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This invention relates to a diffusion furnace and more 
particularly to a diffusion furnace having a master and 
slave control system for multiple zone control. 

Diffusion furnaces have heretofore been provided which 
include temperature control. However the type of 
temperature control provided on such diffusion furnaces 
have been subject to a number of difficulties. For ex 
ample, for each temperature change desired for the 
diffusion furnace, it has been necessary to reset the 
controls. In addition, in such diffusion furnaces, it has 
been necessary to precisely calibrate and position the 
thermocouples utilized in the diffusion furnace. 
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There 
is, therefore, a need for a new and improved diffusion 
furnace. 

In general, it is an object of the present invention to 
provide a diffusion furnace having an improved tempera 
ture control. 

Another object of the invention is to provide a diffusion 
furnace of the above character in which a master and 
slave system is utilized for controlling multiple zones 
in a diffusion furnace. 

Another object of the invention is to provide a diffusion 
furnace of the above character in which it is unnecessary 
to precisely position the thermocouples utilized for tem 
perature control. 

Another object of the invention is to provide a diffusion 
furnace of the above character in which the controls for 
each Zone need not be reset for each temperature change 
made in the diffusion furnace. 

Another object of the invention is to provide a diffusion 
furnace of the above character in which longer flat 
zones can be provided. 

Another object of the invention is to provide a diffusion 
furnace of the above character in which errors in posi 
tioning and variations in outputs of the thermocouples 
utilized can be readily compensated for. 

Another object of the invention is to provide a diffusion 
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ance to the galvanometer and which also makes it possible 
to adjust through a substantial range the signal supplied 
to the control means for the master Zone. A galvanometer 
is also provided for each of the other zones. The signal 
to the galvanometer is obtained by placing one thermo 
couple in the master zone and then placing another 
thermocouple in the other zone to be controlled. Means 
is provided for connecting the output of the galvanomteer 
to the zone to control the temperature of the Zone so that 
it is slaved to the master zone. This means also includes 
means which presents a constant output impedance to 
the galvanometer and which makes it possible to adjust 
through a substantial range the signal supplied to the 
control means for the associated zone. 
As shown in the drawings, our diffusion furnace 10 

consists of heating means in the form of a single coil 
11 which extends through a plurality of Zones, namely, 
zones A, B and C for one individual furnace. Alterna 
tively, a separate coil can be used for each zone if desired. 
This coil 11 is supplied with power through separate tem 
perature control means for each zone from a suitable 
source such as single phase A-C. of a suitable voltage 
such as 208 volts as indicated as being connected to the 
lines L1 and L2. Normally, a plurality of such individual 
furnaces are provided in one location as, for example, 
three furnaces, so that a three-phase supply can be 
utilized. 

Each of the zones or sections of the coil 11 is connected 
to a secondary 12 of one of the voltage reducing trans 
formers TR1, TR2 and TR3. The primary 13 of each 
of the transformers TR1, TR2 and TR3 has one side 
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furnace of the above character in which it is unnecessary . 
to readjust the galvanometers for each temperature change 
which is made for the diffusion furnace. 

Additional objects and features of the invention will 
appear from the following description in which the pre 
ferred embodiment is set forth in conjunction with the 
accompanying drawing. - 
The drawing is a circuit diagram with certain parts 

Schematically illustrated of a diffusion furnace incor 
porating our invention. 

In general, our diffusion furnace consists of a plurality 
of Zones with temperature controlling means associated 
with each Zone. The temperature controlling means for 
each Zone includes control means which connects the 
Source of power to each zone. A set point controller is 
used for one of the zones which can be called a master 
Zone. A thermocouple is provided in the master Zone 
and is connected to the set point controller and supplies 
a signal to a galvanometer which produces an output 
signal proportional to the deviation between the measured 
temperature in the master zone and the set point. Means 
is connected to the output of the galvanometer and to 
the control means for the master zone for controlling 
the application of power to the master Zone. This means 
includes means which presents a constant output imped 
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connected to a line 14 which is connected to a circuit 
breaker CB. As shown, the circuit breaker CB is adapted 
to connect line 14 to line L1 when it is closed. The other 
side of each of the primary windings 13 is connected to 
one side of the output winding of the associated saturable 
core reactor in which the saturable core reactors are 
identified as SCR1, SCR2 and SCR3, respectively, for the 
three zones. The other side of the output winding of the 
saturable core reactor is connected to a line 16 which 
is also connected to the circuit breaker CB and is adapted 
to be connected to the line L2. 
As is well known to those skilled in the art, there will 

