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Problem 6: Perturbation Theory

54

An isotropic Harmonic oscillator in two dimensions has the Hamiltonian
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where x and y are position operators in Cartesian coordinates x and y.

a) What is the energy of the three lowest energy levels and their respective degeneracies? (2
Points)

b) Consider a perturbative potential of the form:
Viz,y) = Amwizy.

Compute the energy correction of the lowest level in the lowest order in perturbation theory
where the result is non-zero. (3 Points)

c¢) Compute the energy splitting of the first excited energy level (which is degenerate), due
to the perturbation. Compute the split ket states in terms of the original unperturbed kets.
(3 Points)

d) Suppose that there are three indistinguishable spin 1/2 particles in the system. Compute
the total energy of the ground state in first order in perturbation theory. (2 Points)



Ton AW Q\gm\ Lom %\{ é)

e TN

; 3 o P ¢ o Miad o
S 1 ~ A . N A . ¢ v s~ l ! i"{?f i {l)ﬂ ;,g /‘:),;&);7 i/&‘f{p}{ &
GX H\@ @NEU:& o o the %‘”ﬂLW) Pfjc/ O éé &% M O ﬁtﬁ.- LA 0? ;2 3 :5 Y { 3

i i 1 o N A :’w"’\ Ly s - v e % F‘é\’( .} be §
as e O\\P&X\Cl\% fe.l & poton Wil pe ?ff»\%ﬁsé%éyif é,m ¥=X0G) 1 f\:j%

L% (::. o (V\’ﬁ V?\} %\’5\) in |- D SHDO

= EY\ - (Y\x 1 r\x/&)“’ 3/15 fw in 2 B Rojfmyz;;, Ho

g ; R
Oor 3 lowest levels ave |

fr
p

5w T s ‘m& =0
J;Zm “{'\ WV (Y\‘K g) ﬂ‘at'@}j (V\xi(}’ ﬂ%"@ ﬁ)
>

(,‘f\x =, &\& z Q,}ﬂ (Y\x =, Ny = \3} (Y\Xz (D/gs:,}:z;

~ oy

b) \/(X ) - A A '»ZA,)'?M}( p;y:&

X We wient lowest tevel (ne=ny= ), non- e enedquy pecio bohan

b m:oa =LY VTS

i

- (0,0 Amwxy | 0,07

I

A mwt 40,0 | Xy 10,07
Nl e x, vy con be witlen in e
Opamdﬁrg ut\Wﬁ,
B £
“vam (a * & >
clny = In oy

ans — Jne iy

= A mu\)ﬁl ¢ %%) { () O (&)( \“/C«;"\(Ct\} 0y Mi \\> ‘;O

»%*C-

7
mf’i‘%h‘w 4(9@&&%@6\ b Oy + O&W*? X O 3

WM{;OW 17 *040}/)7\~\7*O4ﬂ| 15 4 \«Q/ﬁf ;J

> I)\\(x ) (\( ‘\@ Yed e \§\,\»\3¢ m Qk \N\)D"aalb&j/
= 0



Fo Ceont 3

~ (D) s lr*‘»
bY AR o = 4 i
O’D &\if;h tw”h é’:‘
, + ¥ \ 2
_ i‘\ 14 ki hy | ABga axf‘é | 0,07\
Kt e ~ By
p
- 2 ‘«"\K\“\j‘ﬂi,\}&\¥;\“?\
ki Ve kw - £
¥ Nomeeedor # O oty f by = 1’“"‘”{5 = o Yy ol w/wg,mg ik :Ws
AR
‘/zmay- % R
. AT

C\) This pro

® Wewpen bec

¥ 1p Q(v& e Ehergy  COft echipne

D2
L p2 |

To ‘QG'M ‘%iag, 5%\%
Do,

(oIl

e F@@V\ VELToly

slet Can be Gel cu(f‘x
@}(C/\stc?;fl. Q’*‘&%@'

t"g = %‘ﬁ;\\&)/ (V\X ot l

B

dvao()ﬂ&ii& m\ the @6‘

\) ton oty for e Crrst

y \’\a =0 \j of (tﬂi@ = O . {‘J{; = )

1o,

-+
1 G O (s
&Xaaé)i &)@% ‘10\,%,@/«

%"‘, 1 § T
5, wetinel te exgen VRS

O - '}CL .

= ﬁ(j\‘*‘ Wi\) (A~ §>

by A= e

gt ot es P on d s {{fﬁ,ﬁf/ eney U Core 60}’[{)4’@! We. \DIN,A ¥

Vi = nNe

1

&L:X Gy
G, = N

G,

=0
Gy 4

J;»

(S



w6 (con. )

)

4)

¥ Yo ?\: l
sz Oks‘

- . .
C{, T Ay > ¢ L

o o

o
L ar)- B

O AR
&Ea - Tz,

1
[y
) -
a0

Loy
1Y = NI AR

o -

Yy - &

bt -l 0"

Moy 1 loty

-

“if}@ o, 1Y



