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1. What is an optical fiber? Explain on the optical communication system with its typical
block diagram. [3+5]
2. What is a dispersion? Define different kinds of losses in optical fiber. [3+6]
3. Describe numerical aperture (NA) in optical communications. Derive numerical aperture
formula. [3+5]
4. State Snell’s law. Differentiate between metal and dielectric cable communication
systems. [3+5]
5. What is a wavelength modulation? Briefly explain FM-IM modulation techniques used in
optical communication system. [3+6]
6. How does an edge emitting LED function? Explain with necessary diagram. List the light
emitting devices used in optical communication and briefly any two of them. [4+5]
7. Compare the optical fiber communication with wireless communication in different
aspects. Write advantages and disadvantages of Optical fiber communication. [5+5]
8. Why power link budget analysis is so essential in optical fiber communication system?
Explain all the aspects of link power budget and risk time budget. [5+5]
9. Write very short notes: (Any Three) [3x3]

a) Avalanche phote diode (APD)
b) Fusion splicing

¢) Optical couplers

d) Photo detectors

e) Laser Diodes

gk



Examination Control Division ng;amme_' BEL BCT,BEX | Pass Marks | 32

_ Subject: - Optical Fiber Communication System (Elective I1) (EX 76501)

TRIBHUVAN UNIVERSITY Exam.
INSTITUTE OF ENGINEERING | Level BE Full Marks | 80 |

2079 Chaitra Year/Part [IV/I_ |Time | 3hrs. |

¥" Candidates are required to give their answers in their own words as far as practicable,
v Attempt AU questions,
v The figures in the margin indicate Full Marks.
v Assume suitable data if necessary,
1. Briefly explain the historical development of optical fiber communication in Nepal. [4]
2. Describe meridional ray and skew ray with figure in optical fiber. [4]
3. Derive the wave equation in cylindrical waveguide using Maxwell’s equation for optical
propagation. [5]
4. Define Evanescent field. Derive the relationship between phase velocity and group
velocity. [1+4]
3. a) Explain the cut- off wavelength, mode- field diameter and spot size. [5]
b) Caleulate the maximum value of A and p2 of a single mode fiber of core diameter
11pum and core refractive index 1.5. The fiber is coupled to the light source with a
wavelength of 1.2um and V cut off for single mode propagation is 2.405. Also
calculate the acceptance angle. [4]
c) Anoptical fiber has 4mW as its input power and the output power is 2uW. If the fiber
is designed for an attenuation value of 0.59 dB/Km and find the length of the optical
fiber. [3]
6. a) Compare and contrast between surface and edge emitting LEDS, [4]
b) Explain the population inversion in case of four level LASAR. [4]
7. a) Explain the basic principle of light detection in p-i-n photodiode. [4]
b) A GaAs has a band gap energy of 1.43 eV at 300 K. Determine the wavelength above
which an intrinsic photo detector fabricated from this material will cause to operate. [3]
8. Briefly Explain the sub carrier Intensity Modulation (SC-IM). [4]
9. a) Explain various types of fiber cable alignment and joint losses, [4]
b) Describe various fiber splicing techniques with their diagrams. [4]
¢) Explain fully bidirectional four port optical coupler. [4]
10.a) Explain the amplification process on Rare Earth Doped Fiber Amplifier. [4]
b) Describe the optical switch. [3]
11.a) Explain in detail about wave Division Multiplexing technology and list out

advantages. [6]

b) A transmitter has an output of 0.1 mW. It is used with a fiber having NA = (.25,
attenuation of 6 dB/Km and length of 0.5 Km. The link contains two connector of 2
dB average loss. The receiver has a minimum acceptance power (sensitivity) of -35
dBm. The designer has allowed a 4 dB margin. Calculate the link power budget. [6]
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+ Briefly ciplain the historical develepment of optical fiber communication. 41
Discuss the merdioaal ray. and skew ray with figure in optical wave guide. [41
3. Define slab waveguide and evlindrical Wn\rmmdr State MaxwellPs equation for eplical
propagation. [41
¢, What is Evancscent fleld? Derive the rnlu.limlship'harm phase: velocity and proup
veloity, [5]
5. a) Descrdbe multimode step index fiber and sinple mode step index fiber, computer the
edvanteges and dissdvantages of these two types of fiber for use as on optical
channel, 3 5]
b} Calculate the maxinum vahse of & aod 12 of a single mode fiber of core diameter 10
pum end eore refractive index 15.The fiber is coupled to the light source with &
mmmgthonammvwfmmdsMIsuns Also caleulate the
acceplance angle. [
€} Anoptical fiber has 2m'W i ils input power and the outpid power is 20W, 17 the fiber
15 designed for attemiation value af 0.4%dbkm and ﬁndﬂlﬂhﬂnﬁhﬂfﬁe opticil fiber, [3]

6. ) Euplein an internal quantin eMiclency and extemnal quantum eficiency of LED nlong

o

with necessary mathernatical expressions. [#]
b Differentiate betwoen simualuted emission ond spontancous emiasion, [3]
7. &) Explain the working of Avalanche phota diode (APD), [2] .
b} Derive the relatinnship between detectar responsivity (R} mod quantem efficisncy (n)
in optical detector, [4]
£ Briefly Explain the Direct Intensity Modulation (D-IM). [4]
9, a} Discuss various fypes of misalignments in fiber cables, [31
k) Explain in detail shoul the procedure of Tusion splicing. What arc the advameages and
dmndvaninges nssociated with fusion splicing? [3+2)
€)  Explain the optical coupless and il type. Kl
10 a)  Explain the amplilication process on Erbium Doped Fiber Amplifler. 4]
b)  What is integroted optics and what arc its advastages over electzonics circuits? &)
11, a} Explain different components of FTTH network. What are the different standasds of
pessive optical network? [%]
b} Deseribe SONET/SDH optical network fnetion with suitable diagram. [8]

c) A tramsmitter has &n cutput of 0,1 mW, It i5 used with a {iber having ™A = 025,
attenuation of 6dBKkm and length of 0.5 ki, The link contains two connector of 2 dB

1/1
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. 4 Bricfly cxplain the historieal develapmant of optical fiber communication, #
b} Mention the advamages ifoptical fiber communiestion. [4]

2. Provided that an optical fiber in air hes an NA of 04, Compare the aceepuince angle of
meridional ry with that of skew mys which chenge disection of 100° & each refieclion. (4]

3 Explain mode theary along with Maxiwell's equation for optica? propagation, [8]
4, What is Evanescent field? Derive the relarionship between phase velocity and group
velocity, [2+3]
5. a) Diseuss about cut-off wavelength and mode field dinmetzr of single mode fibars, [4]
) When the mean optical power launched into-an 8 km length of fiber is 120 W, fhe
mican optical power at the fiber output is3 pW, [2+242)
i) The overall signa! sttenition o loss in decibels thrmugh the fiber assuming there
are no conmectors or splices,

ii) The signal attenuation per kilometer for the fiber,
iif] The overall signal attenuation for a 10 km opticel link using the same fibor with
splices ar 1 Jan interval, saeh giving an atenuation of L dB,
& a) Dricfy explain Distributed feedback (DFS) laser. (K]
by An injection laser hos an active cavity with Iossos of 30 s and the mllectivity of
each cleaved laser facet is 30%. Determine the laser gain coefficient for the cavity

when it has a fength of 600 jum, [4]
7. a) Compore between PIN phetediode and APD consdering different parameters. 141 L
k) Derive the relationship beiwesn detector responsivity (R) and quanium cfficizncy (n)
in apical detector. [41
8. Buicfly explain subcarrler frequency modulation (Fm-IM). How is FM-IM different fram
Direct - IM? [4+2)
9. &) Explainvariows types of misalipnments in fiber calles. 13]

by A step index fiber has o core refractive index of 1.8 and a cora dismater of §3 jem.
"The fiber is joined with o lateral misalipnment hetween the core axes of 5 pm,
Estimate the insertion loss at the joint due 1o the lieral misalignment assuming a

nniform disteibution of power between all guided modes when: [51
1) There is & small air gap at the jofnt
i) The joint is comsidered index masched.
10, Wheant i imlegrated and whaz are its advantages over elecironies eireaits’ [d@44]
11.8) Explain different compoments of FITH nenwork. [31

b) A vansmitter has an output of 0,1 mW. It is used with a fiber having NA = 0.25,
attenuation of 6 dBflan and length of 0.5 ki, The link contains 1w eonncetor of 2 48

1/1
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a) Explain the evolution of the Optical Communication technology.

b) What are the different types of Optical fiber used in the communication system?

2, Explain the differences between meridional ray and skew ray in optical wave guide.

10.

11

Derive the wave equations of cylindrical fiber using Maxwell’s equations.

Explain the term V-number. Calculate the number of modes a step index optical fiber of
diameter 40pm, will transmit as its core and cladding refractive indices are 1.5 and 1.46
respectively. Wavelength of light used is 1.5um.

. a) Briefly explain types of scattering losses in optical fiber.

b) Two step index fibers exhibit the following parameters;
(i) a multimode fiber with a core refractive index of 1.500, a relative index difference
of 2.5% and an operating wavelength of 0.92 pm;
(ii) an 8.5um core diameter single mode fiber with a core refractive index the seme as
(1) a relative refractive index difference of 0.4% and an operating wavelength of
1.75 pm. Estimate the critical radius of curvature at which a large bending losses
occur in both cases.
a) Describe the operation of surface emitting LED with the diagram.
b) Derive an expression for lasing condition and hence for optical gain in LASERS.
a) Briefly explain types of photodetector used in communication system.
b) A photodiode has a quantum efficiency of 72% when photons of energy 1.6 = 1077 J
are incident upon it.
(i) At what wavelength is the photodiode operating?
(ii) Caleulate the incident optical power required to obtain a photocurrent of 2.5 uA
when the photodiode is operating as describe above.
What is optical modulation? Compare D-IM and Subcarrier IM.
a) Differentiate between fusion splicing and mechanical splicing,

b) Explain Optical coupler and its types. How FBT Technology is used to manufacture
star coupler?

What is EDFA amplifiet? Explain briefly its working principle.

-a) Explain the importance of link budge analysis in optical communication system.

b) An optical fiber system is to be designed to operate over an 8 km length without
repeaters. The rise times of the chosen components are
(i) Source (LED) = 8ns
{ii) Fiber: intermodal = 5Sns/km
(iii) (pulse broadening) intramodal = 1 ns/kim
(iv) Detector (p-i-n photodiode) = 6 ns

From system rise time considerations, estimate the maximum bit rate that may be
achieved on the link when using an NRZ format.

4

[4]
(4]
[4]
(8]

[2+3]
[2]
[5]

...-
T
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[5]

[2+4]
[3]

[5]
[3+5]

(2]
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- ) Draw the block diagram of optical fiber communication system and explain different

components of it. [4]
b) A silica optical fiber with a core diameter large enough to be considered by ray theory
analysis has a core refractive index of 1.50 and a cladding refractive index of 1.47.
Determine, [3]
(i) Critical angle at the core-cladding interface,
(11) Numerical aperture for the fiber.
{ni)Acceptance angle in air for the fiber.
What is different between phase velocity and group velocity? And explain why Maxwell
equation 1s important in optical fiber communication. [3+3]
a) Explain mode coupling. 13]
b) A multimode step index fiber with a core diameter of 80 um and a relative index

difference of 1.5% is operating at a wavelength of 0.85um. If the core refractive index
is 1.48. estimate: (i) The normalized frequency of the fiber, (ii) The number of guided

modes. [3+2]

a) Differentiate between attenuation and dispersion. Explain the different types of fiber
bending losses. [2+3]

b) Differentiate between intramodal dispersion and intermodal dispersion, What are the
possible ways to reduce dispersion in optical fiber communication? [2+2]
a) Explain any six characteristics of optical sources. 3]

b) A radiative and nonradiative recombination lifetimes of the minority carriers in the
active region of a double heterojunction LED are 60ns and 100ns respectively.
Determine the total carrier recombination lifetime and the power internally generated
within the device when the peak emission wavelength is 0.87 pum at a drive current of

40mA. [5]
Explain the detection principle of p-i-n photodiode with neat diagram. Compare it with
avalanche photodiode, ' [3+3]
Why is sub carrier modulation necessary in Optical Fiber Communication? Explain the
FM-IM Modulation. 2+5]
a) Explain the detail working mechanism of Rare Earth doped Fiber Amplifier. [4]
b) What are the advantages of Integrated Optics over Electronics Circuits? [4]

. Explain the process of Fusion Splicing and Mechanical Splicing in detail with required

sketches. Also, state the problems associated with them. [6+3]

Explain rise time budget analysis in optical communication system. A transmitter has an
output power of 0.1 mW. It is used with a fiber having NA of 0.25, attenuation of
6 dB/km and length 0.5km. The link contains two connectors of 2dB average loss. The
receiver has a minimum acceptable power (sensitivity) of -35 dBm. The designer has
allowed a 4 dB margin. Calculate the link power budget. [3+7]

4%
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I. Draw and explain the electromagnetic spectrum showing the region used for optical fiber
communication. : [3]
2. Explain different types of Optical fibers. Derive an expression for the numerical aperture
of an optical fiber. [4-+3]
3. a) Explain mode coupling in optical fiber communication, [2]
b) A graded index fiber with a parabolic profile core has a refractive index at the core
axis of 1.5 and a relative index difference of 1%. Estimate the maximum possible core
diameter which allows single mode-operation at a wavelength of 1.3pm. [3]
. For a step index fiber, derive a relationship between dispersion between dispersion and
the information carrying capacity of the fiber. Explain how the effect of dispersion can be
reduced. [4+3]
3. A muwltimode step index fiber with a core diameter of 80pm and a relative index
difference of 1.5% is operating at a wavelength of 0.85 pm. If the core refractive index is
1.48. Determine
a) The normalized frequency for the fiber
0} The number of guided modes [3]
5. Explain the working principle of LASAR as a source in optical fiber communication.
Differentiate between spontaneous emission and stimulated emission. [5+2]
7. Explain the working of Avalanche Photo Diode (APD). What are the drawbacks of APD? [3+2]
8. Briefly explain FM-IM modulation techniques used in optical fiber communication. [5]
9. a) Differentiate between fusion splicing and mechanical splicing. [4]
b) Why do we need connectors and couplers in optical fiber communication? [3]
¢) Explain semi-transparent mirroring method for coupling. [4]
10.2) What is integrated optics and what are its advantages over electronic circuits? [3]
b) Differentiate between PDH, SDH, and SONET. [3]
11. What is the difference between Optical network terminal (ONT) and Optical Network
Unit (ONU)? What are the different standards of Passive Optical Network? [4-+3]
12.a) What is fiber link power budget? Why is power margin needed in link design? [3+3]

b) A datacenter requires to setup a link with it's client to cater a data traffic of 40Gbps.
The estimated link length of the optical system is 80km. The network consists of an
optical transmitter having output power +3dBm. The minimum detectable power of
the optical detector is -26dBm. There are total 6 connectors each having a loss of
0.2dB, 5 splices each having a loss of 0.1 dB. As per the fiber specification, fiber loss
is 0.3 dB/km. Designer has rccommended to install an optical amplifier EDFA in the
link at 50Km distance. Determine using power budget calculation whether the EDFA |
needs to be installed or not? If yes what should be the gain of EDFA? [8]

A o
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L. 8) Outline the advantages of optical fiber communication system and it’s applications.
Explain the evolution of the Optical Comrmunication technology. [2+2+3]
b) What are the different types of Optical fiber used in the communication system? [4]
2. a) Explain Goos Haenchen Shift. Derivation and explain the significance of the wave
cquation for a Dielectric slab waveguide of infinite depth consisting of g slab of
dielectric material of width “d” of refractive index, 7); embedded in a material having
refractive index, mp. [2+6]
b) Calculate the normalized frequency at 820 nm for a step-index fibre having 25 pm
core radius, n; equal to 1.48 and n, equal to 1.46,
(i) How many modes propagate in this fibre at §20 nm?
(i) How many modes propagate in this fibre at 1320 nm?
(iii)What percentage of this optical power flows in the cladding in each case? [3]
3. a) What is the significance of profile parameter in graded index fiber? [2]
b) Derive and explain the relation between bandwidth and numerical aperture in a Multi
mode step index fiber due to dispersion. [4]
4. a) What is optical modulation? Compare D-IM and Subcarrier IM. [2+4]
b) Estimate the external power efficiency of a GaAs planar LED when the transmission
factor of the GaAs-air interface is 0.68 and the internally generated optical power is
30% of the electric power supplied, The refractive index of GaAs may be taken as 3.6. [4]
3. ) Explain Optical Couplers and it's types? How FBT Technology is used to
manufacture Star Coupler? [3+3]
b) A step index fiber with a 200pm core diameter is butt jointed. The joint which is
index matched has a lateral offset of 10pm but no longitudinal or angular
misalignment. Determine the loss due to this type of misalignment. [3]
c) What are the performance parameters of a good optical detectors. [3]
6. a) For Silica the fictive tempersature (Ty) is 1400K, the isothermal compressibility (fiv)
is 6.8*10"'m*/N, and the photo-elastic coefficient is 0,286, Estimate the scattering
loss at 1.3um wavelength where n = 1.45. [3]

b)

What is Optical Amplifiers? Explain the working principle of EDFA. Using energy
level diagram explain the significance of metastable level.

g

[2+5]



b}

.oa)

b)

Explain the working principal of Distributed feedback Laser. Why it is preferred by
the telecom companies? [3+2]

Explain the importance of link budget analysis in optical communication system.
Define Dispersion penalty. [2+2]
Find the total system loss and excess margin where ¢ splices and 2 connectors are
used,
[ Fiber Cable Loss Splice Loss | Connector Loss | Safety Margin
L 3-dB/km 0.3 dBf splice | 1 dB/connector 7dB

A typical operating power budget over 8-km of multimode graded index fiber at
wavelength of 0.85-um, mean power launched from Jaser transmitter is -4.5dB and

APD receiver sensitivity is -48 dBm. [6]
Explain different components of FTTH network. What are the different standards of
Passive Optical Network? [3+2]

oW
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.8} Explain different components of optical fiber communication system with block

diagram and list the advantages of optical fiber communication.

b) Explain in detail about cutoff wavelength and normalized frequency? Also write the
significance of each.

a) What is the difference between phase velocity and group velocity? Elaborate with
examples.

b) Find the maximum diameter of a signal mode fiber designed to carry a signal of
wavelength 1.3 u m if the index of refraction of the core of the fiber is 1,55 and the
index of refraction of the cladding of the fiber is 1.52.

a) Describe the major causes of attenuation in optical fiber. Tllustrate the transparent
windows in optical fiber with major peak transparent wavelength in fiber. Describe its

[2+2]
[2+2]

[4]

[3]

impact in transmission systems. [3+2+2]

b) Compare meridional rays and skew rays with necessary sketch,
a) FExplain Modulation bandwidth in terms of electrical and optical bandwidth,

b) Explain quantum efficiency and responsively along with their mathematical
relationship,

a) What are the property of light which are used in optical modulation? Explain in detail
about direct intensity modulation.

b) Explain in detail about the procedure of fusion splicing? What are the advantages and
disadvantages associated with fusion s plicing?

a) Write the difference between linear and non-linear scattering, Also explain its type,

b) A glass fiber has the material dispersion parameter value 98.1 psnm”'km™', Estimate
the pulse broadening per kilometer for the fiber operating at 0.85 um wave length
given that relative spectral width of injection laser (6A/3.) is 0.0012.

) Explain in detail about Dense Wave Division Multiplexing technology, Write the
advantages,

b) A 15 km optical fiber link uses fiber with a loss of 1.5dB km™. The fiber is jointed
every kilometer with connectors which give an attenuation of 0.8dB each, Determine
the minimum mean optical power which must be launched into the fiber in order to
maintain 2 mean optical power level of 0.3uw at detector.

