












































































































































































































Academic 
Year

Regulations
Year Sem
Batch
Branch
Subject(Code)
Name of the 
Faculty

Q.No. CO 1 CO 2 CO 3 CO 4 CO 5 CO 6 Total Q.No. CO 1 CO 2 CO 3 CO 4 CO 5 CO 6 Total Q.No. CO 1 CO 2 CO 3 CO 4 CO 5 CO 6 Total
1 a) 2 2 1 a) 1 1 1 a) 1
b) 2 2 b) 1 1 b) 1
c) 2 2 c) 1 1 c) 1
d) 2 2 d) 1 1 d) 1
e) 2 2 e) 1 1 e) 1
f) 2 2 2 a) 3 3 2 a) 3
g) 2 2 b) 2 2 b) 2
2 a) 14 14 3 a) 3 3 3 a) 3
b) 0 b) 2 2 b) 2
c) 0 4 a) 3 3 4 a) 3
3 a) 7 b) 2 2 b) 2
b) 7 5 a) 3 3 5 a) 3
c) 0 b) 2 2 b) 2
4 a) 9
b) 5 Total 7 7 3 3 2 3 25 Total 3 7 6 2 5 2 25
c) 0
5 a) 7 7
b) 7 7 Total 10 14 9 5 7 5 50
c) 0
6 a) 7 7
b) 7 7
c) 0
7 a) 7 7
b) 7 7 CO 1 CO2 CO3 CO4 CO5 CO6 Total CO1 CO2 CO3 CO4 CO5 CO6 Total
c) 0 2 1 2 2 2 1 10 2 2 2 2 1 1 10

Total 17 26 13 14 14 14 98 Total 2 1 2 2 2 1 10 Total 2 2 2 2 1 1 10

4 3 4 4 3 2 20

Total 4 3 4 4 3 2 20

Mid II Marks --> Cos

Assignment 1  Marks --> Cos Assignment 2  Marks --> Cos

CO- PO Attainment Process(Model Calculations)

Note:Work out for all the subjects of 2022-23 (I-year to IV year)

External Question Paper Marks --> Cos Mid I Marks --> Cos



R20 Regulation  Weightage of Marks

S.No Reg.No.

Internal 
marks

Assign
ment

 marks

Final 
Internal
 marks

Total 
Final

 Marks
External
 Marks % of IM

% of 
AM

% of 
EM N CO 1 N CO 2 N CO 3 N CO 4 N CO 5 N CO 6

Final 
exam

Internal 
tests

Ass/Qu
iz

Weightage marks for each CO
CO 1 CO 2 CO 3 CO 4 CO 5 CO 6 Total

EM
IM
AM

% Weightage of each CO
CO 1 CO 2 CO 3 CO 4 CO 5 CO 6 Total

EM (%)
IM (%)
AM (%)

Avg



No. of 
student

s 
Attaine

d

Weighta
ge 

Points

No. of 
student

s 
Attaine

d

Weighta
ge 

Points

No. of 
student

s 
Attaine

d

Weighta
ge 

Points

No. of 
student

s 
Attaine

d

Weighta
ge 

Points

No. of 
student

s 
Attaine

d

Weighta
ge 

Points

No. of 
student

s 
Attaine

d

Weighta
ge 

Points
>= 50%

40% to 50%
<40%

Total No. of students
Atainment value 2.82 2.77 2.85 2.82 2.81 2.93
% of Attainment 90.04 85.66 91.24 90.84 89.64 92.61
Attained or not YES YES YES YES YES YES

CO

CO 
Attainm

ent 
Value PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 10 PO 11 PO 12 PSO 1 PSO 2 PSO 3

CO 1 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0
CO 2 0 3 2 0 0 0 0 0 0 0 0 0 1 2 0
CO 3 0 2 0 1 0 0 0 0 0 0 0 0 0 1 0
CO 4 2 2 1 0 0 0 0 0 0 0 0 0 1 0 2
CO 5 1 3 2 0 0 0 0 0 0 0 0 0 2 1 0
CO 6 2 1 3 0 0 0 0 0 0 0 0 0 1 2 0

