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UNIT-1 
QUANTUM MECHANICS 

 
De –Broglie’s Hypothesis: The optical phenomenon, such as interference, 
diffraction and polarization of light could be explained by wave theory of light; 
whereas photoelectric effect or Compton Effect of light could only be explained if 
we consider the light as particle. Hence light shows itself wave nature at one end 
while particle nature on the other hand. 
This nature of light is known as dual nature and the property is known as wave 
particle duality. 
In 1924 Louis de-Broglie proposed that the matter also possess dual character like 
light. His concept about the dual nature of matter was based on the following facts: 

(i) Matter and light both are forms of energy and each of them can be 
transformed into the other. 

(ii)  Both are governed by the space time symmetries of the theory of the 
relativity. 

According to Louis de-Broglie, a moving particle is surrounded by a wave whose 
wavelength depends upon the mass of the particle and its velocity. These waves 
associated with the matter particles are known as matter waves or de-Broglie 
waves. 
De-Broglie provided a connection between, the wavelength of matter waves and 

momentum of the particle i.e.         � = ℎ�        (1) 

Properties of Matter-waves 
1. Matter-waves are associated with any moving body and their wavelength is 

given by � = ℎ�   

2. The wavelength of matter-waves is inversely proportional to the velocity of 
the body. Hence, a body at rest has an infinite wavelength whereas the one 
traveling with a high velocity has a lower wavelength. 

3. Wavelength of matter-waves depends on the mass of the body and decreases 
with increase in mass. Because of this, the wave-like behavior of heavier 
objects is not very evident whereas the wave nature of subatomic particles 
can be observed experimentally. 

4. Amplitude of the matter-waves at a particular space and time depends on the 
probability of finding the particle at that space and time. 

5. Unlike other waves, there is no physical quantity that varies periodically in 
the case of matter waves. 

6. Matter waves are represented by a wave packet made up of a group of waves 
of slightly differing wavelengths. Hence, we talk of group velocity of matter 
waves rather than the phase velocity. 
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7. Matter-waves show similar properties as other waves such as interference 
and diffraction. 

Concept of wave packet: When two or more than two waves travel in a medium 
then the superposition of these waves result in the formation of a wave packet. The 
velocity with which a wave packet advances in medium is called group velocity. 
Let us consider a wave group which consists of two harmonic waves of equal 
amplitude but slightly different frequencies  &  and propagation constants  
&  . Their separate displacements are given by- = asin −     
 (1) 
  And         = asin −        (2)    
The superposition of these waves yields- = � cos [∆  − ∆� ] sin [ − ]      (3)       

The equation above represents a wave packet whose amplitude is  = � cos [∆  − ∆� ]  
We can see that the amplitude of the wave packet is not constant a wave packet is 
represented as- 

 
The group velocity of the wave packet is given by- � = �  

Phase velocity or wave velocity: - when a monochromatic wave (wave of a single 
frequency or wavelength) travels through a medium, the velocity with which the 
wave advances in the forward direction of the medium is called wave or phase 
velocity. 

 
A plane harmonic wave travelling along +ve x-direction is given by- 
   = a sin −   (1) 

Where ‘a’ is amplitude, = ��  is the angular frequency and = ��  is the 

propagation constant of the wave. 
The quantity −  in the wave equation is called the phase of the wave. The 
planes of constant phase are defined by- 
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                                              − = �  
Differentiating above wrt time, we get- 

                         − � =                                                                          (2) 

Or            � = � = � = ���� = ��                                               (3) 

Thus velocity with which planes of constant phase advances through the medium is 
equal to the wave velocity. 
As the phase velocity of matter waves is greater than the velocity of of light, it is 
assumed that with a moving particle of mass m a number of waves are associated 
whose frequencies are very close to each other. The superposition of these waves 
forms a wave packet. The velocity with which the wave packet advances through 
the medium is referred as group velocity. 

