
Jan. 10, 1950 R. D. McCoy ET AL 2,493,772 
ELECTRONIC SIGNAL MIXING CIRCUIT 

Filed April 17, 1945 2 Sheets-Sheet l 

NVENORS Aawley A. M'Coy 

BY7, ET 22. bér 

  



Jan. 10, 1950 R. D. McCOY ETAL 2,493,772 
ELECTRONIC SIGNALMIXING CIRCUIT 

Filed April 17, 1945 2. Sheets-Sheet 2 

ta 
Q 

--> 8-> 
s S. 

SS S S R 

N 
c S N S 

Q O 

S. k S. N S. () W 
Q 

Q Q V Q S. Q 
O S 
& S. 
Q Q 

l 

s t SN Sl 
S-> l > 

N 

l Sk 

S357/24. A/oazy . . 
Af?f AAP2A//afri VS2/Asoo 

767/2// 7%%’sse-Aza yaayaay afewa 7&2782.749As a 7a veye77 
NVENTORS 

Away A. M/7Co 

-727 a 27. T 14.7 wr-flea 

  

  

  

  

  

  



3. 
Patented Jan. 10, 1950 2493,772 

UNITED STATES PATENT OFFICE 
2,493,772 

ELECTRONIC SGNAL MXNG CIRCU 
Rawley D. McCoy, Bronxville, and Thaddeus J. 

Kusto, New York, N.Y., assignors to The Sperry 
Corporation, a corporation of Delaware 
Application April 17, 1945, Serial No. 588,830 

17 Claims. (C. 318-30) 

Our invention particularly relates to a signal 
mixing circuit for use in a servomotor System 
wherein fine and coarse error signals are emi 
ployed in the control of the servomotor. 
mixing circuit of the present invention is pri 
marily designed to mix the fine and coarse error 
signal voltages employed in controlling the Servo 
and particularly to control at least the fine 
voltage. 

Fine and coarse error signal systems are ordi 
narily employed in servomotor systems to pro 
vide a close and quite accurate control Over the 
servomotor so that, for example, the load shaft 
or positionable object driven thereby will follow 
an input shaft or reference member with ex 
tremely small lag or lead therebetween. Ordi 
narily, fine and coarse error systems, such as 
those herein illustrated and hereinafter de 
scribed, respectively include a signal transmitter 
and a signal receiver or transformer. The trans 
mitter of the coarse system is Ordinarily con 
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nected directly with the data input or with the 
reference member so that the rotor of the trans 
mitter rotates in a 1:1 ratio with respect there 
to. The rotor of the fine transmitter, on the other 
hand, is rotated in some fixed, higher ratio with 
respect thereto, such as for example, a 36: or 
in any other desired ratio with respect to the 
reference member or input shaft. The coarse 
signal error voltage derived from the coarse sys 
tem will therefore vary in amplitude directly with 
rotation of the input shaft, or, more precisely the 
amplitude of the voltage envelope of the output 
voltage of the coarse System will vary in ampli 
tude directly with rotation of the input shaft. 
The fine error voltage or the voltage envelope of 
the output voltage of the fine system will vary in 
amplitude in the adopted ratio as, for example, 
36:1 with respect to rotation of the input shaft. 
These signal voltages are Ordinarily. Supplied to 
an amplifier which is associated in controlling re 
lationship with the servomotor or other con 
trolled device. 

Since fine and coarse error Woltages are emi 
ployed to provide close and accurate tracking of 
the positionable object, driven by the servo, with 
the reference member, a control must be exer 
cised over these signal voltages in order that they 
may be fully utilized under those conditions 
where their presence is most needed for proper : 
control, and may yet be modified or eliminated 
under those conditions where their presence 
would impair the operation of the servo or, 
even bring about a reversal of its direction of 
Operation. 
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In the present case, it is assumed that the fine 

and coarse ratio of the signal systems is an even 
numbered ratio, Such as 36:1, because, as will be 
evident as the description of the present inven 
tion proceeds, the mixing and control circuit of 
the present invention prevents synchronization 
where the units of the fine and coarse systems 
are displaced 180 with respect to each other, and 
this is accomplished without the use of any ad 
ditional voltages or the incorporation of other 
means Such as have been heretofore employed to 
prevent Such synchronization where an even 
numbered ratio of fine to coarse has been em 
ployed. 

It is the primary object of this invention to 
provide an electronic circuit in which the out 
put voltage contains components proportional to 
the Summation of two separate voltages of like 
phase, the presence of a component in the out 
put proportional to one of said voltages being 
controlled by the other voltage through the elec 
tronic means. Another object resides in providing a mixing 
and controlling circuit for fine and coarse signal 
voltages, comprising electronic means controlled 
by one of said signal voltages for controlling the 
presence of a voltage component in the output 
thereof which is proportional to the other signal 
voltage. 

