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Problem Solutions

Chapter 2
2.1
Sketch 25%10~ 101°
_[6.625x10 )(3>_<190 | _ 6 5ax 10"
(1.90)(1.6x107" |
2.2 cm
Sketch or
A=0.654 um
2.3
Sketch
2.6
24 h  6.625x107*
27 x @ p=—=——"—""—"—"—
From Problem 2.2, phase = 3 wt A 550%107°
= constant =1.205x107" kg-m/s

Then

27 dx dx A
— —=w=0,=—=v, =40 —
A dt dt ! 27

27w x
From Problem 2.3, phase = 3 + wt
= constant
Then
27w dx dx A
— —4+w=0,=—=v, =—0 —
A dt dt r 27
2.5
E=hv= he = A= he
A E
Gold: £=4.90eV
=(4.90)(1.6x107°) J
So,
6.625x107*)|3%x10"
= ( )( ) =2.54%x10"°

(4.90)(1.6x107"

cm
or
A=0254um

Cesium: £ =1.90 eV
=(1.90)(1.6x107°) J
So,

27
p=2 21209500y 55500 mis
m  9.11x10°
or »=1.32x10°cm/s
h _ 6.625x107
(b) p=—"=""00
A~ 44010

=1.506x10""" kg-m/s

_p _1.5057x107"
m  9.11x107

or v=1.65x10°cm/s
(c) Yes

=1.65x10%m/s

2.7
(@) (1)

p=+2mE =./2(9.11x107")(1.2)(1.6x107"°)
=5.915%x10 2% kg-m/s

—34
h_6.625x107 Lol

P 5.915x10°%

or A=11.24
(i)
p=+/2(9.11x1072")(12)(1.6 10"
=1.87x1072* kg-m/s
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—34
_ 6.625x10 —3.54%10-10
1.8704x10°%
m
or A=3.544

(iii)

p=+/2(9.11x1072")(120)(1.6x107)
=5.915x10>* kg-m/s

P 6.625x107*

5.915x10™*

or 1=1.124

=1.12x10""m

(b)

p=+/21.67x1077)(1.2)(1.6x107")
= 2.532x10 2 kg-m/s
625x107*
4 _ 6:625%10

_ —11
C2.532x1073 2.62x10

m

or 1=0.2624

2.8

E,, = % kT = 6)0.0259) =0.03885 ¢V

Now
Pavg = 2ME

avg

=/2(9.11x107")(0.03885)(1.6x10"°)
or
Pave =1.064x107 kg-m/s
Now
A=l 6:625x107" s 10 m
p  1.064x107%

or

A=62.254

2.9
E, =hvp =h—c
2'17
Now
2
E, = Pe and
2m

Set Ep :Ee and lp :10}%

Then
2 2
he _ L[ A} _ 1 [10A
A, 2m|A, | 2m| 4,
which yields
_ 100#
7 2mc
2
E, _pohe_ _he . _2mc
A, 100h 100
_2(9.11x107"|(3x10%)°
100
=1.64%10""J =10.25 keV
2.10
@ p _h_6.625x107*
A 85x107"

=7.794%1072° kg-m/s

p _ 7.794x107%

S o IxIo =8.56x10" m/
m d1X

S
or »=28.56x10° cm/s

E=Lmv> =Lo.11x107)[8.56x10%)?
2 2

=3.33x107"J
= 3.334x107"

PSTT =2.08x107°
.6X

or
eV
b E =%(9.11><10’31)(8><103)2

=2.915x10">]J
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23
_2915X10° 7 _ 4 er 10 1.054x10
— TR _8.783%10 X ke

or
1.6x107"
eV 12x107"°
p=mv=(9.11x10"")(8x10%) -m/s
2
= 7.288x10727 kg-m/s iAE=9E pp=L[ P | 5p
dp dp| 2m
—-35
A=l 2002510 g 595107 _2P A, -PAP
p  7.288x10" 2m m
o Now p =+2mE
or  1=909 4
=./2(ox107")(16)(1.6x107")

