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Last time

• thermal expansion



Overview

• wrap up thermal expansion



Volume Thermal Expansion

We can model volume expansion in a similar way:

∆V = βVi ∆T

β is the average coefficient of volume expansion.

If the material is isotropic (the same in all directions, symmetry
wrt rotations of coordinate systems) then:

β = 3α

using the fact that α∆T � 1.

(This entire model is only approximately true over a restricted
range of temperatures.)



Volume Thermal Expansion
Suppose Vi = `wh

∆V ≈ (∆`)wh + `(∆w)h + `w(∆h)

= (α`∆T )wh + `(αw ∆T )h + `w(αh∆T )

= (α∆T )(3`wh)

= (3α)Vi ∆T

= βVi ∆T

So, β ≈ 3α.
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Thermal Expansion Question
The figure here shows four rectangular metal plates, with sides of
L, 2L, or 3L. They are all made of the same material, and their
temperature is to be increased by the same amount. Rank the
plates according to the expected increase in

(a) their vertical heights greatest first.
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This behavior of water is the reason lakes freeze from the top down rather than
from the bottom up. As water on the surface is cooled from, say, 10°C toward the
freezing point, it becomes denser (“heavier”) than lower water and sinks to the
bottom. Below 4°C, however, further cooling makes the water then on the surface
less dense (“lighter”) than the lower water, so it stays on the surface until it freezes.
Thus the surface freezes while the lower water is still liquid. If lakes froze from the
bottom up, the ice so formed would tend not to melt completely during the sum-
mer, because it would be insulated by the water above. After a few years, many
bodies of open water in the temperate zones of Earth would be frozen solid all year
round—and aquatic life could not exist.

CHECKPOINT 2

The figure here shows four rectangular
metal plates, with sides of L, 2L, or 3L.They
are all made of the same material, and their
temperature is to be increased by the same
amount. Rank the plates according to the ex-
pected increase in (a) their vertical heights
and (b) their areas,greatest first.

Sample Problem

volume of the fuel did also, as given by Eq. 18-10 (!V "
Vb !T).

Calculations: We find
!V" (37 000 L)(9.50 # 10$4/C°)($23.0 K) " $808 L.

Thus, the amount delivered was

Vdel " V % !V " 37 000 L $ 808 L
" 36 190 L. (Answer)

Note that the thermal expansion of the steel tank has 
nothing to do with the problem. Question: Who paid for the
“missing” diesel fuel?

Thermal expansion of a volume

On a hot day in Las Vegas, an oil trucker loaded 37 000 L of
diesel fuel. He encountered cold weather on the way to
Payson, Utah, where the temperature was 23.0 K lower than
in Las Vegas, and where he delivered his entire load. How
many liters did he deliver? The coefficient of volume expan-
sion for diesel fuel is 9.50 # 10$4/C°, and the coefficient of
linear expansion for his steel truck tank is 11 # 10$6/C°.

The volume of the diesel fuel depends directly on the tem-
perature. Thus, because the temperature decreased, the

KEY I DEA

Additional examples, video, and practice available at WileyPLUS

(1) (2) (3) (4)

18-7 Temperature and Heat
If you take a can of cola from the refrigerator and leave it on the kitchen table, its
temperature will rise—rapidly at first but then more slowly—until the tempera-
ture of the cola equals that of the room (the two are then in thermal equilibrium).
In the same way, the temperature of a cup of hot coffee, left sitting on the table,
will fall until it also reaches room temperature.

In generalizing this situation, we describe the cola or the coffee as a system
(with temperature TS) and the relevant parts of the kitchen as the environment
(with temperature TE) of that system. Our observation is that if TS is not equal to
TE, then TS will change (TE can also change some) until the two temperatures are
equal and thus thermal equilibrium is reached.

Such a change in temperature is due to a change in the thermal energy of the
system because of a transfer of energy between the system and the system’s
environment. (Recall that thermal energy is an internal energy that consists of the
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(A) 1, 2, 3, 4

(B) (2 and 3), 1, 4

(C) 3, 2, (1 and 4)

(D) all the same
1Halliday, Resnick, Walker, page 483.
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(A) 1, 2, 3, 4

(B) (2 and 3), 1, 4←
(C) 3, 2, (1 and 4)

(D) all the same
1Halliday, Resnick, Walker, page 483.
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Thermal Expansion of Rings
 19.4 Thermal Expansion of Solids and Liquids 575

temperature changes to Ti 1 DT, its volume changes to Vi 1 DV, where each dimen-
sion changes according to Equation 19.4. Therefore,