be some voltage drop across the saturable core reactor, 
and for that reason, the voltage supplied to the primary 
winding 13 of the transformers TR1, TR2 and TR3 will 
be approximately 193-195 volts, assuming that 208 volts 
is supplied to the saturable core reactor. With such a 
voltage, the secondary winding 12 of the transformers 
TR1, TR2 and TR3 will deliver a suitable low voltage 
such as approximately 30 volts to sections or zones A, 
B and C of the coil 11. - 
A voltmeter V1 is connected across the input winding 

of each of the transformers TR1, TR2 and TR3 for 
measuring the input voltage to the transformers. Am 
meters A-1, A-2 and A-3 are provided in the line 
from the saturable core reactors to the input or primary 
windings of the transformers TR1, TR2 and TR3 to 
measure the current flow into the transformers. . . . . 
The input windings of the saturable core reactors 

SCR1, SCR2 and SCR3 are each connected to a mag 
netic amplifier. These magnetic amplifiers are identified 
as MA1, MA2 and MA3, respectively. The magnetic 
amplifiers can be of any suitable type such as Model No. 
6191 Supplied by the Minneapolis-Honeywell Regulator 
Co., Industrial Products Group, Philadelphia, Pa. As is 
well known to those skilled in the art, the magnetic 

70 
amplifier supplies a D.-C. current to the D-C. winding 
of the saturable core reactor to control the current flow 
through the saturable core reactor and thereby to control 
the current flow in each of the zones A, B and C of the 
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heater winding 11. Such magnetic amplifiers act as power 
amplifiers and serve to boost low level input signals from 
a primary controller to a high level output to control 
a saturable core reactor. Such a device supplies a con 
tinuous stepless and contactless electrical control. 
The input to each of the magnetic amplifiers is con 

nected to a resistance network. As shown in the drawing, 
these resistance networks are identified as 21, 22 and 
23 for the three magnetic amplifiers. A primary con 
troller or null galvanometer is connected to each of the 
resistance networks 21, 22 and 23 and is provided for 
controlling the magnetic amplifier. These galvanometers 
are identified as G1, G2 and G2. The null galvanometer 
can be of any suitable type such as the Model 105R212 
Pyr-O-Volt current proportioning controller manufac 
tured and sold by the Minneapolis-Honeywell Regulator 
Co. of Fall River, Mass. As is well known to those 
skilled in the art, such a proportioning controller pro 
vides a continuous indication of the value of the input 
variable and produces an output current proportional to 
the deviation of the indicating point within the propor 
tional band from the desired control or set point. 
The input of the null galvanometer G1 is connected 

to thermocouples T1 and T2 by conductors 26 and 27. 
The null galvanometer G3 is connected to thermocouples 
T3 and T4 by conductors 28 and 29. As can be seen 
from the drawing, thermocouples T1 and T4 are posi 
tioned in the zones A and C, respectively, whereas the 
thermocouples T2 and T3 are positioned in zone B of 
the winding 11. The input of the null galvanometer G2 
is connected to a set point controller 31 through con 
ductors 32 and 33. The set point controller 31 is con 
nected to a master thermocouple T5 by conductors 34 
and 36. Any suitable set point controller can be utilized 
such as the digital set point unit manufactured and sold 
by the Minneapolis-Honeywell Regulator Co. of Fall 
River, Mass. As is well known to those skilled in the 
art, such a digital set point unit is an adjustable potenti 
ometer circuit wherein a manually adjusted set point 
voltage serving as a constant reference voltage source is 
presented in opposition to the varying input voltage sup 
plied by the master thermocouple T5 positioned in zone 
B. The difference or deviation between these two volt 
ages is the output of the digital set point unit and is 
utilized to deflect the galvanometer G2. The galvanom 
eters G1, G2 and G3 are provided with a center-zero 
scale so that plus or minus deviation from the set point 
can be read directly in scale divisions. 
The resistor networks 21, 22 and 23 are identical 