=2.147x10>* kg-m/s

SO

2.11
(a)
oy he _16625x107[3x10") g [2:1466x107)[8.783x10]
A 1x107" 9%107!
=1.99x107"J =2.095x107""J
Now -19
E o 1.99%10-5 or AE=2222210 510y
E=e-V=>V=—='—19 1.6x10"
e 1.6x10° (b) (i) Ap =8.783x1077° kg-m/s
V =1.24x10*V=12.4LkV (ii)
(b) p=+/2(5x102)16)(1.6x107"°)
_ _ —31 -15
p=~2mE =/2(9.11x107")(1.99%10 — 5.06x102 ke-m/s
= 6.02x10?* kg-m/s
Then (5.06x1072)(8.783x1072°)
AE =" 5310
34 X
_ﬁzwzl_loxlo’“ — 8.888x1072']J
P 6.02x107% TS0
21
m or AE = 5888210 © 5 555102
or 1.6x107"
A=0.114 v
2.14
A 1.054x107** 2
Ap=— =" —1.054%10°
Ax 1072
kg-m/s
2.12 N s Ap < AP _1.054x107"
Ap = L 1.054x1077 r m 1500
Ax 10°¢ AL =7x107°m/s
=1.054x10">%kg-m/s
2.13

(a) (i) ApAx=nh
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2.15
(@) AEAt="h

1.054%x107*

=8.23x107"°
(0.8)(1.6x107"°)

At =

S

A 1.054x107*

b) Ap=—=
() Ap Ax 1.5x107'°

=7.03x10*° kg-m/s

2.16
(@) If ¥, (x,7) and W, (x,7) are
solutions to
Schrodinger's wave equation, then

—h? 9’ (x,1) oW, (x,.
: — +V(x)¥P, (x,t) = jR——=
2m ox’ [+ )= ot
and
—h? 9%, (x,1) v, (x,
. +V x|, |x,t) = jh
2m ox’ ¥, xt) = J ot
Adding the two equations, we obtain
2
. azqug+w(xm

AR EAEIES AEWi]

— [, (1) + s ()]

which is Schrodinger's wave equation. So
Y, (x, t) +¥, (x, t) is also a solution.
) If W, (x,7)-W,(x,7) were a solution

to
Schrodinger's wave equation, then we
could write

—#?
2m 8 2

[lP ¥ ]+V( )[‘Pl'lpz]
., 0
= Jhg[‘yl "Pz]
which can be written as

'Y
ox?

—h?

2+,
2m

¥,

0¥, 28‘{'1_81112
ox* ox  ox

oY oY
Vix)|¥, -9, |=jal ¥, —+¥, —-
(x)[l 2] ]{1 Y 2at}
Dividing by ¥, - ¥, , we find
- 1 0°Y%, 1 a ‘P 2 Jd¥, 0¥,
2m | ¥, ox’ ‘P ox’ ‘I"P ox Odx
0¥, oY,
wvlx) = — 2y L
¥, ot ‘P ot
Since W, is a solution, then
— K’ 0’¥ v,
R R L
2m ¥, ox’ Y, ot
Subtracting these last two equations, we have
—r*| 1 0°%P, 2 Y, d¥,
2m |¥, ox* WY,\¥, ox ox
¥
= ]hL 2
Y, ot
Since W, is also a solution, we have
-k’ 8 v, ¥
L2 )= e 2
2m ‘I‘ ox’ ¥, ot
Subtracting these last two equations, we obtain
—hK? ¥, ¥

2m WY,\¥Y, Jdx dx
This equation is not necessarily valid, which
means that ‘W '¥,, is, in general, not a

solution
to Schrodinger's wave equation.

