


















Suppose n2<n1

• largest possible value of sin(2) is 1 (when 2 = 90)
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Total Internal Reflection; Fiber Optics

• largest possible value of sin(2) is 1 (when 2 = 90)

• therefore, largest possible value of sin(1) is
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For 1 larger than c , Snell’s 
Law cannot be satisfied!

• for 1 >C: no refracted ray, light is totally reflected

• C is called the critical angle of total internal reflection























































Gradient index fibers have a nonlinear but rotationally symmetric
refractive index profile, which falls off gradually from the center of
the optical-fiber outwards.









1. Wider bandwidth: The optical carrier frequency is in the range
10^13 Hz to 10^15Hz.

2. Low transmission loss: The fibers having a transmission loss of
0.002dB/km.

3. Dielectric waveguide: Optical fibers are made from silica which is
an electrical insulator. Therefore they do not pickup any

Characteristics of Optical fibers

electromagnetic wave or any high current lightning.

4. Signal security: The transmitted signal through the fibers does not
radiate. Further the signal cannot be tapped from a Fiber in an easy
manner.

5. Small size and weight: Fiber optic cables are developed with small
radii, and they are flexible, compact and lightweight. The fiber cables
can be bent or twisted without damage.









According to Snell’s law, the incident and refracted ray propagate in the same 
plane. Hence, on applying Snell’s law at medium 1 (usually air) and core 
interface. Then

From the above figure, we can write

On putting the value of θ from the above equation in equation 1, we get,



Substituting the above value in equation 3, we get

As we have already discussed that medium 1 is air, thus refractive index i.e., ƞ will 
be 1.
So more specifically we can say



This is the expression for the numerical aperture of an optical fiber,
having ƞ1 as the refractive index of core and ƞ2 as the refractive index
of the cladding.

So we can conclude that as the numerical aperture shows the light
collecting ability of the fiber thus its value must be high. As higher the
value of NA, better will be the optical fiber.

However, the greater value of NA will be achieved only when the
difference between the two refractive indices is high and for this either,difference between the two refractive indices is high and for this either,
ƞ1 is to be high or ƞ2 to be low.

While, for optical signal propagation, the only motive is not to have
high accepting range but also to propagate the accepted signal with
minimal attenuation.

This is so because an optical fiber that has the greatest light gathering
efficiency but does not allow light propagation through it properly, is
not of any use.



 The fiber optic sensors also called as optical fiber
sensors.

Optical fiber sensors are used to sense some quantities
like temperature, pressure, vibrations, displacement or
concentration of chemical species.

Fiber optic sensors 

concentration of chemical species.

 Fiber optic sensors are supreme for insensitive
conditions, including noise, high vibration wet and unstable
environments .



Fiber optic sensors working principle 

Basically, an FOS system is composed of a light source (Laser,
LED, Laser diode etc), an optical-fiber; a sensing or modulating
element or transducer (which transduces the measurand to an
optical signal), an optical detector and the processing electronic
unit (oscilloscope, optical spectrum analyzer etc.).



Light beam changes by the phenomena that is
being measured. The principle of operation of an
FOS is that a transducer modulates certain
parameters of the optical system (wavelength,
intensity, phase, polarization etc.) which causes a
change in the characteristics of optical signal
received by the detector.received by the detector.



1. Active fiber optic sensors 
(Intrinsic Type Fiber Optic Sensors)

 In optical fiber communication, because the signal usually decades during long distance
transformation, you need to add an amplifier to boost the signal.

 In such type of sensors, sensing takes place within the fiber itself.

 These type of sensors have their dependency on the optical fiber properties itself to
convert an environmental action into a modulation of the light beam passing through it.

 Virtually, any environmental effect can be converted to an optical signal to be interpreted
.Each environmental effect may be measured by dozens of different fiber optic sensors
approaches.

 It has been designed in such a way that it sensed only the environmental effects. The most
important characteristics of intrinsic fiber optic sensors is that it provides distributed sensing
over long distances.



PRESSURE SENSOR

In such type of sensors a fiber is sandwiched between a pair of toothed plates to
induce micro bending .When pressure is applied to these toothed pairs, there is a
redistribution of guided power between modes of fiber occurs, which changes the
power at output end .Once we calibrate such change in optical power with applied
pressure we can easily use such system as a pressure sensor.

A schematic diagram of such type of sensor is shown below.



2. Passive fiber optic Sensor
(Extrinsic Type Fiber Optic Sensors)

-Simply receive light data from the environment, it is commonly used for illumination (Fiber
optical lighting).optical lighting).

- In such type of sensors, sensing takes place in a region outside of the fiber and essentially fiber
serves as a conduit for the to and fro transmission of light to the sensing region efficiently and in
a desired form.

-These sensors may be used strictly as information carriers that lead up to a black box to impress
information on a light beam that propagates to a remote receiver.

-The black box may contain mirrors, a gas or liquid cell ,a cantilevered arm or dozens of other
mechanisms that may generate ,modulate or transform a light beam.

-The most important advantage of using these sensors is that their ability to reach places which
seems to be unreachable.



INTENSITY BASED FIBER OPTIC SENSORS: 

These type of sensors use multimode fibers having large core size. They require more
light to gather into it.

Above fig. shows the vibration sensor that consists of two optical fibers held in closeAbove fig. shows the vibration sensor that consists of two optical fibers held in close
proximity to each other.

When light is injected into one of the optical fiber, the light expand into a cone of light
whose angle depends on their difference ‘d’.

These types of sensors faces many limitations regarding various losses such as losses
due to connectors and splices, micro bending losses, macro bending losses and
misalignment of light sources and detectors.

To overcome these losses intensity based fiber optic sensors employ dual wavelength. One
of the wavelengths is used for calibration of all the errors due to the undesired intensity
variations by bypassing the sensing regions.


