Problem Review Session 1
PHYS 741

Zach Nasipak
February 10, 2018

Disclaimer: The problems below are not my own making but are taken from A Guide to Physics Problems:
Part 2 (GPP2) and Princeton Problems in Physics (PPP).

Practice Problems

1.

(GPP2 4.12 Hydrogen Rocket) The reaction chamber of a rocket engine is supplied with a mass
flow rate m of hydrogen and sufficient oxygen to allow complete burning of the fuel. The cross section
of the chamber A, and the pressure at the cross section is P with temperature T. Calculate the force
that the chamber is able to provide.

(PPP 4.4 Phase Coexistence) The temperature of a long vertical column of a particular substance
is T everywhere. Below a certain height h(7') the substance is solid, whereas above A(T') it is in a liquid
phase. Calculate the density difference Ap = ps — p; between the solid and liquid (|Ap| < ps) in terms
of L (the latent heat of fusion per unit mass), dh/dT, T, p; and g, the acceleration due to gravity.

(GPP2 4.51 Nonideal Gas Equation) A gas obeys the equation of state

P_ NE (T B(T))

v

where B(T) is a function of the temperature T only. The gas is initially at temperature 7' and volume
Vo and is expanded isothermally and reversibly to volume Vi = 2V.
(a) Find the work done in the expansion.
(b) Find the heat absorbed in the expansion.
(PPP 4.5 Otto Cycle) The operation of a gasoline engine is (roughly) similar to the Otto cycle (Fig
1), where:

e A — B: Gas compressed adiabatically

e B — C: Gas heated isochorically (constant volume; corresponds to combustion of gasoline)

e C — D: Gas expanded adiabatically (power stroke)

e D — A: Gas cooled isochorically

Compute the efficiency of the Otto cycle for an ideal gas (with temperature-independent heat capacities)
as a function of the compression ratio V4 /Vpg, and the heat capacity per particle Cy .

(GPP2 4.32 Joule Cycle) Find the efficiency of the Joule cycle, consisting of two adiabats and two
isobars (see Fig 2). Assume that the heat capacities of the gas Cp and Cy are constant.

(GPP2 4.53 Critical Parameters) Consider a system described by the Dietrici equation of state
P(V = nB) = nNykTe "A/NakTV

where A, B, k, N4 and R are constants and P, V, T, and n are the pressure, volume, temperature, and
number of moles. Calculate the critical parameters, i.e., the values of P, V, and T at the critical point.
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