





L.

-t penad] o3 L& ,j ot boss o8
Optical Fiber Measurements

Sl ammi e g ! el it b Ty | LIV Ll s

IR <o [ U PO V- BTN D RNt £ S U 06 T I pref@rm i

g gy el e Lt oy il gl padeiai¥ sV pis Cngd 130,
b Gk LI concentricity 8 E il Lasd

ESE YR FPRE SO0 5[ UL 4 PRRSVIE [ PPN Y PR PN {8 RSP
Sl o e ¢ Camprdl s p iU o ey S OUALE B ead] Y L
sl mpe b ¢ (haacdl sdne i) dpsaad! 3 i) omd o (il oo i)
st et ¢ (Jaattl bl iendd) a5 (st g3 Lof i)
il aid (el bl Ginll) ool
UL BOPIYEL o P B POUY DO P U ) SO 91 3 R PR WP
-] torsion
gl L@&ah@yggﬁ 33y ¢ depitand 150 Uiy o il e s
TP PVNP SN | FU N1 gyt SUESPRNTEC EN B PPN TEIN {5 SPSC P L
wiehd) Gl o e WH!@&M 2 g aalgdl jeolially o (g s JolS e
S as ¢ splicing loss ol Jorsall s o crosstalk Baalll o (Laaddl siaza
S g pnall S a3 iy Bepdl iy I S iy y i a2y L
S W— )| PR W L;ALM IR I CCI Y S D S | I T L 1
P S OVF R WP () JUU- PR - 1 M}J dhood 1 { Smatd| 3ohuitozon b}

w1 chromatic dispersion




Yy -

‘BER abadl s dine « pasaall J1 50891 S+ a2SU 2ol 5,000
parameters olldl le Jadl po (San oo deiteadl Laill 1o a5 puis
oo bt Al Al Sprl 0055 iy o Deiniadl Gl Gy Lguld et
Bale Wpand! 5421y (ol 3 JUL 4o L Wpase 585 5] wibally ol il
Olaball o sis oldl 3340Y] any pliiad s e A\l Sy Boieo (550
Sl gy Teeasinia e @y bl 2dg) el Caming Ay LS5 50
5 Weall oY 6 Ode & R QUL o LT S Gl by
Mo 3 ot 352« obbdls Ll i Jhar AL Clisolys Wb, CCITT

. standardized measurements wuﬂ clldl A Joai!

Power Measurements ayngll dleled V-V

Gadsl b Tosinnaad ] LV 3 Lokl benle¥ o b Sl s
sl B 0555 5 0 23l ol J e AT i e ! Y
BV WLl 38y Tl o iy il LS Had,y o 0 Oy K
+ welbinnl pa b pis

Sources and Detectors .aslgsilg adig V-1V,
gl [.;a? oo (Tungsten Halogen) fussd! dedte ol oa
1305 sht gpn uals g o Wolsas Y Lppad! GLINT 3 5,001 ool Badiezuad
sl gLl e sf e plidnaed W Lde b 0o e ib e Jpadf U]
el Sl o Sl Solad aBASUE Ll ¢ gk A gl 48 S b Yo
IS e o pyiocan S pdbtny &3 o ST sl Syl 1S 131, 1050nm e
plisand (Sgy < (10 Ga AS P) pi¥ly pudlbly g pslly Oliosill g 435500
prsite bl A e AEW Lol ! 805y e Liopial] 3,28 COST B3] o pmiba ] iS



YT

sl e 18 5oy

Field Distribution fasjl gaigs Y-4-1.

NS BV ¥ [PUEIC FIPO TN (O (P05 3 SN RS IS
ISy il 1 TS il e BT 50 e iyt Wy dendly e il
EVR 1RSI PANVETVR 0 | R TR A PP L1 SRR UL PO MU OO S C R N
RIS R YO Y PV TR IRt R URESTT g HENCY
Wi B LYl Bl s diad Lpuld LdS i Bige L ey oo i1 S
0 5l g g f oKasd ¢ gy e Gyl o] LED il sl it pela
sl oLl iy By G 50 e (V=4S G b1, (FOTP-43)
T a5 Gk GBS Do peme ol CAB(S by (el Tolene oSl

