1. A 4 mole ideal gas system undergoes an adiabatic process where it expands and does 20 J of work on its environment. How much heat is received by the system?
2. A 5 mole ideal gas system undergoes an adiabatic free expansion, going from an initial volume of 10 liters to a final volume of 20 liters. How much work is done by the system during this adiabatic free expansion?

a. -50 J

b. -10 J

c. zero

d. +50 J
3. A heat engine receives 6000 J of heat from its combustion process and loses 4000 J through the exhaust and friction. What is its efficiency?

a. 33%

b. 40%

c. 67%

d. 73%

4. If a heat engine has an efficiency of 30% and its power output is 600 W, what is the rate of heat input from the combustion phase?

a. 1800 W

b. 2400 W

c. 2000 W

d. 3000 W
5. A steam turbine operates at a boiler temperature of 450 K and an exhaust temperature of 300 K. What is the maximum theoretical efficiency of this system?

a. 24

b. 50

c. 33

d. 67

6. A 4 mole ideal gas system undergoes an adiabatic process where it expands and does 20 J of work on its environment. What is its change in internal energy?

a. -20 J

b. -5 J

c. zero

d. +20 J
7. The maximum theoretical thermodynamic efficiency of a heat engine operating between hot and cold reservoirs is a function of which of the following?

a. hot reservoir temperature only

b. cold reservoir temperature only

c. both hot and cold reservoir temperatures

d. none of these choices are valid

8. During an isobaric process which one of the following does not change?

a. volume

b. temperature

c. internal energy

d. pressure

9. A 2 mole ideal gas system is maintained at a constant volume of 4 liters; if 100 J of heat is added, what is the work done by the system?

a. zero

b. 5.0 J

c. 6.7 J

d. 20 J
10. A 2 mole ideal gas system is maintained at a constant volume of 4 liters; if 100 J of heat is added, what is the change in internal energy of the system?

a. zero

b. 50 J

c. 67 J

d. 100 J
11. An adiabatic free expansion refers to the fact that

a. no heat is transferred between a system and its surroundings.

b. the pressure remains constant.

c. the temperature remains constant.

d. the volume remains constant.

12. According to the first law of thermodynamics, the difference in heat gained by a system and the work done by that same system is equivalent to which of the following?

a. entropy change

b. internal energy change

c. temperature change

d. specific heat

13. If an ideal gas does positive work on its surroundings, then which one of the following choices may be assumed with regard to the gas?

a. temperature increases

b. volume increases

c. pressure increases

d. internal energy decreases

14. In an isovolumetric process by an ideal gas, the system's heat gain is equivalent to a change in which one of the following?

a. temperature

b. volume

c. pressure

d. internal energy

15. An ideal gas is maintained at a constant pressure of 70.000 N/m2  during an isobaric process while its volume decreases by 0,2 m3 . What work is done by the system on its environment?

a. 14.000 J

b. 350.000 J

c. -14.000 J

d. -35.000 J
16. In an isothermal process for an ideal gas system (where the internal energy doesn't change), which of the following choices best corresponds to the value of the work done by the system?

a. its heat intake

b. twice its heat intake

c. the negative of its heat intake

d. twice the negative of its heat intake

17. A system which receives 70 J of heat from its environment and does 20 J of work will have what net change in its internal energy?

a. 90 J

b. 50 J

c. zero

d. -70 J
18. A heat engine performs 2000 J of work while rejecting 5000 J of heat to the cold-temperature reservoir. What is the efficiency of the engine?

a. 71,4%

b. 60,0%

c. 40,0%

d. 28,6%

19. A heat engine operating between a pair of hot and cold reservoirs with respective temperatures of 500 K and 200 K will have what maximum efficiency?

a. 60

b. 50

c. 40

d. 30

20. A gasoline engine with an efficiency of 30% operates between a high temperature T1  and a low temperature T2  = 320 K. If this engine operates with Carnot efficiency, what is the high-side temperature T1 ?

