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PHY1122B: M. Rogers

PART I: Multiple choice (24 Marks). Questions 1-6 are worth 4
marks each. Each multiple choice question must be answered by circling
your answer.

Question 1 (4 marks) Heat from the Sun reaches Earth because of which
type of heat transfer?

a) advection

radiation

¢) nucleation

d) conduction

)
e) convection

Question 2 (4 marks) Fluid is moving through a tube as shown in Figure 1.
The cross sectional area A, is exactly half of the cross sectional area A,. What

statement about the relationship between velocities v; and vs is correct?

Figure 1: Fluid flowing in tube for Question 2.

a) vy is twice the magnitude of v,.

vl is half of the magnitude of v,.

c¢) vy is a quarter of the magnitude of vs.

d) vy is the same as vs,.
e) vy is four times the magnitude of vs.
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Question 3 (4 marks) A cylindrical metal rod with length 0.50 m is heated
from 25°C to 250°C. If heating the rod increased the length of the rod by
2 c¢m, by what percentage does the radius of the rod increase?

a) 0%
b) 1%

Question 4 (4 marks) The kinetic molecular model of an ideal gas was
constructed using a set of assumptions about how the molecules of the gas
and the container they are in behave. Which of the following statements is
NOT one of these assumptions?

a) The container walls are perfectly rigid and do not move.

b) The container holding the gas holds a very large number of identical
molecules.

¢) The molecules behave like point particles that are small compared to
the size of the container and the average distance between molecules.

The gas molecules exert attractive forces on each other and the con-
tainer walls.

¢) The molecules are in constant motion and undergo perfectly elastic
collisions.
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Question 5 (4 marks) The density of water changes as a function of tem-
perature. At which of the following temperatures is the density of water at

maximum?
a) 100 °C
b) 10 °C
@ 4°C
d) 0°C
e) —10 °C
Question 6 (4 marks) What mass of ice can be melted by 2.0 x 10® J of
heat? (Some data you may need for this question: Water has a boiling point
of 100.0°C, a freezing point of 0.0°C, a heat of vaporization of 2256x10* J /kg,

a heat of fusion of 333x10% J/kg, and a specific heat of 4190 J/kg-K. Ice has
a specific heat of 2220 J/kg-K. The molar mass of water is 18.02 g/mol.)

d) 0.66 ke
e) 8.4 kg
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PART II: You are required to write full solutions for Questions
7-10. Write your solution in the blank space below each question. If you
need more space, please use the back of the page.

Question 7 (20 Marks) How much energy must be removed from 13.34 mol
of ethanol that is initially a gas at 78.0 °C so that it becomes a solid at
—114.0 °C?

Ethanol has a boiling point of 78.0 °C, a freezing point of —114.0 °C, a latent

heat of vaporization of 879 kJ/kg, a latent heat of fusion of 109 kJ/kg, and
a specific heat of 2.43 kJ/kg-K. The molar mass of ethanol is 46.07 g/mol.

:nM = (I'S.SI‘(M—!)(H€-073IMJ)= 0.615 ’Cj

— CoNOENSE &AS -
Q = - by = - (0.615k)( 879 kT[ky) = - SHo.4 kI
-~ CooL LlAuId Té -I[lY°C -

Q= e T
(0.615 ky) (2.3 KT/ ky-K) (- 192 K) = ~ 2369 kT

n

= FREEZE THE Ll@uiD -
Q= - wls = - (0.6156)( 109 kT/ky) = = {70 KT
- ToTAL -
Oror = - 5H0.4 ks -23¢.9 kT - 670 k¥ = - {945 kT
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Question 8 (20 marks) A block of wood has a mass of 2.95 kg and a
density of 600 kg/m?. It is to be loaded with lead (1.14 x 10* kg/m?) so that
it will float in water with 85% of its volume submerged. The density of water
is 1000 kg/m?®.

a) (15 marks) Calculate the mass of lead needed if the lead is attached to
the top of the wood.

b) (5 marks) Briefly describe how your calculation would change if the
lead was attached to the bottom of the wood.

For &5 7, Subbnuydl with WM ed = 2.5 k’j,

Mﬂe..l = ’23 l(j
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Question 9 (12 marks) A steel container with an open top is completely
filled with 1.70 m? of ethanol. Both the tank and the ethanol are held at
18.0 °C. How much ethanol will spill from the tank if both the tank and its
contents are heated to 32.0 °C?

Ethanol has a coefficient of volume expansion of 75 x 107> K~!, and the
coefficient of volume expansion for steel is 3.6 x 107> K.

STEEL © AVe= Vo B 8T= (170m)(T6 w07 ) (140 K)
T ¥.57 %1073
ETHML © AV, = Voo o T« (170047 )(75 0™ k")( 1.0¢)

it

1.79 10" %% :
E‘”'P\l" VOJM f "I'hhk . ﬂ\[e - A\IS = ’7? .![O"Z M] - %S? ¥ ’O’L{M

= 1,70 10-2 3
= ]7.0 [

’-—-——_'—_—.——-
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Question 10 (24 marks) (Note: There is more space to write your solution
to this problem on the next page.) Figure 2 shows a cycle through which 1.00
mol of a monatomic ideal gas is taken. Volume V. = 9.00V},. Process be is an
adiabatic expansion, with p, = 1.013 x 10° Pa and Vj, = 1.00 x 1072 m3. For
the cycle, calculate

a) (6 marks) the pressure at a, p,.

b) (5 marks) the energy @, added to the gas as heat.
¢) (5 marks) the energy Q.. leaving the gas as heat.
d) (4 marks) the net work done by the gas.

e¢) (4 marks) the efficiency of the cycle.

ph- b

Adiabatic

Pressure

Volume

Figure 2: The thermodynamic cycle for Question 10.

C") Po”Pb .‘_l.” = 2.5%3"'0"{‘)@

9

b) Qe = 3 (pb\lu, -p.\\/«) = Y8 x10° T
2z

¢) Qe =5 pa(Va-Ve): =516.4 T
4
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Extra space for Question 10.

d) W e Qob + Qea = 1480 T ~5017 T = 943 7

e) e= MW M = 9u3x)0ET < 4517
Q'm aab .43 x [Os J
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