An optical fiber system is to operate at 622 Mbps over a distance of §5 km without
repeaters. Fiber with a loss of 0.23 dB/km and a dispersion of 5.5 ps/km is available in
maximum lengths of 1 km. The fusion spice loss is 0.035dB/splice and repair power
margin is 5 dB. If the receiver sensitivity is -28 dBm and the transmitter output power is
+1dBm, determine the maximum allowable attenuation which can be tolerated during
installation. If a system upgrade to operation at 1.2 Gbits/sec is required, is the fiber link
acceptable?

[4]
[4]

(6]
[2+5]

[4+2]
(3]

[4]

[6]

[4]

N e |



356G TRIBHUV AN UNIVERSITY | Exam.
INSTITUTE OF ENGINEERING | Level 'BE  FullMarks 80 |
Examination Control Division ' Programme BEX Pass Marks 32
2074 Magh | Year/Part |[IV/H [ Time  [3hs |

%% X A

—_—

Candidates are required to give their answers in their own words as far as practicable.
Attempt A questions.

The figures in the margin indicate Full Marks.

Assume suitable data if necessary:.

. a) Describe the optical fiber communication system?

[3]

6.

b) Describe the structure of optical fiber? How light propagates on it? [3+2]
a) Define meridional and skew ray with figure in optical wave guide? (4]
b) An optical fiber with a core diameter large enough to be considered by ray theory
analysis has a core refractive index of 1.50 and a cladding refractive index of 1.47.
Determine: (a) The critical angle at the core-cladding interface; (b) The NA for the
fiber; (c) The acceptance angle in air for the fiber? [4]
a) Describe multimode step index fiber and single-mode step index fiber; compare the
advantages and disadvaniages of these two types of fiber for use as an optical channel. (3]
b) A multimode graded index fiber has an acceptance angle in air of 8% Estimate the
relative refractive index difference between the core axis and the cladding when the
refractive index at the core axis is 1.52. [3]
Describe the mechanism of intermodal dispersion in a multimode step index fiber, Show
that the total broadening of a light pulse & due to intermodal dispersion in a multimode
e NAY .
step index fiber is: 8, =L( ) [8]
in,C
Where, L is the fiber length, NA is the numerical aperture of the fiber, n; is the core
refractive index and ¢ 1s the velocity of light in a vaccum.
a) Briefly discuss the evanescent field in optical fiber transmission with suitable
diagrams? [4]
b) A fiber link has following data: [4]
Cumpunentﬂ BW B Rise time
Transmitter | 200MHz 1.75 ns
LED (850 nm} _ 100 MHz e 3.50ns
Fibercable 90 MHz 3.89ns
PIN detector 350 MHz 1.00 n
Receiver - 180 MHz I 1.94 ns !
a) Briefly explain the reasons for pulse broadening due to material dispersion in optical
fibers. [3]

b) A multimode step index fiber has a numerical aperture of 0.2 and a core refractive
‘ndex of 1.47. Estimate the bandwidth length product for the fiber assuming only
intermodal dispersion and a return to zero code when: (a) There is no mode coupling
between the guided modes: (b) Mode coupling between the guided

[3]



~)

1.

. @) Explain what is meant by the critical bending radius for an optical fiber?

b) A multimode graded index fiber has a refractive index at the core axis of 1.46 with a
cladding refractive index of 1.45. The critical radius of curvature which allows large
bending losses to occur is 84 um when the fiber is transmitting light of a particular
wavelength. Determine the wavelength of the transmitted light.

a) Define the mechanism for light generation in Optical Source?

b) Briefly outline the advantages and drawback of the LED in comparison with the laser
for use as a source 1n optical fiber communications.

Define network topology? A transmitter has an outpui power of 0.1 mW, It is used with a
fiber having NA = 0.25, attenuation of 6 dB/km and length 0.5 km. The link contains two
comnectors of 2 dB average loss. The receiver has a minimum acceplance power
(sensitivity) of -35 dBm. The designer has allowed a 4 dB margin. Calculate the link
power budget.

Write short notes on :(any two)

a) SONET
b) Rayleigh scattering
c) Optical fiber joints
#5%

[4]

[4]
[4]

[4]

[2+6]
[4+4]
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Candidates are required to give their answers in their own words as far as practicable.
Attempr Al questions.
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Assume sutiable data if necessary.

%A |

). What are the advantage of optical fiber communication over other medium?

- The velocity of the light in the core of step index Aber is 2.01 » 10" ms™ and the critical
angle at the core- cladding interface is 30°. Determine the NA and the acceptance angle
for the fiber in air, assuming it has a core diameter suitable for consideration by ray
analysis. The velocity of light in vacuum s 2998 = 10 ms™

3. State Maxwell’s equation for optical propagation.
4. What is Evanescent Field in optical fiber communication?

5. A multimode step index fiber has a relative refractive index difference of 1% and core
refractive index of 1.5. The number of modes propagating at a wavelengih of 1.2 pm is
1100, Estimate the diameter of the fiber core,

6. What is a fiber dispersion? Explain it.

7. A multimode graded index fiber has a refractive index at the core axis of 1.46 with a
cladding refractive index of 1.45. The eritical radius of curvature which allows large
bending losses to occur is 84 pm when the fiber is transmitted light of a particular
wavelength. Determine the wavelength of the transmitted light.