a. 1066 K

b. 868 K

c. 614 K

d. 457 K

21. A Florida home is kept cool in the summer by an air conditioner. The outside temperature is 36°C and the inside of the home is kept at 18°C. If 50 MJ of heat is removed from the house per hour, what is the minimum power that must be provided to run the air conditioner?

a. 214 W

b. 430 W

c. 860 W

d. 1720 W
22. What is the coefficient of performance of a refrigerator that operates with Carnot efficiency between temperatures -7°C and +31°C?

a. 7,0

b. 9,1

c. 10,0

d. 13,2

23. On a cold day, a heat pump is used to extract heat energy from the outside air at -5°C and bring it into the +20°C house. What minimum amount of work must be done to bring 1000 J of heat energy into the house?

a. 40,0 J

b. 60,0 J

c. 85,3 J

d. 100,1 J
24. An electrical generating plant operates at a boiler temperature of 220°C and exhausts the unused heat into a nearby river at 18°C. What is the maximum theoretical efficiency of the plant? (0°C = 273 K)

a. 61%

b. 32%

c. 21%

d. 41%

1. A spherical air bubble originating from a scuba diver at a depth of 18,0 m has a diameter of 1,0 cm. Assuming constant temperature, what will be the diameter of the bubble when it reaches the surface?

a. 0,7 cm

b. 1,0 cm

c. 1,4 cm

d. 1,7 cm

2. A tank with a volume of 0.15 m3  contains 27°C helium gas at a pressure of 100 ATM. How many balloons can be blown up if each filled balloon is a sphere 30 cm in diameter at 27°C and absolute pressure of 1.2 ATM?

a. 963 balloons

b. 884 balloons

c. 776 balloons

d. 598 balloons

3. Forty-four grams of dry ice (solid CO2 ) is placed into a 2-liter container and the top is sealed. When the dry ice turns to gas at room temperature (20° C), what is the pressure increase in the 2-liter container? (1 mole of CO2 is 44 grams)

a. 6 ATM

b. 12 ATM

c. 18 ATM

d. 2 ATM

4. The mass of a hot air balloon and its cargo (not including the air inside) is 200 kg. The air outside is at a temperature of 10° C and a pressure of 1 ATM = 105 N/m2 . The volume of the balloon is 400 m3  . To what temperature must the air in the balloon be heated before the balloon will lift off? (Air density at 10 °C is 1,25 kg/m3 )

a. 37 °C

b. 69 °C

c. 99 °C

d. 200 °C

5. 9 grams of water is placed into a 2 liter pressure cooker and heated to 500° C. What is the pressure inside the container? (R = 0,082 liter-ATM/mole- ° K)

a. 7,9 ATM

b. 15,8 ATM

c. 23,7 ATM

d. 31,6 ATM

6. Estimate the volume of a helium-filled balloon at STP if it is to lift a payload of 500 kg. The density of air is 1,29 kg/m3  and helium has a density of 0,178 kg/m3 .

a. 4406 m3 

b. 932 m3 

c. 450 m3 

d. 225 m3 

7. How many moles of air must escape from a 10 m x 8 m x 5 m room when the temperature is raised from 0°C to 20°C? Assume the pressure remains unchanged while the room is heated.

a. 1218 moles

b. 1011 moles

c. 746 moles

d. 373 moles

8. A helium-filled weather balloon has a 0.9 m radius at lift off where air pressure is 1 ATM and the temperature is 298 K. When airborne, the temperature is 210 K, and its radius expands to 3.0 m. What is the pressure at the airborne location?

a. 0,5 ATM

b. 0,013 ATM

c. 0,019 ATM

d. 0,38 ATM

9. What is the resulting pressure when one mole of air at one atmosphere of pressure and 15°C is heated at constant volume to 125°C?

a. 1,38 ATM

b. 1,76 ATM

c. 2,14 ATM

d. 1,00 ATM

10. One way to cool a gas is to let it expand. If a gas under 50 ATM of pressure at 25°C is allowed to expand to 15 times its original volume, it reaches 1 ATM pressure. What is its new temperature?

