Learning goals:

* Give an example of a material where the thermal expansion
coefficient has a significant temperature dependence and
describe some consequences of this

* Define the concepts of stress and strain and explain how the
Young’s modulus of a material is defined

* To argue that the Young’s modulus depends only on the
material and not on the shape or size

* To calculate the fractional change in length of an object given
its dimensions, the Young’s modulus, and the forces applied

* For static systems with multiple parts, to use Newton’s second
and third law to related the various internal forces

* to calculate the mechanical forces (thermal stress) on a
constrained system arising from changes in temperature.
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= Water, a special example

V (cm?)
While the expansion of water

1.05 = with temperature is approximately

1.03  linear ...
1_01 _/%
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V (cm?®) --- on a fine scale it 1s not exactly

linear, which has important
1.0004 = consequences for life on earth.
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Young’s modulus of a marshmallow
Meon = 7 10° Nt
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Young’s modulus of a marshmallow
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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
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Clicker: In the top picture, the force on the right brick from the left
brick has magnitude

A) O

- @ r

B) F

C) 2F

All forces shown have
the same magnitude.

EXTRA: can you come up with a sharp argument for your answer?
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Young Modulus of Various Materials

Material Young’s Modulus, Y (Pa)
Aluminum 70 % 10™ \
Brass 9.0 X 10" Mh.i’\s 5(
Copper 11 X 10 Ffessuvfe’.

aco 10
o Pressure o 0.01%
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Lead 1.6 X 10" » ” ‘0 ve 0.01%
Nickel 21 x 191 Compvas Sion
Steel 20 X 10'°
Marshmallow g x [0°
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Elastic vs. Plastic
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A steel rod of length L, 1s heated by temperature AT.

How much stress (force per unit area) 1s required to compress
the rod back to its original length?

Write an answer in terms of AT and the parameters Y, a, L, for
the rod.

Click A if you have an answer, B if you are stuck.
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A steel rod of length L, 1s heated by temperature AT 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, a, L,

and AT. Thomal Expansion
A)Y a LyAT ALz L AT
Gvasry BT
C) Y LyAT F_y ( N
D) a LyAT s = T SO e

= Y(-o& AT)Z c;»f«f\f@%ive
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Clicker: 10m long steel train rails are laid end
to end on a winter day (0 °C). If the engineer
forgot to leave gaps for thermal expansion,
roughly how much force 1s generated at the
ends of each rail due to thermal stress when the
temperature reaches 30 °C?

Cross sectional area of rail: 0.01m?
Yoy =20 X 10" Pa
=].2 X 10~ K!

Steel

A) 700N B)7,000N  C) 70,000 N
D) 700,000 N E) 7,000,000 N
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Clicker: 10m long steel train rails are laid end
to end on a winter day (0 °C). If the engineer
forgot to leave gaps for thermal expansion,
roughly how much force 1s generated at the
ends of each rail due to thermal stress when the
temperature reaches 30 °C?

Cross sectional area of rail: 0.01m?
Y ., =20 X 10" Pa

steel

a,.,=1.2 x 105K

A) 700N B)7,000N  C) 70,000 N
(D) 700,000 N) E) 7,000,000 N
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Extra Clicker: Do you expect that the Young's
modulus you measured for a marshmallow is
higher or lower than for steel?

A.Higher
B.Lower

C.Could be higher or lower depending on the relative
dimensions of the steel/marshmallow
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Clicker: Do you expect that the Young’s modulus
you measured for a marshmallow is higher or lower

than for steel? Y . Je[mm[s o LJL\(\-"’LQ

oL'Ae_(X\’ LS mole c(’) w—‘ s sire
A.Higher - i
B.Lowen, A° %, =Y ligaee Y Adukts vt ‘(‘j,f"‘L.

_ Jo . o va Same _
C.Could be higher or lower depending on the relative

dimensions of the steel/marshmallow
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