6-5. (a) ¥(x,1)=Asin(kx—or)

oF _ —a)Acos(k\c — a).f)
ot

iﬁ@ = —ihmAcos(kx — ot
ot

2
Zj =—k’Asin(kx - ot)

—n' 'Y  —hk’A
2m ox’ 2m

sin(kx — at) 2 in2E
ot

(b) ¥(x.t)=Acos(kx—at)+idsin(kx—at)
L . 2
zhgzzhamsm(kx—wt)—x haAcos (ke —ot)

= thcos{kr —a»‘)+.r.'}‘mAsin (h— ot)

2 2 212 2:72
f aa;f = h;’ Aoos(kx—m.f)Jrh;k Asin{}‘cx—mt]
m m m
Wk’ .
== [Acos(!or—wfﬁﬂsm(ﬁx—mr]]
242
= fﬁ% if ﬁzk = ho it does. (Equation 6-5 with F'=0)
m

6-9. (a) The ground state of an infinite well is E, = 1’ /8mL’* = (ﬁ;nc)2 /8mc’

(1240MeV- fin)’
For m =m,, L=0.1nm: E = 5 =0.021eV
8(938.3x10%¥)(0.1mm)
1240MeV's fin )’
(b) For m=m,, L =1fm: E = { ) =205MeV

8(938.3x10%¥ )(1fin)’

6-10. The ground state wave function is (7 = 1) y; (x) =+/2/ L sin(7x/ L) (Equation 6-32)
The probability of finding the particle in Ax is approximately:

P(x]Ax:Esin2 X px = 2% g2 [ X
L \L L L



6-16.

6-21.

2(0.002L |
(a) For x =§ and Ax = 0.002L, P(x)Ax = %sinl (%J = 0.004sin’ % =0.004

2(0.002L) _ ,(22L
(b) For x= % and P(x) Ax = ( - )sir? [ 23? J = 0.004sin’ 2?:-: ~0.0030

(c) For x=_L and P(x)Ax =0.004sin’ 7=0

The second excited state wave function is (n =3) w; (x)=+2/L 5in(37z'x,-’ I.)

(Equation 6-32). The probability of finding the particle in Ax is approximately:
P(x)Ax = 2 sin?[ 37X | Ax
L L

(a) For

2(0.002L
ngandﬂx:{].{}OZL,P(x]Ax: ( . )sinlfg):o.ommn?%ﬁ:0.004

(b) For x= % and P(x)Ax = 0.004sin’ {%J =0.004sin*27=0

(c) For x=_L and P(x)Ax = 0.004sin’ [%) =0.004sin*37 =0

w'n’ &
E, =2 and ﬁE,,:E“+1—EH:8nL2{n2+2n+1)
m ¥
W _he

or, AE, =(2n+1)

sml> A

12 2 M2

3(694.3nm)(1240eV «nm

so, L= [ﬁj = (&hf] = ( )( ) =0.795nm
8mc 8mc 8(0.5] 1x105er/)

(1240MeV- fin)’
8(0.511Me¥ )(10 fin)

(a) For an electron: E, = =3.76x10° MeV

2

(1240MeV- fin)’

(b) For a proton: E, =
" 8(938.3Mev)(10 fin)’

=2.05MeV

(c) AE, =3E, (SeeProblem 6-16)
For the electron: AE, =3F =1.13x 10* MeV

For the proton: AE,, =3E, =6.15MeV



6-25. Refer to MORE section “Graphical Solution of the Finite Square Well”. If there are only
two allowed energies within the well, the highest energy E, =¥, the depth of the well.

2mE,

From Figure 6-14, ka=x/2,1ie., ka= xa=rmf2

where a = 1;"2(1.0_}‘!’:’:) = 0.5 fin and m = 939.6MeV [ c* for the neutron.

Substituting above, squaring, and re-arranging, we have:

ol
T 2) 2(939.6Mev /¢ (0.5 fim)’

(rr]z (hcf _ (:«'rf {197.38V*}?IH)2

Vo
" 8(939.6MeV)(0.5mx10%mm fin)  8(939.6x10%7)(0.5x10nm)’

V, = 2.04x10%eV = 204MeV

6-29. (px)= Ir,gfg X [Ei)% s dx (Equation 6-48)
i Ox

h’]—( . 3:::{}[ 3:::{)[3::}
— || sihn— || cos—/—— || — |dx
i L L \L
3mx

Let T:__v Thenx=0—>y=0, x=L—>y=3x, and 3%6&:@1f—>dr=3£ay
T

Substituting above gives:

ir
<px) = %?% E)[Siﬂ _VCOS_}PQI'I,? X(%J

T

=—E_ J-sinycosya_‘v
Lig

_2h(sin’y
Li 2

Reconiliation: py is a vector pointing half the time in the +x direction, half in the —x

direction. Ej is a scalar proportional to v, hence always positive.