IAZ cosz[?)g’x=
e
AzE_(;ﬂzl

1
so A =—

2.17

+3
=1

-1

]
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1
or |A| =ﬁ
2.18
+1/2
IAZ cosz(nmc)dx =1
—-1/2
1 +1/2
P EN sin(2n7x) _1
2 4dnr -1/2
PR JLU B | S pE
4 4
or |Al=+2
2.19

Nmmmufqﬁq”dx=1
[0)

Function has been normalized.
(a) Now

which yields
P =0.393

(b)

]

or

f):(__n{expp_ly_exp(:élJ}

which yields
P =0.239

(©

—1)[exp(-2) - 1]
which ylelds

P =0.865

2.20

P:j\w

o fee)

2
‘dx

al4
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or P=0.0908

+al/?2 2 P
(c) P= j —jcos2 —)dx
—al?2 a a

. [ 4mx
sinf —— | ||«/2
_[_ x__\a
a |2 27
a
(2 3_51n(27r)_ a +51n(7r)
afa (sz) \8) (8z
a a
or P=0.25
+al/2
(c) P= —Jsinz(z—)dx
—al2 a a
i . [ 4mx
sin| —— +al/2
_[2 X a
al?2 2r
i a
(2 g_sm(27t)_ —a sin(—2x)
e f4 (87 4 8z
a a
or P=
2.22
o 8x10" .
@ (Hov,=—= =10"m/s
) Pk 8x108
or vp=106cm/s
A=2F - 2% 7854%10°m
k  8x10°

or A =78544
(ii) p = mv =(9.11x107" [10*)
=9.11x10"27 kg-m/s

E=Lmv =Lio.11x10f10*)?
2 2

=4.555%10"31J

23
or E=22200 7 5 85107
1.6x107"
eV
13
b (v, = L= e

k  —1.5x10°
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or U, =—10°cm/s
2 2
:2_71’-:2—71-:4_19)(10—9 k=—7t=—7t = =4.32x10%m
|k| 1.5%10° A 1.454x10
—1

) | I5x10%)

0 w=kv=4.32x10%)5x10*
or 1 =4194

(i) p=-9.11x10">" kg-m/s
E =2.85%x10"eV

2.23
(@) W(x,t) = Ae /F+er)

() E=(0.025)1.6x107" =%m1)2

1
2
s0 [v]|=9.37x10"m/s=9.37x10°
cm/s
For electron traveling in —X direction,

L =-9.37x%x10° cm/s

(9.11x107" o2

p=mv=[9.11x107")[-9.37x10%)
= —8.537x1072° kg-m/s

4o _6.625x107

=" =7.76x10"°
|p|  8.537x107%° ~

27 27

k="—=—"——-=8.097%x10"m
A 7.76x10°

w=k-[v|=(8.097x10%)(9.37x10*)
or @w=7.586x10" rad/s

2.24
@ p=mv=[9.11x10"")[5x10*)
= 4.555%10>° kg-m/s
h_ 6.625x107

_ _ -8
T p 4555x10°2 145410

=2.16x10"rad/s
b p=(9.11x1072")(10°)
=9.11x1072 kg-m/s
6.625x107*
A=t

—=7.27x107"
9.11x107%
m
_ 2T 864x10°m
7.272%107"°

®=(8.64x10°)(10°) =8.64x10"
rad/s

225
B2nla? n2(1.054x107)* 72
E = =
2ma®  2[9.11x107"|[75%107 )
E, =n2(1.0698x1072') 1

or

r o n2(1.0698x107' |
1.6x107"

or E, =n*(6.686x107)ev

E, =6.69x10eV
E, =2.67x107eV
E, =6.02x107%eV

2.26
(@)

p _rniEt _ n21.054x107) 7

n

2ma®  2(9.11x107J[10x107° )’
=n2(6.018><10720)‘]
or

2 -20
E =" (6'018X_12 )=n2(0.3761) e
1.6x10
Vv

Then
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E, =0.376¢V
E, =1.504¢v
E, =3.385¢v

hc
b) A=—
(b) z

AE =(3.385-1.504)(1.6x10"
=3.01x107"°]J

4 6.625x107*|3x10%)

3.01x107"

