Chapter 10 - Solid State Physics

10-1. The molar volumeis M_ 2N, rg’
Y

173

M = 3.15x10%cm = 0.315nm

2N,

74.55 g/moles
2(6.022 x 107 /mole)1.984 g/cm 3,

o

10-2. Themolar volumeis X = 2N p re

p
o= M 42.4 g/mole = 2.07glem?
2N, r;  2(6.022x10%/moley(0.257x 107 cmy’
_ ke? 1 .
10-3. U(ry) = ~a——| 1-=| (Equation 10-6)
%o n
2
E,=-U(r,) = aki( 1—1)
%o n
1- 1_ Er, _ (7A1KJ/mol) (0.257 nm) . 1eV/ion pair _ 0.7844
n  oqke? 1.7476 (1.44 eV-nm) 96.47 kJimol )

N S
1-0.7844

10-4 _ _gke’ i
. (@ U,=-a—— (Equation 10-1)
To

-1.7476(1.44eV-nm)/0.314 nm

-8.01eV
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(Problem 10-4 continued )

() ke( | 1 .
E,=-U(,) = a—| 1-—| (Equation 10-6)
n

Ty

(8.01eV)( 1—%) - 7.12 eVlion pair

(7.12eV/ion pair)( 96.47 kJimol ) ( 1 cal

= 164 kcal/mole
1 eVlion pair ) \ 4.186J

© 1- 1 _ E,r, _ (165.5kcal/mol) (0.314nm)  4.186J 1eV/ion pair
n  oaqke? 1.7476 (1.44 eV-nm) 1cal 96.47 kJ/mol

1

= 0.8960 Therefore n= —— = 9.62
1 - 0.8960

10-5. Cohesiveenergy (LiBr)=  788x10%J/mol 1 mol leV
6.02x10% ion pairs ) | 1.60x107¥

= 8.182 eV/ion pair = 4.09 eV/atom
Thisis about 32% larger than the value in Table 10-1.

10-6. (a) The cubic unit cell has side a = 2R; therefore the volume of the unit cell is:
V=& =(2R)®=8R?
(b) The volume of the cell occupied by spheres (called the "packing fraction™) is:
V.
_spheres —4/3mR3)/8R%) = w/6 = 0.524

cell
Because 1/8 of the volume of each sphere iswithin the cell and there are eight corners.
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10-7. (a)

8.0
7.0 -

6.0 |-

Cohesive 50 L
Energy 40 -
(eV) 30

| | | | |
500 1000 1500 2000 2500

Melting point, K
(b) Noting that the melting points are in kelvins on the graph,
Co melting point = 1768 K, cohesive energy = 5.15 eV
Ag melting point = 1235 K, cohesive energy = 3.65 eV
Na melting point = 371 K, cohesive energy = 1.25 eV

10-8. Uy, = —ke? %+ i—l+ l+ l_l+
a 2a 3a 4a 5a 6a
Uatt=—ke2 2+1-Z+l+2_l+
3 2 5 3

The quantity in parentheses is the Madelung constant .. The 35th term of the series (2/35)
is approximately 1% of the total, where o = 4.18.

m (v) )
p ¢ (Equation 10-17)
10-9. (a) ne’i

(9.11x1073 kg (1.17x10° m/s)
(8.47x 102 electrons/m®y(1.60x107°C)% 0.4x10°m,

1.23x1077Q-m
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(Problem 10-9 continued)

(b) (v) = (kT/me)l/2 (from Equation 10-9)

(y). - [ 100K 12
Y0 = | 300k 3

P1oo = p300/\/7 = 7.00X10"8Q.m

-3
1010, @@j-L-_L - 494  _ 4794/m? (from Equation 10- 10)
A4 md*/4  71.63%x103m)>
2
Bv,= L -9 479 A/m - 3.53x 10" mis = 3.53x 10 Scmls
Ane ne  (847x10%/m?,1.602x10"°C)

