Problem 6: Perturbations in a 2D well

Consider a spinless particle of mass m and charge ¢ confined to a hard-walled square
well (in two dimensions) with sides of length L. The potential can be written:

L L L L
(z,y) 0, ~3<es3, —5SYsS3
V(z,y) = oo otherwise

(a) [2 pts] Write down the eigenenergies, eigenstates, and degeneracies of the first three
energy levels for this well. You do not have to solve for these explicitly, but you must
explain and justify how you obtained these results.

(b) [2 pts] Consider applying a constant electric field in the z-direction to this system,
E = Eqé, Q)

Assuming that Ep is small, determine the first order shift in the energies for the ground
state and first excited states. Be sure to show your work.

(c) [3 pts] The second-order, in FEy, energy shift of the ground state can be written in
terms of a sum. Write down an expression for this sum using the general form for
the eigentstates you determined in part (a). Calculate an approximate value for this
energy shift by solving for the largest term in the sum. Your answer should be in
terms of the parameters given in the problem, and fundamental constants.

(d) [1 pt] Considering the sum you wrote down in part (c), what is the next largest term
that will contribute a non-zero value to the sum? Explain your answer, but you do
not need to compute this term.

(e) [2 pts] Finally, instead of an electric field, consider the effect of a localized perturbation:
V(z,y) = VoL*6(z — 20)3(y — yo) (2)

where (o, yo) is some point in the well. Write down an expression for the first order
energy shift for the ground state, showing how the energy shift depends on the position
of the perturbation (zg, o).

Determine a position for the perturbation where the ground state energy changes, but
the first excited state does not.

Determine a position for the perturbation that splits the degeneracy of the first excited
state.



e Q0 @1 sk ﬁ G

- \ e T ) ST
¢) For o sguaie well with el ot [ 7, ‘j?«j, oof fjcw@mi wovelonctons  ard)

Chexgios O

Z/ (X) ( 3”“’“” ( gi”%f }}‘ o O
'\
/
/

(A Ees (M) neodd
.

e

n* k"

EV\ e &{W L 2

. - - Il
“’\ub Q”ov O @ = DIV pm e [ﬁy)ué”gm(% el )

=)

Ty (xy) - %\ﬂ (x) 7; y) o where % (L) w05 gbove
. 7 1 Y‘%u 'r }}
Pn . \>

s R NS

o . -~
A (f,..m‘ Le

OO(” WC\}("‘;;“\“ theeo. @\@% levels woill be

o
~iN
o
fy
(.//I
FmanN
od
bl
vt
=~
&
P
-

R

\ 21T
fo x| %z. = i cos (M) sin )

%( ;ZW ain (Q%E (@%[{ﬁig’ﬁ

@) D=1, ey = ¢ i Sh s

B =2, fy=2 B By s oo



:ﬁ‘é? (‘.(Cm‘;\“}% . }

) Apoly g 6 constont B betdd E-E, % / yelds o poleniial \/(x,:f) = g EoX

?.

The equation that celermines fhe gt odder eneigy eofrectron 15

{ 3;\-3

AE = i %ﬁzﬁi VAT Ny 7
= AED = () 1 B 1y

Hy _ . .
] S o g AK() S Y eos () g b

X o J T i Hh 5 "\ng>
B g%go fﬂfj { ﬂT % &s ; X fifﬁ {i (J)y ( >

= {0
£ 1 oy [, renle)
=s ). (‘.c»i%’{ i %@}« Y o A g}@"‘é’e

N ’lv Lor (‘é D)
« RYAS () L”/Z%W\(“\} Cod (ﬂ) VQW ,,,,,,,
Y ,.,CO& ( & }gl«b& [ Y + N (gt/zL‘) - tém : ( r

<6 it / Z
IR ¥ . K = N
LM éf:(;? H\.{( £y - (WH, - :1)
o ”f;, ( H é?g ng )} AA\A ! . %U 5 | " -




H6 Lont)

O We o Tt e secad

i (2) PRI
AL - ﬁl EAANVITV

%

T
ke #n g é;; e

1

s . ) “
e rEATEOTION. (};%W&“ Lo
M b4 oh

In

2 S oM L,%@ix 1E4 fz/mh3 % Ma?,

“u ? 1 ?‘ Tli”
%fv\chx‘m‘ ( s ) (

+Uole Yk «2;;- by cndd Zé\k iy wﬁg vy, ﬁmmjj o h ¢ v v s 0%\

e %-u ﬁ%m{:/
nd

* PO\& N SRS Yhedt ol b oddd Bave beowg, wortl be now

oy
\Oow()e %‘({'WE“Q%’ Slce = (“y §; i"uf} - E} a(umx,xz; ;;z‘gf f@!ﬁ o

eVen @w\_g:h\m‘; sur second ordec correchon will waz o b

m fh ENE t"f‘ﬁ




