
Ch 10 Radial Bound States

rad

i
Looks like I d Qu bot

Ferret xox a
e KE different Cast En E

norm of wv faction not same

1 for 141 Sir'drfosinodlefide141 I
chose

f r d Rent fs.nodog1414

1rdrIRLT Cust Idx 1412 1



Make look more alike by defining

Ucr E n Rcr

Norm 7 I

jar
up

like l d

It tzfut fa.it u Eu

liked Ipf
E spherical will Vert 9 I

FiniteB.S nuclear decay Vir VoStr a

init Rigidrott model of 2 atom molecular

ÉEifijsmanaannan
pot'd minima

É
e o

to

me
T r iclanicaimin

badstate

1321 shallower End o

d o o End o



i É i
w for dr lunel 1

I f Emat fit very were En Merl

Rewrite as

En th t Vester u Enn

Vester I lights very

Or more simply as

D u En U

D I I Ve er



To solve a differential equation we

need boundary conditions

n o r r

n N To be normalizable algin Utri 0

r 0 Comes from hermiticity of Iran fila

Uil trad U2 uz trad ui azl trad lui
11

So'd ut Dur

So'd way u
I

tou

So EYE vanD
I 1

Since u.tv XI

Y



S by pants e 4 s
twice

So'd cut a Sidra.tl ait u t

Star at u ut uit cuts v I c

IYF.at otunuaetsa

U off to a re x x Bc

at o U co Ratio nico If u.cn
no BC

generally 7 many BC's on recrol

that satisfy this e.g

AUTO P Uco Life IR

Neumann

What is right tip or other

Need to look at A race lu flu egu

I E Iet E e vena En



Assume Vcr 0 ta w a o

feet ten singular terms esI I r r r

True of Coulomb Vini E V

Then Vertu Enn terms are less

important than other 2 terms

II I
so as n o have approximately

M I 4 u

u a re with

a 1 rt 2
ecet ra 2

L d teller 0

a I



If l o

pet O Cree 21

UK
n e iocrett

But us r e not allowed

Sid r int n fo dr fee x if 13112

not normalizable

i Must have u a nett

UCO 0 Dirichlet for l 0

If 1 0

u a
r 064 Dirichletee
y ion Mixed Be

Both possibilities are allowed But we need

BC for whole Hilbert pace
If 7 any state w a Ditty

i r o BC Uco 0

more precisely flyover are



So now have Diff Eq t BC's can solve

for given choice of pot's Vcr

Hydrogenic Atom

Nucleus change Ze electron charge e

Ven ZI
Z l GH 2 2 as Het 2 34 bit

Bud state energies E C O in E El

Want to solve

Éadf.tk Zf En un.e 0

w BC fins Une er a ret
convenient

1 Define dim'len variables

g VMEIX FEVER

Er SET 7 41cal

IF efutfHIP d



solve for a 27

2 Try series sol's up p cot lift cap l
complicated n

3 Look at y 70 limit It f use u

a z u Me A e l Bet g
u p

ht
e
e
FG plug in

F E 1 F É F o

not obviously simpler

4 Now try series soll F co tap cap't Cup

Plug in a collect tens in power off
O Kretz kellen k 7 text ca g

Easier t
recursion rel't n solves F

n fly Cut I h
i gig F heh et

i fig u elk ete a ete s



5 Solin series must terminate

If there is a kmax such that Cama to

then recursion Cn o f n kmax

Cama Lma text 7 0

IIhmaine 112,3

l Kma e 0 1,2 9

Read
X ZÉEÉ

En MEE n 1,213

Degeneracy since n kmaxtetl A

l Imax e 0 1,2 3

for each n have he 91,2 in i

for each l have me e tt no e Feel

Each E have É att n degenerate stats



H atom 2 1

En MIT when

c Mec 20.5 Mer

d Eff 1 sxo.FM
Ry is.bev

Rydherdergy

So Else med so non relativistic A

spectral limes emission of light pluton
when e changes energy level

É Erin Ent tht ta
the

hunt TEC
IRI Rydberg
3107m

constant



Energy eigenfunctions
Einem Rnecr Yen 0,41 My Yen10,91
f I 184th r 33 I a.eu a2.51 Bohrrad

Gandfate n l 1 0 m o singhstate

Ui of p e f co Normalize

Rio r 2 E e
Zhao

Yo can

Prob é rQ91Ildndoidasl

rjkrdodq.l4cno.eiProbCE
rIdr.a 0 g fdr

r d IR fFÉp
ns f r dr.rs R 1



Other central potentials
Finite spherical well

ne
Ver

o n a

r Vo ra

Good model of deuteron pttn
bound by strong nuclear force

Similar to Id square well but

it a V LETEu
then no bound states
This is unlike the Id situation
where there always existed at least
one bound state

Infinite spherical well
Vo a limit of above

Find R r spherical Bessel face



Rue r ar geller sphericalNeumann Fnc

Item
join sin
j.ca

s c

Bounder in it
jelka o

determines discrete set of valves
of k bye bye louse I

Ene Ima
Unlike H atom the degeneracy

of the Ene level is just
21 1

3d Spherical Harmonic Oscillator
PEPI Py'tPa

H 2 MOI r 2 nay za

Solve using spherical symmetry



H Inem En them

Einem teller nem

Lz lulm km new

so Elulm a Rue r Yen Oig

get usual radial equation for Rue

find series solution terminates for

Eu n 2 two ne 0,1 2,3 3

and all I I n with b n even

e s no

joint
desman

n I 1 1 m 3 degeneracy 3

n 2 l m s degeneracy 6

n 3 l 3 m 7

1 1 m 3
7 degeneracy to

n 4 1 m g

e m 5 dyeuray Is

1 0 F m I



Degray of level n they
Alternatively solve in Cartesian coordinates

HIII EX PINEY Etty
ME T

H x Hz

All commute so simultaneously diagonalize

Hx In my uz Einlux my uz

Hy any uz EY tnx my uz

Hz any uz EEN nx ny hz

H lux ny nz E Int Un ha

w E Ee Ent Ez

In position basis write

Inn ha I X G Yay Zizi
Then Hy eigenvalue equation becomes



Entadf.tk xYXaYkYa EXexYYYcz

Same as Id harmonic oscillator

Ex htt two Nxt 91,2

Exactly same for Y Z therefore

E ExtEytEz nathythat E two

ne two he 0,1 2 3
h I nxthythz

Degeneracies
O h hxthythz ny ny nz 0,0 0 degen I

I n nxthythz cux.ny.az EY e denn 3
0,0 1

2 unxtuyenz 5 835 19 degen or

3 hanxtuyenz 5 485 1 on dean lov


