Problem 1.

An ideal monoatomic gas at 10 °C is maintained in a constant volume of 10 litres (10~2m?)
while its pressure is increased from 1 atm (10° Pa) to 2 atm (2 x 10° Pa).

a) Calculate the new temperature, the work done in this step, and the heat flow. Is heat
added to or removed from the gas?

b) The gas is then allowed to expand to a new volume of 30 litres, in such a way as to
stay at this new temperature. What is the total work done in this step? Is it done on the
gas or by the gas?

c¢) Calculate the heat flow in this second step, afid indicate if it is added to or removed
from the gas.

d) Sketch the entire process on a P — V diagram.
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Problem 2.

A nuclear power plant in Virginia produces 1 Gigawatt (10° W) of electrical power. The
plant operates between a high temperature of 380 °C and dumps heat into the James river
at a lower temperature of 27 °C. The plant operates at an efficiency which is 2/3 of the
maximum (Carnot) efficiency for these temperatures.

a) What is the rate at which energy is deposited into the river?

b) The Enviromental Protection Agency limits the maximum allowed temperature in-
crease of the river water to be 10°C. What flow (in kg/s) of river water is required to assure
that this limit is not exceeded?
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Problem 3.

A 50 g ice cube, initially at -30°C, is dropped into an insulated flask which contains 1.35
kg of ethyl alcohol, initially at 70 °C. The ice is observed to melt completely. Ignore any
heat flow into or from the flask.

a) What is the final temperature of the liquid mixture? Some possibly useful properties:
latent heat of fusion for water = 3.33x10° J/kg, latent heat of vaporization of water =
2.26x10° J/kg, specific heat of liquid water = 4186 J/kg-K, specific heat of ice = 2100
J/kg K, specific heat of liquid ethyl alcohol = 2400 J/kg-K.

b) By how much does the entropy of the ethyl alcohol decrease in this process?

¢) Explain, in one or two sentences, why this decrease in entropy does not violate the
Second Law of Thermodynamics.
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Problem 4.

a) What is the root-mean-square speed of oxygen molecules contained in a volume of 10*
litres at 2.0 atm if the total amount of oxygen is 2000 mol? Oxygen is a diatomic molecule
with a molecular mass of 32 g/mol.

b) How many molecules are in one cubic centimeter?
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