ROLLNO : MS[ T[] ] NAME :

PHY202 Jan-Aug 2019: Midsem 2 Dated March 15, 2019: Inst: Dipanjan Chakraborty
® Time : 60 minutes

Question| 1 2 3 4 TT
e Max Marks : 40

Marks

o Attempt all questions.

1. Each of the following question h

as 1 marks for the correct tick mark and the rest
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(a): The Legendre transformation of the function Y = ax® is ¢(m) = —m?2 /4a
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(b): The specific heat at constant volume Cy is given by Cy =T (%;1—[,?1)‘/, where I is the
Helmholtz free energy.
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c): For arubber band the force-extension curve is given by I = AL/T, where Ais a constant,

(
T is the temperature. The difference in the specific heats Cp — Cr 1 AF2, [5]
-_%@

Justification
— s 9‘*‘7
| s T | ,L)
(@4/» -G = (L L
Le I;,/I' — LDF/¢

2
V)

o
B
>

—
)
B
i |

Gy o T O

as

(b): An ideal monoatomic gas undergoes
cools down. [5]
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a free expansion. Upon reaching final state, the g
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2. Consider a simple m

and the generalized force is th
potentials for such a sy

corresponding Maxwell’s relations.
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ate is the magnetization M

eld B. Write down the thermodynamic
experimental conditions. Determine t
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Thermodynamic Differential Maxwell Relation Experimental Condition
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Gibbs-Duhem relation using U = U(S, M)
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Gibbs-Duhem relation using S = § (U, M)
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3. For such a simple magnetic system, it is observed that if the magnetic field changes from B
to B+ AB at fixed temperature, the change in entropy is given by AS = —NABAB /7%,
where A is a constant. What is (%)T? From this information, show that the magnetization
depends on temperature as M = N AB/T. Note that for zero magnetic field, the magnetization
is also zero in a paramagnetic system. Hint: you will need one of the Mazwell’s relation that
you have derived in the earlier question.
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4. A paramagnetic needle is dipped in liquid helium at a temperature 7. The whole system is
placed in a weak magnetic field By directed along the needle’s long axis. Then the magnetic field
is suddenly decreased to B,. Determine the temperature of the needle, given that the specific
heat at constant magnetic field goes as Cy = N AB2 /T? (A is the same constant as mentioned
earlier) and you can use the relation between M and T derived in the earlier question. The
sudden decrease means — too fast for heat ezchange. Hence the process is adiabatic.
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Rough Work