Still another object resides in providing a con 
trol circuit for fine and coarse error signal volt 
ages, comprising a pair of electron tubes ar 
ranged back to back and so connected for ener 
gization or bias by both of said signal voltages 
that the presence of the voltage component in 
the output of the circuit which is proportional 
to one of said signal voltages will be controlled 
by the other of said signal voltages. 
More particularly, it is an object of the present 

invention to provide a control circuit for a servo 
motor in which fine and coarse signal voltages 
are mixed and controlled, said circuit including a 
pair of electron tubes connected back to back 
with the plates and cathodes thereof energized 
by the fine signal voltage and the control grids 
energized by the coarse signal voltage and in out 
of-phase relationship whereby the output of said 
circuit will comprise only voltage components 
proportional to the summation of like phase fine 
and coarse voltages. 

Still another object of this invention resides 
in providing a control and mixing circuit of the 
foregoing character which is so constructed and 
arranged that synchronization of the system can 
not occur when the 1:1 ratio synchro units or the 
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positionable object and reference member are 180° angularly displaced. 
With the foregoing and still other objects in 

view, our invention includes the novel elements 
and the combinations and arrangements there 
of described below and illustrated in the accom 
panying drawings, in which 

Fig. 1 schematically represents a positional 
control system, illustrated herein by way of ex 
ample and embodying a preferred form of fine 
and coarse signal mixing and control circuit; 

Fig. 2 is a wiring diagram of a modified form 
of signal voltage mixing and controlling circuit: 

Fig. 3 represents the envelope of fine and 
coarse signal voltages; and 

Fig. 4 illustrates the envelope of the voltage 
output of the circuits of the present invention. 

Fig. 1 illustrates somewhat schematically a 
positional control system as illustrative of sys 
tems embodying the present invention. In Fig. 1, 
indicates generally the input shaft with which 

a reference member may be connected and to 
which the rotor 2 of the transmitter 3 in the 
coarse signal system is directly coupled or so 
coupled thereto that the reference member or 
shaft and the rotor 2 rotate together. The in 
put shaft is also coupled through a gear train, 
indicated generally at 4, with the rotor 5 of a 
transmitter 6 which is the transmitter in the 
fine signal system. The gear train 4 is designed, 
as herein assumed for descriptive purposes, to 
drive the rotor 5 in a ratio of 36:1 with respect to 
the input shaft or rotor. 2 of the coarse trans 
mitter. 
The stator windings of the transmitters 3 and 

6 as indicated generally at 7 and 8, respectively, 
are connected together in polycircuit fashion and 
with the correspondingly disposed and similarly 
connected stator windings 9 and 0 of the signal 
transformers f and 2. Selsyn or Autosyn type 
units may be employed as the transmitters and 
as the receivers or signal transformers in the 
above-described transmission systems, and it will 
be understood that where in the following de 
scription we may refer to Selsyns that we mean 
to include any suitable type unit which may be 
employed for the purposes herein specified. 
The rotors of the transmitters 3 and 6 are 

connected across a source of suitable alternating 
current indicated generally at 3, while the rotors 
4 and 5 of the receivers or signal transformers 
and f2 are connected to supply signal voltages 

to the mixing and signal voltage control circuit 
included within the dot-dash line, and indicated 
generally at 6. The output of the fine transmis 
sion system or rotor S of signal transformer 12 
is connected across the input taps 7 and 8, while 
the output of the coarse transmission system or 
signal transformer i? is connected across the in 
put terminals 8 and 9. 
The mixing and signal voltage control circuit 

f6, in accordance with the present invention, 
functions to mix the fine and coarse signals and 
to control the fine signal so that only like phase, 
voltage components offine and coarse signal volt 
age appear in the output of the circuit, and is 
herein illustrated as comprising a pair of inputs 
and an Output. The inputs are represented as 
respectively including the terminals - 8 and 
8-9 and the output terminals are indicated 

at 20 and 2. 
In accordance with the preferred arrangement 

of the circuit 6 of the present invention, a pair 
of electron tubes 22 and 23 are connected to 

