Physics 157 Homework 5: due Wed, Oct 23th (online by 8:59pm)
In this homework set, you’ll get some practice with problems involving processes involving
gases, heat, work, internal energy, and the First Law of Thermodynamics. We hope this will
help you develop the following specific skills:
 To use the ideal gas law to predict how certain thermodynamics variables (pressure, volume,
temperature) will change given the changes in the other variables.
 To calculate work for various processes based on forces and displacement or pressure and
changes in volume. To calculate work in a process represented as a path on a PV-diagram.
 To calculate the change in internal energy of a gas given changes in temperature.
 To calculate heat added to a gas by making use of the First Law of Thermodynamics (via a
calculation of work and internal energy).
 To calculate changes in P,V,T, U, W, and Q for processes involving constant pressure, constant
volume, constant temperature or zero heat exchange (i.e. adiabatic processes).

Your homework: do Mastering Physics Assignment 5 (no written part)
Everything you need is summarized below. Some of these things may be unfamiliar at
first; if you get stuck, read through these tips again and see what is relevant.
Important formulae and tips:
The ideal gas law relates the pressure of a gas to its volume, temperature, and number of
moles n via:
PV=nRT
When we have some process that changes some of these quantities but keeps the number
of moles fixed, it is often useful to relate the initial quantities to the final quantities by
P1 V1 / T1 = P2 V2 / T2
This simplifies even more when pressure, volume, or temperature are fixed during the
process. For example, with constant temperature, we have P1 V1 = P2 V2.
During any process, we define W to be the work done by the gas. For a constant pressure
process, this is equal to
W = P ΔV
so the work is positive when the gas expands, and negative when the gas is compressed.
When the pressure is changing, we need to calculate the work by breaking the process up

into small parts with approximately constant pressure, and using that the work for each
infinitesimal part is
dW = P dV
The total work can then be written as an integral between initial and final volumes:
W=∫

𝑃(𝑉)𝑑𝑉

where P(V) is the function that gives the pressure P at volume V. A simple way to
understand this is that it W is the area under the graph of P vs V, taken between the initial
and final points with a +/- sign if the volume increases/decreases.
To calculate the change in internal energy of a gas, we use that:
ΔU = n Cv ΔT
Here, Cv is the molar specific heat (equal to 3/2 R for a monatomic ideal gas). Finally, to
calculate the heat added during a process, we usually make use of the First Law of
Thermodynamics
Q = ΔU + W
and calculate Q by first calculating ΔU and W.
Using these techniques, we can derive the following useful results for special processes:
Constant volume:
T/P is constant, W = 0
Constant pressure:
T/V is constant, W = P ΔV , Q = n Cp ΔT where Cp = Cv + R
Constant temperature:
PV is constant, ΔU = 0, W = n R T ln(Vf/Vi)
Adiabatic:
Q = 0, P Vγ = constant where γ = Cp/CV, W = -ΔU

Old midterm problems:

