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EP 2H04 / Phy 2H04
DAY CLASS Dr. Wm. Garland
DURATION: 50 minutes
McMASTER UNIVERSITY TEST #2 March 19, 2001
Special Instructions:
1. Closed Book. All calculators and up to 4 single sided 8 /2" by 11" crib sheets are permitted.
2. Do all questions. Place your answers on the exam sheets; use additional pages if necessary.
3. The value of each part is as indicated. TOTAL Value: 100 marks

THIS EXAMINATION PAPER INCLUDES 6 PAGES AND 8 QUESTIONS. YOU ARE
RESPONSIBLE FOR ENSURING THAT YOUR COPY OF THE PAPER IS COMPLETE.
BRING ANY DISCREPANCY TO THE ATTENTION OF YOUR INVIGILATOR.

1. [10 marks] The concrete sections of a certain superhighway are designed to have a
length of 25.0 m. The sections are poured and cured at 10 °C. What minimum spacing
should the engineer leave between the sections to eliminate buckling stress if the concrete
is to geach a temperature of 50 °C? The linear expansion coefficient, &, for concrete is 12
x 107/ °C.
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2. [10 marks] A Thermopane window of area 6.0 m? is constructed of two layers of glass,

each 4.0 mm thick separated by an air space of 5.0 mm. If the inside is at 20°C and the
outside is at -30 °C, what is the heat loss through the window? The thermal conductivity
of air is 0.0234 W/m°C and that for glass is 0.80 W/m°C. Ignore the insulation valuc of
the surrounding air.
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3. [15 marks total]
a. Sand is added slowly to the top of the piston in
the ﬁgure so that the volume is reduced by
0.001 m® as shown. The insulated container
( / Q:) volume is big so that the pressure does not

change durmg the process. Pressure is 1 atm. AV —

There are 10" ideal gas molecules in the
container. No particles are added or removed.
What is AE, AS, AT? [k =1.381 x107% J/K]
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down for constant P and N. How come it didn’t?
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coefficient of expansion, i.e., B =3 a. Ifitis not for a particular material, what does this

imply?
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You should have found in part (a) that T went up when V went down But for an
ideal gas, we know that PV = NkT, implying that T should go down as V goes

4\3)

[5 marks total] Typically, the volumetric coefficient of expansion is three times the linear
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5. [15 marks total]] We have shown in class that as an isolated system, composed of
subsystem 1 and subsystem 2, approachcs equilibrium,

1 1
AS=| ——-—|A P, -P,)AV, —— AN, > 0.
[Tl T, ] Q + T, ( ) (Pl Hz) >

( ! O) a. Show that this implies that heat ﬂows from hot to cold, that higher pressure
regions expand and that particles flow to lower potential areas.
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b. It is cold outsuigdL d you arani; a stuffy, hot examination room. A window is
< 5) opened to let in a fresh breeze of cold air. We designate the room as ‘1’ and the
_ outside as ‘2°. Does this event violate (a)? Show why or why not. [Hint:
Assume p; = ptp . Consider this a 2-stage process. Stage 1: The cold incoming
Ny air acts like a piston, compressing the air in the room quickly. Stage 2: thermal
relaxation follows more slowly.]
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6. [10 marks total] We measure Cy/mR
the C, of a gas for various )
temperatures and get the results
as shown in the figure.

a. What must be
happening to get such a
result?

%5%&—_\-10»‘8, Ry>0 MW

b. What is the number of degrees of freedom at 1000 K?
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7. [20 marks total] Starting with Q = const VNE™'?, show that for an ideal gas:
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8. [15 marks total] Show that ) =—% ) [Hint: start with the first law with

dQ=TdS.]
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Table 13.1 Maxwell’s Relations—
Those Most Commonly

Used
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---THE END---
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