Learning goals:

* (alculate the heat required to bring a material from one
temperature to another when we have a phase change
occurring at an intermediate temperature

* Explain why some objects feel colder than others even though
they are the same temperature

* Explain how the rate of energy flow can be quantified using
heat current

* Explain why heat current must be the same in all parts of a
system where heat 1s steadily flowing from one side to another

* Quantitatively predict the heat current through an object given
the temperature gradient and properties of the object

* Determine the relative heat currents for different objects
subjected to the same temperature gradient

* Explain how thermal conductivity 1s defined
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A mass M of ice at temperature T, < 0 is heated until
we have water at temperature T, > 0. How much
heat has been added?

A) M Cie (T - Ty)

B) M Cyater (T2~ T4)

C) ML

D) M Cige (- T4) + M Cyater (T2)

E) MCie (- T9) * MLi+ M Cpper (T2)



A mass M of ice at temperature T, < 0 is heated until
we have water at temperature T, > 0. How much
heat has been added?

A) M Cie (T~ Ty)
B) M Cwater (T2 - T1)
C) ML
D) M Cice ( B T1) + M Cwater (TZ)
@M Cice (- T1) * ML+ M Cpper (T2)
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During a break from skiing, you enter an unheated
washroom building (0°C). You notice there are
two toilets, one with a metal seat (¢ ~ 200 J/kg'K)
and one with a plastic seat (¢ ~ 1600 J/kg-K).
Assuming that you need to sit down, and that both
seats are clean, which do you choose?

A) The metal seat.

B) The plastic seat.

C) It doesn’t matter: they are the same
temperature.

D) My head says A) but my heart says B).
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Would an ice cube melt faster on metal or styrofoam,
if the metal and styrofoam were both at room
temperature?

A) Metal
B) Styrofoam



Would an ice cube melt faster on metal or styrofoam,
if the metal and styrofoam were both at room
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In the picture, the object on the left 1s kept at 100 °C while the object
on the right 1s kept at 0 °C. Heat flows through the object in the
middle, which has been in place for a long time. The system 1s

insulted from the environment. For the heat current through the three
surfaces shown, we can say that:

A)H,>H,>H, B)H,=-H,=-H, C)H,<H,<H,

D)H,=H,>H, E)H, =H,<H,
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EXTRA: What if the object in the middle were this:
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In the picture, the object on the left 1s kept at 1)0 °C while the object
on the right 1s kept at 0 °C. Heat flows through the object in the
middle, which has been in place for a long time.' The system 1s
insulted from the environment. For the heat current through the three
surfaces shown, we can say that:

th CV\W"l A~ a circu\z-}.

A)H,>H,>H, (B)H,=H, =H,) C)H,<H,<H,
D)H,=H,>H, E)H, -H,<H,
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EXTRA: What if the object in the middle were this:
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In the picture, the obJ ect on the left 1s kept at 100 °C while the object
on the right 1s kept at 0 °C. Heat flows through the object in the
middle, which has been in place for a long time. The system 1s
insulted from the environment. For the heat current through the three
surfaces shown, we can say that:

A) H;>H,> Hj C)H, <H, <H;

D)H,=H,>H, E)H, -H,<H,
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"EXTRA) What if the object in the middle were this:
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Rank the heat flow
from smallest to largest

A) 1>2>3>4
B) 2>1>3>4
C) 2>1>4>3
D) 4>2>1>3
E) 3>2>1>4




