Thermodynamics Exam 1 Practice Problems

Dr Colton, Spring 2006
Sample Conceptual Questions (answer and explain):

1. Is it possible for two objects to be in thermal equilibrium if they are not in thermal contact with each other?
2. Chimneys are never used as a weight-bearing part of the structure of a building. Why?
3. Do the Celsius and Fahrenheit temperature scales ever read the same?

4. Explain why, when a thermometer is placed in hot water, the column of mercury first descends slightly and then rises.

5. The pendulum of a grandfather clock is made of brass. When the temperature increases, does the clock increase, decrease, or remain the same?

6. Why does a city have a higher temperature at night than does the surrounding countryside?
7. Do hotter objects always contain more heat than cooler objects?

8. If water is a poor thermal conductor, why can its temperature be raised quickly when it is placed over a flame?

9. Why can you grab a hot wooden object and not get burned, whereas if you grabbed a hot metal object at the same temperature it would burn you?
10. What does the ideal gas law predict about the volume of a sample of gas at absolute zero? Why is this prediction incorrect?

11. In which process is there a greater change in entropy, an isothermal or an adiabatic?
12. What is S for an irreversible change in which both endpoints coincidentally lie on an adiabat?
13. Electrical energy can be converted to heat energy with an efficiency of 100%, by sending a current through a resistor and using “Joule heating”: P = I2 R. Explain how this doesn’t violate the 2nd Law, which told us that the efficiency of an engine can never by 100%.
14. What is the State Postulate?
15. Consider an alcohol and a mercury thermometer that read exactly 0( C at the ice point and 100( C at the steam point. The distance between the two points is divided into 100 equal parts in both thermometers. Do you think they will give exactly the same reading at a temperature of, say, 60( C?
16. What is the difference between intensive and extensive properties of a system.
17. Name several intensive properties.

18. A metal ball can pass through a metal ring. When the ball is heated, however, it gets stuck in the ring. What would happen if the ring, rather than the ball, were heated?

19. What would happen if you heated up a “bimetallic strip”? (That’s a long, narrow, piece of metal that is made up of two different metals joined back-to-back.)

20. Explain why the apparent expansion of a liquid in a glass bulb does not give the true expansion of the liquid. Would the apparent expansion be greater than or less than, the true expansion?

21. Give an example of a process in which no heat is transferred to or from a system, but the temperature of the system changes.

22. A block of wood and a block of metal are at the same temperature. When the blocks feel cold, the metal feels colder than the wood; when the blocks are hot, the metal feels hotter than the wood. Is there ever a temperature when the two blocks feel equally cold or hot to you?

23. Why should thicker insulation be used in an attic than in the walls of a house?

24. Is ice always at 0(C? Can it be colder? Can it be warmer?

25. Why are double-paned windows better than single-paned windows?

26. Does adding heat to a system always increase its internal energy?

27. If the pressure and volume of a system are given, is the temperature always uniquely determined?

28. Does a gas do any work when it expands adiabatically? If so, what is the source of the energy needed to do this work?

29. Why does stainless steel cookware often have a layer of copper or aluminum at the bottom?

30. Why do actual gases tend to obey the ideal gas law, when they are at low densities?

31. Suppose two equal-sized rooms are connected via an open doorway, but one room is warmer than the other. How is this possible? Which room would have more air molecules?

32. How might you keep a gas at a constant temperature in a thermodynamic process?

33. Can a kitchen be cooled by leaving the door of an electric refrigerator open?

34. If you clean your room, you have lowered the disorder in your house. How does this not violate the 2nd Law of Thermodynamics?

Sample Problems (answer and show work):
1. You stick a spherical He balloon in the freezer. What happens to the size of the balloon? Be as quantitative as possible.

2. You have a 1.000 cm diameter steel ball which you desire to pass through a 0.999 cm inner diameter Al ring. (a) If you heat them up both together, how hot must they get before you can accomplish your task. (b) If you heat up only the ring, how hot must it get?  (You may look up the coefficient of expansion.)
3. A grandfather clock’s pendulum is made from steel, and calibrated at 5( C such that one period is 1 second. How much time does it lose in a day, if the temperature increases to 35( C? (Recall that 
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 is the equation for the period of a pendulum.)
4. You have 2 gas tanks connected to each other by a valve. Tank A is twice the size of tank B. They are both initially at 20( C. (a) If tank A starts at 104 Pa and tank B starts at 105 Pa, what is the final temperature and pressure of each tank when the valve is opened? (You may assume the ideal gas law, and that no heat is added nor work done.)
5. A textbook gives the coefficient of volume expansion for air as 3.67 ( 10-3 near room temperature. Use the ideal gas law to obtain a theoretical value for this number, and compare.

6. A dead-weight piston is set up with an ideal gas inside the chamber. The piston is made out of 50 cm thick copper. (Recall that there is atmospheric air above the piston pushing down on it.) If the system is in equilibrium with T = 1500K and contains 10 moles of gas, determine the volume of the gas.

