
Lecture 12M (set , tan .)
-

Outline for today / this week

Solutions to Schiro edinger's wave equation :

41 .

Free particle in 3D : density of states

121 . SHO (again ) : analytic method ( more

complicated ) analog
131 . Linear potential :( no!@peratorlalgebraic
for SHO) : useful for W KB approximation

-x-

Lil . tree particle in ③ D in Cartesian

coordinates ( vs . spherical , related to

angular momentum later) '

.

I2uECxt=-2mhzEu€lI
Cf

.

in ID : Olly
×
, UE heel

= - 2mµ U ECHL solved by

pwave : we can n exp Lika) , with fE=hImh
Use separation of variables (and above) :
-

feisty,
with

E = tilt 1412mg , II. 212 = KI tky t KI



Normalization
-

-

: space is cube of length ←Gag

periodic boundary condition ( BC ) : Ux (x -12)

kc ⇐ = Ux Ca)

S@ f. ca))2= I . . . ⇒ uela7=eap(ik.E
E=h÷mf÷Y(nfetny+nzz# :( nx,%z§ o)
-

-
Lot of degeneracy . . . FlZEnatny-nE
-

Deusityofstat# in 3D ( HW 5.2 i. compare
to ID

,
2 D)

For large L ,

fixed E ⇒ LIL large . . .
treat

zas continuous variables
* my

\ d- It dtnl (for # xd E))
in
.

L Nz

-
each point in

"
n
''
- space is a state ⇒

number of States is volume in n - space

sphere of radius III =wE4thz)
is E (States

-

inside it have energy E E)
- - - that dnt +dint) is (Et del : Ida 12151 zh÷4L=dE



=§ dm ( number of States
with energy between

E & E t d E ) = volume of chin) sphericalI
of radius IN and

= 4h Iritdlnl thicknesses
= TE DE 23 m%/(TREE ti)

dN/dE=f④m3k/frzt3µ⇐( 2
m

- dN/dE x probability density an④ × I,
i . .L→Dsmoot①



(2) .

: solve 2nd order (ordinary in ID)
DE ( us . 1st order used earlier ) to get
energy eigenfunctions

i-zhfqddz.UECH-tmw2.ae?UoECx1=Ear=C-
- Use dimensionless position ,y=¥here

No = *hTw) ,

and energy E=2E/zw=¥tE#
( where Yz t w is ground - state energy , Eo) :

dydy.ve/y1tCE-yyuCyj=#
- Try E= :

d
'

uldyet ⇐ I - y4u= o ⇒

u = exp(I 942) I want

Ee = - l is Dot normalizable fu ⇐ lay → o

E. = + l is ground state
as a →

a]

-
$0
,
for excited

States ,U•Cy/ze-Y42h
-dZhydh/dyh=0
Try series solution

for h . . .

must terminate
-

for normalizable ⇒(E-l)=2n(n=0,42-÷
⇒ d-hldyz-2y.dk/dyt2nh=



-

'# eremite polynomials satisfy above ④ E :

Hn (y ) = C - 1)
n
e Y 'd Ydyn (e

- Y ') ; Ho = ?

H
,
= 2y . . .

with f e- Y
'

Hn ( ayy ) Hm (yl = { 0 for n # m

TT In ! for n - M

- Unly1=e-Y%HnCy1YNa÷
get Nn from folk UE (x ) = l

-⇒ no
.
.
Cx, agree

nd above)

tor approach



131 . Linear potential: motivation:(ijqcaarkonium
(quark - anti quark bound state) ; lil bouncing
ball ( neutron experiment) ; (iii) used in obtaining
W KB approximation ( next topic)

a VCH

⇒
II

:

" " "

÷÷-":t÷÷÷÷÷÷
..

classical turning points

-B HI U
E
(xp → o as K → AN

ox f-⇐ ⇐ Ctc
= ( ( normalizable)

(2) .
V ( x ) = V C- x ) ⇒ UE (x) = I UEL - x)

Tse ( even ( odd

ui : ji:#e.ua#eqgfIritI
Dodd : l*EC0 Tse ↳" fine,
coi¥l
- dimensionless quantities

:
Ko = # Tmk ) "3 ; µ

,

& y= Huo ; E
= ElEo

Eo = kKo=fh÷k2)
ddyz-2¥Ely/-O-
⇐tz=2"3ly-# : La (g = e ) is turning

point (z > o
classically forbidden)

Lbl .-2¥ is y , x → •



(4.ZED ( YI E ) : classically allowed , but
only

(d) 'need '' 'to go tillZ=2%fE# (y = off, since
y co is

"

reflection
"

of y ⇒ a

⇒ Ue (z ) satisfies : .DZ/dzzUECZl-ZUE(ZI=#
with

"
no
"② f¥cf. DE for h ly) in SHO] :

wavefunction
"

shape
" independent of energy . . .

-
n - just

' '

sampling " it oyly till 2-
= 2 "3fe)

( energy - dependence comes
in]

⇐ equation : 2 solutions ; Bitz) not

normalizable

µ- Airy function
-

-

a
Ai (z ) rough !

allowed
→ (classically)

forbidden÷÷÷:÷÷÷¥÷÷i÷÷¥÷÷:*:.
1st excited state . . .

-
- n as expected : wavefunction decays for

2- 70

( y > E :forbidden classically) : 1st BC satisfied
:[UElx→0HO]

us . oscillatory in alloyed (
Zeo :ycE/ . . .

- . . but
" stop ' ' atzfy= 01; then

reflect to get wavefunction fory . . .



fw-nesa-e.DE?-#atdetermiow.z " d BC yy
(al Ddd UE (x) : U

e
la = 01=0 ⇒ AID@

'Glo-③
= o

(b) even UE
.

(al i. UE ( se = 01=0 ⇒ A i'(z "3(o -ED
= O

⇒ fe=-¥z@eroegotAi%7! .
- 2.3 , -4. I r - - 1st zevyo of

Ai

energy = (time)
" IIe

2
' 13

. . .. profile till Z = - 1.02

& 1st excited till E
= - 2.3 ( 1st zero of Ai)


