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Particle on a sphere: 
Spherical harmonics





After Rearranging:

Solutions to the Rigid Rotor





Particle 
on a ring





(Energy is quantized)



Spherical harmonics





Angular parts of Hydrogen atom orbitals

xy –plane corresponds to θ

 

= π/2 and any value of φ

yz-plane corresponds to φ

 

= π/2 and any value of θ

xz-plane corresponds to φ

 

= 0 and any value of θ

The specified plane is shown tinted in each case



Angular part of the 2px orbital is:

for all values of θ, the function is zero when φ

 

= π/2

this range of angles corresponds to the
yz-plane, which therefore is the angular node

Angular part of the 2py orbital is:

zero, for all values of θ, when φ

 

= 0

this specifies the xz

 

plane which is therefore
a nodal plane for this orbital



Angular dependence of the px
 

spherical 
harmonic

in the xy

 

plane for  θ

 

= π/2

The right lobe corresponds to positive values and the left 
lobe corresponds to negative values

The length of each line terminating in a point is the value of 
cosφ

 
for the corresponding value of φ



Angular Momentum Operators





Space Quantization
• The five (that is, 2l+1) allowed 

orientations of the angular 
momentum with l=2. 

• The length of the vector is {l(l+1)}1/2, 
which in this case is 61/2.

• ml is restricted to certain values; 
hence the z-component of the 
angular momentum is also 
restricted to 2l+1 discrete values for 
a given value of l

• This restriction of the component of 
angular momentum is called space 
quantization

• The vector can adopt only 2l+1 
orientations in contrast to the 
classical description in which the 
orientation of the rotating body is 
continuously variable



The figure represents the fact that if 
the z-component of angular
momentum is specified, the x- and
y-components cannot in general be
specified, the angular momentum
vector is supposed to lie at an
indeterminate position on one of
the cones shown here (for l=2)



Rigid Rotor
One confusing point about angular momentum is that for different
kinds of angular momentum, we use different letters.

So while l

 

is the letter chosen for an electron moving around the nucleus,
J is the chosen letter for the rotation of a diatomic molecule 







Central Force Problem



: This term is the kinetic energy due to translational motion 
of the whole system of mass M, with the hypothetical 
particle being located at the center of mass

: This term is the kinetic energy of internal  (relative) motion  
of the two particles

The relative position r = rl - r2 is the 
position of body 1 relative to body 2
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