Expression for group velocity: - When two or more than two waves travel in a 
medium then the superposition of these waves result in the formation of a wave 
packet. The velocity with which a wave packet advances in medium is called group 
velocity. Let us consider a wave group which consists of two harmonic waves of 
equal amplitude but slightly different frequencies  &  and propagation 
constants  &  . Their separate displacements are given by-                      = asin −                                                  (1) 
 And         = asin −                                                  (2)    
Their superposition gives- = +  
Or  = a[sin − + − ] 
 = asin [ + − + ] cos [ − − − ] 
                    As ω1~ ~  �  ~ ~  

Therefore 
+ =  and 

� +� = , − = Δ  �  − = ∆  

Hence = � cos [∆  − ∆� ] sin [ − ]                          (3) 

This represents a wave system with frequency  and propagation constant  but 
with amplitude given by                                

  = � cos [∆  − ∆� ]       (4) 

The wave system of the equation 3 can be represented as 
The velocity of above wave system is called group velocity and represented by 

Downloaded from  be.rgpvnotes.in

Page no: 3 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


� = ∆∆  

If the frequency interval between the harmonics of the wave packet is infinitely 

small then � = �                              (5) 

 
 

Proof group velocity equals particle velocity- 

As � = �   or � = ����  

� = � [ � ℎ  − � − ]  
� = � ℎ  [− − � − − � ]  
� = � �ℎ  [ − � − ]  

Now 
�� = � [ � �ℎ  − � − ] 

Or  
�� = [ �ℎ { − − � − − � + − � − } ] 

�� = [ �ℎ { − � − � + − � − } ]  

�� = [ �ℎ − � − { � + − � } ]  
 �� = [ �ℎ − � − ]  

Therefore � = �� �ℎ   ( −� )−
��ℎ −� −    or  � =  

 

Downloaded from  be.rgpvnotes.in

Page no: 4 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


To prove that Phase velocity or wave velocity exceeds the velocity of light : - 
when a monochromatic wave (wave of a single frequency or wavelength) travels 
through a medium, the velocity with which the wave advances in the forward 
direction of the medium is called wave or phase velocity. 

 
A plane harmonic wave travelling along +ve x-direction is given by- = asin −                                                                        (1) 

Where a is amplitude, ω = πυ  is the angular frequency and k = πλ  is the 

propagation constant of the wave. 
The quantity ωt − kx  in the wave equation is called the phase of the wave. The 
planes of constant phase are defined by- 
                                              − = �  
Differentiating above wrt time, we get- 

                         ω − k x =                                                                          (2) 

Or            
x = vp = ωk = πυπλ = νλ                                               (3) 

Thus velocity with which planes of constant phase advances through the medium is 
equal to the wave velocity. 

As we know that   ω = πν = π
  

By the theory of special relativity = √ −vc            
Therefore  ω  = πm ch√ −vc           And  = �� = � �ℎ  

 = �ℎ√ −     
As � = �  Or    � = ��ℎ√ −��ℎ√ −   Or  � = �  

Since no material particle can travel faster than the velocity of light, therefore 
phase velocity of matter wave is greater than the velocity of light. 
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Relation between Phase and Group velocity: The phase velocity of a wave is 

given by � = �  and � = � 

                             � = � ( �) 

Or                         � = � + ���  

As                         = ��      

                             � = � + �� ����  

                       � = � + � ���  

Therefore                � = � − � ���  

This is the desired relation between group velocity  �� phase velocities �� . 
Heisenberg’s Uncertainty Principle: According to Heisenberg’s uncertainty 
principle “it is impossible to determine simultaneously the position and momentum 
of any particle with any desired accuracy, rather the product of uncertainties in the 
position and momentum is always greater than or equal to h/4π, where h is 
Planck’s constant.  
Mathematically Δ Δ ℎ� Where      Δ  Uncertainty in the position 

