* Temperature Dependence of Resistivity

The resistivity of a material depends somewhat on temperature. In general, the
resistance of metals increases with temperature. This is not surprising, for at
higher temperatures, the atoms are moving more rapidly and are arranged in a
less orderly fashion. So they might be expected to interfere more with the flow
of electrons. If the temperature change is not too great, the resistivity of metals
usually increases nearly linearly with temperature. That is,

Effect of temperature on resistivity pr = pﬂ[l + a(lT - Tu)] (18-4)

where p, is the resistivity at some reference temperature T, (such as 0°C
or 20°C), py is the resistivity at a temperature T, and « is the temperature
coefficient of resistivity. Values for « are given in Table 18-1. Note that the
temperature coefficient for semiconductors can be negative. Why? Tt seems that
at higher temperatures, some of the electrons that are normally not free in a
semiconductor become free and can contribute to the current. Thus, the resis-
tance of a semiconductor can decrease with an increase in temperature,
although this is not always the case.

[iﬂ PHYSICS APPLIED Resistance thermometer. The variation in electrical

Resistance thermometer | resistance with temperature can be used to make precise temperature measure-
ments. Platinum is commonly used since it is relatively free from corrosive
effects and has a high melting point. Suppose at 20.0°C the resistance of a
platinum resistance thermometer is 164.2 (). When placed in a particular solu-
tion, the resistance is 187.4 (2. What is the temperature of this solution?

APPROACH Since the resistance R is directly proportional to the resistivity g,
we can combine Eq. 18-3 with Eq. 18-4 to find R as a function of temperature T,
and then solve that equation for 7.

SOLUTION We multiply Eq. 18-4 by (L/A) to obtain (see also Eq. 18-3)
R = Ry[l + oT - T)].
Here R, = py,L/A is the resistance of the wire at 7, = 20.0°C. We solve this
equation for T and find (see Table 18-1 for a)
187410 — 16420

R-R
T=T,+——=1200°C + — =RG0°C.
aR; (3.927 x 107*(C*)")(164.2 Q)

NOTE Resistance thermometers have the advantage that they can be used at
very high or low temperatures where gas or liquid thermometers would be useless,
NOTE More convenient for some applications is a thermistor (Fig, 18-15),
which consists of a metal oxide or semiconductor whose resistance also varies
FIGURE 18-15 A thermistor shown | in a repeatable way with temperature. Thermistors can be made quite small
next to a millimeter ruler for scale. and respond very quickly to temperature changes.

The value of @« in Eq. 18-4 itsell can depend on temperature, so it is
important to check the temperature range of validity of any value (say, in a
handbook of physical data). If the temperature range is wide, Eq. 18-4 is not
adequate and terms proportional to the square and cube of the temperature are
needed, but they are generally very small except when T — T;, is large.

m Electric Power

Electric energy is useful to us because it can be easily transformed into other
forms of energy. Motors transform electric energy into mechanical energy, and
are examined in Chapter 20.

In other devices such as electric heaters, stoves, toasters, and hair dryers,
electric energy is transformed into thermal energy in a wire resistance known as
a “heating element.” And in an ordinary lightbulb, the tiny wire filament
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