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Fabry-Perot Interferometer

Fabry-Perot resonator: Lightwave is resonant between two parallel plates.

Path difference between two successive rays:
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Fabry-Perot Interferometer (FPI) based Sensing

When the FPI system is subjected to a change in temperature (AT), The relative phase shift
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Ad = Change in Cavity Thickness
(An)s,..in = Strain induced change in refractive index
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Fiber Optic Fabry — Pérot Sensors

Measurement is achieved by measuring the Fabry-Perot cavity length using white light
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FPI Sensor for detection of Ammonia

For 30 sec
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Kanawade et al., JOSA B, 36, 684 (2019)




Polydimethylsiloxane (PDMS) FPl based Temperature Sensor

L=130 um
L=160 um
L=240 um
L=260 um
Linear fit for 130 um
Linear fit for 160 um
Linear fit for 240 pym
Linear fit for 260 um

——Y =-0.00103 + 3.85X10° T
—Y = .0.00127 + 4.74X10° T
—Y =-0.00191 + 7.11X10° T
—— Y =-0.00207 + 7.70X10° T
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Pawar et al., OSA Cont. 2, 2353 (2019)




Fraunhofer Diffraction

“Fraunhofer” => incident, outgoing rays parallel

Start with single plane of atoms (a grating) 1 ./
Wave “in phase” —incident crests and troughs aligned 21— > =2 0 ___

o
Extra distance traveled by 2 is d sin@ /

If this is an integer number of wavelengths, we get constructive interference

Condition for Maxima
dsin@ = mA wherem=0,1, 2, ...

If 1is known, measuring ftellsus d
« Orifdis known we can get A, etc.




Diffraction based Sensing
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with Bragg grating
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Stretchable diffraction grating
based strain sensor

Ryabchun et al., Adv. Opt. Mater., 4, 169 (2016)




X-Ray Diffraction

X-rays have wavelengths comparable to atomic sizes
and spacings, about 10719 m

Crystals and molecules reflect X-rays in specific
patterns depending on their structures

Interaction of X-Rays with Atoms X-ray diffraction pattern of myoglobin

Involves the electrons, primarily
4 I 4 J 7



http://en.wikipedia.org/wiki/Image:Myoglobindiffraction.png
http://en.wikipedia.org/wiki/Image:Myoglobindiffraction.png
http://en.wikipedia.org/wiki/Image:Diffusion_rayleigh_et_diffraction.png
http://en.wikipedia.org/wiki/Image:Diffusion_rayleigh_et_diffraction.png

Bragg Diffraction

W. H. Bragg and W. L. Bragg, 1913 (Nobel 1915)

—o

e Condition for constructive interference:

2dsin@=nA Bragg’s Law

e Diffraction from different sets of planes in the crystal gives a picture of the overall structure




More Information

Intensities of diffraction maxima can vary — more information
about detailed structure

Symmetry of the crystal structure is reflected in the diffraction
pattern

Electron Diffraction

Can be done with particles too, due to their wave nature!
Direct test of the De Broglie relation
A=h/p

(Davisson and Germer, Thomson)




Sensing based on Order-Disorder Transformation
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Fiber Bragg Grating Sensors

Optical Fiber _"\.
i n
Fiber Core The reflected wavelength (A;),

called the Bragg wavelength, is
defined by

0

Core Refractive Index
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Spectral Response

P P P The reflected wavelength
m m\ /\ depends on the strain and

Input 4 Transmitted 4 Reflected * temperature of the fiber



http://upload.wikimedia.org/wikipedia/en/d/d1/Fiber_Bragg_Grating-en.svg
http://upload.wikimedia.org/wikipedia/en/d/d1/Fiber_Bragg_Grating-en.svg

Cascaded Fiber Bragg Gratings

‘Em 111

— Optical
Circulator FBG, FBG, FBG, FBG,

-\‘4 7 [ [ ] o o | ] ] e
* * * *

Modulated ﬂf

ASE Source / F F F F

v
(b)

8 —— Nithoul Strain
With Strain

o]

1

Intensity (a.u)

Monitoring of Highways
and Bridges

10 20 30 40
Time (ns)




Multichannel, Multianalyte Fiber Optic Sensors

Cladding Sensing Region Fiber core
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Dual Channel SPR Sensor

Urea Solutions (1HOmM (2)5mM k = Experimental points for channel 1
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Optical scattering in silica fibers
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Distributed Sensing
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Summary

Fabry Perot Interferometry and sensors based on it were discussed
Fraunhofer diffraction and sensors based on it were discussed

XRD, Bragg diffraction and their sensing applications were discussed.
Fiber Bragg Gratings based sensors were discussed

Multi-analyte and multichannel fiber sensors were introduced
Principles of fiber optic distributed sensing were disucssed
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