=6.604%10"m
or A=660.4nm

2.27
hZ 27.[2
@ £, 22
2ma
15x10- — n?(1.054x107) 72

2(15%107)[1.2x1072 )7
15x107 = n2(2.538x1072)

or n=7.688x10%
(b) En+l = 15mJ
(c) No

2.28
Foraneutronand n=1":

p _mat _ [1054x107) x2
Y oma? 2(1.66X10727)(10714)2

=3.3025%x107"31J

or

-13
E = 3:3025x10 7 _ 5 65106 ev

1.6x107"

For an electron in the same potential well:
(1.054x107*)* x>

E =
Y2(0.11x1071074)?
=6.0177x107"°7

or

0177x107"°
g, = S077TX10 7 _ 5 2610 ev

1.6x107"

2.29

Schrodinger's time-independent wave
equation

*w(x) 2m

= o (E-Vixlx) =0
We know that

l//(X)ZO for xZ% and xS_—a

We have

V(x)=0 for 1<x<ﬂ
2 2

so in this region
2
ox? K’
The solution is of the form
l//(x) = A cos kx+ Bsin kx
where

2mE
k= 7’;’2
Boundary conditions:
—a +a
wix)=0at x=—", x=""-
2 2

First mode solution:
v, (x) = 4, cos k,x
where

222

T T°h

ky=—=EFE =
a

2ma*
Second mode solution:

l//z(x) =B, sink,x
where

2 A’ h?
kzz—ﬂ:EQ: i
a

2ma’
Third mode solution:

w,(x) = 4, coskyx
where

252
k, :3—7T:>E3 :97r h2
a 2ma

Fourth mode solution:

v,(x) =B, sink,x
where

4 1672k
k4:—7r:>E4: 67 7
a

2
2ma

Chapter 2
Problem Solutions
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2.30
The 3-D time-independent wave equation in

cartesian coordinates for ¥ (x, Y.z ) =0 is:

Pylx.rz) Dwlerz)  9wlxr.c)
ox’ ay° oz’

2mE
+ ;:2 !ﬁ’(;x: Y, 23) =0

Use separation of variables, so let

wix, v, z) = X(x)Y(y)Z(z)
Substituting into the wave equation, we
obtain

2 2 2
YZa X+XZa Y+XYa z
ox? ay2 0z°
2
+2ME vy o
hz
2mE
Dividingby XYZ and letting k> = ;’; ,
we
find
(1)
2 2 2
1LPX 1Y 12,
X ox* Y o Z oz’
We may set
1 0°X ¢
19 . =—kf:>a —+kX =0
X ox ' ox

Solution is of the form
X(x)=4 sin(kxx) +B cos(kxx)
Boundary conditions: X (0)=0=B=0

n.rw
and X(x:a)=0:kx= -
a
where n, =1,2,3....
Similarly, let
1 9°Y 1 9°Z
— =—k? and —- =—k’
Y oy ’ Z 9z°
Applying the boundary conditions, we find
n,w
k, = ; ,n, =1,2,3....

n.mw
k.= ,

a
From Equation (1) above, we have
—k? —kj —kZ2+k>=0

n,=1,2,3...

or
2mE

hz

ki k) +k:=k*=

so that
2.2

E—>E =

nynyn,

2 2 2
n,+n, +n
y z

2ma

2.31
(a)
O’ylx.y)  o'ylx.y)  2mE
ox’ y? K’
Solution is of the form:
l//(x, y) =Asink x-sink y
We find
Iy (x, y)

————=~=Ak cosk_x-sink
ax X X yy

9°y(x, y)
ox?

ylxy)=0

_ 2 . .
=—Ak; sink x-sink y

oy(x, y)
9y
2’y(x,y)
oy’
Substituting into the original equation, we
find:

= Ak, sink x-cosk,y

_ 2 . .
=—Ak, sink x-sink y

2mE
() —k; -kl + =0

hZ

From the boundary conditions,

Asink _a =0 where a=40§1

T
So k=" n=1,2,3,...
a

Also Asink b =0 where p, — 20 ;1

n.mw
So k, = Z o, =1,2,3,...

