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pratire syaties ie
Deeac notatin 7>

1.2

bs minutes

per paint
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Dpotat guatias
around C

2 mpatent eguntions 月

go.co.c
<*> = fp*x F dx ox²=a-t oxp

F+10) 202m

P(3) = Y(0) P+) E)=еe wigel pate
Boo = s7a5n 40 at'1,  Kal o podly f t

Very importunt: exporentids

So C) en) e ais)
e-e e+e 

2c

3 Chaptir 2 - Fehrödinger puntiae noclmatis
3.1 Inhiniti Sqvere Wll

Bocundaryyosxsa na
V. { in of shape Asim Palt Ocorx) En 2if othetuise 2ma2

Che Store pas de font =

32 Harmonic Orillata

I Boandbry contitrons le namolisingconditionsQ

slive Gomsren intyna どれく

The 9 AriYnt



33 Tn Tebel
ikx

V =o = Ae + Be . nolaundery cenditions

3

P) =de Be =/E Wore!

IThis is not noamulisoble.
Yxt Wt

Burt follouring eo) 2 22 72m

dk

Smeh t

This isweied. Veccecding to

clossical mechanics, v must be

Con besvettn as a randlid function. e.  Sonele
A single. Fs comot lje namalised, lrit Hh "Yuntonkosic.
the intiycal cowr ate f them. con,

m

The plav  dle plestion of Brncdesl's Thurunm.

-ikx
je

So, grapsof wovefunctions can be ckoteibed & nomalised,

tor grups, if a geayp does not dlange muck; At) is peaked oround a

colue k. kche group steys delined. S a geoups mocer und is dgfind,
it most hewe a "geop? celeaity s pe caleudstag  a" paup cdheity, veLat
Can assue pehsat ko. In tlis cose, tecms f

pror k avre riglgibte, and wlk he con be caylor ogptrcdinetel22m

adit jnong kyghe temo: WCt

+De as

k(k-k) ges to0
fost as in increases

Hence, the trapped
higlic orders

wove I Cin) wove 2 Carup)



E(s) is a combinetion of moltiple woves. A deawring shets  moce light:

이

e

Wo=
2m 長2m

v=属 = Heartin

°-x)5?

Sp(his)e snste as
V=iv d= ho

m

vz = Velorsical

Vilivsinel irode velacity of a wore pocket! The individnel woves

do not moe as fost as the particle.

34Delce Duntial

Feeny prontel V:

Y EC VCo) & VO), The petide is in a baund state, taomulisolle.
Ce.g., Snfenele sgecare cwell, hecmonic osecellutoe)

gE> VE V); The particde is in ascatteiny stot. nénamelisolk.
Ce.g.fre particle)

as Vees &e e) auselly t prcachipo, E L0Bandst

Same. VN sxyot Bocund & seattring states

(E>O Scollocing stit

Mighe dets enetion potrutiel: V0 = -a8a)atx+0 

t X → r= A + BeCx Namalistion & Cand conditicer.
co ns that

JG

e y



But what ore che enegy buelh? We knew ECO, boxt can awe we giet
mou yoreife we kmonw C*famE .AE = E. 5, e nad. Ealgie2m

K in oite tirms thaw E. Xemmlutis to ke tpe o& r che dixeortiesty
dx Magbe feo then? Yer as it finl in odes K aat x=0

het's tey, last sep: rotgrat toth sidus of elcedinpzер
lettuvon E I -E witd che whole spertion

pliced cuside che limit him.(..).03
3

I dx + dx = E rcx dx

2mJ.

113

5

=

勝

2

2m

Exuctly what we want! E =

2

ma ma
=

2m 2m2 222

Exo xre popctcte d to 10

Branday Costitions ge kojxse To

Addendum: V)= aб:

y laner, V kaven pusttor adary
chame of oo<700

postich gpecing is noveere!

Aernteum Fumreling!



Contuwity atx=o
E7O √= Ae+Be g xcs, E G ot j x0 her tho+

me

Contencily lnstievaly gof derivetives F.6 = ACRiA)-B(2).

et'sit! Rut it ircusegfel, Cositer Pysial sitution!
Aokoe F ilex

remember, wove packets here= poctihr

o rgleted d remmetel aocers ton siuplienty, ony чт

is ineident 6=0. Ther, the loundary, conditions give:

BAFA. Scill not normalisetle.

Beit wxe con femerlte Tennomission & repliction cocficints: Re.Te
@g Core T+R=1d,

3.5 Finite Sgeoa Wм
W) 

xi>a

ite westise to Ic levse ELO ssud

= Ae +Be

+Ge

x<a

x>a

ckrilx
Qe = Csiml) +Deos lx) iX≤ a

Doundary

Te all odd states, C0 odte FF-Ka Deolle) - a=-lDsintl

2 Tan (2) =)1,2 sla, nt. Wle teus? hit's plot!
Tan ()

Extreme coses:

수

수

Intersetions are possible energy stotes

particle exseeds well.

& Crude model of bound eleetrous
arond an atom, Alss a model

2o s arde, desgprvel ypeuli pomrsllitl. for a sdid stie sytom
=x f zoxced's paph. for un atom model

narrow
Noies Eleeteon kaves aton. Ionisstion!

270 skellor pwell, Bryd stotis decreae:

To twer limk of 1: ly ae eryry stete appestintl de
Dien Delte Wll



If a prticle exceds che well, it veatters Hore, T

ao chere weigy stutes, asmonerecarr
Phir couses pertpet estenctive interfcence,

which wids cle reffetid aave.

E

E

8ma

Energy stetes for th

Jfcnite Sgvare CWoll.

Lottseingy che, deltu well esxcample with one incideut perticle, chece is again

Trumsmission & reflertion. But with a wide well, there will also

be a wave inside cheurll, Its urcelingth is din I. Nout =

Ir an ivedent woee, you con certrl Dout. I you cant resovance in the well,
yoruar have Lo sted in a portick with a higker wovlength chon cesowance. as

du lake, Xaut dia

3.6 Addividaт

f sos loxirid, geouch cosflicint ised is C. f seatted, ie &.

Dicac ntepertrtion Sarveani Oscilletor Cadder Opestar)
1,n=m

4r ²<x/n) <nm) = Jam Lo.ntm

(F <ul

<nla_a_1n) = <n/n-2) 0

E

7



4 Aoptro 3- Dirac iterpritstion (Cimer Alptra)
4.1 Dirac notstiss enetasuriten os matrices, uove finctions writte.

as vectos.

>pias

Jome pradet: (as0s = asrnge astpa

Tiridae Crirs. eloet yome l ocader ioy th .

all wor funtions live in Hillect sypoce,

f as 2 s0 lod live in Hilbet space, they must have anmi
inns prodet all wxcefunctions have an imse pradirt with all

ahr worefunitionie hin polous provn te thume cocdy inapultey
a

it is

yp1p> =1, i is neomelisl. If foc one sit offor fnlf) = fme atforamel.

I fay fumction f ino set fu con beEedesccited ly a lineer comterntie.

f fuCx) is Complete & all fn are orthonamal, Cn =<ful})
lenefarth wittin s ?.

You Can also hove a coplete lasis : 1a) = . The cogplete bosis

rascensicts of the minimum set of livsacly indipendent ixeters

whisd  seeite my  sedes cotn(spande ypate). Dockak g a siti
in 1as, ful Zicm If =1 =1



4.2 Oecables

All tsecables in Quantwnc Metanies are represented ly heemitian
opecators ly definition.

Ekenmitianitian grentoc &:

<fiigs =@'f 1g? 3a = ?'. of digaral face related e, conphat coyugsts

- Detaminate States

A funstior & witl of = I where q o will alovy be cle some calve

Ca neaseverment alug tums the some calie) is a detereminate state LseampA)

Determineti satis ore cigoifinctian
=== inst on ip function

sit624

f indeprndet,
stet is degnerate.

-Addendeing: Diual uare witl:
HAES

Jnfinee (LIH4L) =<LEH) = ECLID=

তেমা

6

my ste
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Adderdurn: Dual Sgence Ull:

Inpirite potential: Fols = Elb), HIRD = EdRe)
דורל3 = (דוי

Eo. ETO.

Genecolised:

Qy=Kelalej

Synmetric antisymmetcic

Fimite Btential: LIRS tO

पि

LIHJL) = E&KLIHIR)=IR) =T. H1S> = (E+TXSS H14)=(ETYA

Ie is impatint to nodecdot 1is d 1RS Pocodility fo amy Edvalitity fesomy
seymnstei nt denl clAntAntinymmetrical

dualwell:
wrenot sigenstits of APLES,

KLHIRY

ARS & ER es s akwnys T, bet is

the ingincte will, it is a of coisse, dle

anegler don't chorge, DEo temaisoche

dame. Beut ijpiuse 18s are rot eiginstate,

wtet aro: Sypeporitiom!

Let me difeine:

KISSPape ll)=

KRIC=Right l)
Kot: Bgteed)
i Poge nall)

A A AH
1= (ymetoie sxppesiton vette)
143 1)-18S (Sm antisimmetci

Fo apepositioniete2

AILSS END +TIRD, ARS EEIR)+TIL)

> HISS = EstT18>

what are is &IAS?

fIL)=1A>, FIR=(5)

conosinn at

気にチョンであれ?

C57

=> HIA> = ESTI)

く

AIR>=ILS



+.3 Eiginfuntion & a Hemitien Oecator

Sits y Duteminate Statsof pocticks conle  divroite (rnamedised)
a continuous (not nomalied). fit is the leattre, the inmis  prodit may

not exist.

Disceto Spectra: che imee produnt esxists d å is hermitism.
→piåfs = cafips = <piy> = 4"<Plps <> 1t=7. ($*0)

Eigmeolues f disxcete spertea fumctions are real.

Sigrnfinctens edtnging o ditnit igpneaker ausrtlgna

3 These properties were knoun in Chapter 2, bet hee we prove

chat chey avre simple concequener of hecmition pestas.

