Week 6 [iscussion Session dolt-3.9 A

Homework 43

Problem 54, Sukurei
Solition:
(W) Growd seare is (0} ®O% | wih energy hw.
[t excited Siares qre 0> @ li% and (1, @l"?l , With ehersy 2hw.
(B For  round stare. Lof, @ ol Sm W xy [0, @ Io) =0, hence (% order comectim
4o energy Vanishes.
For 15t excived stmes, one chould use degenerute perturbation rheory,
The appropriate maHix elemenss ave
ddy @ iy §m-w'xy [02, @11 = 0
Qly @ (o’, (m-w'){y 11 @lo)’ =D
oly @ <ly m-w'xy )i @ I0)= L3 fw
Gly @ oly  fmwxy o), @ 113y =+ &2 4w

[ ]

Then it s eayy to  get  eembalies and  eifenvectors of 4he 2%
Matrix [ 0 > ‘{55"’} as  ollows :

+4w o
Eigenvalue Eigen vector
. i fw f (10% Oy + I3 ® lo>, )
| -+ S = (1% @y - 17, @ 12 )
%(() Now
Ho+V = J,-’,%‘+ -,C..’;L + T (x y}{' i/ [") :
L J

One ctan  use zan ol#wgona{ trans for mation  +o dlagomlfle +he Hanc,'/-rom’aa ;
e L b [\ (]
I~ §mim

yl
Where X'}; ’Ji[' ol [X .
[ﬂ’ I -l Y
Hence the energies a]‘ +he three lowest  stuns  are
Lpw(fitmm + Jirduim ) = tw+ O((E2)
hw [+ Joom + 32-.//-1’»'»:) = 2hW = g hw % t 0{(%”#)

tw | 2 Jivimm 2 i) = 23+ R UL 0((%)~)
ih ofreemens wih the  perturbation Yesults ob tamed in part (b).




Problem 5.1, Sakurai
Solution:
(@) Y=

Hence  eigenvalnes are
B35 £ J(EL )y xa

4 /]
EitEs T 5‘ S, ¢ aa O,

E iqen functions  are

for  Ples sig O ]
oF M Ny 020 .40 3 ’
[E.; 1_)(&.75) +44!
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for misus  Sign. K- E'o:_‘e,c ",'/( t,a-e,-)z 4 A

where Nt are afpropriate  normalizatin  factos.

()) We oy non-degenerate  pertutbution theory. Nokice +hat It order €rergy correcin

Vanishes.
For ¢, we lulv)c -
oY = b _g.‘:&a!_"o.j
= E." l-:° 4y
AEM - 1<l Wit Ne
XY ES-E;

thot  fvom +he exact resuts in (a), We haye

ao+&v +J(&°'E>°)Z+A'A‘
& FY

° 4_Aaz
[+ 5)*

Notice
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E|°+Ea° + Elo-E.:,
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TAad
= ES+ E-:)“_’:AE:’— + 01
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gigenYunckion = 57 R X L 3
st Ve | e (B ﬂa s et )

; I (5%)

A [ Lot 0
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cnsistent With  perwurbation Yessls in  patt (4)
@plt‘d +o 475:) 4ives —_

amd are
A similar ana'g sis




47(0 - 4,10)

M4t
m -y
4E; = EJ-EY

() Wo apply degonevere perturbation theory  with  H+ Ho + H',
where H, = [E.‘ , H'= [o )\A'J
E; M o

Zevo*h older walke fum-h'ons ale
'1’—‘” J’:{ 4,1:0 + 4,")) Wrth eher gy Shif& A4
lo) l :’,,o) 4,401 Y, Wwh ener 9y S‘"ﬁ ~-14.

Ttis J:nd +0 see dhat 4his  agrees wrh  part 1) when E.O'E,.



Problem 5.14, Sqkuras
S o!MHOH"
Choose coordingte systom sk that she external electric el is alny 2-direckion,
Hhen lctric porontialis
Vin = -(*l)E T = eEZ
Since spin alejne of fHeedom is Lga'afejanemd'e 53 assumption, we consider
orbital part where there is a Aol of nie orbits {I3m>|oefs2, Tsmst},
To oy dejm'a*e perturhation +heory , we need 40 cdwlate  he following  matrix
eloments - (3t'm | V(D | 38m),
Notice +hat Vi) = etz s
a raskLimeducible  tensor operator ;
of efemvalue Zero uder the ackon of taking commutaror with [
odd under parity +rans-frrmation .
Then "5 also notemy thet P Yom = -0 Yym . We have Hur  Gtw[ VIT) [3m)
IS not  Zero only W‘leh
U-ls ¢ < 4
m'=m ;
{H)":H)- =t
0. only  when  ¢'s?xi, m'sm.
So among 4l the 4= 3 mavix domems ouly the following 4 and  their
complex  conjugate do  not Vanish :
300l V]| 310 , 4310 VI3ae>, &31lV)z21 >, <3HMg.l 4>,

