driving relation to said 
controlled member for moving the latter in syn 
chronism with said control member. 

9. In a data transmission and control system, 
a controlling object, a controlled object, and syn 
chronizing means or moving said controlled ob 
ject in response to movements of said controlling 
object, said synchronizing means comprising 
means near said controlling object for supplying 
a timing voltage and a signal voltage variable in 
phase with movement of said controlling object, 
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means, meter means operated therefrom, and 
means energized in response to said timing volt 
age and responsive to movement of said con 
trolled member for supplying a variable phase re 
ceiver voltage for acting jointly with said signal 
voltage to determine the operation of said de 
tector-rectifier means, and hence of said meter 
eas. 
12. A data transmission and control system 

comprising a transmitter and a remotely located 
receiver, said system comprising a two-wire 
transmission line as he only conducting means 
interconnecting said transmitter and receiver, 
said transmitter having means for delivering a 
fixed phase timing voltage and a variable phase 
signal potential that is variable without limit 
and corresponding to the data transmitted to 
said line for transmission to said receiver, and 
said receiver having means for selecting and 
detecting the phase position of said signal poten 
tial with respect to a version of said timing volt 
age for use in visually indicating the data trans 
mitted. 

13. In a control system of the character de 
scribed, a two-wire transmission line, transmit 
ting means for delivering a fixed phase timing 
voltage to said transmission line, said transmit 
ting means including a variable phase transmit 
ter having a controlling member and arranged 
for delivering electric signal impulses of changing 
phase to said line, said signal impulses being war 
able without limit as to phase in accordance with 
the position of said controlling member, receiv 
ing means for receiving said fixed phase timing 
voltage and comprising a variable phase receiver 
Connected to said line for receiving said changing 
phase signal impulses, and a controlled member 
located at said receiver, said receiver having 
means for detecting the phase position of said 
signal impulses with respect to a fixed phase volt 
age derived from said timing voltage and for 



operating said controlled member in response 
thereto, whereby said controlled member is moved 
synchronously with said controlling member, said 
two-wire transmission line constituting the only 
electrical connection between said transmitter 
and receiver. 

14. A signalling system comprising in combina 
tion a transmission line consisting of but two 
conducting paths extending between a transmit 
ting point and a receiving point, means includ 
ing generating means and the line for providing 
at both points, fundamental electric Waves of 
substantially the same constant frequency and 
phase position, means at the transmitting point 
utilizing output from said generating means for 
delivering to the line, waves of the fundamental 
frequency but in any phase displacement within 
360 degrees relative to the phase of the funda 
mental waves, the displacements being propor 
tional to indications to be transmitted, and 
means at the receiving point for detecting and 
indicating the amount of the phase displace 
nent. 
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15. A signalling system comprising in combi 

nation a transmission line consisting of but two 
conducting paths extending between a transmit 
ting point and a receiving point, means includ 
ing generating means and the line, for providing 
at both points fundamental electric waves of 
substantially the same constant frequency and 
phase position, angularly movable means at the 
transmitting point, utilizing output from said 
generating means for delivering to the line, Waves 
of the fundamental frequency but in any phase 
displacement within 360 degrees relative to the 
phase of the fundamental waves, and proportion 
all to the angular novement of the said angu 
larly movable means, the angular movement be 
ing the signal data to be transmitted and means 
at the receiving point for detecting the phase 
displacements and for translating the displace 
ments into proportional angular movements. 
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