Final Exam of Fundamentals of Physics (3), Thermal Physics

Open book test on June 18, 2022

Instruction to students.

a) This exam paper contains FOUR main questions and SEVENTEEN sub-questions except the extra point

problem.
b) This is open-book exam including any paper materials.
c) You are allowed to use a basic calculator in the exam.

d) If you carry out a computation please write down how you derived the answer. If you only write down
the answer and it is wrong, no points are given for the question.

Good luck!
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1. Let’s consider an ideal lattice gas model. In the model, the position D
of a monoatomic gas particle is restricted to a volume v, in the 3D

space. The figure at right side shows the projection of the lattice gas .
model to the 2D space. The total volume is V, number of lattice sites
is M =V /vy, and the number of particles is N, where M > N. Here Q
we consider classical indistinguishable particles and ignore the ‘
momentum of the particle.
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(a) Let’s find £, the probability distribution of the model and the entropy given as S = kg In ().
KREZRB MRS HQ, URES = ks InQ).

(b)IfM>1,N > 1and M — N > 1, what will the entropy per lattice, s = S/M? Let’s define p as the
probability of filling a lattice and write s as a function of p.

WEM > 1,N» 1BM — N » 1, SAMERMEHs = S/MBED? EXpHEREHERGHE, HsSHp
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(c) Given the density p = vﬂ, the average number of particles per unit volume, and find the standard
0

deviation of p.
BEEED = (RUBROTIGRTH), RoREZ,

(d) In the limit of a dilute gas p < 1, derive the ideal gas law from the calculated entropy assuming T,
the temperature of the system, is known. (Hint: use the equation (8.25) in the textbook, you can also
find the equation in the end of this paper.)

ERBESAP <K DOERT, BEELRESHNE HSEASENRE, REAZNERTECHN. (R
= ERIRAFHFFEB.25), hOEXEREKE. )

(e) Assuming the energy per particle is €, find the temperature of the system in terms of M, N, and €.
BREEMTFHRE e, RIEBEM N, M e, RERFHERE.
(extra point) In this system, does the negative temperature exist? What is the meaning of it?
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2. Let’s consider a classical ideal gas model in a volume V that consists of N distinguishable particles

moving with speed of light ¢, where the Hamiltonian is given by H(p,q) = ¥, c\/pii +pli+ s

where q; = (qx,i, 4y,1» 42,;) is the spatial coordinate and p; = (py.i, Py,i, Pz,i) is the momentum of i-th
particle.
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(a) Find the entropy of the total system. (Hint: use the equation (7.45) in the textbook)
KEBDMRGHE, (Br ERRATNTA)FR, BIEXERERE.

(b) Find the temperature T, pressure P, and chemical potential u from the entropy.

RIER, KERET, E&RP, MUFEHu,

(c) Find the energy E (or U) and Helmholtz free energy F from the entropy.

RIER, KREEBEEU), URZIBEZBREEF.,

(d) Find the specific heat at constant volume ¢ and at constant pressure cp.

K EEHE ey MEERRCp,

3. Let’s consider a thermally isolated box with two compartments which are filled with ideal gases and
separated by a partition (line). The initial pressure, volume, and temperature of each section after gas
filling are given as in the figure below.
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(a) If the partition becomes diathermal, or thermally
conducting, find the final equilibrium temperature.

MRERE T U THESH, KEREEERNEE.

(b) If we release the partition to move freely along the horizontal direction, find the final equilibrium
temperature and pressure of the system.

WMRBRR, LEKFEIRBEER, KRERGEREFENARENER,

(c) Calculate the increase of the total internal energy and the entropy of the system after the relaxation
process of (b).

HEADEEMNE, RENSHEMNBHIEE.



(d) If we suddenly remove the partition, calculate the change of the total entropy of the system after
long enough time to reach to an equilibrium.

WMRBMNRAZERR, FHRETEBKNEEATE, KRERFZLMHOEML.

4. Let’s consider the quasi-static processes of monatomic P A
classical ideal gas of N particles shown in right figure.
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The process from A to B is isothermal, that is, constant Py =P,
temperature process. The process from B to C is Isobaric,
that is, constant pressure process. The process Cto A is

adiabatic, where no heat exchanges. Here Vg = 32 V,. v V V >V
A c B
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(a) In the process from A to B, find the amount of work done by the gas AW, heat absorbed to the
system AQ, change of internal energy AU and entropy AS.

7 A E| B IR, RKESEMMATIAW, REKHHREAQ, HWREMNNEEAUMBIINEEAS,
(b) What is V? Write it in terms of V.
RIEV R E Ve

(c) When the system starts from A and returns to A through the whole processes, find AW, AQ, AU, and
AS.

YRGEMNALLR, XEZEAS, FEXEMNIRP, KHEAW,AQ,AU, F1AS,
(d) At A, the process is changed to adiabatic free expansion to the volume V., find AW, AQ, AU, and AS.

fARK, MRRFZLH—NEREKERERGERV, KEIZIENAW,AQ,AU, M AS,

Sa’ (E(xn VaaNa) =kln Qa (Ean VaJNa) (745)
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