Thermodynamics solutions

THA1

Easy: First Law
You do 25 k] of work on a system consisting of 3.0 kg of water by stirring it with a paddle

wheel. During this time, 63 k] of heat is released by the system due to poor thermal
insulation. What is the change in the internal energy of the system?
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TH A2 Easy: Entropy

N atoms of a perfect gas are contained in a cylinder with insulating walls, closed at one end
by a piston. The initial volume is V1 and the initial temperature Ti. Find the change in
entropy that would occur if the volume were suddenly increased to V2 by withdrawing the

piston.
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THA3

Easy: Adiabatic process

Compression in a diesel engine occurs quickly enough so that very little heating of the
environment occurs, and this the process may be considered adiabatic. If a temperature of
500 °C is required for ignition, what is the compression ratio? Assume that the air can be
treated as an ideal gas with y=1.4, and the temperature is 20 °C before compression.
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TH B1
Difficult: Probability

This probability question is known to be asked at Wall Street interviews. The original
formulation is kept. “Let’s play a game of Russian roulette. You are tied to your chair. Here’s
a gun, a revolver. Here's the barrel of the gun, six chambers, all empty. Now watch me as |
put two bullets into the barrel, into two adjacent chambers. I close the barrel and spin it. I
put a gun to your head and pull the trigger. Click. Lucky you! Now I'm going to pull the
trigger one more time. Which would you prefer: that I spin the barrel first or that I just pull
the trigger?”
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TH B2

Difficult: Heat engines

Given are a 1.0 kg of water at 100 °C and a very large block of ice at 0 °C. A reversible heat
engine absorbs heata from the water and expels heat to the ice until work can no longer be
extracted from the system. At the completion of the process, how much work has been
done by the engine?

becaunt \;/QOC/(( Oﬁ@ e s (,O)?/gf) toe Ccom @R% AR
s demponatare tobe coustamt Ty Hlu procss e

e WM OJZ ’L/ké uDQ\LM %/“z,ca&&/ca‘/ g c.‘;zQQ)z.ecz_@?S,
Wher  wou can V/OQOLL@/@Z be eclracies! Q“W{/{w
S gsdew o Q/H}a}wog aﬂQ e CﬁO& < Yo,

O = I‘\E_g = O¢ =D T=Te-0C
Ve w&ud)wwc&w O:ﬁ"’ﬁu walen (3 o °C

Tle loal obsorbed by Tle ice blockc 1S
Q.- [1- 0 = m e | 223t o Q730,22

24>

M=l Q=hlbl dfy fonwader Q2368 4T

The leal  Load by Hu walor.
Q\ :V“C\(AT—:L/[QKU—

T wene olow %W g
W= Q Q. =klgu) 2627 & §Oxd




TH B3

Difficult: Thermodynamic potentials

An experimentalist determines the heat capacity of a substance to obey the empirical
relation C, (T, V) = aT?V?, where « is a constant. The experimentalist also finds the
entropy and energy to be zero at absolute zero for all volumes. Find the expression for the
Helmholtz free energy F(T, V) for a system with a fixed number of particles.
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CM B2

1. Two identical uniform ladders with length 2a and mass M are connected
via a frictionless hinge and put on the ground. The coefficient of friction
between the ladders and the ground is p. And the angle between two
ladders is 2a. What coefticient of friction (p) is required so that a person

with mass m can climb to the top from either side safely?
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CM B4

2. As shown in the figure, a block with mass m is hung between two
springs ki, ko with free length di, d, respectively (D>d;+d,). Suppose
the mass of each spring is negligible and the block can only move

vertically. Gravitational acceleration is g.

a
(a) Write down the Lagrangian. : %
(b)Find the equation of motion. :
D —x-@m
(¢) Find the balance point. i Y1
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