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UNITED STATES PATENT office 
systEM FOR THE TRANSMIssion of 

?????? 
Doren Mitchell, Bound Brook, N.J., assignor to Bell Telephone Laboratories, incorporated, New 
York, N.Y., a corporation of New York 

Application November 2, 1942, serial No. 464,271 
i 7 Claims. (CI. 172-239) 

This invention relates to electrical systems for 
the transmission of movements and more specif 
cally to systems in which circular motion pro 
duced by turning a dial or other rotary member 
at One point is very accurately and automatically 
reproduced at a distant point, 
Various methods are known for remote auto 

matic reproduction of circular motion, such as 
that produced, for example, by turnir" a dial. 
Two very well known methods of producing this 
result respectively utilize direct current and 
Selsyn motors. The systems using these methods 
work very well over comparatively short distances 
but they are not very practical in operation over 
long lines. The need sometimes arises, as in the 
control of guns from distant points, for a highly 
accurate system for reproducing angular motion 
over comparatively long distances. The present 
invention has for its principal object the pro 
vision of such an electrical system. 
In accordance with the invention, this object is attained by producing at the transmitting sta 

tion two waves of different frequencies, obtaining 
therefrom a wave having a frequency which is 
the difference between the frequencies of the orig 
inal waves, utilizing this derived Wave, to obtain 
a direct current signal the amplitude of which is 
proportional to the frequency of the derived wave, 
and opposing this direct current signal by a sec 
ond direct current signal produced at the distant 
station which is representative of the difference 
in frequency between two waves of different fre 
quency the frequency difference of which is de 
pendent upon the position of the member whose 
position it is desired to make correspond with 
that of the member at the sending station, the 
position of said member being determined by the 
combined effect of the opposed direct current 
signals, 

In the specific embodiment of the invention 
chosen by Way of example for illustrative pur 
poses, a motor drives the rotating member at the 
receiving station until the direct current signal 
representing the position of the rotating mem 
ber at the receiving station equals that of the 
direct current signal representing the position 
of the rotating member at the sending station, 
at which point no further rotation of the men 
ber at the receiving station takes place. Since 
frequency difference (or the two frequencies 
themselves) is the only information which has 
to be transmitted, the effects of amplitude varia 
tion in any circuit or carrier system may be made 
negligible, in accordance with well known prac 
tice in the transmission of frequency modulated 
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autography, etc. 

carrier waves, by amplitude limiting. By keeping 
the two frequencies produced at the sending sta 
tion close together, and near the middle of the 
telephone band, for example, the effects of delay 
distortion are made so small as to be almost 
negligible. Due to the fact that a motor at the 
receiving station is used to drive the rotating 
member at that station, there is no practical lim 
itation to the amount of torque that can be de 
livered at the distant point. For this reason the 
arrangement has a marked advantage in such 
remote-control operations as gun-pointing, tel 

In this embodiment of the invention, a variable 
condenser containing a fixed and a rotating ele 
ment is provided at the sending station, the ro 
tating element being mechanically connected to 
the diai or other rotary member whose circular 
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motion it is desired to reproduce at a distant re 
ceiving station. The rotation of this portion of 
the cendenser varies the condenser capacitance 
and as the condenser is included in the tuned 
circuit of an oscillator, the output frequency of 
the oscillator is varied. The output waves of this 
osciliator are preferably applied to a line, which 
may be either a telephone line or a radio channel, 
along with the output waves from a second os 
cillator, this one of fixed frequency. Preferably, 
the output Waves of the secondi Oscillator have 
a frequency which is within the audio range while 
the frequency of the output waves of the first 
oscillator varies from a value which is just greater 
than the frequency of the second oscillator to a 
value which is somewhat less than twice the 
frequency of the second oscillator. At the far 
end of the line, that is, at the receiving station, 
the waves from the first and second oscillators 
are applied to a modulator in the output circuit 
of which is connected a low-pass filter which 
passes frequencies corresponding to the difference 
between the waves of the first and second oscil 
lators but which will cut off frequencies corre 
sponding to those of the waves from these two 
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oscillators. This “difference' frequency wave is 
then applied to a volume limiter which is ar 
ranged to produce a substantially flat-top wave 
whose amplitude is independent of the amplitude 
of the received wave. This wave is then passed 
through a shaping network which causes the 
amplitude of its Output wave to vary in accord 
ance with the frequency of the signal from the 
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volume limiter. The output wave of the shaping 
network is then applied to a detector to produce 
an output signal which is applied to one winding 
of a differential relay, the other winding. Of which 



