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UNIT II
Quantum 

Mechanics

Lecture-6

QUANTUM MECHANICS
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APPLICATIONS OF SCHRÖDINGER WAVE 

EQUATION

deParticle in a One-Dimensional Box.
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Application of Schrodinger Wave Equation Contd…

The Schrödinger wave equation for the particle is given by

• Schrodinger wave equation in one dimension can be written as
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Problem of the particle in the box Contd..

• The values of A and B can be determined by applying the 

boundary conditions. 

• Since this particle cannot penetrate the walls and cannot exist 

outside the box, the probability of finding the particle (i.e., ᴪ) 

will be zero outside the box. 

• Hence,  ᴪ = 0 at x = 0 and ᴪ = 0 at x = L

• Applying these boundary conditions to we get

• 0 = A sin 0 + B cos 0        (because at x = 0, ᴪ = 0)

• or  B = 0



27-08-2020 Side 5

Madan Mohan Malaviya Univ. of Technology, Gorakhpur

Problem of the particle in the box Contd..

• Using the value of B =0 in the above equation we get   ᴪ = A sin kx

• Using the boundary condition, ᴪ = 0 at x = L, we get   A sin kL = 0

• In the above equation, either A is zero or sin kL is zero.

• Since A is the amplitude of the wave, A ≠ 0.  Hence, we get
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Problem of the particle in the box Contd..
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Problem of the particle in the box Contd..
• It is clear from this expression that the particle has only discrete sets 

of   values of energy, i.e., the energy of the particle is quantised.

The discrete energy levels of the particle in deep 

potential box have been shown in Fig.
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Problem of the particle in the box Contd..

We still require the exact value of constant A. To find the value of 

constant A, we apply normalization condition,

Using the value of A we 

get 

ᴪ(x) =
2

𝐿
Sin 

𝑛𝜋𝑥

𝐿
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Probability Density Distribution 
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Physical Interpretation of Probability Density 
Distribution

For physical interpretation of probability density distribution, let us

consider three conditions corresponding to n = 1, 2, and 3,

respectively.
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Physical Interpretation of Probability Density 
Distribution

• From Fig. 23.8(b), it is clear that the probability of finding the

particle inside the box is maximum at x = L/2, while it is zero at x = 0

and x = L.

• We can conclude that in ground state, the probability of finding the

particle is maximum at central region, while it is minimum at the

walls of the box.
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Condition II: When n = 2
• This condition is known as first excited state . In this case, the 

energy of the particle can be given as
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Condition III: When n = 3
Similar to above conditions, we can obtain the expression of energy for 

the second excited state which  can be given as
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Find the probabilities of finding a particle trapped in a box of length L 

in the region from 0.45L to 0.55L for the ground state and the first 

excited state.
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Assignment Based on this Lecture  

• Describe the problem of the particle in a box.

• Obtain the expression of wave function ᴪ and energy for a 

particle in a box.

• Explain the Physical interpretation of probability

distribution of a particle.


