
BY THOMAS R. FOX 

SOME L KE T HOT ... 
But which ones? 
Test your knowledge of 

how circuit components respond 
to temperature. 

SOME electronic components, espe
cially semiconductors, are extremely 

sensitive to temperature changes. Even 
passive components (resistors and ca
pacitors, for example), which a re nor
mally insensitive to temperature varia
tions, ca n undergo parameter changes 
that are sometimes sufficient to in
fluence circuit behavior. 

Here is a quiz that will check your 
knowledge of how the parameters of 
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some common electrical components (as 
well as a few rare ones) change with 
temperature. The quiz gives you .the 
common name and electrical symbol or 
pictoria l representation of the compo
nents and the parameters of interest un
der temperature cha nge (resistance, 
voltage, etc.). 

Your task is to answer the following 
questions about each component: (A) 
Does the parameter of interest increase 
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or decrease as the component's tempera
ture increases from 68 · F (20 ·C) to 
95 • F (35 · C)? (B) Is the component fre
quently used in temperature measuring, 
control, or compensation Circuits? As an 
example, for component No. I, the' ther
mistor, the answers are: (A) Decreil,se; 
(B) Yes. Answers for the rest are on the 
third page of the quiz. If you get 35 cor
rect answers out of the total 50, you 
have done very well indeed. 
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QUIZ ANSWERS 

1. See introduction. 

2. (A) Decrease; (B) Yes . Note: 
The silicon diode has a relatively linear 
forward voltage vs. temperature charac
teristic. It is also low-cost and readily 
available. However, it is comparatively 
insensitive. 

3. (A) Decrease; (B) No. Note: 
Keeping the cell cool raises efficiency. 

4• (A) Increase; (B) No. Note: Ex
cept possibly at high temperatures, cop
per's variation of resistance is seldom 
taken into aceount in designs . 

5. (A) Increase; (B) Yes . Note: 
Platinum makes probably the best of the 
metallic type of temperature probe. Its 
advantages are: it can be highly refined; 
it resists contamination; it is electrically 
and chemically stable; its resistance 
characteristic is quite linear; and its 
drift and error with age are negligible. 

6. (A) Increase; (B) No. Note: Sel
dom used in critical circuits . 

7. (A) Slight decrease; (B) No. 
Note: The capacitance of polystyrene 
units varies little with temperature. 

8. (A) Almost no change; (B) No. 
Note: NPO (Negative-Positive-Zero) is 
a temperature compensating dielectric 
that has an ultrastable temperature 
characteristic. Used in certain types of 
ceramic capacitors. 

O. (A) Most decrease (B) Yes . 
Note: Some types of Class I ceramic 
capacitors, which are usually made of 
titanium dioxide, are frequently used in 
compensation circuits. 

10. (A) Increase; (B) No. Note: This 
workhorse of the resistor world has quite 
a high temperature coefficient and thus 
isn't used frequently in critical circuits 
that must be temperature stable. Car
bon-film, metal-film, or wire-wound re
sistors are better choices for application 
in critical circuits . 

11. (A) Increase; (B) Yes. Note: Be
cause of its fairly linear resistance/tem
perature characteristic (especially with 
a properly chosen fixed resistor in paral
lel) this component has possible use in 
simple digital thermometers . 

12. (A) Decrease; (B) No. Note: 
Keep this in mind when testing high
voltage circuits. 

13. (A) None; (B) No. Note: The 
thermistor resistance decreases by 0.1% 
for every degree Celsius increase in tem
perature (remember, 1000 ppmj"C = 

0.1%) and the Sensitor resistance in
creases by an identical amount. Thus, 
the overall effect is zero . 
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14. (A) Increase; (B) Yes. Note: This 
effect has been used in inexpensive elec
tronic thermometers. Also, it must be 
compensated for when designing a tran
sistor circuit so that the transistor's 
operating point doesn't change signifi-
cantly with temperature. · 

15. (A) Increase; (B) Yes. Note: A 
simple electronic thermometer can be 
constructed from a reverse-connected 
germanium diode, a battery, and a mi
croammeter. The relatively high, tem
perature-dependent reverse leakage cur
rents of germanium diodes make the sili
con diode, whose leakage is far smaller, 
preferable in some applications. 

16. (A) Decrease; (B) No. Note: 
Keep LEDs cool for increased bright
ness. 

17. (A) Increase; (B) No. 

18. (A) Decrease; (B) Yes . Note: 
Does this surprise you? Well, this is sort 
of a trick question. One normally thinks 
of a thermocouple's output as increasing 
with an increase in temperature. The 
fact is, a thermocouple's output in
creases with an increase in the differ
ence in temperature between its stan
dard junction and the test junction. 
Since the standard junction shown is at 
a constant 120 • F, the thermocouple's 
output decreases until the test junction 
reaches 120·F, at which point the out
put is zero. For test junction tempera
tures above 120·F, the output increases 
with further increase in temperature. 
Since we are limited to a maximum tem
perature of 95 • F, the output is said to 
decrease with increasing temperature. 

10. (A) Increase; (B) No. Note: This 
answer is obvious to anyone who had no 
trouble starting his car on a relatively 
mild winter afternoon, but early the fol-

"/ said, I think maybe the 
ghosts seem sharper now/" 
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lowing morning, when it was bitter cold, 
had to jumper the battery to start the 
car. (Of course, thickening oil exacer
bates the problem.) 

20. (A) Decrease; (B) No. Note: This 
effect is more important than most 
people realize. One answer is to store 
batteries in as cool an area as possible. A 
standard battery will retain nearly all its 
original capacity for as iong as two years 
if stored at 32 ·F. This same battery, if 
stored at I6o·F (say in an attic), will 
have only about 15% of its original ca
pacity after only I month of storage! 

21. (A) Increase; (B) No. 

22. (A) Decrease; (B) No. Note: A 
substantial increase in temperature can 
trigger a false alarm. (Although the au
thor has never seen it done, he specu
lates that a simple fire alarm can be con
structed using an SCR with its gate 
clamped to a constant voltage just below 
the minimum trigger point (at room 
temperature) . 

23. (A) Almost none; (B) No. Note: 
This diode provides a reference voltage 
whose stability compares with that of 
standard cells. 

24. (A) Decrease; (B) No. Note: 
Here is one reason why commercial
quality TTLs should ·be used only be
tween o· c and 70. c . 

25. (A) Slight decrease; (B) No. 
Note: CMOS devices are iess sensitive 
to temperature · than TTLs. Plastic
cased CMOS are guaranteed to operate 
satisfactorily from - 4o · F to 185"F 
( - 4o·c to 85.C). 

26. (A) Decrease; (B) No. Note: 
Spark gaps ate frequently used to meas
ure extremely high voltages. While this 
method may seem crude, it is accurate.O 
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