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(57) ABSTRACT 
A system for automatic cold-junction referencing of 
thermocouples in temperature controllers wherein a 
differential amplifier is used to amplify the thermo 
couple signal prior to establishing the cold-junction 
compensation and measuring range. This permits the 
use of command signals from any floating or single 
ended source, making the controller compatible with 
existing traditional command generators and with com 
puter systems with digital-to-analog converters. The 
amplifier isolates the thermocouple from the remainder 
of the circuitry such that it can be grounded on the 
heated part. 

4 Claims, 1 Drawing Figure 
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AUTOMATIC THERMOCOUPLE REFERENCE 
JUNCTION COMPENSATOR 

Matter enclosed in heavy brackets I appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

As is known, automatic cold-junction referencing of 
thermocouples is achieved electrically by creating an 
electrical signal which has the same voltage versus 
temperature characteristic as the thermocouple cold 
junction signal has over a range of ambient tempera 
tures. This signal is then added directly to the incoming 
thermocouple signal to compensate for changes in ambi 
ent temperature. The technique has been used for a 
number of years, is quite accurate, and widely accepted. 
It is used in commercially-available thermocouple-feed 
back temperature controllers. However, these control 
lers cannot be programmed with a voltage source such 
as computer-based systems with digital-to-analog con 
verters, except under the very restrictive condition that 
the thermocouple be isolated from ground. 
Two approaches to the problem of measuring the 

output of a grounded thermocouple are taken in modern 
temperature controllers. In one approach, the entire 
controller is floated above electrical ground, permitting 
the thermocouple to be grounded. This requires a high 
degree of isolation from ground and from the input 
alternating current power source. In the second ap 
proach, a differential amplifier is used to isolate the 
thermocouple from all other grounds. However, in this 
device, the cold-junction compensation and set point 
versus feedback summing is achieved prior to amplifica 
tion. This approach requires an additional highly iso 
lated power supply to provide a source of voltage to the 
set point and cold-junction compensating circuits. Nei 
ther of these approaches will accept a single-ended 
voltage command when a grounded thermocouple is 
used. 

In the past, various techniques have been employed in 
an attempt to solve the problem of making a tempera 
ture controller which is compatible with a computer 
based command generator. One method has been to 
isolate all thermocouples from ground. This, however, 
is not a very desirable approach since the best thermal 
contact is achieved by spot-welding or mechanically 
fastening the thermocouple to the heated part. In an 
other attempt to solve the problem, voltage program 
ming is avoided, which requires the use of an isolated 
device such as a manual- or motor-driven potentiome 
ter. 

SUMMARY OF THE INVENTION 
In accordance with the present invention, the forego 

ing problems experienced with prior art automatic cold 
junction referencing systems are obviated by employing 
a differential amplifier to amplify the thermocouple 
signal prior to establishing the cold-junction compensa 
tion and measuring range such that the thermocouple 
itself can be grounded on the heated part. At the same 
time, the system can be used with command signals 
from any floating or single-ended source. 

Specifically, the system of the invention includes a 
measuring thermocouple adapted to be placed in 
contact with an object whose temperature is to be mea 
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2 
sured, together with thermocouple reference junction 
means connected in series-opposition with the measur 
ing thermocouple. The measuring thermocouple and 
the reference junction means are connected in series 
across the input terminals of a first differential amplifier. 
The output of this amplifier, in turn, is connected to the 
input of a second amplifier along with a temperature 
compensation resistor whose resistivity varies as a func 
tion of ambient temperature and a temperature com 
mand signal from a computer or the like. 
The above and other objects and features of the in 

vention will become apparent from the following de 
tailed description taken in connection with the accom 
panying single FIGURE drawing which forms a part of 
this specification. 
With reference now to the drawing, the measuring 

thermocouple junction is indicated by the reference 
numeral 10 and normally will be in contact with an 
object whose temperature is to be measured. Thermal 
contact is preferably achieved by spot-welding the ther 
mocouple to the item whose temperature is to be mea 
sured. Connected in series-opposition with thermo 
couple 10 across the input terminals of a first differential 
amplifier 12 is a thermocouple cold-junction 14. The 

