CHAPTER 1. THE WAVE FUNCTION

Chapter 1

The Wave Function

Problem 1.1
(a)

()?=21% =
(4% = % ijN(j) = ﬁ [(147) + (15%) 4 3(16%) + 2(22°) + 2(24%) + 5(25%)]

1 6434
= ﬁ(196 + 225 4 768 + 968 + 1152 + 3125) = ST 459.571.

Jj|Aji=3j—{)
14 [ 14—21=—7
15 | 15—21 = —6
(b) 16 | 16 —21 = —5
22 [22-21=1
24 | 24-21=3
25 | 25—21 =4

o? = % > (A))N(j) = 1—14 [(=7)*+ (=6)>+ (=5)* -3+ (1)? -2+ (3)*- 2+ (4)* - 5]

1 260
= ﬂ(49+36+75+2+18—|—80): = 18.571.

o =+V18.571 =|4.309.
(c)

(53 — (j)? = 459.571 — 441 = 18.571.  [Agrees with (b).]
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Problem 1.2
()

2
4 2h
=—h* = o=|-—==02981h.
) 45 3v5

(b)

S| 1 o 1

2o = (x) 4+ 0 = 0.3333h + 0.2981h = 0.6315h; z_ = (z) — 0 = 0.3333h — 0.2981h = 0.0352h.

P =1-0.6315+ v0.0352 = | 0.393.

Problem 1.3
()

o0
1= / Ae M@= qp Tetu=a— a, du=dzx, u: —00 — 00.

1:A/ e—WduzA\/E ~ola= 2
oo A ™

(x) = A/ ze M=) gy — A/ (u+ a)e_M‘Qdu

= A [/_ ue™ % du, + a/_ e_)‘“zdu] =A (0 + a\/g) =
(z?) = A/:>o g2e~Me=a) gy

=A {/ e dy + 2a/

_ 1 /n o [T | 2 1

A o] o

(b)

o o0

ue % du + a2 /

— 00

2
e—)\u du}

[\

>

[N]

>
g~
>

(©2005 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the
publisher.



CHAPTER 1. THE WAVE FUNCTION )

(c)

p(x)

Problem 1.4

(a)
1= %AH%%%K@—@?M: |A|2{% <%3> Z+ (b_la)Q (—(bgm)?)) b}
o R e T
(b) w
A
a b X

(0) At

(d)

o [wtu 0 [y [ 53
(e)

(x) = '/:c|\11|2da: = |A|2{% /Oa a3dx + ﬁ ./abx(b - x)2dx}

3 (1 4\ |@ 1 2 3 4\ |b
:E{E (%) +—(b2x——2bx—+x—)

o (b—a) 2 3 4
= e (o= )+ 25— 883 b - 20%92 4803 o]
3 vt 2 1 50T
—— " a2 = ——— (b —3a%b+24°) = '
4b(b — a)? (3 azb”+ za > 10—V —8eh+2a7) -
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Problem 1.5
()

T AP
o A

[e's) 6—2/\17
1= / |U2da = 2|A|2/ e 2 dy = 2| A ( )
0 —2)\

(b)
(x) = / x| V|2 dz = |A|2/ ze~Meldy = [Odd integrand.]

—0o0

(%) |A] | x‘e dx = 2\ E 2

(c)

o? = (2% — (2)? = — c=— | |U(xo)]? =|APe P = Ne VI = \emVZ = 0.24310.

Probability outside:

00 00 e—2A\z Rl
2/ |W|2dx = 2|A|2/ e~y = 2 < )‘ = e = | V2 = 02431
(e o o

—2)

Problem 1.6

For integration by parts, the differentiation has to be with respect to the integration variable — in this case the
differentiation is with respect to ¢, but the integration variable is z. It’s true that

0

Ox 0 0
2y _ 2 2 _ 2

but this does not allow us to perform the integration:

b b
0 o, 0 9 o (b
[ agivide= [ Salvpyis £ lup);.
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Problem 1.7
From Eq. 1.33, % =—ih [ % (\Il*%—i’) dx. But, noting that v ata and using Eqgs. 1.23-1.24:

oxot
o (. ,oU\ oUrov .9 [0V ih 20 i 10T 9 [ih 2T g
a(‘y %)‘W%“I’a_w(E)_[_% 922 ﬁ”’]a +W%[%W‘ﬁw
ih [ 3T 92T oW i O D
Z%{‘P@‘aggz 6:13}4— {V‘I’ T ‘P%(V‘D]

The first term integrates to zero, using integration by parts twice, and the second term can be simplified to
Vg gy I gy = —|@[29Y S0

Problem 1.8
Suppose ¥ satisfies the Schrodinger equation without Vy: ih%—‘f = thl %2;‘3 +VW. We want to find the solution
Wy with Vo: ih%%e = — 2 0% | (V 4 V)W,
Claim: Uy = Ve~ Vot/h,
PT’OOfI ihdg() _ hé)\I/ —z%t/h_'_Zh\I,( zVo) —iVot/h [_%gi\g —I—V\II} e—iVOt/h +‘/()\I,e—i\/()t/h
= 2% L (V4 V)T,  QED

This has no effect on the expectation value of a dynamical variable, since the extra phase factor, being inde-
pendent of z, cancels out in Eq. 1.36.

Problem 1.9

(a)
1/4
= 2|A|2/ —2am12/ﬁd _ 2|A|21 |A|2 7h . 2am .
o (2a n/ﬁ) 2am mh

(b)

ov ov 2amzx 0?v 2am ov ~ 2am 2ama?

at ~ Y B R 022 h < +x3x) 7 < h >

Plug these into the Schrédinger equation, ih%F = — 2 312 + VU

K2 2am 2amx?

2 2
= [ha, — ha (1 — m;x )] U = 2a°ma?¥, so ‘V(x) = 2ma’a?.
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