10-11. (a) Thereare n, conduction electrons per unit volume, each occupying asphere of volume
3 q.
4nr;/3: n,- (411:rs2//) =1

4nn, — r,

3
478.47x10%/m3)

(b) r, =

3
Jl = 1.41x10 %% = 0.141 nm

10-12. (&) n = pN,/ M for 1 electron/atom

e (10.5g/cm3y(6.022 x 10% /mole)

= 5.86x10%2/cm?3
107.9 g/mole

_ (19.3g/em?)(6.022 % 10% /mole)

= 5.90x10%2/cm?3
196.97 g/mole

(b) n

Both agree with the values given in Table 10-3.
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10-13. (& » = 2pN,/ M for two free electrons/atom

2 (1.74 glem3)(6.022 x 10% /mole)
24.31 g/mole

= 8.62x10%2/cm3 = 8.62x10% /m3

2 (7.1glem?3(6.022 % 10% /mole)
65.37 g/mole

(b) n = = 13.1x10% /cm® = 13.1x10%% /m3

Botharein good agreement with thevaluesin Table10-3,8.61 x 10?% /m 3 for Mgand
13.2x10% /m? for Zn.

m (v) 2
10-14. (&) p= —* (Equation 10-17) o= L_- 1A poation 10- 18)
ne? p mv)
_ (9.11x1073 kg(1.08 x 10° m/s) = 199%107Qm

8.47x10%m3)(1.602x107°Cy* (0.37x10°m)

- L - 8.17x105Q-m,"!

1
P 1.22x107Q'm

o=

0 = | 35T (Bquation 10-9)
T™m

e

p(200K) = p(300K){(v(200K))/{v(300K))

p(300K) (200K /300K)"2

(1.22x1077 Q-m) 200K /300K, = 9.96x103Q-m
1 1
P(200K)  9.96x1078Q-m

0(200 K) = = 1.00x107(Q-m)!

(©  p(100K) = p(300K){(v(100K))/{v(300K))

= (1.22x1077Q-m) (100K /300K, = 7.04x1078Q-m
o(100K) = = 1.42x107(Q-m)!

p(100K)  7.04x102Q-m
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10-15. (E) - %EF (Equation 10- 37)
(a) for Cu: (E) = %(7.06 eV) = 424 eV

(b) for Li: (E) - %(4.77eV) _ 286eV

F 2me:\ 8wV V

£ - (hc)Z( 3 _N)ZB

1/3
_ (1240eV-nm)?

3
28 . -3 -9
3(5.90x10%m )( 10 m] _ 553eF
2(5.11x10°el, 8 1nm
10-16. A long, thin wire can be considered one-dimensional.
2 2 2 2
E,- | N2 () [ N\ (Equation 10-30)
32m\ L 32me?\ L
For Mg: N/L = (8.61x10%8 /m?)'®
E, - (1240 eV nm x 10 m/nm)’ 8.61 x10% /m>)** _ 1 87 eV
32(0.511x10% eV
2/3
2 2/3 . -9 2 28 -3
10-17. (@)ForAg: E, = h 3N _ (1240eV-nm*x10" m/nm)”| 3x5.86x10"m - 550eV
2m\ 81V 2(0.511x10%¢V) 8n

For Fe: Similarly, E- =11.2 eV

(b) For Ag: E,. = kT, (Equation 10-38)

7 Er 5.50 eV
Fk 8617x10%eVK

= 6.38x10*K

For Fe: Similarly, T = 13.0 x 10° K

Both results are in close agreement with the values given in Table 10-3.
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10-18. Notefrom Fig.10-14 that most of the excited el ectronsarewithin about 2k T abovethe Fermi energy
E-, i.e, AE=2kT. Note, too, that kT<<E,, so the numberAN of excited electrons

is: AN = N(E,)n(E,)AE = N(E,)(1/2)(2kT) = N(E,) kT and

32
32

2m E]

h2

N - L3114

3 (from Equation 10-35)

