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USING 
THERMOCOUPLES 

This simple device generates voltage that is 
used to measure heat, cold, pressure, flow, and 

directly creates cold from electricity! 
By Walter W. Schopp 

Simply twist the ends of one copper and one steel wire 
together and you have created an amazing device called 
a thermocouple. If you apply heat to the twisted junc- 

tion, a voltage is produced across the open wire ends. Re- 
verse the situation and run current through the junction and 
the temperature of the junction will go up or down depending 
on the direction of the current. 

That thermoelectric effect of direct temperature -to- 
electricity or electricity -to- temperature conversion was dis- 
covered over a century ago. Simple thermocouple devices 
that directly convert heat to electricity, are extensively used 
for measurements of temperature. flow, and pressure. Ther- 
moelectric cooling devices are found in applications that 
make use of the electricity -to- temperature conversion abili- 
ties of the thermocouple. 

Actual Thermocouples 
The simple copper and steel thermocouple leaves a lot to 

be desired because the output voltage from that configura- 
tion is very low. Years of research have produced a variety 
of metals and alloys that produce more output. 

A common material used for thermocouples is copper 
constantan. Copper constantan is an alloy of 60% copper 
and 40% nickel. A thermocouple junction made from that 
material combined with another alloy can produce about one 
and a half millivolts at 100°F. 

Other combinations of materials used in thermocouples 
are iron and iron constantan, chrome) and alumel, and vari- 
ous alloys of platinum and rhodium. The last two materials 
are quite expensive and are used mostly for extending the 
temperature range above 3000 °F. That is usually of little 
interest to the home experimenter. 

The output of the thermocouple is rated in millivolts per 
degree and is always non- linear. That means that as the 
temperature changes, the millivolts per degree will not al- 
ways be the same. By plotting the output against the tem- 
perature, tables for various materials have been compiled. 
The tables are available from many sources. One of the 
prime sources for them, and all the materials needed to ex- 
periment with is Omega Engineering Inc., Box 4047. 
Stamford. CT 06907. 

Series Connections 
The output from a single thermocouple junction can di- 

rectly drive a pivot- and -jewel type millivolt meter. By using 

an op -amp. a thermocouple's output can be amplified and 
unloaded. That is useful if the thermocouple is to be used 
as a sensing and control device. 

The thermocouple junction can be compared to a small 
battery whose voltage increases or decreases with tempera- 
ture changes. But unlike batteries, since each material in the 
junction assumes a fixed polarity, the connections that are 
made between the thermocouples produce voltage equal and 
opposite to that of the thermocouples themselves. That ef- 
fectively cancels out any voltage produced by the thermo- 
couples (see Fig. 1). It is comparable to connecting batteries 
in series with every other battery connected backwards. Se- 
ries connections of thermocouple joints can be accomplished 
by making certain that only every -other joint sees heat, while 
the reverse connected joints are not heated (see Fig. 2.) 

A circuit showing how a lot of thermocouples can be 
connected together to produce a usable voltage with every 
other junction kept cool is shown in Fig. 3. One ring of 
junctions is shown, but many rings can be made around a 
heat source. Enough thermocouples can be arranged in a 
circular pattern to power a small radio. The ring of thermo- 
couples can be heated with a candle in the center, or slipped 
over the chimney glass of a lantern. 

Hook Up 
You can connect thermocouples in parallel, or use larger 

wire size to increase their current generating capability. The 
size of the wire has little to do with the output voltage from 
the junction. Small- diameter wires heat and cool quicker, 

Fig. 1- Connections between thermocouples are themselves 
thermocouples of opposing polarity and equal magnitude. 
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Fig. 2 -Since connections between thermocouples are 
thermocouples of opposing polarity, to connect 
thermocouples in series requires that we keep the 
connections between the thermocouples cool. 

and so respond to changes in temperature faster. The size 
of wire that is chosen will entirely depend on the intended 
use. In a series configuration, the distance between joints 
is limited only by the ability to keep every -other joint away 
from the direct heat. 

Long runs between the output device (a readout or op -amp 
stage; and the junction are limited by the IR drop of the wire, 
but since the voltage and current are quite low, wire resis- 
tance in fairly long runs is not usually a problem. The volt- 
age drop in a long wire will reduce the rated output of the 
junction, but that can be remedied by recalibration. The 
connecting wire between the junction and the output device 
can be common hook -up wire as long as you remember that 
the joints you have made for the extension are also junctions 
and will also change your calibration. If an equal amount 
of junctions are made in each leg, they will cancel each 
other's voltage output. 