2.85 2.82 2.84 2.85 - - - - - - - - 2.83 2.84 2.82

III Year Threshold
50

MWOC

CO 1 CO 2 CO 3 CO 4 CO 5 CO 6
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UNIT  1
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An optical fiber communication system is 
similar to any type of communication system.
The function of general communication 
system is to convey  the signal from 
information source over the transmission 
medium to the destination
The communication system consists of 
transmitter or modulator ,transmission 
medium and a receiver or demodulator at the 
destination point
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In this case the information source  provides 
an electrical  signal to a transmitter comprising an 
electrical stage which drives an optical source to 
give modulation of the light wave carrier.
The optical source which provides the electrical to 
optical conversion may be a semi conductor laser or 
LED.
The transmission  medium consists of optical fiber 
cable.
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The receiver consists of an optical detector 
which provides the demodulation of optical 
carrier
The photo diodes are utilized for the 
detection of optical signal and for the optical 
to electrical conversion.
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The input digital signal from the information source is suitably encoded 
for transmission.

The laser drive circuit directly modulates the intensity of semi 
conductor laser with the encoded digital signal 

RGMCET, ECE Dept., 12



The input digital signal from the information 
source is suitably encoded for transmission.
The laser drive circuit directly modulates the 
intensity of semi conductor laser with the 
encoded digital signal 
Hence a digital optical signal is launched into 
optical fiber cable.
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The APD (avalanche photodiode) detector is
followed by a front end amplifier and equalizer 
to provide gain ,linear signal processing and 
noise bandwidth reduction.

Finally the signal obtained is decoded to give 
the original digital information.
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Total internal reflection is defined as the 
complete  reflection of light into the same 
medium without any transmission of light 
into the other medium
Conditions for total internal reflection are:
Light should travel from higher refractive 
index material into lower refractive index 
material.
Incident angle should be greater than critical 
angle
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Acceptance angle  is the maximum angle to the fiber axis at which light may enter the 
fiber axis in order to be propagated.

The first ray A making an angle a to the fiber axis gets refracted at the air core 
interface and this refracted ray is getting propagated into the fiber.
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Step and Graded index fibers

Classification of Fibers
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SINGLE MODE AND MULTI MODE 
FIBERS
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Step index fiber- Single mode and 
Multimode

Step index fiber- Single mode and Multimode 
The refractive index of the core material is 
constant throughout the length and diameter 
and an abrupt change occurs in step at the 
core cladding boundary .
n(r)=n1 for r<a (core)
n(r)=n2 for r>a (cladding) 
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The single mode fiber allows only transmission 
of mono mode light which is called 
fundamental mode(TEM00)

It is used for long haul communication
No of modes=N=V2 /2 V= normalized 

frequency
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Advantages Single mode fibers

2000 nm

temperature and has good mechanical strength
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Disadvantages of Single mode step 
index fiber

It is difficult to couple light into and out of 
fiber 
A highly directive light source(laser) is 
required to couple light
They are expensive and difficult to 
manufacture
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Advantages & disadvantages of 
Multimode step-index fiber

Advantages:
They are relatively inexpensive and simple to 

manufacture 
It is easier to couple light into and out

Disadvantages:
Light rays take many different paths down the 
fiber which results in large differences in 
propagation times(distortion)
The bandwidths and rate of information rates 

possible with this type of fiber are less
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Graded Index Fiber

Definition: Graded Index fiber is another type
of optical fiber in which the refractive index of
the core is non-uniform. This non-uniformity is
present because the refractive index is higher
at the axis of the core and continuously
reduces with the radial movement away from
the axis.
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REFRACTIVE INDEX PROFILE OF 
GRADED INDEX FIBER

r is the radial distance from the core axis
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MULTIMODE GRADED INDEX FIBER
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COMPARISION
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MODE FIELD DIAMETER AND SPOT 
SIZE

RGMCET, ECE Dept.,



RGMCET, ECE Dept.,



CUT OFF WAVELENGTH
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FIBER MATERIALS
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1.GLASS FIBERS

RGMCET, ECE Dept.,



HALIDE GLASS FIBERS
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ACTIVE GLASS FIBERS
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CHALGENIDE  GLASS FIBER
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PLASTIC FIBERS

For long distance communication where very low 
losses are achievable, optical fibers with glass 
cores and glass cladding are very important.
For short distance communication where high 
losses are tolerable, less expensive plastic fibers 
are used.
Plastic fibers are of two types namely:
Plastic clad glass fiber
Plastic fibers
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Plastic clad glass fiber

