
Perturbativo
Time - independente perturbationtheory :
this set of probkms are rekted to causing a perturbation into the Hamiltoncan and seeiny how this affects the energylevds
and the differents nave functions .

We have our original probkm lsduedl and ad an extra potential to see how the system reacts to it : for instamos
we have a quantum harmonia osihtor but what happens if we apply some externa eletric field ? In most cases we can't

sdve complete ly this newprddem , so we search for approximute solutions for the perturbated eneryy levds
- wan functions .

Our Hanitoman is wrilten as : H = Ao + ;
→ perturbationlnew potente

d is a small numher (0,13 which measures-
the intensity of the perturbation ( in most cases 1=1 but is a importante fator to the theog?\

Original Hamitonean lalready sdved)

Wealready know all sdutions for : Hot n°7 = Eonl n°) leigen- energgfunotionslvalves)
We want to salve H Ind = En 1ns

↳ power
series of I

and then at f-1

hyphotesis : In ) and En can be wrilten as a sum of perturbated temer :

por oçh {
1h ) = Iri ) t HM + KIM

aproximation arder / series of
A arder

En = Ei tttntltnt . . .

--
come from come from
Ho H

'

So Hln) = Enlns ⇒ IHO-tHHHEEE.LA-1
.]

Organiziny the eqvation by power of t :

HOINI tt ( HolMt Á Ing) + II Hohilt HIM ) t . = Enohitttltihilt Ei till
til Eihisteihitttihi)

The coeficiente of each orden of Y must he equd which bed usto arder correctionsequations : t.
.

corder zero : Holli) = Ei hi) independente of perturbation Á We nsually calote the perturbation

First corder : HOIMt ÁI nos = E noµ + Enlpnoy up to the second arder .

Sewndorder : HIM t HIM = Eilnst Ei hit EH nos |



The Zero arder equation its just the cigenvectorequation for HO our original Hamiltonan .
The first arder is :

* sinal A

Holli ) t ÀI nos = Enohi) + Entlnod→ End HIM that It
'

hit -_ sileiln" -kiteihis

Eihim Íris E

Einstein" H
'

hit =t + Ei
⇒Ei

<

1-et vs dot now our firstordr equation by another

eigen - stat of our original Hamiltoncan Ho; lmi) ; mfn
do ting the cg by 4mi we have :

(
First Order Corredion to the energyExpeetation Vale of the perturhed Hamiltonianos

A µ orthojdnd our original stute .( mol H1n1 tem IÀ Iii) = Enotmolns + Entlnil nos

ÍÍÍÍ.intwww.eiinii.is → iminente
{Componente of the tirst arder state coreotion into our original
statebusis of À

↳ for all mfn
but what about the componen

tia Iris?
-

Ow perturbed stute will be : ln) = Iris + Iris :

W=ln9t§Â¥ → Perturbed state corredio up to first arder

looking at the second arder equation now : Holli) -1 HIM = Erilnlt Entlnlttnlno) dotinglnol we have :

{ no Mt (notHIM =Ei + EJÁ + EÂINII ; houver hisand IN are ortogonal
Eiki

⇒ Ef = ( not HIM) openingln) we have :
Ej =g lNOIÁIMOKMIÁIN

|
m Ein - Ei

↳ This they is for the arse of non degenerante °

III.77%717%7 . "IegaI ¥1: ? ei-EYI.ie?se.ndaderenerg..rrectionthey which will be tackled next . htn

But what if our cnergyspectrum is degeneraTed ?



Degenerante Perturbafion Theory : [
the continente blows up and does not make senise anymore .

What happens if our original unperturbed staten are degenerante and different Staten shws the same energylevds ?
Suppose for instano we have a two - fdd degenerancy for leudr a- , b- ;

Horta = ÉT ; HOY = Êtb and of curse since hoth are eigenstater : Hit til →
( with eigenvalue EO)

We can write the vlnpertubed Antes as to = dita + pti with same Eiger vale É .
But how do ue construa t

this stato and apply perturbation ?

Looking at the firstorderequation : Hoyt + Hhfo = ÉTT Ehfo doting by EI we have :

( ÍAHYhttp://ftp.t = ÉHEIM + EYT:HT remmenherig that yo = dia +phi
DO

xta-HIIHxtitpxit-EHII-ektilxti.pk )

xttitttitptittfttid = Ex ⇒ xwaa-ipw.ba
'

i where Wij=ülÁ
Waa Wbb

If wereturn to first arder equation and dot it by 4451 dwbatpwbb =p EI
we will get :
-

t

Ínterim www..im
↳
W-Matrix-EI.am its eigenvalues and this the first arder oorrection

to the degenerate energy levdr .

Mathmatãlly speakiny we are constructinganeigenbasis into the degerente subspaa
In the case of a n - fold degenerancy we will han a similar thing but with a

nxn matrix whose elementar are wij = {ti 1H44;)

The eigenvalues EE are in this 2H case :

µ µ
First arder

E
±

= tz [Waat Wbb Ilwaãwbslthltwabl] cneryy correction
-

The process would be ↳ if d-- O ar f-O we fall in non - degenerado perturbation they
something like :

states ti and t:Ho = Ü
-

"

¥.

such that E: -- EI = E

T

subspace T considered ; Ue construa W by Wij = (TÍIÁIT;) how diagonalige W

⇒ detlw - pH ⇒ ¥ pra , Já (E) → 4 = ATat Btb Etetttam

pub , Tb = (G) → É = (ya + Dµ, {CMYJ "Ptofirstorder if paf pb → no more degenerancy

The secondorder corredion to the energy will be ,
state comediante first arder

EÍETBL

EI :&. ieís
'


