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Let's go back to Harmonic Potential V =
MeFricut

Anming &t= 0 14) = (i)
,

we derved

↑ -)if
=

which inhi too becomes F.
G

.
R

.

Tief= KfIML1)K JCEF-Ei Itw)

Very same steps can be repeated for a CONSTANT

POTENTIAL v

V = M + = 0I00 ↑ t
-

= some result with

w = 0 ! 1



#
-

↓

Whi =
Ef-Ei (Ef-Er)" simply-

t

or before ,
when t x

F
.
G

.
R.

Nitf KIMli) 12 SCEf-Eil
↑

energy conservation

5 function mightappear problematic

physically, we are usually interested in transitions

to a "group" of find states with energy

E =EiE = 2
2



indeed
,
the Energy done usually ES NOT

#CIFY UNIQUELY The State

For example :

(i) = Some Atom in some excted state

(i) + (f) + y

low en state
↑

photon
8-momentum not fixed
& we want to sum over

all possibilities !

In genera ,
we defne e DENSITY Of States g(E)

such that &(EIdE = # states with (E
,
E+dE)

So wo conte

&IH => (dEff(Ef) If "It) 12

EfwEi 3



using our femula (stay with V = M constant)

=> >Sum2/EEit) Ef

↳o /Kirisky CE) · E SCEf-Ei) dE

much that we cometimes wate for Mei = I
t

-

↑+ i = kfM/i71g(Ei
1

Also called FARM GOLDEN/ RULE

poy
attention here

,
a genera fe states

ehises !& withsimila energy ,
if theyore

"Close" in continuum
,
these >1 or

-

-

abo civil Se BY CASE

h



Before looking at expect oplications of the

F. G . B
,

we will get bock to the question

WHAT HAPPENS TO THE WITHL State li) ?

ClearlyIf ICC) / -
N . t + .

.
.

then by conservation of probability

KiCt)1 ~1 -
it + . . . .

When - o (f(t)11S IiCH120 = SENSE ?

Indeed it turns out that these first order remets

con be "resummed" and the right behaviouris

-Mt
Kilt) I've 1CH)l = 1 -e-ht

↑

Exponential Decey 3



Let's see how this works in explicit core of

constant potential.

By switching on potential at once
,

we have

a discontinuity as we try to work around

this as follows : modify potential o

SV= with 130 ; 1911

wewee of as a "regulator" to turn potential

on slowly of t= -x.

-
IMPORTANT : We start now &t= -X

,
so we was tneed

to seed t + > anymore !
- 6



of t = -- onume system in (i)

let os evaluate CfCH) & Ci(t) in this framework

some fraclos give

(10(t) = 0

ce(t) = - filli I 2it' iCfit'd+e
↑

to =-- when Vo

Mt + infit

i 2
E

=- f(Mli)
M +10fi

fi = Ei
t

and there fre

ICICI = EKfIMlis
↳ again , any

+

isveryFpart ed ! 7



this is notIt
,
how do we compute Tiff ?

↑i - f

now notice live 7 = Ow another zep.

+-
09+w of Diroed

G Using Wi = FEi we get

2

Tief = -KfIMli>R GlEf-Ei)
h

we recovered F . G .R
-

so for so good ; now what about Gilt) !

we will compute it up
to COND ORDER

in perturbation thery !
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· "(H) = 1 nothing happens

-

i 'I
-

entiet· c.
"() =

iMi]
1

-X

I Wil = Ei=
Il

= ent <ilMli] energy
slift"

I - time indep
1 -

↑ behoves bodly when n+ 0

-

up to
this order ·di=
e CilMli]

-1- illi =-i Mis
tr
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to
go one order higher ,

remember the general

frmule fr UIC , to) derived un previous lecture

U
, to) =( VE(t)V=(t))

-

I Interaction picture !

and & t = to

C(t) = <f(ut, to) 14 ; to E =

so in our core [f = i !) 7
-(H)= il Votel

imsent &In)(n =1

= "[In)~

iWint'iWnit"
· e e
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V(+ ) = Meit gives

"() = (e) EIMR
t iwint' -yet init"-yt"Jat I d t"e C

-n -x

:Wnityt
t I

2
-

= [i] Midte
Wine

M + iwni

Whi = -Win so

= Enikfi et
M + iWni

- *

· El Mikiwail
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now separate n = i from the rest

= ()"Mike
↑ ( En Mailina

- E Mi eat +

+ ] Mail Zet
2 (Ei-En + inh)

= +)

dCi(t)
Once more

, empute Niti- It
12



t

&it /Mine Mi2m2

- () MurEnighs]
= -Miehtine

M

+ (i) E Markrigh
-

now compute

=
L don't need

Y
It order here

cross term
because numerator

Cancels term with
Starts & first order

pole !
already ! 13



itMit
+ () Mail eet

(Ei -En +ity)

↓
take now limit ->

keep of here

Ance EinEn

dangerous

I di - Min + (i)
A

(i(t) t
Ei-En + ihm

- ~

?
imaginary

2 to
Fig = PV) = iT()hu

Principal Value
14



so we can wate

=
extrai

-
in [Mail"WEn-En)]n+ i

-

Imaginary

i
i A=-

-
-

i by defining :

2

↑ = 2 MniR SCE-E

*i = Min +PV(i
notice Ti = Tien em of traction

RATES fou
FERMI GOLDEN RULE
-1



notice that r .
h

.s of differential equation is

time Independent op to second order in pat . thery !

i(t) = (- E - Ea:]()i 2

t-D
=> CiCt) = Gio . e

Let's interpret D : & 4::

17 remember

14 ;t < = [CulteEnt/h In
S

14 ;> I = [ Chit) In

16



↳ If we start for state (i) and look

of its evolution we hore in Schnodungen Picture

lis -> Cict) e-Eit/h in >

↑t
- -
i (Ei +DJt/nj i

N e 2 T (i)I
Di gues

the

ENERGY SHIFT of
the level (i)

2) If we look of probability (Ci(t)12

Mit

ICil = KioReg
consistent with

↑

: gues the Y
RATE

Ferri Golden Rule ! & of state (i) ->2 it



one often introduces also the mean lifetime
1

Ti = -

Mi

so we wate do Kilwe-t/ti

Let's go
book to Ni = Called PAYWIDTH

toree why , go from t to E (Fourier trouf . )

+ N

f(E) & Sdt'e
-i (FitDilty- iEt/

O

-
E-(Ei+Di) +

inTi/2

I
-

= If(e)kc t(E-CEi+Dil]2 + Min
18



let's plot of
If(e))

2
&

.
y Ei+biY E

E= En+ Di +hi

t Z
E= En+Di-

↑: gves
the width of the probabilly

distributor of half-maximum !
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