6-30. Forn=3,y,= 2/L " sin 3zx/L

L
@ (x)= jx 2/L sin® 3zx/L dx
0

Substituting # = 37x/L, thenx = Lu /37 and dx = L/37x du. The limits become:

x=0—>u=0andx=L —>u=37

3z

(x)= 2/L Ll3zx 1/3x jusinzudu
0

. 3
2L Li3x 2 ﬁ_uSIHZr;_COSZu
4 4 8 o

2/L 1/37 > 37 °14=LI2

L
®) ()= [x* 2/L sin® 37x/L dx
0
Changing the variable exactly as in (a) and noting that:

T 3 2
. 1 . cos2
wrsin?udu = 2 - 2 lsinou - “
6 4 B8 4

3 T

0 0

We obtain (x*) = 11 1p-o03sp
3 18
2 2
6-32. —h—d—f’é’+V x w x =Ey x  (Equation 6-18)
2m dx

1 (hd)hd
—| =¥ x =|E-V k
Zm(idx}(idx’}w . [ x]w .

ipoppopyf =[E—V X ]rp

Multiplying by i * and integrating over the range of x,
300 p2 -

w op _ * _
_lyf Ea;m’x = _;[W [E V x ]rydx

(£)-Q-7 < o () -(onlz-r <]



6-33.

6-34.

6-35.

For the infinite square well {x) = 0 wherever v x does not vanish and vice versa.

Thus, (V x >= 0 and (p2> =(2mE) = <2m 'l > = h forn=1

2mlI? I’

r I L
(x2>=?-§ (See Problem 6-30.) And (x):E
- I LZ j_'? 1/2 1 1 142
o =y(*") = (x) {3 _2,72_4} ) Lz_z 2} B

252
(Pi) = ELJ:I and (p) =0 (See Problem 6-32)

241 1/2
Op= <P2)-(p)2={2’? —O] =%h. And 6,0, = 0.181L 7h/L =0.568h

—mox® | 24 4

where 4, = ma [ hr N

Wo x = 4e

<x>= J.Agxe'm““lmdx Letting #° = mox’/h andx = h/meo o

-

2udu= mwlh 2xdx . Andthus, mo/h L udu = xdx;, limits are unchanged.
(x)= 45 himo J‘ue"“2 du =0 (Note that the symmetry of ¥{x) would also tell us that
(=0)

<x2> _ TAgxze—mm’ L

=4 himo " Iuge'"zdu =24; himo i Ilfze_uzdlf

—) =l

=24 himaw 2 Jrla= molhr " hima 3”&:"2:?:! 2me

2

P, lmaff = n+1/2 hw. For the ground state (n = 0),
2m 2
2 2 . 2 2 h p’ .
(x )= 5 ha/2—p~/2m and (x )= —— ——5— ) =h/2me (See Problem 6-34)
mao Mo Mo

2 2
LY D A SO o S B - =l—>(p2>=lmhm
mm mhm 2mm mhw 2 2



6-36. (a) ¥, xt = molhr U4 mox’12h -ictl2

2
h o N P h o
®) P, e (p ): _llru x,1 (F?&r) ¥, Xt dx

3‘}‘0 — Ao maox i 14 e—mmxzﬂhe—imfm

Ox

2
651}:" = AD[ —moxlh —mex!h —m(ufk}e‘"‘“"‘zme“'“”

x

(p*)=-1"4 molh ]0 mox® [h-1 e ™" dx

-

=—,5'12A,02 mmw ! h |:j maox | h e ™ gy je"“m}m‘dx]

=00

Letting u = mawx/h "2 x. then

(P2> =-W’4, molh moh . |:+Tuze'“2du - Te'"zdu}

=il =G0

= -ﬁzAg mw ! h 12 2{ que'"zdu— Ie'"lduj|
b

0

=12 molhr " meolh 1”2{%—%]

=1 mwlh 1/2 =mhwl2

6-37. y, x =Coe'm”zm (Equation 6-58)

(a) T‘WO X ‘2 dx=1= T|Cofe'"'wzmdx

—an) )
= |Cb|2 X2I, = ‘Cg‘z x ZX%JE with A =mm/h
X

2 | mh
=|Cl .

" 1/4
T
wh



2 T 2 2 T 2 [T ® i
= |x dx=|x",|—e dx
®) ()= [l = | o
mea me 1 |7 .
= |—x2I, = |—x2x—,|— with A=mm/h
V:rﬁ 2 drzh 44;13
L fmo 7w _1 0
2N za\ e’ 2me
1 A 1

(©) (V x>=<%mw2x2>=%ma}2(x) %ma) T Zh

mm —ma412 124

643. y, x =4y, x =4

From Equation 6-58.
Note that i, is an even function of x and i/, is an odd function of x.

+a0

It follows that jqfowldx =0

]

6-53. (a) The probability density for the ground state is P x =y’ x = 2/L sin’ zx/L.

The probability of finding the particle in the range 0 < x < L/2 is:

Li2 xi2

P= IP X d’{_g— ISII’I udu_— E—0 =l where = rx/L
a4 2

Li3 i3 .
b) P= jP X a’x-g— jsm wy = 27 _sin2z/3) 1 3o
T 4 3 4gx

(Note: 1/3 is the classical result.)

3L 21 [3;: sin3z/2
s

301
© P-= jp dr———jsmudu_ : Y ]:1 ~-=0.909

(Note: 3/4 is the classical result.)



