UNIT

FIBRE OPTICS AND APPLICATIONS

3.1 INTRODUCTION

Fibre optics is a branch of physics which deals with the transmission and
reception of light waves using optical fibres. The principle behind the transmission
of light waves in an optical fibre is total internal reflection. In 1870, John Tyndall
gave the demonstration of this principle. Later in 1880, Alexander Graham Bell

reported the transmission of speech using light beam.

The development of lasers and optical fibres have brought about a revolution
In communication systems. Some experiments were carried out on propagation of
information through light waves in open atmosphere. A light beam acting as a
carrier wave is capable of carrying information more than that of radio waves

and microwaves because of its high frequency.

Radio waves - 108 Hz.
Micro waves - 1010 Hz,

Light waves - 1015 Hz,

The light transmission in the atmosphere is restricted to line of sight
andlseverely affected by disturbances such as rain, snow, fog, dust and
atmospheric turbulence. Hence, to have an efficient communication system

the light which carries the information requires a guiding mediam known as
OPtical fihyreg, |
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3.2 STRUCTURE OF OPTICAL FIBRE |
An optical fibre is a very thin, flexible thread of transparent plastic op

glass in which light is transmitted based on the principle of total interna]
reflections. It consists of central cylinder or core surrounded by a layer of materig]
called the cladding which in turn is covered by a polyurethane jacket. Light is
transmitted within the core. The cladding keeps the light waves within the core
because the refractive index of the cladding material is less than that of the core,

The cladding also provides some strength to the core. The additional polyurethane
jacket protects the fibre from moisture and abrasion.

- Polyurethane jacket
Cladding

Fig. 3.1 Structure of optical fibre

The core as well as the cladding is made of either glass or plastic. Three
major types of fibres are

(i)  Plastic core with plastic cladding.
(ii) Glass core with plastic cladding and
(iii) Glass core with glass cladding.

In the case of plastics, the core can be polystryrene or polyether
methacrylate. The cladding is generally made of Silicon or Teflon. The glass is
made of silica. Small amount of components such as Boron, Germanium of

Phosphorus is added to change the refractive index of the fibre. In comparison
with glass, plastic fibres are flexible and inexpensive.

The thickness of the core of a typical glass fibre is nearly 50 pm and that of
cladding is 100 to 200 ym. The overall thickness of an optical fibre is nearly 125
to 200 pm.

2.4 |FEATURES OF OPTICAL FIBRES
. 1. It is light in weight.

9. It is smaller in size and is ﬂexible, so th

at it can bend to any position.
3. It is non-conductive, non-radiative and non-inductive. |
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4. It has high bandwidth and low loss.
5. There is no short circuiting as in metal wires,
8. There is no internal noise (or) cross talks.
7. It can withstand any range of temperatures and moisture conditions.
34 PRINCIPLE AND PROPAGATION OF LIGHT IN OPTICAL FIBRES
(liri'}ciple Nt
. The principle behind the transmission of light waves in an optical fibre is
total internal reflection.
The phenomenon of total internal reflection takes place when it satisfies the
following two conditions.

})4 Light should travel from denser medium to rarer medium.
l.e., n, > n,

where, n, - refractive index of denser medium (core)

A\' n, - refractive index of rarer medium (cladding)

174 -

2. _~The angle of incidence should be greater than the critical angle.
4

: ie., 6, > 0,
where, 6, - Angle of incidence

8, - Critical angle.

Let the light ray travel from denser medium to rarer medium. The reflection
and refraction at the interface is a result of the difference in the speed of light in

two materialg having different refractive indices.

Case (i) When 6, <6_, the ray is refracted into the rarer medium as shown
1 3
in Fig. (3.2 a).
Case (ii) When 6, = 0, the ray travels along the interface so that the angle
1
of refraction is 90°. This angle (0)) is called as critical angle as
shown in Fig. (3.2 b). ‘
Case (iii) When 6, > 0, the ray is totally reflected back into the denser
medium itself as shown in Fig. (3.2 ¢). This phenomenon is known

as total internal reflection.
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The angles of incidence 6, and refraction 6 are related to each other and tq
the refractive indices of the dielectrics by Snell’s law of refraction which is

represented by the following equation.

n, Sin6;, = n, Sin 6_
Sin 6, n,
When 6, = 0, 6, = 90° then by snell’s law,
n, Sin 6, = n, Sin 90°
Sin Bc _ __Ii
Sin 90° n,
1 Do T o _
sing, = —= [ sin 90°=1]
C nl
Bc = Sin_l(p—z]
n,

Where 6, is the critical angle and n; and n, are the refractive indices of the

denser and rarer medium respectively.

n,>n, 0,<86, n,>n, 0.=6 n,>n, 0,>6

I T
i I
) I Refracted T2 | n,
I I
|

" ray
o o0

Fig. 3.2 Phenomenon of total internal reflection

Propagation of light in optical fibres

For optical fibres, the process of propagation of light (optical signal) is simple
because the light wave enters at one end of the fibre and strikes the interface of
the core and cladding only at large angles of incidence. The light beam undergoes
total internal reflection and passes through the length of the cable.

