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Clicker: In some car engines, the piston is aluminum 
(a = 2.4 ×10-5), while the cylinder is cast iron (a = 1.2 ×10-5). If 
the engine needs to operator between 0ºC and 120ºC, which of 
these is not a good design:

A) The piston barely fits in the cylinder at 120ºC

B) The piston barely fits in the cylinder at 0ºC

EXTRA: what do we need to worry about if the 
engine gets too hot? Too cold?
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 Water, a special example
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Young’s modulus of a marshmallow



Clicker: Suppose you repeated the measurement of 
Y for a mini-marshmallow. In this case, we would 
expect a value of Y that is 

A.Significantly higher

B.Significantly lower

C. About the same
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Clicker: Suppose you repeated the measurement of 
Y for a mini-marshmallow. In this case, we would 
expect a value of Y that is 

A.Significantly higher

B.Significantly lower

C. About the same: Y is just a property of the
material and doesn’t depend on size and shape
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Young Modulus of Various Materials
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Elastic vs. Plastic
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A steel rod of length L0 is heated by temperature ΔT. 

How much stress (force per unit area) is required to compress 
the rod back to its original length?

Write an answer for the magnitude of F/A in terms of ΔT and the 
parameters  Y, α, L0 for the rod. 

Click A if you have an answer, B if you are stuck.



A steel rod of length L0 is heated by temperature ΔT and 
expands. How much stress (force per unit area) is required to 
compress the rod back to its original length?

Write an answer for the magnitude of F/A in terms of Y, α, L0, 

and ΔT.

A) Y α L0 ΔT

B) Y α ΔT

C) Y L0 ΔT

D) α L0 ΔT

E) Y α L0 

We have ΔLTh = α L0 ΔT
We need the change in length due to stress
to be the negative of this:
ΔLSt = -ΔLTh

The stress is then:
F/A = Y ΔLSt / L0

= - Y ΔLTh / L0

= - Yα ΔT



Clicker: 10m long steel train rails are laid end 
to end on a winter day (0 ºC). If the engineer 
forgot to leave gaps for thermal expansion, 
roughly how much force is generated at the 
ends of each rail due to thermal stress when the 
temperature reaches 30 ºC?

Cross sectional area of rail: 0.01m2

Ysteel = 20 × 1010 Pa
αsteel = 1.2 × 10-5 K-1

A) 700 N B) 7,000 N C) 70,000 N
D) 700,000 N E) 7,000,000 N
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