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                         Record: 5  Marks 
 

Attempt the question marked ‘X’. Change of question is not allowed. (30 Marks). 
Error analysis should be done wherever possible. 

Remember(K), Understand(U), Apply(A), Analyse(An), Evaluate(E), Create(C), Skill(S), Interest(I)  
and Appreciation(Ap) 

 

1. Study the V-I characteristics of LEDs emitting two different wavelengths and 
compare their turn-on voltages.                  [S]/[CO5] 

2. Study the V-I characteristics of a LED. Find the DC and AC resistances. Also find the 
turn-on voltage        [S]/[CO5] 

3. DeterminePlanck’s constant using at least 3 LEDs.                           [S]/[CO5] 
4. Graphically determinePlanck’s constant using at least 3 LEDs.              [S]/[CO5] 
5. Design a LED driver circuit employing a constant current source using an op-amp and 

transistor and study its performance.                             [S]/[CO5] 
6. Determine the diameter of a thin wire using laser diffraction.  [S]/[CO5] 
7. Measure the divergence of an edge-emitting diode laser beam by measuring the 

dimensions of the beam projected onto a screen at different distances.        [S]/[CO5] 
8. Measure the diameter (beam spot size) of the laser beam.             [S]/[CO5] 
9. Study the optical modulation in a fibre optic communication link.            [S]/[CO5] 
10. Study the modulation characteristics of a Light Emitting Diode.             [S]/[CO5] 
11. From the given absorption/transmission data, plot the graph (using suitable software) 

and obtain the bandgap of a semiconductor.                            [S]/[CO5] 
12. From the given absorption/transmission data, plot the graph (using suitable software) 

and obtain the absorption coefficient (of a semiconductor).                         [S]/[CO5] 
13. Determine the wavelength of the given laser. A wire of known thickness is given. 

                    [S]/[CO5] 
14. Compare the divergence of a He-Ne laser and a semiconductor laser.         [S]/[CO5] 
15. From the data obtained from the diffraction pattern of a thin wire using a laser, plot a 

graph and find the thickness of the wire.               [S]/[CO5] 
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MAHATMA GANDHI UNIVERSITY, KOTTAYAM 

MGU-UGP (HONOURS)MODEL QUESTION PAPER (THEORY) 
SEMESTER FIVE 

MG5DSEPHY303– Laser, Non-linear Optics and Fiber Optics 
(2024 ADMISSION ONWARDS) 

 
Duration: 1.5 hrs        Maximum Marks: 50 

 
Remember(K), Understand(U), Apply(A), Analyse (An), Evaluate(E), Create(C), Skill(S), 

Interest(I) and Appreciation (Ap) 
Students should attempt at least one question from each course outcome to enhance their overall 

outcome attainability. 
 

Part A 

Short Answer Type Questions 
Answer any 10 questions 

Each question carries 2 Mark 

1. Distinguish between a two-level and three-level laser system. [A][1] 

2. What is the function of a resonator in a laser? [U][1] 

3. Write down the Schawlow-Townes condition for laser oscillation and explain each 
term in it. 

[K][1] 

4. Sketch the energy level diagram of a He-Ne laser. [U][1] 

5. Define Q-switching and how it can be achieved? [U][2] 

6. Compare the intensities of a mode-locked and mode-unlocked laser beam. [U][2] 

7. What is meant by third harmonic generation? [U][3] 

8. Explain self-focusing of laser beam. [U][3] 

9. Distinguish between TE and TM modes in a slab waveguide [A][4] 

10. Which are the two low-attenuation transmission windows in a silica glass optical 
fibre. Which unit is normally used to express the attenuation in an optical fibre. 

[U][4] 

11. Sketch the schematic of a fibre optic communication system. [A][4] 

12. Distinguish between step index and graded index optical fibre. [A][4] 

[2×10 = 20] 

 

 

 



 

 

Part B 
Short Essay Type Questions 

Answer any 6 questions 
Each question carries 5 Mark 

13. Obtain the expression for the number of resonant frequencies within an open 
resonator. 

[U][1] 

14. With the help of a proper schematic diagram and energy level diagram, explain the 
construction and working of a ruby laser. 

[A][1] 

15. Obtain the condition that must be satisfied to get stimulated emission from a 
semiconductor laser. 

[U][1] 

16. Explain how Q-switching can be achieved in a laser using Kerr effect. [U][2] 

17. What is meant by second harmonic generation? Prove that only non-
centrosymmetric crystals can exhibit second harmonic generation. 

[U][2] 

18. A laser operating at a pump wavelength of 𝜆௣ = 360 nm pumps a non-linear crystal 

to produce parametric generation. If the desired signal wavelength is 𝜆௦ =

546 nm:(1) Calculate the frequency of the pump photon 𝜔௣ and signal photon 

𝜔௦.(2) Determine the idler frequency and its corresponding wavelength 

[A][2] 

19. Obtain the expression for the characteristic penetration depth of an evanescent wave 
in an optical fibre.  

[U][3] 

20. A Fiber Bragg Grating is to be fabricated to reflect a target centre wavelength 

𝜆଴ = 1300 nm in a silica fibre core with effective refractive index 𝑛 = 1.5. (i) 
Calculate the required grating pitch/spacing. (ii) Calculate the effective velocity of 
this wavelength inside the fibre. 

[A][3] 

[5×6 = 30] 
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1. From the given experimental data, perform the thermal analysis of the material. Plot the appropriate 
graph, carry out the necessary calculations, and determine the required thermal parameter(s). 
[A]/[CO6] 

2. Study the variation of resistance with temperature for a carbon film resistor, metal wire, 
semiconductor and thermistor. Plot suitable graphs and compare their temperature dependence. 
[A]/[CO6] 

3. Using the given absorption-spectrum data, determine the band gap energy of the material and 
identify whether the optical transition is direct or indirect using the Tauc relation. Show all relevant 
calculations and graphical analysis. [A]/[CO6] 

4. Determine the absorption coefficient of the given solution and study its dependence on path length 
and concentration using the supplied experimental data. [A]/[CO6] 

5. Determine the specific rotation of the given optically active substance from the experimental 
observations. Include the relevant formula, observations, calculation and final result with proper units. 
[A]/[CO6] 

6. Determine the frequency dependence of the dielectric constant of the given material. Tabulate the 
observations, perform the required calculations and represent the variation graphically. [A]/[CO6] 

7. Determine the temperature dependence of the dielectric constant of the given material. Record the 
observations, calculate the dielectric constant and plot the variation with temperature. [A]/[CO6] 

8. Using Lee’s disc method, determine the thermal conductivity of the given bad conductor. Include all 
measurements, formulae, calculations and the final result with proper units. [A]/[CO6] 

9. Determine the dielectric constant of the given thin sheet using the prescribed experimental method. 
Show the observations, calculations and final result. [A]/[CO6] 

10. Determine the refractive index of the given glass using the liquid-lens method or spectrometer 
method. Include the necessary observations, calculations and final result. [A]/[CO6] 

11. Using the prescribed bending/elongation method, determine the Young’s modulus of the given 
polymer composite (wood). Include observations, calculations and the final result with proper units. 
[A]/[CO6] 

12. Draw the B–H hysteresis curve of the given ferromagnetic material and determine its retentivity 
and coercivity from the curve. Clearly indicate the relevant quantities on the graph. [A]/[CO6] 



13. Perform the Hall-effect experiment on the given semiconductor and determine the Hall coefficient, 
carrier concentration and mobility. Include observations, calculations and final results with proper 
units. [A]/[CO6] 

14. Using the four-probe method, determine the resistivity of the given semiconductor and hence 
determine its energy band gap from the temperature dependence of resistivity. Show all observations, 
graphs, calculations and final results. [A]/[CO6] 
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