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ABSTRACT

This project is-Study Behavior-of Pelarization in Eiber Optic. Ring resonator and principle of
Polarization has been described. In this place will consider that the light is the electro-magnet follows
the model of Maxwell, shake magnetic field and the formats of electricity field have the same value
but be perpendicular. The-mathematics variable that uses narrates behavior of polarization behavior
fiber optic and the equipment that makes the light changes-and it was modification has been
described. Passible applications. of polarization in fiber opti¢ principle established in this work are

discussed.
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THE FIBER OPTIC SENSOR FOR YOUR APPLICATION “TEMRERATWRETPRESSURE - STRAIN - DISPLACEMENT -FORCE - LOAD.

Opsens provides one of the most innovative yet flexible fiber optic sensing solutions for industries. We acknowledged that each application
has its own uniqueness and thus we strive to fully understand that which is best for your particular requirements

Continuous innovation is the driving force of our business. but itis your feedback which is key to our product improvement.

Medical Energy Aerospace Microwave Assisted Other Applications Civil Engineering Food
Utilities Defense Chemistry
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VoAU IN1IAT0IUMIMEYII DS (Advantage of Fiber optic sensor)

® Non-electric (immune to electromagnetic and radio-frequency interference)

® withstand high temperature and harsh environments (corrosion)

® High shock survivability (explosion or extreme vibration)

® high accuracy and sensitivity

light weight and small size

high capacity and signal purity

® multiplexing capacity

® Can be easily interfaced with data communication-systems

®  Passive (all dielectric)

® Component costs driven by large commercial ( Telecom & Optoelectronies market)

® Can be used in harsh environments where there is a risk of explosion and fragile
environments like the human body

®  Allows multiplexing of diverse information on a single fiber
2.1.10.1 wanmiasedudsleninimauiieady

ar 2 o ° @ 3 .
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fiber optic sensors (Extrinsic)lfiz - All fiber sensors (Intrinsic) (Udd,1991a)
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1. Linear Polarizers

TA Horizontal ;

B . 1
TA at 45 to Horizontal® —
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1

1

1

1

TA Vertical :

2. Phase Retarders

General .

QWP : FA Vertical

HWP : FA Vertical :
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QWP FA Horizontal :

HWP : FA Honzonial:




39

d d
2.3.4 alANAINIADS

el 9 =< as I'd o o '3 9 = o
wianyadendnu laudnnmes lumsunudaiuz Tnan lsaduazgilnssimaaedomms ne
1 1 T o g‘: [~ 9 o =Y o o 3/ - a
uARNNIANAIIIEHInIwasNIdouRy ldgawunnunaveuums ngn 14 TuvazdToud
o 4 3} = o = ] ar v
pame iz Twan lsdvewasdsunsndunia 2x1 Tasamninuaazaogluglues

: = o o 1
aw Iihdalszneulildoueundsauazilaves Taudnaes Tasluusazuuunu

¥
w s

@ o o o -~ o 2 - i
‘HﬂﬂﬁiﬂﬂfTL’]ﬂmElilmuﬁﬂ1u$IW§11‘1'§°]1‘UG\‘ILLINﬁ']ﬂ!uﬂ‘iﬂ"b’ﬂm"lﬂ 4x1 “Nﬁll'l‘]fﬂ‘ﬂﬁ%ﬁl’]ﬂ'mﬁﬂ

as .Y g!-'ay A

vy o 1 9 = -
unuladedydnual s;8,8;u0 s Javaglugilvosnudtinadvisdu iiie s, iHuanuduves

[

4 ~ 3 i @
UAININUA (total intensity) Tuvazh Sy S, UagS, nJuﬂamvﬁ’wammﬁmm%’aaﬂuamuz

P T = ¢ u o ] 1 o = P
Twm"lwmmum‘w ARININIS AN IEH AUHITHUNA TN TH TR T UMM TULaZ AN

'
o 2

~ Y ar 4 - P=3 4
3')ﬂli'ﬂuﬂi UNH Qﬂ"Iiﬂ‘i'lUﬁﬂ‘Hﬂlgm'm'V!ﬂﬂllﬁ’%"lﬂﬁZUUﬂTSN@@jLaﬁﬂﬂ'la\iﬁﬂB’l #0391

