Time-dependent

perturbation theory
Read Mcintyre 14.1-14.3
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Time-dependent perturbation
. Schrodinger Equation _a 4
Hly)=ih—|y)

. Initial state: y(r=0))=2cle.)
. Usual time-development: |w,-()=Yce o)
. Add perturbation: H=H,+ H’(¢)

W0 (1)) = Zc )e "“I(p

. Time-dep coefficients:



Solve for c (t)

1. Start:

(H,+H'(t

(Hy+ 1))y (1) =iy (1)

)Zc e hnt|g0 =ih— Zc

2. Crunch .... Crank ...
3. 1storder result:
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Transition probability

1. Start: P (1) <l//f\l//(t)>‘2
=|{y| e, )e ¥y, |
2. Result: :Cf(t)‘
1| Ef—El-t, 2
Po(t)=—3 J (F1H (" i)e " di”

3. Examples: constant H', Gaussian H', harmonic H'



Constant H'

1. Turns on for a time, then off:

4l H i)

2 2
ha)ﬁ.

P, (t)=|c, (1) sin’ (@ ,¢/2)

2. Like Rabi result from Ch3.



H'(t)
A

Gaussian H'
1. H": 2

- 271
H'(t)=Vee ©
: -t
0
2. Change time origin, sin integral is O:
1 . K _é ’ ’
cf(w):£<f|%|z>Je ’ cos((oﬁ.t )dt
=i—h<f|%|l>\/g’5€ !
. .l Perturbations turned on
3. Transition probability: slowly do not change the
state of the system.
77:1'2 5 _wj%ﬂ'z What is “slow” for the
— ; 2 1s-2p H transition? 1yr?
Pi—>f h2 ‘<f‘v0‘l>‘ € 1ms? 1ns? Calculate! 1
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Harmonic H'

1. H: H’(r)=2V(F)coswr
:V(f)( "“”) E,—E,
2. Coefficient: Tk

E.—E
A 7

1t = it —iot \| :\ " ’
cf(t)zi—hj<f|V(r)(e +e )|z>e dt
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Harmonic H'
1. Electric dipole approximation: ignore spatial
variation of E field when atoms excited by visible
light. Why?

2. Transition rate (absorption):

2 E
Ri%f e
h’

&e(flrli) 5w, - o)

3. Field energy density

4. Stimulated emission, absorption (B,,=B,,).
Spontaneous absorption

5. Detailed balance



Harmonic H' - broadband
1. Broadband eXCItal‘IOn, Broadband Excitation

A
. > —pd
dipole approx M
2. Transition rate (absorption):
[i>
27tezE (a)
Ri% f = h ‘ f | r| ‘ 5(0) _ a)) Broadband Excitation  Broadband Excita
/> | f>
3. Field energy density: t
2 2
26 E, = p(w)dw |
Photons per unit vol > - |i>
4. POI.Avg.: per unit frequency range @ (a)

E(t)=2E,€coswt
= é(EOeiwt + Eoef"“”) - 2 21,



H a rm O n iC H ! - b roa d ba n d l];r:adbandllix\citation

1. Sum rates for different frequencies: H
2
te A2
i—f — 38 h2 p(a)ﬁ)|<f|r|l>| li> "
0

2. Transition rate (absorption):
Riaf — Bzfp(wﬁ)

3. Einstein B coefficient:

B, = ——|(f|r|i)’

if 2
380h Eqgn 14.54

7(1.6x107°C)’ iy
E(r)=2E,¢ cos ot By = S12 3y o1 4 42 342 ] 2|<f‘r|l>|
: T 3(8.85x10 ™ m kg 's* A*)(1.05 x 10~ m’kgs™)

= é(EOei“’t + Eoe”'“”) 2 2u,




Harmonic H' - broadband
. Stimulated absorption and stimulated emission

coefficients are the same (go back to original egns
and see symmetry): K

. Stimulated abs = stim. emission
=> no relaxation (unphysical)

. 1D
=> propose spontaneous emission!:

Absorption

Stimulated Emission
Spontaneous Emission

dN 5 3
dtl = _N1B12p(w21 ) + N2821p(a)21 ) +N,A,, plo)= ey e""Vi)r .
dN, N, _e™ kT _ekwT

1 — +N1312p(0)21)— NZBle(wzl)_ N2A21 N, e_k?T _
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Harmonic H' - broadéband

Stimulated Emission

|7)
0=-NB,p (wzl ) +N,B, p (a)Zl ) +N,A,,
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Harmonic H' - broadband
1. Einstein A coefficient:
(no field =>

dN,

dt

-t/

=—N,A,,
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Absorption

Stimulated Emission
Spontaneous Emission
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Harmonic H' — laser excitation

1. Take-home message:

For atom - (resonant) light interactions, the atom
acts as an efficient antenna, despite its small size.

2. Monochromatic excitation: Monochromatic Excitation
3. Transition rate (absorption), e
sum over rates to all final states:
T P
Rief:?‘/ﬁ j 5(a)ﬁ—a))g(E)hda) ®)

E;—€
Eqn 14.37



Harmonic H' — laser excitation

Monochromatic Excite

1. Excited state emits like this-> - s A
and has a Lorentzian density of |
states.

|i>

2. Lorentzian DoS normalized :

hA,, /21
E)= 2l f(w)dow=g(E)d )=
g( ) hAZl o f( ) A21 )2

(E—hwmf+(

2
2 ) Eqn 14.68




Harmonic H' — laser excitation

Monochromatic Excitation

1. Intensity I=2cg,E; TR S

v.| = E2|é«(2]r|1)

R1 _>2((1))
A

2. Rate: R_,= 3£B12f(a)) o
c




Harmonic H' — cross section

1. Efficiency: dimensions?

output

efficiency = —
mput

2. examples:
miles out, gallons in
calories out, calories in
grades out, hours in

3. Here: transitions made per time (out), number of
photons per area per time (dimensions?)



Harmonic H' — cross section
1. Efficiency: area R, 3(1/¢)B,f(o,)
R, _ # per unit time By, /hw N I/ho,,
I/hew # per unit time per unit area ) 3(1/6)312 (2/7[1421)

efficiency =

2. Plugin B/A ratio I/hw,,
) — 6hw21 Bl2
o = 3@ e A, ,
2r o = 3@
27

3. Atom “looks like” it has a radius about the size of the
wavelength of light, whereas is is about 100-1000

times smaller (numbers?)

4. For atom - (resonant) light interactions, the atom acts
as an efficient antenna, despite its small size




