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Identical Particles

In quantum mechanics two electrons cannot be distinguished from

each other

students have names and can be ‘tagged’ and hence are
distinguishable

a system of two particles has a wave function that depends on the
positions of both particles W(x,,x,)

the probability density P(x,,X,)= W(x,,X,)
but if the particles are indistinguishable, then P(x,,x,)=P(x,,x,)
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Identical Particles

P(x1,%)=P(Xp,X ) => W(X,X,)=E W(Xy,X)
if Y(X,X,)=t Y(X,,X,;) => symmetric
if Y(X,X,)= -Y(X,,X;) => anti-symmetric

if y,(x,) is the wave function for particle 1 in state n and
Y, (X,) is the wave function for particle 2 in state n

then the symmetric wave function is
Ws(X1:%5)= ALY (X)) V(X)) T Wi(Xo) Wy(X)) ]

the anti-symmetric wave function is

WA(XI’XZ): A[“l”n(xl) \III](XZ) - l|In(X2) llIn(Xl) ]
note: Ya(Xx,Xx)=0
this is the Pauli principle!!!
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Pauli Principle

There are two types of particles in nature

fermions have an anti-symmetric wave function

bosons have a symmetric wave function

electrons are fermions => no two electrons can be in the same
quantum state

this principle explains the periodic table, properties of metals, and
the stability of stars

electrons repel but not because they are charged!

What is the ground-state energy of ten noninteracting fermions,
such as neutrons, in a one-dimensional box of length L?
(Because the quantum number associated with spin can have two
values, each spatial state can hold two neutrons.)

For fermions, such as neutrons for which the spin quantum number
is 1/2, two particles can occupy the same spatial state.

Consequently, the lowest total energy for the 10 fermions is
E=2E,(1+4+9+16+25)=55r/4mL>.

E,=n? h*/8mL?
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Problems

I+ A mass of 10 g is moving with a speed of about 10-! cm/s in a
box of length 1 cm. Treating this as a one-dimensional particle in a
box, calculate the approximate value of the quantum number n.

1. Write the energy of the particle £ = (1/2)mv?
2. Write the expression for E = n? h*/8mL?
3. Solve for n=2mvL/h=3.02 x 10"

II - (a) For the classical particle above, find Ax and A p, assuming
that these uncertainties are given by A x/L = 0.01% and A p/p =
0.01%.

(b) Whatis (Ax Ap)/h ?
() Ax=10%x102m=10%m

Ap=10% (mv)=10*x10"x103 kg . m/s = 10-1° kg . m/s.
(b) Ax Ap/h=1022/1.05 x103 = 0.948 x10'2 ».5

Expectation Values

» We have that the probability of finding a
particle near x is P(x)dx=y?(x)dx

 if we make a large number of
measurements of position, then the average
value of such measurements is the
expectation value <x>

<X >= I xy* (x)dx
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Expectation Values

« What is <x> for a particle in its ground state
in a box of length L? Let y=rx/L => dx=(LI7)dy

+o0 L
<x>= j xy (x)dx = jx%sinz (%)dx
—0 0

2L ., 2L 7% L
<x>=—|ysin‘ydy=—"—-=—
nzly ray zt 4 2

« What is <x> for a particle in its ground
state in a box of length L?

'/ <x’>—<x>*=(283-.251*=.0331"
<x?>=[a? %sinz (ﬂ)dx — 2832 | ( )
0

Ax=+<x*>—<x>*=0.18L

Problems

* True or false:

* (a) It is impossible in principle to know precisely the position of
an electron.

» False

* (b) A particle that is confined to some region of space cannot have
Zero energy.

e True

(c) All phenomena in nature are adequately described by classical
wave theory.

» False

(d) The expectation value of a quantity is the value that you expect
to measure.

+ False; it is the most probable value of the measurement.




