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1.1
(a) fcc: 8 corner atoms x1/8 =1atom
6 face atoms x1/2 =3 atoms
Total of 4 atoms per unit cell
(b) bcc: 8 corner atoms x1/8 =1atom
1 enclosed atom =1 atom
Total of 2 atoms per unit cell
(c) Diamond: 8 corner atomsx1/8 =1atom
6 face atoms x1/2 =3 atoms

4 enclosed atoms =4 atoms
Total of 8 atoms per unit cell

1.2
(@) Simple cubic lattice: a=2r

Unit cell vol =a® =(2r)’ =8r?

4rr®
1 atom per cell, so atom vol = (1{ 7; ]

4rr’
3
8r?

(b) Face-centered cubic lattice

d
d=dr=aJ2 sa=—=22.r
J2

Unit cell vol =a® :(2\/§-r)3 =16v2.r®

Then

Ratio = x100% = 52.4%

4rr?
4 atoms per cell, so atom vol = (4{ 7; J

3
3
162 -r?
(c) Body-centered cubic lattice

d=4r:a\/§:>a:i~r
J3

3
Unit cell vol =a® = {irJ

NE

4rr3
2 atoms per cell, so atom vol = (2{ il J

Then

Ratio = x100% = 74%

3

Then

3
3
— 2 x100% = 68%

3
ar

V3

(d) Diamond lattice

Ratio =

Body diagonal =d =8r —af3=a=—-r

3
Unit cell vol =a® = (KJ

V3

4 3
8 atoms per cell, so atom vol = (8{ ;z3r J

3
3
——— 2 x100% = 34%

3

&

Then

1.3
[o]
(@) a=5.43A; From Problem 1.2d,

o)
=1176 A

aJ3 (5433
8

Then r=——=
8
Center of one silicon atom to center of

nearest neighbor =2r =2.35 A
(b) Number density

:L =5%x10%cm®

(5.43x10° ]
(c) Mass density
N(AtWt)  (5x10%)28.09)

N, 6.02x10%
= p=2.33 grams/cm*®
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1.4
(@) 4 Ga atoms per unit cell
4

(5.65x107 )

= Density of Ga atoms = 2.22x10%cm "
4 As atoms per unit cell
= Density of As atoms =2.22x10%cm -
(b) 8 Ge atoms per unit cell
8
(5.65x10° )

= Density of Ge atoms = 4.44x10%cm ™

Number density =

3

3

Number density =

3

15
From Figure 1.15

@ d :@{% _ (0.4330)

[0
=(0.4330)(5.65)=d =2.447 A

a
5)\/5 =(0.7071)a

(b) d

—(0.7071)5.65)= d =3.995 A

(b) a=2(1.035)=2.07A
(c) A-atoms: # of atoms = 8x% =1
1

(2.07x10°®f
=1.13x10%cm®

Density =

B-atoms: # of atoms = 6x% =3
3

(2.07x10°®f
=3.38x10% cm ™

Density =

1.6

a2
22
sin(gjzz :\E:Q=54.74°
2)"apg V32
2

= 6 =109.5°
1.7
(a) Simple cubic: a=2r=3.9 Z\
(b) fcc: a= % =5.515 Z‘
(c)bce: a= % =4.503 Z‘

(d) diamond: a= & =9.007 ,Z‘
J3

1.8
(@) 2(L.035)N2 =2(1.035)+2r,

ry =0.4287 A

1.9
@ a:2r:4.52\
# of atoms =8><%:l
1

(a5x107)
=1.097x10%cm®

Number density =

Mass density = p = M
N A
~ (L0974x10% J12.5)
~ 6.02x10%
= 0.228gm/cm’®
4r °
(b) a= 7 =5196 A

# of atoms 8><%+1= 2
2

(5.196x10¢

=1.4257x10%cm®

. 1.4257x10% J12.5)
Mass density = p = (
y=r 6.02x10%

Number density =

=0.296 gm/cm®

1.10
From Problem 1.2, percent volume of fcc

atoms is 74%; Therefore after coffee is
ground,
Volume =0.74 cm®
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1.11

(b)a=18+1.0=28A
(c) Na: Density =(1L)3
(2.8x10°)

=2.28x10%cm

Cl: Density =2.28x10%cm
(d) Na: At. Wt. = 22.99
Cl: At. Wt. =35.45
So, mass per unit cell

(1](22.99)+ (;)(35.45)

_\2 =4.85x107%

6.02x10%
Then mass density

-23
p= 48107 55 grams/cm’®

(2.8x10°)

112
(@) a/3=2(2.2)+2(.8)=8A

Then a=4.62A
Density of A:

Y 101x10%cm

(4.62x10°f
Density of B:

Y 101x10%cm

(a.62x10°
(b) Same as (a)
(c) Same material

1.13

o 222)+208) 100

V3
() For 1.12(a), A-atoms
Surface density = iz = ;2
a’  (4619x10°)
=4.687x10" cm

o
For 1.12(b), B-atoms: a=4.619 A

Surface density = iz =4.687x10" cm
a
For 1.12(a) and (b), Same material

0]
(b) For 1.12(a), A-atoms; a=4.619 A
Surface density

__1 =3.315x10"cm
a’2

B-atoms;

Surface density
= ! =3.315x10"cm 2
a?y2

0]
For 1.12(b), A-atoms; a=4.619 A
Surface density

1 =3.315x10cm 2
a’2

B-atoms;

Surface density
_ 1 _3315x10"cm>
a2

For 1.12(a) and (b), Same material

1.14
(&) Vol. Density =

Omb.)| =

Surface Density =

1
a2
(b) Same as (a)

1.15
(i) (110) plane
(see Figure 1.10(b))

(if) (111) plane
(see Figure 1.10(c))

(iii) (220) plane = (%%oo): (1,1,0)
Same as (110) plane and [110] direction
. 111
iv) (321) plane = | =,=,= |=(2,3,6
(iv) (321) p (3 > 1] (2:3,6)
Intercepts of plane at
p=2,q=3s=6

[321] direction is perpendicular to
(321) plane
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1.16
(@)

] = (313)

=l

Rl
(AR

(b)

G,%,%):(lzl)

1.17
Intercepts: 2,4,3 = 113 =
2 43

(634) plane

1.18

(@) d=a=528A
a2 L

3.734 A
2

a3 . o

3.048 A
3

(b) d=

(c) d=

1.19
(a) Simple cubic
(i) (100) plane:

Surface density = 1 1

=4.47x10" cm
(ii) (110) plane:
1
a?y2
=3.16x10"cm
(iii) (111) plane:

Surface density =

Avrea of plane = %bh

where b= a2 = 6.689 A
Now

= 2] [Q -3 (elef

So h= @ (4.73)=5.793 A

a’  (4.73x10°)

Area of plane
= % (6.68923x107° 5.79304x10° )
~10.3755x10 0 cm®?

3><1
Surface density = 6
19.3755x107°

=2.58x10" cm
(b) bcc
(i) (100) plane:

Surface density = iz =4.47x10"cm 2

(i) (110) plane: ]
2
a?y2
=6.32x10" cm
(iii) (111) plane:

Surface density =

3><1
Surface density = 6
19.3755x107%°
=2.58x10" cm
(c) fcc
(i) (100) plane:

Surface density = % =8.94x10" cm
a

(i) (110) plane:
2
a?y2
=6.32x10" cm
(iii) (111) plane:

Surface density =

3x 1 +3x 1
Surface density = 6 2
19.3755x107"

=1.03x10%cm 2

1.20

(@) (100) plane: - similar to a fcc:
_z
(5.43x107°f

=6.78x10"cm
(b) (110) plane:

Surface density =

4
V2(5.43x10°° f

=0.59x10"cm 2

Surface density =
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(c) (111) plane:
2

(V3/2)5.43x10° )

=7.83x10%cm 2

Surface density =

1.21
Al A 4(2.37) _ 6.703 A
2 2
8><£+6>< 4
(@) #/cm? = - = -
a (6.703x10°®)
~1.328x10%2cm
4><£+ ZX%
(b) #em?=—4 2
a?\2
B 2
(6.703x10°f' V2
=3.148x10"cm 2
(©) d= a‘f - (6'7023)‘/5 —474A

(d) # of atoms :3><%+3><% —2
Area of plane: (see Problem 1.19)
b=ay2=9.4786 A

\/_

h=Y%2 _g2009 A
Area
= % bh = % (0.4786x10° J8.209910¢ )

=3.8909x10 " cm?

2
3.8909x107
=5.14x10"* c¢m

d= % - —(6'7033)‘/5 ~387A

#/cm? =

1.22

Density of silicon atoms =5x10%cm  and
4 valence electrons per atom, so

Density of valence electrons =2x10% cm

1.23
Density of GaAs atoms
3 8
(5.65x10° )
An average of 4 valence electrons per atom,

So
Density of valence electrons

=1.77x10%cm 3

=4.44%x10%2cm™®

1.24
17
@ 219 100% =10-%
5x102
15
(b) :Xlo x100% = 4x10 %

x10%

1.25
(a) Fraction by weight

_ (2x10% )10.82)

= =1.542x107"
5x10% )28.06)
(b) Fraction by weight
18
10 130.98) =2.208x10"°

" (5x10%2)(28.06)

1.26

Volume density = dia =2x10"%cm™

o
So d=3.684x10"°cm =d =368.4 A

We have a, :5432\

Then i 368 4 =67.85
a, 5.43

1.27

Volume density = d% =4x10%cm?

