Clase 21 - viernes 12/11/2021

La clase pasada vimos:
- Perturbaciones independientes del tiempo: Planteo del problema

- Perturbacion de un nivel no degenerado

En esta clase veremos:
- Perturbacion de un nivel no degenerado: segundo orden en la energia
- E jemplo con oscilador armonico

- Perturbacion de un nivel degenerado



Teoria de perturbaciones independientes del tiempo

H(\) =Hy+\V A< 1
HO |g0n> = En|g0n> Conocemos su solucion

HOD) YIS = EG) 190D




Orden )\ :

Orden \!:

Hy|0) = £00)

(Ho —¢€0)|1) + (V —£1)[0) =0

Orden \? : (HQ — €o)|2> + (V — 61)|1> — €2|0> =0

Orden \? :

(Ho —e€o)lg) + (V —e1)lg— 1) —€2[g —2) ... —&4|0) =0



Perturbacion de un nivel no degenerado: primer orden
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Energias a sequndo orden



Perturbaciones de un nivel no degenerado
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Perturbaciones de un nivel no degenerado
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E jemplo

Complement Ay,

A ONE-DIMENSIONAL HARMONIC OSCILLATOR SUBJECTED
TO A PERTURBING POTENTIAL IN x, »:—¢



Complement Ay,

A ONE-DIMENSIONAL HARMONIC OSCILLATOR SUBJECTED
TO A PERTURBING POTENTIAL IN x, x? x*

1. Perturbation by a linear potential

a. The exact solution
b. The perturbation expansion

PE | 33
H{} = _2.FH -+ EJH{U X
o 1
E, = n+§ﬁm | ¢, >

Agregamos la perturbacion: W = ihm X

) H=H,+ W



Este problema se puede resolver en forma exacta:

{_. . Complement Fy
ho oA A CHARGED HARMONIC OSCILLATOR

W= —g&6X = — qﬁ\/m X IN A UNIFORM ELECTRIC FIELD

52
tha <> — yé& /_.E_ @ E, = (n +%)ﬁm = %‘ﬁm

'.g.' Hin

F+ W

FIGURE 1

The presence of a uniform electric field
has the effect of adding a linear term W
to the potential energy I of the harmonic
oscillator ; the total potential } + W is 10
then represented by a displaced parabola.




Similarly, we see from (40) of F,, (after having replaced P by its expression in terms

of the creation and annihilation operators «' and «):
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The limited expansion of the exponential then viclds:
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Ahora usando teoria de perturbaciones:

W = iho X :> W = ﬂ.i@:(ﬂ' + a)
2

W then mixes the state | ¢, > only with the two states | ¢,,, » and | ¢,_, >. The
only non-zero matrix elements of W are, consequently :

n + 1
(P | W, > =14 | ho
Vo2
n
<co..-1lWprn>=r1v15ﬁw (11)

Tenemos que aplicar la formula:

AW e, >l
E = E° + W +§:|<“’"| " + ...
" » H ol Wlew) nEn E® — E°
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Tenemos que aplicar la formula:

AW e
Wi iy KWl
n n < f,!}'"l I (PH > ng&:n EE _ Eﬂl

replacing E? — E by (n — »n')hw.

2 12
E, =E° +0 —“"TJ")M +"—2”hw + ..
1 A? A segundo orden ya
= (" +§)”“’ -5 ho + .. coincide con el exacto
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Perturbaciones independientes del tiempo:
Caso de un nivel degenerado
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Perturbacion de un nivel degenerado
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Perturbacion de un nivel degenerado

Orden cero

Hy|0> =¢,]0) (A-9)

Now assume that the level E° whose perturbation we want to study is g,-fold
degenerate (where g, is greater than I, but finite). We denote by &? the corresponding
eigensubspace of H,. In this case, the choice:

&y = E? (C-1)

does not suffice to determine the vector | 0 >, since equation (A-9) can theoretically
be satisfied by any linear combination of the g, vectors | @} > (i = 1. 2, .... g,). We
know only that | 0 > belongs to the eigensubspace & spanned by them.
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Perturbacion de un nivel degenerado
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Perturbacion de un nivel degenerado
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Perturbacion de un nivel degenerado

Tomermos la matciz KPR
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Perturbacion de un nivel degenerado

Riede caxar qe adgna € s degenemda
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Resumen de la Clase 21

En esta clase vimos:
- Perturbacion de un nivel no degenerado: segundo orden en la energia
- E jemplo con oscilador armbnico

- Perturbacion de un nivel degenerado
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