
 
Harmonic oscillator UK f Mata ROHAN KULKARNI

Iza let m w 1 h

Weknowthe TISE Ily Ely FND it.dzuD

tEtV l4 END 2147 143

totally 447 END

DIE VIE Ely
test for Ho

So our hamiltonian inthe smallestform is H LIF't
Arbitrary step 1 Define anted PAR Buildup

a
y
Itip arts 12 ip

Arbitrary sleep 2 Calculate art
QIt f.fzfn iplfn ip lzfa iaptipn.pt

Etf ilnHfay lzfamtpn ife.PT

what is cnn.pt fUseatestfunctionasinL4lRI iodim7t

i.inEi i i
41kt ilkt.o.CI ih h inthiscatch



µ
HALLETT GILLETTE

F tacet Id
Bookkeeping calculation If needed a7ItJ I Cantat 7

fatatE
Bookkeeping calculation THE in termsof debt

AND Elk
Gant Iz fantatII END

Technique manipulatetheLHSofthe
blueequationsuchthat action1k

Proving 2 IMP properties of amat firstas weknow ly Elk
e Claim IE satisfies HT47 END thenprove IID satisfies

the SE with energy ETI EthDI
i.e Flat Et 1 art yah this out

Proof A mmmzfgt.az

Italy Ita E tartlets taattza 147
ItfaattI 147 It farted 147

WeknowCanatI F aat atari 8nsstep Ia IatI



rat t E ly It FIND2143
art Etl 14 let1 art

i I tatly feth 147

Ii Claim 14 satisfies It14 END andthen prove8147satisfies
the SE with energy CEH i e

Italy E 1 talks
LHS Ital44 Gant E talks factta Isan 1

Iata auf ly arefanta E ly anfeat T Iz 147
Ift E 147 raft147 7147 race 1 145

CE 1talk
I talk7 IE Ata144

i We nowseewheretheygettheirnames as raising and lowering operator

PANI DERIVINGNORMALIZEDEigenstates 14ns
Startwiththe boundary condition
Let 1 7 bethe loweststate then define 81407
Wecanfind 1407 Thegroundstatebyplugging in thedefinitionofa

LHS 814 fat ip147 Cnl tidal43 RHS O

theO.DE is nlkdtdd.IE O Nyo doffed



n da dq zI C In 1407

FInkathayo e
Etc

eEec AEE
Normalizethis 114015 1

Cyo1 7 1 f.AE AeEdn
A f e da A'TT

i A A
_y i 1407

y
EE

Nowletsfind thegroundState energy Using thefactaN4o7 o

1407 fanta E 1yd fatalto til Elko 21147
c If we thinkof it as Iko EoHo Eo Iz
Now we haveour foot placed ontheground state
Using from part 1 we can deducethat
We can apply raising operators repeatedly togenerateexcited States
increasingtheenergyby 1 with everystep

lyn AnCanty1407 i En ntht
Normalizationconstant Starts

twith
0for Harmonicoscillator

Nextstep Calculate An algebraically pyo



Weknow antlyn and Ilka is proportional to 14mi and 1047
respectively

antlyn Glynn Glynn dnlyn.is O
Showthat artand I arehermitianconjugates ie 417
Prove that Lyta Cant147 where 4810EUR
lets provefromLHSto RHSandclaimthat RHS UHis donesimilarly

N
Proof Lyland fytatodn fjytf.fi if ol du
Defofinner d a
productinECM

f y fz da dn f Y nd adddn

I find Hadad dn IynHIE d dna

T.ytdanddn EIE fddknfddn I.caToldn9
O a Plug

from in
CLdentity used

ftintegration
bypark abftdgddn fg faddfz.ged

Afterplugging in

ffjEn0dnIfafFoIdnJafzfIn4toIdnt.n

I nyt'd t dnIfdJdnafzIfntipYYtlodn
ffaytddu Ca4lo7

i Caryl Eland proved



Letsusewhatweproved inthe boxtoget cuddn
So we have Cartytanto Caraty lol and

Cary ta sataylol
Byusing and Hy EY when is represented inaneart
wecansay

antalya nth Gatty nutty
Firstlowerthenraise leave h First

raisedten lowersteak htt
So Using l

Carty YDfcnymlayhtD lcnkyn.LY htt 44,4 7
korma y

ti a
11

anatomy I

IGF GHI a A
Carynlark EECdnYnitdntnD ldnkyn.itYnD n Chik

atra4104 a
i Idf h i Dn Th

i.at K7 n7lynHaalYn7 Tn'Hut

H gtfo 147 19447 HD 8442

14h Cantt1 7