8. Explain an internal Quantum efficiency and external Quantum efficiency of LED along
with necessary mathematical expressions.

9. The power generated internally within a double hetero junction LED is 28.4-m W at «
drive current of 60-mA. Determine the peak emission wavelength from the device when
the radiative and non radiative recombination lifetimes of the minority carmners in the
active region are equal.

10, Explain the optical detection principle of p-n photodiode.

11. A given silicon avalanche photodiode has a quantum efficiency of 63% at a wavelength
of 900 nm. If 0.5pW of optical power produces a multiplied photecurrent of 10uA. Find
the multiplication factor.

12. Briefly explain a Direct-Intensity modulation (D-IM).
13. Comipare between an optical splice and connector.

14. Briefly explain structure and principle of operation for the fiber fused biconieal taper
coupler.

15. Explain with principle of different types of optoelectronic integration.

[4]

{4]

i3]
[4]

3]
[5]

[5]
[7]



16, Explain with principle and neat diagram of digital fiber oplic transmission.

17. A D-IM analog optical fiber link of length 2 km emnploys an LED which launches mean

optical power of -10 dBm in 10 multimode optical fiber. The fiber cable exhibits a 1053 of
3.5 db jan with splice losses calculated at 0.7 db km”. In addition there is & connector
Joss at the receiver of 1.6 db. The p--0 photodiode recetver has a sensitivity of -23 dBm
for an SNR of 50 dB and with 2 modulation index of 0.5, Estimated that a safety margin
of 4dB is required. Assuming there 15 n0 digpersion equalization penalty.
) Perform an optical power budget for the system operating under the above conditions

and as certain its velotity.

1) Estimate any possible increase in link length which may be achieved using an
injection laser source which launches mean optical power of 0 dBm in t0 the fiber
cable. In this case the safel: margin must be increased to 7 dB.

L)

(8l

191
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Candidates are required to give their answers in their own words as far as practicable,
Attempt A questions. -

The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

- Explain different components of an optical fiber communication system with a block

diagram.

What is a material absorption loss? What are the causes of absorption of light in optical
fiber?

Explain Goos-Haenchen shift. For a TE mode wave propagation, derive the wave
equation for a Dielectric slab waveguide of infinjte depth consisting of a slab of dielectric
material of width ‘d” of refractive index, T embedded in a material having refractive
index, ;.

A multimode step index fiber with a core diameter of 80 um and a relative index

difference of 1.5% is operating at a wavelength of 0.85 pm. If the core refractive index is
1.48. Determine

a) The normalized frequency for the fiber
b) The number of guided modes

With a suitable example explain the effect of dispersion during optical signal propagation
and how it can be reduced?

Derive the expression of Numerical Aperture of meridional-ray in terms of refractive
index of core and cladding,

Explain a subcarrier intensity modulation,

8. What is a Misalignment Loss? Explain the causes of misalignment loss.

10.

11.
12.

13.

[n which condition mode LED act as laser? Explain it.

What are the types of LED? Which types of LED used in optical fiber communication?
Explain it briefly,

Explain about benefit and drawback of an avalanche photodiode.

A photodiodé has a quantum efficiency of 65% when photons of energy 1.5 x 107°J are

incident upon it.

a) At what wavelength is the photodiode operating?

b) Calculate the incident optical power required to obtain a photo current of 2.5pA when
the photo diode is operating as described above.

Explain the causes of the insertion loss. What are the problems associated with fusion
splicing?

e e

]

it

I3

[1+2]

[247]

(2]

[6]

[4]
[5]
[142]

[3]

[4]
[3]

(2]
2]
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14,

15.

16.

17.

18.

An optical fiber has a core refractive index of 1.5. Two lengths of the fiber with smooth
and perpendicular (to the core axes) end faces are butted together, Assuming the fiber
axes are perfectly aligned, calculate the optical loss in dB at the joint (due to Fresnel
reflection) when there is a small air gap between the fiber end faces,

The LED in a silica optical fiber link has arise time of 8ns and a spectral width of 40nm at
an operating wavelength of 840nm. The PIN photo detector has a rise time of 10ns, For
silica D = 95.2 ps/(nm.km). For a 2.5 Km link, the intermodal dispersion of graded index
fiber is 3.5 ns/Km. Calculate the system rise time and data rate that the system can
support for NRZ coding and RZ, coding,

Also Caleulate data rate for NRZ and RZ coding when Single mode fiber with D = 952
ps/(nm.km) and LASER having spectral width 1 nm and a rise time of 8ns is used in the
same system.

Explain the amplification process based on stimulated emission. What are the advantages
of Erbium Doped Fiber Amplifier?

Three clients traffic: STM-16 from SDH equipment, 10 Gbps internet traffic from router
and 1 Gbps voice traffic from MSC needs to be carried from Kathmandu to Biratnagar.
Only one pair of optical fiber is available between these cities. Explain how the traffic can
be carried in the given scenario using DWDM technology with necessary block diagram.
Assume the channel value having channel spacing of 100 GHz,

What are the advantages and enhanced management capabilities of Synchronous Digital
Hierarchy?

