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Final Exam, December 11, 2008 Thermodynamics (5D)

Take a deep' breath, read all the gquestions carefully, make sure you understand them well (if not
ask me!) and then start working on your problems '

1-(8 points) A bar of iron of length L, linear thermal expansion coefficient a, and cross
section area A is held fixed at one end. The other end is attached to a spring of stlffness
constant &, itself fixed to the wall.

* Find the final displacement of the end of the bar (point P), after the temperature is raised
by AT. (Neglect any change in & or the length of the spring due to temperature change.)
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(3 points) Explain why in the winter, when you pack a ball of stiow, it becomes hard PO&\.Hm\

(a snow ball). Then explain why this does not happen and the snow stays powder, when the
temperature is very cold (like -20° C or -30° C). Hint: refer to the phase diagram of water in

P(T) plane.
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3-(2 points) Find the fractional change AA/A of the area of a disk when Trchanges by AT
given that its coefficient of linear expansion is o. -
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4-(2 points) Find the volume occupied by 1 mol of O, at 30° C and atmospheric pressure.
If the atomic mass of Oy is 32 g, what is the density of oxygen under these conditions?
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5-(4 points) A piston in a sealed air pump is pushed so that the volume of air inside the
pump is halved. Assume this process to be adiabatic.

* Find the new pressure P, and the work done on the gas as a function ov Py and V;. Deduce
the final temperature as a function of the initial temperature assuming it is an ideal gas.
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6-(3 points) A tank of volume V=0.8 m® contains 125 mol of helium at 3 atm. What is the
temperature of the gas?
* Find the average speed of the He atoms.
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7-(4 points) An igloo, a hemispherical enclosure made of ice (k =1.67 J/m.s.C) has an inner
radius of 2.5m and an outer radius of 2.8m.

* At what rate must thermal energy be generated to maintain inside air at 5°C when the
outside temperature is at -20°C? (neglect convection and radiation)

* From & purely thermal standpoint why is it best to make igloos spherical?
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8-(5 points) A mass m of water of specific heat ¢ at temperature T < 100°C receives the ¢
amount of heat ). Discuss and calculate the final state of water (mass and temperature) as a '
functlon of the given parameters (Q,m,c, T, L)
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9-(§ points) Consider an ideal gas undergoing a process from volume Vy, temperature Ty
to (VB,TB).

* Calculate its enfropy change per mol in terms of T4, Tg, Vi, Va.

* Find AS for air if Vp = 2V, and T = T4/2. Is it positive or negative?
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10-(11 points) Calculate the efficiency of the following engine as a function of T}, 7%, Vl,\ﬁ(g\l
and V3. You must first describe how you are going to approach the problem.

* At what fraction of the Carnot efficiency does it function if V; = Il 1/2\21, Va = 4l,
1y = 227°C, and T. = 27° C.
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11-(8 points) Consider two isolated systems at temperatures T and To(< Th). They are

' very briefly put in contact so that a heat @ flows from 1 to 2.
* What is the entropy change of each system? Show that the total entropy change is positive.
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12-(5 points) One Carnot engine drives another in series. The heat released from the cold
side of the first engine is absorbed by the hot side of the second engine.
* Fmd the overall efficiency n in terms of 1 and 7.
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Good luck, LR IR
Keivan Esfarjani

Eventually needed formulas:

iQ = —kAZL Q =mL Q = mcAT PV =nRT
AEmt =Q@Q-W W = [ PdV PV = constant AL/L = aAT
Ny=6.02x10%mol™! R =kpgN,=831J/mol.K lamu=167x10"%kg latm = 1.013 x 105P¢
mye = 4a.m.u ne=1~T./T, . AS = [86Q/T AL/L=F/EA
VUrms = S_knB;j: Vavg = - S:m ’ Up. = | %T;LT oy = Cp/Ciu



