1. (20 marks) A person believes that drinking water at the body temperature (37°C) will enable her
to live longer. She has with her a measuring jar, a kitchen induction heater, soffie utensils, but
she does nol have a thermometer. She sees on her mobile phone that the ambient temperature
(Bangalore winter) is 20°C. She decides to make body temperature water by taking 500ml of
water at ambient temperature and bringing it to boil using the heater. Her idea is to add ambient
temperature water to the boiling water immediately after switching off the heater. How much
ambient temperature water (in ml) should she add to the boiling water so that the final temperature
of the water is her body temperature. Assume that specific heat of water is constant, and that
there are no losses. ‘ " : ’
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2. (20 marks) A “brilliant” engineer decides to design an engine which uses one mole of a monoatomic
ideal gas. 13cing highly imaginative, he comes up with the following cycle ABCD*
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where T‘% =& and % = . Note: o >1and > 1.

(a) Find the heat transferred Q, work W done on the engine for cach of the segments AB, BC,
C'D and DA. Express your answers in terms of the gas constant I, the absolute temperature
Ty at A, o and .

b} Find the total he&"c that the engineer has to provide to the engine @inp, and the total work
I p :
|[Weng| done by the engine. Find the efficiency [Wengl/Qinp-

(¢) What is the maximum absolute temperature Tinag attained in the cycle? Where is it attained?

(d) What is the minimum absolute temperature T attained in the cycle? Where is it attained?

 (e) Use Tinax and Tiin to estimate a®Carnot efficiency” of this engine, Compare this “Carnot
efficiency” with actual efficiency obtained in part 2b. .
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Methane 'y GH, T ‘}
. .ﬁ';
) {Figure taken from the internet)
. .
Neglecting vibrations of the molecule, find an expression for the specific heat at constant volume
of one mole of methane gas using classical mechanics arguments.




4. (20 marks) Consider a particle of mass m moving in 1-dimensional space experiencing a potential
, o
Viz) =2 Alzl,

where A is a positive constant.

(a) Make a schematic plot of the potential V(z). State the dimensions of A

(b) Write down the 1lamiltonian of this system.

(c) Given that the particle has cnergy I, draw a phase portrait of the motion; of the particle.

(d) Use Bo}u'—.Sormnerﬁed guantization condition and obtain the discrete éﬁcfg‘y levels of the
system.

(e) Use Heisenberg uncertainty principle to obtain an estimate of the ground state energy of the
system. Does it agree with the result of the Bohr-Sommerfeld treatment?
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5. (20 marks, please attempt this question only after you have answered all oth‘%m ques-
o Lions) One mole of a gas made of “objects” is found experimentally to have a specific of Cy = 2pn

(It is the gas constant) at constant volume. The specific heat is found to be temperature inde- - I
pendent over the temperature range of measurcment. Using classical physics, make a microscopic 1 .
model of the “object” and demonstrate that your model predicts the measured Cy. | ot
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