O 

s 

20 

25 

0 

70 

4. 
series between the fine signal voltage input and 
the output. By back to back relationship, we 
mean a connection wherein the plate of one tube 
is connected to the cathode of the other and the 
plate of the latter is connected to the cathode 
of the former. By arranging the tubes in this 
manner, they may be controlled to pass current 
in the circuit therethrough in One direction and 
also in the other, or to block the flow of current 
in both directions or in either direction. The in 
put terminal 7 is connected through lead 24 to 
the plate of tube 23 and to the cathode of tube 
22. The plate or anode of tube 22 is connected 
by lead 25 to the cathode of tube 23 and through 
lead 26 to one of the output taps 20. The input 
terminal 8 is also connected through lead 27 
and through resistor 28 to output terminal 20. 
Therefore, a closed circuit may exist embodying 
the rotor winding 5 of signal transformer 2, 
tubes 22 and 23 and resistance 28. If both tubes 
22 and 23 conduct, it will be obvious that a volt 
age will appear across resistor 28 or between the 
input terminal 8 and the output terminal 20 
which is proportional to the fine error signal volt 
age. Also, a signal voltage will appear across 
the input terminal 8 and the output terminal 
2 which is proportional to the coarse error sig 
nal voltage Since the input terminal 9 is con 
nected through lead 29 with output terminal 2 
and the rotor winding 4 of the coarse signal 
transformer f is connected acroSS the input ter 
minals fe and 9. Therefore, under the above 
assumed conditions, a signal voltage comprising 
components proportional to the fine and coarse 
error voltages will appear across the output taps 
20 and 2 of the mixing circuit 6. 
In accordance with the present invention, how 

ever, the presence of components in the output 
of circuit 6 which are proportional to or corre 
spond to the fine signal voltages appearing in 
the output of the fine transmission System is con 
trolled by the coarse error Signals derived from 
the rotor winding 4 of the coarse signal trans 
former f. In other words, the voltage output 
of signal transformer is applied across the out 
put terminals 20 and 2 of the mixing circuit 
and a component thereof is applied to the grids 
of tubes 22 and 23 to control the conductivity 
thereof. 

In accordance with the preferred embodiment 
of our invention, the signal voltage components 
of coarse signal voltage are impressed on the grids 
of the tubes 22 and 23 by employing a transformer 
indicated generally at 30, the primary 3 of which 
is connected between the leads 2 and 29 or the 
input terminals 8 and 9. Transformer 30 pref 
erably comprises a pair of secondary windings 
32 and 38. Winding 32 is connected at one end 
through resistor 34 to the grid 35 of tube 23, and 
the other end of Winding 32 is connected through 
lead 36 to the cathode of tube 23. Similarly, 
the other secondary winding 33 of the trans 
former is connected at one end through resistor 
3 and lead 38 to the grid 39 of tube 22, and the 
other end of said winding is connected through 
lead 40 to the cathode of tube 22. 

It will be noted, as shown in Fig. 1, that the 
secondary windings 32 and 33 are so arranged 
and connected with the grids of the tubes 22 and 
28 that the voltage components appearing across 
these secondary windings will be applied in oppo 
site phase sense to the grids. In other words, a 
component of coarse error voltage of positive 
Sense will be applied to the grid of one of these gether in back to back relation as shown and in 7S tubes while simultaneously a component of coarse 
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signal voltage will be applied in a negative sense 
to the grid of the other tube, or, the control volt 
ages applied to the grids of these tubes will be 
applied thereto in opposite phase relationship. 
Therefore, the output of tubes 22 and 2 under 
control of the coarse signal voltage will depend 
upon the phase relationship which exists between 
the fine and coarse error signals. More Spe 
cifically, when the fine and coarse signal voltages 
are in phase or are of the same phase sense, the 
coarse signal voltage components will control the 
tubes to conduct and thereby provide a signal 
voltage component in the output of the mixing 
circuit which is dependent upon and proportional 
to the fine error signal. On the other hand, if 
the fine signal voltage changes in phase Sense 
with respect to the coarse signai voltage, Such 
that they have opposite phase senses, the tubes 
will be rendered non-conductive and no voltage 
corresponding to the fine signal voltage will 
appear in the output of the circuit. 
The operation of the above-described circuit is 

briefly set forth as follows. Assuming that the 
coarse and fine error signals derived from the 
signal transformers and 2 are of like phase 
sense, it may be assumed that the anode or plate 
of tube 23 will become positive when its grid is 
driven positive by the secondary 32 of transformer 
30 or is biased in a positive direction by a com 
ponent of coarse error voltage. Under such a 
condition, tube 23 will conduct and a voltage will 
appear across resistor 28 corresponding to the fine 
error voltage. For the above assumed relation 
ship of plate and grid voltages on tube 23, the 
voltage across resistor 28 will be additive with the 
voltage induced in the rotor winding 4 of the 
signal transformer , and therefore a voltage 
will appear across the output taps 20 and 2 which 
is proportional to the summation of these two 
voltages. When the phase of both the fine and 
coarse signal voltages reverses, the plate of tube 
22 will become positive and likewise the grid 39 
thereof will be driven positive from the secondary 
33 of the transformer 30, thereby again providing 
a closed circuit to supply a voltage component 
proportional to the fine error voltage output of 
the signal transformer 2. Since the fine and 
coarse voltages have reversed in phase together, 
they will still appear in an additive sense across 
the output taps 20 and 2 of the circuit. 