                                     Δ  Uncertainty in the momentum 
Like position and momentum, other two pairs of conjugate physical quantities are 
time and energy, and orbital angular momentum and angular position, the 
Heisenberg’s uncertainty principle follows for these two pairs also and can be 
written as Δ�Δ ℎ� and Δ Δ� ℎ� 
Where Δ� uncertainty in the Energy 
 Δ  Uncertainty in the time 
 Δ  Uncertainty in the orbital angular momentum 
 Δ� Uncertainty in the angular position 
Proof: It is possible to prove the Heisenberg’s principle by using the fact that a 
moving particle is associated by a group of waves and the group velocity equals 
particle velocity. Since particle is considered as group of waves this implies that 
the particle cannot be considered as a localized entity. It indicates that there is 
always a limit to the accuracy with which one can measure its particle properties. 
Let us consider a particle of mass m moving with the velocity v, the particle can be 
shown as surrounded by de-Broglie waves as shown in the figure. 
Formation of above wave packet can be explained by considering two waves of 
angular frequencies  and  and propagation constants  and . 
These waves can be represented as 
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 =  sin −                                   (1) = sin −                                    (2) 

Superposition of these two results in = +                                                         (3) =  sin − + sin −    
As ~ =  and ~ =  therefore 

+ =  and 
� +� =     

Also       − = �  and − = �   
Hence = � − �� � −                (4) 

The resultant wave packet travels with velocity vg. The position of the particle is 
not certain rather it is somewhere between one node and next node. The error in 
the measurement of the position of the particle is therefore equal to the distance 
between these two nodes. 

A node is formed when � − �� = .    

This is possible when 
� − �� = � , � , � , … … ..  thus if x1 and x2 represents 

the position of the two successive nodes, then at any instant t, we get  � − �� = + �
                  (5) � − �� = + �
                  (6) 

On subtracting equation 5 from equation 6 we get ��
 - = � − = ���  therefore Δ = �

Δ� = �
Δ� = Δ�  

Δ =
Δp  or Δ Δ = ℎ 

More precise calculations show that Δ Δ ℎ� 

Energy & time uncertainty relation  
As we know = �� and Δ = Δ��     (8) 

also � =  or � =  on differentiating wrt to v we get �� =   � =   or Δ� = Δ     (9) 

Using equation 8 and 9 we get 

                       Δ�Δ Δ�� Δ    

                      Δ�Δ Δ Δ   
 Therefore     Δ�Δ = ℎ 
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Examples to illustrate Heisenberg’s uncertainty principle: 
Determination of position of electron by gamma ray microscope 
Consider a thought experiment, according to this a free electron sits directly 
beneath the center of the microscope's lens (see the picture above). The circular 
lens forms a cone of angle 2A from the electron. The electron is then illuminated 
from the left by gamma rays--high energy light which has the shortest wavelength. 
These yield the highest resolution, for according to a principle of wave optics, the 
microscope can resolve (that is, "see" or distinguish) objects to a size of ∆x, which 
is related to and to the wavelength λ of the gamma ray, by the expression:            
∆x = λ/ (2sinA) 
 
 
 
 
 
 
 
 
 
 

However, in quantum mechanics, where a light wave can act like a particle, a 
gamma ray striking an electron gives it a kick. At the moment the light is diffracted 
by the electron into the microscope lens, the electron is thrust to the right. To be 
observed by the microscope, the gamma ray must be scattered into any angle 
within the cone of angle 2A. In quantum mechanics, the gamma ray carries 
momentum, as if it were a particle. The total momentum p is related to the 
wavelength by the formula p = h / λ, where h is Planck's constant. 

In the extreme case of diffraction of the gamma ray to the right edge of the lens, 
the total momentum in the x direction would be the sum of the electron's 
momentum p'x in the x direction and the gamma ray's momentum in the x 
direction:  

p'x + (h sinA ) / λ', where λ' is the wavelength of the deflected gamma ray. 

In the other extreme, the observed gamma ray recoils backward, just hitting the left 
edge of the lens. In this case, the total momentum in the x direction is:  

p''x - (h sinA ) / λ''. 