3/2
Differentiating Equation 10-34 gives: N(E;) = “TV ( i_’;’) EF1/2

32
“—2’/ 8—’;’ E.% kT
Then, AN _ ) - 2kr/E,
N 8nv| 2m g3 2
5 | 5 F
3 h?
E. for Ag=5.35 €V, S0 ATN - %(8.617><10‘5eV/K)(300K)/5.53 eV = 0.0070 ~ 0.1%
10-19. 2E, 12 2E, 12 .
up=| — = (Equation 10-39)
m, mec2
[2(326e7) |
(@ for Na: u, = (3.00x 108 m/s)| 2C26€V) | _ 1 07105 ms
5.11x10%eV
[ 2(555¢e7) |
(b) for Au: u, = (3.00x 108 m/s)| 2C33€V )\ 1 40108 mis
5.11x10%eV
2(103 7)) [?
() for Sn: u = (3.00x 108 m/s)| 203 €V | 1 90108 mss
5.11x10%eV

meuF

mu
10-20. p= —=E (Equation 1-40) A=
ne? ne?p
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(Problem 10-20 continued)

(@ forNa - (9.11x1073L kg (1.07 x 108 m/s)
2.65%x10%m 3)1.609%107°C? (4.2x1073Q-m,

= 3.42x10%m = 34.2nm

.o (9.11x1073' kg (1.40 x 105 m/s)
(b) for Au: A =
(5.90x10%m 3)1.609x 107 1°C\?(2.04x 1072Q-m,

= 414x10%m = 41.4nm

(c) for Sn: 3 - (9.11x10731 kg (1.90 x 105 m/s)
(14.8x10%m 3)1.609% 10 1°C? (10.6x 1072Q-m,

=431%x10%m = 43.1 nm

2
10-21.  C (electrons) = %RTl (Equation 10-45)

F
2
C, (electrons) = %RZ—T because E,. = kT,. C,dueto thelattice vibrationsis 3R, assuming
F
. T kT
T'>> T, (ruleof Dulong and Petit): — R — = 0.10(3R)
2 E;

ro Q10BYR)E: - (0.60) (7.06e)

= 498x10°K
w2k 72(8.617x 1073 eV/K,

This temperature is much higher than the Einstein temperature for ametal such as copper.

1022. U= %NEF+ ocN( ’;—T] kT  (Equation 10- 44)
F

Average energy/electron= U/N = %EF + 0

2 2
k_T)kT -3, BOD
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(Problem 10-22 continued)

10-23.

10-24.

For copper E.. = 7.06eV, s0

AtT=0K: U/N = %(7.06eV) - 4236¢V

2 -5 2 2
At T =300K: U/N = %(7.06eV) + %(8'61"10 eVIK)” 300K)” _ 4236

7.06

Theaverageenergy/electronat 300K isonly 0.0002 eV larger than at 0 K, aconsequence of thefact
that 300 K is very small compared to the T for Cu (81,600 K). The classical vaue of
U/N = (3/2)kT = 0.039eV, isfar too small.

2
C, (electrons) = %RTl (Equation 10-45)

Y

Melting temperature of Fe = 1811 K (from Table 10-1)
T for Fe= 13x10*K (from Table 10-3)
The maximum C, for the Fe electrons, which is just before Fe melts, is:

2
C,(electrons) = T R| 81K | _ 0019 R
2 | 13x10°K

The heat capacity of solids, including Fe, is3 R (rule of Dulong and Petit, see Section 8-1).

C . (electrons
( ) _ 0.0219R _ 1 os

p-fPF_M_ :_? (from Equation 10- 50)

-24
_ 9285x10MIT2.0T) _ (103
(1.38x 1073 J/K) 200K,

235



Chapter 10 - Solid State Physics

10-25.
BoM  popp?

B kT

o= ) 531

x:

NJ _ NJ4A*m?

A’m3 N/iAm?  A’m3N?