If, on the other hand, the phase of the fine 
voltage Output from the signal transformer 2 
were to change relative to the coarse signal volt 
age so as to be of opposite phase sense, it should 
be readily seen that the control voltages which 
are applied to the grids of the tubes 22 and 23 
will drive the grids negative when the plates be 
come positive and therefore no signal voltage will 
appear in the output of the circuit which corre 
Sponds to the fine signal voltage. 

In the exemplary embodiment of my invention 
shown in Fig. 1, the output of the circuit is is 
connected across the primary of a coupling trans 
former 4, the center tapped secondary of which 
is connected to the input of a phase-sensitive 
amplifier 42. A source of alternating reference 
voltage is connected to the phase-sensitive am 
plifier, and this source may be the source 3 em 
ployed in exciting the transmitters of the fine and 
coarse transmission systems. Any conventional 
type of phase-sensitive amplifier may be em 
ployed, and, since the particular arrangement 
or construction thereof forms no part of the pres 

described the amplifier in detail. The output of 
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the amplifier is applied in controlling relation 
to a servomotor 43. Furthermore, in like man 
ner, we have represented the motor 43 as any suit 
able type of ServOmotor. w 
To complete the servo system of Fig. 1 which 

has hereinbefore been indicated as a positional 
control System, we have shown the servomotor 43 
as driving a load shaft 44 to which, it will be 
understood, is Secured the positionable object to 
be positioned in agreement with the reference 
member aSSociated with the input shaft . For 
repeat back purposes, we have shown the load 
shaft or motor 43 as driving the rotors of the sig 
nal transformers and 2 through bevel gears 
45, shaft 46, bevel gears 47, shaft 48, bevel gears 
49, shaft 50 and bevel gears 5i. The foregoing 
transmission is shown purely for illustrative pur 
pOSes. One of the bevel gears 5 is illustrated as 
Secured to the shaft 52 of the rotor f4 and to 
this shaft is also secured the first gear of a gear 
train indicated generally at 53 which corresponds 
in all material respects to the gear train 4 herein 
before described in connection with the rotors of 
the transmitters 3 and 6. Therefore, the servo 
motor 43 will drive the load and the rotor 4 of 
signal transformer together and in synchro 
nism while, through the gear train 53, the rotor 
5 of signal transformer 2 will be driven in the 
Sane ratio with respect to rotor 4 as the rotor 5 
of transmitter 6 is driven through gear train 4 
With respect to the rotor 2 of transmitter 3. By 
means of the repeat back, the error signal sup 
plied in controlling relation to the servomotoris 
made primarily dependent upon the angular lag 
or lead of the positionable object or load shaft 
with respect to the reference member or input 
Shaft . 

In Fig. 2, we have shown a modified embodi 
ment of the mixing and control circuit of the 
present invention wherein two tubes 54 and 55 
which may be generally similar to tubes 22 and 23 
are connected back to back and in shunt across 
the one pair of input terminals to which the fine 
error signal is applied. In this form of the in 
vention, the tubes 54 and 55 are adapted and 
controlled to conduct and thereby shunt out of 
the output of the circuit voltage Components 
which are proportional to the fine error Signal 
voltage when the fine error voltage is of Opposite 
phase sense to the coarse error Voltage or when 
the two voltages are out of phase with respect to 
each other. 

In the preferred form of circuit for function 
ing in the above described manner and Which is 
illustrated in Fig. 2, one pair of input taps 56 and 

are connected to opposite sides of the tubes 
5 and 55. In other words, terminal 56 is con. 
nected through a suitable resistor 59 directly 
with one of the output terminals 60 of the out. 
put 60-6. The cathode of one tube and the 
plate of the other are connected with the lead 
62 joining the resistor 59 with the output tap 
60 while the plate of the first-mentioned tube 
and the cathode of the latter are connected to 
gether and through lead 63 to the input terminal 
57. The fine signal voltage output from the 
fine signal transformer 2 is adapted to be con 
nected across the input 56-57 and the coarse 
signal voltage derived from the coarse signal 
transformer f is connected across the input 
57-58, while the output terminal 60-6, which 
corresponds to the output 20-2 of Fig. 1, may be 

ent invention, we have not herein illustrated or 75 connected through suitable coupling means with 
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a phase-sensitive amplifier as illustrated in Fig. 1. 
The tubes 54 and 55 are controlled by the con 