Even for a bent fibre, the light guidance takes place by multiple total internal
reflection all over the length of the fibre as shown in Fig. (3.8).
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Let us consider an optical fibre into which the light is injected. The light
ray travels along AO and enters the core at an angle 0, to the axis of the fibre.

Fig. 3.3. Propagation of light in optical fibre

The light ray is refracted along OB at an angle 6, in the core. It further
proceeds to fall at critical angle of incidence 8 = (90 - 6)) on the interface between
core and cladding at B as shown in Fig. (3.4).

Acceptance cone Normal

Incident ray </

Cladding n,
Fig. 3.4 Light propagation in optical fibre

If 0 is greater than the critical angle at the core cladding interface, the light
ray gets total internally reflected and propagates through the fibre (i.e.,) the light

will stay inside the fibre.
Since it is the critical angle of incidence, the ray is refracted at 90° to the

normal drawn to the interface (i.e,) it moves along BC.

HoWever, only light wave that enters at an angle of incidence greater than 0,
at O will ultimately be incident at B at an angle less than the critical angle. Due
to this, it will be refracted into the cladding region and be absorbed by the cladding

and hence it will be lost.

3.5 NUMERICAL APERTURE AND ACCEPTANCE ANGLE
~ Letn i and n, be the refractive indices of core and cladding and let ng be the

| refractive index of the medium (air) in which the optical fibre is placed.
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Now applying the Snell’s law of refraction at the point of entry of the ray Ag

into the core, we have,

n,sin, = n;sn6. (1)
at the point B on the interface of the core and cladding,
angle of incidence 6 = 90-6_
applying Snell’s law of refraction again,
n,sin(90-6) = n,sin90°
n,cos6. = n [-- sin 90° =1]
cos0. = 2—‘: ..... (2)

Rewriting equation (1), we have

: n,; .
Sin 8, = ;1-; sin 6_
Sin6, = D1 1 cos? e, . 3)
L8 ¥))

eqn. (2) sub in eqn. (3)

Sine, = -1 [1-—2

a

Sing, = Y1 2 (4)

RN o - = R S

Acceptance angle 6, = Sip7t¥Y 1 -2

If the refractive index of air (ny) = 1

Acceptance angle | 6, = Sin'ynf-nz | . ©)

Thus the maximum angle at (or) below which the light can suffer total

: ction i
mte::n&] reflection is called ag acceptance angle. The cone is referred as acceptance
cone",

(NA). It denotes the light collecting efficiency of the fibre and is the measure of
the amount of the light rays that can be accepted by the fibre.
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NA "= Bin0gs: ao soseit nouesileastd. .. %)
NA = Sin [Sin-1 JnZ-nZ ]

NA = n% - n% ‘\? ..... (8)

3.6 FRACTIONAL INDEX CHANGE (A)

It is the ratio of the refractive index difference in core and cladaing to the

refractive index of core.

(ie.,) A = M ..... (D
ny
Relation between NA and A
we know that NA = nZim?
(or) NA = \/(nl +ny)(n;-ny) . (2)
From eqgn.(1) nMA = ny~n, 0 FEEERGEES 3)
eqn. (3) subineqgn. (2)
NA = J(nl +ny) mA
Ifn; ~n,, then
NA = \/—27%; S N
NA = n,|2A >/; S e (4)

3.7

TYPES OF OPTICAL FIBRES

Optical fibres are classified based on

(i) Material,

(ii) Number of modes,

Optical Fibre

(iii) Refractive index profile

'

Material

o3

(a) Glass fibres
(b) Plastic fibres

No.of modes

[

(a) Single mode fibre
(b) Multimode fibre

l
1

Refractive index profile

)

(a) Step index fibre
(b) Graded index fibre
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Classification based on material

It can be classified into two types.
a. Glass fibre

b. Plastic fibre

a. Glass fibre

If the optical fibres are made by the fusing mixtures of metal oxides anq
silica glass, then it is known as glass fibre.

Examples

The glass fibres can be made by any one of the following combinations of core
and cladding. |

i GeO,- Si0, core ; Si0, cladding

i. PO - Si0,, core ; Si0, cladding

iii. SiO, core ; PO, - SiO,, cladding

b. Plastic fibres

and durability.

Examples
1.

Polystyrene core —
2,

‘ Methylmethacrylate cladding.
Polymethylmethacrylate core - Co-polymer cladding.
ii. Classification based on number of modes

Depending on the number of
classified as

modes of Propagation the optical fibres aré
a.