? 
is connected to the output of a circuit sinlar to 
that already described, which circuit is controlled 
by a condenser having a rotatable element driven 
by the movement of the rotary member at the 
receiving station whose angular movement is 
adapted to follow that of the dial or similar de 
vice of the sending station. The strength of the 
current in each winding of the differential relay 
is thus dependent only on the difference in fre 
quency between the output waves of the fixed 
frequency oscillator and of the variable frequency 
oscillator in the circuit feeding the winding. The 
two circuits respectively feeding the windings of 
the differential relay are made equal within very 
close limits so that if the two "difference fre 
quencies' are the same, the currents in the two 
windings of the differential relay are equal and 
hence the armature of the relay will not be oper 
ated in either direction to operate a motor driv 
ing the rotatable element at the receiving end of 
the line. If the difference frequency representing 
the position of the movable member at the trans 
mitting station varies, however, the balance be 
tween the two windings of the relays is immed 
ately upset and the notor will be operated in a 
direction to restore the balance. Obviously, 
either the two frequencies generated at the trans 
mitting station OT the difference between then 
may be transmitted to the receiving station. 
The invention will be more readily understood 

by referring to the following description taken in 
connection with the accompanying drawings 
forming a part thereof in which: 

Fig. 1 is a schematic circuit diagram of the 
arrangement according to this invention; and 

Fig. 2 is a more detailed circuit diagram of the 
arrangement shown in Flg. 1. 

Referring more specifically to the drawings, 
Figs. 1 and 2 are circuit diagrams of an electrical 
system for the transmission of angular move 
ment which is shown by way of example to illus 
trate the principles of the present invention. 
Fig. 1 is a schematic circuit diagram showing 
certain of the elements of the circuit in block 
diagram form while Fig. 2 is a more detailed cir 
cuit diagram of the arrangement shown in Fig. 1. 
In accordance with the invention, it is desired 
to have the receiving rotor C follow the angular 
movement of the sending rotor . These two ro 
tors may be, and in the usual case are, separated 
by a considerable distance and it is the purpose 
of the arrangement of this invention to have the 
receiving rotor to accurately follow the movement 
of the rotor . 

Referring now to the sending station identi 
fled by the reference character S, the sending 
rotor f is connected by any suitable means to 
the rotating element 2 of the condenser 3, 
which condenser also has a fixed member 4. 
The condenser is included in the tuned circuit 
of a Hartley oscillator is which is well known to 
those skilled in the art. For a description of the 
Hartley oscillator, reference may be made to page 
5i of the Radio Amateur's Handbook, Special 
Defense edition, 1942. Variation of the capaci 
tance of the condenser by the rotation of the 
movable member 2 thereof varies the frequency 
of the output waves which, for example, are ap 
plied by means of the coupling condenser 6 and 
resistor to a line or other channel I, to the 
receiving station R. 
A second Oscillator 20, preferably of the same 

type as the oscillator 5 except that the con 
denser 2 in the tuned circuit thereof has a fixed 
capacity, is included at the sending station, he 
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output waves of the oscillator 20 may be applied 
by means of the coupling condenser 22 and re 
sistor 2 to the line or other channel L. By way 
of example, the oscillations from the oscillator 
20 may have a frequency of about 800 cycles per 
second while those from the oscillator is may 
vary from a frequency of about 850 cycles per 
second to about 1,500 cycles per second. In the 
arrangement shown, both waves are applied to 
the line I without modulation but it is apparent 
that other arrangements are possible, as will be 
pointed out more fully below. 
At the far end of the line, that is, at the re 