P

[3]

[4+3]

[342]

[7]

[4]
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Attempt AN questions.
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Assume suitable data if necessary.

Explain the historical development of optical fiber communication? List the advantage
and disadvantages of optical fiber communication. . [3+1]

Find the acceptance angle and numerical aperture of a fiber with a core index of reflection
of 1.57 and a cladding index of refraction of 1.51. [2+2]

Define slab waveguide and cylindrical waveguide? Using Maxwell's equation, drive wave
equation for eylindrical waveguide, [2+2]

Distinguish between phase velocity and group velocity. Discuss modes in a planar optical
guide. [3+2]

A multimode step index fiber with a core diameter of 80 pm and a relative index

difference of 1.5% is operating at a wavelength of 0.85 um. If the core refractive index is
1.48, estimate: (i) The normalized frequency for the fiber, (ii) the number of guided

modes, [2+2]
Explain the main causes of chromatie dispersion. How can dispersion be minimized in the
optical fiber communication. [2+3]

What are the types of optical light source? Draw energy state diagram and light output
current characteristics of an ideal semiconductor laser indicating absorption and emission
of radiation. Also draw light output as a function of frequency. [2+3+2]

Define quantum efficiency of optical detector. A photodiode has a quantum efficiency of
635% when photons of energy 1.5%10°" I are incident upon it. (i) At what wavelength i
the photodiode operating? (ii) Calculate the incident optical power required to obtain a
photocurrent of 2.5 pA when the photodiode i1s operating as describe above. Describe the
working mechanism of Distributed Bragg Reflector (DBR) laser. [1+3+3]

Why the high capacity optical fiber communication systems used digital system using
intensity modulation of the optical source. What is an Eye pattern in binary digital
transmission? [3+2]
What are optical Couplers and their types? Explain the fabrication method of fused Star
Coupler. Write short notes on Fresnel loss in fiber joint. [3+4+4]
Consider an EDFA being pumped at 980-nm with a 30-mW pump power. If the gain at

1550-nm is 20dB, what are the maximum input and output power? What is Integrated
optics and what are its advantages over electronic circuit, [4+142]



12. Write short notes on PON and FTTH, A 622 Mbps aptical transmission system is to
operate at a wavelength of 1550 nm. Apart from the transmitter and receiver, the optical
links contains an optical amplifier with 7 dB gain at 45 km of the links. The transmitter
available has a minimum coupled output power of +3 dBm. While the receiver has a
WOrst case sensitivity of -27 dBm. Two types of fiber with different specifications are
available as shown in the 1able below. Four connectors are 1o be used in the system with a
loss of 0.15 dB each, while the splice loss for both fiber types is 0.05 dB maximum.
Calculate the dispersion penalty associated with the use of each fiber, Prepare a power
budget for each system and decide which fiber type should be used and why? Assume

transmitter and receiver are situated at Kathmandu and Pokhara, respectively. [5+12]
['Fiher type ' Total Attenuation | Maximum distance |
! Dispersion hetween splices
B 5 ps'km |03 dBkm | 0.7 km
LY 7 ps/km |04 dBkm _[0.6km ]

:FibEr type Total Dispersion ]‘Eta'iuﬂtion | Attenuation
: | standard deviation
A | 7 ps/km 0.56 dB/km | 0.05 dB/km

(B 195 psfkm | 0.33 dB/km | 0.04 dB/km N
Joint type Avg, attenuation Attenuation standard deviation 7
Fusion splice | 0.03 dB | 0.012dB

| Connector 0.25 dB | 0.04dB ]

LR T
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1.(8)

()

A multimode step index fiber with a core diameter of 80 pm and a relative index difference
of 1.5% is operating at a wavelength of 0.85 um. If the core refractive index is 1.48.
Determine

i) The normalized frequency for the fiber

it) The number of guided modes
With respect to atienuation window curve explain the nature of attenuation for different
operating wavelength in optical communication?

Destiibe the Speration of EDFA (Erbiuni Doped Fiber Amplifier) and explain the

significance of metastable level. What are the advantages and disadvantages of EDFA?

Derive the wave equation and its selution for a slab waveguide having dielectric slab of
refractive index 1y embedded in a material having mﬁaclm: index, 1z, Sumw it’s signification
with respect to normalized frequency, V

What are the different types of misalignment losses associated with optical fiber joints? What
are the causes of insertion loss?

When an input to the optical fiber communication system with step index fiber is an impulse
response, explain how bandwidth of the system is affected by dispersion and how it can be
minimized,

The 10-90% rise times for possible components to be used in a D-1M analog optical fiber

link are specified below:
Source (LED) =10 ns ; Fiber cable: intermodal =9 ns km~ 1 ; Chromatic=
2 ns km—1 ; Detector (APD)= 3 ns. The desired link length without
repeaters is 5 ki and the required optical bandwidth is 6 MHz.

Determine whether above combingtion of components gives an adequate temporal response.

