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The Quantum Model of the Hydrogen Atom  
As we mentioned in the last lecture the Bohr model combines both classical and quantum 
concepts. This treatment can not explain all the experimental results. To do this we should go 
to: 

If we take a look for Schrödinger equation (in 3D): 
 
 
We can see that we just need to know the potential energy function (U) and then solve the 
second differential equation which is an electrical interaction between the electron and the 
proton given by:  
 
Before solving Schrödinger equation, it is very important to convert equation from Cartesian 
coordinates (x,y,z) to polar coordinates (r,θ,φ) since it is easy to deal with it in solving the 
problem  

r-dependent only 



Also the wave function of the H-atom can be written in polar coordinates : 

the hydrogen atom wave function can be separated by writing 
the wave function as a product of functions of each single 
variable: (very important mathematical tools used to solve 
Schrödinger equation) 

What is the boundary conditions of these separated 
functions? 



When the full set of boundary conditions is applied to all three functions, three 
different quantum numbers are found for each allowed state of the hydrogen 
atom, one for each of the separate differential equations.  

principal quantum number (n)            related to R(r) which represent probability 
of finding the electron at a certain radial distance from the nucleus. 

 

orbital quantum number (l) comes from the differential equation for f(θ) and is 
associated with the orbital angular momentum of the electron.  

orbital magnetic quantum number (m), arises from the differential equation 
for g(φ)  



Shell and Subshell 



The Wave Functions for Hydrogen  
Since the potential energy of the H-atom depends only on 
the radial distance r between nucleus and electron, some of 
the allowed states for this atom can be represented by 
wave functions that depend only on r. For these states, f(θ) 
and g(φ) are constants. The ground state for H-atom and 
the next-simplest wave functions:  

Spherical 
symmetry  

the probability of finding a particle in any region  

the radial probability density function for the hydrogen atom 
in its ground state (1s):  







Physical Interpretation of the Quantum Numbers 
The principal quantum number n  

According to quantum mechanics, an atom in a state whose principal 
quantum number is n can take on the following discrete values of the 
magnitude of the orbital angular momentum: 

The Orbital Magnetic Quantum Number ml 

The principal quantum number n of a particular state in the hydrogen atom determines 
the energy of the atom  

The Orbital Quantum Number l 

According to classical physics, the energy of the loop–field system 
depends on the direction of the magnetic moment of the loop with 
respect to the magnetic field UB=-µ×B. Any energy between -µB and 
+µB is allowed by classical physics. 



According to quantum mechanics, there are discrete 
directions allowed for the magnetic moment vector µ with 

respect to the magnetic field vector B. This situation is 

very different from that in classical physics, in which all 
directions are allowed.   

Therefore, in a collection of atoms, there are atoms in all 

three states and the single spectral line in Figure a splits 

into three spectral lines. This phenomenon is called the 
Zeeman effect.  