Single mode fibre
b. Multi mode fibre,
3/) Single mode fibre

It has a very small Core diametep
propagation and hence called single mod

80 that it can allow
_\%re. The cladding diameter must P¢
Wed to the core diameter,

US in the cage of g single mode fibre, th°
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Buffer jacket

Primary coating

Cladding

Fig. 3.5, Single mode fibre
Structure

Core diameter
Cladding diameter
Buffer jacket diameter

5-10 ym.

Generally around 125 pm.

250 - 1000 pm.
Numerical aperture 0.08 to 0.15, usually around 0.10

Band width More than 50 MHz.

Application

Because of it its high band width, they are used in long haul communication
systems.

N~

b~ Multi mode fibre

Here the core diameter is very large compared to single mode fibres, so that
it can allow many modes to propagate through it and hence called as Tnultimode
ﬁbres.jfhe cladding diameter is also larger than the diameter of the single mode
fibres as shown in Fig.(3.6). Multimode fibres has several advantages. coml.)ared
to single mode fibres. The large core radii of multimode fibre make it easier to

—
imode f ful in
launch optical power into the fibre. The multimode fibres are useful i
) et
manufacturing

or the step index and graded index fibres.

Refractive
index

‘T

1

Fig. 3.6. Multi mode fibre
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Structure
Core diameter 50 - 350 pm.
Cladding diameter 125 - 500 pm.
Buffer jacket diameter 250 - 1100 pm.
Numerical aperture 0.12-0.5
Band width Less than 50 MHz.
Application
Because of its less bandwidth it is very useful in short haul communication
systems.
3.8 DIFFERENCE BETWEEN SINGLE MODE FIBRE AND MULTIMODE FIBRE
SNo.| SINGLE MODE FIBRE

1. L1ght can propagate through Light can propagate through the
the fibre in only one mode fibre with multiple number of modes

2. | The fibre core diameter is The fibre core diameter is large and
very small and the difference the difference in refractive indices
between refractive indices of the core and cladding is. large.
of the core and cladding is
very small.

3. | Since light propagates in Due to multimode propagation and
single mode, no dispersion material scattering, there is signal
occurs (i.e., no degradation of degradation.
light signal takes place during
propagation through the fibre).

4. | Launching of light into the fibre Launching of light into the fibre
and coupling process is not easy. |and coupling process are easy
Used in longh icati o

3. 8¢ nghaul communication.| Used in LAN (Local Area Network)-
Since, the fabrication is d: i ]

6. . P e i difficult, | Since, the fabrication is easy, the
the production cost ig very high. | production cost is low.

_— i

Table 3.1 Comparison between singlemode and multimode fibre
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il classlification based on the refractive index profile
The optical fibres are classified into two types,

a. Step index fibre
b. Graded index fibre

M Applications ‘ %

2. Step index fibre

In step index fibre the variation in refractive indices of air, cladding and
core varies by step by step. Hence, it is known as step index fibre. The step index
fibre involves both single mode and multimode fibres as shown in Fig.(3.7) and
Fig. (3.8) respectively.

A

|

Refractive
ki 2 | (14 B —
- T A
nl ore

Cladding %

Fig. 8.7 Step index single mode fibre

REfractive
index (n,)

Fig. 3.8 Step index multimode fibre

In both the fibres the variation in refractive indices will be in step by step
:}: :h?Wn in Fig. (3.9). Since é single mode fibre ?as less dispersion than multimode,
Inul‘;mgle mode step index fibre also has low intermodal dispersion compared to
Mode step index fibre.
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0 Radial distance from fibre axis (r)=

Fig. 3.9 Refractive index profile of a step index fibre

b.  Graded index fibre : (GRIN fibre)

Here the refractive index of the core varies radially from the axis of the
fibre. The refractive index of the core is maxim

um along the fibre axis and it
gradually decreases towards the surface. So it is called as graded index fibre.

Refractive index is maximum at the fibre axis and minimum at the core-
cladding interface. That is at the interface, the refractive index of the core and

cladding is equal, whereas it varies with the distance between the fibre axis and
core cladding interface.

- A typical multimode graded index fibre is as shown
in Fig. (3.10).

Refractive

ALY A
| l
index /“1 ju )

] ‘ Cladding
Fig.