as shown in the drawings. Thus, each resistor network 
is comprised of an L-pad consisting of potentiometers P1 
and P2 and precision adjusting means consisting of po 
tentiometer P3. Potentiometers P1 and P2 are provided 
with wipers 38 and 39 which are mounted in such a man 
ner that when the wipers are moved in unison, one is 
moved in one direction and the other is moved in the 
opposite direction with respect to the windings of the 
potentiometers. One end of the winding of potentiometer 
P1 is connected to the output of the galvanometer, and 
similarly one end of the winding of potentiometer P2 is 
connected to the output of the galvanometer and the in 
put of the magnetic amplifier. The other ends of the 
windings are free. One end of the winding of potentiom 
eter P3 is connected to the wipers 38 and 39 of potenti 
ometers P1 and P2. The other end of the winding is 
free. The wiper 41 for the potentiometer is connected to 
the input of the magnetic amplifier. A connection is 
made from the free end of the potentiometer winding to 
the wiper 41 so that no open circuit can occur in case 
the wiper 41 loses contact with the winding. 

Operation and use of the diffusion furnace shown in 
the drawing may now be briefly described as follows. Let 
it be assumed that the furnace is cold and that it is de 
sired to start up the furnace. In order to control the 
amount of current which flows in the coil 11 when it is 
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4. 
cold, the control means for each zone is operated to great 
ly reduce the possible current flow. 

Thus, before supplying power to the diffusion furnace, 
the sliders 38 and 39 of the L-pad of each temperature 
controlling means are positioned so that all of the im 
pedance of the potentiometer P1 is placed in the control 
circuit to the magnetic amplifier to greatly reduce, or re 
duce to zero, the signal from the galvanometer to the 
magnetic amplifier. Such a reduced signal, when applied 
to the saturable core reactor, will not cause saturation of 
the saturable core reactor. This means that the con 
ductivity of the saturable core reactor will be very low, 
and for that reason, a relatively low current is supplied to 
the associated transformers and to the associated section 
OT ZOle. 

Since the master thermocouple T5 is connected to the 
set point controller 31, and since when the furnace is cold, 
the current flow through the master thermocouple T5 
will be much greater than normal to give an indication 
that the temperature is far below the set point given by 
the set point controller 31. Therefore, a large signal 
will be supplied to the null galvanometer G2 and nor 
mally, the null galvanometer G2 will provide an output 
current proportional to the deviation from the desired 
control or set point. In order to prevent such a large 
signal from being supplied to the magnetic amplifier, the 
L-pad resistive network 22 is adjusted to place the maxi 
mum impedance of the potentiometer P1 in the circuit to 
the magnetic amplifier to thereby reduce the signal from 
the controller G2 to a safe value. 
The L-pads of the resistor networks 21 and 23 are ad 

justed in a similar manner so that only a very small sig 
nal will be supplied to the magnetic amplifier from the 
controllers G1 and G3. 

Because these small signals are supplied to the mag 
netic amplifiers, only a small signal will be supplied to the 
saturable core reactors and, therefore, saturation does not 

This greatly limits the conductivity of the 
saturable core reactor so that relatively low currents will 
be supplied to the transformers TR1, TR2 and TR3 and, 
therefore, relatively low currents will be supplied to the 
zones or sections A, B and C of the heating coil 11 of 
the diffusion furnace. 
As the diffusion furnace begins to heat up, the L-pads 

are manually adjusted to gradually decrease the imped 
ance provided by the L-pads to the signals from the gal 
vanometers or controllers to thereby gradually increase 
the signal to the magnetic amplifiers and to the saturable 
core reactors to gradually increase the current flowing in 
the sections A, B and C of the heating coil 11. This 
procedure is continued over a considerable period of time 
as, for example, two hours, until the entire heating coil 
arrives at the desired temperature as determined by the 
set point controller 31. 
From the foregoing, it can be seen by the use of an 

