PH315 – Winter 2018

Instructor: Ethan Minot

Homework 3
Thermodynamics, gas processes and integration techniques
Due Friday Jan 26 at 5pm
1. Integration techniques
You should be familiar with three techniques for calculating integrals
1. Equations and calculus
2. Geometric shapes (calculating a generalized area)
3. Simple numerical integration (a sum of y-values appropriately weighted by Dx)
For the following three questions, pick the most appropriate integration technique
a) Find the net work for one cycle of the process shown below. Remember that positive
work is defined as energy flowing into the gas. Check the sign and units of your answer.

b) Consider compression of a gas where P = (constant)*V-5/3. The initial volume is 0.1 m3
and the final volume is final volume is 0.05 m3. The initial pressure is 100 kPa. Find the
work done (use the standard sign convention). Check the sign and units of your answer.
c) The following data is taken from one of the cylinder chambers of 1.6-liter 4-cylinder
engine. The number of gas molecules inside the cylinder is fixed during this 8-ms time
period. Calculate the work done during this 8-ms time period (use the standard sign
convention).
Time (ms)
1
2
3
4
5
6
7
8

P (kPa)
5000
3500
2500
1700
1100
600
400
300

V (liters)
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
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2. Adiabatic expansion
T7M.9 from Chpt 7 of Moore, 3rd Edition.
Note: An adiabatic process means that no heat flows into or out of the gas. The textbook
derives an expression for pressure as a function of volume for an adiabatic process.

3. Heat engine, warm up
A monatomic ideal gas is taken through a
sequence of operations connecting the points AB-C-A (in that order) as shown in this PV graph.
Copy this graph into your homework solution.
(a) Given that the temperature at point A is 1200
K, find the temperatures of points B and C. Label
the temperatures of points A, B, C on your graph.
(b) Calculate the number of atoms in the gas.
(c) Copy the table into your homework solution. In
the table, enter the following values for each step
in the cycle, and then sum those values over the
entire cycle:
- The work done on the gas
- The heat transfer into the gas
- The change in thermal energy of the gas
(Use the correct sign for each quantity!)
How to do this? For each process (first A-B, then B-C, then C-A): Use the graph to
calculate the work done on the gas. Next, use the temperature difference to calculate the
change in thermal energy. Finally, use conservation of energy to find the heat transfer.
Now add the individual values of the work (being careful about the signs) to get the total
work done on the gas for the entire cycle. Repeat for the thermal energy change and the
heat.
(d) Suppose that this system represents the operation of a heat engine. What is the
efficiency of this engine (defined as the magnitude of the net work for the cycle divided
by the heat input for the cycle)?
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4. Idealized automobile engine
T9D.5 from Chpt 9 of Moore, 3rd Edition.

5. Carnot Engine
T9D.3 from Chpt 9 of Moore, 3rd Edition.
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Practice question for the mid-term (not graded)
Consider the following cyclic process on a monatomic gas. Energy goes into the gas in
the form of heat (Qin) and leaves the gas in the form of work (there is also an energy
output in the form of waste heat, Qout).

a) Find the efficiency of this gas process by calculating the net work done by the gas,
and dividing by Qin. (This efficiency does not depend on the number of atoms in the gas).
b) How much could the efficiency be improved without changing the highest temperature
and lowest temperature of the gas?