So d=6.30x10"cm =d =630A

o)
We have a, =5.43A

Then i = @ =116

a, 543
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2.1 2.6
Sketch (@) p__6625x10
A 550x10°°
2.2 =1.205x107*" kg-m/s
=27
Sketeh _p_losx10T
m  9.11x107%
23 or v=1.32x10°%cm/s
Sketch h 6.625x10°*
- () p-t_8625x0"
A 440x10
” =1.506x10"*" kg-m/s

From Problem 2.2, phase = ?—a)t

= constant
Then
27 dx dx A
———0=0=>—=v, =40 —
A dt dt 27

From Problem 2.3, phase = %+ ot

= constant
Then
27 dx dx A
— —to=0=>—=v,=-0 —
A dt dt 27
25

E-hy="Co ¢

A E

Gold: E=4.90eV = (4.901.6x107°) J
So,
~ (6.625x10* J3x10")
~ (490)1.6x107)

=254x10"°cm

or
A=0.254 um

Cesium: E=1.90eV= (1.90)(1.6 ><10’19) J

So,

(6.625x10* J3x10)

= 6.54x10°°
(1.90)1.6x107) e

or
A=0.654m

p  1.5057x107%
VD=—=——""-——7—

——=1.65x10°m/s
m 9.11x10"
or v=1.65x10°cm/s
(c) Yes
2.7
@ (@

p=+2mE =/2(9.11x10 % J1.2)L.6x10 **)

=5.915x10 ® kg-m/s
_h_6.625x107

—E—W:1.12X1079 m

or A=11.2 ;&
(i) p=/2(9.11x10 J12)1.6x10**)

=1.87x10"* kg-m/s
6.625x10°

A=——"""
1.8704x107%

or 1=354A
(iii) p=12(9.11x10"* )120)1.6x10**)

=5.915x10"* kg-m/s
6.625x10°**
A=
5.915x10 %

or A1=112A

=3.54x10""m

=1.12x10"m
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(b)
p=1/2(L67x107 J1.2f1.6x10 )

=2.532x10*kg-m/s
6.625x10°*
A=—"TC"22
2.532x107%

or 1=0.262A

=2.62x10""m

2.8
3 3
Eavg :EkT =3 (0.0259) = 0.03885 eV

Now

pavg = v 2mEavg

= /2(9.11x10*{0.03885)1.6 x10 *°

or
Pavg =1.064x10 7% kg-m/s
Now
-34
_h_6625x10" —=6.225x10°m
P 1.064x107%

or

A=62.25A

2.9

Now

2 2
E. =& and p, =1:> E, =i —_
2m A 2m

e
Set E, =E, and 4, =104,
Then

2 2
hc 1 (h) 1/(10h
2y _Zm(ﬂe] _2m(1pJ

which yields
100h
2mc

_hc _ hc _2mc?

A, =

E,=E

=—01-.2mc
P 4, 100h 100

_ 2(9.11x10° f3x10° f
100
=1.64x10"°J =10.25keV

2.10
h 6.625x107*
@ p=—=—""7—
A 85x10
=7.794x107% kg-m/s
—26
_P_ 717010 7 o6 10 mis
m  9.11x10°%
or v»=856x10°cm/s
o’ =%(9.11x10*31X8.56x10“)2
—3.33x1072)
£ 3334x10"

g = 208x107eV
.oX

or

(b) E= % (0.11x10* Jgx10° |

=2.915x10%)
or E= M =1.82x107* eV
1.6x107"
p=mo=(9.11x10" )8x10°)
=7.288x10"% kg-m/s
h 6.625x10 %

A=—=—"""—--909x10"m
p 7.288x10°

or  A=909A

2.11
he  (6.625x10°*)3x10°)
(@ E=hv="—0=
A 1x107°

=1.99x107)
Now

-15
E_ey—yor_199x1077
e 16x107%

V =1.24x10*V=12.4kV
(b) p=+2mE =/2(9.11x10* f1.99x10 )