Eien in the event of digunsracy, Cr=4), eiginfintions
wre assumed nthonormal. Decause of this toucier's trick

can le used for dinet spertia in genosat  tofind cofficnt.
(Toucir'strid is tle inteycetion of borch sides of an egratior,

we vsed it in the detta portential excanpl co find IK)

In finite spare, eigenvecta, fa hermitian mutrios Ceigenfunctions of

a hermitian goeratoa) spen the spuce. Not che case for inginite
space. (aquin thes mams 1a) = Cnl *)

B This alssimpliès ca>=you

Bestulate 7 applier here amentericsim ino RS ONE



- Continucus Spetra: Eignstatiotio not normolisable. But, remвтber:

the tire Santcle ste was warstisth Br anintypel  f soutipl

uwfortive, Simileclyj, a bone continotion f gpestire
involvenp a spreed in eiginfenetios is normalinoble.

Octhonermality of Eigpaetotes con te prooen lyates com be proven ly excample. They are

kind of athonemal". ir call his Dicai Orthorormehi

☑

take foo) 43228(49)e

ipx/k Aquin, semi-athonsmаl.

alleigunfeunitions f a certnsous pectem con be defcned.
Again chrasing siomdlsnites to to seseattring states, dey wre

comp lite using an integial or adiscnete pectrun, 12)=n).
To a contivuous spectrum: fox) = [Ccpifwdx

TRe iofficients (cp) are otained ly multiplying loth sides with hl

Etnening fco&f0 into 1 dlf), & lovcier's trick p) l>

Hhe ignfinedtors of omentome fors wre imuinidel with
wovetigth) .De Brogls Uburlingt! hinny,
coned te poreishy dtich. eThis egiration is edevant for wove

poekets with a narcow cange of momento. (Ap small.)

Tris all also seplies to tle pooitis gperotoc & with eigufunction 1 80x-у).

It aplis ts all costinuscas spectra with real eigncaluer Dicas OArthnamality!



- Addendunas

Changimy loses:

ر
ی
د

10= 21x) +61y3 10)=alx's 61ts 103= ax's.

D =-alk) => A= [oSAID
AR) = aIR

-Quantum Stutes

fo

Eo

= Ad Ao thare the same lasis. In foet abl

matrices Cperatoer) with spcific expfnitir

eigenfunctions share the sume losis.

A& Ho sharre the some losis. In feet, all
the tigne

Wattices (ptrutars) with pecofue espor

eigenfumctions shere he tome cos's!

Qvantum States are veetor 1us. wewant sur defintion
eo cortuie al ehe infemation we nnd.

E. G.
(+) = <X1() with Ix) eigenvrctor of & witt sigenvale х

e) a<plaw) with ps eigerweito of f with eigenaole p
(En(e) =er 1ua )} with ns iginecte f rprmgny with igavoales p

orillstor

Go beck to exuumple of che harmonin osilletor. (xin) = 5()
remembe: ж 70) = * 420) = m) = (x inD. el stote

Hormonic

=) Ldl = [oC46? ., Cn] repcesents entice stute of ovillite



t go In genonal, tas= , Contenes allingamtion on a
portinle in Quuntim Mechemis. Not jiste jiest pesteon,  ronestion
megy to srenple, o ceuler cwertive omrndide s apapsitar

of cleckuise & counter-clbisse dicectiovs, 1I) Canle (1cE) +HCL)

alao,  esnende re ans ? Pal Pandig pard ent wse

doabwise

this is general, Cn] = K LIS

saplaes whey in he edl yeoe nl aeies war syunrl To TaeIwas

(edde = Kpo 14r )/cde Pa cortieunes

het's go bockts close diffient loses we dicussed. One might want to

swotl betwver hen. Ton tir weore a Popetionpecstee f = 1x0L).

y witl is de desired losis, ortlapmel tsrigmal losis 13:
A D =100<1p) = la).

Bet jfor apropie cheryein bosis you red to ffet all partr of he xiyjine

teis equolly so we suim all tong To on gestor Cn disrast Corers

This woy you con le sure thet you onl change the loser vot the ventun

Stste. Ce car adlse dothir phe castitucas lover: Is leaxidlz
essary fo onty bori' change

Pin is erpecielly vspal: consider fixXele & ipxpidp. lakes)

CIPS = 歳で(30) e

Tur pot hose iek. I to Chans cle uaupunction, pra smxte ap teris.

14



44 Gmocrlised trmoctairtey Aamiple Sntistical ntypnitition

If you mearvce an disreciable Ap) ona partink in state 286),

you are certain to get ons of ths eigewalves f the kermitian

peratoe alx-i ). Ip tle spectrum of & is disxcete, che probodilit

f geting that particilac eigenvalie gn arsoclated with the

octhonormalised eigenfunctionf, is Kn, where Cnafrel

I the specteum is continuous, with cael eigencalerg. c sacssnittd

& assorlatod Diras-Othorrena sod) eigenfeunctions fo x,the(نایچ

protalility f geting a vue in emge d2 csiK Co te wh

upon meoxuvremnt, the wwosfunation collpsesta the cocssponding

eigensstote.