trol grids thereof to conduct or may be biased to 
cut-off dependent upon the relationship which 
the phase of the fine and coarse signal voltages 
bear one to the other. The primary 64 of a 
transformer 65 is connected across the coarse 
error input 57-58. 
66 thereof is connected between the grid 67 of 
tube 54 and lead 62 or the Cathode of this tube 
and, similarly, a second winding 67 of trans 
former 65 is connected between the grid 68 of 
tube 55 and its cathode. The input tap 58 is, 
of course, connected directly through lead 69 
with output terminal 6. 
The foregoing described circuit functions as 

follows. Assuming that the fine and coarse error 
voltages are not in phase, the plate of tube 54 
will, it may be assumed, be driven positive with 
respect to its cathode by the fine error voltage 
which is applied thereacross when the grid 67 
of this tube is driven positive by the coarse error 
voltage through the medium of transformer 65. 
Under these assumed conditions, the fine and 
coarse error voltages will be out of phase, tube 
54 will conduct and thereby will shunt the fine 
error voltage out of the output of the circuit. 
When the voltages reverse in phase, the plate of 
tube 55 will become positive with respect to its 
cathode by virtue of the fine error signal which 
is applied thereacross and at the same time its 
grid 68 will be driven positive by the coarse error 
voltage. Therefore, tube 54 will conduct during 
one-half cycle and tube 55 will conduct during 
the next succeeding half cycle so that the alter 
nating fine error, voltage will be shunted across 
the lead 62 and 63 and will not appear in the 
output 60-6. However, under all of the above 
assumed conditions, the coarse error voltage will 
appear across the output 60-6. 
As compared to the foregoing, when the fine 

and coarse error voltages appear in phase or 
in like phase relationship, the anode of each 
tube will be driven positive when the respective 
grids are driven negative and therefore the two 
tubes will not conduct during either half cycle, 
and the output of the circuit will comprise sum 
mation voltage components corresponding to the 
like phase, coarse and fine signal voltages, such 
summation components being applied to the sig 
nal voltage amplifier. For the circuit to operate 
as above described, it will be seen that the grids 
of the tubes 54 and 55 are energized in out-of phase relationship. 

In Figs. 3 and 4 we have illustrated curves 
representing the envelopes of the signal voltages 
which are derived from the fine and coarse sig 
nal transformers. For example, curve 70 which 
is generally of sine wave form represents the 
error voltage which will be derived from the sig 
nal transformer 2. The curve. represents 
the envelope of the signal voltage derived from 
the signal transformer or represents the coarse 
error signal voltage. It will be seen that the 

A first secondary winding 
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fine error voltage as represented by curve TO . 
goes through many cycles for one cycle of the 
coarse voltage, and the ratio thereof will be the 
same as the ratio adopted between the fine and 
coarse signal transmission systems. In this case, 
we have assumed a 36:1 ratio and therefore it 
will be understood that 18 cycles of the fine error 
voltage will appear between the axis Y-Y and 
Y-Y, the spacing of these axes representing 

70 

erence member and the positionable object. We 
have illustrated the two curves to and as they 
appear in the zone of zero degrees on the coarse 
and fine transmission systems of zero actual 
error, and 180° therefrom on the coarse system. 

If both signal voltages were to be applied in 
controlling relation to the servomotor, and real 
izing that values of signal voltage either fine Or 
coarse above the axis will function to drive the 
Servo in one direction, while corresponding val 
lues below the axis will drive in the opposite 
direction, it will be seen that at 0° of actual 
error both the coarse and fine voltages will serve 
to drive the servomotor into synchronizing po 
sition with the reference member as indicated 
by the arrows. At 180° displacement or actual 
error as represented by the curves to the right 
of Fig. 3, although the coarse error will function 
to drive the servo in a direction away from a 
180 error Synchronizing point, the fine error 
voltages which have a much steeper gradient 
adjacent the 180° or Y-Y axis tend to produce Synchronism at this point. 

Obviously, both signals as shown in Fig. 3 
cannot be Supplied in toto to control a servo 
motor since the fine error would reverse the di 
rection of operation of the servo a short way 
Out from Zero error when the phase of the fine 
signal voltage reversed and became greater than 
the coarse signal voltage. 

Heretofore, because of the fact that the system 
might Synchronize with 180° of actual error for 
the reasons above briefly presented, an additional 
voltage component was introduced into the sys 
tem. So that both voltages did not reduce to zero 
at 180° of error or an odd ratio of fine to coarse 
signal was adopted. It is to be observed that 
with the mixing circuit of the present invention, 
as readily seen from the curves in Fig. 4, that 
the System cannot synchronize at 180° of error 
but will only synchronize when the error is re duced to zero. 

