
PHYS 2170

Fall 2021

General Physics 3 for Majors

Lecture 39

The independent particle approximation

December 3



1 Review bosons and fermions.
2 types o f indistinguishablenessi nQ M :

spin
"apparent"finifiiifi:÷

÷÷""
interaction" 1172

§ ?histal) symmetric.

fermions set,},§,...
"Icculpyfesram
miemstate

' #" " "1=44144171×2106,

"repulsion"
antisym
metric)
4911,21=-412,1)

x"0µ,



2 What is the independent particle approximation?
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3 A quantum system has single-particle energy levels ✏, 2✏, 3✏, . . .. What
is the ground state energy of 5 particles of spin 1

2 , 1, or
3
2?

spin l spin}.
fermions; totalenergy= 5 E total energy>B e

total, w e t 28+25 bosons"÷÷÷.
3 ¥ 3 £

2 1 ¥2 µ s 2 -

← e i . I E .
÷±FEE÷÷.

sz=t%
z

¥hz=
-Ez



4 Consider 2 electrons of mass m ⇡ 10�30 kg in a solid between two
atoms separated by L ⇡ 4⇥ 10�10 m. Suppose the electrons are
modeled well by a “particle in a box” of length L. What is the ground
state energy if the electrons have opposite/same spin?

Do you think the electrons will be closer or farther in the state with
the same spin, or in the state with opposite spin?
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5 Using that
e2

4⇡✏0
⇠ 2⇥ 10�28 J ·m,

estimate the loss in potential energy �U if the electrons are in the
same-spin state, and the gain in kinetic energy. Which one wins out?
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