L-pad between each of the controllers and the magnetic 
amplifiers, it is possible to provide zero to 100% regula 
tion of the signal from the controller to the magnetic am 
plifier. Thus, it can be said that the side of the L-pad 
facing the magnetic amplifier serves as a regulated im 
pedance side, whereas the other side which faces the con 
troller is a constant impedance side. This constant im 
pedance presented to the output of the galvanometer or 
controller is provided because the sliders or wipers 38 
and 39 move in common and that as the impedance is 
decreased in one of the potentiometers P1 and P2, it is 
increased in the other potentiometer. Thus, regardless 
of the position of the sliders 38 and 39, a constant im 
pedance is presented to the controller so that the setting 
of the controller or galvanometer is not disturbed. 
With the arrangement shown, it can be seen that the 

central Zone B is the master zone and that the thermo 
couple T5 is the master thermocouple which senses the 
temperature of Zone B in the diffusion furnace and that 
current is supplied through the transformer TR2 until 
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the thermocouple T5 reaches the temperature which is 
equal to the temperature represented by the set point con 
troller 31. 
As the temperature zone B rises, the temperature of the 

thermocouples T2 and T3 will also rise to provide a dif 
ferential between the thermocouples T and T2, and the 
thermocouples T3 and T4. Because the polarity arrange 
ment of the thermocouple T is opposite the polarity ar 
rangement for the thermocouple T2 as shown on the draw 
ings, and similarly the polarity arrangement for the ther 
mocouple T4 is the opposite of that for the thermocouple 
T3, the thermocouple having the highest temperature will 
take over and will cause current to flow into the con 
troller and cause a signal to be supplied to the magnetic 
amplifier to cause additional current to flow in that sec 
tion or portion of the heating coil of the diffusion fur 
nace. This will continue until that section of the furnace 
is brought up to the same temperature as section B. 
From this arrangement, it can be seen that zones A 

and C are slaved to Zone B. Zone B temperature is de 
termined by the constant voltage reference source pro 
vided in the set point controller 31, and the temperature 
of Zones A and C is determined from Zone B. 
The potentiometer P3 is provided for each section of 

the diffusion furnace to make it possible to obtain a high 
uniformity of temperature within the diffusion furnace 
and to thereby provide a relatively long flat zone within 
the furnace so that there will be no temperature gradient 
across a boat during a diffusion process carried on in the 
furnace. The potentiometer P3 is provided to make a 
fine adjustment in the temperature of the associated zone 
which, for some reason or other, may lag or advance in 
relation to the other zones in the furnace as, for exam 
ple, a fraction of a degree or up to approximately 3 C. 
The potentiometer P3, in effect, serves as a precision 
variable resistance which is provided at the output of the 
controller beyond the L-pad and at the input side of the 
magnetic amplifier. The purpose of this precision vari 
able resistor P3 is to absorb some of the signal energy 
supplied by the controller. This results in a decrease of 
the output of the magnetic amplifier and thereby decreases 
the A-C. power to the corresponding Zone of the furnace 
to thereby yield a corresponding decrease in tempera 
ture variable within limits of a fraction of a degree up to 
a designed maximum value which, for example, may be 
as much as 3° C. 

In order to be able to control the rate of rise of the 
temperature of the zone controlled by the precision po 
tentiometer P3 as well as the rate of the drop, it is de 
sirable to provide the potentiometer P3 with a suitable 
resistance as, for example, 200 ohms, so that it is pos 
sible to normally have its wiper 41 positioned in the center 
to utilize approximately one-half of its value. In this 
way, it is possible to increase or decrease temperature 
at will merely by rotating the slider 41 from its central 
position, either clockwise for decreasing the resistance or 
counterclockwise for increasing the resistance with the 
arrangement shown in the drawings. With such an ar 
rangement, the temperature in the associated Zone of the 
furnace will always increase with a decrease in the in 
troduced value of the resistance by the potentiometer P3 
and decrease with an increase of the value of the resist 
ance introduced by potentiometer P3. 
The use of such a precision potentiometer makes it 

possible to compensate for many factors as, for example, 
thermocouple aging, minor inaccuracies in the positioning 
of the thermocouple in the Zone, etc. 
The connection 42 from the free end of the winding 

of the potentiometer P3 to the center tap of the potenti 
ometer is provided in the event there is a loss of contact 
between the slider 41 and the potentiometer P3. The 
diffusion furnace will not be shut down and destroy or 
seriously affect the processing operation which is being 
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6 
carried on by the diffusion furnace because of a drastic 
drop in temperature in the diffusion furnace. With such 
a connection 42, the signal from the controller will not 
be interrupted because the connection 42 will provide a 
continuous circuit from the potentiometer P3 to the mag 
netic amplifier. Thus, if there is a loss of contact be 
tween the slider 41 and the potentiometer, a very slight 
drop in temperature will occur within the Zone even as 
suming that the potentiometer P3 was in minimum po 
sition or at zero resistance setting. However, this can 
be easily compensated for by bringing the other potenti 
ometer P3 for the other zones up to a maximum resist 
ance and then raising the set point controller to com 
pensate for the increased resistance placed in the circuit 
between the controllers or galvanometers and the mag 
netic amplifiers. 
From the foregoing, it can be seen that we have pro 

