PHY 712 Quantum Mechanics
12-12:50 PM MWF Olin 103

Plan for Lecture 5:
Reading: Chapters #5 in Shankar;
quantum mechanical systems in 1-dim

1. Free particle
2. Particle bound in a box
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PHY 741 Quantum Mechanics
MWF 12 PM - 12:50 PM | [OPL 103 hittp-ilwww wiu.edul~natatleit7phy 741/

Course schedule
{Preliminary schedule — subject to frequent adjustment )
Date FAW Reading Topic Assignment Due
1 [Mon, B28/2017 |Chap. 1 Review of basic principles #1 WE2017
12 Wed, 8/30/2017 |Chap. 1 Linear vector spaces. #2 W27
3 Fri, W012017  [Chap 1 Linear veclar spaces #3 BIB2017
4 Mon, 904/2017 |Chap. 4 Principies of Quantum Machanics #4 WB2017
» & Wed, W062017 [Chap. § Examples in 1 dmension
B Fri, 9082017
T Mon, 8112017
8 ;

Wed, &
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Formal solution of the Schrédingder equation

d
if @ lw(0)>=Hly (1))
1

Solution in terms of eigenstates |E> of H:
H|E)=E|E)

lw()>=Y |E><Ely(t)>)=Y ar(t)|E)
E E

coefficients to
be determin‘ed
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Formal solution of the Schrédingder equation -- continued
() =2 a:(1)| E)
(iho/0t—H)|y(1)) =; (ihag— Eag)|E )
=0

Equation for each coefficient a,(¢):

. dag(t
lh#[():EaE(t)

> ag(t)=ag(0) e E/"

9/06/2017 PHY 741 Fall 2017 — Lecture 5




Formal solution of the Schrédingder equation -- continued

|‘//(t)> = ZaE(l‘)|E> = zaE(0)|E>e—iEz/h
)~ SNl

=U(0)|w(0))

Propagator:  U(t)= Y |E){E|e™"
E
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Example — particle free to move in one dimension
P’ L . .
H= I (Note: in this notation P is an operator
m

while p is used to denote its eigenvalue)

Suppose we analyze our system in terms of eigenvalues
of the operator P:

Plp)=r|p)

P2 p2

o\ =H|p)=L—

S|Py =H|p)=--|p)
Note that in this case,
of P and H.

p) is simultaneously an eigenvector
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Example — particle free to move in one dimension

Relationship between the eigenvalues p and E:

r _
(ﬂ E)|P> 0

p=+(2mE)"?

|E>=Blp=(2mE)"*) +y|p=—(2mE)"*)

coefficients
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Example — particle free to move in one dimension

Determination of the propagator for this case

Propagator:  U(t)= Y |E)(E|e™"
E
For this case:

U@ =Y p)(ple” ™
P

In order to evaluate this expression, we need to
have a functional form for the eigenstates |p>.
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Example — particle free to move in one dimension

P|p)=p|p)
In the coordinate representation:
_ih%\lﬁ =p|p)
IP)= 217rh "
Check normalization: (p|p") = zlﬁ Jm o
- i i "du=5(p-p')

Example — particle free to move in one dimension

Propagator:  U(t)= Y |E)(E|e™"
E

For this case:
U@ =Y p){ple” ™
)4

1 ipx/h 1
= fa Ily: =
|p> N27h ¢ ormaty <x|p> 27h
(d|u@]x) = (x| p)(p|x)e ™
P




Example — particle free to move in one dimension

<X|U(l‘)|xv> - z<x|p><p|xy>e—ipzt/(2mh)

P

1
27h

1/2
:( 1 j eim(x—x')z /(th)
2rhit

j dp eip(x—x')/he—ipzt/(lmh)
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Digression — justification for integration result
(see appendix A of your text)

Io(a, ﬂ) = J\ e—ax2+ﬂ)r dx

a

o 172
(e n
Io(a,ﬂ)=eﬁ2/4aj e p/z"’zdx=eﬁ2/““(—)
-0
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Example — particle free to move in one dimension
1/2 i
<x| U(f)| xv> — [ ) eim(x—x')‘ /(20z)

lw(0)) =U(@®)|y(0))
(2w @)= [ ar'(x|u@]x)(x|w©)

1 12 o X
:( j J‘dx.eim(x—x') /(zhz)<x.|v/(0)>

2rhit

2hit

—0
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Example — particle free to move in one dimension
Time evolution of a Gaussian wave packet:
—x2/2A2

‘ _it’ﬁe-
p(x, 0)=e" (A7

L \T2 5 )
R e e
¥ 0 [" <A+mA P+ itit/ma ) TP\ m

Probability density:

9/6/2017

1 i (po/m)rf}
P(x,0)= * €ex]
( ) II/Z(Az + ﬁ212/m2A2)1/2 { A2+ h2t2/m2A2
9/06/2017 PHY 741 Fall 2017 -- Lecture 5 1€
t=0.
-20 -10 10 20 30 40 50
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Summary of results for free particle

2

Energy eigenvalues: E = £

1

Eigenvectors: |p)=——e""

In this case, the energy spectrum is continuous
Notion of “density of states”

L 7 P’
N(¢)=—— | dpS| ¢ ——
= L r [ 2mj
In this case, we imagine that we can account for each value

of p in increments of dp=2LLh in the limit of large L
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Notion of density of states for continuum spectrum
Example: one-dimensional free particle

L 7 ’s
N(g)=—— | dpd| e ——
© 27rh£ v (g 2m]

2 N 1 m
L 2zh\ 2¢
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