Padlt, ouny ontinias rereyp tr) f ampl p)
calie totrn f obetiren akosda

Prstding Aontlhcte fany divests aste  o tehors

Paeulility fany diseste iolhe beluaen alo K

3

na



45 TAs Unesteinany Pmiple

Statisties ton s= <(A-A))、要>=12)のペニュースのか

Djime f & (A-<A) & gr(0-<B) foc simplicity si t, s=gigs

=> sAs8" =Aps2gig». Schwoce- cavby Enegaday = pipsyrs= 181де

2

Fcaycaplece nuseber 2: 11 = Ruai  + Dm o)² (ma

gi g e c k pig ² = 19?- s)/ ?We gnoce Pd) lecause we do not like

AMA

Ss we colealate 49s & g ys.

4lg) = <(A-<A)¥ICB-(Ô)D

Donot dothis at home kids)

A& & wre hermitiwn

=<P(AO - A®» -B<^> + LAXO>){) =<BIAE)-CDCEÁD-AKá
= L^?> -2LAx&> +las = ABs-Âx Ộ

hou, we con do the sove, colulation for fig 1Bs. Bat beavse f & g avz

arlitcacy sapem and axeighted the some, we caon jerst fliyp thew. gops daA-A)

Eiping Boma foney woed. ypbe permtstion, titis of ni

PS: 20 216432-622) = 1.se 2

Cem pet: if sxops &e, I isa gresisn!)

Tis ecsetanty peimciple ismerdl, a comseqema of de schworc. cody
Enrgunlity! Whire does thir tome from?. hst me difioe 1s 1936 ws

Tin <ris p1- B = <B1p>- ir he ony prarpiseteaias LL1a)

is that i & B live in hilbent spare. As a fonteo quantem stute'& imerKUrP

prodvet with itrelf must le greatie ox egil coo, LpAps

ther we fomulote <pins<uns kauls. That brings isto a conlrion!

the unantoincy priiple so isa meth emeticel necsaits of the
Jeamswck of Gantum mechanics Oemitias pert Otod typla)!



•Teve Emegy Unsnteiny Bmiple

a time as

well. Tis ast anotstcvall hwever, so this is not a stenderd cecectainty

peiméiple. It is difinel ar the ancunt of time fe a nestantiel chirge

So sEsEis the amount of time foc a chengl o sere sE in

errergy

dt
は、 d

mののみが

在 dt

帶000+ asure = 0.44
4AH

b get sEsE, SH= DE & Dt=

2

Evrdeutly hs emurteint, pinciple is a recesity of ole mothanaticl fomsutck
of. uesrteme Mechanics, lut it lvirng noreaceo Es a corsegience & opxstan

os ormutiy tr swoaly in popstinsl to secomonatio vdetin og
de two relecant gperntes.

2



5

5.1

Chaptoe r. Expending in Foe Dimansions
kamewck

Lar an sxpansion into chee dimensios change xinto c dx isto dor, ite P?

Naw ses far se Rove elurp wocted in cantesian cocdimates, ahich is uninpertant

ten wrkiny ion only ans dimension. But ion macs diersionn, cler condimate

sxptms Evcome impatrt. hit me iik daun afow?

9=sinALtse,  2D: no Ginkcial, D:3

2x)

Slrital 32: + conことの

D2D. r
(x* imo (rф

tios$ Cylindrical, 3D Eund Aerical, D

492=27

the rous, we will vre falmieal coodinater as an eocauple. SeSestitating intst
12
Esino de

We wuld lhe to find pasitle slotens for VCE,). Again Try cos find spreolle

sotstions. lestitote vr muw²& ree,)= Rc) /cep) cnto the cime-inkpendent
B=0

Selcodigec Egeation ad you ll find snutting of the slepe aLe)+ too(

This means uct) & are constant. We define ther coustunt as a(E)= llle1)

= 2+1) e lilter one porticulerdy intrant, c, as it ollwses

To potler sepneite. Aefine g Y cep) = Oro co) and sototitute agoino

Ris bring, us again To an egirtion o fom ycos+ EP) =o, Rintimeve
cre constint m with plo) =m² &{) = -m. I con bedfined & Ecp) =-m

B) = ir Oo) oo, lut it is a lith, wove Complere: L0) = AR (e) dre

Ris the asocistied Faypenare tunctior:

ToT. MEZ, lEz

urcan ales dsgine iep), che nomdised anuylae worx punctions, o plecicel bormorir.
+(-m)!

+m)!



Merria

Mikei
(L

didthis

d e)

Notul how 20: That 's rigte, the ongule port of the wove ponctior.
is the som for all potntial ! Only che rodial egustion depends on it

dgfine da L) = Sce) I etstidnte dencer fonck awrite: you gt
2m dt21m = n Fur is cdentical to the one domsieonel

Selcodingor Equntion, will we key difpenil: , Vaug deD)V 

It ir iallad che radial apustion. he sicond ceem of he gfective potentiol is

inled che canteifugel tern it tonds to push che pectiche xituoed,

One moce note: nonocmalisiong ut) is dove lyche sepcation Sfatdx =1. Ris is, g
couese, becase ? comt lereyatie Also jest to write it, the rodial
Hamiltmeien is Pt

Let' do a very cmpoctent exmaple: The Hykcrgen ie! V) t.

