hwa: selwhmns G okouo

72 ntum Mechanics - Solutions

12, 0=, 2 nx, 1 2,9, 2 2vx
L, 2etnTona 4 1ctZesa) ams G, JlataTatolf) - staTresnT)

" respectively.
(\b. (a) State vector for emnergy eigenstate 1is characterized by _uu-nuv. and wave fudc~

tion is given by ¥_ (x)¥ Gutrnﬂﬂouuggg {y) are individually wvave func~-

nx oy 2y
tions for ome dimensicnal SHO. The epergy for the isotropic two dimensional os-
cfllater is just the sum of the energies for one dimensional oscillators, i.e.

Mnu.pw = E.Aun + 5+ =y + )). The three lowest-lying states are nnuunﬁv 13.3.

(1,0), (0,1) with energies ¥u, 2w, 2o, Tespectively. Evidently the first ex-

cited states are doubly degenerate.

(b) The first order energy shift is clearly zexo for the ground state (0,0).
since <0,0]xy|0.0> = O because in <0|x|o> (and <0fylc>) Hunqu sust change by one
unit. For the first excited scates we use the formaliem of degenerate perturba-
cion theory by diagonalizing V = Ssuxy. In the (1,0) and (0,1} basis

v e alnﬁe J%BV ..xn.rﬁ 1)

%0110 °

and bence behaves 1ike o_. wwnulnlnﬂvbn-huuornnlug-’«ununﬂoﬁoua
dex encrgy efgemkecs Sy(|10-+|01>) with 8% = Lok and L c1o~joz>) wazh 8V

= - kilu. ?3%55%.&—0.9%§MIFA3

£iear order shift) and Eirst excited staces (|10-+{01>) with E = (2+8/2)¥ 2d
L (J10>-|01>) with E = (2-3/2)%-

. 2,2 2w 2 2
(©) Sow mx24y)/2 + smulxy = B (+8) (49) /2 + Q=8)(xy)"/2}. e os Toea
te coordinates by 45°, than T = Au.....ﬂv:m.. . Xz (x9)/VZ. %o

8= pi/zm + pi/2m + alu2(146) 1272 + 2l Q-IT /2

and is effectively »ﬁwj‘uggga%tagsmt&-g,
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(X,Y} system. The exact energy for the ground state is Wu/TH  + Me'Id =
Ko + onowu. There is therefore no change in energy iIf only terms linear in §
are kept. The exact energy for ?u.uuv ~ (1.0) is EulT5 5 (1Hs) + KIS % =
Ko(2+6/2) + 0(s7); statiarly for (s ,n,) = (0,1), by lecting § = =4, we have
exact enmergy Kw{2-5/2) + ommwu. Ignoring ommnv coantriburions, the resulcs are

the same as in (b).

2.2 22

5. The Hamilronjan for the system is H = m + Mema ' x

Vo = k|v]o <|yom 2,210> « «|x’|0>. So our task is to evaluate ax_uu_ov

ot Hmo. Sinee from (2.3.24) x = /K/Zmula + a') vhere a and a’ sacisfy ajo> =

and c, (vemembering that T /VD1> = |2> from (2.3.21)), we have g = Wim,
2
nN..u\w,NE-dquu mun.né_un_ovunpn.anb ...hdnﬂwl-&ek.u&qsn

= Leww AN—Nn_cv = o om 22 = mhhﬁu_.h = ehue/2/Z.

6. Fﬂﬂisnuswvsulﬂn._.nusﬂwﬂnonnhﬂo Full Hammiltonian is

222 a)

E = - akre)? # gt (PHyh) + Hu(lee) utzt.

N___
Q.now.._h.wH ww.ﬂnﬂﬂrw Euﬁuunuuﬁarﬂﬁa
m..ll.:.H tu.au..PBH... +_mnu5~u~+mwm0.§v @)

We are told third and fourth terms on T.h.s. of (2} are comparably small, hence

te lowest (first) order in perturbarion theory we can drop fifrh and sixch terms

on r.h.s. of (2) [of order ﬂn and unu. In this approximation
NIT +m_m.§n LMO.F&._.DEN. 3
.nomwﬁvu.rmu.uon»nongwwoownuluuwnﬂnu.ﬂ.uiu¢|u.vnow...wupn

then drop primes, Eq. (3) becomes

« p}/2m + H(1+c)ma’x", Benee

c_jo-1> and u,_._nv = n+_ﬂ+u.v. thea x}0> = ¥/ Zow (ajo> + u._._ovU = /A]Zme]l> vhile
2
210> = (T (a + aH1> = ¢ 100 + 6,220 S0 N« k[xT[0> = 8, + pfy,

and -only doo and qno are relevant to our discussion. Explicit evaluation of 4
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> (/2 + (e/2)0s and the other TW° solutions are E3 =
> + Swoﬁﬁvrx.

S0 oné solution is
12 + ) + e

(572 + eybm = i (chs)? + T
Various limiring nnm.mm. In limit that g-+0, we just get the Zeeman splitt-
ings
5 5 Y] 3 h
MH.m,mr.m,%-%‘.mn%+%.. ©
in the 1imit that Bg ~ U»
g, + (5 4B By ol W2 =EL BT (572 + 3e/2)8s. a0
Thus we bave degeneracy pecween E1 and Ep-
o' and unperturbed

the ....wﬂn.undnmmnonbm

Bere V= —ez[E], amd
j2.t.m notation

v
groupd state xer 1.0,

11.0,00" = 1.0.00 ¥ ..
nia 00 ~ Fntm

o> in the ﬂnunwwnnmwu

Take

unﬁ_.apr_n_poov_uiv 2% {<r00}zintet? g2

y = =2e €L, (2sl,m=0 in oo ease) (1)
Eyg0 ~ “ntm ats Eygpate

ased the fact that <100}z}100> = ©- (5.1.67)+
the enerEy shift of the ground state &

Also Eroo (5.1.63)»

where we have
omputed to second

and (5.1.68) ve have £oT

order

|
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