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

Plan for Lecture 13:
Reading in Shankar: Finish Chapter 10
Skim Chapter 11
Start Chapter 12

1. Multiparticle systems
a. Distinguishable, Fermi, Bose
b. Second quantized formalism
2. Angular momentum
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Course schedule
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Date FEW Reading Tapie Assignment Oue
1 Mon, 8282087 Chap. 1 Review of bask principles i 282017
2 fWed, B30R01T (Chap. 1 Linear veclor apaces w2 2017
3 |, 9012017 [Shap 1 Lineas vector spaces #1 AR017
4 [Mon, 9045017 Chap 4 Principies of Guanium Mechanics Bt
5 Wed, WORZOIT Chap 5 Exampies In 1 dmension
& [Fil, 9082017 [Chap. 5 Schrodinger equation in cne-gimansion 5
7 Mon 9L2NT Shap. 5 Schrodinger equatian in coe-dimension
8 [Wed 8132017 Chap 7 Schradinger equatian i one-dimension a6
9 Fn, 952017 Chap. T Schrodinger quatian in cna-gimensicn #7
10/Mon, 91872017 [Chap. Sand 7 Schibdinger equatian in cne-timensicn
11 Wed, 92002017 (Chap & Cormmaitatar formmalism ] 2222017
A2[Fn, w2207 Chap 10 Quartum mechanics of mubparticls systems. &3 AFEROAT
143 Man, 9252017 Chap, 10-12 Mulliparicle systems and angular mamentum
14 1Wed, W2T201T Chap. 12 Eigenatales of angulsr mamentum
15/Fr, 9092017 (Chap 1,4,57,8.10,12 Review

Mon, 10022017 Take-home exarm — No class

Wied, 1042017 Take-home exam — No ciass

18 Frl, 10:062017
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Quantum mechanical treatment of multiparticle systems

z

@ g

For a non-interacting system:
H(r,r,,..xy) =h(r)+h(r,) +..h(ry)

y
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Quantum mechanical treatment of multiparticle systems
For a non-interacting system:
H(r,x,,..xy) = h(x) + h(ry) +..h(ry)

Energy eigenstates:

H(r,r,. .r)y(r,r,.r,)=Ey(r,r,.r,)

Simplification for separable Hamiltonian
For: h(r)e,(r) =&,p,(r)

h(r,)@,(r,) = £,0,(r,)
Solution to the many particle problem
y(r,1,,..1y) = 9,(5)@,(r,)...0.(ry)
E=¢,+g,+..6,
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Refinement of the results for treatment of distinguisable or
indistinguishable particles

For distinguishable particles:
l//(l‘l B el ""rN) =0, (rl )(05 (rz)m(”z (rN)
Two types of indistinguishable particles:
Fermi particles: (1,1, X, X,y ) = =W (6,1, X F Xy )
1
=44 (r1>r2"'ri"'r_/“'r.’\/) = ﬁ;(_l)y‘?(% (r )(Pb(rz)fﬂp(fs)--~(ﬂz(ﬂv))

Bose particles: (1,1, 1. X0y ) =+, (KT, 0 Xy )

1
= 5 (1T XXy ) = ﬁ;ﬂ’(% (1)@, (1), (ry)..0.(ry))
Energy eigenstates: H (r,,r,,..5) )W (1, 5,,..1y) = Ey(r,r,,..I,)

E=¢,+¢,+...€
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Treating multiparticle systems using “second” quantization
formalism
Consider a non-interacting system:

H,5y0m,) = h(5) + h(n,) + ()
For a system of non-interacting identical particles,

the single particle Hamiltonians A(r;) are also identical.
Eigenstates of the single particle Hamiltonian:

h(r)g,(r) = £,0,(r)

h(r)g,(r) = £,,(r)

h(r)g.(r) = £.9.(r)
We now assume that the single particle eigenstates {goa (r)}

span the function space available to each particle.
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Treating multiparticle systems using “second” quantization
formalism -- continued

h(r) = Z\%(r) (0. ()]

<¢(1 (r) ‘ y(r, ’rZ"“rN)> =n,
=number of times basis function ¢, (r,)
appears in the product representation
Second quantization representation:
lw(r,n.ry)) =
H(r,r,..r,)= zgaNa
where the number operator acts as follows:

n)=n, n.)
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In general, the number operator can be expressed in
terms of a product of two operators. For the case of
Bose particles, these operators are very similar to the
raising and lowering operators of the harmonic
oscillator.

N, =b,0,

Bose particle commutation relations:
[b,.b,]1= babﬂ —byb, =0

[b;.b1=

[b,,b]1=
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Second quantization for Bose particles, continued
b, ‘nn> =n, ‘na>
baln) = |, 1)
f na>:m‘na +1>
For example: b, [0,)=]|1,)
L)=v2[2,)
(£1)']0,)=n![n,)

To represent 3 particles: ‘nln2n3> =
n ot
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Second quantization for Fermi particles

Nll :f;fll

Fermi particle anticommutation relations:
{fir s} = Luf s+ 1S =0

ity =0

{f o, /; } =04
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Second quantized creation and annhilation Fermi operators
fatfudna)=nln.)

Llng)y=ln[1=n,)

Py =T 1-n,)

Non-trivial operations:
L10.)=0 " 1.]1.)=]0,)
f210.)=[1) £l[1.)=0

=n,=0orl

To represent 3 particles: |mn,n;)= ( f;)"} (f; )": (ff)”' 0)
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More general treatment of multiparticle system

N
H(r,r,,..ry) = Zh(rl.) +V(r,1,,..xy)
i=1

interparticle
- interaction
Often: V(r,,x,,..xy) = z ZV(I'I _rj)
i=1(i>)) j=1
In this case, the second quantized forms can be written

H(r,r,..ry)= Zsab;ba + Z valwab*bba for Bose particles
o apys

a”’pyrs
H by )2 D 6, [ o+ D Vs [ fa S, f5 for Fermi particles
« apys
Here v, denotes matrix elements such as
Vo = [ dr, 0, )0, (600 —1)p, (1)p,(r,)
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Back to single particle treatments; 1-3 dimensional space
Consider linear momentum in the x direction:

I
ox

P Jy(x)) = —ih

GW(X)>
ox
61//(X)+£021//(X)

Note that +u)= +
ote that w(x+u)=y(x)+u o o

w(x+u)=w(x)+u[iejw<x)+‘;—z,[ie] o

h "\

Formally: w(x+u)= eu[;ﬂ )w(x)

= The operator """ is the "generator" of linear translations
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Now consider angular momentum

Angular momentum in three dimensions

L=YP-7P,
L, =ZP, - XP,
L. =XP -YP,
Consider:

(L.Y]=[YP.-ZP, Y]=-Z[P,Y]=ihZ
(L, B]=1YP.~ZP,P]= P[Y,P ] =inF,
[(L.,L,]=[YP. - ZP,,ZP - XP.]=ihL,

Summary:

[L.,L,]=1hL, [L,,L.]1=ihL, [L.,L])=ihL,
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Summary:
[L,,L,]=inL, [L,,L.]=inL, [L.,L]=ihL,

Consider L' =L+L +1L

(UL ]=[L+L,L]
=L[L.L)+[L,LIL +L[L, L)+[L,L]L,
=—ihL L, ~ihL L +ihL L +ihL L,
=0
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Consider L, in spherical polar coordinates:

L. =XP —YP, —inl

Following the same logic that we used for linear momentum

My (x,0,0) =y (x,0,0+a)

generator for rotations

Need to find eigenvalues and eigenfunctions of
L2and L,.
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