a. 177°C

b. 0°C  

c. 200.7 K

d. 89.4 K

11. A pressure of 10-7  mm of Hg is achieved in a vacuum system. How many gas molecules are present per liter volume if the temperature is 293 K? (760 mm of Hg = 1 ATM, R = 0,081 liter-ATM/mole-K and NA  = 6,02 x 1023 )

a. 16 x 1018
b. 4.7 x 1016
c. 3.3 x 1012
d. 3.4 x 109
12. What is the root mean square velocity of chlorine gas molecules at a temperature of 320 K? (R = 8,31 x 103  J/kmole-K, NA  = 6,02 x 1023 , and the molecular mass of CI2  = 71)

a. 1,7 x 102 m/s        

b. 3,3 x 102 m/s 

c. 0,8 x 104 m/s 

d. 1,1 x 105 m/s 

13. How many atoms are present in a sample of pure iron with a mass of 300 grams? (The atomic mass of iron = 56 and NA  = 6.02 x 1023 )

a. 1,8 x 1019
b. 6,7 x 1022
c. 1,6 x 1028
d. 3,2 x 1024
14. Two moles of nitrogen gas are contained in an enclosed cylinder with a movable piston. If the gas temperature is 298 K, and the pressure is 1,01 x 106  N/m2 , what is the volume? (R = 8,31 J/mole-K)

a. 9,8 x 10-3 M3
b. 4,9 x 10-3 M3
c. 17,3 x 10-3 M3
d. 8,3 x 10-3 M3
15. Two moles of nitrogen gas are contained in an enclosed cylinder with a movable piston. If the molecular mass of nitrogen is 28, how many grams of nitrogen are present?

a. 0,14

b. 56

c. 42

d. 112

16. Four moles of an ideal gas are confined in a 40 liter container at a pressure of 2 ATM. What is the gas temperature? (R = 0,0821 liter-ATM/mole-K)

a. 975 K

b. 487 K

c. 365 K

d. 244 K

17. Two ideal gases, X and Y, are thoroughly mixed and at thermal equilibrium in a single container. The molecular mass of X is 9 times that of Y. What is the ratio of root mean square velocities of the two gases, vX (rms)/vY (rms)?

a. 9/1

b. 3/1

c. 1/3

d. 1/9

18. An ideal gas is confined to a container with an adjustable volume. If the pressure and mole number are both maintained constant, by what factor will the volume change when the absolute temperature is tripled?

a. 0,33

b. 1/9

c. 3,0

d. 9,0

19. An ideal gas is confined to a container with constant volume. If the number of moles is maintained constant, by what factor will the pressure change if the absolute temperature is tripled?

a. 1/9

b. 0,33

c. 3,0

d. 9,0

20. An ideal gas is confined to a container with an adjustable volume. If the number of moles and temperature are held constant, by what factor will the volume change when the pressure is tripled?

a. 1/9

b. 0,33

c. 3,0

d. 9,0

21. A Boeing 737 airliner has a mass of 20.000 kg and the total area of the wings is 100 m2 . What must be the pressure difference between the top and bottom surface of the wings to keep the airplane aloft?

a. 1.960 N/m2
b. 3.920 N/m2
c. 7.840 N/m2
d. 15.680 N/m2
22. A fountain sends water to a height of 100 meters. What must be the pressurization (above atmospheric) of the underground water system? (1 ATM = 105  N/m2 .)

a. 1 ATM

b. 4,2 ATM

c. 7,2 ATM

d. 9,8 ATM

23. A hole is punched in a full milk carton 10 cm below the top. What is the initial velocity of outflow?

a. 1,4 m/s

b. 1,96 m/s

c. 2,8 m/s

d. 3,9 m/s

24. Water (density = 1 x 103  kg/m3 ) is flowing through a pipe whose radius is 0,04 m with a speed of 15 m/s. This same pipe goes up to the second floor of the building, 3 m higher, and the pressure remains unchanged. What is the radius of the pipe on the second floor?