Vi 1 DV 5 (, 1 D,)(w 1 Dw)(h 1 Dh)

5 (, 1 a, DT )(w 1 aw DT )(h 1 ah DT )

5 ,wh(1 1 a DT)3

5 Vi[1 1 3a DT 1 3(a DT )2 1 (a DT )3]

Dividing both sides by Vi and isolating the term DV/Vi , we obtain the fractional 
change in volume:

DV
Vi

5 3a DT 1 3 1a DT 22 1 1a DT 23

Because a DT ,, 1 for typical values of DT (, , 1008C), we can neglect the terms 
3(a DT)2 and (a DT)3. Upon making this approximation, we see that

DV
Vi

5 3a DT    S   DV 5 13a 2Vi DT

Comparing this expression to Equation 19.6 shows that

b 5 3a

In a similar way, you can show that the change in area of a rectangular plate is given 
by DA 5 2aAi DT (see Problem 61).
 A simple mechanism called a bimetallic strip, found in practical devices such as 
mechanical thermostats, uses the difference in coefficients of expansion for differ-
ent materials. It consists of two thin strips of dissimilar metals bonded together. As 
the temperature of the strip increases, the two metals expand by different amounts 
and the strip bends as shown in Figure 19.9.

Q uick Quiz 19.3  If you are asked to make a very sensitive glass thermometer, 
which of the following working liquids would you choose? (a) mercury (b) alco-
hol (c) gasoline (d) glycerin

Q uick Quiz 19.4  Two spheres are made of the same metal and have the same 
radius, but one is hollow and the other is solid. The spheres are taken through 
the same temperature increase. Which sphere expands more? (a) The solid 
sphere expands more. (b) The hollow sphere expands more. (c) They expand by 
the same amount. (d) There is not enough information to say.

Table 19.1 Average Expansion Coefficients  
for Some Materials Near Room Temperature
 Average Linear  Average Volume
 Expansion  Expansion
Material Coefficient Material Coefficient
(Solids) (a)(°C)21 (Liquids and Gases) (b)(°C)21

Aluminum 24 3 1026 Acetone 1.5 3 1024

Brass and bronze 19 3 1026 Alcohol, ethyl 1.12 3 1024

Concrete 12 3 1026 Benzene 1.24 3 1024

Copper 17 3 1026 Gasoline 9.6 3 1024

Glass (ordinary) 9 3 1026 Glycerin 4.85 3 1024

Glass (Pyrex) 3.2 3 1026 Mercury 1.82 3 1024

Invar (Ni–Fe alloy) 0.9 3 1026 Turpentine 9.0 3 1024

Lead 29 3 1026 Aira at 08C 3.67 3 1023

Steel 11 3 1026 Heliuma 3.665 3 1023

aGases do not have a specific value for the volume expansion coefficient because the amount of expansion depends 
on the type of process through which the gas is taken. The values given here assume the gas undergoes an expansion 
at constant pressure.

Steel

BrassRoom
temperature

Higher
temperature

Bimetallic
strip

Off 30!COn 25!C

a

b

Figure 19.9  (a) A bimetallic 
strip bends as the temperature 
changes because the two metals 
have different expansion coeffi-
cients. (b) A bimetallic strip used 
in a thermostat to break or make 
electrical contact.

Figure 19.8 Thermal expansion 
of a homogeneous metal washer. 
(The expansion is exaggerated in 
this figure.)

a

b

b " #b 

a " #a

Ti " #T

Ti

As the washer is heated, all 
dimensions increase, including 
the radius of the hole.



Question

Quick Quiz 19.41 Two spheres are made of the same metal and
have the same radius, but one is hollow and the other is solid. The
spheres are taken through the same temperature increase. Which
sphere expands more?

(A) The solid sphere expands more.

(B) The hollow sphere expands more.

(C) They expand by the same amount.

(D) There is not enough information to say.

1Serway & Jewett, pg575.
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Thermal Expansion and Water

Water has a strange behavior with temperature change.

Ice is less dense than water, but even in its liquid phase, water
expands as it cools between 4◦C and 0◦C.

Water forms crystals as it freezes. Those crystals have a greater
volume than liquid water.

Between 4◦C and 0◦C some small crystals begin to form,
expanding the volume of the water.

1Image from its.caltech.edu.



Thermal Expansion and Water

1Figure from Chemwiki ucdavis.edu.



Summary

• thermal expansion


