Code No: 410404

IV B.Tech. I-Semester Regular Examinations, November-2003

OPTICAL COMMUNICATIONS
(Common to Electronics and Communications Engineering and Electronics and Telematics)
Time: 3 hours






      Max. Marks: 80
Answer any FIVE questions 

All questions carry equal marks

- - -

1.a)
Briefly explain historical development of  Optical fiber communication..

   b)
What are the applications of optical fiber communication?

2.a)
Explain in detail elliptical and circular propagation of light.

   b)
Describe the quantum nature of light. Explain basic optical laws in detail with relevant mathematical expressions.

3.a) 
Explain in detail the signal attenuation or transmission loss in the optical fiber          with necessary equations and prove that this loss is a function of wavelength using graphical analysis.                                                                                             

b)
The average optical power launched into a 10-km length of fiber is 100(w and the average output power is 25 (w. Calculate 

i)
The signal attenuation in dB through the fiber. It is assumed that there are no connectors or splices.                                                                                        

ii) 
Signal attenuation per km of the fiber                                                          

iii) 
Overall signal attenuation for the 11km optical link using the same fiber with 3 splices each having an attenuation of 0.8dB                                                    

iv) 
Numerical value of the ratio between input & output power.                      

4.a)
Define the following with respect to LED.


(i)
Interval quantum efficiency 

(ii)
Modulation capability.


(iii)
Power band width product.

   b)
A GaAs-LED source emits light at 0.85μm having a spectrum width of 0.30nm and the material dispersion parameter is 0.035. Find the value of Bandwidth distance product.                                                                                               

      
By comparing above two results what is your conclusion?   
5.a)
Obtain lasing threshold condition and from which find the amplitude of modes, resonant frequencies, frequency and wavelength spacing between two consecutive modes.      

   b)
A Gas injection laser has an optical cavity of length 250(m. At normal operating temperature the gain factor is 2l x 10-3Acm-3 and the loss coefficient/cm is 10. Determine the threshold current density and hence the threshold current for the device. It maybe assumed that the cleaved mirrors are uncoated and that the current is restricted to the optical cavity. The refractive index of GaAs may be taken as 3.6.
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6.a)
Calculate the minimum optical power required to maintain the bit error rate (BER) at 10 –7 of a p-n photodiode detector whose responsivity is 0.5Aw-1.
   b)
Explain various errors that occur in the detection mechanism.

7.a)
Give an account of Fiber optic link power budget with an example.

   b)
List the factors involved in launching optical power from a light source to a filter.

8.a) 
Discuss measurement of  fiber scattering loss by describing the use of two common scattering cells.

b) 
A Nd:YAG laser operating at a wavelength of 1.064(m is used with an integrating sphere to measure the scattering loss in an optical fiber sample. The optical power propagating within the fiber at the sphere is 98.45(W and 5.31(W of optical power is scattered within the sphere. The length of fiber in the sphere is 5.99cm. Determine the optical loss due to scattering for the fiber at a wavelength of 1.064(m in decibels per kilometer.
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1.a)
Differentiate between the optical fibers and the conventional  coaxial cables.

   b)
List the applications and advantages of optical fibers.

2.a)
Explain field distribution for lower order modes in a symmetrical wave guide

   b)
Explain mode theory for circular wave guides.

3.a) 
Discuss the different absorption losses in SiO2 fiber at 850nm, 1300nm and 1550nm.

   b)
What are the basic attenuation mechanisms in the optical fiber communication? Explain in brief on what factor these mechanisms depend.

4.a) 
For a fiber material dispersion parameter is 58.8 ps/nm/km.The relative spectral width δλ/λ of the source is 0.0012 at the wavelength of 850nm.Calculate the R.M.S. pulse broadening per km.                      

   b) 
The wave-guide dispersion parameter in 0.2,n2=1.48,λ=900nm,and Δ=0.02 and δλ=1nm.Calculate the rms pulse broadening per km due to Waveguide dispersion.

5.a)
Draw and explain the three types of laser structures using built in frequency selective resonator gratings and draw its responses.


   b)
A Gas laser emitting at 800nm has a 400(m long cavity with a refractive index n=3.6. If the gain g exceeds the total loss (t throughout the range 750nm<(<850nm, how many modes will exist in the laser? Also find the frequency separation of the modes.
6.a)
Give the block diagram of a Fiber optic receiver showing different types of noise generated giving the expression for each type of noise.

b)
What is a bit period? The bit frequency of the link is 107Hz.On the average if one error is encountered in a second, find the value of BER (Bit Error Rate).
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7.a)
Explain about Wavelength Division Multiplexing and Demultiplexing techniques with suitable diagrams.

   b)
Explain the following:


(i) Source o/p pattern 


(ii)Power coupling calculation


(iii)Power launching versus wave lens.

