Learning Goals:

* For an object made of some material, to calculate the changes in
length or volume that material undergoes in response to changes
in temperature and external forces (stress).

* To explain why the change of length of an object due to thermal
expansion is proportional to its initial length.

* For systems consisting of two different materials, to quantitatively
analyze effects resulting from the different expansion rates of
different parts.

* To explain why the fractional change in volume of an object for a
small change in temperature is three times the fractional change
in length
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Clicker: A steel ball does not quite fit through a hole in a copper

plate. If Olgee) < Olppper, We could help the ball fit through the hole
by

Heating the system _
Cooling the system AL- - AR L-o AT
Either A or B will work

Neither A nor B will work

OO0 w>

EXTRA: does the hole get larger or smaller when we heat
the system? Why?
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AL =L, AT

Discussion question: why 1s the change in length of an object
proportional to its mnitial length L, ? E.g. why does a steel rod
that starts out twice as long expand twice as much?
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Clicker: A steel ball does not quite fit through a hole in a

copper plate. If Ol.o) < Olgpper, WE could help the ball fit
through the hole by

Heating the system

Cooling the system AL = L AT
(o

Either A or B will work
Neither A nor B will work

o0 m»

EXTRA: does the hole get larger or smaller when we heat
the system? Why?
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If the radius of the ball at T = 20°C is 1.001cm and the
radius of the hole is 1.000cm, to what temperature
must we heat the system before the ball falls through?

We have: o, =1.2 X10° K and o, =8 X10~ K

Discuss a strategy for solving this. What should be
true about AL, relative to AL, ,.?

AL =al, AT
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Clicker: In some car engines, the piston is aluminum
(o0 =2.4 X 107), while the cylinder is cast iron (= 1.2 X 10). If
the engine needs to operator between 0°C and 120°C, which of
these is not a good design:

/Sparkplug

A) The piston barely fits in the cylinder at 120°C

B) The piston barely fits in the cylinder at 0°C

Cylinder:

Piston-4
Head é el 9
N ———

Piston

EXTRA: what do we need to worry about if the
engine gets too hot? Too cold?

AL=al,AT
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Clicker: When heated, each side of a 1m cube of material expands by
0.001m. The extra volume (shown in the third picture) after the
expansion is approximately

A) 0.000000001m?3 B) 0.00001m3 C) 0.001m3 D) 0.003m?

E) There is not enough information

‘ock a'\' "/L\Q, ’P“clhre ab\cl nse 3e°MQ“L'-/ ‘LO SOlLQ M\lS!
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