NAME: 3 May 200+
Physics 112

Spring 2004
Midterm 3 Soluefion
(50 minutes =50 points)
1. Thermodynamic Identity (5 points)

Write down the thermodynamic identity for the enthalpy

H=U+PV
What are the natural variables for H?

AH = AU +dper Velp a4~ dV= TAC DAV €At/
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2. Light bulb problem (10 points) Ve
A 100W light bulb is left burning inside a reversible refrigerator that draws

100W.
a) (5 points) Can the refrigerator cool below room temperature?
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b) (5 points) Justify your answer by drawing the exchanges of energy and entropy
and deriving the Carnot efficiency of the refrigerator.
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b) (5 points) Justify your answer by drawing the exchanges of energy and entropy
and deriving the Carnot efficiency of the refrigerator.
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3. Greenhouse effect (15 points)

We consider the radiation balance between the earth and the sun. assumed to be both
perfect black body radiators.

2)( 5 points) We assume first that there are no greenhouse gases in the
atmosphere. Knowing the radius of the sun (R,=7x10°m), the mean earth-sun
distance (Dg= 1.50x10"'m) and the temperature of the sun (7,;=5800K) compute
the mean temperature T of the earth. The radius R, of the earth drops out of the
final formula.
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b) (10 points) We introduce now a greenhouse gas layer, very close to the surface
of the earth. We will assume that the greenhouse layer does not absorb the
(mainly visible) solar radiation but fully absorbs (and reemits over the 4 solid
angle) the (infrared) radiation reemitted by the earth. By writing down the
energy flux balance for the greenhouse layer and the earth separately, compute the
temperature now reached by the earth. We assume that the black body formulae
apply. The greenhouse layer is very close to the earth, when compared to the earth
radius.

Greenhouse layer Greenhouse gas layer

Radiation from the Sun
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We consider the radiation balance between the earth and the sun. assumed to be both
perfect black body radiators.
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b) (10 points) We introduce now a greenhouse gas layer, very close to the surface

of the earth. We will assume that the greenhouse layer does not absorb the = 2L0K
(mainly visible) solar radiation but fully absorbs (and reemits over the 45 solid

angle) the (infrared) radiation reemitted by the earth. By writing down the

energy flux balance for the greenhouse layer and the earth separately, compute the
temperature now reached by the earth. We assume that the black body formulae

apply. The greenhouse layer is very close to the earth, when compared to the earth

radius.

Ragiation from

Greenhouse layer greenhouse gas layer

<7

Radiation from the Sun




Mo e have —Ffhzee qu&Vew‘f' po er .S‘our—cz-4/
s ( dronin ) Pz (frowntbe Tortly, arcd

.

A (a/erA , wekave  Ps= ”‘TP}
‘ B Y 7 ‘P!':' P‘é""«l)bg_
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The purpose of this problem is to evaluate from first principles the pressure of a

R . . oF .
Fermi-Dirac gas (i.e., not using P = —-{;/—L ). We assume that 7<< ¢ (the Fermi energy
W

i.e, the chemical potential at zero temperature).

a. (2 points) How is & determined in function of the particle density 7 and the

density of state D(g)? >4 __!_’_____ §
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b. (5 points) From what you know about the density of states in phase space,
show that the density of states D(e) of a non relativistic Fermi-Dirac gas can

be expressed as
1/2

Dle)dVde =3/2 %Td\/dg
F

dV is the volume element (this is the convention of the notes which is more
customary than that of the book where the volume V is put inside D(g). (Hint: To
derive rapidly this expression, you only need to know that D(e) is proportional to

\/s.)
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¢. (5 points) Show that the flux of particles of energy e<ef incident at angle 6
within a, -solid angle d€2 on a wall surface area dA is
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d. (5 points) Show that the pressure is

P= %neF

You may want to use the fact that the force exerted by the gas particles on a wall
is equal to the sum of the total momentum change per unit time of the particles
incident on the surface. The scattering is assumed to be specular (symmetric with
respect to the surface normal).
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e. (3 points) Show that as for all non-relativistic gases, the pressure is 2/3 of the

energy density. f o de
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