a. 0,046 m

b. 0,043 m

c. 0,037 m

d. 0,034 m

1. A woman who weighs 500 N is standing on a board that weighs 100 N. The board is supported at each end, and the support force at the right end is 3 times bigger than the support force at the left end. If the board is 8 m long, how far from the right end is the woman standing?

a. 4,0 m

b. 2,0 m

c. 2,7 m

d. 1,6 m

2. A bus is designed to draw its power from a rotating flywheel that is brought up to its maximum speed (3000 rpm) by an electric motor. The flywheel is a solid cylinder of mass 1000 kg and diameter 1 m (Icylinder = 1/2 MR3). If the bus requires an average power of 10 kilowatts, how long will the flywheel rotate?

a. 308 s

b. 617 s

c. 925 s

d. 1234 s

3. An 80 kg man is one-fourth of the way up a 10 m ladder that is resting against a smooth, frictionless wall. If the ladder is 20 kg and it makes an angle of 60° with the ground, find the force of friction of the ground on the foot of the ladder.

a. 784 N

b. 196 N

c. 50 N

d. 138 N
4. A 100 N uniform ladder of length 8 m rests against a smooth vertical wall. If the coefficient of static friction between ladder and floor is 0,40, what is the maximum angle that the ladder can make with the floor before it slips?

a. 22°

b. 51°

c. 18°

d. 42°

5. A 20 kg child wants to use a 10 kg board that is 4,0 m long as a seesaw. Since all her friends are busy, she decides to seesaw by herself by putting the support at the center of gravity when she sits on one end of the board. How far from her will the support point be?

a. 2,0 m

b. 1,0 m

c. 0,67 m

d. 0,33 m

6. A heavy bank vault door is opened by the application of a force of 300 N directed perpendicular to the plane of the door and 0,8 m from the hinges. What is the torque due to this force about an axis through the hinges?

a. 120 N-m

b. 240 N-m

c. 300 N-m

d. 360 N-m
7. Two hoops or rings (I = MR2) are centered, lying on a phonograph record. The smaller one has a radius of 0,05 m and the larger a radius of 0,1 m. Both have a mass of 3 kg. What is the total moment of inertia as the record turns around? Ignore the mass of the record.

a. 0,030 kg-m2
b. 0,0075 kg-m2
c. 0,0375 kg-m2
d. 0,075 kg-m2
8. If a long rod of length L is hinged at one end, the moment of inertia as the rod rotates around that hinge is ML2/3. A 2 m rod with a mass of 3 kg is hinged at one end, is held in a horizontal position, and then released as the free end is allowed to fall. What is the angular acceleration as it is released?

a. 3,70 rad/s2
b. 7,35 rad/s2
c. 2,45 rad/s2
d. 4,90 rad/s2
9. A grinding wheel with a moment of inertia of 2,0 kg-m2  has a 2,5 N-m torque applied to it. What is its final kinetic energy 10 seconds after starting from rest?

a. 312 J

b. 237 J

c. 156 J

d. 106 J
10. A phonograph record and turntable combination have a moment of inertia of 3,0 x 10-4 kg-m2 and rotate with an angular velocity of 3,5 rad/sec. What net torque must be applied to bring the system to rest within 3 s?

a. 4.5 x 10-3 N-m

b. 7.5 x 10-4 N-m

c. 3.5 x 10-4 N-m

d. 5.0 x 10-4 N-m
11. A grinding wheel with a moment of inertia of 2,0 kg-m2  is initially at rest. What angular momentum will it have 10 s after a 2,5 N-m torque is applied to it?

a. 25,0 kg-m2 /s

b. 7,5 kg-m2 /s

c. 4,0 kg-m2 /s

d. 0,25 kg-m2 /s

12. A grinding wheel with a moment of inertia of 2,0 kg-m2  has a net torque of 2,5 N-m applied to it. What angular acceleration does it experience?