Nokie +hat  Wigner-Eckart  +heorem ptells us  +iat (snl\/lsa:) Gr|vlza-D,
Colclarions ~ give she  Following M
GuVizary = - & eka, ';g;m?x;’“

{310V 3209 = - 955 eka,
<3oolV | 3I0) = - 9/ eka,
This 94 masix is  blok- dingonal in +the folowiny patiern:

3212 322 3\” 32} 31~ 324 300 3o 3w
322 [ o o ] su[" -?J %'-'[0 %’J ;oo[ o - o
nale 0 n)(-8 o) s so |9 0 45
ol o M3 o

( X eEa, )

[



I‘f is wg Jo qugonaln?q +Ae Iahr +l-ne Hocks;-

Ekeryy/eéa, O™ otler Wave ftncHon
22 {7'.;( Buy - Bay)
%= (131> 32-1)
il f-;ff{lsu) + 1317
(8147 + [320)
0 7 1300 - 5l13205)
27 —3'7- (JE 1300) =T f310> +[320>)
~27 7'6" (JI 300> +J3 1319) +[310))

We see dut o 1% order degenerare periurbwtion Hheony  does not break +he
Jejenerauj in fhn?, 132 -173 sector.  Ohne has +o go + .1‘“{ dedenernse
perturbation 4o 9ot - the ot order Waefun ction.

This tums 4o an  elgen-problem of the tollowing Ax2 marnix

PV Ewg PV P -

where
P = 1323>¢322) + 1322543 2 -3

P r 2 1" P ¢
To obbtin +his matrix, one has to perform an infinive sum over all [evels,
amd also ok integravion oVer scaterng stwtes, and is a  Vem dificult
problem. Hewee we will be satisped by & just +he above older E' jesulds.



Problem 545  Sakurai

Solution:

For Na atom{Z =11). nx amd n2 levils accomodate a aotnl of 2x11%2%) =)0

eleckrons , and the N gleepn is in the 3% level (03, t=0) for  Ground state,

as due o Coulumb Streenty , 4 ﬂemf { s wieh same n now have different energies,

Since —ere is e’etﬂ"c {-teu E- "‘L —;ﬁ r inside +he  atom P’ddum( bj +he  von

cre , +he presumea[ l/eH-hc d'pole moment can Jm‘,le wirh "hs mienal

e’e(ﬂnc ‘f‘?“ ynl’o‘l" a Herm —/‘ﬂ E = e/‘cl in +he Hamdlsonian,

where we have set +he coefficient between /J,, and 6" +o l,e Mel -

We now analyze +he effert of i aaumzwl term on energies energy levdls tHeatig

i+ as a pemrba+wn Fvst motee +hat G-r Commytes wirk Hotal amuler momentum

7= T+5. so (j.dz) is  Good quanram number oafwer his perurbaron term i

mivoduced. W/e oleuore new erérgy G9enstates as ’f’j?. Tln‘s 's ot 4o say -h(m{

¢ is stil a joul 9 uarmym number mow. T+ is orly a rewind ey -4101- +his  new

elfpnstate is vewy close 4o an unperrurbed stare Wirh orbital  aquler  Momentum

qudntam Humber 1. More pm{s:ly . We ar lal»el!») new  €iGenstoes Via +heir

Jevo+h orler part, M”’(F’F Rue 1) ‘y”"(lr) m which j: P2 Y2 and

94 W is she pin- anjular Funckion,

We are aow f'trmd for a discussion of pevturbation effect. Fivst order enerqy corkecton

(5| gy B ey = by selection tule : {Yow| F| Yem > #0 only

wlmf Al = 21 [ notice -+t ‘!E',:"'”’ consists of Yem and [Sz> with fixed P,
and  hemce selection nde applies).  The [owest non-Vanishieg  €nergy covrection has
w be of a™ orler. As w0 muy. UiF s Z Ay WS wsh o peak
of Awet at (w't')=tn. ), so different ln.(? States J0t m:xnl [Wah same 3)
wheve  [¢-¢]= |28

Lets consider +he perturbakion efrect +o lowest level Stme n=3, 1:0 ., i-t. 3[’;""'}3 as
an  illuseravion. We  should Use «2”’ ofder nondegenerate  Pevtur batton  +o qe+ e
[oWest otder enevgy cotrection. Then

Q) - - ' lo):a By e )2
EQ) = u.Z} El;).ﬁ, £ F /( | /7( £l f“’ >/

i o) 3
= 5w R G R L[

Since +or n >4" .M
]Elo) E[;:’ S>> IEIO,‘ 3 I
we ignove the n24 4ems and only k“}' Hat of h=3, Then , { 6
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£ 2 g Nl oA B Lt

| 2 ‘ .
= ED-EY (B2 (R mrumr 3 4] [ Y35 |37 Y|

in which one can  express ;’-‘{i ) hoterns of Yo @15 and cvaluate -+he
inner product ;n +he abole  ¢xpression.

A ﬂraphlcal illustration ot +his avd otder cornaction s alep-'cml as '1’0”014)51
J= 3/
t=3 ——{"'—‘J'zyz
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