PHYS-1200 PHYSICS 11
HOMEWORK #22 SOLUTIONS

19. Let N be the number of atoms per unit volume and » be the number of free electrons
per unit volume. Then, the number of free electrons per atom is #/N. We use the result of
Exercise 11 to find n: Er= An””, where 4=3.65 x 10 " m” - eV. Thus,

32 ) 32
”{%) =(3 65;1]6[2?:;2 e‘v’) = 179107

If M is the mass of a single aluminum atom and « is the mass density off aluminum, then
N =d/M. Now,

M= (27.0 g/mol)/(6.022 x 10* mol ') = 4.48 x 10 * g,
S0
N=(2.70 g/lem’)/(4.48 x 10 % g) = 6.03 x 10 ecm * =6.03 x 10¥ m *,
Thus, the number of free electrons per atom is

o -3
n _L79410m> _, o, g
N 6.03x10"m

25. (a) Combining Eqs. 41-2, 41-3 and 41-4 leads to the conduction electrons per cubic
meter in zine:

. 2(7.133g/cm’)
(6537 g/ mol)/(6.02x10" mol)

=131x10%em™ =131 <107 m™ .

(b) From Eq. 41-9,

0.12177 ,, _0.121(6.63x10™J-5)*(1.31x10 m~)>*
m (9.11x107 kg)(1.60x107° J /eV)

[

E, = —9.43¢eV,

(c) Equating the Fermi energy to %mevi we find (using the mec” value in Table 37-3)

DE o > e B m/s)? _
p, = |'"E"'(: _ ||u(9.43e‘v-}(_.9981x][} m/ s) 182 %10°m/s |
\ ome \ 511x10" eV

(d) The de Broglie wavelength is

h 663107 ] s
mye  (911x107 kg)(1.8210° m/s)

(-]

A= =040nm .



48. (a) For copper, Eq. 41-10 leads to

j—’;=[pa]f_.u =(2x107° Q- m)(4 <107 K™")=8x10""Q-m/K .

(b) For silicon,

%=[pa]m =(3x10°Q-m)(-70x107°K") =-21x10° Q- m/K .

53. We equate £ with szevi and write our expressions in such a way that we can make

use of the electron mc” value found in Table 37-3:

[ 2(7.0eV)

”\,'illx][]s eV
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Er _ . |2E: =(3.0x10°km/s)

T T Ve

=1.6x10° km/s.
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