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1. S y m m e t r y a n d  i d e n t i c a l  p a r t i c l e s

S y s t e m  w i t h  2  p a r t i c l e s  - e x c h a n g e



Symmetry, identical particles, and exchange…
A ssu me a co llisio n experiment w ith classical particles:
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A ssu me a co llisio n experiment w ith tw o
I D E N T I C A L q u antu m particles:
It is fundamentally impossible to tell which of the two
par ticles is detected,  if one detects a par ticle at some 
place after  the collision.
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All PLL v a lu e s  w i t h i n  t h er e d  a n d  g r e e n  c u r v e
a g r e e  w i t h  s o m e
α a n d  β t h a t  f o r m
a  n o r m a li z e d   s t a t e

R e la t e d  t o  PLL i n  e x t r a  h a n d o u t  o n  e x c h a n g e



State o f  to tal ( tw o -particle)  system is a 
pro du ct state o f  the indiv idu al particle states
( see b o o k  p.  3 1 8 )
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State o f  to tal ( tw o -particle)  system is a 
pro du ct state o f  the indiv idu al particle states

B u t w e might as w ell do  dif f erent lab eling 1  and 2
( as it is also  an eigen state o f  the H amilto ninan w ith 
the same eigen energy, and w e canno t distingu ish the 
particles) .
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F o r a system w ith tw o  identical q u antu m particles,
the state mu st alw ays b e symmetric o r anti-symmetric
w ith respect to  o u r arb itrary partcicle lab eling
( o therw ise the state canno t represent real physics)

O nly a symmetric o r anti-symmetric states
w ith respect to  o u r arb itrary particle lab eling do es 
giv e resu lts w here the physics do es no t depend o n o u r 
lab eling.
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ΨΨ−ΨΨ=Ψ

ΨΨ+ΨΨ=Ψ

E x c h a n g e  l e a d s  t o  d e g e n a r a c y

S y m m e t r y  l e a d s  t o  d e g e n e r a c y

T h e r e  c a n  b e  a c c i d e n t a l  d e g e n e r a c y

Symmetry and identical particles
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