vided a new and improved diffusion furnace in which 
proportionality between the primary signal, that is, the 
thermocouple output voltage and the output signal from 
the controller or galvanometer is retained although the 
signal supplied to the magnetic amplifier can be regulated 
from zero to 100% without affecting the proportionality 
because of the constantly matched impedance on the out 
put side of the controller. The use of the fine potenti 
ometer with each of the L-pads also makes it possible 
to make slight changes in temperature in each of the 
zones to provide a change of temperature which is not 
self-recovering in spite of the tendency of the master and 
slave system utilized in the diffusion furnace to rebalance 
the supply of energy. This is because of the loss of en 
ergy in the precision resistance. Any increase of power 
supplied by the corresponding controller is constantly cut 
down at the preset rate which is adjustable practically 
steplessly in the desired limits from zero to any desired 
value. The use of such a precision potentiometer in each 
of the temperature controlling means for each of the 
zones makes possible very fast response. It also pro 
vides flexibility and simplicity of control at low cost. 

. The use of an L-pad in each of the temperature con 
trolling means for each of the zones is advantageous in 
that it increases the life of the controllers while still re 
taining a fast response. A negligible amount of heat is 
released by the L-pad because the L-pad regulates a low 
power signal. The L-pad arrangement is simple and easy 
to operate and provides low cost means for controlling 
each zone of the diffusion furnace. 

Although we have described our diffusion furnace with 
temperature controlling means utilizing magnetic ampli 
fiers and Saturable core reactors, it is readily apparent that, 
if desired, in place of these components, silicon controlled 
rectifiers can be utilized. In such a case, the output from 
the resistor networks consisting of the L-pads and the pre 
cision potentiometers would be supplied to the silicon con 
trolled rectifiers for controlling the same. The mode of 
operation of the master and slave system and the resistive 
networks connected to the output of the controllers would 
be substantially identical as hereinbefore described. 
We claim: k, 
. In a diffusion furnace, means forming at least one 

zone, heating means disposed in the zone, a source of 
power, a transformer connected to the heating means, a 
Saturable core reactor connected to the source of power 
and to the transformer for controlling the power supplied 
to the transformer, temperature sensing means disposed 
in said Zone, means providing a predetermined set point 
temperature connected to said temperature sensing means 
for providing a signal proportional to the difference be 
tween the measured temperature and the set point temper 
ature, a galvanometer connected to said temperature sens 
ing means and said means providing a set point temper 
ature, a resistive network and means including a magnetic 
amplifier connecting said resistive network to said satu 
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rable core reactor, said resistive network providing a con 
stant output impedance for said galvanometer and in addi 
tion providing means for regulating the signal from said 
galvanometer from zero through 100 percent. 

2. In a diffusion furnace, means forming at least two 
zone, heating means disposed in at least two zones in the 
furnace, a source of power, control means connected to 
the source of power and to the heating means in one of 
said zones, additional control means connected to said 
source of power and to said heating means in another of 
said zones, temperature sensing means disposed in said one 

O 

zone, means providing a predetermined reference set point 
connected to said temperature sensing means for providing 
a signal proportional to the difference between the tem 
perature measured by the sensing means and the set point, 
means for supplying said proportional signal to said first 
named control means to control the application of power 
to said heating means in said one Zone, additional tem 
perature sensing means disposed in said one zone, temper 
ature sensing means disposed in another of said zones 
and connected to said additional temperature sensing 
means to provide an output signal which is proportional to 
the difference between the temperature measured by the 
additional temperature sensing means and the temperature 
sensing and the temperature sensing means in another of 
said Zones, and means for supplying said last named pro 
portional signal to said additional control means to con 
trol the application of power to the heating means in an 
other of said zones whereby the temperature in another 
of said zones is slaved to the temperature in said one Zone. 

3. A diffusion furnace as in claim 2 wherein said means 
for supplying said proportional signal to said first named 
control means includes a galvanometer-type controller, an 
L-pad connected to the output of the controller for regulat 
ing the output signal from the controller from Zero to 
100%, said L-pad presenting a constant output impedance 
to said controller. 