=6.02x10 *kg-m/s
Then

-34
y) _h _662510 " =1.10x10""m
p  6.02x107%

or

A=011A
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2.12
Ap = h_1.054x107%
AX 10°°
=1.054x10®kg-m/s
2.13
(@) (i) ApAx=r
-34
Ap = —1'054X100 =8.783x107% kg-m/s
12x107"
2
(ii) AE :d_E.Ap =i[p_J.Ap
dp dp | 2m
= Q . Ap = %
2m m
Now p=+/2mE
— \/2(9x10* J16)1.6x107° )
=2.147x10* kg-m/s
o Ap (21466107 f8.783x10 )
9x107%
=2.095%x107]
-19
or AE = M =1.31eV
1.6x107*
(b) (i) Ap=8.783x10*° kg-m/s
(ii) p=+2(5x10 % J16)1.6x10*°)
=5.06x10 " kg-m/s
A (5:06x107 J3.783x10* )
5x10%
=8.888x107%J
21
or AE = 888807 5 og 1026V
1.6x107"
2.14
-34
Ap = L w =1.054x10"* kg-m/s
AX 10
-32
0=y Ap = AP _ 105410
m 1500

Av=T7x10"%m/s

2.15
(@) AEAt=#
-34
at= A0 g 551040
(0.8Y1.6x10)
n 1.054x107%
b) Ap=—=""TT"—
©) ap AX  15x107%
=7.03x10 % kg-m/s
2.16

(a) If W,(x,t) and ¥, (x,t) are solutions to
Schrodinger's wave equation, then

—n? 9% (x.t) O, (x.t)
o -?+V(x)‘¥l(x,t): i lat
and

—n? 9%, (x.t) 0P, (xt)

Adding the two equations, we obtain

O ) )
R AR

= i [0 )+ s (1)

which is Schrodinger's wave equation. So
W, (x,1)+ ¥, (x,t) is also a solution.

(b) If W, (x,t)-¥,(x,t) were asolution to
Schrodinger's wave equation, then we
could write

—h® 02
E'y[‘l’l'\{’z]JrV(x)[‘Pl"Pz]
= in 2w, -, ]
ot
which can be written as
—n? 2y 2y WV, O
h {\Pla ) \Pza L, 0 0 2}

2 + 2
2m OX OX OX  oOX

) ov v
+V(X)¥, -, ]= jh{‘l—’l 72+‘{’2 atl}

Dividing by ¥, -¥,, we find

-n’| 1 azl{'2+1 62‘1’1+ 2 0¥, 0¥,
2m |¥Y, ox* ¥, X' WY, ox ox
+V(x)= jn 1 0%, L s

Y, ot P, ot
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Since W, is a solution, then
-n? 1 0°¥,

. oY
+V(x): Jh.i._l
2m ¥, ox* Y, ot
Subtracting these last two equations, we have
~h?| 1 0%, 2 0¥, 0¥,
—_— —+
2m |¥Y, ox* WP\, ox  oXx

1 0¥,
Y, ot
Since ¥, is also a solution, we have

—h? o’y _ ov
_h i 2+V(x):]h.i. 2
2m ¥, ox® v, o
Subtracting these last two equations, we obtain
—n? oV, oY
2 0% Y (x)=0
2m Y¥, ox ox
This equation is not necessarily valid, which
means that ¥, P, is, in general, not a solution

to Schrodinger's wave equation.

= jh

2.17
+3
I A’ cos? (”—dex =1
-1 2
AZF sin(ﬂx)}*:l
2 2r |4
A2 E_(__lj =
2 2
0 A2
2
1
or |Al=—"—
4=
2.18
+1/2
IAZ cos? (nax)dx =1
-1/2
AZFJF sin(2nzzx)} iz
2 dnz Jlae
(et
4 4 2
or |-z

2.19
Note that IT Prdx =1
0

Function has been normalized.
(@) Now

or

—2a -1

P=(-1) ex ° |-1|=1—exp| —

( { p( 4a, ] } p( 2]
which yields
P =0.393

(b)

or

P=(- 1){exp(— 1)- exp(_?lﬂ

which yields
P =0.239
(©

= (~fexp(-2)-1]

which yields
P =0.865
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== +
a4 (47: (4;:]
i a a
=2 1+O_l_i
4 8 Ar
or P =0.0908
+al2 2 X
(c) P= I (—jcosz[—jdx
-al2 a a

2.21
(@ P= (gjsinz(z—”xjdx
) a
_ . (47[)()
sin| —— | ||as4
_(2)x__\a
-(2)3 =] .
i a
_(g} a_sin(z)
“la) 8 [87:]
| a
or P=0.25
al2
(b) P= (EJsinz[z—ﬂxjdx
al4 a a
. (47sz
sin| —— | ||a’2
_(2)x__\a
(a)|:2 4(272.} al4
a
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or P=1
2.22
. w 8x10%
a) (v, =—= =10*mi/s
@ 0o, k 8x10°
or up:loecm/s
2= 2T _7854x10°m

k 8x10