5 - junction 14 is positioned close to a temperature compen 
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sating resistor 16 in order that they remain at the same 
temperature (i.e., ambient temperature). With the ar 
rangement shown, it will be appreciated that as the 
ambient temperature increases or decreases, so also will 
the voltages generated by the thermocouples 10 and 14 
increase or decrease. Since the thermocouples are con 
nected in series-opposition, the voltage input to the 
differential amplifier 12 will be essentially zero so long 
as the device whose temperature is being measured by 
junction 10 is at ambient temperature. 
The temperature compensating resistor 16 is con 

nected between a source of direct current voltage and 
ground through resistor 18, the junction of resistors 16 
and 18 being connected through lead 20 and resistor 22 
to one input terminal 23 of a second differential ampli 
fier 24. It will be noted that the other or positive termi 
nal of the differential amplifier 24 is connected to 
ground. Also connected to the input terminal 23 
through resistor 26 is the output of the first differential 
amplifier 12. Input terminal 23 is also connected 
through resistor 28 to a source of bias voltage provided 
by a voltage divider consisting of resistors 30 and 32 
connected between a source of negative direct current 
voltage and ground. Finally, a command signal from a 
computer or other device, representing the desired 
temperature signal, is applied to input terminal 23 
through resistor 34. The output of amplifier 24 is con 
nected back to the input terminal 23 through feedback 
resistor 36. The output of the amplifier 24 can then be 
used to control a heating device, for example, to main 
tain the temperature of the device whose temperature is 
being measured at a predetermined level. 
As was mentioned above, when the measuring ther 

mocouple 10 is at ambient temperature, the output of 
the first differential amplifier 12 will be zero. However, 
at the same time, a signal proportional to ambient tem 
perature is applied to the input of amplifier 24 from the 
compensation resistor 16. Should the input command 
signal applied through resistor 34 be increased, an out 
put will be produced from amplifier 24 which, in turn, 
will actuate a heating device to increase the tempera 
ture of the device being measured. Thereafter, when the 
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temperature rises to the level dictated by the command 
signal, the signal from differential amplifier 12 in addi 
tion to the signals from resistors 16 and 32 will balance 
that applied through resistor 34, and the output of am 
plifier 24 will drop to zero. 
The present invention thus provides a thermocouple 

measuring circuit wherein an amplifier is used to am 
plify a thermocouple signal prior to establishing the 
cold-junction compensation and measuring range. The 
thermocouple can be grounded on the heated part and, 
at the same time, command signals from any floating or 
single-ended source can be applied to the system. An 
other advantage of the invention is that by amplifying 
the thermocouple signal before compensation, the re 
quirement for highly isolated power supplies is elimi 
nated. Compensation resistor 16 need not be the ex 
tremely accurate low ohmic value type of device which 
is very expensive. 
Although the invention has been shown in connec 

tion with a certain specific embodiment, it will be 
readily apparent to those skilled in the art that various 
changes in form and arrangement of parts may be made 
to suit requirements without departing from the spirit 
and scope of the invention. 
We claim as our invention: 
1. Temperature measuring apparatus comprising a 

measuring thermocouple adapted to be placed in 
contact with an object whose temperature is to be mea 
sured, thermocouple reference junction means con 
nected in series-opposition with said measuring thermo 
couple, a temperature compensation resistor 
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4. 
means whose resistivity output signal varies as a 
function of ambient temperature, first and second differ 
ential amplifiers each having a pair of input terminals, 
ungrounded conductors connecting said measuring 
thermocouple and said reference junction means across 
the input terminals of said first differential amplifier, a 
source of bias voltage, and means connecting said 
source of for applying said bias voltage, the output 
signal of said first differential amplifier, said output sig 
nal of said compensation resistor means and a tem 
perature command signal to one of the input terminals 
of said second differential amplifier, the other input 
terminal of said second differential amplifier, said 
source of bias voltage and said compensation resistor 
being connected to ground. 

2. The measuring apparatus of claim 1 wherein said 
compensation resistor means is connected in series 
with a second resistor across a source of direct cur 
rent voltage, the junction of said resistors resistor 
and said compensation means being connected to the 
input of said second differential amplifier. 

3. The measuring apparatus of claim 1 wherein said 
thermocouple reference junction means and said tem 
perature compensation resistor means are in close 
proximity to each other such that their temperatures are 
the same. 

4. The measuring apparatus of claim 3 including in 
pedance means connecting the output of said second 
differential amplifier to said one input terminal of the 
second differential amplifier. 
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