Sobostlate this and lomit ip by P:CE, P T
mee

TEK

die
That getrus: Lo West their decognities in

pets. heing to u ss e rBe asu2 h e a mdey Canttiors
Tihiy Tnking a ) o n a msiat!
Salution: Srme it fe now. We get ehe tron e xut f it. Lastl, ie les) u

dp

wlich prdeas wp)= Cp"+ Dp = cp e o loundeny Conditiens, Sy
up) = p ) Te cadial sguntion, econr

s whiet  ghi tad cncdepsotln g
Xp). Uk asseme ids solution is a praveseries: pP. Sertititang
this into the codinl peatior gets es anevsepotor: ftd
ulp) to lo vormalisabke, when p-2, c,0. So, muвете eise С;нC. isisst
2[j+2t) 18 =0 = Rz jrd+l => PooZR-) P 27

(2EN)

Sowe colculot the alowed snigiest nothe rost inpestunt serelt of Aconteer Machurires!



2

This is the rase, tews it wor knvon lest inerplinale Bfore Pianterm Mechenies

wxe inceptdin 1926 ly the inentior of che Schesdingec Egratio!

Basicational randor Bus fanants
avalec fnoy saplorition of venten rechaies is = aPke radies.

Witl dis you con colulate E² -13.6elV the ground state estcy, X tlecuise

tmavn as the linding amenyl/. En -1 2V = 340ell, the first excitd stotes.

Vp) is nice as a pruve re srer, bit wg can oeso wcike it ar a polyromial:
2241 100 (

(20)

Iin toun esn CEop) int a caket meprdtny ptai:
2+ 282 1

[1 (2-m)! imф
mtl canl

e

1) 22 e!

Toir moes smphy writ
ena

2n (+Y

It is a beast, let it is onep tle only seolle redlistie gvantem systems and with dot

a levtif lly deusete conseqprute f grantem Mechanicr!

8.5
Onue bast riote- Hailn Few Eded = a!Jmm ll. all Vnem ace mutially

oligonal!
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Bl Addirdum: pertiol lines

Dotunlations ion a Hylrogen. ston's ststiony state can aunde vinthet tetiosng
stte changing. Fhis Con alce chaug, its awgy leuel. In the coxe f chis enegy laing

a photo s srnsttad f enwrgy &y sE, Ef-1 e li) = =

ater mitd ly speigie pertenlstiave dne detemised coulungtle:

Theve woceluypl, arethe spectal lunes we Lseve!

5.2 Angulac Momiretum

20+1 m

e,  Ris wbad toche mergy lecl fon ), wheuas lond M.
are relsted to the obital anquler momentum, the her fumdamntally

Cosecied amoogy grantily. Yaw  duer chat wock in Quntiure
Mechanites?sit het st me os witwite chs classicel equatios:L=xp
= tkC= [2; ZP,, ZR-xP₂; XP - GRT. Calso writen as

[hrs fy, f]) We cont to kraw the allved eneqgis and states fols

argulae momsrtuos. b oter words, we wnt the rigenstats & eigiopuerctior

The fist thing we shoeld conrider is that fa two peentas chat
conmuites, the eigenfinctions are shaced. Ss lit's se f, fuescumple,

h. h ] =tfue, hich of couse mem R f ) Rfy &lfy, Ca) =.



Fotie and Derpaie! Nome comrute. But we have an ais up ove stavе

ןלינלילילל

= [f ) (8 ) y + oplithoy ) (tfuy)o

o y C  / xp & Cforf C g aly de luy  = pg d = d,hodind

Te now, nou we chore towork with. F2. Ill sitch to the cosiobles d ju f
To math, the lok.p Caf =pef

Nan, cde ergencode pe in pruprotirunl to ch sie of Pop wethion h.

Beavre of ther, it har to tx yreatic ax quml to . Bect also pe carrot

rocend Liorgreode, . So it is lournded, nd Sspsect guntised S
I'll try ave good prand lodde peroter finst!

Fot me depume: C, £, = Suy for fe. hosh) = ) =0
Is Ef an eigenfenction of Cland f)?

ドクイク・パブ・クウェッ

=(pu2) 8) => yor, but will ligenvohe putt tussng & lovxengh



ek

ue go ort o ecorept f lomnds. ot me gpiel Ci o & Pp

hi top to. Set fo  d  fap lae  to e indmon tle  tounds

Begir nith cle Tp: L Jop  =0. Gro fop p

・プカープ (

Sistre thisinto L fop =rfop and ae concose L Jopao?

= ( y ef d + z g ² f yd = fegc = pifop +puit fap
= pu tfut. =). Dejine pus tal I= tl (+1).

