PHY 741 Quantum Mechanics
12-12:50 PM MWF Olin 103

Plan for Lecture 11:
Read Chapter # 9 in Shankar
Commutator formalism and

the Heisenburg Uncertainty Relations

1. Commutator definitions and
relationships

2. General theorem concerning Heisenburg

uncertainty relations
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Course schedule
(Pralimmnary schaduls - subject 1o frequant adustmant |
Date F&W Reading Topic Assignment Due

1 Mon, 8282017 [Chap. 1 Raview of basic prinoples # W27
2 \ed, 8302017 [Chap. 1 Linear vecior spaces #1 QBT
3 Frl, 90UIMT  (Chap. 1 Linear vecioe spaces 3 AETNT
4 Mon, B042017 (Chap. 4 Frincipies of Quantum Mechanics ] BT
& ‘Wed, S0E201T (Chap, & Examples in 1 dimension
& Fri 8082017  [Chap.5 Scheadnger equation in one-dimension 25 AN 30T7
7 Mon 112017 (Chap.5 Schradinger eguation In one-dimension
B Wed, W132017 [Chap. 7 Schracinger equation in one-dimension #% 2182017
9 Fri, 9182017 Chap 7 Schrodnger equation in one-dimension #7 aRN07T
10 Man, §182017 [Chap. 5 and 7 Schradnger eguation in one-dimension

» 11 Wed, H202017 [Chap. @ Commutator formalism i 22212017

12 Fri, a2z’
13 Mon, &/252017
14 Wed, 82772017
15 Fri, 92502017
Mon, 10022017
Wed, 10i04/2017

Take-hame exam — No class
Take-hame exam - No class
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WFU Physics Colloguium
TITLE: Guided Design of Materals: from the sublims
{core-shell nanoparticles) to the ridiculous [High-
Entropy Alloys*
SPEAKER: Professor Duane O. Johnson
F. Wendell Miller Professor.
Matenials Science & Engineering, lowa State
University
Chief Scientist, Ames Laboratory/U 8. DOE,
Ames, lowa
TIME: Wed. Sep. 20. 2017 at 4.00 PM
PLACE: George P Williams, Jr. Lechsre Hall, (Ofn
Bey ABSTRACT
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difficult 1o unravel. Here we address

Commutator formalism in quantum mechanics

Definition:
Given two Hermitian operators A4 and B, their commutator is
[4,B]= AB—-BA

Theorem:
Given Hermitian operators 4, B, C such that
[4,B]=iC,

it follows that ~ A4AB > %|<c>|
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Note that:
[4,B] =(iC)'
(AB-BA) = B'A" — 4'B" =~iC'

=BA—- AB =-iC
Calculation of the variance:
(a4) =(y|(4-(4)) lv) Define [y, =|(4~(4))w)
=((A-(A)w|(4-(4)w) va)=|(B-(B))w)
Similarly,

5 Schwarz inequality:
(AB) =(w|(B~(8)) |v)

=((B=(8)w|(B-(B))w)

9/20/2017 PHY 741 Fall 2017 - Lecture 11 6

‘ 2

<'/’A ‘WA><WB‘WB> 2 K'/’A ‘V/B>




Define y)=|(4-(4))) and vi)=|(5-(8)w)

Schwarz inequality:

Walv. ><'//s\v13> (v \ws>\

<'/’A “/’B <A>
(A= (4))(5- (B =3((4- )+ (B-(B)(4-(4)))
; A- )~(B=(B))(4~(4))
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Walvs) =(w|(4=(4))(B-(B))lw)

~(wlFlv)+ Lwlclw)
(vl =l P1w)f + il = Zlvichf
Putting it all together:

Walvw Y wslws) 2w lvs) *‘V/‘C‘l//ﬂ

= (aa)' (a8)' > (C)f

[4,B]=iC  A4AB> %‘(C)‘

Example: A=X, B=P

[X,P]=ih AXAPzg




Other uses of the commutator
Consider a wavefunction that solves the time-dependent

Schroedinger equation:
oy
ih—=H
ot v
Expectation value of operator F:
(F)=W|Flv)
Time derivative of (F):

M:<LV/

F LW>
dt ot ot

i oF i
=—(Hy|F ) - —{y|F|H
—(Hy | Fly)+{y | v) -5 (v | FlHy)
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Some other useful commutator relationships:
For [4,[A4,B]]=0 and [B,[4,B]]=0
[4,B"]=nB""[4,B]

[4",B]=nA"""[A4,B]

Evaluation of the commutator

[4.8]ly) = 4BJy) - Baly)
Example:

[FCOPlly) =1 COPI) - PrCOLw) = ih- L)

Note that: P= —ihi
00X
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Angular momentum in three dimensions
L ,=YP,-ZP,

L, =ZP - XP,

L =XP -YP,

Consider:
[L.Y]=[YP.-ZP.Y|=~Z[P,.,Y]|=ihZ
[L,.P,]=[YP. ~ZP.P|= P[Y.P]=ihP,
[L,,L,1=[YP, - ZP,,ZP, - XP] = ilL,

Summary:
[L,,L,]=inL, [L,,L.]=ihL, [L.,L]=ihL,




Summary:

[L.,L ]=ihL. [L,,L ]=ihL, [L,,L.]=ihL,

Consider L'=L+L +L
(UL ]=[L+L,L ]

=L[L,L)+[L,L]L +L[L,L]+[L,L]L,
=—ihLL, —~ihL L +ihL L +ihL L,
=0
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Commutator relations for multiple particles

Consider N particles moving in one-dimension
X1, X5.. Xy, Py, Py.. Py}

[X,,P]=ihs,
(X, X,]1=0
[P,P]=0
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