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Chapter 2

Time-Independent Schrédinger
Equation

Problem 2.1
(a)
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The second term: is independent of ¢, 50 if the product is to be 1 for all time, the first torm (27877 must
alsu be constant, and hence I' = 0. QED

If ¢ satisfles Fg. 2.5, —%’3—;‘;’ + Vi = Evy then (taking the complex conjugate and noting that V¥ and
E are reall: w%% + V7 = E%®, g0 o also satisfies Eq. 2.5, Now, if ¢ and s satisfy Eeq. 2.5, o

too does any linear combination of thern ¥ = a1y + cotin):
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k2 d%yy 1 [ h* duy
= T T it 4 —— 2L 1
. i 2m dx? e 1J Foz |. 2m dx? ’ 2}

=l + ea(En) = Eoyty + cotia) = Fys.
Thug, (v + %) and (8 — &%) - both of which are reaf — satisfv Eq. 2.5, Conclusion: From any complex
solution, we can always construct two real solutions {of course, if 40 is already real, the second one will be
zero). In particular, sinee 1 = Hlh+ oy — iy — ¥, 1 can be expressed as a linsar combination of
two real solutions.  QED

(¢} If () satisfies Eq. 2.5, then, changing varlables z — —g and noting that &7 /8~ .c)? = 32 /622,

B e —g)

2m dir?
s i V(—r) = V(z) then ¢{—x) elso satisfes Eq. 2.5. Tt follows that 04 (T) o) 4 {—r) (whicl is
corms g {-a) = @, (o)) and o (1) = ) - wi{—x) {which Is odd: w_{ -2} = -y {r}i hoth satisfy Eqg.

+ Vi—rhpl-2) = E@{—=);
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2.5, But () = %(c;‘urr:a:} + ¥ tr]). su any solution can be expressed as a linear combination of even and
odd solutions.  QED

Problem 2.2

Given %‘? = i—”lﬂ(l) =L B < Vi, then 7 and @ always have the same sign: If ¢ is positive(negative),
then ¥ is also positive(uegative). This means that, always curves away from the axis {see Figure). However,
it has got to go to zero as z — o0 {eise it would not be normalizable). At some point it's 2ot to deport from
zero (if it doesn’d, it's going to be identically zero everywhere), in {say] the positive direction. At this point its
slope is positive, and increasing, so ¢ gets bigger and bigger as 7 increases. It can't ever “turn over” and head
back toward the axis, because that would reguuire a negative second derivative—it always has to hend away
from the axis. By the same token, if it starts out heading negative, it just runs more and wore negative, In
nejther case is there any way for it to come back to zero, as it must {ar £ — oo} in order to be normalizable,

QED

yf
—>
/_——“—_—‘\\ x
Problem 2.3
Equation 2.20 says 5% = ~ 238 y; Fq. 2.23 says #(0) = wia) = 0. If E = 0, ¢ /ds? = 0. s Ulel = A+ By
P =A=0=9=8r ¢a)=Ba=0=B=0,s0 =0 If £<0 ¢?y/dr? = %y, with & —2mEih
real, 50 W) = Ae™ 4+ Be ™. This time 0) = A+ B =0=8B=—4 50y = A" _ ¢ =), while

wa) =A™ —e™) = (0= aither 4 =0, 50 " = 0, or else 677 = &5, s g2 — Loso 260 = (1) = 0,
g0 & = 0, and again ¥ = 0. In all cages. then, the boundary conditions force ¢ = 0, which is unacceptahle
{nen-normalizable).

Problem 2.4
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: 0 [ nar
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2a [n%”) cosZnr 1 a] -
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Problem 2.5 ;
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b= e D2 sty = G- P etaut |
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Amplitude: ':TQ (%] = 0.3603((:/2?| angular frequency:

(d)

i ) dixh a 3z . 8h .

§ i =m—t =m (-2—) (g(—}?) (—3w) sin(3wi) = T sin{3wt).

i {e) You could get either l By = 7212 foma® ’or lEg = szhzf’maz,] with equal probability
) . 1, s ,

: So (H} = &+ B = TmaZ | it's the average of By and Ej.

Problem 2.6

9 From Problem 2.3, we see that

Tix.t) :{ Jpe” % [sin (Zx) +sin (Zy) e“Si“Le‘:f’ﬂ

[Tz ) = Ii[sinz {(Zx) + sin® (7Y + 25sin (Zw) sin {Z22) cos(duwt — d))]—;l
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and bendo § () = § {1 - 2% cos(

et — ol]—l ‘This amounts physicably to stucting the clock st a different time
{bar., wlilfiluig Ei: £ = 9 point}, —

Hp o e 80 W{x, 0} = Ajy (x) + ivole)), then cosi3ut — Gl = sin(3wty; () starts at :

. o , . . 32
IFd=m a0 W(.0) = djg) (r) — wzled, then cos(But — o) = ~ cos(3wr ) Ly starts at %(1 + 5%7)

Problem 2.7
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(d)
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Problem 2.8
(=)
0<x<a | L et . | Iy
! L =47 dr= Aa/) =) 4= /2
obherwise. m R | Ve

fo et T 27 @ LERY \“"Q 2 T 12
o = Av; £ sin (EJ") dr = z [: o8 (E.EJJ , =7 [cos (3) - cosh| = -
1 =lal® =112/4)7 = 0.4053,
Probiem 2.9
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{same as Example 2.3).
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