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

Plan for Lecture 12:
Read Chapter #10 in Shankar
Quantum mechanics of
multiparticle systems

. Non-interacting particles

a. Distinguishable, Fermi, Bose
b. Second quantized formalism

. Interacting particles

9/22/2017 PHY 741 Fall 2017  Lecture 12

9/22/2017

Course schedule

[Predminary schedule — subject to frequent adjustmant |

Date F&W Reading Topic Assignment

1 Mon, 8282017 Chap. 1 Faview of bas principles #
2 [Wed, &302017 Chap 1 Linear yector spaces #2
3 [Fr, 2012017 Chap. 1 Linear veclor spaces @1
4 |Mon, 304/2017 Chap. 4 Principles of Quantum Mechanics 4
5 [Wed, 9D6/2017 Chap. & Exampies in 1 dmenson

& Fn, Q0A201T  Chap & Schredinges squation = ane-dmensian 25
T Man, 911172017 Chap. § Schradinger equation in one-dimension

8 Wed, 913/2017 Chap. 7 Schridinger equation in ona-gimension o]
8 [Fn 9142017  Chap, 7 Schrodinger aquation m ona-gmansion #1
10 Man, 8182017 Chap. 5 and 7 Schrgdinger equalion n ane-dmensian

11 Wed, 9202017 Chagp. 9 Commutator formalism #8
12(Fn, WZ22017  Chap. 10 ‘Quantum mechanics of multparicis syslems #9

13 |Mon, S252017

14 Wed, 9272017
1§ F, 2292017

Man, 10V02/2017 Take-home exam — No class
Wad, 1042017 Takp-home axam — Mo class
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Quantum mechanical treatment of multiparticle systems

z

@ g

For a non-interacting system:

y
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H(r,r,,.ry)=H(r)+H(,)+..H(ry)
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Quantum mechanical treatment of multiparticle systems

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

Energy eigenstates:
H(r,x,,..r)y(r,r,,.xr,) = Ey(r,r,,.1y)
Simplification for separable Hamiltonian
For: H(r)p,(r) = £,0,(r)

H(r))p,(r,) = £,0,(r,)
Solution to the many particle problem

w(r,0,,..ry) = 0,(1)g,(1,)..0.(ry)
E=¢,+¢,+..6.
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Quantum mechanical treatment of multiparticle systems —
non-interacting particles

The treatment given on previous slides, assumes that the
particles are distinguishable.

A more sophisticated treatment is needed for indistinguishable
particles.

Two types of indistinguishable particles:

Fermi particles: y/(r;,1,,. 1., Xy ) = =W/ (1,1, X X Xy )

Bose particles:  y/ (1,1, ;... ) =+ (1,1, X XKy )
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Quantum mechanical treatment of multiparticle systems —
non-interacting Fermi particles

Fermi particles: w(r;,1,,..1,..0,..0y ) = =W/ (X, 1y, 1 Xy )

Example for two particles:

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

For: H(r)gp,(r) =¢£,0,(r)
H(r)p,(ry) = ,0,(r,)

w(r,r,) :%((/Ja(ﬁ)(/’b(rz)*¢a(rz)¢b(r1))

E=¢,+g,
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Quantum mechanical treatment of multiparticle systems —
non-interacting Fermi particles

Fermi particles: w(r;,1,,..,..r,..0y ) = —W/(X, 1y, .1 Xy )

Example for N particles using Slater determinant:
@, (r1 ) @, (1'2 ) @, (rz) 9, (rN )
o) @) @) - @lry)
(//(rlsrz""rN) :ﬁ (ﬂc(.rl) (pc(.rz) (/’z(.rs) (/JC(‘I'N)

p.(n) ¢.(r) @.(r) - .(ry)
E=¢,+e +..6,
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Quantum mechanical treatment of multiparticle systems —
non-interacting Bose particles

Bose particles: y/(I;,1,,.X;...r;..xy ) = W/(, Ty, 1. XXy )

Example for two particles:

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

For: H(r)gp,(r) =£,0,(r,)
H(r))p,(r,) = £,0,(r,)

w(r,r,) :%((/Ja(ﬁ)(/’b(rz)Jr (/Ja(rz)(pb(r1))

E=¢,+g,
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Quantum mechanical treatment of multiparticle systems —
non-interacting particles; multiplicity of eigenstates

Consider a system with two independent particle states
and two particles:

& H(r)ep,(r)=¢£,0,1)
&, H(r,)p,(r,) = £,¢,(x,)

Possible states for distinguishable particles:
v, (nn)=9,@)e,(,)  E =¢,+¢,
van)=0,0)p,)  E,=¢ +¢,
Vu(n.n)=9,0)e,@x,)  E, =2,

Vi (r.n)=g,@)e,,) E, =2
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Quantum mechanical treatment of multiparticle systems —
non-interacting particles; multiplicity of eigenstates

Consider a system with two independent particle states
and two particles:

:, H()p,(6) = 2,0,(1)
g, H(r,)p,(r,) = £,¢,(x,)

Possible states for Fermi particles:

v, (r,) :%(%(mmrz)—%(rzm(rl)) E =z,+5
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Quantum mechanical treatment of multiparticle systems —
non-interacting particles; multiplicity of eigenstates

Consider a system with two independent particle states
and two particles:

:, H(),(6) = 2,0,(1)
g, H(r,)p,(r,) = &,p,(x,)

Possible states for Bose particles:
1
v, (l‘l,l'z) = ﬁ((oa (rl)(ob(rz) +o, (rz )(017 (rl)) E[ =¢,t¢g,

v, () =9,0)e,x,) E, =2,
Vu(nn)=9,)e,(r,)  E, =2
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Treating multiparticle systems using “second” quantization
formalism

Consider a non-interacting system:
H(r,r,,.xy)=H(r)+H(,)+..H(r,)
For a system of non-interacting identical particles,

the single particle Hamiltonians H (r;) are also identical.
Suppose we have a complete basis set that describes

each single-particle state;

y(r,n)= Co,(re

—ig, t/h

These basis functions can be used to represent
the many particle wavefunctions.
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Example for Fermi particles

Slater determinant for N particles:
2.(0) 9,() @,r) - @, (ry)
| 7)) @,n) @) - p(ry)
WM&mm»:$ﬁ@@J¢ﬂm o.r) - @.(ry)

(pz(rl) %(rz) (/Jz(r3) o (pz(rN)
Second quantization representation:

‘(//(rl,rzA...rN)>3

ndnbncu..nz>

For Fermi particles, the occupation eigenvalues can be
n,=0 or 1
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Operators for Fermi system

Creation operator:

a,|0)=I1,)
Destruction operator:
a,[1.)=[0.)

L N

a,a, =—ayd,

a,a,=-ay,

a
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Second quantization creation and annhilation operators
ay|n,)=n,|n,~1)

' In) = T, +1)

a,a,|n,)=n,|n,)

aaa; ‘na> :(na —1)‘na>

9/22/2017 PHY 741 Fall 2017 — Lecture 12 15




