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6.1.) General Foymylatiop

solved: Hd =ER 4y <Yl > = Snm

Yo solve HYa= Enl,

aH=H2MAANE T HY perfurbation
Go= 4 hYAt NSt
B Ei tARL Y NEat
(R M) L404 M 43 - T = (ER MEn + B - ) LU MY+~
\
Hode + AUBGR+ B+ N Hotha+ 1) +- = Eq 40+ A(ERD)+En §2)1 U Entit Brdat Enpn )+~
H%n = Endl
o4+ 4n = EA YA + End £67]
WG +HG = Bt B+ B

6.12 st~ Qrder Theony
Hota+ H¥n = En dn HEnlS.
U LH WY + <P ISy = Bncda o> + B oalyd>
But CYaln w> = K EAGL B 0|00 = il tn).
DfEn= <kl ly; >.| (64
* the tirst ~order correction o the energy s the expectation value o the perturbation M fhe
unperfurbed stote

KOG+ B4 = Entn + Entha
(H-En ) = =(H-Ex) 4
~the unperturbed vase fuctions constitute o complete set, so Y Ulike any ather Function) aan be
expressed 0s linear combination Offhem
‘Vﬁ ..ZMC”(”’? W:.-
= There is o veed to include m=h i the sum, -
(HF-En) dn==(H~Ex) by .
2o (En-E) 040 = = (H-Bn) 4 .
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non degenera‘te

b-1. 3 Second — Ordes Brergles
H%HN« E°%+Eh%+l':z W
gD + RN > =B 105+ x>+ Exedsl vy
Bick <URIHo U2 >= KRBy = B ie 1S .
Bi= CRIN % —Encheluiye .

But WQ\\”?:»«; G (140 =0 T T8 ol es
o B =N = T, i W 40> = g e
=

6.2 Dege/nera:\'e Ferturbgtion TheOPg
b2.1 Twstold Degeneracy

Suppose that o =E'WR KH=EH od <Klyi>=0.

P=ata+84. @Ry =py

b Solve - HY<EY
K =V
Fe'+h'¢ =Ey+E'°

FYHHE =B tEY
RIS CRIWY= BRI 1E ke |
S Buf QR IBE) = (oW 9> = P Y)
R INYy =E8|yey. A\ Voadhe B9
But A<t G S +p< IV Ry = dF).
o mor€ compactly | otWest BWab=olE! . where Wij = <Y IR 4>, (1,j=0b).
Similorly, AWpatpWeb = BE'
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AWpgt W b= B
AWabWia+  Wap Wb = GWab E'-
using PWab = OE'~ aWae
OWak Wha + aEWw = aWaa Wy, = (o E'= awea) E'
& LWab Wea = (E=Wea) (E'=Wsb)] =0
3 a0 . (B))™ B (o tWib) + (Wea Wes =~ WebWia) =0,
note that Wha= Wa,
< Ex =5 00Neet Wi 2+ 4l ]

'a=0, f=). @
AWaat BWob = lE' =D Wab=0  aWeat BWin= BEp = E,=Was
BV = Won =<0 1K 140>

‘d=1, p=0,
oA Wea + BWy, =BE' = Wio=0. = dWaat BWeu = oF = E =Waa
. = Wea= <o W0y

Theotem : Let A be o Her mition operator Thot commutes with N'. ¥ and Y are eigen‘fwnd'\ons
of A with distinct eigenwelues . AR=pe AR=VUS | and ptV. then Wab=0 lond
hence. Yo ond U2 are the ‘qood * states o use in perturbation theory).

Proot: By assumption, LAH]=0. 50

QA4 =0
= (Yo |AR'4E) —<fa AL
= AR G0y~ eIy i>
2wy RIS = (v ) Wab.
But ptv, 50 Wab=0. QED
Moral: 7/ seldow necessary (x.
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b-2.2 “ig\\er - Order %Se“eﬂ'&(’)j
EXC\MP\Q. \JKY'S'Z);$’0 JF pex<on, 0<y<a, and 0<Z<(.
n , otherwise

q'ounjm xy.2)= l%)% 8in \%X) sin lhznﬂ)siﬂtﬁﬁli) Eorbmjn; ;3,]%%1 (“)(A'*’V';‘*'ni).
Notice that the qround gtafe (Yu) is VMM s energy is E§-=-3%Lr:b&’.

Bit the Jirst excited stute is (ply) degenarate: Ya=th , b=V, 0nd Gestu,

Tll hl.

o\ share the energy E'=37we .
* Now lets introduce the pertur bation
H= ‘\;Q 4 0<X<3 ond 0%y< 3
0 . otherwige
The First-order correction %o the ground stale energy is given by Equotion:
* Eb= il = BP0 sin’grx o (S sinthy) oy [sin'tEz)de= 2 Ve,
% <

a
8 o &

2
e Wao = %\3 Vo Si sim (F0dx |2 s'm‘[laﬂ)dﬁ S: sin‘ﬁ- §)§= Vo e
Wob = [ Ve [ sin (Bodx FsiefEn dy (3 s (Beddz=2V . yuy

a
3

e = 1 sl Bt By [acbiorte-du .,

[y L o
Neo = Ve 17 st B ) e 7 sinbyy sin () 0 sin(F2)siblio)dz=n. Wocmo

p
‘1a)\ a .
@Wuz \%-)SVa [;’ ¢in bEx ) gin ng)dx Y: sin(%-g) sin l‘gﬂ)d@ [:gn‘kgg)dg: 7['(%1%,
Thus | W=2\€ V=0 4.0 k’-"l'sg:‘?)zf—o.\zog.

o bk 1\
0k
The charucterictic equation for ﬁ\%
(I-w*) - (Fw)=0
eiﬁwvalues’- w=l, wa= k= 11205 5 wa=l+k =015
* To tirst order in A, then BN)=|E+ fﬁf
B+ M
B4 AR

where E{ is the (common) wnperturbed enexqy . The perturbation \ifis the degene,racﬁ, spl
B info three distinct enerqy levels,  Notice that i we had nai vely opplied nondegjenerate
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Pex-\mbaﬂon ‘Hneonj to this preblem , we would have concluded that the first ~ urder Correction £
i the same for all three statec, ond equal to )Af —which ¢ ac'{'ua\lj wrrect only for -

the middle stato.
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Meow while good unFer’turbed stales ore linear combinations of the form -
V= o\\\/nwb*r 7

| 00 o
0\\:) %)=w@
¥ LY

pdd
Tor w=l, we get a=l, B=120. for wsltk,  wet et 40 B=LT=T
Thus the “Good * statres ore®
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Example . The MPer‘bwbeCl wo.ve Wﬁms ‘fvr the fv\’ﬁn\'t'e square wel| are ¥y (x)= gslu(%ﬂﬂ)
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