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Consider a Hamiltonian # for asystem
-

such Strat it = H+2+... + Hw -D
where ,, ... are Hermilian operators.

If Thi, ,] =0 * i, j - ②
and 94 x(),... are eigenfunctto

-

& it,,F, ..., Ho , respectively , then any
product

#
m
, m2...

= Un.
-

is an eigenfunction of Te

It's easy to verify (H -W.) thatMi

corresponding eigenvale& It s

Emme ...mnZ Emi
i=1

where =Emi



Particle in an infinite 2d square-
well M

if laka and- vay = Go Iyka

=> in regio I
o Y la

12
Y= & T

& Ne + my -0in region I
↑(x,y) =0

⑨ -aNote list [FacFy)=o since

momenta in different direction commute.

-"We first solve the In & Hy problems
It -us Epin) = 0 -D

zm&x2

&-y) -Edy) =-- D
zm byr



But each of there is just the

corresponding particle-in-a-1d-square
well problem.

:. The corresponding eigen schliee
all :

&(x) =Farin (x+n1

· n= 1
,
2
,3-

⑫I-y)=( +1)
42=1,

2
,
3....

Ene=
where mital) =E
we ignore Nie extra &

n add

&

minus sign le Commulet brup -
as it does not change Hi state



: The solutions to the 2D problem
are :

#(y)= sin(t)silta
En
,2=+u

Degeneracies :-
We can revrte as :

n? + u2 = r -
where R = 32 ma Enum-4
... &

R2

This is just the

equation for a
rick : entheFigure or His RAS, -

the allowed graulin
numbers are

platted as a grid-

ef pounds ↑ .....



·All degenerate states yielding energy
E = Erin , will fall on a circle

of radius & clearly, eie possibility
for such eventsincreases with the

raduie & o Mie energy E.

↳articlenasquare we -
Applying tie same separability
principle we getbir eigenste as

Fent
Zi Much latalSsir(ta

2

En
, neny +nt C

n, zby
= 12,3,. e



Both there models come in handy to
understand the electronic levels available

in quartim wells and del.

z
A harmonically confined 2D gas:-1

cy

If WI a we can Eat a=-,
*model it as a 2Dbx .
[

more realistically , we cittier model it
as a

i) 3-d box with one direction different
fromdlies

i ,
!
use harmonic confinement in Z direction17

and assum n & Y directions to be

fee . ic

UKy ,z) =mctz-
some frequency we



HW : Solve die problem bolli waysz
tosblair eigenvalues &
eigenfuncion. Compare Nie
in His limit ofergeifinchan

a->N , Wa -0 .



=> Lift Se P*
-

The RAS can be evaluated (converges
if 4(x) is abound state.

d = 0 for ench a
state!

: <PaT= 0 from
->

-
- bound state the

For a stationary--

expectation value of monewhim is 0

at all times.



evival
There

sam systema
29·%) partides or 1 particl and N-d

We define the generalized coordinates
and moments &i , Fili = 1,N es

describe the dynamic variable , such That
Si , Fi] = it dij

M

[i,j] = <Pi,) =be
is they still obey the same-

-

commutation relations past of
our postulates &

The Hamiltonian would then be

= Ci + V(9,
-5

where C; are come
constants that

depend c the choice of continche,



For instance if 29:3 were just
&

Cartesian coordinates Ci = Yemi
& pot thi

Now consider the operation
=⑯
--and a stationary bound

state

II(H] ↑

Then
,
a<)

= 0 -
It

as wesaw in⑫
But S,) by
= < C , E)) = 0 -G

for A givenby



[ ,i)E ,#]

=]

t [b., V(q))
-

where we have used the fact that
[iPi, ] = 0 of itj.
: Sa,]=  ,

+ t[i ,v()])
Cusing CAB

,E] = CA,]B+ [B,3)]

=+E

= it[2-



([i ,]) =

= 2/7) =/
↳

This is called the typerical theore.
-

Since IEAS) is a stalian fanday
State⑪ is especially tree for
-

egenfictio ↑

The RAS is like a visial

F
Yforce -

Virial Theorem : Now consider a special
tanof potentialenergy function
called homogenousfor
V(9,.92-EN) is said to be

homogenous of degreen if
v(x9,, x9 · xqw) =XVE)
for some X -&

-⑳



Then
, differentiation of ⑯ with

respect to x yes
M

LHS z &i) o
al

= V(xe, ) 99
i= Glixi) -

RHS = X
+
V19

,99w)-
Since⑪& are true for
any) , we can set X= 1 which

Yields
al

& V . 9:vi.

↳