ceiving station R, one of the two waves is modul 
lated by the other by any suitable modulator, 
such as the dry rectifier bridge circuit 30. The 
modulation products are then conducted to a 
low-pass filter 3 which passes the component 
corresponding in frequency to the difference be 
tween the frequency produced by the oscillations 
from the oscillator 3 (F) and those from the 
oscillator 20 (F) but which will not pass fre 
quencies corresponding to F, F2 or any har 
monics thereof. Thus it will be seen that prefer 
ably the Output Waves of the first oscillator S. 
should have a frequency which varies from a 
value which is greater than the frequency of the 
second oscillator 20 to a value which is some 
what less than twice the frequency of the oscil 
lator 2). It will thus be understood that the 
output of the low-pass filter is a wave the 
frequency of which is the difference between the 
frequencies of the oscillators f and 20, or, in 
other words, is F-F. 
The output wave of the filter 3 is applied by 

any suitable means such as the transformer 2 
to the amplifier and volume limiter circuit 33 
comprising any suitable amplifier 3 and two 
parallel circuits and . The circuit 85 com 
prises in series arrangement a source of poten 
tial T and two rectifers 88 and 39. The circuit 

comprises in series arrangement a source of 
potential 40 and two rectifers 4 and 42. The 
sources of potential 37 and 40, which are oppo 

'sitely polarized with respect to the output wave 
in the amplifier 4, are adapted to bias the cir 
cuits S and 36 so that no current flows there 
through until the output wave of the amplifier 
4 exceeds a certain predetermined value, in 
which case the parallel circuits 35 and 3 become 
conducting to pass current, thus limiting any 
waves above said certain amplitude from being 
applied to the condenser 4, which is of relatively 
small capacity, for example, 0.16 microfarad, 
and the resistor 44 of the order of about 1,000 
ohms. The resistor 4 and the capacitor 4 form . 
a shaping network 45 which causes, in a manner 
well known to those acquainted with frequency 
modulation practice, the amplitude of its output 

60 to vary in a predetermined manner according to 
the frequency of the signals from the limiter 
circuits and 6. O 
The output wave from the shaping network is 

then applied to an amplifier and detector 4 
35 comprising any suitable amplifier 4 and a bal 

anced detector comprising the bridge circuit 4. 
The detector produces a pulsating direct current 
at its output which is smoothed out by con 
denser 49 and then applied to winding 50 of relay 

705. The amplitude of this direct current is de 
pendent upon the amplitude of the wave applied 
to the input of the amplifier 4, which in turn 
is proportional to the frequency of the wave ap 
plied to the amplifier and volume limiter circuit 
33, Direct current is also applied to a second 
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station may vary the inductance or resistance 
in a suitable oscillator instead of causing varia 
tion of capacity as in the circuit arrangement 
shown. - 

The arrangement of this invention may be used 
in any situation where it is desired to reproduce 
at one position the movement of a member at 
another, such as in a telautograph, metering, or 
gun-pointing. 
Various other modifications may be made in 

the apparatus disclosed without departing from 
the spirit of the invention, the scope of which is 
indicated in the appended claims. 
What is claimed is: 
1. Apparatus for accurately producing by the 

movement of a member at a sending station a 
desired predetermined movement of a member 
at a receiving station, comprising motor means 
for driving said member at the receiving station, 
circuit means for producing a signal controlled 
by, and corresponding to the position of, said 
sending station member, a second circuit means 
for producing a signal controlled by, and corre 
Sponding to the position of, said receiving sta 
tion member, and means simultaneously differen 
tially responsive to the magnitude of said two 
signals for actuating said motor means, each of 
said circuit means comprising means for deriving 
a periodically varying voltage the frequency of 
variation of which is dependent at each instant 
upon the position of the one of said members 
controlling that circuit means, and means respon 
sive to the frequency of said periodically varying 
voltage in that circuit for determining the mag 
nitude of the signal in that circuit and controlling 
said differentially responsive means. 