Substituting into Eq. (1) above

2.2
g nir’ M
ity T o a> b2

(b)Energy is quantized - similar to 1-D result.
There can be more than one quantum state
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per given energy - different than 1-D result.

2.32
(a) Derivation of energy levels exactly the
same as in the text

2 2

(b) AE=§izihz—nﬂ

ma
For n, =2,n, =1
Then
3nim?
AE = 5
2ma

(i) For , — 4 4
3(1.054x107)* 72

AE = .
2(1.67%1077" |[4x107°)
=6.155%x107%*17
or
—22
AE = —6'155X10w —3.85x107% eV
1.6x10"

(ii) For a = 0.5 cm

3(1.054 x 10 )’ 2

2(1.67 x 1077 J(0.5 x 1072 )
=3.939x1073°J

AE =

or

—-36
AE =2239X10 7 5 16107V oV

1.6x107"
2.33
(a) ForregionlIl, x >0
azl//z(x) 2

—ax2 +h_T(E_V0)V/2(x) =0

General form of the solution is

Wz(x) =4, eXp(jkzx) +B, exp(_jkzx)

where

2m
ky = h_Z(E - Vo)
Term with B, represents incident wave and
term with A, represents reflected wave.
RegionI, x <0
o0%w,(x) 2mE
1
2 + 2 WI (x) = 0
ox h

General form of the solution is

V/l(x) =4, exp(jklx) + B, eXp(_jklx)

where

2mE
k, = [ 2

Term involving B, represents the

transmitted wave and the term involving A,

represents reflected wave: but if a particle is
transmitted into region I, it will not be

reflected so that 4, =0,
Then

Wl(x) =B, exp(—jklx)

l//z(x) =4, exp(jkzx) +B, eXp(_jkzx)
(b)
Boundary conditions:
1) ¥ [x=0)=y,(x=0)
0 d
o Wi v
Ox |x=0  Ox
Applying the boundary conditions to the
solutions, we find
B, =4, +B,
kyA, —k,B, =—k,B,

x=0

Combining these two equations, we find

A —[k2 —ky J-B
2 k 2
2 +k

( 2k, J
B, = ‘B,
k, +k,

The reflection coefficient is

* 2
Rl _(kah,
BZB2 k2+k1

The transmission coefficient is
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4k k,

T=1-R=T= -
(k, +k,)

J2(9.11x107")3.5-2.8)(1.6 %107

1.054x10>*
k, =4.286x10° m ~!

(@ For xy=5 4=5x10"'"m
P= exp(—2k2 x)

= exp|—2(4.2859%10°)(5x107"° ]
=0.0138

(b) For x =15 4=15x10""°m

P =exp|—2(4.2859x10°)[15x107)]
=2.61x10"°

(c) For x — 40 4 = 40x10~1°m

P = exp|—2(4.2859%10° )[40x10 "]
=1.29%x107"

T= 16(V£II_V£J6XP(_2k2a)

2m(V, - E)
h2

where k , =

J2(9.11x107")(1.0—-0.1)(1.6 107"

1.054%x1073*

or k, =4.860x10°m !
(@) For g =4x107""m

7 =16 E
1.0

=0.0295
(b) For ¢ =12x10 " m

T = 16(E

1.0

Il - ?—'; )exp[— 2(4.85976x10° )(4x107°)|

Il - % )exp[— 2(4.85976x10°)(12x107°

=1.24%10"°
(c) J=N,ev ,where IV, is the density of
transmitted electrons.