'
o

v =Y o 3 o o 2 [}
Amsiwas i lduaasaaidz et | sEuead e 03a I8 Insa s aaludauuoanis
Yt o 3/ =5 o & gt o = o

naaod IRimsdunlfiauesantsinudneoziodna TaoldaTandwisiimesdae

4
Yo A

o ) g T = 2
Tasi hilaTnndwsiliaef anisodoyaglugilusainnizodlumnasldaad

S= (2.39)

= ] = oot e o g
Iﬂﬂ’ﬂuﬂﬁ&:‘WTﬂlﬂﬁﬂiNUU”ﬂJ AU
A
S, A0 I,+1g
o~ od < y ¢4 A ¢
“W'l'i11!!,9"]9'5‘u‘HlﬂﬂﬂQﬂ'ﬂMlﬂ]ﬂﬁ?ﬂﬂl@ﬁlkﬂﬂiﬂﬂ'l'li‘]f NNINITUATIEN

S, An -1,

]
=

o o‘q‘r = [ [] 9 o o = ¢ A o a
‘W‘IiAI‘JJLG]E)?‘L!‘UﬂﬂﬂﬂNﬁﬂ']\ﬁgﬁ'}ﬂﬂﬂ'3']3““[]1.!“"@\3“301“?1115%%1’]'lﬂ'}i'}llﬂﬁ'l?dﬁ!.llﬂﬂ'lﬂ'li N

~

£ ar ¥ o =4 v ~ 1 1 g 1 o ar 1
0 18290 DIAUNYUNULNUDIND El.‘l.!ﬂ‘iiuWﬂﬁ’N‘llﬂ11J1ﬂﬂ’)1f.fumlﬁﬂ~1’ﬂuﬂflTWﬁ”Ill'i“]fﬂ\‘iﬂﬁT]iJ

]
=4

3 o & a 9 =t o/ as VN = v g ] o
LL‘H’JTHHLTJ‘L!Ll’d’\?IWﬂ'lhliGHL‘INL?I"I-JV]NLLﬂuﬂﬁﬂ‘lJ‘H"luﬂUL!ﬂuﬂNﬂ\i NIUHAANNUATUDINNFUY

'l 3
waaauas Ina lsgasnantiun udluuas Ina lsnFadufdununanaeaninAuunu e



40

Sz ﬁﬂ I45 - I-45

o ¥ v [l L= = & ° o a

wmsmei Huentimaanszneanudivewas Iwan lsdAvims s e iiderims daity -
= s Y o .-_51 o [] = [ L4 [ 4

451802 45 93AUNSUNULNUDI1IDY G]anuﬂ‘ifl‘!‘lﬂNﬁG’INQJﬂ1111ﬂﬂ'J"Iﬂuﬂuﬁﬂﬁ?"lllﬁﬂh’*lﬂ]"h“ﬁ
[ ] ~ ¥ & a 9 e ar o a g - P v ~
mﬂanmmﬂumﬂuumTwm"liwmmuﬂmmumnmuu 45 RMNUUNUDIIDY NIUNHAN Y
"y ' J/d ' o= ¥y A o o'l o o
muaﬂﬂmgruﬂmmm'ammTwm'lsenuuu’ﬂuumuﬂuuﬁﬂwm"lwwmmuﬂaﬂmyu -45 99

TG CARGE

=1
S3 ne IRCP 7 ILCP

o

= u’g T U a' & Y A o s
WA ﬁ]iu‘]JBﬂaﬂﬂ'ﬂﬁw5$1fi'J'I\ﬁﬂ'J']iJ!.‘lTllilENl!.ﬁQIWa'l"l,i“l?“ﬂﬂ'lﬂ'lﬁ?mi']xﬁ Hevinsinany

Y d o ¥ r."i = [ =0 v
LﬂlMﬂlﬂQLLﬁQIWﬁ‘I"liﬂlf%uﬂflQﬂﬁilﬂ'llﬁl’)'] (I, Ly dazausie (T -.) maiuﬂﬁmwwammmmﬂmw

RCP LCP

o 1 o o y .3 ¥ d o o A L= R
g{ummmamﬁﬂwm"lwmﬂmamm'ﬂumﬂuuﬁﬂwaﬂwwmanaumumw ATUNHAAINUAT

o ' o3 ' Pt 9 A 1] o g
uaﬂmwgmﬂmmﬂnmmTwm'lwmmﬂuumz!ﬂmmaIwm"l'icmaﬂaumnma

3 ¥ d’ 1 1
alandnmaasiannsouny lenstasniiows Twan lsduaziaen udlulnar 158 5o
4 1 [ - (] =
Twarlssnsan sz nuaed ldTwar lsaansauaasinmaes o Wi 1dnna
a ga a 3'1 o t P =} [ P 1 d
Taqaaniunimanives war lsissunsnuamsnsauaaailiaunasds nuiwi oudunesd ludh

o

SR g ¢ ¢ g - ' o &
e Inan lsssemialandnnwosaziaauilua i fevesdaulszno luglvednnosaeil