3.10 Gradeq index multimode fibre




| opt:cs and Applications
b

Fi 3.13

n(r){

M
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E

2 »

§ Core |Cladding| Air

5

~ n, n, n,

0 Radial distance from fibre axis (;‘;—
Fig. 3.11 Refractive index profile of a graded index fibre

39 DIFFERENCE BETWEEN STEP INDEX FIBRE AND GRADED INDEX
FIBRE

L. | Since there is an abrupt change

In this ﬁbre, the refractive index of
in the refractive index at the the core is maximum at the centre
core and cladding interface, the | and decreases gr adually (parabolic
refractive index profile takes manner) with distance towards the
the shape of step. Hence, outer edge. Hence, called graded

—\
called step index fibre. index fibre.
\
2, Attenuation is less for single ~ Attenuation is less.
e —_— v
‘mode step index fibre and more | e
) for multi mode step index fibre.
3. | Number of modes of propagation| Number of modes of propagation for
for a multimode step index a multimode graded index fibre is
| fibre is given by given by
TN i ; , : 2 2
N 4.9 (d xNA)? N _ 49x(dxNA)*/(x)
step = 2 graded ~ '_ g
o A7,
. ) : Nitep
Where is the diameter of the | ie., N graded = "o

ore, ) is optical wavelength Thus, the number of modes is half

and NA is numerical aperture. | the number supported by 2

o \\ o | multimode step w
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The light rays propagate through
the fibre in the form of meridional

rays, i.e., the rays follow a

zig- zag path, when they travel
‘Ehrough fibre and for every
reflection it will cross the fibre

axis as shown in fig. 3.12(a)

L Cladding ]

o ]

Fig. 3.12 (a)

m rays propagate thmu‘gh\’

Engineering Physicg
—70

fibre in the form of skew rays, i, e,

The rays follow a he]ifg} path

PRt

around the fibre axis, and the

would not cross the core-cladding
interface at any time during their

propagation as shown in fig. 3.12(b)

Fig. 3.12 (b)

Single mode step index fibres
are expensive and difficult to

manufacture. But, multimode

—_—

step index fibres are inexpensive

and simple to manufacture.

Graded index fibres are easy to

‘\_/\
manufacture.

The bandwidth for single mode
step index fibre is more than

multimode step index fibre.

I

Multimbde graded index fibre has
higher band width.

Nu%pemure is very
less for singlemode step index

fibre but is more for multimode
step index fibye,

Numerical aperture is high.

Table 3.2 Comparison betw
%FABRICATION OF FIBRE

Many techniques are available

ii. Drying method
iii. Vapour phase oxidation technique

iv. Vapour axial deposition techniqye
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(ii)  Fusion splicing
In the fusion splicing method, the fusion splicing is accomplisheq by
applying localized heating techniques such as flame or electric arc at the interfa,
between two butted prealigned fibre ends causing them to soften and fuse. Fibyeg
are aligned using a mechanical fixture equipped with a small microscope
Micropositioners are used to physically move the fibres into position under visyg
inspection. Once aligned an electric discharge is struck across the two fibre ends,
which melt in the heat generated. As they come in contact, surface tension forceg
help for their self-alignment. An average loss per splice of 0.1 dB or less can be
obtained for well-matched fibres. Fusion eliminates reflection at the interface
and if done properly results in a strong permanent connection. Fig.(3.15).
' Arc
Fixed electrodes
block Movable block

Fibre 1 ; \ ‘ &; \  Fibre 2
§ ) T

— — = —au(

\

: )
 Fig. 3.15 Fusion splicing

3.12 LOSSES IN OPTICAL FIBRE

When light propagates through an optical fibre, a small percentage of light
is lost through different mechanisms. Hence the two factors which affect the

transmission of light waves in optical fibres are
1.  Attenuation

ii. Dispersion

3.12.1 Attenuation

It is defined as the ratio of the optical power out

t fibre of
length “L” to the power input (P, ). put (Poy,) from 2 _
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Attenuation |q ~10 P
=  — log | —out
L Pin ] dB/Km
There are three mechanisms that can be attributeq ¢ :
i. Absorption losses 0 attenuation,

il. Scattering losses

iii. Radiation or bending losses

]

Intrinsic
Material Atomic
absorption ™ defects \
e — Extrinsic
A I-‘—- Rayleigh
T
T Linear
E lh‘—‘ﬂ MIE
N .
U Material
A scattering
T Brillioun
I .
0]
N

-1 Non-linear

l—————— Raman

Microscopic
Bending losses (or)
Radiation losses

Macroscopic

(i) Absorption Losses
i Materig] absorption is a loss mechanism rel .
Breaty depakad o wavelength of light used. The absorpti

thy,
°¢ Categorieg namely,

ated to material composition.
on of light may be of

% Intrinsic absorption
e b Atomic defect
c.

Extrinsic absorption
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)
Extrinsic loss mechanism is also caused by the pre

—_—

Intrinsic absorption

An absolute pure optical fibre has little intrinsic absorption due to
its basic material structure. This absorption cannot be avoided.
Absorption by atomic defect |

This absorption caused due to inhomogenity of materials like missing
molecule, high density clusters of atoms or oxygen defects. This
absorption is negligible.