2. The combination of elements as in claim 1 
in which the movement of each of said members 
is rotary. 

3. Apparatus for accurately producing by the 
movement of a member at a sending station a 
desired predetermined movement of a member at 
a receiving station, comprising motor means for 
driving said member at the receiving station, cir 
cuit means for producing a signal controlled by, 
and corresponding to the position of, said sending 
station member, a second circuit means for pro 
ducing a signal controlled by, and corresponding 
to the position of, said receiving station member, 
and means simultaneously differentially respon 
sive to the magnitude of said two signals for ac 
tuating said motor means, each of said circuit 
means comprising means for deriving a voltage 
Wave of fixed frequency, means for deriving a 
periodically varying voltage wave the frequency 
of variation of which is dependent at each instant 
upon the position of the one of said members con 
trolling that circuit means, means for modulat 
ing the wave of Said first frequency with the wave 
of said second frequency, means for filtering the 
resultant modulated wave to produce a wave the 
frequency of which is equal to the difference be 
tween said two frequencies, and means responsive 
to said last-mentioned wave for determining the 
magnitude of the signal in that circuit and con 
trolling said differentially responsive means. 

4. The combination of elements as in claim 3 
in which the frequency of said variable voltage 
Wye is adapted to vary between a frequency 
which is slightly greater than the frequency of 
said fixed frequency voltage wave and a frequency 
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which is less than twice the frequency of said 
fixed frequency wave. 

5. Apparatus for accurately producing by the 
movement of a member at a sending station a 
desired predetermined movement of a member at 
a receiving station, comprising motor means for 
driving said member at the receiving station, 
circuit means for producing a signal controlled 
by, and corresponding to the position of, said 
Sending Station member, a second circuit means 
for producing a signal controlled by, and corre 
sponding to the position of, said receiving station 
member, and means simultaneously differentially 
responsive to the magnitude of said two signals 
for actuating said motor means, each of said cir 
cuit means comprising means for deriving a volt 
age wave of fixed frequency, means for deriving 
a periodically varying voltage wave the frequency 
of variation of which is dependent at each instant 
upon the position of the one of said members 
controlling that circuit means, means for modu 
lating the wave of said first frequency with the 
wave of said second frequency, means for filter 
ing the resultant modulated wave to produce a 
third wave the frequency of which is equal to 
the difference between said two frequencies, 
means for limiting the volume of said last-men 
tioned wave, means for shaping said volume lim 
ited wave whereby the amplitude of said shaped 
Wave is dependent upon the frequency of said 
third wave, and means for rectifying said shaped. 
Wave to produce a signal the magnitude of which 
is also representative of the frequency of said 
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third wave. 
6. The combination of elements as in claim 1 

in which said motor means comprises an arma 
ture, a first relay, a second relay, a series field 
winding, a source of direct potential, means in 
cluding the contacts of one of said relays for 
connecting said series winding in one direction 
to said armature, and means including the con 
tacts of said second relay for connecting said 
series winding in the opposite direction to said 
armature, - 

7. Apparatus for accurately producing by the 
movement of a member at a sending station a 
desired predetermined movement of a member 
at a receiving station, comprising motor means 
for driving said member at the receiving station, 
circuit means for producing a signal controlled 
by, and corresponding to the position of, said 
sending station member, a second circuit means 
for producing a signal controlled by, and corre 
sponding to the position of, said receiving station 
member, and means simultaneously differentially 
responsive to the magnitude of said two signals 
for actuating said motor means, each of said cir 
cult means comprising means for deriving a volt 
age Wave of fixed frequency, means for deriving 
a periodically varying voltage wave the frequency 
of variation of which is dependent at each instant 
upon the position of the one of said members con 
trolling that circuit. means, means for producing 
a wave the frequency of which is equal to the dif 
ference between said two frequencies, and means 
responsive to said last-mentioned wave for deter 
mining the magnitude of the signal produced in 
that circuit and controlling said diferentially re 
sponsive means, 

DOREN MITOHELL. 