2

Tis is thseigeniale of F" exspecsed  in ds op sigemeate of he.zigenvalve

Ta che laton reny : li oe hufo o, Godfo, hok lfp
ey²y fo y ²fo - yL =lR $ = l fs-l fo-Joe

纸(1)

h b figere xut che rabtiar bdavan l&l, egrste the tno dipinitors foefor

tar Pomembe, sigmobes wre lt foe the lighist ring,-IR oe lt+t
for the lovest cung. of Course, lt> it, so cde rigeutole of the

Bsttom cung is-2t. Semerber the n at the caop of the prt! now it's
cseful: l= N+ la l=n-l = l& wlexe nc" lisa Lefi



Mau farte ipeucdin. E  f = il-) ,  Coki ntn
where mi As less lil 二の美言って……

phecicul

Да си

d& wolstitits to d expreerh unto splmical cocdintes Use that to

Cakunst ches isgn pnctions

[こと×P=てメートは、マニーは(メ)

品

(一)

Porolie ôb Pinto cantesian comporents:

- Cine NET (10 sing) - (in AR, A = (sing) konds

シ

=ncert003)

g==ch(Corp語-sind coto) Sosan udy ie priled o t de
stuet-st's eusier hvee.

(2

Date Ch = to c

到
Whicd firwly brings 0s:

(+



huade - Amefe is eoy jest wlstitite Lo! Ue hove te epinations row!
= 

mo) (

You shovid recagrise these seruters if you ded cle math-I wrole them
a litth simpler;

EC) =-m²

25

At ahandy stod ths syple on pays 18 yon page 18! Rey lad to Yep).
Ie sladlit le a sueprise chen, to eacn that foJe

Бар

Te igtnpuctios of regda onten peates ng n
momentum & z wce

the spherical hocmorins co). Their eigeneolves at L" are

lll+1). Haic eigpnealves at hre ane m.

Aldendum: Diror Notation

Eigenfumetions & eigenstates. Uk can elsourite chat in diruc notition

Callml= hm s folem = #.m te m ( ² e>

3A



Addende: Dirar Notstion

Exgpefritions & Eigensitste, one ato eitadd in Docae Plstatocr

<TIO =<O TP

Goes= RitEs B chon lecme ery & attogovel.

In Z-basis

Seatesty Contely as Co
libual-

01

1=

5.3 Spin

Here be Monstics"-Geffery rush

5.2 discusd vcbital angular momentium, asocisted with de

mston of the canter of smasr. But chat 's not the only sot f angilor
monsitien. The is abro spier : S = Is. It sterts sinthe.

[xSy ] = id Sz [Sy, Se] =itSs Beps]-itsy.

S°lsm> = is(s+(/sm> selsm = Bmls m

S = 9 3,, m= -S,-S+1, ., S-I,S. Bett that 's ulese it ends



m

1ST # Sisalled the ping a perticle, eoz Trype hasa
Porticukr pin: Poetick S

mesons 0

I con cdonge wlen pertialed, beet s is foced
Goiny

electroas 2

Phutons 1

Will do de spin t2 eccemple, relevant foe atayas 2

elactions, pestons & noutrons: grntons 12

-Spin 2

Spin 12 las two cigenrtetos: 144> d 1( )}, a spin op &pi
down (1). also noted as it> & lt) oc (+) &1-s.

A genseal state of a spin 4½ perticde can be represento ly a 2x1

metrise, also kerour as aspinor.

21

a

را

o X- [] epresuts spin dawn
s) S°, Ss, Sz, Se, Sy ore oll 2x2 metrivces Let's degine chem!

Sism> = & SE+D) 15 2> S = &m= - v le spin.
235. = & S认

=S' [o Smilady, S

⇒ 4=4 & CO



The lalde preatos crck as casual: S. X =RX,, [x, -EX, Sx=0,S

ckicl. iod To.  So 3, sotid.04-Ssisy, ceiom state

SAs5) sia, (-5)=] S

Tedir one writio Saf, dd, s

The Fuli

Sin Matrices

Pasdlittire con slen te calletd: KoaX, +6K.. 26

So. t fallus: la$ 461=1 (ramalisny)

tikst ocs prsilelesr Sa? &Fnat, eigenvolier DE0
2) (2) (d-1) = 6. Sex水塔。

The signspare site s
1 cotee

wlere = ate + or =X

A

-Adandun: Ectron isn a mogretie fiell!

54 Bmyonr; punticles made o&f partiles
tlerwise known os composite states.

Betigkes I SsM) & 1 sama fom compastteite state 1S52 Mma.
(23

=

28



29

Buit wlet is the odse anigule Momeslan? S= 5U2 50
2)

(2)

Est's daam esmple gaon. I liks kago

Xydrugin 3 porsible composite stetes:

=> m1

12) = nid. At's try Sins<か

=

2-1

SIMoo(1ryit + 12.12) (+)
middle stut is

110) (17) +1)

Fere is ales an oettaygal state 1003 = 167)-196). Tis state
in costeasrt to the other two these, las wt o spin. toe dir, prae
Sist > = (11), 100=241102, 3-1は-51002201003.
I's trwe, Let

you con Conbine spins wve in beryons to get net spins. Ilgdroyh has net

I oe o spim. In this ase, S = (is a), (st so-)1-51
Bregorstute sm

Couluding: 15m> =2 clsesmm Ccltrck-Gordan
Cocfficients)



addendum:: how to read clotrch- Goudon Coficents
5=270

2x1 Talle two preticles, one stl, one S=

an T wi

45

1/5

Notice that for a Comtenotior of NrSXNER,

min

1ga>1em>, sits = Sot, M tim = Mor for all spin Combnations.