Extrinsic absorption losses

The presence of impurities like iron, copper, chromium etc., is the
major problem in signal attenuation. These elements contaminate the
fibre and propagation of light in the fibre is greatly affected due to

interaction of electron (impurity) and photon (light).
sence of hydroxyl or

OH ™ ions in the fibre. At 950, 1250, 1380 nm, the absorption increases drastically.
Hydroxy! ions absorb the light in these wavelengths.

(i)

Further, the linear scattering includes Rayleigh and Mie

Scattering Losses
The scattering losses are classified into two types, namely

Linear scattering losses and

Non-linear scattering losses.
scattering and

non-linear scattering includes Brillouin and Raman scattering.

a'

Linear scattering losses

Rayleigh scattering
Scattering is an important optical phenomenon an
wavelength of light. The inhomogenity of material like refractive inde¥

fluctuation and compositional variation will cause a

d depends 0"

n attenuation called

Rayliegh scattering. ,
According to Rayleigh scattering, loss is inversely proportional t

fourth power of the wavelength and is given by

o the

Attenuation o 1
A

This scattering loss can be reduced by operating at the longest possib ¢

Wavelength.
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ii. Mie scattering
The imperfections of fibre such as irregularities in the core-cladding
interface, core-cladding refractive index differences, strains and bubbles
will cause Mie scattering can cause significant loss.
b. Non - linear scattering losses
The Brillouin scattering may be regarded as the modulation of light through
thermal molecular vibrations with in fibre. In this scattering process, the incident
photon produces a photon of frequency 'v' called acoustic frequency. This produces
as optical frequency shift causing loss in transmission.
C. Stimulated Raman scattering
Like Brillouin scattering, stimulated Raman scattering produces high
frequency optical photon rather than an acoustic photon. The magnitude of loss is
greater than Brillioun scattering.
These non-linear scattering losses can be reduced to minimum by using a
optical signal level (less than threshold optical power). |
(i) Radiation or bending losses
Radiation loss occurs in fibres due to bending of finite radius of curvature in
optical fibres. The radiation losses are two types.
a. Macroscopic bend loss b. Microscopic bend loss
a. Macroscopic bend loss

If the radius of core is large compared
Fig.(3.16). In this type of bend having large curvature at the position
where the fibre cable turns at the corner. At these corners the light will
n for total internal reflection and hence it escapes

to fibre diameter, as shown in

not satisfy the conditio
out from the fibre. This is called as macroscopic losses.

Claddin_g

B Escaping
\ ray

Fig. 3.16. Macroscopic bend
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b. Microscopic bend loss '

Micro-bend losses are caused due to micro-bends inside the fibre ag

shown in Fig. (8.17). This micro bends in fibre appears due to non uniform

pressures created during the fabrication of the fibre.
Microscopic

Escaping ray
Fig. 3.17. Microscopic bend

Micro-bend losses can be minimised by extruding a compressible jacket

over the fibre. In such cases, even when the external forces are applied,
the jacket will be deformed but the fibre will tend to stay relatively

straight and safe, without causing more loss.

3.12.2 Dispersion losses

When an optical signal (or) pulse is sent into the fibre the pulse spreads
(or) broaden as it propagates through the fibre. This phenomenon is called
dispersion.
The dispersion losses are of three types, namely,

i.  Modal dispersion |

ii. Material dispersion and

iii. Wave guide dispersion

i Modal dispersion

Modal dispersion occurs in fibres that have more than one mode of

propagation.
A

L
Tl
7\,1‘ A
walet BT /o
_| A

Fig. 3.18 Modal dispersion
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When light ray travels through the fibre with all possible modes differing
in the path line (i.e) some rays will reach the core end before the another. The
tion transmitted is stretched out. If the pulse stretch is much, they begin

Fibre O

informa
to overlap with each other and may reach a point with a time difference.

i. Material dispersion
Material dispersion occurs due to

material and wavelength of the light used.
The change in signal is due to the fact that different wavelengths travel at

Which inturn depends upon the refractive index of the material

the variation of refractive index of the

different speeds.
through which the light is transmitted as shown in Fig. (3.19).

Fig. 3.19. Material dispersion

iil.  Wave guide dispersion
Wave guide dispersion occurs only in the fibres with single mode.
The wave guide dispersion arises due to the guiding property of the fibre

and due to their different angles at which they incident at the core-cladding
Interface of the fibre. |

Fig. 3.20 Wave guide dispersions

Among the three dispersions:

1 T ' T .
@al dispersion > Material dispersion > Wave guide disperston
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3.13 FIBRE OPTICAL COMMUNICATION SYSTEM
An optical fibre communication system consists of three important parts
1) Transmitter,
- ii) Optical fibre,
11i) Receiver
as shown in Fig. (3.21).
a ~lnfo,?%1:a:;§or§ é’@cﬁ’a?fsource
. The information signal source may be voice, music, video signals etc, which
is in the analog form to be transmitted, is converted from Analog signal to electrical

