PHY 742 Quantum Mechanics Il

1-1:50 AM MWF Olin 103

Plan for Lecture 13

Time dependent perturbation theory

Ref: Chapter 15

1. Fermi Golden Rule for bound = continuum
transition.

2/12/2020

Topics for Quantum Mechanics Il

Single particle analysis

Single particle interacting with electromagnetic fields — EC Chap. 9
Scattering of a particle from a spherical potential — EC Chap. 14
More time independent perturbation methods — EC Chap. 12, 13

Single electron states of a multi-well potential = molecules and solids — EC Chap. 2,6

Time dependent perturbation methods — EC Chap. 15

Path integral for

Relativistic effects and the Dirac Equation — EC Chap. 16

Multiple particle analy:

Quantization of the electromagnetic fields — EC Chap. 17

sis

(Fey ) - EC Chap. 11.C

Photons and atoms — EC Chap. 18

Multi particle systems; Bose and Fermi particles — EC Chap. 10

Multi electron atoms and materials
Hartree-Fock approximation
Density functional approximation

(Preliminary schedule -- subject to frequent adjustment.)

Course schedule for Spring 2020

Lecture date | Reading Topic [ HW [ Due date
1_[Mon: 01/13/2020 [Chap. 9 _|Quantum mechanics of electromagnetic forces 1L [01722/2020
2 [Wed: 01/15/2020 [Chap. 9 _[Quantum mechanics of particle in electrostatic field [#2 (0172472020
3 [Fri: 01/17/2020 |Chap. 9 _|Quantum mechanics of particle in field 3

Mon: 01/20/2020 [No class _|Martin Luther King Holiday
4~ Wed: 01/22/2020 |Chap. 14_[Scattering theory 4 [01/2912020
5 [Fri: 012412020 [Chap. 14 [Scattering theory 5
6 [Mon: 01/27/2020 [Chap. 14_[Scattering theory [#6[02/03/2020
7_Wed: 0172972020 [Chap. 12 |Variational methods #7_[02105/2020
8 [Fri: 01/31/2020 |Chap. 12 |Variational and other approximation methods [#8[02/0772020
9 [Mon: 02/03/2020 [Chap. 2,6 [Single particle states of molecules and solids 9 [02/1012020

10 Wed: 02/05/2020

(Chap. 2,

6 |H* molecular ion; Born Oppenheimer approximation

10 [o2/12/2020

[11 [Fri: 02/07/2020

[Chap. 15_[Time-dependent perturbations

{11 [0211412020

[12 Mon: 02/10/2020
13 20
114 |Fri 0

[Chap. 15_[Time-dependent perturbations.

5

dent perturbation:

[#12 0211412020

02712020

[15 [Mon: 02/17/2020

[16 Wed: 02/19/2020
17 [Fri: 02/21/2020

[18 Mon: 02/24/2020

[19 [Wed: 02/26/2020
‘ZH Fri: 02/28/2020




Summary of results of 15t order theory for a time harmonic perturbation of the form:

Suppose that H' ()= H'h(t)
0 fort<Oand¢>T
h(H)=q, .
2sinwt for 0<t<T

where
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Fermi golden rule: .73,4/ =
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Treatment of the case when the initial state is A
bound and the final state is in the continuum (2]
spectrum -- 0
P! _ 1 El
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Absorption of radiation in the case of photoemission of a H-like atom

A E;), 7 12 720
Initial state: ‘10 = 1s> =| 5| ¥ E=-
ho ay,m 8reya,
_— E;) It is convenient to approximate the final state as a plane wave

(Born approximation)

N |/°) = Ne™ where k = [emE) /7%

By <2\ 5(-hor £} - 7)

In this case, for a uniform electric field amplitude F :

H'(r)=eF-r or f]"(r):iF-p
maw

Convenient coordinate system --

r = r(sin @cos ¢X + sin Gsin gy + cos 0z )
k=kz
F = F(siny cos yX +siny sin z§ + cosyz)

k-r=/krcosd
F-r = Fr(siny sin@cos(y - ¢)+cosy cos6)

y




Approximate photoemission -- continued

2 F r = r(sin @ cos $% + sin Osin gy + cos 62)

k =k

F = F(siny cos zX +siny sin 7§ +cosyz)
k-r=krcos@

F-r :Fr(siny/sin&cos(l7¢)+coswc056’)

q

([ ]1°) = (f*|eF-e|17)
:CIrzdr dcos dg e *’e”*r(siny sinOcos( y — ¢) + cosy cos 0)

3 1/2
where C = [ZTJ NeF
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Approximate photoemission -- continued
Some details:

Jrzdr dcos@ dp e =le” ""r(siny/sin&cos(;( -4)+ cosy/cose)

r ~Zr/
:2ﬂjr2dr dcos@ " e """ rcosy cos O

_dizcosy. ”;)SV/ Irdr(kr cos(kr) —sin(kr) Je '
0
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= —32i7rcosv/ka“ !
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0 0\ _ _2r; L}I/z E cosy
(0|eF x| 1) = 321;{“3”] Nergi(szag/zZ)l

Approximate photoemission -- continued

R, :%” (f“\ﬁ‘\[‘))\z&(—hmEj -E})
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Z (1+k%a 1 2°)

Digression — In general, the full transition rate is determined by averaging over all
initial states and summing over all final states.

In our case, there is only one initial state, but a continuum of final states.

R, ()= Z.ﬂw = ;Z%Kfo | \1“)‘2 8(~ho+E) - E?)
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Approximate photoemission -- continued

w@=-3a., ~SZ| || snors-F)

Note that there are contributions when £} = E + hiw

‘f’°> ~ Ne™  wherek = \/W

Note that there are multiple values of k for each [°

10

Digression — how can we count the number of plane waves?

Imagine that the plane waves associated with this box satisfy

L periodic boundary conditions. W(r) =¥ (r +n,LX +n,Ly +n,L2) = Ne*~

L Thisis only possible if k = zTﬂ(mli+ myy +m,z)

Now we can count the number of final states --
L JJ ;
- =>|—| |dk=
Z ; [2” '[ (2n)'

For consistency, we should normalize the plane waves within the box

e fil
L v
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Approximate photoemission - contlnued

H@=YR., = 22 ey,
/

0 N 0\ __32 L cosy ~
{7 feFefr) m[fluﬁj [‘U”Z] Z (1+k2a2 1 2°)

: 272
2z ‘l) [Z ] ( 1‘7}171(41 cosy . 6[hk 7Ey7hm]
ar) \V Z (1402 122)| \ 2m
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Writing d’k = k*dk dQ,

.‘R,(w) 2r Y

a0, h (2z)
R(w) 256mk**Fal /7’
aQ aw(1+kal i 22)
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Summary of results --

R(w) _256mk’e’F’a) /|7’
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