So any tothl spin state can be divided ints that cotal soin

split betiwon multiple prtickes; wtoa clalsek- Gonderen ther
gives de prutabilites.

It alro worksin revxrese.5sts

tow

m= M₁+M2

ix1 toble

祝0)

M+m²-I

Tus Fe TS TS

5/2017/5/16-1



6 Chaptec 5: Idential Lutich

631 Twe -Pctirle-Systems.

Two pocticles > ( 4,) s) +)m

soas 1, MEt/t

(2) ()

「れれ

Simple expension.

This is done ly

redving to cher

purtick problems

31

But wlat is v in coess of Va & Us ? tuo caser Con. be ewsily sodoed :
Sohed by

Ro interaction. V(EL T) = VL() + V2(2) V(,2) = ) %(2)

Substiticting this ints the schesdiger Eqvation gives cise toa

systen of eguationss

(エクジルコニ(コアれる(アトム

Whive E=Fate & 重なった)に重たいた)(大)

Rommler E= & taEn yu, to Pzdd
平しとなった)=&Palet() (2) +3)

wall padtolkit la'dnj-s 1usipias

Cosidee: Meoine porticle ax 1 in cdis stute and get state Ya. His enfeces

msnsot of prticke 2 Bcingir state Sto, collpsiny its
1 & 2 aze apart Memuring

particke a will collige the wvefunttion o& particle 2 as well.
) Quantun Enteng lemat!



Centcal potartials:

Ank - Rydingen ater V5( = 12-51

bsst isually moe omplerx: Colond attartion of tw kehien betroust

apitem files so to te()
thguntior V2) = Yae) 2) seagestr ce knou prtcle s is in state a, and
2 on tte 6. Feuth ir, we don't. the pocticlesvre identied, and

insistngsilslk. Rere wall durys eomttoon a porticle instte
1, and one w stete 2, but they cold switeh andae wovel be none the axser.

Plovese, that is onty te ase for purticks ofiths someteyd - aproton

and an elcter are of lsacse not cintenl aculistingevichalte. The point
thet two eleteows are

SocweAigfine s to replect that HelEss) =A[Y@(e)¥6(Ca) = ¥(C2)]

Tlis meuns we allow two types of portiles: fosmors, B Borons, 4,
4*(22) = 47(2 ) =) Orsom aire symmetri uinderintorchangl. Als intyer pin

(2)(なこ foreins a not typertie cate stedongs the is is
formiow alse hove hall-inteyer pin

Fem foct, this is vrurs. Ony Lermin & Bosom boveleen found, no
der portuks.

Anotec interesting dling : = P6 4(22) A(YGY - Ya ¥6) =0

-) Mo tuss premiens Con crupy the sune stee! RadiExchision Pineple"
tter, = iting pur eity greste p1



62 Exchangt fras

Comdes 8 oa 2 indirgidil foernite 2 ndeslengcislelle lovxses &

2 distemr shalh prcthide: ;- )²) = () +Q63) +2(/62)

da s dietiersalle psclaler: 20) 02-8081 sanzооот2

2 mistinge shull, vetiel:.0 0% - 4 2092 2 S 2 8

Th stsroamne lar in che bit som : o 220 9200 do. The plraly weists

ie. the idea that feemions, wtea dle extiu tcem is abtencted, lee dose trgitlec
than dislingcisledle certicler, atua & lesens li fectec apott. This

phyzuall nonisests as an a repulior and attruction fece, alile ic is t

a fee at all! This is colled the eathion enchunpefiea

63&S
A compéte quantem state of an clectror incledes loth its positioncuee

fonction, and its ypin. Whittn as ME)X Pe, 7) M22) Ja ompesile statis.

cir alss ho s

64 Gemaslied pouitiriantorn prainigols

F sExchony preuth

1.8 fr lentical preticles che stite is repoired tosutisfy I (2.22) ==/2,2))



6s Atoms

Ta e merteal atoe art shoie eunder I, constin of a leay seodbes d thatrs chags
Ze kerawded by 2 slectuons ( Mas e & chist cdoep ), it.

2

J

Only soled fer I =t.

Momendetire fer the pxeistic table:

Yainntel rous caryuord to filling ost ech slell
An atonic stote is notat as ads l tk

will: n nember & hell, I peiping abiled angeler monentiue & & t

eyin specifying the amant o eectcons in the state.

Eia densmineted ar. 1. p dfghikl falog42,845.6989:

"You con ales write acading to. limd's cule.

