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VWEER B Viscussion

Mid- +em  Exam

Problem & Peviurbation Theory
Planar rotsr in +he evvernal quadrupolar potential

Solution :
) Y= "' eimt E::——,tg--m’.
hence except meo. +here is o double degenersy for im.

En-= E.° ,
Retlection cymmetry (Sending § 40 -f) or time fetersal Symmetdy provects

this  double  degeneraey.

2) Before applyimg H', +he SYstem  has both  SOQ) rotation and reﬂecmn SYmn etris ,

Hence +he Umtary symmery gramp  of H, is O),
After H' s inttoduced , S0(Q)  Yotation symmetry  is broken. and +he Syﬁf;n

has  only  4e 2, sywmesny, .. 10K 1A, When/e{,gJ fr-nr-ﬁ
We do not expect ehergy level degeneray now. sinie +he gqvup B TN

ALOIaan
When V. <<—j?‘[: , We can Heat H' as a  perrbaten 4o Ho.

3) For later convenionce. we calculare +he following  mat¥ix element :

o (U H| ¥

= [dp 2 rint (Yo o) 2 o im
= ,_,5,/__”” miz + dnomez)

where  m.n €2
For qroumd stare Y., . We
Applys'ug gn, Lk amd bp44 i Sakurai’s
15 order wave function conection :

v, = X cm g (A HIEDY

use hon- degenerate  perturbation +heory.
book 2M edition. we get

= 2,7 m Y (- L) (bat o)

(9-pz o ki)
= v )
l"d ovder energy cole chon (1% order energy corvetion Vatishes )
£, = 2, gom el (WIS
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—

= ‘l'h/;r (YM
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Hence in Summary
v ) o o 0
Yoo = L0+ Fom (Y2 w8+ O650)

- Vo?
Emo = k5 + OlREP)

This ohviwus +het +he new qround stre is patiry elen [at least o first order
of Vo/prry  accordiog o our calulation ). But adtually i+ is ot eVon
paviy 4o all onlers. This is because +he qraumd  stgie is  non-deqenerare and hence
has—a i¢ Party eigensiate. que origiual 3roaml stHgre ., has  even parvy,
ard thus a  condinuous aualym shows +Hat  pow gmml state s alo of
eVen parieg  provided dat  V, is  swall  onough.

4) For m=£l, we shohu use Mit# Jegenua.n PeHurbaHM +l1eorj.

Fitst we desermine +he ot onder Wave func+ion. For +is We cdelate +he Proection
of H' onbo Hiis  a-dim degenerate  space.
(U THTY Y= 0¢ v R ED >=0
U | gy - -2

(g IHTES > =
Hence o H'Po = [‘7 "’f} . where ﬂ,:lf“,’)ﬂf‘f)"’-f‘ 1¥yext],
RV
D.‘agonalizn‘nj +Hhis 22 matrix  we get
155 otder eheryy  corvection 0% orler Walle Jun ction
Eﬂ)+ _ Ve _J_/ ]k-"” w-lt')
i = oa
y FiLY + )

m -7

- 1=
Uswg egn. 525 in &Ixm. s bok M edition, we get the 2" order enersy

contectin, &5 IOt i [0 ] 01
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egn. 6.6 and 5.4 in Sakurai’s book 2 odition.

For 15* order wavefurchon, we use
Notice +hat there are +Wo pams of +his I5* onder comection: GRe one lying in

span { W, ¥, +he ovher outsile +his degenetare  space.

Then
o ¥z > " o
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| Iu Summary v Ve
v ! ___0__

Ett' 2I -~
Y 2RV TED) 4 gE e (XY F L) +0 I35 )
Yoo A, are of paviy odd and even

Again ot least 4o I ovder of T,
vespechively. A gmdar  onbmuouns analysis shows +har this oklys— hods +o
all ovders.

(3



Th

[KFIET O for the ap s, wm,g 80 Grupling

we hwe 2P, aed 2P, set. Their mwzwfwew a the
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'4{?,%% R’-p ). (11(9 ‘P))

5 0.

, ZP;,(: Yy = R,P(r) ( "[:;: }{o (9:?)) %""sz Rzr(y) (”\gyno{@,?))

5 (0.9)

4{‘? %4 © R‘fw( "]?3 M (8'?)) L) g = Reple (‘\/;} S (6:9)
BTV A RV ST

‘ 1[’ X34 = R’[’ ( )/S,(o.?) )

o ikl sta Wy = Ry ()
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Sl v = XG4 ye, +2¢;
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