Dm&
i

§

*{g‘ [ U&ﬁum




S

Ja 1505 o8 oiones Lild ot 06 By el Beils LS 15 Ll

(FOTP-AT) 35 puetidl ] gy I 50t (F¥-1.) S i alls o iy dsan|

o nets & ey + gl Suploadly LS8 oy Z Bkt o 2o - Lot e it
: LI Dol i ik

(10 &)°

Z> T e

Y RS

b 5 ol foadl sz ol i3 5o 05 ¢ piital eyl s 5 o,
- Jaali gal&f widd el

s o] S MY gy bl f iy (10.1) Dol g 81 bl
d=10mm i o ks (10.1) Baball 3 7 K o0 3,555+ W1 o s - T Lo
oo PN L] Jions 2 00 Tl Tl e d 2B 3G Z = 1.2m s s
Dolall Lze s Gy (o0 F-8 ) IS g5 5 8300 ol szl oS LLall ada
7 e i

Y =fsinf  ienninnnn { 10.2)
ookl pipn Y ¢ bl Jak1 gl o g ¢ Ahald (g3501 dadl o £ f o

el SV b ol el g g el il izl ey . o288 ¥
AN W5 Tew o (FOTP-57 5,8301) 5 5 ey hulgidl jmias e ¥
il i e 3y G U gl Jphons 5 U ot 313 L] 31
o 503 St Ul 1 e g gl Sy § e 05 1S iy gl il 35
Jdall sl e 0 kgl 15d Tl Joohesd ST 5T Lt or 5Tl
s Al e e Bl g b Lo Ty il o Enil o juial] s
§ meiall) intETfETENCE MUICTOSCOPE Jihad o Sy Fact bbbl G L8N
gl dapas 43 al (FOTP-179



S .

()

et Sl 5l g5 (7400 Jsad]
AT
et BB B ool Dbl g Ty g b ()
Optical Fiber Power Loss pumdl il 08 5,28l g8 ¥-4-4.
1y i) bl o aall g 0y - Pl 5 ST e sy Legi A0l
» dia JUSYI



~¥Yto--

Attenuation juagul ~ |

Sl liay -Gl 5U0 LY 8 sl & e ow gl Slay
ey sCattering Loty absorption jelewsd! o gwell sl
sl polaza¥l g sleyi Wlng o Lle o gl Joyf &l e Lolazey!
S G ©Us SN JUiml Loy ol polana¥l oy ile 5W Ll
Gsf pobaza¥l Jary A= 140nm wie aly Gl Jewossll Gl 5SS
gobaza¥l oy UM nie i oss fly gdlly (Dl IS D ol it
SAFE

2y A polana¥l Jadyy (ol polazell 331 gl U
A =27000m ae jliaml iyl Ay KL ol 3 OH oli,ls oSt
soban¥l famy 43 - B gy K0y A=1245nm (A =1385nm ye oS,
- padll 3 AN S any 5 Gyl polasal B Ll 2

LR SR PR | RPN U N /PSP (P e JVE g T W
Ssin i SV Jalas o Donass Jgoladl JUall frcamy 3y il ] dnita
gl il GBS Sl ol o LA G S L 8

Il LS el g RS o et Ul ey W LS
Wity olis 301 2806 A1 o st il U B0 Sl L eus
rinpall oa

HB (dB/Km) (el Jolaw @ 0) 5 zadShr o cadll b of Lo s ls
t S ae s (o> L) Lo 5 Ly gy 5,00 Plowos!

P(L)=P(L )10~ M .. (1032)

L
Azf a{L)dL. dB e { 10.3b )
i



T

SER PR LA FER TS T POUI DI 3 JREI TR SRS JCHTRN S
bl bl Gy S Gn st e el S (103 2) Ualadl ga

s audlatl dslall
P(L;}
A= lelogm":gj- AB eiereenes (104)
: glwb it peny O el Lelae ol dob ﬁbﬁ\%jlzsfu e pall k8" 15
a= we B/ KM e, (10.5a )
Lol (10.4) Aslall clamanlyy
10 P (L)
®= T log By o (10.5b )

Attenuation Measurement Methods  gusgifl wbi@ Goka = o
=1 s radl Gl G ol Gl G b OW pdas
- pbdll b (V)
aasdl Sl Jesyia b (1)
el Stat l b (1)