J

signal.
Transmitter Optical fibre
Transmitter end \
ﬁ‘n— AAAAAN A-nalog Electrical Drive Light source
signal signal circuit LED/LASER
Encoder
Receiver
Receiver end Amplifier
o ; i
'ﬁ' Analog Electrical Signal Photo Detector Optical
signal [~ giong) Restorer | PIN/APD signal
Decoder

Fig. 3.21 Fibre optical communication system

b. Transmitter -

The transmitter consists of a drive circuit and a light source. The drive
circuit converts the electric input signal into digital pulses and the light source
converts that into optical pulses. The light source usually used is LED. Here the
electric pulses modulate the intensity of light source (Laser (or) LED) and ar
focussed onto the optical fibre.

c.  Opticalfibre__

It acts as a waveguide and transmits the optical pulses towards the receiver

based on the Principle of tota] internal reflection.,
d. Receiver....

The photo detector is a recejyer which receives the optical pulses and conver

it .mto electrical pulses. Further the signals are amplified by an amplifier. Thes®
| ,‘electr ical signals are decoded (i.e.) converted from digital to analog signals: T8
_ the original electrical signal is obtained j analog form, with the same informati®™




| !

Engineering PhYSics
~—110 Physicg

Light rays propagate through the fibre either as meridiom

skew rays. _
Double - crucible technique is used to produce step index optical fibre,
LED and laser diode are commonly used as light sources for fibre optics,

Photodetector is a device used to convert the light signals to electricq]
signals at the receiver end of the fibre link.

The light signal transmitting through the fibre is degraded by two

mechanisms namely attenuation and dispersion.

Fibre optic sensors have high accuracy, high sensitivity and small size.

Fibre endoscope is used to study the interior parts of the human bOdU

1.

- Refractive index of the core n

A Silica optical fiber 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 N.A. of the fiber and (c) the

acceptance angle in the air for the fiber.
Given data

1 = 1.50 of the cladding n, = 1.47

‘Solution
The critical angle, 6, = sin! g
n,;
= gin’! !
1.50
= 78.520

The numerical aperture

NA = (n;2 — n 2)1/2

= (1.50%2-1472)12 _ 39
The acceptance angle in air,

0, =

a

l
—
=~
e
at

(=)
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2.

Calculate the total number of guided modes propagating in a multi
mode step index fiber having a diameter of 50ym and numerical
aperture of 0.2 and operating at the wavelength of 1 pm.

Given data

Diameter of the fiberd = 50 pm =50x10-%m

Numerical aperture = 0.2
Wavelength of operationA =1 pm =1 x 105 m.
Solution
2
dxN.A)? 50x1076 x 0.2
N=4.9 (Lé—)— =4.9( Srady | 400
(A) (1x107¢)

Hence the fiber can support approximately 490 guided modes. In this case

of graded index fiber, the number of modes propagated inside the

fiber = (Nstep/2) = 245 only.

An optical fiber has an acceptance angle of 30° and a core refractive
index of 1.4. Calculate the refractive index of cladding.

Given data

Refractive index of the core n; = 1.4.

Acceptance angle 6, = 30°
Refractive index of the cladding n, = ?

Solution
: y 2 2
sin6, = n; — N,
! 2
sin?0, = n2-n,
, . 2
or) n? = n’-sin”8,

o]
[\
[\~]
I Il i
==
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= & B
1 b
o |
o um
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3.36 Engineering Physics
~IEeTINg Phygicy

4.  An optical fiber has a NA of 0.20 and cladding refractive indey of
1.59. Determine refractive index of the core and the aceeptan,,
angle for the fiber in water which has a refractive index of 1.33,
Given data
Numerical Aperture NA = 0.20
Refractive index of the cladding = 1.59

Refractive index of water =:1.33

Solution
nz - Il2
= n2-ny? = (0.20)
or n? = (0.202+ ny?
n, = ((.).20)2 +n?
= (020 +(159)?
= 40.04+25281
= V25681
nl = 16025
Nao - Vni-n}
nwat;er
. (6025)° _(159)2
: o = 0.1502
cceptance angle = a=sin"1 (NA) = gin-1 (0.15)
6, = 8¢

acceptance angle of fiber
Given Data
The refractive index of the silicg

core =
The refractive index of the a5 n; =15
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Solution:

Critical angle of core-cladding interface

0

~nfn
c sin7!| =2
n

= sin-1(0.9333)

0 =

C

(ii) Acceptance angle 6_= sin‘l[

a

69°34

1/2
2 _ 2
nj nZ]

- sin 5’ - (1.4)2]”2
_  sin~1[0.538]

0 =

a

32.5°
A fiber has a diameter of 6pm and its core refractive index is 1.47

and for cladding it is 1.43. How many modes can propagate into the

fiber, if the wave length of the laser source is 1.5 pm?