8.a)
An LED with a circular emitting area of radius 20 (m has a lambertian emission pattern with a 100-W/(cm2 . sr) axial radiance at a 100-mAdrive current.  How much optical power can be coupled into a step-index fiber having a 100-(m core diameter and NA=0.22?  How much optical power can be coupled from this source into a 50-(m core-diameter graded-index fiber having (=2.0, n1=1.48, and (=0.01?

   b)
Explain about lensing schemes for coupling efficiency improvement?
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1.a)
Give the block diagram of a digital optical fiber communication system and explain the functions of each block.

   b)
With respect to band width explain how optical fibers are advantageous over coaxial cables.

2.a) 
Explain  the power flow in step index fibers in detail.
b)
Compare the fiber structure and numerical aperture in Step index and Graded Index fibers.
3.a)
What are the three important mechanisms that are responsible for absorption losses in signal through an optical fiber? Explain in brief the curve for wavelength versus attenuation for different ranges of the signal.


   b)
Explain in detail about the Ultraviolet absorption, Infrared absorption and Ion-resonance absorption losses in the pure and doped SiO2 at various wavelengths 

4.a)
Derive the expression for the pulse dispersion in a parabolic index medium and in a planar step index waveguide.
b)
A single mode step-index fiber gives a total pulse broadening of  95ns  over a  5km  length. Estimate the Bandwidth length product for the fiber when a Non-return to zero digital code (NRZ) is used.               
5.a)
Calculate the efficiency of a PIN silicon photo detector if the responsivity is 0.58 (W at 800nm.











     b) 
The dark current of an InGaAs PIN photo diode is 5nA, responsivity 0.86n/W at 1300nm. The received optical power is –27dBm. If it is operated with a 4K( bias resistor, calculate the thermal noise in a 1 Hz bandwidth. If the detected optical power is 2(W, calculate the quantum shot noise current.





c) 
A detector has a load resistor of 50( and the optical power absorbed by the detector is 1 (W. The detector has a quantum efficiency of 10% at the operating wavelength of 800nm. Calculate the voltage across the load.
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6.a) 
Describe with relevant diagram about the signal path through optical data link         via transmitter ,fiber and receiver  giving the nature of the signal waveform.

b)
What is a bit period? The bit frequency of the link is 107Hz.On the average and one error is encountered in a second, find the value of BER (Bit Error Rate).

7.a)
What are the underlying principles of the WDM technique? What are its various advantages? How is it different from FDM technique? 

b)
Describe how WDM technique can be used in the Passive Optical Networks (PON). Can PON concept be used in the core network? Explain.

8.a)
Explain about losses in End seperation, connecting different fibers when joining two fibers?

   b)
Explain about fiber end face preparation?
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1.a)
List out the advantages and disadvantages of optical fiber communication.

   b)
What are the applications of optical fiber communication?
2.a)
Derive an expression for power flow in Graded Index fiber.

   b)
Determine the normalized frequency at 820nm for step index fiber having a 25(metres core radius, n1=1.48 n2=1.46. How many modes propagate in the fiber at 820nm and 1550 nm.

3.a)
Explain the bending losses in the optical fiber. 




   b)
What is micro bending and how can it be reduced? 




   c)
Explain with diagram how the microbending is minimized and avoided by a compressible jacket.    

4.a)
Draw the schematic diagram of high radiance surface emitting LED and explain the working in detail.     

   b)
A practical surface emitting LED has a 50(m diameter emitting area and operates at a peak modulation current of 100mA. What is the bandwidth of a GaAlAs LED having a 2.0(m active area thickness? Take Br  = 10-10cm3/s and S= 104 cm/s.       


5.a) 
Draw the following characteristics of the photodiode device.

1. Current Vs Reverse voltage

2. Optical power Vs Photocurrent







   b)
Draw the curve of a light absorption co-efficient as a function of wavelength for 
          
Si, Ge, GaAs and give comment on it.







   c) 
Photons of energy 1.53 x 10-19J are incident on a photo diode which has a responsivity of 0.65A/W. If the optical power level is 10(W, Find the photo current generated in the output of the device.


6.a)
Discuss noise and bandwidth considerations for the cases of trans-impedance and high impedance receivers. Comment on their merits and demerits.

   b)
Define BER? What is its significance?
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7.a)
Discuss with proper diagram the meaning of RZ and NRZ codes. What criteria dictate the preference of one over the other in a given application? 

b)
With the help of the appropriate expression, find the number of photons bit required for a BER of 10 -10       in the case of an ideal PSK-homodyne receiver.

8.a) 
Explain about Adhesive splicing?

   b)  
Explain about Multiple splices?
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