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Instructions
¢ Answer all five (5) questions _
+ Read the question more than once and clearly write down your data.

* On problem solving, specify useful definitions and draw clearly labeled
diagrams,



Question 1 {Fluid Mechanics) [20]

1.1. Scientists have found evidence that Mars may once have had an ocean 0.500 km
deep. The acceleration due to gravity on Mars is 3.71 mfs?

1.1.1. What would be the gauge pressure at the bottom of such an ocean, assuming
it was fresh water? (2)

1.1.2. To what depth would you need to go in the Earth’s ocean to experience the
same gauge pressure? (3)

1.2. A table-tennis ball has a diameter of 3.80 cm and an average density of 0.0840
glcm?. What force is required to hold it completely submerged under water?
(5)

1.3. State Pascal's law in words, (2)
1.4. A hydraulic jack is used to lift a 1200 kg car on a piston of diameter 30 cm.

1.4.1. How much force is needed to'plsh down the smaller piston if its diameter is 2
cm? (4)

1.4.2. How much is the ¢ar lifted with a single push, assuming the smalf piston moves

0.50 m? {4)
Question 2 (Temperature and Thermal Expansion)
{20]

2 1. State the Zeroth law of thermodynamics and use it to explain whether the Wwoe
ohjects can be in thermal equilibrium i they are not in physical contact.
{3)

22 Pyt a soft drink bottle in a refrigerator and leave it untit its temperature drops by
10.0 K. What is its temperature change in Fahrenheit and Celsius degrees? {4)

2.3. A liquid has a density p1.
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2.3.1. Show that the change in density of a substance, when the temperature changes
by AT, is given byAp = ~p, BAT . (4)

2.3.2, What does the negative sign signify? {1

2.3.3. What is the fractional change in density of a fead sphere whose temperature
decreases from 25.0 °C to -40.0 °C? £y

2.4. A copper oylinder is initially at 20.0 °C. At what temperature will its volume be
0.150% larger than it is at 20.0 °C? {5

Question 3 (Calorimetry and Phase Change) [20]

3.1. A physics student wants to cool 0.25 kg of Diet Omni-Cola (mostly water), initially
at 25.0°C, by adding ice initially at -20,0°C. How much ice should she add s¢ that the
final temperature will be 0°C with all the ice melted if the heat capacity of the container
may be ignored? (10}

3.2, An insulated beaker with negligible mass contains 0.250 kg of water at a
temperature of 75.0°C. How many kilograms of ice at a temperature of -20.0°C must
be dropped into the water to make the final temperature of the system 30.0°C?
(5}

3.3. A copper calorimeter with mass 0.100 kg contains 0.160 kg of water and 0.0180
kg of ice in thermal equilibrium at atmospheric pressure. What is the final temperature
if 0.750 kg of lead at 255°C is dropped into the calorimeter can? Assume that no heat
is lost to the surroundings. {5}




Question 4 (First Law of Thermodynamics and Application)
[201

4.1 A sample of an ideal gas goes through the process shown in the figure. From A-B, the
process s adiabatic; from B-C, the process is isobaric with 100k) of energy entering the system
by heat. From C-D, the process is isothermal; From D-A, it is isobaric with 150 k] of energy

feaving the system by heat. Determine the difference in internal energy Ein.g- Biara. (1)
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42 A 2.00 mol sample of helium gas initially at 300 K and 0.400 atm is compressed
isothermally to 1.20 atm. Noting that the heliur behaves as an ideal gas, find

4.2 4. The final volume of the gas, 3
4.2.2. the work done on the gas, and (3)
4.2.3. The energy transferred by heat. (3)
Question 5 {Heat Engines, Entropy, and the 27 Law of Thermodynamics)
[20]

51 Does the second law of thermodynamics contradict or correct the first law?
(5}

52  State Camot’s theorem, {3)

5.3 A heat engine takes 360 J of energy from a hot reservoir and performs 25.0 J
of work in each cycle. Find

5.3.1 The efficiency of the engine {2}




532 The energy expelled to the cold reservoir in  each cycle.
(@)

54 Discuss the change in entropy of a gas that expands

5.4.1 Atconstant temperature 4)

5.4.2 Adiabatically. (4)
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