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Particl on a sphere of radies R
-

Coordinate transforms can be used
to derive the Laplasian in

&

spherical polar coordinalis
2

-L
we just saw an expression forwhich
--

can be identified in D .

-

=>-



& freel
Consider a particle moving on His
surface of a sphere of radius R . The

&

Schidiy equ . On the surface is :

-pr, 0 ,4) = E 4(0,%)
-

Since v is restricted to be R,
the first him in D/ drop st
and we can leave out mentioning R
in 4.

: We get :

P10,4) =El
-⑪

- [# , 57 = 0 & [F,/ =o G[22,[2)= o

= I,m, are good grauhim
numbers.



8 the energy eigenfunctions als ti
same as of & [2

&
eigenfunche

Namely, te spherical Harmonis

=> ↓(5 ,4) = Yem(0)-
Er = let
l = 0, 12....

Me = 0, 1 , 12, ...,
038

since the energy does not depend or

Me , for a given I we have a
Left-fold degeneracy in energy.



OM Rigid Rolor :
-

This is a model used to describe

rotational motion of diatonic
molecules .

·-
⑳

We first perform a coordinate transfor.
&

Letr = mum
Vi, +M2 location

Y

&=-r - Quite of
man

-> relative woord.

Each component depends only on
liv corresponding components acros

-

- 1the sels of Coordinalis



For es ,
x = xz -x,

-

X = m,,+me
=>+

---

=> = (+
2

=-x
114 -

=x

T



=>+
= (+

-
Similar relations are easily derived for
the other components as well. Pritting
all together we get - Laplarians .---

M de
-

H =-
- 1

when M = ( +i)=
⑳

is called the reduced man

of the sleim,

This transformation can always be used
to separate liv cente of

mor

motion from any internal/relative



motier .

Note that R & X are

independent . [of , X] =
[an']=[,) = 0
· The Hamillonian above is
separable inteonly and
only dependent warefreshe
-

=(, ) = X(R) Y(5)
-

:HE-E

↑AX(+X)Y
= Elyr-o

- both sides by 4 que,



-
-) = El

-
Each term on LAS must be

a constant . So we get,

-X =Ey
&

-P() = E4(G
& Elit= EMtE-

⑭ is just lin 3-d free particle equatin
It decibes ther slates involved

in

the motion of te rotor asa whole.

we will form on



⑯ can be writtin in spherical
polal form as

- [to-plaa
= EY (2,0,4) -e

Since the rolie i

-

origid (c =R) C theequalse above is

only valid for r=R.

=> radial duti.

drop out & 4 only depends on 0,4)

= 2 ↑(0,4) = E4(0,4)
-

· -

I = moment ofinestra



This is just the free-particle on sphere
equation. Therefor , Orbiter A .M.

is conserved and provides his good
T

quartium numbers . conventionally,
these are denoted as I

,
Ms.

Soulier : YM(0,4)
Ej = 313t

J = 0
,
1
,
2, ...

2I &
My = 0, 11 ,12, ...,#3

Once again there is a 25H)-fold
degenery of every level.

Eg's are cofline given in cat

S

E (am) =
-

+)



where B=↓ aut
STRIC

is called bis rotational constant

of win rolor
.

Relational transitions of a
diatomic are described by these
levels .