7. You add 50 g of ice at –5( C to 200 g of water at 25( C. What is the final temperature of the mixture, assuming that no heat is lost to the outside?

8. You add 50 g of steam at 150( C to 50 g of ice at –5( C. What is the final temperature of the mixture, assuming that no heat is lost to the outside?

9. A cylindrical copper rod of length 1.2 m and cross-sectional area of 4.8 cm2 is insulated to prevent heat loss through its surface. The ends are maintained at a temperature difference of 100( C by having one end in a water-ice mixture and the other in a boiling water/steam mixture. If you initially have 10 g of ice on the one end and lots of steam on the other, how long does it take to melt the ice? 

10. How long would it take to melt the ice in the previous problem if the rod were 0.6 m of Cu and 0.6 m of iron? 

11. How about if the rod in problem 12 were divided in half the other way: 1.2 m of 2.4 cm2 Cu side by side with 1.2 m of 2.4 cm2 iron?
12. A “solar cooker” consists of a curved parabolic-like reflector which focuses sunlight onto the object to be heated. The solar power per unit area reaching the Earth at the location of a 0.50 m diameter solar cooker is 600 W/m2. Assuming that 50% of the incident energy is converted to heat energy, how long would it take to boil 1.0 L of water initially at 20( C?
13. A 1 kg cube of steel is heated from 20( C until the volume expands by 0.10 %. (a) What is its final temperature? (b) How much work was done in the expansion by pushing against the atmosphere? (c) How much work was done in the expansion by having to raise its center of mass? (d) How much heat was added in the process?
14. The tungsten filament of a certain 100W light bulb radiates 2W of light (the other 98 W of energy is carried away by convection and conduction). The filament has a surface area of 0.25 mm2 and an emissivity of 0.95. How hot is the filament?

15. At high noon, the Sun delivers about 1000 W/m2 of radiant energy (or perhaps a bit less, in Wisconsin!). Suppose this strikes a blacktop which is insulated from the ground below. (Or equivalently, suppose the dirt below the blacktop has a very low thermal conductivity.) Ignoring conduction and convection, what temperature would you predict the blacktop to reach?

16. A large cold object is at 273 K, and a large hot object is at 373 K. 8.00 J of heat energy is transferred from the hot to the cold object, which is not enough to substantially change their temperatures. What is the total entropy change of this process? 
17. Fifteen identical particles have various speeds: one has a speed of 2.00 m/s; two have speeds of 3.00 m/s; three have speeds of 5.00 m/s; four have speeds of 7.00 m/s; three have speeds of 9.00 m/s; and two have speeds of 12.0 m/s. (a) Find the average speed, the rms speed, and the most probable speed. (b) If the particles have a molar mass of 1000 g/mole, make a reasonable guess as to the likely temperature of the particles.

18. A refrigerator with C.O.P. = 4.7, extracts heat from the inside at a rate of 250 J per cycle. (a) How much work per cycle is required to operate the refrigerator? (b) How much heat per cycle is discharged into the room?   
19. An engine using a polyatomic (atoms not in a row) ideal gas is driven by this cycle: from A to B, the pressure increase to 3 times its original pressure while keeping V constant; from B to C, it expands adiabatically until it reaches 4 times the original volume; from C to D, the pressure drops at constant V; from D to A it contracts adiabatically. (a) Sketch the cycle, indicating P, V, and T, for all points. (b) What is the efficiency of this cycle? (c) What’s the maximum efficiency possible between the high and low temperatures. (Leave all answers in terms of the original P, V, and T.)
20. A monatomic ideal gas (1 mole) undergoes this cycle: starting from 1 atm, 0( C, it contracts adiabatically to P = 2 atm, then it expands isothermally, then it contracts isobarically. (a) Sketch the cycle, indicating P, V, and T, for all points. (b) What is the efficiency of this cycle? (c) What is S for each leg of the cycle?
21. A monatomic ideal gas (n moles) undergoes this cycle: (1) starting at V1, T1, it increases the temperature at constant volume to 3T1; (2) from V1, 3T1, it increases the volume at constant temperature to 2V1; (3) from 2V1, 3T1, it decreases the temperature at constant volume back to the original temperature, T1; (4) from 2V1, T1, it decreases the volume back to the original volume, V1.  (a) Sketch the cycle on a P-V diagram. (b) In terms of n and T1, what is the net work done by the game per cycle? (c) What is the efficiency of the cycle?

Answers
Conceptual

1. Yes, if they are both at the same temperature. Then they are each in thermal equilibrium with the same (imaginary) thermometer, and by the 0th Law, they are in equilibrium with each other. Put another way, no heat would flow even if they were connected.
2. The chimney is going to expand when it’s heated. Other parts of the building are not going to be expanding as much, and thus the chimney would cause a stress on those parts if it were rigidly attached in a load-bearing manner.