a. 5,0 rad/sec2
b. 2,0 rad/sec2
c. 1,25 rad/sec2
d. 0,2 rad/sec2
13. A solid cylinder (I = MR2/2) has a string wrapped around it many times. When I release the cylinder, holding on to the string, the cylinder falls and spins as the string unwinds. What is the downward acceleration of the cylinder as it falls?

a. 0

b. 4,9 m/s2
c. 6,5 m/s2
d. 9,8 m/s2
14. What must be an angular velocity of a cylinder (I = MR2/2) rolling on the ground at the bottom of a hill so that it will be able to roll to the top of the hill if the hill is 10 m long and 3 m high? The mass of the cylinder is 2 kg and the radius is 0,4 m.

a. 15,7 rad/s

b. 27,1 rad/s

c. 19,2 rad/s

d. 28,6 rad/s
15. A rotating flywheel can be used as a method to store energy. If it has 10 x 105 J of kinetic energy when rotating at 400 rad/s, and if a frictional torque of 4,0 N-m acts on the system, in what interval of time would the flywheel come to rest?

a. 3,5 min

b. 7,0 min

c. 14 min

d. 21 min
16. A rotating flywheel can be used as a method to store energy. If it is required that such a device be able to store up to a maximum of 10 x 105 J when rotating at 400 rad/s, what moment of inertia is required?

a. 50 kg-m2
b. 25 kg-m2
c. 12,5 kg-m2
d. 6,3 kg-m2
17. A cylinder with its mass concentrated toward the center has a moment of inertia of       0,1 MR2. If this cylinder is rolling without slipping along a level surface with a linear velocity v, what is the ratio of its rotational kinetic energy to its linear kinetic energy?

a. 1/10

b. 1/5

c. 1/2

d. 1/1

18. A gyroscope has a moment of inertia of 0,14 kg-m2 and has an initial angular velocity of 15 rad/s. If a lubricant is applied to the bearings of the gyroscope so that frictional torque is reduced to 2,0 x 10-2 N-m, then in what time interval will the gyroscope coast from     15 rad/s to zero?

a. 150 s

b. 105 s

c. 90 s

d. 180 s

19. A phonograph turntable has a moment of inertia of 2.5 x 10-2 kg-m2  and spins freely on a frictionless bearing at 33,3 rev/min. A 0,25 kg ball of putty is dropped vertically on the turntable and sticks at a point 0,20 m from the center. What is the new rate of rotation of the system?

a. 40,8 rev/min

b. 23,8 rev/min

c. 33,3 rev/min

d. 27,2 rev/min

20. A solid cylinder with a mass of 3,0 kg and radius of 0,2 m, starts from rest at the top of a ramp, inclined at 15°, and rolls to the bottom without slipping. (For a cylinder I = 0.5MR2) The upper end of the ramp is 1,2 m higher than the lower end. What would the linear velocity of the cylinder be at the bottom? (g = 9,8 m/s2)

a. 4,7 m/s

b. 4,3 m/s

c. 4,0 m/s

d. 2,4 m/s

21. A gyroscope has a moment of inertia of 0,14 kg-m2 and has an initial angular velocity of 15 rad/s. Friction in the bearings causes its velocity to reduce to zero in 30 s. What is the value of the frictional torque?

a. 3,3 x 10-2 N-m

b. 8,1 x 10-2 N-m

c. 14,0 x 10-2 N-m

d. 7,0 x 10-2 N-m
22. A bucket filled with water has a mass of 23 kg and is attached to a rope which in turn is wound around a 0,05 m radius cylinder at the top of a well. The bucket and water are first raised to the top of the well and then released. The bucket and water are moving with a speed of 7,9 m/s upon hitting the water surface in the well below. What is the angular velocity of the cylinder at this instant?

a. 39 rad/s

b. 79 rad/s

c. 118 rad/s

d. 158 rad/s
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