Variations in Connection 
Thermocouples are often used for sensing temperature in 

harsh environments that preclude ordinary methods of meas- 
urement. Selected materials can be used to make junctions 
that can measure temperatures inside furnaces or the tem- 
perature at different points in a flame. 
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Fig. 3- Here's a circuit showing how a lot of 
thermocouples can be connected together to produce 
usable voltage with every other junction kept cool. 
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Fig. 4- Average temperature measurements can be obtained by 
connecting to more than one point on the surface of a metal 
plate. Here the two connections act as a single junction. 

An interesting variation of the standard junction is to make 
two junctions by spot welding the wires at different points 
on a metal panel (see Fig. 4). Each of the junctions will put 
out a portion of the total output. The outputs of the two 
junctions will output the same voltage as one junction of the 
selected thermocouple material. The output produced from 
that configuration will be determined by the average tem- 
perature between the two junctions. 

The cost of monitoring a number of separate junctions can 
also be kept to a minimum by using a common -leg switching 
circuit as shown in Fig. 5. To avoid confusion remember 
that the meter is common to all junctions. To get meter 
readings that make sense, the junctions should be made from 
the same materials. The same rules apply if accuracy is re- 
quired: calibrate the final circuit to compensate for all the 
extra junctions. 
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Fig. 5- Reduced lead length can be achieved by switching 
between various thermocouples at the reading station. 

Air Flow Measurements 
Thermocouples are often used in applications other than 

temperature sensing. One such application is air -flow sens- 
ing. Since the junction produces no heat when used as a 
temperature sensor, it would have the same temperature as 
that of the air flowing around it, and so flow conditions 
could not be detected. That is remedied by pre- heating the 
junction. 

The junction can be heated by twisting four wires together 
instead of two. Two of the wires are used for the thermocou- 
ple while the other two wires are connected to a variable 

(Continued on page 98) 
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THERMOCOUPLES 
(Continued from page 73) 

voltage source and used for heating the junction, (see Fig. 
6). The two circuits are completely independent and will 
not interfere with each other. The heating voltage is increased 
until the desired output from the thermocouple is obtained. 
The pre- heated junction is placed directly in the air flow (as 

shown in Fig. 7). As more air flows by the junction and 
cools it, less output voltage is read on the meter. 

A small -gauge wire junction will respond quite rapidly 
to minute changes of air flowing around it. 

Remember that different gases have different cooling abili- 
ties, so if you are measuring the flow rate of a gas other than 
air, and accuracy is required, the thermocouple unit will 
have to be calibrated for the gas used. The output of the 
junction can be directly calibrated in air -flow units. 

Junctions can be pre- heated without making a special junc- 
tion by using an oscillator and a power amplifier generating 
a radio frequency as shown in Figs. 7 and 8. The RF is 

induced across the joint on the same two lines as the DC 
output. The radio frequency is high enough so that the meter 
will not respond to it, but it will still provide heating to the 
junction. That method is used in many commercial units. 

JUNCTION 
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Fig. 6- Thermocouples can be better used to detect certain 
changing conditions if they are heated while in operation. 
Ganging two of them together allows one of them to act as a 

sensor and the other as the needed heating element. 
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Fig. 7 -A thermocouple can be used to detect gas flow if 
it is heated. Sending it RF signals that the meter cannot 
respond to is one way to heat a thermocouple. 

Vacuum and Cold Measurements 
Another use of the pre -heated thermocouple sensor is to 

measure vacuum, or rather the absence of air. Placing the 

thermocouple junction in a vacuum inhibits its ability to 

cool itself with surrounding air. That makes the output of 
the junction produce a voltage that is proportional to the 

available air inside the chamber. The output voltage will 
increase as the air left in the chamber is exhausted. By cali- 
brating the pressure against the output produced by the ther- 

mocouple, pressure in the hundredths of an atmosphere can 
be measured. See Fig. 8. 

Another interesting fact about thermocouples is that they 
also work in reverse. That is to say, that they are able to 
measure cold as well as heat. When the thermocouple junc- 
tion is cooled beyond the point where it produces a positive 
voltage, the thermocouple junction crosses zero volts and 
starts producing a reverse or negative voltage that can be 

calibrated to hundreds of degrees below zero. 
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Fig. 8- Thermocouples heated with RF signals can be used to 
detect the presence /absence of air which would cool it. 

That makes them useful in cryogenic measurements. When 
used to measure the temperature of cryogenic liquids like 
nitrogen or helium, pre- heating the junction is necessary to 
keep it warm in its super -cold environment. When the liquid 
is surrounding the junction, it is kept cold and produces a 
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Justice Is Blind. 
I Can See Her 
Point Of View. 

This honors graduate from Wharton and Harvard 

Law couldn't get a job. He was legally blind. But times 

change. A Louis Harris 

poll now proves how 

valuable workers with 
disabilities can be to 
employers like you. 