Referring now to Fig. 4, curve 72 represents 
the voltage output appearing across the output 
of the signal mixing and control circuit 6 of 
Fig. 1 or the circuit of Fig. 2. As hereinabove 
pointed out, only signal voltage components of 
like phase will appear in the output of these 
circuits, and therefore those components of the 
fine signal voltage below the X-X axis of Fig. 
3 do not appear and are not added to the coarse 
signal voltage because they are either blocked 
as in Fig. 1 or shunted as in Fig. 2. The output 
voltage of the circuits is a summation of the fine 
and coarse signal voltages of like phase and the 
envelope thereof is represented by the curve 72. 
It will be observed that around zero error the fine signal voltage greatly predominates although 
Superimposed upon the coarse error voltage. This 
provides quite accurate and close control of the 
servo about the Zero error position. At a point 
representing 180° of actual error as indicated 
in Fig. 4 by the Y'-Y-axis, it will be observed 
that only coarse error voltage appears in the out 
put of the circuits of Figs. 1 and 2 because these 
circuits eliminate the components of fine error 
signal which are of opposite phase sense with re 
spect to the coarse error voltage. Under these 
conditions, no fine error voltage around 180° of 
actual error is present to produce a false syn 
chronizing point and the coarse error signal will 
drive the servo away from the 180° error and in 
a direction tending to zero the error. 
The function of the fine and coarse voltages as 180° of angular displacement between the ref- they individually control the servomotor or as 
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the corresponding voltage components in the out 
put of the circuits of the present invention Con 
trol the servomotor is represented by the arrows. 
The legends indicate which voltage components 
cause the servo to drive in the direction repre 
sented by the associated arrow. Since, as shown 
in Fig. 4, only coarse error voltage is present 
in the output of the control circuits of the present 
invention adjacent the Y'-Y' axis, Synchroniza 
tion with 180° of actual error cannot result. 
Therefore, the circuits in the present invention 
may be employed with fine and coarse trans 
mission systems having an even ratio therebe 
tween and eliminate any necessity of employing 
additional means, added voltages and the like for 
preventing false synchronization of the System. 
While we have described our invention in its 

preferred embodiments it is to be understood 
that the words which we have used are words 
of description rather than of limitation and that 
changes within the purview of the appended 
claims may be made without departing from the 
true scope and spirit of our invention in its 
broaders aspects. 
What is claimed is: 
i. In a servo system of the character described, 

fine and coarse transmission systems, a servo 
motor connected for control by the voltage out 
puts of said fine and coarse Systems, and a mixing 
circuit for mixing the fine and coarse error volt 
age outputs of said systems, said mixing circuit 
comprising a pair of electron tubes having space 
discharge paths and control elements therefor, 
said space discharge paths being connected to 
gether in back to back relation and in circuit with 
one of said error voltages, and both of Said con 
trol elements being connected with the other 
error voltage whereby said signal voltages jointly 
function to control the conductivity of said tubes. 

2. In a servo system of the character described, 
fine and coarse transmission systems, a servo 
motor connected for control by the voltage out 
puts of said fine and coarse systems, and a mix 
ing circuit for mixing the fine and coarse error 
voltage outputs of said systems and for control 
ing at least the fine voltage, said mixing circuit 
comprising a pair of electron tubes each having 
a cathode, a plate and a grid, said Cathode and 
plate being connected together in back to back 
relation and energized by said fine error voltage, 
and means for connecting the grids thereof for 
energization by said coarse error voltage in op 
posite phase relationship, whereby the error volt 
age output of said mixing circuit contains voltage 
components proportional to the Summation only 
of like phase, coarse and fine error voltages. 

3. In a servo system of the character described, 
fine and coarse transmission Systems, a servo 
motor connected for control by the voltage out 
puts of said fine and coarse systems, and a mix 
ing circuit for mixing the fine and coarse error 
voltage outputs of said systems and for control 
ling at least the fine voltage, said mixing circuit 
comprising a pair of inputs to which said fine and 
coarse transmission systems are respectively con 
nected, an output, and a pair of electron tubes 
having space discharge paths and control grids 
therefor, said space discharge paths being con 
nected together in back to back relation and in 
shunt with the input to which the fine error signal 
voltage is connected, whereby to function when 
conducting to shunt the fine error voltage and 
substantially eliminate it from the output of Said 
circuit output, the grids of said tubes being con 
nected to receive a component of coarse signal 
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voltage from the other of said inputs whereby 
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the presence of a voltage component in the out 
put of Said circuit corresponding to the fine signal 
voltage supplied to said circuit is controlled by the 
coarse signal voltage. 

