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1 l e t Ho describe
a singlequantumparticle: Hoff>= C-I E )

e -getate
d

Re-value

Now suppose I have two
identical particles i n t h e same"potential";

"I:±'÷"÷÷÷÷.ae?
mmmshor'

" " '¥I÷÷.."÷
÷.

Lecture 5 : The two particle e -stateslevalues a r e ;
"" '" " 2

HUE,>101£27)= (Ho0 1 + 1 0HOME,>01h)
=
(HotEDDIE,>+ IE,>0(HotEid

= (E,+EDIE,>OIED
thorthand:
IGED. o r : IENED



2
Our 2 particles havea "parity"(Zz) symmetry:

D="particleexchange".l e t PIE,Ez>HEER.
Claim: CH,P]=O . Check: It,PILE,Ez>£0 foranyGEz?

HPIGEDEHIEZE,>= LEVENEZED
PAIGE,>=P(EitEdlE,Edi

qq.fr/
PtGG7=lEitEzllEzG7f

Claim: 172=1. Check: 1221E,E,>= PIEZE,>= IE,Ez)
✓

Therefore, e-states o f H can be classified a s either

eyen o r odd underP.



3 Claim: for anystate 147, ( I ta ly) i s a n eigenvector

o f P w l eigenvalue I t .
Check: Putplly>= (Pt#114=4111311×1 ✓

Defineeven 1+11states t ob ebosomic. Whata r e they?

Try 47=1%4,1,
gate,

l i tP )147=1E,E,>+ IE,-47=21GED.
Normalize: {HIGE,>= ZEIGER

PIE,E,7=+1IE,-47'qdiytt.ly?
TE,Ep. 11+1211×1=14-57'-1h47.

Normalize: HYEIEdjy.IT/=(E,tqlE#I2G7

Define odd t " states'beyffji.mg#aj=q,+qtGE-
f'7Try 147=1E,En . . . .

Tryup= IE,-47? LI-PILE,G )EIGER-HERO.
Apanliexclusion
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Suppose 2 indistinguishable particles...

Ho= I}'&'}§ info), tail:/,131=18,).

Hot 421421e 2437531.

I f particlesa r ebosons: whati s ground
state?

I t 1117=0. Put bothparticles i n
lowest energystate!

Howmany bosonic states i n Hilbertspace?

1117, 122),133): 3 states occupyingsamestate.

"2¥41,o r 13,o r 2 3 : 3 states. 3+3=6101

I f particles a r e fermions: what's
groundstate?

114¥12": Pauli exclusion forbidsbothfrombeingi n 11)!



5 As we'll s e e later, particleshavespines 5=0,I , l ,{ , . . .
Relativity+ Q M : bosons: 5=011,2,...

fermions i 5=42,312,---

Forn ow : just know¥ , 5=42.
n ointernal.in#i:i:::.::::i:.:.'a

{If} to Hilbertspace:
IE,>o xLELLE,F)0

LEFT

Electron,proton,neutron...: a l l spin-112 fermions!

particle exchange PIGGY#" '"affiffendnafintt
onation swaps!spin
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p Ho= [§'&'
'§'
d

in-11),121=(91,131--1
9).

..............
iii.iii.iii.

" ' " '" ' " " '" "

oftenimplicit:
"aetfreenoff
riation

What i s the ground state?
NowbyPauliexclusion,w e c a n put

fermionsi n 1197and 147:

142=114%1%9. HIYZO.m
e,

nowwriting
Kids's"

oftenuse" "Eton: '"Ingram.fi?
IKImmenic spinsymmetric

"positionspace"
wave function.