A 

Disability 
Can Be 

An Asset. 
The President's Committee on 

Employment of the Handicapped, 
Washington, D.C. 20036 
For more information, call 
1 -800- 526.7234 
In West Virginia, call 
1 -800- 526 -4698 



THERMOCOUPLES 
(Continued from page 98) 

CONNECTIONS 
ON BOTTOM 

N. $ M. M. $ 
IMM111 

IBM 

1111111111111111 101 od-as-rl 
Fig. 9- Thermocouples can be joined in mass to either 
provide or extract heat. This is an example of one such 
unit with the polarities marked for clarity. The top view 
of the unit is shown in A; a side view is shown in B. 
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reverse voltage. As the junction is brought out of the liquid, 
the current quickly heats the junction and the reverse voltage 
drops to the crossover point and moves in the positive direc- 
tion. By controlling the small heating current, any crossover 
temperatures may be selected. 

Temperature Control 
The other aspect of the thermocouple is its ability to di- 

rectly convert electricity into heat or cold. As was mentioned 
earlier, inducing current into the thermocouple junction will 
cause the junction to get hot or cold depending on the direc- 
tion of the current flowing through the junction. 

That means that thermocouples have applications in heat- 
ing and cooling. Let's look a little more closely at that. 

Thermoelectric cooling panels are composed of small cubes 
of the two thermocouple materials. The junctions are made 
by bridging the cubes with small rectangular conducting 
plates. Since the actual materials are not in direct contact 
with each other, that type of junction can be compared to 
the junction shown in Fig. 4. As can be seen in Fig. 9B, on 
the bottom side the current flow is from the plus material to 
the minus material, while on top side it is minus to plus. 
That means that with that configuration, all the heat - 
producing junctions are on one side of the plate, while the 
cold producing junctions are on the other. The cubes are 
arranged and bridged on the top and bottom so that they form 
a large number of junctions connected in series (see Figs. 
9A and 9B). The panels are made in a variety of sizes by 
changing the number of junctions. The junctions are large 
and a lot of current is required to operate the units. As current 
flows in the device, one side of the device gets hot while the 
other side of the device gets cold. 

Try it Yourself 
When making a thermocouple junction, make certain that 

the junction is twisted together very tightly. Variations in 
output voltages from two identical thermocouples can result 
from bad junctions caused by oxide formations between the 
materials. The best method for making a junction is to twist 
the two wires together and fuse the wire tips with a flame. 
Thermocouple wires from any common metals can be fused 
over an open flame from the kitchen stove. Once the junction 
is made, you have a small energy producer that will work 
virtually forever. 

Thermocouples are easy to make and inexpensive to ex- 
periment with. All that is needed to get started is a length 
of thermocouple wire and a voltmeter capable of reading 
millivolts. Get some wire and build yourself a micro-power 
supply. Who knows? You could be the one to solve the 
energy crisis by discovering a new thermoelectric material 
or technique. 
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Jampacked with 
information at your 

fingertips 

ALL YOU NEED to know about electronics 
from transistor packaging to substitution and 
replacement guides. FACTCARDS numbers 
34 through 66 are now available. These beau- 
tifully- printed cards measure a full three -by- 
five inches and are printed in two colors. They 
cover a wide range of subjects from Triac 
circuit /replacement guides to flip -flops, 
Schmitt triggers, Thyristor circuits, Opto-lso- 
lator/Coupler selection and replacement. All 
are clearly explained with typical circuit ap- 
plications. 

WANT TO EXPAND your knowledge of 

electronics? Do it the easy way by studying 
the Electronics Fact Cards. Do you travel to 
and from your job each day? Drop a handful of 
cards in your pocket before you leave, and the 
bus becomes a schoolroom! At home, you 
can build some of the projects and not only 
have fun building and using them, but learn 
how they work at the same time. 

YOU'LL BE AMAZED both at how rapidly 
you learn with these cards, and how easy it is 
to understand. These new cards are available 
right now. Don't miss out. Send your check or 
money order today. 

FACTCARDS -Facts at your fingertips I'm H11 -88 

Experimenters and Project Builders! 
Please send one copy of FACTCARDS at $3.50. Shipping $1.00 (U.S. and Canada only). 

Cl Please send copies of FACTCARDS. Total cost is sum of copy price and First Class 
postage and handling cost multiplied by number of card sets ordered. 
Please print 

Allow 6 -8 weeks for the materal to arrive 

INamel 

Street Address) 

(City) (State) (Zip) 

Detach and mail today: 
HANDS -ON BOOKSTORE 
P.O. Box 4079 
Farmingdale, NY 11735 

All Payment must be In U S 

Funds' 