4. In a servo system of the character described, 
fine and coarse transmission systems, a servo 
motor connected for control by the voltage out 
puts of said fine and coarse systems, and a mixing 
circuit for mixing the fine and coarse error 
voltage outputs of said systems and for con 
trolling at least the fine voltage, said mixing cir 
cuit comprising a pair of inputs to which the 
voltage outputs of said fine and coarse systems 
are respectively connected, an output, and a pair 
of electron tubes each having a Space discharge 
path and a control grid therefor, said space dis 
charge paths being connected together in back 
to back relation and in a Series circuit between 
One of the fine signal voltage inputs and the out 
put, the grids of Said tubes being connected for 
energization by a component of voltage from the 
coarse signal voltage input whereby the presence 
of Voltage components in the output of said cir 
cuit which correspond to the fine signal volt 
age are controlled by the coarse signal voltage. 

5. A servo system of the character recited in 
claim 3 in which the coarse error signal voltages 
are supplied to the grids of the tubes in opposite 
phase relationship. 

6. A servo system of the character recited in 
claim 4 in which the coarse error signal voltages 
are supplied to the grids of the tubes in opposite 
phase relationship. 

7. In a servo system of the character described, 
fine and coarse transmission systems, a servo 
motor connected for control by the voltage out 
puts of said fine and coarse systems and a mixing 
circuit for mixing the fine and coarse error 
voltage outputs of Said Systems, said mixing 
circuit comprising a pair of input terminals con 
nected to receive said fine and coarse error volt 
ages, a pair of electron tubes having space dis 
charge paths and control elements therefor, said 
space discharge paths being connected back to 
back and in circuit with one of said inputs, and 
means for connecting the control elements of 
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said tubes to the other of said inputs to receive 
voltages therefrom in opposite phase relation 
ship, whereby said voltages function to control 
the conductivity of said tubes. 

8. In a servo system of the character described, 
fine and coarse transmission systems, a servo 
motor connected for control by the voltage out 
puts of Said fine and coarse Systems and a mixing 
circuit for mixing the fine and coarse error volt 
age outputs of said systems, said mixing circuit 
comprising means for Supplying two separately 
controlled variable amplitude, reversible polarity 
signal voltages having the same frequency, an 
electrical circuit including a pair of voltage in 
puts respectively connected to receive said signal 
voltages, a pair of electron tubes having space 
discharge paths and control elements therefor, 
said space discharge paths being connected back 
to back and in circuit with one of said inputs, 
both of said control elements being connected 
to the other of Said inputs to receive voltages 
therefrom, whereby one of said signal voltages 
functions to control the operation of said tubes 
to thereby control the component of the signal 
voltage in the output corresponding to the other 
signal voltage. 

9. In a servo system of the character described, 
fine and coarse transmission systems, a servo 
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motor connected for control by the voltage out 
puts of said fine and coarse systems and a mixing 
circuit for mixing the fine and coarse error volt 
age outputs of said system, said mixing circuit 
comprising an electrical circuit including a pair 
of inputs having the same frequency and a pair 
of electron tubes having plates, cathodes, and 
grids, said plates and cathodes being connected 
back to back and in circuit with one of said in 
puts, the grids of said tubes being connected for 
energization from the other of said inputs, where 
by the output of said tubes is controlled by both 
signal voltages. 

10. In a servo system of the character de 
scribed, fine and coarse transmission systems, a 
servomotor connected for control by the voltage 
outputs of said fine and coarse Systems and a 
mixing circuit for mixing the fine and coarse 
error voltage outputs of said Systems, Said mixing 
circuit comprising an electrical circuit including 
a pair of inputs and a pair of electron tubes hav 
ing plates, cathodes, and control grids therefor, 
said plates and cathodes being connected back 
to back and in circuit with one of Said inputs, 
the grids of said tubes being connected for ener 
gization by the voltage supplied to the other 
of said inputs, in opposite phase relationship, 
whereby one of said signal voltages functions to 
control the conductivity of said tubes to thereby 
control the component of the signal voltage out 
put corresponding to the other signal voltage. 

11. In a servo system of the character de 
scribed, fine and coarse transmission Systems, a 
servomotor connected for control by the voltage 
outputs of said fine and coarse systems and a 
mixing circuit for mixing the fine and coarse 
error voltage outputs of said systems, said mixing 
circuit comprising an electrical circuit having an 
output and a pair of voltage inputs, a pair of 
electron tubes having space discharge paths and 
control grids therefor, said space discharge paths 
being connected back to back and in shunt with 
a first of said inputs, whereby to shunt the volt 
age across said first input out of Said output, and 
the grids of said tubes being connected to receive 
the signal voltage from the other of said inputs, 
whereby the presence with a voltage component 
in the output of said circuit which corresponds 
to one of said voltage inputs is controlled by the 
other voltage input. 

