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General idea

Task to solve

* task P, , known solution y,

* find y(¢&), a solution of task P(e) = Py, + AP(¢)
* where AP(g) - 0 for € - 0is (considered) “small”
« AP(e) = &P’

Solution

« assumption: y(&) is an analytic function of €, y(&) = Y i, Y, e = Yi_ 1 &F

« coefficients Y}, are obtained by inserting the series/polynomial in P(&) — set of equations
Yo~ Y, {vo, 1} - Y,

* perturbation orders of y(¢)
* y(e) = Yy = y, (0t order approximation)
c y(@©&) =y, =i oYk =Yy +Yie =y, + Ve (1% order / linear approximation)
s y(@) =y, =Y Ve =Yy + Yie+ Yo% =y, + Yy + Y,e2 (27 order / quadratic approximation)
* etc.



General idea

Applications

e guantum mechanics

» stationary perturbation theory (to solve perturbed time-independent Schrédinger equation)
e guantum chemistry (mechanics)
* scattering theory

* non-stationary perturbation theory (to solve perturbed time-dependent Schrodinger equation)
* interaction of molecules, molecular complexes, nanoparticles, etc. with electromagnetic radiation (laser radiation)

e guantum field theory
* elementary particles collisions (Feynman diagrams)

* many other branches of science ...
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lllustrative example

Task to solve
e perturbed problem P(¢): y3 —y + =10
e unperturbed problem Py:y3 —y =0

* three (known) solutions: yo =0, y, = +1

Solution of P (&) correspondingto y, = 0
* y(e) = LSV e = yo + T2 Yiee® = B2 Ve
« y(e) =Yg+ Yoe? + Va3 + -
e y2(e) = (V1e+ Y262 + V3e3 + - ) Yie+ Vo2 + Y33 + ) = V2?2 + 2V Vo83 + -+
o y3(e) = (VP2 + 2 Y03 + - Y (Ve + Vo2 + Va3 + -0 ) = YVPe3 + -
c (VPe3+-)—(Me+Yoe? +Yae3+)+e=0
s Y2 -Y)ed —Yoe?+(1—-Y)De+ =0



lllustrative example

Continuation ...

e (Y2 —Y3)e —Y,e?2+(1=YDe+--=0

c y(@) =yt Yie+ Vet + Vet + =4 &3 + -
Oth order solution:

Yo =0
1st order solution: y; = ¢
« 2"dorder solution: y, = ¢

3" order solution: y; = & + &3



Stationary perturbation method in QC

Task to solve
* perturbed problem P(¢): H|Y,) = E 1Y), H=H,+ Hp = Hy + €H,
* unperturbed problem Py:  Hy|Yog) = Eog|¥ogq)

Solution

* |lpa> = |lpa(8)> = Z?c-ioo gqujka>
* By = E,(e) = Z;Ic_ioo ‘Sk‘gka

* (ﬁo + 51:1\1)(21200 5k|qjka>) = (thioo 8"8ka)(222°o 8k|kaa>)

(ﬁo + 5171)(“’00:) +&|Wig) + ) = (Eoq + €10 + - )(|Wog) + €|W1a) + )

[wiki]


https://en.wikipedia.org/wiki/Perturbation_theory_(quantum_mechanics)

Stationary perturbation method in QC

Continuation ...

o« Hy|Wou) + (H0|1P1a> + 1'/'1\1|Lp004>)fS + - = Eoa|Wor) T (EoalWPia) + E1a|Poa))e + -

* 0 order solution: H\Olqua» — SOal"POa) {lll"Oa) — |'~/)Oa>» gOa = EOa}

e 1storder solution: Hy|¥:,) + Hi|Wou) = Eou|Wia) + E1a|Wou)



Stationary perturbation method in QC

15t order solution - energy

© Ho|Wia)+ HilYoa) = EoalWia) + E1al¥oa)

‘ $¢0a|Hjo|qJ1aZ + (Woal Hi1Woa) = Eoa(Poa|¥ia) + Eia $¢0a|¢0a2
EOOL(t/)Oalela) 1

* Sia = (1/J0a|ﬁ1|¢0a)

* Eqg = Ejqg = Eoq + €14 = Egq + €(¢0a|ﬁ1|¢0a> = Epq + <¢Oa|ﬁP|lp0a>



Stationary perturbation method in QC

15t order solution — wave function

H\Olqjla> T ﬁ1|¢0a> — EOallpla> + glallpOa)

¢V
|Lploc> — Zﬁ =0 aﬁ |¢OB)
* without any loss of generality: c( ) =0 (WiglW¥og) =0

~ 1 1
Ho X520 c(xg)h/JoB) + H1[Yoa) = Eoa ZfZ0 C((ﬁ)llpOﬁ) + E1alYoa)

(Wor o £52 €5 Wop) + (Woy IaWou) = Foa B5Z0cly (Yoylibog) + Era (Woy Yoa)

o) o ':O
Eoy X0 € élﬁ)(lﬁo)/ll/)oﬁ) By ay
Spy




Stationary perturbation method in QC

Continuation ...

~ 1 ~
* (WoylHo X% o(cﬁ)llljw) (Yoy | H11Yoa) = Eoa D20 C
EOyZEooo Sﬁzﬁboﬂlpoﬁ)
Sgy
(1)E0y <¢Oy|H1|¢0a> = C(l)EOa

(1) (1/’0y|H1|1/’0a)
ay -

Eoa—Eoy
1 (YoylH1lYoa)
* Wi0) = ByZo ey oy) = ByZo i oy )

YF+&

* Vo) = [Y1a) = [Yoa) + €|V1a) = [Yoa) + E|P1g) =+ =

5/3)/

|l/)0a> T Z]-/F:
y+a

Say=0

(¢0y|HP|1P0a>

Eoq—E

(¢0y!¢0/}2 + &1a ﬁlpOyllpOaz

|lp0y>



The end of lesson 6.