Given data

Diameter of the fiber d = 6 pm 6x10%m
Refractive index of core n, 1.47
Refractive index of clodding ng = 1.43
Wavelength of light 1.5 pum
1.5x10%m
Solution
dxNAY
We know, Nezsits £5 49| —
2
15 6x10"8 x NA
= Y17 15x107°
Where, NA = J17172 -143%
‘ = 034
2
| s 6x107% x0.34 2.04x 1078 o
Notioo 5 o o L 1B%10%° T 15078 T e
= 9.06
Npapicie i 9 modes

Therefore no. of total modes = 9
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e . oo
{. A step - index fiber has a numerical aperture of 0.26, a cqy,
refractive index of 1. and a core diameter of 100pm calculate
o — !
a. The refractive index of the cladding

o

b.  The acceptance angle 6a

c.  The maximum number of modes with a wave length of 1um that the
fiber can carry.

Given data

Numerical aperture NA = 0.26

Refractive index of core n; = 1.5

Diameter of the core = 100 um = 100 x 10° m

Wavelength 2 =1pm=1x10°m

Solution
_ wiibie Refractive index of cladding
i weknow NA = 4n}-nj
026 = 15%2-n2
0.0676 = 1.5%-n,?
Therefore refractive index of cladding
n, = 14772
b.  The acceptance angle
From sinf, = Na _ 040
Ny 1

Therefore the acceptance angle 6, = 15.07°
The maximum number of modes
For a step index fiber
(dx NA)®
(a)*
(100 x 1076 0.26)2

[re0)

N Blep = 4.9

N = 4.9

3312.4 4
Therefore, The step index fiber allows 3312 modes to propagate througb it.
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ulate the val .
Calc ue of fractional index ¢}
ange of an opti
ptical fibre

of core with refractive index
1.25 and cl
adding with
1.2,

Given Data
tive ind
Refractive 1ndex of core n; =125

Refractive index of cladding n, =1.2

Solution
Fractional index change A = n, My
ny
E 125-12
- 125
A = 0.0392

Fractional index change A = 0.0392

ore refractive index = 1.450

length of propagation is
r? (Ans : 1.0646)

Suppose a fiber has a diameter of 5um and its ¢

and cladding refractive index = 1.447. If the wave

1
um, how many modes can be propagated inside the fibe

T : Y
he relative refractive index difference for an optical fiber 13 0.05. 1fthe
jve index of core

.

.ntrance end of fiber is facing the air medium and refract

i :

51.46, estimate its numerical aperture: (Ans : 0.4617)
n optical fiber with

tance angle of @
dex of cladding

Fi :
nd the numerical aperture an d accep
d the refractive in

a .
| _lizfraCtlve index of the coré 1.546 an
(Ans

. re of 0.16 and @ core

T LR £ P
- Sep-indexed optical fiber has a nurnerlcal ape

Yefpoaiaiis s 2
o factive index of 1.450. Find the refractive inde

U late the critical angle. G1Ve?

- _“®optical fiber is 0.02.
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1. Give four applications of fibre optic sensors. \
e« Fibre opticv sensors are used as optical displacement sensors, which are
used to find the displacement of a target along with its position.
» It is used as fluid level detector.
« Itisused to sense the pressure, temperature etc., at any environment.
» It is also used to measure the number of rotations of the fibre coil using

the instrument called as Gyroscope.

2.  Explain the basic principle of fibre optic communication.
Total internal reflection is the principle of fibre optic communication.
Principle : When light travels from a denser to a rarer medium, at a
particular angle of incidence called critical angle, the ray emerges along the
surface of separation. When the angle of incidence exceeds the critical angle,

the incident ray is reflected in the same medium and this phenomenon is

called total internal reflection.

3.  What are the conditions to be satisfied for total internal reflection’
Light should travel from denser medium to rarer medium.
The angle of incidence (¢) on core should be greater than the critical anglé

(¢.)ie. ¢>¢ . The refractive index of the core (n;) should be greater than the
refractive index of the cladding (ny). i.e. n; >n,

4. Define numerical aperture.

SN o S g TR RN o Ty
AN RN i - N S g B S O e S S S A S R S e e

Numerical aperture determines the light gathering ability of the fibre. It .
4 measure of the amount of light that can be accepted by a fibre.
Numerical apertyre (NA) can also be defined as the sine of the acceptan®

angle (8,). if 1, and n, are the refractive index of the core and claddin®

respectively, Then
NA = sing,= fn,? p,2
5. Define acceptance angle, |
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6. Distinguish between step-index and graded index fibres

e

1 The difference in refractive

indices between the core
and the cladding is obtained
in a single step and hence

called as step-index fibre.

Due to non-uniform refractive
indices between the core and

the cladding refractive index
garadually increases from centre
towards interface and hence called

graded -index fibre.

9 | The light rays propagate as
meridinal rays and
pass through fibre axis.