A 

P Q 
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The final x momentum in each case must equal the initial x momentum, since 
momentum is never lost (it is conserved). Therefore, the final x momenta are equal 
to each other:  

p'x + (h sinA ) / λ' = p''x - (h sinA ) / λ'' 

If A is small, then the wavelengths are approximately the same, λ' ~ λ" ~ λ. So we 
have  

p''x - p'x = ∆px ~ 2h sinA / λ 

Since ∆x = λ / (2 sinA ), we obtain a reciprocal relationship between the minimum 
uncertainty in the measured position, ∆x, of the electron along the x axis and the 
uncertainty in its momentum, ∆px, in the x direction:  

∆px ~ h / ∆x     or     ∆px ∆x ~ h. 

For more than minimum uncertainty, the "greater than" sign may be added. Except 
for the factor of 4p and an equal sign, this is Heisenberg's uncertainty relation for 
the simultaneous measurement of the position and momentum of an object.  
Diffraction of electron by single slit 
Let us consider a narrow beam of electrons of momentum p is travelling in +x 
direction and passing through a slit of width ∆ . Since electrons are passing 
through the width ∆  therefore the uncertainty in the position of the electrons will 
be equal to ∆  . A diffraction pattern as shown in the figure will be formed by 
electron beam after passing through the slit. 
 
 
 
  
 

 

 
 
 
The first minimum of Fraunhoffer diffraction is given as  sin � = �. For the 
first order minima = . The slit width is ∆   

therefore ∆ sin � = � or ∆ = � �      1 

� 
Y 

Δ�  
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The moving electrons initially have no component of momentum along y- direction 
because they are moving along x-axis. But after diffraction from slit the electrons 
have a component of momentum sin � along y-direction. Now as electron end up 
anywhere between – � to �, the y-component of momentum may lie somewhere 
between sin �  to − sin �. Hence the uncertainty in the y-component of the 
momentum will be Δ = sin � − − sin � = sin �   

Or  Δ = ℎ� sin �        2 

Taking the product of equation 1 and 2 we get 
 ∆ . Δ = ℎ� sin � . � �  ∆ . Δ = ℎ  
The above relation is in agreement with the uncertainty principle. 
Non Existence of Electrons in the Nucleus 
The size of a typical nucleus is of the order of − m. If any particle is to exist 
within nucleus then the uncertainty in the position of the particle will be- Δ =   −  
Then according the uncertainty principle the uncertainty in the momentum will be 
given as Δ = ℎ  − = .   −  − = .   −   /  

Thus the magnitude of the momentum of the particle must be at least of this order. 
Then the relativistic energy of electron in the nucleus will be � = √ +  = √ .   −    + .   −     
 = √ .   − + .   −  
 = √ + .  −  = .   −   
 =   �. 
Thus if electron resides insides the nucleus, it must possess energy of the order of   � while the electrons emitted in beta decay have only the energies of the 
order of   �. The big mismatch in two values confirms that electron does not 
reside inside the nucleus. 
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Compton Effect: Let us look at the collision in a frame in which the electron 
(particle of mass m) is initially at rest, as is shown in Fig. The incoming photon is 
part of a beam of incident radiation of wavelength so the magnitude of its 

momentum is  � = ℎ� 
¸ 

 

 

 

 

 

On applying the laws of conservation of energy & momentum: 
Energy before collision= Energy after collision 
Energy of incident photon + rest mass energy of electron     
       =  
Energy of scattered photon + Energy of recoiled electron 
 ℎ� + = ℎ�′ +                   
On rearranging the above equation we get:       
   =  ℎ � − �′ +     1 
Where h- Planck’s constant, �-Frequency of incident photon, -rest mass of 
electron, �′- Frequency of scattered photon, - mass of recoiled electron. 
On applying the conservation of momentum in x- direction 
Momentum of incident Photon in x- direction + Momentum of rest electron 

 = 
Momentum of scattered photon in x-direction + Momentum of recoiled electron in 
x- direction 

 
ℎ� + = ℎ�′ � + v �  

  On rearranging the terms in the equation above 

 v  � = ℎ � − �′ �  2                

On applying the conservation of momentum in x- direction 

Momentum of incident Photon in y- direction + Momentum of rest electron 
 = 

Momentum of scattered photon in y-direction + Momentum of recoiled electron in 
x- direction 

