
I . 2 Ha rmon i c perturbation a n d

Fermibg-n--
Asanimpo.atapplication o f time-dependentperturbation

theory w e w i l l discuss a time-dependentperturbation
w i t h frequency w switched O n a t F u .

o t < 0

( 2 ) w > 0H a l t =
{2A,

!

shot )

t > 0

Note t h a t anytimedependent perturbation
c a n b e Fourier-decomposed i n t o frequency
components

t e n
µ ,npzrtarbah-EK--

t.nuE n

"

n >

1 4Ha t ) = I n > first-order perturbation

(281

#

tk-fH.us/dEeiWKnT(eiwT+e-iwz)

0 Looserz
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init ial condit ion:ci%F1cr.FI/ot=ociYtt-
HnEfeiEEII-1+ei:::]

using eioe-zieiEsu.az ⇒

ciictk-ziffeim.ci#sigf!IIE-
(29)

+ eilwr.nu#zsIwwE]

i f Wa n > 0 ⇒ only f i r s t te rm in (Zg) relevant

Wkn < 0 ⇒ only secoadteminkstrekoaut

relevant t imescales (Wkn FW)-1

CAIshortti.me/imit- (Wm> o )

(Wm-WH = M e )

Hot C i t y = _ihn t
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(3 ) pn.su/t)-H-f transition probability

O n s h o t t i m e s c a l e s t h e transition probability t o
d i s c r e t e states i s quadratic i n t i m e . This i s different
f r o m a n exponential l a w predictedby a r a t e
equation:

f rom (31)
- K

a n dpntpn-1-n.pnHI-1-
HIIE.tn..

ra te equation
pin = -Tp , putt) E 1 - T t t - "

This leadsto s o m e interesting phenomenasuch a s
t h e quantum Z e n o effect, i .e . t h e inhibitiono f transitions
by frequentprojections (projectivemeasurements)

(BILongtimelimit Nun>o )

ciictk-zifteim~Esinwqn.IE/
aiYttf=4Hf

\ sina.IE#f
(3)
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ithddszeey.sn?YI--cT(33)

s o i n t h e long-timelimit (Wm-WIE → 1"t.t.ii.io
i .e . i ncont ras t toshat t imesthet rans i t ion
probability s c a l e s l i n e a r i n t

A l inear dependence corresponds toasdationofanak
equation

darf = wnr.ph darf = -Wn u k(35)

Wn.sn: transit ion probability perkmelrate)

↳6) Wn-sr.tt?E=IEIHnr.nFdTwuu-w
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I f there i s a n (approximate) continuum o f states

E n t SE
Wn→ v . →

W-n.sn = SDN Wn → k

En-EE
d .N i s infinitesimal n umbe r o f states i n t h e energy
interval

E u - ¥ ← E E EntIE
densityotstate gern)

137) A N = g (En) d e n

WIR. = ¥ ÄÄÄÄEIHNEEE-w)
E u - s E I L

(he re Ek En> 0)

⑤8) W-nn-IIGLEn-twIIHsr.nl#-

Fermi 's golden r u l e

• remark: typically f o r a continuum ofstatesget diverges
b u t g E ) /Hirn 12 i s finite
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exampled -
f o r ↳ s

✓= P s ta tes w i t hairn.nu/-EI;mot
boundary
conditions ¥ % b o a r d state

continuum states eitäryp
b o u n d state cfo

!

Henner fair

"#

Hector ¥
i .e .ftp.nf~f-

inanexcevciseyouwillshowthatthenambevof

s ta tes w i t h energy between 0 a n d E i s

N r ( E ) = L E s k

⇒ g r E ) =
ANGIE)

= Ja E m v
divergesi n
l i m i t s

b u t

g r E ) Hunt?NILE

!

