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They are a new sensor class, where general principle of operation based on

chenges by measurand the optical way or polarization properties of optical fiber.

Such sensors are named intrinsic or phase sensors.

For optical fiber, optical processing technique which process phase information

on intensity information (DI), is called optical-fber intereferometer. It is a simple

fiber-optic device allows observation of a interference between two or more

optical beams.

Introduction
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Fiber optic interfereometers are equivalents all well-known optical bulk 

interfereometers, where light is closed in structure of single-mode or 

polarization preserving optical fiber. 



General principles

An optical sensor may be formally defined as a device in which an optical signal

is modulated in response to a measurand field. Let us assume that the source

has some well-defined wavelength spectrum, and that the electric field at

wavelength l is E(l), in unit bandwidth. Then the corresponding received

electric field will be:

where T(X, l) is the propagation matrix describing the sensing element and X is

a vector describing the physical environment, including terms representing

temperature, stress, electromagnetics fields. The function of the signal

processing used in the sesnor system is to invert above relation, to find T, invert

again to find X, and then to idenftify and evaluate the reveland component(s) of

X to recover the desired measurand.
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It is instructive to express T as a product of terms, each describing a physically

obsevable effect on the transmited beam, such that:

where: a – scalar transmittance, f1 – the mean phase retardance, and B are all

both dispersive and environmentally sensitive. In a multimode fiber, spatial

coherence is not fully maintained, so that for many simple multimode fiber

sensors the device is entirely characterized by the dispersicve scalar

transmittance, a.

In modnomode systems, sensing mechanisms based on modulation of any one

or combination of the parameters a, f1,, B. In practice, the transmittance of SMF

shown only weak environmental sensitivity, and intrinsic monommode sensors

are thus generally based on phase and polarization modulation.

The transfer function of a monommode sensing element in the Jones calculus

is::

where: a0– scalar constant (transmmittance) and B – the Jones matrix.
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For a SMF possessing perfect cylindrical symmetry B = I, but general it is

necessary to consider the effects of birefringence within the fiber. For example

for a linear birefringent fiber:

Such a fiber is characterised by two linear polarization eighenmodes, such that

f2 is the induced relative phase retardance between the eigenmodes caused by

propagation through the fiber. For a circularly birefringent fiber:

where: 2f3– the induced relative phase retardance between the eigenmodes,

which in this case are left and right circularly polarized states.
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The environmental sensitivity of the fiber can be described in terms of above

phase fi (i=1,2,3) dependencies on external stimuli such as temperature (T),

pressure (P), and strain (Dl/l):

l – the length of the fiber, ni - relative refractive index of fiber (1- fiber, 2- difference

between refractive index of two linear eigenmodes, 3 – differece of refractive index betweeen

circular eigenmodes)

Transfer function:

bulk system fiber-optic system
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I=I'{1+V()cos[f−()]}      I=I'{1+V(,SOP)cos[f−(,SOP)]}
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Ideal construction (without polarisation)

Coupler description:

Interference:

The degree of coherence of the source:

Visibility (contrast) of the interference:

Intensity on detector:

Practially: and thus =1, V=1
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Ideal construction (without polarisation)

Electrical field on detector:

Intensity on detector:
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Dual wavelength interferometry (l1 i l2) – increase of the dynamic range

Transfer function:

Increase of the dynamic range of the factor

White light interferometer

An alternative technique for the extension of the dynamic range concerns the

use of short coherence length source with gives possibility to measure phase

as well as visibility.
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Input electrical field:

Describe time difference of ligth propagation between ways 1 and 2 for sensing

and receiving interferometers => transfer function:


