
Quantum Mechanics 



The course will examine the fundamental ideas as a series of 

postulates of quantum mechanics and apply these to some 

simple systems such as particle in a box, particle on a ring, 

rigid rotor, one-dimensional simple harmonic oscillator and to 

the simplest chemical system-hydrogen atom. This also would 

attempt to predict and compare the results with spectral 

properties of different systems.  

Course Outline 



Particle on a ring 



Spherical Co-ordinate System  

(x, y, z) 



Spherical Co-ordinate System  



Particle on a ring 



Particle on a ring 

The real (cosine) parts of the wave 
function for a particle moving in a circle 

The energy levels for a particle moving 
 in a circle 



Angular Momentum 

The basic ideas of the vector representation of angular momentum: the 
magnitude of the angular momentum is represented by the length of 
the vector, and the orientation of the motion in space by the orientation 
of the vector (using the right-hand screw rule). 



Angular Momentum Components 

Since the rotation of particle on a ring is confined to the x-y 
plane, the only nonzero component of the angular 
momentum of the particle is along the z-axis 



Angular Momentum of particle on a ring is 

quantised 



Since the rotation is confined to the x-y plane, the only 
nonzero component of the angular momentum of the particle 
is along the z-axis 

The angular momentum expectation value, is determined as 
follows: 



Particle on a sphere-Energy 

l 



Particle on a sphere-Energy 



Spherical Harmonics 

The product of the normalized associated Legendre polynomials 
along with the Particle-on-a-Ring functions are known as the 
spherical harmonics 

for m<0 the factor (−1)m is omitted 

Particle on a sphere-Wave function 





First nine spherical  
Harmonic wavefunctions 



Polar Plots of spherical Harmonics 





Angular Momentum-Particle on a sphere 

When the particle is confined to rotate in only two-
dimensions (i.e. confined to rotate on a ring), the angular 
momentum is parallel to the z-axis and is fully determined 
by the value of ml 

 
In three-dimensional rotation, the angular momentum need 
not be parallel to the z-axis and may also have components 
in the x and y-axes.  



Angular Momentum Components 



Spherical Harmonic wave functions are eigen functions of  

the square of the angular momentum 



Spherical Harmonic wave functions are eigen functions of Lz 

 

Thus,  



Commutation Relationships 



Orientations of L with respect to Z axis for l =1 



Orientations of L with respect to Z axis for l =2 

(2l+1)= 5 allowed orientations 







Where m = 0, ±1, ± 2, ... 

Φ  



θ  

Where l= 0,1,2,… 

          ml = 0, ±1, ± 2, ... 

x = cos θ 

ml = 0 



Angular part of the wave function 

Φ  θ  



Radial part of the wave function 





R = r l e r U(r) 

Radial part of the wave function 



(0.529 A∘) 



Complete wave functions for the 
hydrogen-like species 



The energy levels of H-atom 

The energy levels of hydrogenic systems depend on the principal quantum 

number ‘n’. In hydrogenic atoms, all orbitals of a given shell have the same 

energy. In multi-electron systems, E depends on (n+ l )values 



The energy levels of H-like system in the presence 

and absence of a magnetic field 

Degeneracy = 2l + 1 



Wave function(Ψ) 





Graphical representation of radial wave function 

Radial plots:- R n , l  is maximum at the nucleus. It can have +ve and –ve 

values. It becomes 0 at r = 0 for l > 0. It increases  with ‘r’ and tends to attain 

zero as ‘r’ tends to infinity. 

Probability density plots:- A plot of  R2
n , l  against ‘r’ represents the 

probability of finding electron(radial probability density). But R2
n , l at ‘r’ is 

equal to zero which is not true. 

Radial probability distribution plots: This gives the probability of finding 

electron in a spherical shell of thickness ‘dr’ surrounding the nucleus. 

Radial probability = R2
n , l dV  = 4πr2 dr 





Nodes 

The points at which the radial 

probability is zero are called nodes 

Size of orbitals 





Angular wave functions and shapes of orbitals 