V .
¥ constant
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I . 3 Em i s s i o n a n d Absorption o f

R a d i a t i o n f r o m a n - -
An importantapplicationofFermi'sgolden ru le i s t h e absorption
a n d emission ofenerggbganatominan externale l e c t r o -field

ETH electric f ieldm i f f
m f

M m m

interaction Hamiltonian o fa (Valance)elechoninacentral
potentialwi th e lm . f ield

(3 ) tt-zfn.CI?eATEtIYtVCr-
Y=HotHsHo=fmp-RtVCF)bare atomstates

°

H i -Em (ÄÄHFÄITIÄF
ÄÄ F o t o oftennegligible

conlomblradiakoulg
aukoldioA.co⇒ LÄÄ]-äoÄ=o
i n Coulomb gauge momentum a n d vectorpotential commute
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i .e .

④e ) Hnt-E.PT/t7rTt#

cons ide r monochromatic plane w a v e o f frequency W

(421 Ächtka

$

eilEF-WH-aee-ik.ru )

w h e r e I I I = L ö polarization unit vec to r

(A) s t i m u l a t e d e m i s s i - E n . I E

only We n n -W term relevant

| Heimat? lernt H rk ) )? =

( 4 )
= (E)lakkmleike.fm/2-
tupwceedweappIysomeapproximations

D = 2¥ D s i z e o f a t o m

dipo le approximation

44 ) ⇒ e i t e r n 1

w h a t i s <MIETEN ?

u s e [Ho,

#

]

= I
Em
o
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t h u s

<mlftns-imjhmILHu.ee?
EJID=im#(Em-En)cmIe.EID

(45)

=imowmr.cm/ExID-
subslitutiouintol43Iasin
g/4oId=eE dipokoperaterot

(deckcharge) a t o m

IHnmnt-wmnlafkmle.dk> 1?
I P(4)

squared ein_field
×
dipole matrix

transition amplitude element squared
frequency squared

Fermi's golden r u l e f o r monochromatic elm-Ware

481 Wn-smt-IEwmnlakkmle.dk?dumn-w)

tetsexpressthisinte.ms#theenevgydensitgot
t h e rad ia t i on f i e l d

149) g = f- IST -EotEP-alfIYEK.la?w2T-
Pogntingvecto- 1 8 -



We n n = E ) Ihml e i d I n>Raum-w)

Assume t h a t w e h a ve a n incoherent superposition

of light w i t h a l l frequencies w

(50) g → GdWHdw )

H t Wn→ m = 4¥ I I I . 1anläämst?
S o f a r w e have assumed t h a t a l l d m . Wa n n baue
t h e s a m e polarization. I f w e a s s u m e a random
polarization

¥2) g → GdwIn f a i r e a l e r t - - - -

-

orientation average o v e r E

U s i n d e-Ä = d cosch

Infäheknte.ci/msR--
fzjdcejddsiuchcosEhknldImY?

153)
o o

= EIS es? laiätmst?} kniätmst
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t h i s gives

1541 Wh→ m
=
45¥ 44971 Km l ä n f-Bnmulwm

B m Einste in coefficient o f stimulated
em i s s i o n

CB.IS/imulatedAbsorph-

the s a m e arguments c a n b e m a d e exchanging
t h e ru les of init ial a n d f ina l s t a t e

Wm→ n
= Binn 4 ( W m )

f-5 ) ßmn=Bn

"

KIspontancousemissi-
tinsteinconcluded tha t the picture of stimulated
em i s s i o n a n d absorption cannot b e complete
as-equal r a t e s f r o m l o w energy t o highenergy
s t a t e s a n d vice v e r s a wou l d preclude a stationary
s t a t e i n t h e i n te rac t i on between a t oms a n d
the rma l radiation i n c o n t r a s t t o observa t ion !
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¥!B o n t e n p n : probabilityt o b e
i n s t a h e nEm

"%

am

N N

(56) pin = [ B m n P m - [ B K K P K
m # n K t h

i n o u t

i n stationary s ta te pan

"

0

⇒ pds=L &
⇒ h e conc luded t h e r e m u s t

b e a n add i t i o n a l e m i s s i o n process

E n -

Anm |Em

""

Bnn

f rom statist ical physics

(571 Pis = ( e - ß E n f - ¥5
a n d P l a nck

N w ) = I I I eo¥
⑤8)

⇒ Aßü=E%ß E ins te in c o d i c i l
o f spontaneous
e m i s s i o n
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