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[ ELEMENTS OF MODERN PHYSICS ]

(Theory)

Group-A

Answer any three questions from the following : 12×3=36

1. (i) From Heisenberg’s Uncertainty Principle prove that electron can’t exist in nucleus.

(ii) From uncertainty principle calculate ground state energy of linear Harmonic Oscillator.

(iii) An electron is confined in a box of length 10–9 m. Calculate the minimum uncertainty

in the measurement of its velocity.



(iv) On the basis of quantum theory, prove Bohr’s postulate that the angular momentum

of electron in an atomic orbit is an integral multiple of h
2

.

(v) Why compton effect is not observed for visible light? 3+3+2+2+2

2. (i) Give the physical significance of wave function. What do you mean by the square of

wave function?

(ii) Show that probability density current for a plane wave in a medium is equal to

product of probability density and velocity of the particle in the medium.

(iii) Find normalisation constant of the particle described by the Gaussian wave

packet wave function  
x

ikxx Ae e


 
2 2

2 .

(iv) Find the value of angular momentum operator in cartesian co-ordinate. 3+3+3+3

3. (i) What is meant by activity of a radioactive element?

(ii) Calculate the atomic number of the most stable nucleus for a given mass number

A on the liquid drop model.

(iii) What are the difficulties in explaining photoelectric effect with electromagnetic

theory of light? How did Einstein explain all the observed facts for this effect?

(iv) 1.0 gm of radioactive substance takes 91 days to lose 0.9 gm. Calculate the half-

life and mean life of the substance? 2+3+(2+3)+2

4. (i) If the wave function    i ax wtx Ae   , find the probability current density. (A =

constant)

(ii) What is Zero point energy?

(iii) A particle with an energy E is incident on a finite barrier of height V0. If E > V0,

write down the Schrodinger’s equation and the form of the wave function in

different regions. 3+2+7

5. (i) Explain the process of electron capture.

(ii) Explain nuclear fission from the idea of liquid drop model.



(iii) Calculate the value of photoelectric work function for sodium metal in electron volt.

Given the threshold wavelength 6800Å and h = 6.62×10–34 J.sec.

(iv) Why are neutrons useful as bombarding agents for nuclear reactions? 2+5+3+2

6. (i) Write down the definition of work function. A copper plate is irradiated with the light

of wavelength 1849 Å under the application of stopping potential of 2.72 Volt.

Calculate the work function and threshold frequency.

(ii) Describe Davison-Germer experiment to Demonstrate the wave nature of electron.

(iii) State the uncertainty relation between time-energy and obtain it from position-

momentum uncertainty relation. (1+3)+5+3

Group-B

Answer any two questions from the following : 2×2=4

1. Write down the properties of nuclear force.

2. Calculate the binding energy per nucleon in C12
6 . Masses of photon, neutron and

electron are 1.00728, 1.00867 and 0.00055 amu respectively. The mass of C12
6  atom

is 12 amu.

3. The wave function of a particle confined in a box of length a is

   xx sin ; x a
a a

   2 0 .

Calculate the probability of finding the particle in the region ax 0
2

.

4. Prove that the wave function   iKxx Ae   is eigen function of momentum operator,,

where K = Propagation constant.

× =

1. (i)

(ii)



(iii) 10–9m 

(iv)
h
2

(v) 3+3+2+2+2

2. (i)

(ii)

(iii)  
x

ikxx Ae e


 
2 2

2

(iv) 3+3+3+3

3. (i)

(ii) A-

(iii)

(iv) 1.0 0.9 91

2+3+(2+3)+2

4. (i)    i ax wtx Ae   (A =

)

(ii)

(iii) E  V0  E > V0

3+2+7

5. (i)

(ii)



(iii)

= 6800Å h = 6.62×10–34 J.sec.

(iv)

2+5+3+2

6. (i) 1849 Å 

2.72 Volt. 

(ii)

(iii)

(1+3)+5+(1+2)

× =

1.

2. C12
6 mp= 1.00728 amu, mn

= 1.00867 a.m.u, me = 0.00055 a.m.u  C12
6  = 12 amu.

3. a    xx sin ; x a
a a

   2 0

ax 0
2

4.   iKxx Ae  ,  K =



(Practical)

Lab Note Book - 02 Viva Voca - 03

Answer any one question from the following : 15×1=15

1. Determination of Planck’s constant by photo electric effect.

(a) Working formula. 2

(b) Figure with circuit diagram. 3

(c) Data for stopping potential of hot photodiode for lights of five wavelengths.
5

(d) Drawing stopping potential versus wavelength graph. 3

(e) Calculation of Planck’s constant from graph. 2

2. Determine the value of Boltzmann constant using V-I characteristics of P-N diode.

[Value of n is to be supplied]

(a) Working formula. 2

(b) Circuit diagram. 2

(c) Implementation of the circuit. 2

(d) Data for ln I vs V curve 5

(e) Drawing ln I vs V curve. 2

(f) Calculation of Boltzmann constant K from the graph. 2

3. Determine the value of e/m by magnetic focusing [Thomson’s method]

(a) Working formula. 2

(b) Calculation of magnetic field of the Helmholtz coil from magnetising current.

[Radius and number of turns of the Helmholtz coil are to be supplied.] 2

(c) Data for D2 vs V graph (for at least four accelerating voltages.) 7

(d) Drawing D2 vs V graph. 2

(e) Calculation of e/m. 2



× =

P-N V-I [n

]

ln I V

ln I V

K

e/m

D2 V

D2 V

e/m



OR

[ MATHEMATICAL PHYSICS ]

(Theory)

Group-A

Answer any three questions from the following : 12×3=36

1. (a) Write on Parseval’s identity.

(b) Find Fourier series expansion of the following function,    x xiff x ifx x
     

0
0

Hence, deduce .......    
2

2 2 2
1 1 1

81 3 5
.

(c) Using Cauchy-Riemann equations, show that the function W z | z |  is not analytic

anywhere in the entire z plane. 3+6+3

2. (a) Solve three dimensional Laplace equation in spherical polar coordinate.

(b) Solve  x y'' xy' x y   2 2 4 0  using power series method.

(c) Using Gamma function, show that    1
2 . 5+5+2

3. (a) Derive recurrence relation for Hermite polynomials,

     n n nx H x n H x H x  1 12 2

(b) Using the generating function for Legendre’s polynomial, show the orthogonality

property as,    n m nmP x P x dx
n

 


1

1

2
2 1

 where nm  is Kronecker delta and

other symbols have their usual meanings.

(c) From the definition of Gamma function, prove that   1 1. 5+5+2

4. (a) Prove the relation between Beta and Gamma functions,      
 
l m

l,m
l m

 
 

  .

(b) Show that, 
B

Ax Bx Ae dx e
A

  




2

2
4



(c) Prove the relation  nP 1 1. 5+4+3

5. (a) Solve two dimensional steady heat flow equations, 
T T
x y
  
 

2 2

2 2 0  in the region

x a 0  and y  0 , applying following boundary conditions,

   T ,y T a,y 0 0  and    xT x, sin
a
0  and  T x,  0 .

(b) Construct the analytic function  f z u iv  , of which the real part is xu e cos y .

(c) Find what type of singularity the function   sin zf z
z

 , has at z = 0. 5+5+2

6. (a) Derive the complex representation of Fourier series.

(b) Expand in a Fourier series, the periodic function  f x | x |  for x    . Hence

show that ..........    
2

2 2 2
1 1 1

81 3 5
.

(c) Find out the value of k, where J0(x) = kJ1(x). 4+5+3

Group-B

7. Answer any two questions from the following : 2×2=4

(i) Prove that    erf x erf x   .

(ii) Prove that n n! 1

(iii) Prove that    J x sin x
x


1

2

2

(iv) Find the type of singularity this differential equation, 
d y y
dx x

 
2

2 3 0 , has at
x = 0.



× =

1. (a)

(b)     x xiff x ifx x
      

0
0

 .......    
2

2 2 2
1 1 1

81 3 5
.

(c) W z | z |  Z

3+6+3

2. (a)

(b)  x y'' xy' x y   2 2 4 0

(c)    1
2 . 5+5+2

3. (a)

     n n nx H x n H x H x  1 12 2

(b)

   n m nmP x P x dx
n

 


1

1

2
2 1

 

 nm  

(c)   1 1. 5+5+2

4. (a)      
 
l m

l,m
l m

 
 

  .



(b)  
B

Ax Bx Ae dx e
A

  




2

2
4

(c)   nP 1 1. 5+4+3

5. (a)  
T T
x y
  
 

2 2

2 2 0   x a 0  

y  0

   T ,y T a,y 0 0      xT x, sin
a
0    T x,  0 .

(b)  f z u iv  xu e cos y

(c)   sin zf z
z

  z = 0 5+5+2

6. (a)

(b)  f x | x |   x   

..........    
2

2 2 2
1 1 1

81 3 5
.

(c) k  J0(x) = kJ1(x).

4+5+3

× =

7. (i)    erf x erf x   .

(ii) n n! 1

(iii)    J x sin x
x


1

2

2

(iv)
d y y
dx x

 
2

2 3 0   x = 0



(Practical)

Answer any one question from the following : 20×1=20

1. Find the cube root of 41, using Newton-Raphson method. 20

2. (a) Write a computer program to find out real roots of equation

x3 + 4x2 – 2x + 5 = 0

(b) Solve the differential equation with a computer program 
dy

x
dx

  .

For four initial conditions : x (0) = 0, y (0) = –1, –2, –3, –4 15+5

3. (a) Write a computer program to find the transpose of the following matrix.

 
 

  

5 12 4
7 2 16

15 6 9

(b) Write a computer program to solve the differential equation of radioactive decay.

15+5

× =

41

x3 + 4x2 – 2x + 5 = 0

dy
x

dx
 

x (0) = 0, y (0) = –1, –2, –3, –4 +

 
 

  

5 12 4
7 2 16

15 6 9

+



OR

[ QUANTUM MECHANICS ]

Group-A

Answer any three questions from the following : 12×3=36

1. (a) State and prove Ehrenfest’s theorem.

(b) Using Heisenberg uncertainty principle show that electrons cannot exist inside the

nucleus.

(c) Using the energy-time uncertainty principle calculate the width of the spectral line

when the atom de-excites to the ground state. 5+5+2

2. (a) Apply Schrodinger equation to find the nth state energy eigenvalue and corresponding

normalized wave function for a free particle in one dimensional infinite square well

potential. The walls of the well are at x = 0 and x = L. Draw the ground state and

next two excited states wave functions.

(b) Show that the uncertainty relation x p  
2
  is satisfied for particle in infinite quare

well potential of length L (Use previously derived nth state wave function).

(c) What are the values of L, S, J and multiplicity for the notation 4P5/2? 6+4+2

3. (a) Find the precessional frequency of an electron orbit when placed in a magnetic field

of 6T.

(b) Explain normal zeeman effect.

(c) An atomic state is denoted by D4
5
2

. Give the values of L, S and J. What should be

the minimum number of electrons involved for this state? Give a possible electronic

configuration.

(d) What do you mean by jj-coupling? 3+4+3+2

4. (a) Write down the Hamiltonian operator in coordinate space representation and time

independent Schrodinger equation for the 1-dimensional linear harmonic oscillator,

consisting of particle of mass m and executing oscillation with an angular frequency

0 . (So, Potential energy  V x m x 2 2
0

1
2

).



(b) Define the creation  †a  and annihilation (a) operators for a harmonic oscillator in

terms of position  x̂  and momentum  p̂  operators. From these show that

 †Ĥ a a   1
2

 .

(c) What is Zero point energy? How does it reconcile with classical viewpoint?

4+4+(2+2)

5. (a) What is the physical significance of normalization of wave function? Find the

normalization constant N and sketch the graph of the function

   x N x x, x l    1 0

(b) Suppose that the electron in the hydrogen atom is in the state

  rr exp ,a
aa

    
 

03
0

0

1
 being the Bohr radius. Find the expression of a0

for this state to be eigenstate of the Hamiltonian of hydrogen atom? Then

calculate the average values of the kinetic energy and potential energy of the

electron in the above state.

(c) Find the precessional frequency of an electron orbit when placed in magnetic

field of 6 Wb/m2. (1+3+1)+(2+3)+2

6. (a) Prove that  xx, p i  .

(b) Calculate   d dx x
dx dx

 

(c) The operator eA is defined by  A A Ae A .......
! !

    
2 3

1
2 3

show that De T 1 , where  dD
dx

  and T1 is defined by    T f x f x 1 1 .

(d) Find the eigen values and eigen functions of the operator d
dx

.

(e) The Hamiltonian operator of a system is 
dH x
dx

    
 

2
2

2 . Show that

xNx exp  
 

2

2  is an eigen function of H and determine the eigen value. Also

evaluate N by normalization of the function. 2+2+3+2+3



Group-B

Answer any two questions from the following : 2×2=4

7. (i) Find the constant B which makes xe
2  an eigen function of the operator 

d Bx
dx

  
 

2
2

2 .

(ii) Show that the commutator  x, x,H
m

    
2 , where H is the Hamiltonian operator..

(iii) What is Bohr magneton?

(iv) Explain Lamour precession and Lamour frequency.

× =

1. (a) Ehrenfest-

(b)

(c)

5+5+2

2. (a)

 nth x = 0 

x = L

(b) L x p  
2


nth

(c) 4P5/2 L, S, J 6+4+2

3. (a) 6T 

(b)



(c) D4
5
2

L, S  J

(d) jj- 3+4+3+2

4. (a)

(time independent) m

 0    V x m x 2 2
0

1
2

).

(b)   †a  (a) 

  x̂    p̂  

 †Ĥ a a   1
2

 .

(c) 4+4+(2+2)

5. (a)

   x N x x, x l    1 0

N 

(b)

  rr exp
aa

    
  3

0
0

1
 a0 a0 

(c) 6 Wb/m2

6. (a)   xx, p i  .

(b)   d dx x
dx dx

 

(c) eA  A A Ae A .......
! !

    
2 3

1
2 3

De T 1 ,   dD
dx

   T1    T f x f x 1 1 .



(d) d
dx

(e)
dH x
dx

    
 

2
2

2 H

xNx exp  
 

2

2  N-

2+2+3+2+3

× =

7. (i) B  xe
2   

d Bx
dx

  
 

2
2

2

(ii)  x, x,H
m

    
2 ,  H

(iii)

(iv)

(Practical)

Answer any one questions from the following : 20×1=20

1. Write a code to find the first three states of an election bound inside a finite potential

well. Take 
1

23.795 ( )e eVÅ , length L = 8Å, and 
6

2
0.511 10

eV
m

c
  .

2. Solve the Schrodinger wave equation for the ground state of the Hydrogen atom :

2

2 2

2
( ) ( ), ( ) [ ( ) ]  

d u m
A r u r A r V r E

dr n

where 
2

( )
e

V r
r

  . Here m is the reduced mass of the electron. Obtain the energy

eigen value and plot the corresponding wave function.

Take 
1

23.795 ( )e eVÅ , n = c eVÅ1973 , and  
6

2
0.511 10

eV
m

c
  .



3. Solve the radial part of the Schrodinger wave equation for an atom :

2

2 2

2
( ) ( ), ( ) [ ( ) ]  

d u m
A r u r A r V r E

dr n
, where the screened Coulomb potential

2

( )
r

ae
V r e

r


  . Here m is the reduced mass of the electron. Find the energy (in eV)

of the ground state of the atom to an accuracy of three significant digits. Also plot the

corresponding wave function. Take 
1

23.795 ( )e eVÅ , n = c eVÅ1973 , a . Å 0 3 ,

and 
6

2
0.511 10

eV
m

c
  .

× =

Take 
1

23.795 ( )e eVÅ , length L = 8Å, and 
6

2
0.511 10

eV
m

c
  .

2

2 2

2
( ) ( ), ( ) [ ( ) ]  

d u m
A r u r A r V r E

dr n

2

( )
e

V r
r

  m reduced

Take 
1

23.795 ( )e eVÅ , n = c eVÅ1973 , and  
6

2
0.511 10

eV
m

c
  .

2

2 2

2
( ) ( ), ( ) [ ( ) ]  

d u m
A r u r A r V r E

dr n



2

( )
r

ae
V r e

r


   m reduce

(eV-

Take 
1

23.795 ( )e eVÅ , n = c eVÅ1973 , a . Å 0 3 , and 
6

2
0.511 10

eV
m

c
  .



OR

[ MEDICAL PHYSICS ]

(Theory)

Group-A

1. Answer any three questions from the following : 12×3=36

(a) (i) Explain the activity of muscles and dynamics of body movement.

(ii) Explain energy consumption of the body and how energy is balanced in

human body. 6+6

(b) (i) Explain the focusing and Imaging of human eye.

(ii) Explain the procedure of speech production. 6+6

(c) (i) What is radioisotope imaging?

(ii) Describe the mechanism of electronic brachytherapy in detail. 3+9

(d) (i) In Compton scattering establish the relation, Compton shift

 h cos
m c

   
0

1 , where  is scattering angle, h is Planck constant, m0

is mass of electron and c is velocities of light.

(ii) What is endoscopy? What are the risk factors involved in endoscopy?

5+(3+4)

(e) (i) Explain the procedure of information transfer through nervous system.

(ii) Explain the working principle of GM counter. 6+6

(f) (i) What is the difference between Gross Tumour Volume (GTV) and Clinical

Target Volume (CTV)?

(ii) Write short note on Single photon emission computed tomography

(SPECT).



(iii) What is CPAP machine? What is it used for? 2+5+(3+2)

Group-B

2. Answer any two questions from the following : 2×2=4

(a) The half-value thickness of lead for 90 keV X-ray photons is 12 mm. What is
meant by half-value thickness? Calculate the linear attenuation coefficient, m for
these X-ray photons in lead.

(b) Write down some basic steps of radiation protection.

(c) What is the main difference between CT scan and MRI?

(d) Write working principle of NMR.

× =

(a) (i)

(ii) 6+6

(b) (i)

(ii) 6+6

(c) (i)

(ii) 3+9

(d) (i)  h cos
m c

   
0

1

  h  m0  c 

(ii) 5+(3+4)

(e) (i)



(ii) GM 6+6

(f) (i) (GTV)  (CTV)?

(ii)  (SPECT) 

(iii) CPAP 2+5+(3+2)

× =

(a) 90 keV 12



(b)

(c)

(d) NMR-

(Practical)

Group-A

Answer any one question from the following : 15×1=15

1. Describe a manual Hg blood pressure monitor apparatus mentioning its different parts. 15

2. Describe the working principle of manual optical eye testing machine. 15

3. Discuss the working principle of the Vascular Doppler apparatus. 15

Group-B

Answer any one question from the following : 5×1=5

4. Discuss the procedure for the measurement of the blood pressure with the Hg blood

pressure monitor apparatus. 5



5. Write down the method of testing of eye using manual optical eye testing machine. 5

6. Write down the theory of Doppler effect in brief. 5

7. Laboratory Note Book/Viva Voce. 5
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