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① Inside the box j¥mÑY=EY
""

-hEmI¥it+¥.to#zd=EYH
Separation of variables Hay,H=XmYly)Zlz )

substituting into 111
, dividing by 4 , multiplying by -2¥ :

¥ :÷+¥÷+¥d¥=-¥→
nvm mm mm mm

function function function Juste
ofn ofy ofz

number

In order for this equation to be satisfied forall In,y,7)
each individual term must be equal to a constant,
let's write Ed;÷= - ki f;y¥= - ki ¥I¥= -ki

wit RI-ikyi-ki-znfE-HE-t.im/kItkj--k#
The solution of the ✗ equation is
✗ (a)= # sink✗✗ + Bxcoskxx



The boundary conditions are
✗61=1/14--0 poye@

This gives B×=o and k×=n¥T nx is integer

similarly for the y and 2- equations -
Solution then

-

h µA,yp)=Csmh¥Tsmn¥smn⇒Ñ_
Normalization of the wavefunction tidy¥-14111
gives 4--1%1%7
- E- III. lni-in.im;)

(b) lowest energy all n 's -1 E.= 314¥ only 1- combination
Next lowest (n×nynH= 12,11)

and 3 permutations Ez=6Ñ¥ degeneracy =3

3rd lowest lnxnyn,t= 142,11
and 3 pertnutehous Ez=%Ñ÷h? degeneracy =3

4th lowest Lanni -1311,11
and 3permutation E¢=MzÑmh÷ degeneracy=3

5th lowest Ann, )
-

- Kiril Es=l2Ym¥ degeneracy -_ 1

6th lowest Inniss --11431 Es=1ymÑe¥ dgwneg
--6

6permutations



paging!•, -¥mTY+EmwYñ+j+E)4- EX
Using the same method as in problem 1, we obtain 3

. different quotas that look exactly like ID oscillators, y

-1¥ d¥, + tzmwñ✗G) = E-✗ ✗ (a)
This has solutions (from lastquarter) E×=(nxttlhw
Some for the y and Z coordinates

,
and

E- Ex + Ey + Ez = (nxtnytn+ +E)Kw _f(nt%)hTf
Note : in this case the nx

, ny ,nz Eu be
=Ñ

(b) The degeneracy ofthe store wilt eigenenergy En=(nt%)tw
is equal to the number of wogs that 3 integers can
add up to n - For a given n× ,

in order to have

nxthythjh ,
I can pick my = 0,1, . . -i , n

-n✗ - /Note, once
nx I ny on fixed , so is nz= n -n✗-ny ) - So , at a given
n
✗
there are n-na-l choices ofmy - But, since nx can

be anything from 0 to n
,
the degeneracy dln) will be

dln) = ¥3 In- nx -111 = In -111¥: -¥
.

.mx



dln)=(n+Ñ - In ln+D=Ñ pa⑧

(c) Any linear combination of degenerate eigenstates is
an eigenstate - So É-14*+4%+4,a) and# [1%+1%1]
are eigenstates, whereas fzfxooot~on.tn not

③ Some as②
,
except new

I-E-fnx-itz-hwx-lny-tzhwy-lnx-t.tw#
-
There is no degeneracy except in special cases

④ For 1=0
,
there is no angular dependence Yoko,b) = ¥,

The radial equation becomes &¥ = - ku
wilt UH)=rRlr) and k=ry

equators 4.41
and 4.42 in Griffith]

The solution is ulr)= Aeikr + Béik×
or equivalently ulr) = Csmkr +Duster



Let's take the exponential solution page①
Rin -

- left = Aeikr + BéY
Note this is a free foutide - there is no way to normalize
it
-
You should have seen this last quarter see

Griff this page 56 - In analogy to the ID case
,
the

two solutions correspond b- ingoing and outgoing
waves I see Griffiths page 55 )

⑤ Pem (2) = d-E) % Flat

d¥gm= - mz A-E)%
"

FAI + 4-zY%dFCz)
¥

Then the associated legendre equation intern ofFtt)

& -2-71-mate-2-7%-714 +c-E)%¥Éf] +
tell-111 -1¥11-2-7%1--14=0



⇐ f-mztl-E)%Flz) + a-E)%
"

§;] + po⑧

+ tell-11 ) 11 -E)
% Flz) - m2 11-2-9%-1 Flz) = o

- mu - E)% Flz) +ÑÉ (1-25)%-1 Flz) - Mza-zY%d%z 1-

- 22-(1+1) 4-E)
"

¥z +d-2-9%+1%1 +
+ tell-11) (1-IT" Flz) - mye-E)Ma

"

Flz ) =0

heave out a factor of a -E)
Mh

- MFA) + 7¥71z) - mz¥z - mZ¥z -22-1-1+11-E)¥É +
+ lll-11) Ftt) - IF Flz) = 0

µ-Z4¥¥-tEm+i)d¥z-lll+D-mlm+D]Flz
Now take Legendre equation

¥1k - 2-7%1=1+16+11 Pelz) = o

d-E)Y¥ - 2z&¥ tell-111 Pe A)⇒



Differentiate this equation m - times
-
Look at thepg①

3 terms
,
one by one

First term :X -E)d;z?¥ - emz d^Pe -2m¥ tgmzpemdzltm

Second term : - 2Zdj÷y¥ - 2m. dI¥m .

Third term : lll+DdIPe
dzm

Putting it together
4- E) dj-II.e-m-zlm-nzdjffe-m-ilell-id-mlm-iifda.PE

=0

But this is the same as equation 4) for Flz)

so dI¥m=Fz = 4-E)
- M"

PemG)
.

And pem⇐zy%d;¥⇒ the additionalfactor of 1-Dm
- is conventional)

this was done for M >o . Because the associated Legendre equator
depends on m2notm

,
this will also work for M Lo

provided m → Im I -