7+8t

wske B is tle tolal ypin, ) is the ditel gom+ rbitl &e i the lite

fer total octilal angula momentom, tho lette asscaarelartd l pitaliad,

6.6 dids

Slis can be moblled as an clstes gore Cosiealy a 3 Dingpemil pereutl.

ly

The milel wnks ay wth fer condrcins.

م
ي



rndies hr, the thin: ( ) = ) = (30)3

42 39

My M

electror)

6.7 Duahe cotintinalo: V6+2 = 10).

ヌ

ige

B Blal s hsaun: Serpecids potatils H a) = e 140) fo loustant g
I ake Lis motomattally tee, aryy to ades in a cicele aftor K perids. Then.

706+ta) = (2). A simpleexemyple is the chese comb:

V@ . 2 86 jas. Impaing Counder conditions: Coxia) = Cos R2)+ in(ka).

Eip . s ed Gol) + rinve). stin Le govs a pegalhん

clat sonetines excueds 11. t = Cos ma (qus alich Con mever exccaed 141

As the alowed cned enengesure at the points where the esvolity bolds
paints with /0 4 I are forbeidden encgis. Thes we hove bonds of alloued

entegit, and gops of forbrille cnerpis in solids! Aeent

Chupte F: Airuod/ Intermission: Uithat prantum mechanics Mons.

A. qustions tight le poed: In he amglinction I pedabilitus ia
aacate, a can the Laestion of a pwetile bo f kerauen exoitly befe a esт?

Eemster, Peade I Peaur e aene Cousten radenes s masiny a é hstler
oabe D. Becase of the Ed R Tneder

A pior, pih are, decays inte i +E. Covarcentorn of Wenentiem &e angedes omenitiuns
tisetes in the singlt lonfiguator: ()-) LMeilitiorn & cositeor pe



flurng off in gproiscte dicictoor whit untel thes distare is great

Missire ohe elutron. Zin ap! Thoem the postror hos gein dom Dut nwax

mow the positron's state o ite wofunotior wast ollre ihe stil

: 3o ts uaclunctios collapses: Pkar we intertarsordy collepsed chat

wae onelor, and the onftere mored fote clan liplt. Dreaks Cowsal!

Coulesion: Hidder cweiabler! The poition C ebttior hinh pecdeferad

spins, and ho lrfocmation cos tronsfered at all.

I1964, isto praen to Thiss peocen to be antove ly Bell.

Ir fest he did acas prgorx te calevlath cde avcrey prodint

of morcemint of difrently axientedmcasuement deorel dvres,
exprassed in tto cettors of chise see ocintetions:

P22=-21. a

Thin stit chat a is tot dhbe desendet on B. Vtis tat l ar dyenad

a. i

thur and, ther Al) =1 & BIG, )= 2L.

Fa. 2) Sl arBR.D ) raybelin, eri
Take cose of aligned delictar Aiin)= BАе»
and inset setbittas, ceetr E:

Re D-Aae) =- (A0G-ABADA(
Pi?) ) A)-a
PGB)-PR21= 2+M) Dee at lach Did).-o B.



ratice

L

So lel racd that Cnrtan. Nechoria Camot boue hider coriats, an

is erdad, edabilirstic.Dnt att dlaet oree oAt fuent, tle EP 8 Poawtore?

Cosider: Can d altypse of le woe function be mensvred, ranrfecing

enformatioe? Po. Cavsalit, is not Crokoy, as entonglement is to cis this

reyert sonlar to a shedow.

Let ne diseus coe fined tapse: The No-cloring Theorem

Ih unartsins priceple is physcalle, exfarned ly a masmcement beiny

derketue: If you measure a systemo position, you lan't marireit

eentur: lecmuse the position Meusucement changed the systom. Duit

Why. then, can't you clome a systom and measure its momentin l

posittion supmutele)? The anrver is simple:gou can't tike clones.

Befme b thate aty, let me brow why ther is even mae impaint:
You can't masure one pacticles unvifurition lcing cotsratd collepsed,
bet if you clone it you con ts accocesunction is collyrsedy and cloned

millicrs of tiner, all meosurements of te clome eill retien d
sume colue. & he woccsunition is not collopised, Mesicements

of de doner wrll reture an array of calee. This con be moticed, and cas
seat uel leecks causality . De ab his shouldn & te cossible!



Iot Let me show why it stot posribl:

Hus how it would wak: /VDC)->/9Vr), tands fesiéo & d. ti:

Q - 8 /N 1K)/6). Pen talscuoks fara leneos
Combination of tiem:/4)- a/2)+ 3/2

Sut thw the math : 1 ) = 0/7*(/k o * //4} l4A

Ie dasne clon it persecla in fuet, etornh, cloues gsincple spien daas

bit tht ary at combermaton f hetire. npeypcsition of thetws. What ot

atoales pedirer is as cmongld at where all dloes are itte ipin up

a pin lovr. Ee anter on not te tart wn enstoly l

at clore wonld pralere the want seant wter mncereds That's aby it'"
uisles te, pe clou tl pocticler it chonges notsiny.



{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