12. In a servo system of the character described, 
fine and coarse transmission systems, a Servo 
motor connected for control by the voltage out 
puts of said fine and coarse systems and a mix 
ing circuit for mixing the fine and coarse error 
voltage outputs of said systems, said mixing cir 
cuit comprising an electrical circuit having an 
output and a pair of voltage inputs, a pair of elec 
tron tubes having space discharge paths and con 
trol grids therefor, said space discharge paths be 
ing connected back to back and in shunt with a 
first of said inputs, whereby to shunt the voltage 
across said first input out of said output, and the 
grids of said tubes being connected to receive the 
component of signal voltage from the other of 
said inputs in opposite phase relationship, where 
by the presence of the voltage component in the 
output of said circuit which corresponds to one 
of said voltage inputs is controlled by the other 
voltage input. 

13. In a servo system of the character described, 
fine and coarse transmission Systems, a servo 
motor connected for control by the voltage out 
puts of said fine and coarse systems and a mixing 

s 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

O 

65 

70 

2 
age outputs of said systems, said mixing circuit 
comprising an electrical circuit including an out 
put and a pair of voltage inputs of the same fre 
quency, a pair of electron tubes having space dis 
charge paths and control grids therefor, said space 
discharge paths being connected back to back and 
in series circuit between one of said inputs and 
the output, the grids of said tubes being connected 
for energization from the other of Said inputs, 
whereby the presence of voltage components in 
the output of said circuits which corresponds to 
one voltage is controlled by the other voltage. 

14. In a servo system of the character described, 
fine and coarse transmission systems, a servo 
motor connected for control by the voltage out 
puts of said fine and coarse systems and a mixing 
circuit for mixing the fine and coarse error volt 
age outputs of said Systems, said mixing circuit 
comprising an electrical circuit including an out 
put and a pair of voltage inputs, a pair of electron 
tubes having space discharge paths and control 
grids therefor, said space discharge paths being 
connected back to back and in a series circuit be 
tween One of said inputs and the output, and the 
grids of said tubes being connected for energiza 
tion from the other of said inputs in opposite 
phase relationship, whereby the presence of volt 
age components in the output of said circuit which 
correspond to one voltage are controlled by the 
other voltage. 

15. In a servo system of the character described, 
fine and coarse transmission systems, a servo 
motor connected for control by the voltage out 
puts of Said fine and coarse systems and a mixing 
circuit for mixing the fine and coarse error volt 
age outputs of Said systems, said mixing circuit 
comprising means for supplying a pair of input 
voltages having the same frequency, one of said 
means providing an input voltage varying in am 
plitude in accordance with a quantity and the 
other of said means providing an input voltage 
varying in amplitude in accordance with a mull 
tiple of Said quantity, a pair of electron tubes hav 
ing space discharge paths and control elements 
therefor, said space discharge paths being con 
nected in back to back relation and in circuit with 
one of Said voltage inputs, and means for connect 
ing the control elements of said tubes in opposite 
polarity sense to the other of said voltage inputs, 
whereby said signal voltages function jointly to 
control the conductivity of said tubes. 

16. In a servo system of the character described, 
fine and coarse transmission systems, a servo 
motor connected for control by the voltage out 
puts of Said fine and coarse systems and a mixing 
circuit for mixing the fine and coarse error volt 
age outputs of said systems, said mixing circuit 
comprising means for supplying a pair of input 
voltages having the same frequency and of like 
phase, but varying in amplitude in accordance 
with a predetermined ratio with respect to a 
measure of said error signal, a pair of electron . 
tubes having plates, cathodes, and grids, said 
plates and cathodes being connected in back to 
back relation and in circuit with one of said input 
voltages, said grids being connected for energiza 
tion from the other of said input voltages, where 
by the output of said tubes is controlled by both signal voltages. 

17. In a servo System of the character described, 
fine and coarse transmission systems, a servo 
motor connected for control by the voltage out 
puts of said fine and coarse systems and a mixing 
circuit for mixing the fine and coarse error volt 

circuit for mixing the fine and coarse error volt- 75 age outputs of Said systems, said mixing circuit 
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comprising an electrical circuit including a pair 
of voltage inputs and an output error signal 
source, said pair of input voltages having the same 
frequency, the apnplitude of one of said inputs bee 
ing arranged to vary with a measure of said error 
signal and the amplitude of the other of said in 
puts being arranged to vary with a whole multiple 
of said measure of said error signal, a pair of 
electron tubes having space discharge paths and 
control elements therefor, said space discharge 
paths being connected in back to back relation 
and in circuit between one of said inputs and said 
output, and said control elements being connected 
for energization from the other of said inputs in 
opposite phase relationship, whereby the presence 
of voltage components in the output of said cir 
cuit which correspond to one voltage are con 
trolled by the other voltage. 

RAWEY D. McCOY, 
AODUS. KUSTO. 
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