3. Yes, at –40 degrees. Solve T(F) = 9/5 T(C) + 32 for T(F) = T(C)

4. The glass expands first, and then the mercury.

5. The brass will expand, and have a larger period. The clock will therefore run slow.

6. Concrete has a higher specific heat than does soil, so more heat is stored up during the day. This heat can then be released at night.

7. The heat “contained” by an object would most closely correlate with Q = mcT; so a object with a smaller temperature could contain more heat if it had a larger “thermal mass” (mass ( specific heat).

8. Convection currents in the water transfer the heat.

9. Wood has a much lower thermal conductivity, so the heat cannot be transferred to your fingers as quickly as it can be from the metal.
10. The prediction would be for the volume to be 0. However, as the volume gets smaller & smaller, at some point the molecules start interacting with each other (which might, for example, cause the gas to condense into a liquid). At that point, the ideal gas law does not apply anymore because one of the basic assumptions in its derivation has been violated.

11. Isothermal (assuming the volume is increasing); in an adiabatic change (no heat added), S = 0.
12. S = 0; since entropy is a state variable, it doesn’t matter how one goes from state A to state B, the entropy change will be the same. So even though you don’t follow the adiabat, if you end up on it, there must be no entropy change.
13. The 2nd Law is talking about efficiency of converting heat to work, not the other way around!
14. The State Postulate reads: the state of a system is uniquely determined by 2 independent intensive properties.

15. Probably, but not necessarily. They will if both liquids expand linearly with temperature, which is often the case.
16. Intensive properties are those which do not depend on how much of the material you consider. Extensive properties, on the other hand, do depend on the quantity of material.
17. temperature, pressure, density, entropy per mass, internal energy per mass.

18. The ball would likely pass through easily.

19. The strip would bend, because the two metals will expand at different rates.

20. The glass is also expanding, which would cause it to look like the liquid is expanding less than it actually is.

21. Any time you force a gas to expand or be compressed, you’re likely to change the temperature of the gas.

22. They would both feel the same when they are at the same temperature as your skin—then no heat would flow and neither one would feel either hot or cold. 

23. Hot air rises; therefore all things being equal, there would be substantially more heat transfer from the attic to a cold outside than from the interior walls.

24. Ice can obviously be colder than 0( C; if you take an ice cube an put it outside on a cold La Crosse winter day, it will probably become much colder than 0( C. Ice may be able to exist at temperatures above that, but certainly not at atmospheric pressure (and probably not much warmer, in any event). 

25. The air in the middle of the two panes acts as an insulator, adding to your overall “R” value.

26. No; for example, you could conceivably cause a system to do work at a constant temperature, in which case there is no change to the internal energy. 

27. Only if you know how much material you have (eg. how many moles or how much mass).

28. Sure; when a gas expands it almost always does work (the “free expansion” was one exception). In this case, the source of energy would be from the internal energy of the molecules.

29. As mentioned in class, stainless steel is a rather poor conductor of heat. If the bottom of the pan were made of stainless steel, it would take a long time for the heat to be conducted to your food.

30. At low densities, the molecules of the gas are far apart, and so they do not interact with each other very much. That was one of the assumptions behind the derivation of the ideal gas law via “kinetic theory”.

31. One room might be next to a warm stove; the other next to the cold outside. The colder room would have denser air, and hence more air molecule for the same volume.

32. You’d have to add heat at precisely the same rate that the gas is doing work.

33. No, that would actually warm the kitchen, unless the back of the refrigerator (where the heat-exchanging coils are) were shoved out the wall. (In that case, the fridge would be acting as a heat pump.)

34. It took energy to clean the room. The energy presumably came from some work converted from heat, which also involved some exhaust heat. The entropy added to the universe from that process more than compensates for the entropy decrease in your room.

Problems

1. Diameter decreases ~ 3.5%
2. T = 77.1( C; 41.7 (C
3. 14.3 s
4. 20( C, 40 kPa
5. For T ( 20(,  ( 0.00341 /(C—pretty close!
6. 0.861 m3
7. 3.59( C
8. 100( C
9. 210 s
10. 628 s
11. 349 s
12. 12.2 hrs
13. 50.3( C, 0.017 J, 8.2 ( 10-5 J, 1.36 ( 104 J
14. 3490 K

15. about 364 K

16. 0.0079 J/K
17. (a) vave = 6.80 m/s, vrms = 7.41 m/s, vmp = 7.00 (b) based on the average and rms speeds, the temperature is likely around 2.2 K.
18. 53 J, 303 J
19. (a) P, V, T; (b) 3 P, V, 3 T; (c) 0.4725 P, 4 V, 1.89 T; (d) 0.1575 P, 4 V, 0.63 T; 37%; 79%
20. (a) 1.01 ( 105, 0.2246, 273; (b) 2.02 ( 105, 0.01482, 360.2; (c) 1.01 ( 105, 0.02964, 360.2; 12.7 %; 0, 5.76, –5.76
21. (a) see Fig P22.57 on pg 701 in book, (b) 2nRT1 ln2, (c) 27.29%.
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