Sy={I)={E., ¥E.,)

o
8,=(T, “To’) ~(E2 + E7) (2.40)

S,=(lys -1 45 )=(2E,,E,, +cosA )

S, =(Tncr ~Ticp )= (2E,E,, +sinA )

A o) ' = FY Z A (=1
i]']ﬂal,uLﬂi BER(FARLI] < > ﬁ]%llﬁﬂﬁkﬂ‘l«lﬂ']l,ﬂﬁﬂtll‘lﬂ'lﬂnﬂﬁ]ﬂ\i“uu'lﬂﬂ??ﬂJLﬂJNLLﬁQﬂQﬁUﬂLN@LLﬁQLlll!'ﬂu

o o - 4
s Tnan s ugilvesueivealad mowvas s, s, uay s, semelilvdelisndugud deuauiu

b Y

J ' < Y
Tnanlssuadanezld o< S + 82 + 82 <1 dnihuuasInan lsfauysaliumouyss

S48 +82=1



41

HN 7 o o ¢ < ¥ o
lunstinvh e Tandnnmesiluuesuealagiiusznldnnmsvildanuuvesuassiy
%‘/ =] = - o c v 9 \?J 1 £ =
mnuadlumie (s,=1) e lalasnsihmanudusoaasiunivua ldmamnudunasi s,

lr) A g ¢ o« ¢ o o
uay s,/ lasenunileyilunesuea ladhuansaniuzves Ina lsdeen daansluasiei 2.3

= 4 r'd ar ' 3 ' [] 4
Yoavesalandnnwmesae asadalddeilesnnldanuduue s FameonTaud

& =4 é @ a e ; o o I °
nawes¥aauiluaui Iiirienlunisdaa uazluanuitelsdId 1 Falandrnmeiuim

ot o o gl @ ] -]
ﬂ'lﬁﬁﬁ'J‘ilﬁa'ﬂl:l,ﬂ33?]?”ﬂ'J'anJuiwa'lvl'i“lﬁlﬁNllﬁﬂﬂ?ﬂﬂﬂ%%ﬂﬂﬁﬂﬂﬂﬂl’lﬂ

- 2 o = elol | a o
AT NN 2.3 meuaiuaa"lamwnmmmmmmmﬂwm‘lwwmﬂqamu:

C4
amuzysanaalney i Normalized Stokes Parameter

Horizontally Linear Polarization

Lo
o
' -1
Vertically Linear Polarization 0
- 0 -+
i
+ im AL ¢
48 -Linear Polarization :
- 0 -
r | 7
+ Mo 2 0
136 [inear Polarization i
Lo

Right Circular Polarization

Left Circular Polarization

A A 9

3 [ - o -~ 1 a o o d ¥ 4
wannnmstha landwinimesuideulvey ludnyazvouumsnduuing ooy 14

1 [ 4 o [ Y o @ a ' Y o
Llﬁﬂﬂ!ﬂﬂﬂﬂuuﬂﬁnﬂﬁIlﬁWﬂﬂﬁﬁiﬂﬂﬁ‘ﬂ'ﬁ’mm’l’)ﬁ3J'IGIi']jﬂ‘l!,m%'lﬂﬁu’ﬂu’dﬂﬂﬂ1ﬁﬁﬂi’mﬁ9mﬂu

waelwsnlsdnse bivazdiaouzfhusuls fimseaoudianisahalandwisiiined



42

o - [V g.:g LY o 0
muwamdTnaiamusaldasgunmuasdnyuzasads Twan lsadidhdsgnaswaeulay

¥
a = 4 =
Puamsaes@@eulumenvesalandmsiimed)szneudie
] o) 4 . N
1) mautiu Inan lssveatas (Degree of Polarization: DOP)