4. A diffusion furnace as in claim 3 together with a 
precision potentiometer connected to the output of the 
L-pad for increasing or decreasing said proportional signal 
to said first named control means. 

5. In a diffusion furnace, means forming at least two 
zones, heating means disposed in at least two of the Zones, 
a source of power, a transformer connected to the heating 
means in each of said zones, control means connecting the 
source of power to the transformer associated with one of 
said zones, additional control means connecting the source 
of power to the transformer associated with another of 
said zones, a reference voltage source representing a pre 
determined set point temperature, temperature sensing 
means disposed in said one Zone and connected to said 
reference voltage source and providing a signal propor 
tional to the difference between the measured temperature 
and the set point temperature, means for supplying said 
proportional signal to said first named control means to 
control the application of power to said heating means in 
said one zone, additional temperature sensing means dis 
posed in said one zone, temperature sensing means dis 
posed in another of said zones and connected to said addi 
tional temperature sensing means and providing a signal 
proportional to the difference between the temperature 
measured by the additional temperature sensing means and 
the temperature sensing means in another of said Zones, 
and means for supplying said last named proportional 
signal to said additional control means to control the appli 
cation of power to said heating means in another of Said 
ZOCS 

6. A diffusion furnace as in claim 5 wherein said means 
for supplying said proportional signal to said first named 
control means and said means for supplying said last 
named proportional signal to said first named control 
means each includes a galvanometer-type controller to 
gether with a resistive network connected to the output of 
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8 
the controller, said resistive network providing a constant 
output impedance to the controller, and means for regu 
lating the output from the controller from zero to 100%. 

7. A diffusion furnace as in claim 6 wherein said resis 
tive network includes a precision potentiometer for provid 
ing fine temperature adjustments. 

8. A diffusion furnace as in claim 5 wherein said con 
trol means consists of a saturable core reactor and wherein 
said additional control means also consists of a saturable 
COre reactor. 

9. A diffusion furnace as in claim 8 wherein said means 
for supplying said proportional signal to said first named 
control means and said means for supplying said last 
named proportional signal to said last named control 
means each includes a magnetic amplifier having its out 
put connected to the Saturable core reactor and having its 
input connected to the output of the resistive network. 

it. In a diffusion furnace, means forming at least two 
zones, heating means extending through at least two zones 
in the furnace, a source of power, a transformer connected 
to the heating means in each of the zones, control means 
connecting the Source of power to the transformer in one 
of said Zones, additional control means connecting the 
source of power to the transformer in another of said 
Zones, temperature sensing means disposed in said one 
Zone, means providing a predetermined reference temper 
ature connected to said temperature sensing means and 
providing a signal in accordance with the deviation be 
tween the reference and the temperature sensing means, 
a controller connected to said temperature sensing means 
and to said reference for providing a signal proportional to 
the deviation between the reference and the measured 
temperature, an L-pad connected to the output of the con 
troller and presenting a constant output impedance to the 
controller, said L-pad including means for varying the out 
put signal from the controller from zero to 100%, means 
connecting the output from the L-pad to the control 
means, additional temperature sensing means disposed 
in said one Zone, temperature sensing means disposed in 
another of said zones and connected to said additional 
Sensing means to provide a signal in accordance with the 
deviation between the temperatures measured by the addi 
tional temperature sensing means and the temperature 
Sensing means disposed in another of said zones, a con 
troller connected to said additional temperature sensing 
means and to said temperature sensing means disposed 
in another of said zones, an L-pad connected to the out 
put of the controller and presenting a constant output im 
pedance to the controller, said L-pad also including means 
for varying the output from the controller from zero to 
100%, and means connecting the output of the L-pad to 
the additional control means. 

11. A diffusion furnace as in claim 10 wherein said 
means connecting the output of the L-pad to the control 
means includes a precision potentiometer having one end 
connected to the L-pad and having its wiper connected to 
the control means, and wherein the means connecting the 
output of the L-pad to the additional control means in 
cludes a precision potentiometer having one end connected 
to the L-pad and having its wiper connected to the addi 
tional control means. 

12. A diffusion furnace as in claim 10 wherein the other 
end of each of said potentiometer is connected to the 
wiper of the associated potentiometer. 
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