
 

FIBRE OPTICS 

 

1. What do you mean by splicer and connector? Give one 

example of each. (2) {JUN 15 [GNE]} 

2. Why single mode fiber is preferred for long distance 

communication? (2) {JUN 15 [GNE]} 

3. Define and derive expression for numerical aperture. Hence 

explain why numerical aperture is small for a graded index 

fiber in comparison to an identical step index fiber. (4) {JUN 

15 [GNE]} 

4.  Write names of various losses taking place in the optical 

fiber. If the length of optical fiber is 2km and output power 

is 1/100 of input power, then find fiber loss and attenuation 

coefficient. (4) {JUN 15 [GNE]} 

5. Why do we prefer small numerical aperture for long 

distance communication? (2) {DEC 14 [GNE]} 

6. Differentiate single mode and multimode fiber. (2) {DEC 14 

[GNE]} 

7. Define acceptance angle and numerical aperture and hence 

derive mathematical relation between the two. (4) {JUN 14 

[GNE]} 

8. The core of a glass fiber has refractive index 1.5, while its 

cladding is doped to give a fractional change in refractive 

index equal to 0.005. Find (i) refractive index of clad (ii) 

critical internal reflecting angle (iii) acceptance angle and (iv) 

numerical aperture. (4) {JUN 14 [GNE]} 

9. Why data carrying capacity of optical fiber is more than that 

of radio waves? (2) {JUN 14 [GNE]} 



10. Find the numerical aperture of an optical fiber, whose core 

and clad have refractive index respectively 1.46 & 1.45. (2) 

{Dec 2013 [GNE]} 

11. Define acceptance angle and derive mathematical relation 

for it. (4) {Dec 2013 [GNE]} 

12. Find the core radius necessary for SMF for propagation of 

wavelength of 850nm and core and clad refractive index 

respectively as 15.0 & 1.49. (4)  

13. Specify an application where Laser and optical fiber are 

used together. (2) {Jun 2013 [GNE]} 

14. What do you mean by acceptance cone for an optical fiber? 

(2) {Jun 2013 [GNE]} 

15. A step index fiber with refractive index of 1.458 and 

numerical aperture of 0.3 is to be used at 820nm. Find the 

core radius if the normalized frequency is 75. (3) {Jun 2013 

[GNE]} 

16. What are splicers and couplers? (2) {Dec 2012 [GNE]} 

17. What is the principle of optical fibre? Discuss various 

applications of optical fibres. (4) {Dec 2012 [GNE]} 

18. Calculate the numerical aperture and acceptance of an 

optical fibre with 451 
2

n& 501
1

n ⋅=⋅= . (4) {Dec 2012 [GNE]} 

 



LASERS 

1. Define laser. 

2. What is the full form of laser? 

3. What is the principle on which laser is based? 

4. What are the characteristics properties of laser light? 

5. Why laser beam diverges? 

6. Differentiate spontaneous and stimulated emission. 

7. Is stimulated emission a must condition for laser action to 

take place? Justify your answer. 

8. What is population inversion? 

9. How population inversion can be achieved? 

10. What conditions are required for laser action to take place? 

11. Define: Lifetime of a energy state. 

12. Differentiate Normal Excited state and Metastable state. 

13. What is pump? How many types of pump can be there? 

14. What is optical pumping? 

15. Why we use optical pumping for solid state lasers and electric discharge pumping 

for gaseous state lasers? 

16. Comment on the following statements: 

i. Laser is a non equilibrium device. 

ii. Laser is a device with negative absorption coefficient. 

iii. Laser is a negative temperature device. 

iv. Gaseous state lasers are better than solid state lasers. 

17. Explain the working of three level laser. 

18. Explain the working of four level laser. 

19. Why four level laser is better than three level laser, although its efficiency is least? 

20. What is optical resonator? 

21. What is the function of optical resonator? 

22. In word LASER, letter A should be replaced by letter O. Comment. 

23. Explain spiking in Ruby laser. 

24. Why He and Ne gases are mixed together in He-Ne laser? 

25. What is the basic difference between He-Ne laser and CO2 laser? 

(in terms of energy levels and output). 