= - = " =1 dimensionless

10-26. E = he/\
A= he/E = 1240eV-nm/1.14eV = 1.088x10° nm = 1.09%x10°°m = 1.09% 10> nm

10-27. (a) For germanium:
A= hc/E = 1240eV-nm/0.74eV = 1.68x10°nm = 1.68x10%m = 1.68x10° nm

(b) For diamond:
A= hc/E=1240eV-nm/7.0eV = 177 nm

10-28. () E= hc/ A = 1240eV-nm/3.35wm x 103 nm/um) = 0.37 eV

(b) E= kT=037eV - T=037eV/k=037eV/8.617x10eV/K = 4300K

10-29. (8) N - mN, PVN,  (2.33g/em*)100nmx 1077 cm/nm)’ 6.02x 10 /mol)
M 28 g/mol

= 5.01x107 Si atoms

(b) AE=13eV/4x5.01x107)= 6.5x1078 eV
( )
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2
2 *
1030, (8) E, = —%( ke ) m- 1 (Equation 10-58)

£ - _ 1 [9xX10°N-m?/C*1.60x107°CP | (02)9.11x10 kg,
1 2 (1.055><10_34J'S)2 (118)2

-3.12x10721 J = -0.0195 eV

lonization energy = 0.0195 eV
©) () =a,(1ym,/m*x (Equation 10- 59)

= 0.0529nm(1,/0.2)(11.8) = 3.12 nm

(©) E,(S))=1.11eV at 293K

E,/E, = 0.0195/1.11 = 0.0176 or about 2%

2
2 *
1031 () E, = —l( ke ) m- 1 (Equation 10-58)
2\ v ) ey
o - 1 OXI0°N-m?/CY160x10°CP] | (034)9.11x10 kg,
o2 (1.055% 103 J- 52 (15.9)
= -2.92x10° 2T = -0.0182 eV
©  (r)=a,(1Pm,/m"x (Equation 10-59)

0.05297m(1,/0.34)(15.9) = 2.48 nm

10-32. Electron configuration of S: 1s? 25 2p® 3s? 3p?
(@) Al has a 3%° 3p configuration outside the closed n = 2 shell (3 electrons), so a p-type
semiconductor will result.
(b) P has a 3s* 3p* configuration outside the closed n = 2 shell (5 electrons), so an n-type

semiconductor results.
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1033. E= kT= 001 eV = T=0.01eV/8.617x105eV/K = 116K
10-34. () dBw _ iB

Vy=v,Bw= (Equation 10-60 and Example 10-10)
ng gnt

The density of charge carriersnis:

n= iB__ (204)(0257) = 7.10x10?8 carriers/m ?
qtVy  (1.60x1072C)0.2x103m)2.2x107 1

3 3 26
) N- PNy _ (575%10° kg/m®)(6.02x 10°imol) _ o010
M 118.7 kg/mol

Each Sh atom contributes n/N = 7.10x 10?8 /2.92x10% = 2.4 charge carriers

10-35. I =L _

net = Lol 1)  (Equation 10-64)

(a) eeVb/kT _

10,50 eV, /kT = In10. Therefore,
(1.609x10"°Cy ¥, /(1.381 x 1072 J/K)(300K) = In10

V, = (1.38x10"2J/K)(300K)In10,/1.60x107'°C = 0.0596 V' = 59.6 mV’

() e"* =01

V=0.0596V(In0.1/In10) = - 0.0596V = -59.6mV

1036, I = Ie""* -1

@ eeV,,/kT: 5

eV,/kT

In(5)

p - kTIn(5) _ (1.38 1072 J/K)(200K)In(5)
’ e 1.60x1071°C
-0.0278V = -27.8mV
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(Problem 10-36 continued)
O T g
eV,/kT = In(0.5)

_ kTIn(0.5) _ (1.38 x10"2J/K)(200K)1n(0.5)

y
b e 1.60x10°°C

= -0.0120V = -12.0mV

eV,/kT _

10-37. I, = Iy(e 1) (Equation 10-64)