These fibers are composed of silica cores with 
low refractive index.
These fibers are also referred as PCS fibers.
High purity natural quartz is a common 
material source for the silica core.
Cladding material is a silicone resin having a 
refractive index of 1.405 at 850nm.
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Plastic fibers

For short distance all plastic multimode step 
index fibers are used for communication.
The toughness and durability of plastic allow 
these fibers to have great optical signal 
attenuation.
This type of fiber is having numerical aperture 
0.6 and large acceptance angle of up to 70.
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NUMERICALS

The number of modes supported by step 
index fiber is given by

RGMCET, ECE Dept.,



RGMCET, ECE Dept.,



NUMERICALS

The number of modes supported by  graded 
index fiber is given by
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NUMERICALS
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NUMERICALS
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NUMERICALS
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NUMERICALS
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NUMERICALS
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solution
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solution
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EFFECTIVE REFRCTIVE INDEX
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SIGNAL DISTORTION IN OPTICAL 
FIBERS
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ATTENUATION

Attenuation of a light signal as it propagates 
along a fiber is an important consideration in 
the design of optical communication system.
Since it plays a major role in determining the 
maximum transmission distance between 
transmitter and receiver
The basic attenuation mechanisms in a fiber 
core are absorption,scaterring,and radiative 
losses of optical energy.
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ATTENUATION

Absorption is related to fiber material, where 
as scattering is related both with fiber 
material and structural imperfections in the 
optical waveguide.
Attenuation owing to radiative effects 
originates from imperfections of fiber 
geometry

RGMCET, ECE Dept., 3



ATTENUATION
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Absorption

Absorption is caused by three different 
mechanisms :

1.Absorption by atomic defects in the glass 
composition.
2.Extrinsic absorption by impurity atoms in the 
glass material.
3.Intrinsic absorption by the basic constituent 
atoms of the fiber material.

RGMCET, ECE Dept., 5



Absorption by atomic defects

Atomic defects are imperfections in the atomic 
structure of the fiber materials like missing 
molecules, oxygen defects in the glass structure.
Absorption losses arising from these defects are 
negligible compared with Intrinsic and Extrinsic 
absorption.
They can be significant if the fiber is exposed to 
ionizing radiation.
The higher the radiation level, the larger the 
attenuation. 
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Extrinsic absorption by impurity atoms

Extrinsic absorption results from transition 
metal ions such as iron, chromium, cobalt, 
copper and OH(water) ions.
The transition metal impurities causes losses 
from 1 to 10 dB/km.
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Intrinsic absorption

Intrinsic absorption is associated with the 
basic fiber material  pure silica.
It occurs when the material is in perfect state 
with no density variation, impurities, material 
in homogeneities.
Intrinsic absorption thus sets the fundamental 
lower limit on absorption for any particular 
material.
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RAYLEIGH SCATET
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SRS SCATTERING LOSS
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NUMERICALS
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NUMERICALS
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NUMERICALS
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NUMERICALS
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• BWO is an abbreviation used
for Backward Wave Oscillator. It is a special
type of vacuum tube used to produce
microwave signals in the range
of Terahertz (THz). Backward wave
oscillator belongs to the group of Travelling
Wave Tubes that generates oscillations at
microwave frequencies.

• Backward wave oscillators are also known
as Carcinotrons.



Operating Principle

• The principle of operation of BWO is such that
in order to sustain the oscillations inside the
tube, a back-reflected wave from an
imperfectly terminated collector is utilized that
has a direction opposite to the direction of
emergence of the electron beam.

• It uses the principle of velocity modulation in
order to build oscillations inside the vacuum
tube.



Construction
The figure shown here represents the structure of backward wave

oscillator:



• As we can see that the structure is quite different from
that of TWT. To generate the electron beam, an electron
gun is used that is composed of a heating element and
cathode. The cathode generates the electron beam inside
the tube. A slow-wave structure is present inside the tube
that is responsible for velocity modulation.

• We have already discussed the need for slow-wave
structure in our previous article of TWT. So, if you want
to know more about it then you can refer the same.

• The opposite end of the electron gun consists of a
collector region from where the forward wave gets
reflected back towards the cathode side and received at
the output.



Advantages &Disadvantages

•

•

•

•

•



•
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