The light rays propagation is in
the form of skew rays and does

not cross the fibre axis.

3 It follows a Zig-Zag path of
light propagation

It follows a Helical path(i.e.spiral

manner) of light propagation

4 It has a low bandwidth.

5 Distortion is more in

multimode step-index fibre.

BaASed' on the material it €
p) Plastic fibre

What is meant b
between fractio

Fractional index ¢

the core (n;) and the cladding (ny) to ther
nl - n2

—
—

(i.e.) A
The relation between
How will you classify opt

Optical fibres are classified

i) Material ii) num
an be ¢

a) Glass fibre

e

y fractional jindex chan
nal index change and

hange is the ratio of re

NA and Ais given by

ber of modes

It has a high bandwidth.

Distortion is very less and is
o due to self focusing effect.

atmost zer

ge? What is the relation

numerical aperture?
fractive index difference between

efractive index of core.

n;

NA =1n;4/24

ical fibres?

into three major cate

gories based on

iii) refractive index profile.

lassified into



Engineering Physics

342
Based of number of modes they are classified as

a) Single mode fibre b) Multi mode fibre

Based on refractive index profile they can be classified as.
b) Graded index (GRIN) fibre

a) Step-index fibre

The fibre in this case allows large

number of modes of light to

1 | In single mode fibre only one

mode can be propagated.
propagate through it.

2 The single mode fibre has Here, since the core diameter is

a smaller core diameter and large, the core and cladding

difference in refractive index refractive index difference is also

of core and cladding is small. large.

er radio

10. Mention the advantages of optical fibre communication ov

wave communication.

Optical communication can be made even in the absence of elect
r lightening:

ricity.

The optical signals are not affected by any electrical signals o

Optical fibre communication of free from Electromagnetic interferenc®
ment!

(EMI) and this type of communication is suitable to any environ

conditions.
quality signe!

. Easy maintenance, longer life, economical and high
ication'

transmission are the additional features of optical fibre commur
: , +ted
. Wider bandwidth, so large number of signals can be tran-‘iﬂ’“f’t

simultaneously.

11. What is meant by splicing.
Splicing is the technique used to connect the fibers. In this
two fibers can be joined with the help of an elastomer (or)

splices, using an adhesive (or) matching gel.

techﬂiquz

four ! ‘
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: {hat are the losses that occurs during optical fiber
Jbr . munication.

During the transmission of light through the optical fiber, three major

Josses will occur, viz., attenuation, distorsion and dispersion.
Attenuation is mainly caused due to the absorption, scattering and

radiation of light inside the fibers.

Distortion and dispersion occurs due to spreading of light and also due

to manufacturing defects.

13, What is meant by attenuation ?

It is defined as the ratio of the optical power output (P,,) from a fiber
o length ‘L’ to the power input (P,)-
P.

out

dB / Km

ie, Attenuation (o) = %—Q log

. 14 Mention any two fiber optic sources ?
() Light emitting diode (LED) - In LED’s we have two types, viz.,

(1) Planar and (2) Dome shaped LED

(i) Laser diodes (LD) — In laser diodes we have many types, in

which homojunction, heterojunction laser, injection laser diode etc.

are'widely used a fiber optic sources.

15, . |
What i meant by injection luminescence. Give example.

0 the majority carriers are injected from p to 1 and n to p Teglom
the né : minority
Carp ; ‘ .

€18 diffyges away from the junction and recompines

o . : i omenon
i k W carriers in p and n regions and emits light. This phen

nOWn P
- 8 injection luminescence.

— ple . Light Emitting Diode (LED).
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(i) Extrinsic sensors - here separate sensing system collects the light

from the fibre. {
241 R
21. Give any two ﬁp_}}}j_ggjiprgs\of optical fibres in industries.

1. Fibre optic endoscopes are used to find minor cracks, pores etc. in
big machinaries. |

2. They are used in coagulation in chemical industries and
laboratories.

3. It is also used to connect a monitoring station and a remote sensor

in industries.

992. State some of the applications of optical fibres in medical field.
1. Fibre optic endoscopes are used in medical diagnosis.
9. Ttis used to visualize the inner organs of the body.

3.  Fibres as endoscopes are used in various medical fields such as

cardioscopy, laproscopy, cytoscopy etc.

23. What is meant by endoscope ?

A medical endoscope is a tubular optical instrument, used to inspect

(or) view the internal parts of human body which are not visible to the

naked eye. The photograph of the internal parts can also be taken

using endoscope.

L Describe the basic phenomenon in an optical fibre. Derive the expression

for acceptance angle and numerical aperture.

2. Explain the propagation of light through optical fibre and the applications

of optical fibre as wave guide and sensor.
3. What are the different units of fibre optic communication system? Explain

their functions.
4. Define total internal reflection? Arrive the condition for total internal

reflection in an optical fibre.