Assuming T = 300K,

1(027)-V(0.17) _ IO/ 1)~ [ (e°@IAT_ 1,

1(0.17) I ec@IN/kT_ 1,

0 e(02V)/kT _ ,e(0.17)/kT

e e(O1N/ET _ 1

47.6/1
10-38. (a) From Equation 10-64, exp(eV, /kT) = 10
Taking In of both sides and solving for V,,

(1.38x107 2 J/K)(77K,In(10)

V (kT/e)lnIO =
b -19
(1.60x107°C)

Vs

0.0153 volts = 153 mV

(b) Similarly, for exp(eV /kT) =1;V,=0
(¢ For(@: g

net

eVy/kT _

= Iye 1)

I = 1mA10-1, = 9md

net

For(b): I,«=0
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10-39. M*T, = constant (Equation 10-70)

First, we find the constant for Pb using the mass of natural Pb from Appendix A, T, for Pb from
Table 10-6, and « for Pb from Table 10-7.

constant = (207.192)*% (7.196K) = 98.20

For 2 Ph: T, = constant/M*® = 98.20/(205.974u)** = 7217K
For " Pb: T, = constant/M®* = 98.20/(206.976u)"* = 7.200 K

For 2 Ph: T, = constant/M*® = 98.20/(207.977u)** = 7.183 K

10-40. (@) E, = 3.5kT,  (Equation 10-71)
T, for 1is3.408 K, 50, E, = 3.5(8.617x 107 eV/K)3.408K) = 1.028x107 eV
(b) E,= he/A
A= he/E = 1240eV-nm/1.028x107eV

= 1.206x10%m = 1.206x103m = 1.206 nm

10-41. (@) E, = 3.5kT,  For Sn:T,=3722K
E, = 3.58.617x10eVIK)(3.722K) = 0.0011 eV

Thisis about twice the measured value.
(b) Eg = he/A

A= he/E = 1240eV-nm/6x10 eV
= 2.07x10%mm = 2.07x103m
10-42. At T/T,= 0.5 E, = (T)/E,(0) = 0.95 where E (0) = 3.5kT, (Equation 10-71)

S0 E(T) = 0.95(3.5)kT, = 3.325kT,
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(Problem 10-42 continued)
(@ ForSn: E (T) = 3.3258.617x107°eV/K)(3.722K) = 1.07x107 eV

(b) For Nb: E(T) = 3.3258.617x107eV/K)(9.25K) = 2.65x107 eV
(€) For Al: E(T) = 3.3258.617x107°eV/K)(1.175K) = 3.37x10™* eV’

(d) Forzn: E (T) = 3.325(8.617x1075eV/K)(0.85K) = 2.44x10™* eV

10-43. B(T)/B(0) = 1- T/T.}
@ Bo(T)/B(0) = 0.1 = 1- T/T,?
2 _ _ -
T/Tg? = 1-0.1 = 09

T/T, = 095
(b) Similarly, for Bo(T)/Bs(0) = 0.5

T/T, = 0.71

(c) Similarly, for B.(T)/B.(0) = 0.9

T/T, = 032

10-44. T for Cuis81,700K, so only those electronswithin E,. - kT of the Fermi energy could bein states

above the Fermi level. The fraction f excited above E; is approximately:
f=kT/E.=T/T,

(a) = 300K,/81,700K = 3.7x1073

(b) f= 1000K/81,700K = 12.2 x1073
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10-45.

