
Question 1: A container of oxygen (O2) gas and an identical container with neon (Ne) 

gas are each heated from 273K to 300K (at constant volume), and it is found that the 

same amount of energy is required in each case. We can say that 

 

A) The number of moles of O2 is the same as the number of moles of Ne. 

B) The number of moles of O2 is greater than as the number of moles of Ne. 

C) The number of moles of O2 is less than as the number of moles of Ne.  

D) Any of the above are possible 

 

 

Question 2: Two identical containers are each filled with helium. In the first container, 

the average speed of the atoms is twice the average speed in the second container. If 

the gas in each container has the same pressure, we can say that 

 

A) The density in the first container is four times larger 

B) The density in the first container is two times larger 

C) The density in the first container is two times smaller 

D) The density in the first container is four times smaller 

 

 
 

Question 3: Two containers each contain one mole of oxygen, each with the same 

initial volume, temperature, and pressure. One is compressed while being kept at 

constant temperature, while the other is cooled with a freely moving piston. If the 

volume is decreased by half in each case, we can say that 

 

A) The work done on the gas is nonzero in both cases but larger in the constant 

temperature case  

B) The work done on the gas is nonzero in both cases, but smaller in the constant 

temperature case 

C) The work done on the gas is nonzero only in the constant temperature case 

D) The work done on the gas is nonzero only in the case where the gas is cooled 

T Ice 



 

 
 

Question 4: Gas in an insulated container is compressed. We can say that 

 

 A) The temperature of the gas increases and the pressure stays constant 

 B) The temperature of the gas stays constant and the pressure increases 

 C) The temperature and pressure of the gas both increase 

 D) The temperature of the gas decreases and the pressure increases 

 E) The temperature and pressure of the gas both decrease  

 

 
 

Question 1: In the picture above, the gas in the container has a uniform pressure 

throughout and the two pistons are freely movable. If the system is in equilibrium as 

shown, we can say that 

 

A) the ostrich is heavier than the pig. 

B) the pig is heavier than the ostrich. 

C) the pig and the ostrich are the same weight. 

 

 

  



 

 

 
 

Question 2: In the picture above, the container holds neon gas on the left and helium 

gas on the right (with equal volumes). If the temperature is the same on both sides and 

the barrier in the middle is a freely movable piston, we can say that 

 

A) The number of moles of neon gas is greater 

B) The number of moles of helium gas is greater 

C) The number of moles of helium equals the number of moles of neon 

D) There is not enough information to say which of A, B, or C is correct 

 

Question 3: In the previous question, we can say that  

 

A) The average speed of the neon molecules is greater 

B) The average speed of the helium molecules is greater 

C) The average speed of the helium molecules is the same as the average speed of the 

neon molecules 

D) There is not enough information to say which of A,B, and C is correct 

 

 

 

Question 4: In the picture above, a bunch of marbles sit on top of a freely movable 

piston. If the marbles are removed one by one while the gas inside the cylinder is kept 

at constant temperature, we can say that 

 

A) heat flows into the gas. 

B) heat flows out of the gas. 

C) no heat flows into or out of the gas. 

 

 

 

 

 

 

 

 



Question 5: Gas in a cylinder with a freely moving piston is cooled so that its volume 

decreases. In this process,  

 

 A) The pressure increases 

 B) The pressure decreases 

 C) The pressure stays the same 

 

 

 

 

 

 
 

 

 
 

Question 6: Two identical containers with insulating walls contain 1 mole of H2 gas 

and one mole of Ne gas, each at 100 degrees Celsius. Two identical pennies, each 

with an initial temperature of 0 degrees Celsius, are placed in the two containers. 

After each system reaches equilibrium, we can say that 

 

A) the penny in the neon gas will be hotter. 

B) the penny in the hydrogen gas will be hotter. 

C) both pennies will have the same final temperature. 
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Question 12 (8 points): 

You are about to submit a patent application for a gasoline-powered device to 

entertain babies. The device consists of a vertical cylinder of gas with a movable 

piston surrounded by a constant temperature water bath. The gas inside is originally at 

the same temperature as the water bath. 

 

To use the device, a baby is placed on top of the piston so that the gas is slowly 

compressed to one third of its volume at constant temperature (A → B). Then fuel is 

added to the gas and burned slowly so that the gas heats and expands to its original 

volume while the piston on top is free to move (B → C). Finally, the piston is locked 

and the gas cools again to the temperature of the water bath (C → A). The piston 

locks are removed and the process repeats. The baby is entertained by the gentle up 

and down motion. (see next page for questions) 
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a) Draw the process on the graph above and fill in the chart below given the initial 

values for the state A. Explain your work in the space below the table.  

A B C 

Temperature 300K 

Pressure 150kPa 

Volume 0.1m3 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



b) Suppose the gas in the cylinder is argon, with CV = 3/2 R. How much gasoline 

(35MJ/L) must be burned each cycle to entertain the baby? (Hint: the question is 

basically asking how much heat must be added to the gas in the process B → C). 

  



 

 

 

 
 

Question 13 (4 points + possible bonus points):  

 

A container with a partition in the middle has two sides with volume 1m3. The 

container is filled on one side with a “gas” of 109 free electrons with temperature 300K. 

If the partition is removed so that the electrons fill the container, does the temperature 

increase, decrease, or stay the same? Explain. If you predict that the temperature will 

change, estimate the final temperature. 

 

 

 

  



 

 
Question 33: One day at Jim’s Antibody Ranch, Jim decides to test out a new method 

for bleeding a goat. Jim connects a syringe to a hose which feeds into a fixed-volume 

1L container filled with argon gas at a low pressure P. Blood flows into the container, 

compressing the gas. The flow stops when the pressure of the argon is 100kPa. If Jim 

wants to extract half a liter of blood from the goat, what should the initial pressure of 

the argon gas be? Assume that the gas temperature remains at 300K throughout.  

(NOTE ADDED: taken out of context, this question may seem really twisted. 

Everything will make more sense after term 2 biology... . No actual goats were bled 

during the making of this question.) 

  



Part b:  

Jim wants to do a winter bleed, so he uses an insulated container and an insulated 

hose to make sure the blood doesn’t freeze. Suppose that the argon gas is initially at 

260K and the temperature of the blood is 310K. As the blood enters the container, 

heat flows from the blood to the gas so that the blood and gas are always at the same 

temperature. In this case, what should be the initial pressure in the cylinder and what 

is the final temperature of the blood? 

(According to Wikipedia, the heat capacity of goat blood is 3600 J/(LK) (Joules per 

liter per degree Kelvin) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


