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Heisenberg’s Uncertainty Relations

AxApg ~ h, AyApy ~h,

AzAp, ~h, AEAt ~h
h = h/2m

Minimum Uncertainty (Gaussian wave packets)

AxAp, =h/2, etc.




Electrons confined in atoms
€T ~ 10_10m

T~ AT



E = p*/2m = h?/(2m(Ax)?)

= (1072 /(2 x 107 x (107 19)?)

—5x 107" J ~3eV

Hydrogen atom Ionisation potential : 13.6 eV



o particles confined in nucleus

Size of the nucleus x ~ 2 X 10_15m

E =p°/2m =/ (2m(Az)?)

— (10792 /(2x4x1.67x 107 * x4x (107 1)?)

—2x 1078 J~ 1 MeV




Harmonic oscillator: Ground state

)
1
E =22 4 _fg?
2m 2
r ~ A



')AV




E = - —k( )
L 294/

8m(2m) mk
E:h g :hw:hy
2\m 2 ?

Zero point energy



Hydrogen atom: Ground state

2 2
e
E="

- % 47T607"

r ~ Ar

Ap ~ p~ h/Ar






1.05 x 107342
Ar ( X )

T 9x 109 x 9.1 x 10731 x (1.6 x 10~19)2

— 0.528 x 10710 1y = 0.528 A°
Bohr radius

Minimum energy

m€4




Position measurement in a microscope
Abbe Sine condition for resolution

Ax ~ 2

sinb
<> pl = b _ b
p_c_)\

h
Apg ~ ysinb




Screen

Double slit
experiment

Diaphragm

: Condition for a
6=""(Ahy — Ahy) maximum at P




You want to know through which
hole photon has traveled

2
Ap,y < ;L sin(6/2)

This implies uncertainty in position
h 1

A
a:>2Ap$




hi A

2 |2hsin(0/2)
A

g 4sin(6/2)

Ax >

Ax

the atom could just as
well be at postion A’



The phase difference is

2
& = ;T (A'hy — A'hy)
, 2T
¢ = 72 sin(0/2)Ax
A condition for
> T a minimum at P

Interference washed out |



