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PH353 — Foundations of Physics II
Midterm Exam II, June 16, 2006

This is a closed book exam. However, you may use one page of notes. Please show your
work. If you have questions, please do not hesitate to ask! If you need more space, extra
blank sheets are available, but please put your name on each.

1. (25) Flora Bloom runs a Eugene business growing orchids in a greenhouse, which must
be maintained at a temperature of 27° C during the winter, when the outside temperature
is 7°C. She heats the greenhouse with an electrical resistance heater but her electricity
bills are a whopping $1500 per month. A customer who had taken Physics 353 suggests
that it would be better to use a heat pump. What would Flora’s electricity bill be with an
ideal Carnot heat pump?
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2. A diatomic molecule in an interstellar gas cloud has a first excited rotational state
energy of 4.7 x 10 electron volts. (1 eV=1.6 x 10" 7)

(a) (10) Assuming an excited state degeneracy of 1, calculate the percentage of molecules
in the first excited state given that the temperature of the cloud is 3 K.

(b) (15) For a diatomic molecule in rotational energy state j, the actual degeneracies of

the rotational states are j(j+1), {j=0,1,2,

...}. Does this make a difference for your answer

in part (a)? If so, calculate the revised percentage of molecules in the first excited state.
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3. A model system consists @n-z‘nremcﬁng particles with just two energy levels: 0
and €, where € > 0. We assu at the particles are somehow weakly coupled to a heat
bath at absolute temperature T.

(a) (10) Just based on the physics, how would you expect the heat capacity of the system
to behave as a function of T? Briefly explain what will happen as T->0, T->00 and at T
~ glk.

(b) (5) Find an expression for the partition function Z.

(c) (10) Find the mean energy of the system <E> as a function of T.

(d) (15) Find the heat capacity C(T) of the system.

(e) (15) Use the expression for the heat capacity just obtained to justify your discussion
In part (a).
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twostate_heatcap.nb

m Heat Capacity of two-state system, epsilon=k=1

In[1]:= Z=1+Exp[-beta]

Out[1]= 1+ ePeta

In[2]:= energy = (-1/Z) *xD[Z, beta] /. beta-1/t;
In[3]:= heatcap = D[energy, t];
In[4]:= plotl = Plot[heatcap, {t, 0.01, 4}]

Out[4]= - Graphics -

Note that the maximum is at about kT~ 0.5*epsilon, and it is surprisingly sharp!
Mathematica has a hard time finding the maximum, though... (FindRoot is suggested)

In[6]:= Solve[D[heatcap, t] == 0, t]

Solve::tdep :
The equations appear to involve the variables to be solved for in an essentially non-algebraic way. More..

2 e—3/t 3 efZ/t (efl/t 2 efZ/t 2 e—l/t

Oout[6]= Solve[ (l+elt)S ¢4 N (1+e1/t)2 g4 T dre Ut tF " (1+el/t)2¢3 T T(1l+e /) 3 =0, t]
In[8]:= FindRoot[D[heatcap, t] == 0, {t, 0.5}]
out[8]= {t - 0.416778}