E=0.1

eV=1.6x10"2°1J

L =L o.11x107 o2
2 2

= v =1.874x10°m/s
=1.874x10"7 cm/s

1.2x107 = N, (1.6x107")(1.874x10’

N, =4.002x10% electrons/cm 3
Density of incident electrons,

_ 4.002x10°

=1.357x10" cm

! 0.0295

2.36

E E

(a) For m =(0.067)m,

- me(VOZ—E)
A

_ {2(0.067)(9.1 1x107')(0.8—0.2)(1.6x107" )}”2

or

or

(1.054%107)°

k, =1.027x10° m !
Then

7=16 02 I—E
0.8 0.8

xexp|—2(1.027x10° (15x107°)]

7 =0.138
(b) For m =(1.08)m,
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k,=

2(1.08)(9.11x107*')(0.8 —0.2)(1.6x 107"
(1.054x1073)?

or
k, =4.124x10° m —!
Then

ro1g( 92,202
0.8 0.8

xexp|—2(4.124x10°)[15x107°)]
or
T =127%x107°

2.37

E E
T= 16[V—II—V—0Jexp(—2k2a)

2m(V, - E)
hZ

where k , =

2(1.67x10727 (12 —1)x10° x(1.6x10™"
_ V2
1.054x107>*

=7.274%10" m !
(@)

T = 16(L11 L ]exp[— 2(7.274%10'" (1

12 12
=1.222 exp[—14.548]

=5.875%1077
(b)
7 =(10)(5.875x1077)

=1.222 exp|—2(7.274%10" )a]

27.274><1014)a=1n( 1.222 j

5.875x107°
or a=0.842x10""*m

2.38
Region I (x<0), V =
Region II (0 <x< a)
Region Il (x>a), V' =0
(a) RegionI:

-

l//l(x) =4, exp(jklx) +B, exp(—jklx)
(incident) (reflected)

where
2mE
k, = P
Region II:

Wz(x) =4, eXp(kzx)+Bz eXp(_kzx)

where
2m(V, —E)
ky=\——7—
h
Region III:

l/’3(x) = 4, exp(jklx) + B, eXp(_jklx)
(b)
In Region 111, the B5 term represents a

reflected wave. However, once a particle
is transmitted into Region III, there will

not be a reflected wave so that B, =0 .
(c) Boundary conditions:
Atx=0:Vy, =y, =
A +B =4,+B,

v, _dy,

dx dx

Jk\A, — jk,B, =k, A, —k,B,
ALX=a:y, =y, =

A, explk,a)+ B, exp|—k,a)

=4, eXp(jkla)
v, _dy;

dx dx

k4, explk,a)—k, B, expl-k,a)
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= Jjk, A4, exp(jk1a)
The transmission coefficient is defined as
A
AI Al*
so from the boundary conditions, we want
to solve for A5 interms of A, .
Solving
for A, interms of A5, we find

_ +j4;

Al
4k k,

=2 jkik [expl k) + expl~kyall

xexpl jk,a)
We then find
. A, A
4,4, =m{(k22 _k12 )[exp(kza)

—exp(—k,a)]’

+4k k3 [exp(kza) +exp|- kza)]zl

We have
2m(V, - E)

hZ

If we assume that V', >> E | then k,a
will

be large so that

exp(k2 a) >> exp(— k, a)

We can then write

k, =

A = ﬁ{w _ i fexpliaall?
+ 4Kk explkyal|)

which becomes

{6 &7 Jexpli,a) —expl— k.

A A
A A =323k + k| expl2k,a)
1“7 (4k1k2)2(2 1) 2
Substituting the expressions for A; and
k5 , we find
2mV,
K24k = ’:20
and
272 2m(V0 —E) [ 2mE
kik; . o

Then

A A = -
o[ 27 v, [1-£ |g)
K’ v,
_ 4,4
E E
16[V0 II—VOJexp(—Zkza)
Finally,
A A,
=23 -16 £ - E exp(— 2k, a)
AlAl VO VO
2.39
RegionI: V' =0
°w,(x) 2mE
il )+ 2w (x)=0=
2 2 1
ox h

l//l(x) =4, exp(jklx) + B, exp(—jklx)
incident reflected
where
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k, = /2;nZE
RegionIl: V' =V,

Pyl 2nlE-1]
ox? K’

lllz(x):():}

v, (x) =4, eXp(jkzx) + B, exp(— Jjk, x)
transmitted reflected
where

h

Region III: V' =V,
0yy(x) 2mE-V,)

axz hZ l//3 (x) = 0 =
t//3(x) =4, exp(jk3x)
transmitted

where

- /2m(E2—V2)
A

There is no reflected wave in Region III.
The transmission coefficient is defined as:

P Ak A

v AA kA4

From the boundary conditions, solve for A5

in terms of A4, . The boundary conditions
are:

Atx=0: V¥, =y, =

A, +B, =4,+B,

W Vs
ox ox

kA, —k B =k, A, —k,B,
At X=da: vy, =y,=

4, exp(jkza)+Bz exp(_jkza)

= A, exp(jk3a)

v, _ oy, -
ox ox

k,A, exp(jkza) —k,B, exp(_jkza)

=k; A, exp(jk3a)
But ky,a =2nw =
eXp(jkza) = exp(_jkza) =1
Then, eliminating 5B, , A, , B, from the

boundary condition equations, we find

k,  4k/ Ak,

kl (kl +k3)2 (kl +k3)2

2.40
(a) Region I: Since V', > E | we can write

azl/ll(x) _ 2m(V0 _E)

By 7’ Wl(x) =0
RegionIl: V' =0, so0
0*w,(x] 2mE
:i:z( )+ hz WZ(X):O

Region III: V = o=y, =0
The general solutions can be written,
keeping in mind that ¥/, must remain
finite for x <0, as

Vi (x) = B, exp(klx)

v, (x) = 4, sin(k,x) + B, cos|k, x)

YV, (x) =0
where
i = 2m(V, —E) i
hZ
2mE
k,= [ PE
(b) Boundary conditions

At x=0: vy, =y, = B, =B,

0 0
;’;I - ;)/;2 — kB, =k, 4,

At X=4:Vy,=yY;=

A, sin(k,a)+ B, cos|k,a) =0
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or
B, =—A4, tan(k,a
(©)

k
kB, =k,A, = 4, :(k_l]ﬁl
2

and since B, = B, , then

From B, =—4, tan(k2 Cl) , We can write

k
B, = —(t]ﬁz tan(k,a)
1= —[ﬁ}an(kza)
k,

This equation can be written as

Vo —E 2mE
1=— -tan -a
E h?
f E /ZmE
=—tan| ,|—-a
Vo —E [ R’

This last equation is valid only for specific
values of the total energy F . The energy
levels are quantized.

or

or

241

—(9.11x107!|[1.6x107"° )

" [ax(3.85x102 " 2[1.054x10 )
or

—13.58
E, = (eV)

2
n

n=1=E, =—13.58 ¢V
n=2=E, =-3395cV
n=3= E, =—15lev

n=4=E, =—0.849 ¢v

2.42
We have
3/2
v () =
100 \/; a, P a,
and

P= 47{”21//100‘//1*00

3
:47rr2-l~[iJ exp(_zr]
T \a, a,
or
P:i3-1f2 exp z2r
(ao) aO

To find the maximum probability

dP(r)
dr

=0

+2r exp( —2r j}
aD

which gives
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—r
O=—+I1=r=aqa,

3/2
a, 1 1 —r
X| —= || — exp| — |=0
or ¥ =a, is the radius that gives the greatest Jr |\ a, a,
probability. where
|

2.43 ﬂ
W00 is independent of @ and @ , so the E [ |

wave e .
equation in spherical coordinates reduces to ) )

1 (. ay), 2m, kIl
e (o o I I L0
where Then the above equation becomes
_e2 _h2

3/2 )
For J; a, a, r2a0 a,
1

—_—

3/2
S0 | = exp| —
5/2 T a, a,
e LT _-1 #2 exp -r
ar T | a, a, -2 1 -1 2
. X{—4+—+| —+— |} =0
We then obtain 2 2

a,r a, a, a,r
5/2
9 72 Wi _iL which gives 0 = 0 and shows that ¥, is
or or \/; a, indeed a solution to the wave equation.
-7 r’ -7
X| 2rexp| — |~| — |exp| — 244
a, a, a, All elements are from the Group I column of

the periodic table. All have one valence

Substituting into the wave equation, we have clectron in the outer shell.