ST+87 487
DOP = x 100 % (2.41)
0

ar

n: = o s 1 A ° I PR
Tﬂmﬁmm‘u%:‘mﬂmmwmﬂuiwm"lwmammﬂanﬂa 1uﬂ15ﬂ1u3mhlﬂ11 DOP U934a3Nnad

ot 1 a v = o o 2 ¥ o ¢ o [
ATlITaUUAT 100% LLﬁﬂQ?TLLﬁQﬂﬁﬂﬂ13!ﬂullﬁ\‘]jWﬁ'lvl,i“li'ﬂﬂ'NﬁiJuﬁm HazsIn 1911 U DT IHUA

[4
w

Y : y a ? i el ' ' a -
Yovawn lsuuanudluTnarlssudenez desaamiiuedaispanlumsl fians adeuas
3

{ = ' oo =] 3 A H o
Tnan lsdnfl Dorwiadn 100% 1l Ide 0w n eilitinsninaamhiauysaivesginsaing

ueraifeog glnsain 1Flumsduyugdnssimanas luazdoanaiioannlsua Idilu

[
~

a a el & .8 b o a 2 rA =) o
UanuAIINIUY AU UALT DOP ﬂﬂ1ﬂﬁ’3~ﬁﬁlﬂuﬂﬂ’|1ﬂ?’l’!ﬂﬂﬂﬂﬁ 100% 1INga

»
2) Anpaalan®a (Ellipticity: e)

(2.42)

& A 9Ly - W V ' v & . .
Iﬂﬂ“ﬂﬂﬂmaﬁﬂﬂﬂ%’ﬂ(e) AD DATIAIUTSHIANHAA NUDUAUT U (minor axis) UNUETI(major axis)
) a8 o Y & A e ", o o
voa31)93 Falulinmuniminnlwluamfnamianelsendnuszanuilu Inar lsdves
@ - 3 1 & 7 [ o
uera lFautaiy nandedasyia llaonug Tnwai lsrvesuasaniontsoon ladlu 3 nuvfe
¢ o = = d = { o Y
T lsdwtiagadu Tnan lsdvilannauuasinarsdeiaass lunsdifuasmdgnasivia
[~ o [~ PV v ] A o =1 i *
WunasTwan lsseo vz lanmuaininardiadu a1 pop ndaaldfesiin11nd 100% a4
) s = o a1 g = (= o (=1 d' @ o ar dg'a
dmsuluaudtenisdaniiesnnaeida lumsanoNezdadudnyazvoauad Tnar lsadnaay
F=y ] ga 9 ] o o g‘; A o o ¥ od =4 1
¥iaa13nd loma ¥ DOP M9 Aueenyt aadien g IR UBIAIUANA 18I aD U
o AW Yo & o b P 9t t:t:t:‘ﬂyd; L 1 =1 =
Twan lsdvouaai Iasusnniludosldaneadanda o in Inan lssunazuuuvziianoad
F R ] 9 1
Uangafiuana1eiu sy uas Inan lsduiiagadusziieadddnddilugudluvastuaaTnarlsd
= = aoa ad.yd & o o = = NS qa‘.’ ] T o
yilanavazlieadlinddiduvilwozuasIna lsdadard ez lineafandnogseninegudny

&
LN



43
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Coupling
Ratio Port Power Port Power Port Power
50/50 1 10dBm 3 6.2dBm 4 6.2dBm
90/10 1 10dBm 3 -2.7dBm 4 9.2dBm
99/1 1 10dBm 3 -11.6dBm -+ 9.6dBm
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Two Port Signal Mixing
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Input Signal QOutput Signal
Coupling
Ratio Port | Power | Port | Power | Port Power Port Power
Sig A: 1.8dBm Sig A: 1.8dBm
50/50 1 5dBm 2 8dBm 3 4
SigB: 4.2dBm Sig B: 4.2dBm
Sig A: -16.6dBm Sig A: 4.6dBm
99/1 1 5dBm 2 8dBm 3 4
Sig B:7.6dBm Sig B: -13.6dBm
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2.7 Optical Gyroscope
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RETARDANCE (radians)
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RETARDANCE (radians)
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Parameter Value
Attenuation of the optical fiber, O/ (dB/km) 0.331
Wavelength of light, A {(nm) 1310
Refractive index of the single-mode fiber, n 1.467
Propagation constant, ﬁ (. m)—1) 7.036
Coupling coefficient of the fiber coupler 1, &7 (%) 94.8
Cavity length of fiber ring , L {m) 2000
Transmission coefficient-of the ring
excluding the fiber linear loss, (_,r {dB) 0:517
Excess loss of coupler , % (dB) 0.1
Vacuum velocity of light, 20.(ms) 3x10°
Fizeau drag first-order correction factor 0.544
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