26. What is the role of He atoms in CO2 laser? 

27. Write the wavelengths obtained in the following lasers: 

i. Ruby laser 

ii. He-Ne laser 



iii. CO2 laser 

iv. Diode laser 

28. Why diode laser is preferred for communication purposes? 

29. Write applications of lasers. 

30. Write applications of lasers in engineering. 

31. Define coherence. Name its types. 

32. Explain different types of coherence. 

33. What is the significance of temporal coherence? 

34. What is the significance of spatial coherence? 

35. Discuss the principle, theory, construction and working of Ruby laser.     

36. Discuss the principle, theory, construction and working of He-Ne laser.    

37. Discuss the principle, theory, construction and working of CO2 laser.    

38. Write short note on diode laser.        

39. Discuss in detail the applications of CO2 laser.     

40. Derive the relationship amongst various Einstein Coefficients and discuss the result 

obtained.   

41. Define various Einstein Coefficients. Give their units and significance.  Discuss 

Einstein Theory of matter and radiation. What are the conditions for lasing action 

to take place?    
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QUANTUM MECHANICS 
 

   

1. If the mass of a neutron is kg2710661 −×⋅ , then find the de-Broglie wavelength at 

300K. (Given 13810381 −−×⋅= JKk ) (2) {JUN 15 [GNE]} 

2. A wavefunction of a particle in a one dimensional box of length L is given as 

integern ;  sin
2

)( =






=Ψ
L

xn

L
x

π
.  Show that this wave function satisfies one 

dimensional time independent Schrodinger equation. Given that 
2

222

2mL

n
E

hπ=  and 

U = 0. (4) {JUN 15 [GNE]} 

3. Define wavefunction. Give its significance and write conditions for a 

wavefunction to be well behaved. (4) {JUN 15 [GNE]} 

4. Why a particle trapped in a box cannot be at rest? (2) {JUN 15 [PTU]} 

5. What is the matter wave associated with a moving particle? Derive expression for 

phase and group velocities of such a wave packet. (4) {JUN 15 [PTU]} 

6. Give a brief account of need and origin of quantum mechanics. (4) {JUN 15 

[PTU]} 

7. Derive expression for time independent Schrodinger wave equation. (4) {DEC 14 

[GNE]} 

8. Derive relation between group velocity and phase velocity. Hence discuss the 

cases of normal and anomalous dispersion. Which dispersion is must for group 

velocity to be less than velocity of light? (4) {DEC 14 [GNE]} 

9. What are essential conditions for a wave function to be well behaved? (2) {DEC 

14 [PTU]} 

10. Discuss the formation of wave packet and hence prove that particle velocity is 

equal to the group velocity. (4) {JUN 14 [GNE]} 

11. Calculate the energy Eigen values and Eigen functions for the motion of a particle 

in one dimensional box. (4) {JUN 14 [GNE]} 

12. Can 2)( xx =ψ  be an acceptable wave function in quantum mechanics? (2) {JUN 

14 [GNE]} 

13. Calculate the de-Broglie wavelength associated with electrons, which are 

accelerated by a voltage of 50kV. (3) {JUN 14 [PTU]} 

14. Solve Schrodinger equation for a particle confined to an infinite potential box of 

width L in order to derive the expression for energy eigen values. (5) {JUN 14 

[PTU]} 

15. What is the physical significance attached to the conditions of continuity and 

single valued nature of an acceptable wavefunction? (2) {JUN 14 [PTU]} 

16. What do you understand by wave particle puzzle? (2) {Dec 2013 [PTU]} 

17. Derive time dependent Schrodinger equation and discuss its significance in 

today’s context. (4) {Dec 2013 [PTU]} 

18. What is de-Broglie hypothesis. (2) {Dec 2013 [PTU]} 
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19. An electron is bound in one dimensional box of size .104 10
m

−× What will be the 

minimum energy? (2) {Dec 2013 [PTU]} 

20. At time t = 0, a particle is represented by a wave function 
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a
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A 

)( bx         ; where A, a and b are constants. 

(i) Normalize )0,(xΨ  

(ii) Sketch )0,(xΨ  as a function of x. 

(iii) Where is the particle most likely to be at t = 0 ? 

(iv) What is the probability of finding the particle to the left of x = a at t = 0? 

(4) {Dec 2013 [PTU]} 

21. Calculate the energy eigen values and eigen functions for the motion of a particle 

confined in a 1-D box. (4) {Dec 2013 [GNE]} 

22. At a certain time, the normalized wave function of the particle moving along the 

X-axis is given by:
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)( ββ
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x . Find the value of β and the 

probability that the particle’s position is between ββ == xx &
2

. (4) {Dec 2013 

[GNE]} 

23. Differentiate between phase velocity and group velocity. (2) {Jun 2013 [PTU]} 

24. Obtain Bohr’s condition of quantization of angular momentum using de Broglie’s 

idea of matter waves. (3) {Jun 2013 [PTU]} 

25. Write the expression of normalized wave function for a particle confined in a 

potential box. (2) {Jun 2013 [GNE]} 

26. Find the probability of finding a particle in a region 4L0 ⋅ to 6L0 ⋅ trapped in an 

infinite potential well of width L. (4) {Jun 2013 [GNE]} 

27. Derive an expression for energy of a particle of mass m confined to infinite 

potential well of width L. Why such a particle cannot have zero energy? (4) {Jun 

2013 [GNE]} 

28. What do you understand by wave-particle duality? (2) {Dec 2012 [GNE]} 

29. A particle of mass m is confined to move inside an infinite potential well 

described by following function:  
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Calculate the wave function and energy of the particle. (4) {Dec 2012 [GNE]} 

30. What do you understand by wave packet? (2) {Dec 2012} 
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31. Develop time independent Schrodinger equation and discuss its significance. (5) 

{Dec 2012} 

32. What are matter waves? (2) {June 2012} 

33. Compute the de-Broglie wavelength of a proton of wavelength whose kinetic 

energy is equal to the rest energy of an electron. Given that mass of proton is 

1840 times the mass of electron. (4) {June 2012} 

34. What do you mean by normalization of a wave function? (4) {June 2012} 

35. Calculate the wave number of 10keV neutron. (3) {Dec 2011} 

36. What is the significance of wave function? (2) {June  2011} 

37. Derive an expression for time dependent Schrodinger wave equation. (6) {June  

2011} 

38. What is the energy of Gamma ray having wavelength of
o

A1 ? (2) {June  2011} 

39. What is de-Broglie’s hypothesis? (2) {Dec 2010} 

40. What is Born’s interpretation of wave function? (2) {Dec 2010} 

41. What is the difference between phase velocity and group velocity? Show that the 

de-Broglie group velocity associated with the wave packet is equal to the velocity 

of the particle. (6) {Dec 2010} 

42. Why 0=n  state is not allowed for a particle confined to an infinite potential box? 

(2) {June 2010} 

43. What is the physical significance attached to the conditions of continuity and 

single valued nature of an acceptable wave function? (2) {June 2010} 

44. Establish time dependent Schrodinger wave equation and further deduce tie 

independent equation from it. (4) {June 2010} 

45. What are the characteristics of a well behaved wave function? (2) {June 2010} 

46. Find the probability of a particle trapped in a box of length L to be found in the 

region LtoL 550  450 ⋅⋅ for the ground state. (2) {June 2010} 

47. Differentiate between phase velocity and group velocity. (2) {Dec 2009} 

48. Define wave function and obtain the expression for time dependent Schrodinger 

wave equation. (4) {Dec 2009} 

49. Define Eigen values and Eigen functions. (2) {June 2009} 

50. Define wave function and calculate the expression for Time Independent 

Schrodinger wave equation. (4) {June 2009} 

51. Distinguish between phase and group velocity. (2) {Dec 2007} 

52. If the energy of a particle is zero, then prove using quantum mechanics that it 

cannot exist in a one dimensional box. (4) {Dec 2007} 

53. What do you mean by matter waves? (2) {May 2007} 

54. What is the de Broglie wavelength of an electron, which has been accelerated 

from rest through a potential difference of 150V? (3) 

55. Explain de Broglie concept of matter waves. (2) {May 2006} 

56. Write the Schrodinger equation for particle in a box and solve it to obtain energy 

Eigen values and Eigen functions. (6) {May 2006} 

57. What voltage must be applied to an electron to produce electrons of 

wavelength
o

A50 ⋅ ? Given that Jsh
3410626 −×⋅= , Ce

191061 −×⋅= & 

kgm 311019 −×⋅= . (2) {Dec2005} 

58. What is the physical significance of wave function? (2) {Dec2005} 
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59. What do you understand by Eigenvalues and Eigen functions? (2) {May 2005} 

60. What is the need for quantum mechanics? Discuss the Born’s interpretation of 

wave function and normalization of the wave function. (2,2) {May 2005} 

61. At a certain time, the normalized wave function of the particle moving along the 

X-axis is given by:








<<+
<<+

=Ψ
elsewhere              0

x0for       x-

0x-for         

)( ββ
ββx

x . Find the value of β and the 

probability that the particle’s position is between ββ == xx &
2

. (4) {May 2005} 

62. Can every physical system be described by the time independent Schrodinger 

equation? Comment. (2) {May 2004} 

63. Find the ground state energy of an electron confined to a one dimensional rigid 

box of length
o

A1 . (2)  

64. What is the utility of normalization of wave function? (2) {Dec2003} 



 

QUANTUM MECHANICS 
 

1) An electron beam is accelerated from rest through a potential difference of 200 V 

a) Calculate the associated de-Broglie wavelength 

b) This beam is passed through a diffraction grating of spacing 3Å. At what angle of deviation 

from the incident direction will be first maximum observed? 

2) An enclosure is filled with helium is heated at 400 K. A beam of He- atoms emerges out of 

the enclosure. Calculate de-Broglie wavelength corresponding to He-atoms, if mass of He is 

6.7×10
-27

 Kg 

3) Find the de-Broglie wavelength of  

a) An electron accelerated through a potential difference of 200 V. 

b) A 1 Kg object is moving with speed 1 m/sec compare the results and explain why wave 

nature of matter is not more apparent in daily observations 

4) Find the probability of a particle trapped in a 1-dimensional box of length between 0.45L and 

0.55L for the ground state energy level 

5) An electron is confined to move in a 1-dimensional box of length 5Å. Find the quantized 

energy values for the lowest three energy states. Express the results in eV. 

6) Find the lowest energy of an electron confined to move in a 1-dimensional box of length 1Å.  

7) An electron is confined to move between two rigid walls separated by 1 nm. Find  the de-

Broglie wavelength representing first two allowed energy states of the electron & the 

corresponding energies. 
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2) Part-C has Two Questions Q8 and Q9. Both are compulsory, but with internal choice 
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4) Use of scientific calculator is allowed 

 

                                                  Part – A     [Marks: 02 each]  

Q1.      

a) Define polarization of light. Enumerate various types of polarization. 

b) Explain spiking in Ruby laser. 

c) How can we increase the conductivity of intrinsic semiconductors? 

d) Differentiate damped and undamped oscillations. 

e) Explain factors responsible for change in properties when we change from 

bulk to nanoscale. 

f) What is dispersion relation? Give its mathematical expression and discuss 

various cases of dispersion. 

                                                  Part – B     [Marks: 04 each] 

Q2.     Write short notes on (i) Magnetic Anisotropy (ii) Magnetostriction. 

Q3.     Differentiate intrinsic and extrinsic semiconductors. Discuss the position of Fermi 

level in both cases. 

Q4.     Derive the differential equation for harmonic oscillator. Also show that total energy 

of the harmonic oscillator is constant at any instant of time. 

Q5.     The electric potential in a certain region of space is given by V(x,y,z) = 

20x
2
+10y+5z

3
.  Find the electric field intensity vector? Check the field thus obtained 

is (i) uniform (ii) solenoidal. 

Q6.     Wave function of a  particle in 1-D box of length L is given as  

integern ;  sin
2

)( =






=Ψ
L

xn

L
x

π
 



2 

 

Show that this wave function satisfies 1-D time independent Schrodinger equation. 

Given that 
2

222

2mL

n
E

hπ=  and U = 0. 

Q7.     Derive London equations of superconductivity. Hence explain Meissner effect and 

flux penetration using the same. 

                                                 Part – C                [Marks: 12 each] 

Q8.     (i) Show that electromagnetic waves are transverse in nature.  

      (ii) A beam of plane electromagnetic waves is travelling in vacuum in an arbitrary  

      direction. The magnitude of electric field component of the wave changes according    

      to the relation 
)(0

→→
⋅−= rktSinEE ω

, where 
15

0 1015 −−×= NCE
, 

→
k  is propagation  

      vector, 
→
r is a vector along the direction of propagation and ω is angular frequency  

      of the electromagnetic wave. This beam is incident at an angle of 
o

60 on a small    

      surface having area 
26

105 m
−× . Find the amount of energy received by the surface in  

      3milliseconds.  

OR 

(i) Discuss the working of He-Ne laser and CO2 laser using well labeled diagrams? 

      (ii) Define acceptance angle and numerical aperture. Find their mathematical         

      expressions. A step index fibre having length 2km is found to have n1=1.55 and  

      n2=1.50. Find acceptance angle and numerical aperture of the fiber. If the radius of   

      the core is 15μmand the wavelength of the carrier is 850 nm, then check whether the  

      fiber is SMF or MMF. 

Q9.     (i) Discuss the formation of wave packet. Define phase velocity and group velocity 

and show that group velocity is always equal to the particle velocity. 

(ii) Find points of maximum probability for particle moving in 1-D box of width L 

present in first excited state. 

(iii) Define Hooke’s law for a three dimensional body and give its utility in daily life. 

OR 

(i) What are ferrimagnetic substances, ferromagnetic substances and ferrites? Give 

some important applications of ferrites. 

(ii) Discuss in detail applications and risks involved in the use of nanomaterials. 

      (iii) If the critical magnetic field for a superconductor at 0K is mA /10
4

  and the            

      radius of wire is 3mm, then find the value of critical current for superconductor at 0K  

      (Assume that there is no external magnetic field). 

 

************ 
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Note:- (i) All questions are compulsory.  

(ii) Marks for each question are shown in the brackets. 

(iii) Use of calculator is allowed. 

 
Q.1. Write Maxwell’s Electromagnetic equations for vacuum.  (2)  

 

Q.2. What makes laser light different from normal?     (2) 

 

Q.3. A step-index fiber has a core index of refraction 1.425.  

The cut-off angle for light entering the fiber from air is found to be 8.50
o
.   

(a)  What is the numerical aperture of the fiber?   

(b) What is the index of refraction of its cladding?  

(c) Find the Fractional Refractive Index change. 

(d)  If the fiber were submersed in water, what would be the new  

cut-off angle at the launching end of fiber?       (4) 

 

Q.4. Explain the working of a Continuous Wave (CW) laser.  (4) 

 

Q.5. Derive Maxwell’s Electromagnetic equation from Faraday’s Law of EM 

Induction.                     (4) 

  

Q.6. (a) Write the statements of Gauss Divergence Theorem and Stoke’s Curl 

Theorem.                       (2) 

(b) Give brief significance of Einstein coefficients and show how they are related. (3) 

(c)  What causes most fiber optic attenuation and propagation losses?     (3) 
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Q. No. Question Marks 

Q1 Differentiate Stimulated Emission and Spontaneous emission? 2 

Q2 In LASER, in place of ‘A’, it should be ‘O’ Why?                                             2 

Q3 Explain the terms Acceptance angle and Figure of Merit. What do you 

mean by single mode and multimode fiber? 

4 

Q4 An optical fiber has NA of 0.15 and cladding refractive index is equal to 

1.50.Find NA of the fiber in a liquid of refractive index 1.30. 

4 

Q5 Discuss the variation of Fermi Level with temperature for extrinsic 

semiconductor. 

4 

Q6 (a) Explain the energy level diagram of He- Ne Laser and what is 

the role of helium in He-Ne Laser? 

 

(b) What do you mean by Extrinsic Semiconductor? 

              6 

          

              2 
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Q.1. What is meant by Inverted Population in laser?       (2)  

 

Q.2. Calculate the de-Broglie wavelength of a virus particle 

accelerated by a potential difference of 30,000V.         (2) 

  

Q.3. Describe the construction and working of Helium Neon laser. (4) 

 

Q.4. Show that how group velocity is related to phase velocity.   (4) 

 

Q.5. Write a note on attenuation & propagation loss mechanisms in  

fibres.                     (4) 

  

Q.6. (i) Define acceptance angle for an optical fibre. Show that it is 

related to numerical aperture.            (5) 

(ii)  An optics fibre is made of glass with refractive index 1.55 and is 

clad with another glass of refractive index 1.51. The fibre has a core 

of diameter 50μm and is used at a light wavelength of 0.8 μm. 

Determine: 

(a) Numerical aperture (b) Acceptance angle (c) V-number for the 

fiber.                                                           (3) 

  

 
 

  



Guru Nanak Dev Engineering College, Ludhiana 

Department of Applied Sciences 

Program B.Tech.(CE34 ) Semester 2 

Subject Code BSC-18101 Subject Title Physics 

Mid Semester Test (MST) 

No. 

1 Course 

Coordinator(s) 

Subject Expert 

Dr Harpreet Kaur Grewal 

 

Dr Randhir Singh 

Max. Marks 24 Time Duration 1 hour 30 minutes 

Date of MST 23
rd

 Feb, 2019 Roll Number  

 

Note: Attempt all questions 

Q. No. Question Marks 

Q1 
A vector field is given as : kyzixyA ˆˆ +=

→
. Find 

→→
×∇ A  and tell whether 

the field is conservative or not. 

 

2 

Q2 Define Poynting vector. Give its significance.  

                                             

2 

Q3 Define Meissner effect and differentiate type-I, type-II superconductors. 

 

 

4 

Q4 Derive London equations and give their significance. 

 

 

4 

Q5 The critical magnetic field for a superconductor at absolute zero is 
14109 −× Am  and at 6K is 14105 −× Am . Find the critical temperature and 

energy required to break Cooper pair at absolute zero. 

 

 

 

 

4 

Q6 (i) Show that for plane electromagnetic waves propagating in 

vacuum, electric field is perpendicular to magnetic field as 

well as to direction of propagation.  

 

(ii) Write Maxwell’s equations and give their significance. 

5 

 

3 
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Q. No. Question Marks 

Q1 
A vector field is given as : kyzixyA ˆˆ +=

→
. Find 

→→
×∇ A  and tell whether 

the field is conservative or not. 

 

2 

Q2 Define Poynting vector. Give its significance.  

                                             

2 

Q3 Define stress and strain and give their types. 

 

 

4 

Q4 Discuss briefly, the motion of a lightly damped oscillator. 

 

 

4 

Q5 The displacement of a particle executing SHM is changing with time as 

x=Acosωot. Find the displacement at which kinetic energy of the particle 

is equal to its potential energy. 

 

 

 

 

4 

Q6 (i) Show that for plane electromagnetic waves propagating in 

vacuum, electric field is perpendicular to magnetic field as 

well as to direction of propagation.  

 

(ii) Write Maxwell’s equations and give their significance. 

5 

 

3 
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1.  (i)What are Maxwell’s equations?                                                                                      (2) 
       (ii)Write down Maxwell’s equations and state physical significance of each equation.      
                                                                                                                                                          (8) 
 
2. (i)What is active medium, population inversion and optical pumping?                        (5) 

(ii)Give their importance in study of lasers. Why Helium is mixed with Neon in He-Ne 
laser?                                                                                                                                         (5) 
 

3. (i)Describe briefly the construction and working of an optical fibre.                            (5) 
(ii)What are the various kinds of losses, a light suffers while propagating through a 
fibre?                                                                                                                                         (5) 
 

4. (i)Distinguish between intrinsic and extrinsic semiconductors.                                     (5) 
(ii)Discuss the location of Fermi levels under suitable limiting conditions with 
necessary theory.                                                                     (5) 
 

5. (i) Differentiate between group and phase velocities. Show that the group velocity of 
particle is equal to the velocity of the particle.      (6) 
(ii)Calculate the velocity and de Broglie wavelength of a proton energy 10!eV. Given 
that: mass of proton=1.66 × 10"#$𝑔; Planck’s constant=6.6× 10"%&𝑒𝑟𝑔	𝑠𝑒𝑐; and 
charge on electron= 4.8× 10"'(𝑒. 𝑠. 𝑢.       (4) 
 

6. Define a simple harmonic motion and derive a relation for velocity and acceleration 
of a particle executing S.H.M.                   (10) 
 

7. Describe properties of diamagnetic, paramagnetic and ferromagnetic materials.  (10) 
 

8. Explain Meissner effect? Write some important applications of nanotechnology. (10) 
 

9. (i)What do you understand by gradient of a scalar field?      (4) 
(ii)Show that curl of grad ø =0, where ø is any scalar function.                (6)
     

open
Text Box
       06-07-21(M)