α 

θ 

SCATTERED PHOTON 

RECOILED ELECTRON 

Downloaded from  be.rgpvnotes.in

Page no: 11 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


+ = ℎ�′ � � + v � � 

 Rearranging the terms in the equation above- 
        v  � � = ℎ�′ � �                      

On squaring the equation 1 we get- 

 = ℎ � + ℎ ′ − ℎ ��′ + + ℎ � − �′    4  

 On squaring and adding equations 2 & 3 we get- v = ℎ � + ℎ ′ − ℎ ��′ �     5 

 On subtracting equation 5 from equation 4 we get- − v = − ℎ ��′ + + ℎ ��′ � + ℎ � − �′    6 

According to the special theory of relativity the stationary mass  & dynamic 
mass m  of a particle is related as- = √ −v      Or    − v =  

Therefore equation 6 can be rewritten as- �−�′��′ = ℎ − �     7 

As = ��   &  =  �′�′ where  � & �′ are the wavelengths of incident and 
scattered photon then the equation 7 can be rewritten as- � − �′ = ℎ − �      8 

Equation 8 is the desired relation between the incident and scattered wavelength of 
photon and is referred as the equation for the Compton shift where      � − �′ = Δ�. 
Δ�  is called Compton shift. 
Physical significance of wave function ‘  ’ : 

Variations of the ‘’ forms the matter waves. So it converts the particle and its 

associated wave statistically. The wave function or complex displacement  is a 
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complex quantity and we cannot measure it. The matter wave can be represented 

by wave function. This wave function is used to identify the state of a particle in an 

atomic structure. It tells us where the particle is likely to be not where it is. The 

probability of finding a particle in a particular volume element d is given by, 

P(r) d =   d 
Where  is called the complex conjugate of . 

Being a complex function, it does not have a direct physical meaning, but when we 

multiply this with its complex conjugate, the product 2 has physical meaning. 

[We will speak normally the intensity of light at a point rather than the amplitude 

of light at a point since intensity (square of amplitude) is a measurable and real 

quantity]. 

A physically acceptable wave function must possess the following properties: 

i) ‘’ must be single valued everywhere inside a wave packet. 

ii)  ‘’ must be finite since it tells us about the probability. 

iii)   ‘’ must be continuous i.e. the derivative of the ‘’ should not vanish at 

the boundaries of wave packet. 

iv) ∫∫∫2 d = 1 when the particle presence is certain in the space.  

Satisfying above requirement is said to be normalized. 

Operators in quantum mechanics 

Operator of energy 

Let us consider a matter wave travelling in the positive x direction it could be 
represented by ,  =  � �−�       1 

As = ��  also � = ℎ�  therefore  = � �ℎ or   = �ℏ         2 = ��  Also � = ℎ� therefore   =  ℏ    3 

Using equation 2 and 3 equation 1 can be rewritten as- 
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,  =  �ℏ � −��        4 
Differentiating above equation with respect to time we get 

� =  − �ℏ � �ℏ � −��
  Or  

Hence we can write � =  �ℏ �     �ℏ �  is called operator of energy 

Operator of momentum 

Let us consider a matter wave travelling in the positive x direction it could be 
represented by ,  =  �ℏ � −��        4 
Differentiating equation 4 with respect to x =  − �ℏ �ℏ � −��   Or =  − �ℏ    

Hence  =  ℏ�    

And the operator of momentum will be- 
ℏ�  

Schrodinger wave equation 

The Time Dependent Schrödinger Wave Equation 
Let us consider a matter wave travelling in the positive x direction it could be 
represented by ,  =  � �−�       1 

As = ��  also � = ℎ�  therefore  = � �ℎ or   = �ℏ         2 = ��  Also � = ℎ� therefore   =  ℏ    3 

Using equation 2 and 3 equation 1 can be rewritten as- ,  =  �ℏ � −��    

As     � = �ℏ �    4 

And     = ℏ�     5 
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Total energy is given by � = . �. +� ��   

Therefore � = � + �      6 

Using equation 4, 5 and 6 we get �ℏ = (ℏ� ) + �  

Or  �ℏ = − ℏ + �  

The equation above is known as Schrodinger’s time dependent equation in one 
dimension. In three dimensions the above equation can be written as �ℏ � = − ℏ + + + �   

 
The Time Dependent Schrödinger Wave Equation 
Let us consider a matter wave travelling in the positive x direction it could be 
represented by 
 ,  =  � �−�    

Or  ,  =  �ℏ � −��  

Or  , =  �ℏ−��. �ℏ�   

 , =  −�ℏ��     1 

Differentiating above with respect to time and with respect to x twice we get 

� =  − �ℏ � −�ℏ��
       2  

And  = − −�ℏ��      3 

The Schrodinger time dependent equation is given by- 

 �ℏ � = − ℏ + �        4 

By putting the value from equations 1 2 and 3 into equation 4 we get- 

Downloaded from  be.rgpvnotes.in

Page no: 15 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


�ℏ − �ℏ � −�ℏ�� = ℏ −�ℏ�� + � −�ℏ��
  

On rearranging the terms in the above equation we get- + ℏ � − � =   

This equation is called Schrodinger’s time independent equation. 

Application of Time Independent Schrodinger’s Wave Equation 

Particle in One Dimensional Box 

Let us consider a particle moving inside a box. The dimension of box is ‘L’. The 
description of potential inside the box ix � =   < <  
    � = ∞   �   
Since potential has infinite value at  �   i.e. particle cannot exist on 
the boundary of the box and also outside of the box. Therefore the waves function =  at the boundary of the box. 
Since the � =  inside the box therefore the time independent Schrödinger 
equation inside the box will be 

 + ℏ � =       1 

Or + =      2  

Where = √ �ℏ  

The general solution for the above equation will be = sin + cos     3 

Using boundary conditions =  at =  we get = sin +   or =  

Equation 3 now becomes = sin       4 
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=  At =  therefore equation 4 now is = sin   Since  ≠   

Therefore  = sin  or  = � here n=1, 2, 3…. 

Now equation 4 can be rewritten as = sin �
      5 

The energy Eigen value will be � = ℏ
 

Or � = � ℏ
     6 

From the equation above it is evident that the energy levels of the particle inside a 
box are quantized. 

Normalized Wave Function: 

On applying the condition of normalization over the wave function 

    ∫ | | =   

                                        ∫ � � =   

Or     
� ∫ [ − cos � ] =  

⟹     
� [ ] =  Or = √  

By placing the value of  in equation 5 we get normalized wave function/Eigen 
function. 

= √ sin �
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Can you attempt these questions now? 
De-Broglie’s Hypothesis 

Q.1 Show that the Group Velocity of De-Broglie matter waves 
correspond to the particle velocity. 

Jun 01 

Q.2 What do you understand by the wave velocity and group velocity of 
matter waves? Derive the relation between group velocity and 
particle velocity. 

Dec 02 

Q.3 Differentiate between wave, group and particle velocities. Show that 

Group velocity u equals to � − � �� where ‘V’ is wave velocity. 

Dec 04 

Q.4 Define particle velocity, group velocity and phase velocity. Derive 
relation between them. 

Jun 05 

Q.5 What are matter waves? Define wave and group velocity. Dec 06 

Q.6 What are matter waves? Define group waves and group velocity. Feb 07 
Jun 09 

Q.7 Explain the terms phase velocity, group velocity and wave packet. Jun 08 

Q.8 Explain De-Broglie’s hypothesis of matter waves. Explain the 
concept of wave packet associated with particle. Prove that for a 
relativistic and non relativistic particle group velocity equals particle 
velocity. 

Apr 09 

Q.9 Establish the relationship among group velocity, phase velocity and 
particle velocity. 

Jun 09 

Q.10 What do you understand by matter waves? Explain Davisson -
Germer experiment in support of matter waves. 

