
PHYS 4410

Spring 2023

Quantum Mechanics 2

Lecture 4

Harmonic oscillator: higher dimensions

January 27



1
potential energy VI I) , local minimum to .

Closet o I o : F ixotSx; VII)-Vled-1%8*18I
e -values possitive

atoms i n magnetic trap armolecularvibrations

(Hw2 Prob3 )(Aw2Prob91V-
effnx4y48z2@t0-0I.x? I ,
15¥ Veff-11112+1×2-+37?

Claim: l c f classMech) find
normal-mocles coordinates

Veff=4[wFXfewfXfewfxj]



2
Focus o n 2 dimensional system:

H EP¥mtP¥m+yµw×x2 +
{mwyty'

Park
'}

i n
"Id:

ylay):

'i÷¥¥t¥¥÷¥¥I"" E x .
Use separation o fvariables: ytry)#( x )Yly)

[himd¥z+nw¥xY]Y+ xftznmgpttzmw.FM]= E-*Y
= E

[ 1¥¥ + mIIx)* fh¥mY÷,+¥mwy2y']

o f f
= const. E ,

¥ + 0
E=ExtEy-



3 - Em¥ e timey× '= E x= const.

-hIzmd¥,+ {mw×2x2X = En,X " = " Id oscillator.

Thus Exthwxlmt'T) "=a%
¥e'n'ergyweis
Xx)= IIIx) from I d ,

Yequalianname.

E = Twyla#%)4 kwylayttz) nay291,2,..-

"non.intemdnqmgu.fm
separability



4 Example: wx=wy=w. (isotropic oscillator)

whati s ground state
energyry?

E - twinathittiwai"--highfalutin
= 2 .than [n×=hy=o]

s e e : #
What's first excited

state?

E = 2kW : either (nanny):(1,0) o r 1011)

energylevel i s degenerate : 2 tin.ind. states obeying

HHS: Zhwly>

well-defined E = eigenstate o f i t

="¥¥i%
%"II"°I

loyal7=10%101)+ BIM].



5