-e +te -e +e

-e +te -e +e -e

6 5 -4 -3 -2 -1

o 1 2 3 4 5 6
dCN\

(a) For the negativeion at the origin (position 0) the attractive potential energy is.
2
V:—Zke 1—l+l—l+l—l+---
7, 2 3 4 5 6

2
(b) V=- ocki, so the Madelung constant is
Fo

w=2[1-L. 1 1,1 1, ..
23 4 5 6

_ 2 43 44
Notingthat In(1+ x) = x - 3 +0, In(2)=1-

+

N =
w|.—
&=

and ¢ = 2 In2 = 1.386

2

10-46. C, = RTl (Equation 10- 45 )

N | R
o

2
T,= =R d
2 (3.74x10%J/mol-K) T

2
and E.-kT,- TR kT
(3.74x10°*J/mol- Ky T

_ 18.314J/mol-K(1.38 x 102 J/K)
2(3.74%107*J/mol - K,

= 1.51x1078711 /1.60x 10" J/eV) = 9.45 eV
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EF EF E
10-47. (&) N=  g(E)dE = fAEde: AQBYE| " = (24/3) E"
10
0 E, 0
0 N'= AEdE = (24/3)E;" - (Ep- kT2
Ep-kT

(24/3)E;" - E" 1 - kT/Eg™)
Because kT << E. for most metals,

1 - kI/Eg? ~ 1 - (312)kTE;"
N’ = (24/3)EX* - EX* + 312)kTE?
[EF F F |

- AKTEY

/I AKTER?
The fraction within kT of E isthen f= & = F___ 3k

N (4/3)E)* 2Ep

(c) For Cu E, = 7.04 eV at 300K, f= 2(0:02585e7) _ 4 455
2(7.04¢V)

10-48. (a) Number of pairs N = (6.60 x 10%eV/photon) / (0.72eVipair) = 9.17 x 10° pairs/photon
(b) AN = £/N = £957

Energy resolution AE = AN = 957
N 9.17x10°

= 0.0010 = 0.10%

meff<v>

10-49. A = —~(Equation 10-17)

npe

23 172
(v) = (3kT/meff)1/2 _ 3(1.38X10 J/{(;)l(300k)
0.29.11x107" kg)

(v) = 2.61x10°m/s
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(Problem 10-49 continued)
Substituting into A:

0.2 (9.11 1073 kg)2.61 x 10’ m/s)
1072m=35x1073Qm)1.60x1071°C)?

A=

A= 37x108%m = 37mm

For Cu; 27.06ev, |

w, = 2Em 2 = | 2706eV)
BT 9.11x1073 kg

1.57x10% m/s

Ugp

n=847x10%m=3 and p = 1.7x10°%Q-m{Example 10-6)
Substituting as above, A =3.9x 108 m =39 nm
The mean free paths are approximately equal.

10-50. (a) For small V, (from Equation 10-64)

"M <1+ eV, /kT, 0 1= IeV,/kT=V,/R

R=V,/1yeV,/kT)= kT/el,= 0.025¢V/(ex107°4) = 25.0MQ
(b) For V= -05V; R=V,/I= 0.5V/10°4 = 500MQ

(c)ForV,=+05V; I= 10°4(%5/°035_1, = 0.4854

Thus, R=V,/I=0.5/0.4854 = 1.03Q

() av, kT
dv .
=9 _ kT -eni/kT _ hane = 005150
ac dl el
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_ 12(1.055x 107345/
0.2(9.11x107* kgy (9% 10° N'm2/C?(1.602x 107 1°C)

= 3.17x10°m = 3.17 nm
Thisis about 14 times the lattice spacing in silicon (0.235 nm).

. o - 16(1.055x10734J-5)2
ermanium: -
° ® 0,10 9.11 % 10 kg) 9% 10°N-m?/C?)1.602 x 1010 C?

= 8.46x107°m = 8.46 nm

Thisis nearly 35 times the lattice spacing in germanium (0.243 nm).

