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drical iron rod, At 20°C, the dismeter of the rod is G445 om and the inside
diameter of the ring is 420 em. To slip over the rod, the Fing must be slightly
larger thi the rod diameter by absoun 00008 cm, To what lemperiture miist the
ring be brought if its haole is to be large cnough =o it will slip over the rod?

APPROACH The hole in the ring must be increased from a diameler of
G4Mem o 6445 cm 4 0,008cm = 6453 cm. The ring must be heated singe
the hole diameter will incrense linearly with temperature {ps in Exomple 13-4},
SOLUTION We solve for AT in Bq. 13- 1a and (ind

apo AL __64Siem —6d2em .0,

aly (12 = 107 C 6420 cm)
Lo o musi be radsed ol lepst o T [EII"I:_11 + 430 £ A5,
MOTE In doing Problems, dont forget the last step. adding in the initial
lemperature (20°C here).

| CONCEPTUAL EXAMPLE 13-6 | Opening a tight jar lid. When the lid of

a glass jar is tight, holding the lid under hot waler for o short ime will oflen
make it cagier to open. Why?

RESPOMNSE The lid may be struck by the hot water more directly than the
ﬂilm and so -;.':r|'|'.|r.||;| socmer. Bul even il nod, melals gn:m:rnll],' -;.':|||1i|:r||;I mMore
than glass for the same temperature change (@ is greater—see Table 13-1).

Volume Expansion

The change in vofree of 8 materal which undergoes a lemperature change 1s
given by a relation similar to Eq. 13- 1a, namcly,

AV = AV, AT, (13-12)
where AT i [he 1.:hi|r|1.l_|: i lemperilure, Vs The 41ri|_.:i|1..1| woslgrmie, AV 1% The chiLnF
in volume, and @ is the coefficiens of polume expanzion. The units of @ are (C7) ",

Values of 8 for varions materials are given in Table 13-1. Notice that for
solids, @ s normally egual to approsimately 3o (work Problem 19 (o see why),
For sclids that are not isotropic (that is, not having the same propertics in all
dircctiona), the relation @ = 3w s nol valid, (Note that limear expansion has o
meaning for liquids and gases since they do not have fixed shapes. )

Gas tank in the sun. The T0-L steel gas tank of o car is
filled to the top with gasoline at 20°C, The car sits in the sun and the tank
reachies o temperature of 400C (104°F), How much gasoline do you expect 1o
overflow from the tank?

APPROACH Bolh the gasoline and the tank expand as the temperature
Acrekses, and we assumie lhn::,' do w6 linr_'al'h,' ax described |"|:|.' F.-:.|. 15=2, The
volume of overfllowing gasoling equals the volume increase of the gasoline
mirnus the increase in volume of the 1ank,
SOLUTION The gasoling cxpands by

AV = BV, AT = (050 = 10~ C* {70 L)40°C = HPCh = 1AL,
The tank alsn expands We can think of it as a steel shell that undergoes volume
expansion [ = doo= 30 % W C"'L I the tank were solid, the surface
laeer {the shell ) would expand just the same. Thus the tank increases in volume by

AV = (36 = 107 C*")T0 L)(40°C = 20°C) = D050 L,
s the tank expansion has linde effect. More than a liter of gas could spill out.

NOTE Want 1o save a few penmies? Fill vour gas tank when it is cool and the gas
it denser—more molecules for the same price, But don’t Gl the tank all the way.
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SECTION 13-4 Tharmal Expansion



