PHY 251 Spring 2008: homework problem set 9, due Thursdasi| A.

Serway problem 10.2
Answer: From Serway Eg. 10.8, we know that the Maxwell-Boltzmanmegy distribution
is

dr N m \%? mu? 2

= - _ d — B —Av d
n(v) d,U % <27T]{?BT> Y exp[ 2]{53T] v ve v

with A = m/(2kgT’). The most probable speeg, is at the top of the curve, so we take the

derivative and set to zero:
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Serway problem 10.3
Answer: Let the cylinder have a diameter @f The travel time for a gas molecule with speed

v to transit the cylinder is = d/v. During that timet, the glass plate will have traveled over
an arc lengths of

d d w
TTIERMI Ty T gy
We need to find the angular velocity:
6250 - 27 1 min

. = 654.5 rad/sec
1 min 60 sec

Now we need to consider the different molecular velocitig&’re working with bismuth
molecules, which have a mass of

2-(208.9amu - (1.661 x 107*" kg/amy = 6.94 x 107> kg.

We found the various velocities on slide 1Cletture 150 be
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so we can find corresponding arc distance$ (using all mks units)
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or 1.58, 1.78, and 1.45 cm respectively frs,,,,, ands,,s. If we were to use light atoms
like O, or N,, we would have much less mass and thus a less noticeableatisia the drum
with a particular angular velocity.

Serway problem 10.6
Answer: The ratio of the number of particles in the first excited stateelative to the number
in the ground state, is

ny _gafo 1 exp|—Es/(kgT)]

nmo g fi 1 expl—Er/(kpT)]

= exp[(Ey — Ey)/(kpT)] = exp|(Ey — (Ey + 4.86)) / (k)]
= exp[—(4.86eV)/(8.617 x 107° - 1600)] = 4.9 x 1076

If there aren; + ny, = N = 10?° atoms, we can write, = AN andn; = (1 — A)N and
thus find
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142
ny = AN = (4.9 x107'%)-10% = 4.9 x 10* atoms
T 14+ T 1
= (1-A)N=(1- N = — N = N~ (1—-2)N
nl ( ) ( 1+x) (1+x 1+x) 1+2x ( 7)

= 10%* — 4.9 x 10* atoms

The power radiated is the number of de-excitations per sk¢oyy7) times the photon

energy, or
P=—hv=———-(486€V)-(1.602 x 1 J/eV) = 3.8 x 10~ Watts
2 hy = o (486 €V) - (1602 x 10 V) = 3.8 x 10

Serway problem 10.9
Answer: The mass of an iron atom is

(55.8 amu) - (1.661 x 10727 kg/amy = 9.27 x 10~ kg.

SO we have

= 1510 m/s

- \/Sk;BT B \/8 - 1.381 x 10-23 - 6000
v VT r 927 x10°%

which is beyond the speed of sound at standard temperatdr@rassure (300 m/s) but
nowhere near relativistic. We can therefore use thedaxpansion of the Doppler shift for

m™m



light waves:
1+
1+
~ Pl A1+ 50 = fo(1£5)
Af = f—fo=fo(1£8)— fo==x8fo
The fractional Doppler shift is then

Af 1510
=+ i—— =4+— = 4505 x 107"
7, 0= 2.99 x 10° %

®

f=f = fo(l£3)2(1F )71

®

Serway problem 10.15
Answer: From

2 2/3
Ep = s (3 N)
8m \w V
we can find
E T (SmEF)3/2 T Smc?Ep 3/2
Vo 3\ A2 3\ (he)?
. 3, 3/2 7
_ % <8 521122012\/ 1nlr.r(]3)£2’>evz> 180 elenci:rjons(100mnm)3 18w 1% elecc::;ons
The number of atoms per unit volume is
. . 23
p-Na _ (270 glen?) - (6.02 x 10* atoms/mo] _ 6.02 % 102 atoms/cri
A 27.0 g/mol

so the number of valence electrons per aluminum atoftgisx 10%?)/(6.0 x 10??) = 3.0.

Serway problem 10.21
Answer: For sodium, the atom number density is

N pNs (0971 glen?) - (6.02 x 10* atoms/mo)

_ 22
v =2 23.0 gimol = 2.54 x 10*? atoms/cm

and since it is monovalent rather than di- or trivalent them@ne valence electron per atom.
The Fermi energy is then

B B h2 (§5)2/3_(h0)2 (§5)2/3
P otm\r Vv S 8me2 \nV
(1240 eV-nm)2 (107 cm 2(3 b 1 )2/3

—(2.54 x 10 —; =3.15eV
8- (511 x 10% eV) 1 nm 7r( b4 10 cm? sloe

The Fermi speed is found frof /2)mv? = Er which gives a Fermi speed of

Yo (3.15eV) )
- — 0.00351c = 1.05 x 10° m/s
vr = \/ \/511 <105 Vi@ ¢ %
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Serway problem 12.16
Answer: The longest wavelength is 1.88n which corresponds to a minimum photon energy

of

he 1240eV-nm
F=—=—=0. V.
A 1850 nm 0.67e

This is the energy gap between bands.

Serway problem 12.18
Answer: The idea here is to replacéwith 7/« and useZ = 1 because of screening of the
nuclear charge by all the bound electrons. Thusifer 1 we have

1
E=(-136eV)Z* = (—13.6eV)(-)?

K
so for Si we have 13.6/220.094 eV and for Ge we have 13.6746.053 eV as the effective
binding energies for the last two electrons. This gets pretise to thermal energies of
kgT = 0.025 eV at room temperature. We also have a modified Bohr radius of
%o %
7 1"
which for Si gives (0.053 nm).2=0.64 nm and for Ge gives (0.053 n§=0.85 nm. These
last two electrons are delocalized from one atom becausestaeighbor distances are 0.23
nm for Si and 0.24 nm for Ge.
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