Chapter 1

The Wave Function

Problem 1.1
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(%) = %ijN(j) = 1714 [(14%) + (15%) + 3(167) + 2(22%) + 2(24%) + 5(25%)]
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(5% — (j)% = 459.571 — 441 = 18.571.
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24 1 24-21=3
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49+36+75+2+18+80)=ﬂ:

[Agrees with (b).]

6434
= 14(196 + 225 4 768 + 968 + 1152 4 3125) = BV 459.571.
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Problem 1.2
(a)
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(b)
P=1 /z+ida~—1 L(Q\/%) - =1 i(,ﬁr VZZ)
Joo 2Vhx 2vh T, N7
zy = () + 0 = 0.3333h + 0.2981h = 0.6315h; x_ = (z) — 0 = 0.3333h — 0.2981h = 0.0352h.
P =1-+/0.6315+ v/0.0352 = | 0.393.
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(c)

Problem 1.4

(a)
|A|2/“ 2 |A)? /l’ ) of 1 (a2\]" 1 (b—12)\|"
1= _ —Aprd = (T _
a2'0$dx+(b_a)2'a(b x)dx = |A| Z\3 0+(b—a)2 3 .
b—a b 3
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(e)
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Problem 1.5
(a)
2 2 [T —one o (PN AP
1= [ |U]2dz = 2|A] e 2\ dy = 2| Al = A=V
o “oa )|, T
(b)
(z) = /w|\11|2d3: = |A|2/ ze Ml dy = [Odd integrand.]
(%) = 2|A|2/Oo pe gy — oy | 2| 2| L
A 2N T2
(c)
2_ 2y a2 L _ 1 2 A12=220 _ y\ —2M/VEA _ \ .3 _
o’ = (%) — (x)* = e’ o= T |W(+o0)|* = |A]%e = e = Xe = 0.2431\.

Probability outside:

&S] ) ) 6—2)\1?
2/ |W|2de = 2|A|2/ ey = 2\ ( o >

=72 —| V2 = (.2431.

o

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 x. It’s true that

9 O g D D g

but this does not allow us to perform the integration:
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Problem 1.7
From Eq. 1.33, % = —ihf gt (\Il* dq’) dz. But, noting that 2 81& = étax and using Eqgs. 1.23-1.24:
d ov oU* O o [0V ih 020* i ov 0 [ih 02U
-~ * 7= — = * o o * * 2 | vV
at(‘I’ az) ot 8{17—1—\1]87'((%) { om 02 hV‘I’]a v 8T[2m8m2 B
ih [ 0% 9PUr U] i LoV , 0
m [W T af] [V‘I’ o ¥ %(V‘I’)}

The first term integrates to zero, using integration by parts twice, and the second term can be simplified to
VgL gy I — Vg = —|[29L. So
T T T T °

dp) (i [ o2V, _, OV
W_—m<h>/ || axdx—< (,)x). QED

Problem 1.8
Suppose ¥ satisfies the Schrodinger equation without Vy: ih%—f = _2%8752 + VW¥. We want to find the solution
Wy with Vy: ih%%e — — 2 8% L (v 1 V).

Claim: Uy = Ue~iVot/h,
Proof ih"g") _ zha‘I’ —zvot/h+mq,( zvo) —iVot/h _ [_%g;\g n V\Il] e=iVot/h 4 Vo ge—iVot/h
2
— IO (V4 Vo). 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 wh 2am 1/4
1:2142 —2amaz?/h —2A2 o A2 At A== )
4] /0 ¢ da = 2| 4] (2am/ﬁ) = 14] 2am’ 7h

(b)
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ot = 'Y G R 022 B ( “’ax) P ( B )
Plug these into the Schrodinger equation, ih%; = —% %Z'f + VU

. . R2 2am 2ama?
\I/ = lh(—la)\ll + % <_T> <]. — h > \Ij

2
= [ha — ha (1 — 2(17;:6 )J U = 2a*ma?V,  so ’ V(z) = 2ma2a2?.