Feb 10 

Q.11 Describe the Davisson -Germer experiment. How does it confirm the 
existence of matter waves? 

Mar/Apr 
10 

Heisenberg’s Uncertainty Principle 
Q.1 Obtain the Heisenberg’s uncertainty principle in the following form Δ� = ℏ  Where E- energy and - angular frequency. 

Jun 01 

Q.2 State and prove uncertainty principle and write its energy form Dec 01 

Q.3 What is Heisenberg’s uncertainty principle? Discuss an experimental 
illustration of this principle. 

Dec 02 

Q.4 State Heisenberg’s uncertainty principle. Explain this principle by an 
experimental method. 

Dec 03 

Q.5 State Heisenberg’s uncertainty principle. Explain this principle by an 
experimental method. Show it is not significant in case of macro 
bodies. 

Jan/Feb 
06 

Q.6 State Heisenberg’s uncertainty principle. Explain diffraction of 
electron beam by a single slit to illustrate this example. 
 

Jun 08 
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Q.7 State Heisenberg’s uncertainty principle. Illustrate it with the help of 
an example. 

Dec 08 

Q.8 Explain Heisenberg’s uncertainty principle by an experimental 
method. 

Jun 09 

Q.9 State and explain Heisenberg’s uncertainty principle with its 
verifications. 

Sep 09 

Q.10 Discuss uncertainty principle. Derive Schrodinger time independent 
wave equation. 

Feb 10 

Q.11 State and explain Heisenberg’s uncertainty principle with an 
example. 

Jun 10 

Compton Effect 
Q.1 Write short notes on Compton effect and Compton shift. Dec 01 

Q.2 What is Compton effect? Prove that Compton shift is given by ∇� =ℎ − cos �  where symbols have their usual meanings. 

Jun 02 

Q.3 What is Compton shift? How does it support photon nature? Jun 03 

Q.4 What is Compton effect? Derive expression for Compton shift. 
Discuss various possibilities of the X-ray scattering. Indicate how it 
strengthens the quantum concept of light. 

Feb 07 

Q.5 Derive an expression for Compton shift in the wavelength of a 
photon after scattering from an electron. 

Dec 07 

Q.6 A photon of wavelength � strikes a particle of mass m which is at 
rest and gets deflected by an angle � from its original direction. 
Calculate the change in wavelength of the photon as a function of �. 

Jan 08 

Q.7 What is Compton effect? How does it explain the particle nature of 
radiation? Derive an expression for the frequency of the scattered 
photons in terms of frequency of the incident radiation and scattering 
angle. 

Apr 09 

Q.8 Explain Compton effect. Calculate the change in the wavelength of 
the photon as a function of scattering angle. 

Jun 09 

Q.9 What is Compton effect? Give its theory and importance. Sep 09 

Q.10 What is Compton effect? Explain the particle nature of radiation? 
Derive an expression for the frequency of the scattered photons in 
terms of frequency of the incident radiation and scattering angle. 

Jun 10 

Schrodinger Wave Equation 
Q.1 From the wave function � = − �−� , obtain the operators of 

energy and momentum. 

Jan 08 

Q.2 Show that the energy levels of a particle of mass m trapped inside a 

box of length L is given by � = � ℏ
. 

Jan 08 
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Q.3 What is a wave function? What are necessary conditions of 
physically acceptable wave function? 

Jun 08 

Q.4 Obtain Schrodinger time independent and time dependent wave 
equations. 

Dec 08 

Q.5 State time independent Schrodinger equation. Find out the wave 
function associated with particle in one dimensional box. 

Jun 09 

Q.6 Write down Schrödinger equation for a particle in a box. Solve it to 
obtain Eigen functions and show that the Eigen values are discrete. 

Sep 09 

Q.7 Derive Schrodinger’s time independent and time dependent wave 
equations for anon relativistic particle in a potential V(r). Give the 
physical significance of wave function . 

Mar/Apr 
10 

Q.8 Obtain Schrodinger’s time independent and time dependent wave 
equations 

Jun 10 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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