Homework-8. Problems: 9, 12, 13, 14, 15 in chapter 5

5.9) ADSORFTION OF GE IN A MAGNETIC FIELD

The magnetic moment may be parallel, perpendicular, or
antiparallel to the magnetic field. Hence,

7 = 1 + MMexp[-(e-pugB)/t] + exp(-£/1) + exp[-(e+pgB)/1]}
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where & 1s the energy of an occupied site when B = 0. If
we define x = 3A exp(-e/t), 1+6 = [1 + 2 cnsh[pEBftl]IB,

we may write the occupancy as
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1+x{1+4) 1+x 1+ 5 0 1+fDE '
1+x

0. For small

where fﬂ = %/(1+x) 1is the cccupancy when B

changes &, we may approximate
{1+ﬁ}f{1+fﬂﬁ] = 1 + {1-fn}ﬁ

To change the occupancy f by one percent (relative to
fﬂ = 0.9)., we must have {1-fu}ﬁ = 0.01, or 6 = 0.1. For

small & and hence small py_B/t we may expand the hyperbolic

B
cosine, cnsh{uBBft} = 1 + g{uBBKI}E, hence
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uBBft = lflll.E»]"i = 0.548 ,
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This number should dispense with any notions that tech-
nologically achievable magnetic fields have detectable

effects on the respiratory process.

5.12) ASCENT OF SAF IN TREES

The chemical potential of water molecules in air with a
relative humidity r < 1 differs from that in air saturated
with water wvapor (r = 1) by

Ap

int tllog{rnjng} - 109(ﬂ3ng}] =1 logrc<o0 .

This is an internal chemical potential difference driving
the evaporation process through the leaf surface. In
steady state, any water molecule evaporating at height h
must be replaced by a molecule coming up from the roots,
acquiring a potential energy ﬂpext = Mgh in the process.
It acts as an external chemical potential step. The
evaporation will cease when the diffusive eguilibrium

condition (16) has been reached:

AMext = = BHjne
. kB *x 298 K x 0.105

h = Ma log (1/r) = =3 = 1470 meter .
g 18 amu = 981 cm s




5.13) ISENTROFPIC EXPANSION
[EIIHKN!, where N is the number of

{(a) From (3.68), ZN =
particles and
z, = Zexp[-¢(n)/1]

is the single particle partition function. The wvector n

designates the orbital. The occupancy of orbital n is

£(R) = (N/Z;) expl-c(R)/1].

Next, from (3.49) and (3.55):
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The last term can be written



g—; S B expr-s(n)/r] =D HEL £(n)
.

=> [log N - log 2, - log £(¢ )]1£(n)
= N(log N - log z,) = f(n) log f(n).

With this
o = N log N - log N! - » f(n) log f(R).

But, from Stirling's formula, (A.29), N locg N - log N!
=N =Zf{ﬁl. hence

o => £(n)[1 - log £(n)]. (51)

(b) From (3.59), all orbital energies depend on the
volume like & = L™2 = v"2/3, Hence, the partition func-
tion and with it the occupancies depend on 1 and V only
through the product tvzf 3. If this product is constant,
the occupancies will be constant and therefore, because of

(s1), the entropy will be constant.



5.14) MULTIPLE EBINDING OF DE

We assume that the four O, binding sites are independent.

The Gibbs sum for a single binding site would be

5; =1 + A exp(-£/1).

For four independent binding sites

~ & 4
54 = Gy) = [1 + A exp(-&e/1)]

= 1 + 4M exp(=-,1) + ... + h*exp[-&sjt}.
Here the first term correspends to no occupancy, the
second term to occupancy of one of the binding sites, and
the last term to occupancy of all four binding sites.

(a) F(1) = 4A exp(-&/1)/5 = 4xfll+x}4;

where x = A exp(-£/1). The probability starts linearly
with A, goes through a maximum P(l) = 27/64 at = = 1/3,
and then falls off towards zero.

(b)) F(d4) = h4exp[-4£ft}¢; = [xf[1+x}]4_

This starts proportionally to Ad, then levels out slowly
and approaches P(4) = 1 asymptotically.
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5.15) EXTERNAL CHEMICAL POTENTIAL

(a) Moving the system to a height h without a change in
the state of the system otherwise, adds the potential
energy NMgh to the state of the system. This added energy
is the same for all states of the system, hence we add a
factor exp(-NMgh/t) to every term in the partition func-

tion, and therefore to the partition function itself,
Z(h) = 2(0) = exp(-NMgh/1).

From (3.55) we obtain the Helmheoltz free energy:

F(h) = = 1 log Z(h) = =t log Z(0) + NMgh = F(0) + NMgh.

From this and the definition (5) of the chemical poten-
tial, by differentiation with respect to N,

p{h) = p(0) + Mgh.

(b) In the barometric problem p(h) = p(0) because the two
systems were in diffusive eguilibrium with each other. 1If
we simply lift a system by h it would not be in diffusive
equilibrium with an otherwise identical system left behind
on the ground: On diffusive contact, particles would flow
from the upper to the lower system until the chemical

potentials have eguilibrated.