(from Equation 10-40)

u
10-52. (@) p= %

So the equation in the problem can be written as p = p,, + p,. Because the impurity

increasesp,, by 1.1x107%Q-m, p, = 1.1x107*Q-mand

MU 28 3
A, = where n = 8.47x10*electrons/m> (from Table 10-3)
ne?(1.18x1078Q-m,

and ug = 2E./m,'? = 1.57x10°m/s. Therefore,

- (9.11x 10731 kg(1.157 x 108 mls)
" (8.47x10%/m3)1.60x 1070 C(1.1x1078Q-m)

= 6.00x1078m = 60.0 nm
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(Problem 10-52 continued)

() A=1/n7r> and d= 2r (Equation 10-19)
Sowehave d* = 4/n,mA, wheren, = 1% of n= 8.47x10%/m?

d*=4/8.47x10% /m3m6.60x108m) = 2.28x10°m? - d = 0.151nm
10-53. (&) Themodified Schrddinger equationis:

v d (r2—dR(r)) . (O 1)}((1’) = ER(r)

2m*r2 dr dr rK 2m*r2

The solution of this equation, asindicated following Equation 7-24, leads to solutions of the
- a/n -
form: R ,(r) = ao/e /%y, 1"sQM(r/aO/),Where aol = W/ ke’m*).

(b) By substitution into Equation 7-25, the allowed energies are:

)2 z ,)2
2 2

2\ bk n2 n I

(c) ForAselectronsinS m* = 0.2m,_ (see Problem 10-30) and x(Si) = 11.8,

(9% 10°N-m2/C21.60x107°C#)>  (0.2)9.11x1073 kg,
(1.055x 10734 J-5) (11.8)

1
E = -—
! 2

-3.12x1072 J = -0.0195 eV

A
Energy x 102 eV

0 n

5

13

1.0 - 2
2.0
_30 L

40 F 1
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27 ro|”
1054, U= -ake” —0—1( —0) (Equation 10- 5)
ro r n r
_ 2
F= _auv. - Kr yields K = aM
dr 73

(8 For NaCl: o =1.7476,n=9.35, and r, = 0.282 nm and

_ _mWNaym(Cl) _ (22.99u)(35.45u) _
m(Na) + m(CI) 22.99u + 35.45u

13.95u

_ 1 |k_ 1
f_211: M 2z

a(n-1)ke? [
(13.95u)r]

2

1
(1.7476) (8.35) 9x 10°N-m?/C%(1.60x10°°C)* | _ | 1o 10537,

(13.95u x 1.66x 10727 kg/uy (0.282x 107 m)>

:i
2T

(b) A =c/f=(3.00x108m/s)/1.28x103 Hz = 23.4pm
Thisisof the same order of magnitude as the wavelength of the infrared absorption bandsin
NaCl.

10-55. (a) Electron drift speed is reached for:

% =0 > vy, = -eEt/m (Equation 10-14)

(b) Writing Ohm’slaw as j = 6E (Equation 10-12) and j = |v,|ne(from Equation 10-13)

j = eEtne/m = Etne?/m,which satisfies Ohm’slaw because j<E. Thus,

0= 1tne?/m and p=1/0= m/tne?.
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10-56. (a) Forr,s, tal even(-1)"*" =+1 and theion's charge at that location is:
~1(-1.60x 10°C) =1.60 x 10 C.
Similarly, for any permutation of
r,seven; todd (-1)"**'=-1, ion charge= -1.60 x 10 ** C.
reven; s, todd (-1)"**"'=+1, ion charge= -1.60 x 10 * C.
r,s talodd(-1)""*'=+1, ion charge=-1.60 x 10 ** C.

0 U- _oke’
-

If the interatomic distancer = a, then a cube 2a on each side

ol 4 4 2 4 4 4 4
U= -ke*| —- + == - + +
a 2a @ 2a 2a BB3a Ba
ke?
U= -—2.1335, where o = 2.1335.
a

Similarly, for larger cubes (using spreadsheet). Thevaueof o isapproaching 1.7476 slowly.

10-57. (& M P, ~— P
@ M=pp-p, - M-yl )
P p
M gWBIKT_ g-pBUT
re p’epB/kT_i_ o WBIKT  tanhu B/KT,
and

M = pptanhpB/kT)

(b) For 4B << KT, T>>0 and tanh(uB/KT) = pB/KT

BeM  BouppB  popp’

X= "3 T TBrr kT
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