What are the performance & compatibility requirement for an optical detector? Explain the
basic operation principle of a p-n photodiode,

An optical fiber system is to cperate at 622 Mbps over a distance of 65 km without repeaters.
Fiber with a loss of 0.23 dB/km and a dispersion of 5.5 ps/km is available in maximum
lengths of 1 km. The fusion splice loss is 0.035dB/splice and repair power margin is 5 dB. If
the receiver sensitivity is -28 dBm and the transmitter output power is +1dBm, determine the
maximum allowable attenuation which can be tolerated during installation. If a system
upgrade to operation at | 2 Ghits/ sec is required, is the fiber link acceptable?

Explain the mechanism for the operation of LASER. What is the responsivity of an optical
detector?
Write short notes on any three

a) Phase velocity and Group velocity

by Direct mtensity Moedulation

¢} Goos-Haenchen effec.

d) SONET

ok

(2+2)

(3)

(8)

- (8)

(4+3)

(&)

(5)

G

(3

(5+2)

(3*5)
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Provide & clear und clean skeweh ol g general optival fber communication sy stem, and deseribe the verivus pans
of the system. List at least 5 areas ol application of optical Tiber communication,

With the assistance oF & suitable sketeh. provide a detailed description of the optical 1iber strueture, An optical
fiber in air has a numerical aperture of 0.4, Compare the seceplance angle lor meridional ravs with that for skew
rays. which change direction by 100" a1 cach reflection.

Define a dieleciric slab wavepuide. §ising Masxwell’ s egquations derive the gigenvaloe eguations for transy erse
electric modes in g svmmeiric divlevirie shab wan e,

Deline the Goos-Haenchen shifl, Consider o Aber with a 25-pm core radius, a core index of 1.3% and indes
dittereiee o w0 IF the waselength is 1420w what s the vatue of the normaiived leguenes pardmeter, how
many modes propagate in the fiber, and whal pereent of the optical power Nows in the cladding?

Describe the major causes of attenuation in optical fiber. Provide a cléar sketeh of the anenustion versus
wavelength cun e for optical fibers: indivate the windows of transmission and their respectiv e uperiting
wavelengths,

Define dispersion and describe the by pes of dispersiun present in opiical fibers. A siep indes lber has o core
refractive index of 13, an indes difference o 3% and an operating wovclengtheol 1L82-pm: ostimate the eritical
redius ol cury ature o which large berding losses oceur.

Deseribe the working principhe of the hetero-junction LED. A LD emitting at a peak wavelength of 1310 nm
hiats radiative and non-radiotis o reconrhingtion Tietimes of 30 ms and 1060 s, respeetivels awath B of drive
current. Find the total recombination litetime, the inlernal quapum efficiency . and the imernal puwer level,

Lescribe the working mechanism ol the distributed feedback laser and how does it dilTer from the distributed
Bragg reflector laser?

Deseribe in detail the wanking mechanism ol the APLY. A Sificon APD has a quamump efficiency of 63% at
wavelength o Q00 nm ., Suppose (05-pW wl’ uptical pewer produces o multiplied photocurrent of 10-pA, What is
the multiplication fctoe?

Deseribe in detail the working mechanism of EDEAL and point oul its ad antages,

Deline an optical modulation, Why is inwensit. modulstion preterred over Beld modolation in optival Tiber
communication s siems?”

Dreseribe direct intensity modulation and subcarrier multiplesing.

Describe the manufacturing process of the FBT coupler,

A tour-port mullinwede fiber FIFT coupler has 60-pW optical pover bonched into port 1. The meusuned output
powers gl ports 2.3, 4 are 0.004-p W, 26-p0W and 27.5-pW respectively . Determine the vxeess loss. the insertion
bosses between the input and outpotl ports. the crosstalk and the splil ratio for the device,

Diflerentiate beteeen PO and S1DH,

Alter a number of years ol service an exisling single mode fiber is 10 be upgraded w a bit rate o1 622 Mbgs ul
1530 nm. using a new ransmitter and receiver. The fiber span is 81 km and the fiber has a loss of 0,24 dB per km
al 1550 nm and a dimensionless material dispersion coefficient ¥ equal 10 0007, The fiher was originalh
operated at 1330 am. where the liber luss was 0.7 di3, The fiber was installed in lengths 700 m long and the
maximum splice Toss vas (005 dB. The original repair margin wus 6 dB. bul fio repairs have been requined, Two
comnectirs were Used with o loss of 1.2 di cach, Pwo dilferent i pes of transmitier arc s ailable for the upprade.
Transmitter A has an output power of =3dlim and 4 RMS spectral width o £.33 nmy. Transminter 13 has an g
posvier of =4 dBm and o RMS spectral widih ol 0,47 nm. Both ransmitters ane capable ol operating ut 622 Mboy
The receiver svaileble for the upgrade has a worst-gase sensitivity of -32 dBm. Complete a power budget for the
upgraded system using each of the transminers in wen e determine which transmitter should be chosen &n the
basis ol the highest repabe murging Staic all of vour assumpiions wleurls

=H

11+3)

143

[3+T1]

1342

12+l
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