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VERSION A

This is a closed book exam.
Time to finish the exam: 75min.

You are allowed a one-sided 8.5 X 11 inch sheet of hand-written notes.
You are also allowed a calculator.

At the back of the exam there is an appendix you might find helpful.
Answer all questions, worth a total of 100 points.

Write your solutions on this exam
GOOD LUCK!
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PART 1 : MULTIPLE CHOICE 40 points
Please circle the correct answer for the questions below. Each question is
worth 5 points.

Question 1 A rock is suspended by a light string. When the rock is in air
the tension in the string is T1 = 41.9N . When the rock is totally immersed
in water, the tension is 25N. When the rock is totally immersed in an
unknown liquid, the tension is 15.8N. What is the density of the unknown
liquid? The density of water is 1000 kg/m3.

(a)1581 g/m3

(b)1544 kg/m3

(c)534 kg/m3

(d)2362 kg/m3

(e)875 kg/m2

Question 2 A barrel contains 0.155 m layer of oil floating on water that is
0.280m deep. The density of oil is 550kg/m3. What is the gauge pressure
at the interface and what is the gauge pressure at the bottom of the barrel?
The density of water is 1000 kg/m3. Use gravitational acceleration g=9.8
m/s2.

(a) 655 Pa and 5650 Pa
(b) 655Pa and 2744 Pa
(c) 1560Pa and 3580 Pa
(d) 835 Pa and 2744 Pa
(e) 835 Pa and 3580 Pa
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Question 3 Water flows through a cylindrical pipe of varying cross-section.
The velocity is 3.0 m/s at a point where the pipe diameter is 1.0 cm. At a
point where the pipe diameter is 3.0 cm, the velocity is:

(a) 9 m/s
(b) 3 m/s
(c) 1 m/s
(d) 0.33 m/s
(e) 0.11 m/s

Question 4 Helium gas is confined within a chamber that has a moveable
piston. The mass of the piston is 8.7 kg; and its radius is 0.013 m. If the
system is in equilibrium, what is the pressure exerted on the piston by the
gas? Use gravitational acceleration g=9.8 m/s2.

(a) 1.63 × 104 Pa
(b) 8.49 × 104 Pa
(c) 1.01 × 105 Pa
(d) 1.60 × 105 Pa
(e) 2.61 × 105 Pa
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Question 5 How many moles are in a 1 kg bottle of water? The molar
mass of water 18.0 g/mol.

(a) NA mol
(b) 1 mol
(c) 55 mol
(d) 35 mol
(e) 100 mol

Question 6 What is the limiting low temperature of a physical object?

(a) there is no limiting low temperature
(b) 0 K
(c) 0◦ C
(d) 0◦ F
(e) -100◦ C
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Question 7 A rod of length L is heated so that its temperature increases
by ∆T . As a result, the length of the rod increases by ∆L. The rod is then
cut into two pieces, one of length L/3 and one of length 2L/3. What is the
ratio of the change in length of the rod of length 2L/3 to ∆L of the original
rod when its temperature is increased by ∆T?

(a) 1/3
(b) 2/3
(c) 1
(d) 3/2
(e) 3

Question 8 A system undergoes an adiabatic process in which its internal
energy increases by 20 J. Which of the following statements is true?

(a) 20 J of work was done on the system
(b) 20 J of work was done by the system
(c) the system received 20 J of energy as heat
(d) the system lost 20 J of energy as heat
(e) none of the above are true
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PART 2 : SHOW FULL SOLUTIONS 60 points
Please show your full solutions to the questions below.

Question 9 (20 points) An insulated Thermos contains 130 cm3 of hot
coffee at 80◦C. You put in a 12g ice cube at its melting point in order to
cool down the coffee. You wait until equilibrium is reached. By how many
degrees has your coffee cooled down? Treat the coffee as if it were pure
water. Neglect energy exchanges with the environment.
The specific heat of water is cw=4190 J/kg·K. The heat of fusion for water
is LF= 334 J/g. The density of water is 1000 kg/m3.
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Question 10 (20 points) The p-V diagram in the figure below shows a
cycle of a heat engine that uses 0.25mol of a diatomic ideal gas with γ=1.4.
The process ab is adiabatic. For a diatomic ideal gas CV = 5

2R.

(a) (4 points) Find the pressure of the gas at point a.
(b) (4 points) How much hear enters this gas per cycle and where does it
happen?
(c) (4 points) How much heat leaves this gas per cycle and where does it
happen?
(d) (4 points) How much work does this engine do in a cycle?
(e) (4 points) What is the thermal efficiency of the cycle?
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Question 11 (20 points) Water flows steadily from an open tank as shown
in the figure below. The elevation at point i is H=10m and the elevation at
points 2 and 3 is h=2m. The cross sectional area at point 2 is 0.0480 m2.
and at point 3 is 0.0160 m2. The area of the tank is much larger than the
cross sectional area of the pipe. Assume that Bernoulli’s equation applies.

(a) (5 points) The discharge rate in cubic meters per second.
(b) (15 points) The gauge pressure at point 2.
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Bonus Question (20 points) Evaporative cooling of beverages. A cold
beverage can be kept cold even on a warm day if it is slipped into a porous
ceramic container that has been soaked in water. Assume that energy lost
to evaporation matches the net energy gained via the radiation exchange
through the top and side surfaces. The container and beverage have
temperature T = 15◦C, the environment has temperature Tenv = 32◦C, and
the container is a cylinder with radius r = 2.2 cm and height 10 cm.
Approximate the emissivity as ε = 1, and neglect other energy exchanges.
At what rate dm/dt is the container losing water mass?
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