Cutoff Method glaill Gaypda (V)
0 (RO ETRE 5 ORI [ RV | JW EJCUP & I S OR S S I TN P
shectbl a3 i i ity S Do BB e Jidy gl G L dis
Iobs il e Ui et ¢ B0 Jid; 2t e 5,001 iy (e 20 (o)
L' it o putall Sl b8 = Gl e a8t o uy - L2 v L Gy g et B0
A bl 5 (10.4) Wslall pladcaly . el o Sl oo sy o



~TYV—

(10.5) Uslall o dr s @ sl Joolass

oo pakinally il b ol S e JSlda o WK ol LY
s peducai iy ¢ ebodll QG peiadt s G gall ol ey (0} B el ds ]
+ gall pladl 5 il s LSy gl ol el 25, 51

T S PP
&= @ { AR ALY . P { Ly y
(hn
[ —— — .
) 42 Jado wdopd it 3
e (%) PR A UR LI SRl
{=]

(FOTP'ndﬁ}chﬂiﬁkﬁgaygﬂfuﬂhﬁ (r-v.) I

Insertion or Substitution Method goygesllg Ylaslff b ds (Y)
I IR TN PP + VW [ 19 5 [ PR O -1 X PP 2
PENICIE S REAT R (R W R WX N/ PR T SRR N
Ay sl s A sy GBIl pll oy AT oS T o ALy
LS e ) wn g el UL Gl diey o (T -0 ) IS 5 LS P
iy alt ity ¢ goal] gl Jhall GBiS's LT I it g o gl Jln] 0 0 o
SRl LS Pr st sie 5,0ill ol el ] il ol wis cF !
s &l Waladly At Gl e y? e e - {if=V )



~FVA~

P
Ap =Ag +10log 33?; ,,,,,,,,,,,,,,,,,,,,, (10.6)

4 bl Gl g I AR e 0¥ - il A G AR o S
- A gd goled sAT il agond wiliol e

wlesd i) 3 il

il (,_R) b &S Pr il

LS WREA U L W1 & yaif]

- o) -

(FOTP - 53) virsasdly Joo¥l Lk capadl Wl (£ -0 sl

Backscattering Method juusell (2Ll ks (V)
SEA 5 LS il adnly Bl e aflnaly o peadl ] B B 0 6 o
Sl A G Sl Sl e ade el B sems e {0-Y )
e tamy deg Gasl ) oleyll 08 U3 wey - Rayleigh Sca‘tmring
- transit JEsYl gags el ¢ piall 1,05 ik DS gaye el W Ly
A=Y S S gl D s Ol Jelas B e o8 time
wJWW&WM@m&&)‘JQL&M w@v‘&d Al fad ol
SR PRI {1 W1 8 X P P [ P P O 1 AU el el

Pry aaitull



AL

L)
L“J"{““'?ﬁ « At g 'wt} &WILD.\U Wg w}” R GW = e el

At
7

°
n
L= bl alidb ol ds
At = oty 5,y IV A3 gy et
c=3 x10° mfs .o puall Lo

n = __,LSJY! J&LM
R J.'{-ﬁﬂf Jﬂ(&&;
5 P(L}

*= 0L O BT

Al ey wady sydall GY Walall s 5 5 3 ML Jasd 10 G o Bl
il oady Ul Jalaa 0o COUS 13] oo Wolall ade of e ATl o 095
N CHERS WUV PR 5 PR PP

i
{hu.o 2-&}-’:-‘;19[.&
2 3
/ e
; Wal 1 o
Y4 5 4 Fduawad 33l

ot JU L, by ine it Wld (6-0 ) JSan



—“2«"‘

Vs Ly Joritcn ol cldany U Tsr 25 LSl 15,0001 5V )l
optical time domain 1eflectometer e il i ol lig! piizy
fIACIUTES | pouaSil! 31 oo 3 o LSt il (s izl - OTDR
ER STV W FE! PRIV PRSD IO PR NP
Lyl 3,0l e 6 g dealecd 58 JSUT 081 o 55081 e 09,
Sl e LSy it i Seabonad |83 el 500 loica s pidl s i A1
830 8 e glall e sl - ek g UL o S Cal) Ll oliall 6 il
s 5l DIN VDE 0472 o, A1 b il Lo ¢ MY S0s Ll
geSall 2Lt Liy b Ll TEC 793-1-C, €y jays o8, LAl Slisl bl 1252
IEC 793-,251 . ;41 DIN VDE 0472: LWl ol 2301 Mg e J Sand
, FOTP-59 s faril il i TS il o3 ol 2l 1- €3
JFOTP- 60, FOTP-61,

g Backscatiered power @ 5 503413 5080

§ wonsrmie:

Length of fiber S
whalll Jgde

Vi ity b puall Jlaall - oSl SUall ol o (-1 1) JEL2
3 i stz Gl b il iy 2 3 s P s il Sl



~¥Eiy -

Bandwidth Gkl g ¥-1.
N E RN PRS- Y SOV NP B JSP-EY {1 S P [N
ils b Uasll o o2 ot o Jrols pddian b 338 ¢ (gl U e Lo lal]
VST S P BETP P[5 N LS JVE {1 S TS DYV P ¥ 2]
Lhid s 2 Liantll fnue I cantill a3y e g pmed) lll 3 centall e 1085
el o ging 1 133,281 24 o 5 dmgs - gla s ] 9350 K s 5o
e il a1 g Ll 3 5T TOW PSS FIMET iciin o8 g S sk f pocand!
o33 ity 38 pramsng § kel e WD Sl 5 5 005k iy
il p Lt by <3, L8310 ) 50,2 abajk onm gl sl Lol
g $hmgty Poim) dia g s Py () AT N0y B JuSididt ilas 5 wie iy puiall
s S S Tl e e ol g bl

P,(fm}

Hfm )= 3 &

Cor HO) e Loz, HUM) uilasaley -(fm) LY, H(M) 4l dosr
SE s IS 5 S ls Sk s o g fm = OHz e Jai s p H0)
2 ey e (Y= 1) ST LaS Gaussian sl ¢ mand! Gl 3
LWy (Tm = OFIZ) JuS 5 sy e siall 5, 0,55 Lo oY nshiis Oy U]
b heSetial! s i gl 3 s oS! s b DS el 5 il S5 Laie

p AU L ey 3 db point g

H{fm=B) _
ST S B8 ot (10.9)



AL

0 B
o asandh aa)5 —e

s el Jugsdl s (VY ) SR

Bandwidth Measurements jliifl g gulag V-4
dolee U of ol Bl Geal oo 508 alen U1 ope il
o (FOTP-44)5 2a) Joadhl g3loly Bl siazn cild sl o5 ol LSOV
i e b o 50800 g5 Tpal i JabL Goldl Ll plasaad S
J s s S5 ¢ (FOTP-43 3,200 n(r) LYt falas &;gw $adll i
gradl il el sl Jaly Jlasd ST Jaldl Ll 1Y ] i s
$piidl mzdy o piall b Gpsly o e widdll L, QSA LU sae
(CCTITT G650 , o8y wladli J g Jl 058 Joliall o ity « Rpasall
. FOTP-177 , FOTP-43 , FOTP-54)
oy gradl il b o Lob cendiss Gl o of USE oy G
GUsll o,e slezst ol agd @l gy Gl e okl Bisna by 0 i s
o s Il e dasay il Y Jolally ip ! uﬁ.&%ﬁ Jﬁgﬁ
s ] Wslall p sl oS .uu;



—¥EY-

% :(%‘;}*T .................... (16.10)
(MHz) pllsdl Gl 01 B : ol G

(MH2) L) &ie il GUai o 0 ¢ B,

(k) g paadl iy » L

B gl e e Tk gpfiletate Lyt db 1

dale 1y
by Azl SULl 0.5 )] Joass gpmodll Glil ity 5 T ey B 51,5
o 3 Ldaes oy el S 143, a1, - 0.5 1O b gt dlawe il il
ko> plad J) Al pdab | img b L il b 0 Gl e el ok
B gl o e 10l g5 3 b e sl om0 0yt ey ot ok Jo
:a,,ﬂidwgysww!(%)gu@q&wﬁrwﬂi(m)&wimw_g
- Measurement 1n the frequency domain
Measurement in the time domain gel Jow G ulal (¥)
a2l Jloa i whaill (V)

N SaStall 03,20 ¢ pia) 5,08 B 5l g W3 i a3 wie 6575 5F e
YD S g g e S e sy LS ke 0053, o iy
33,50 e adt o i of ey Ui chat 1 2yl S aill and ot Ladisy
2 deams3 Ol e Py () (o ot A ot a5 0l o b 6T - i St
Uil e oy 4 s S5 3B e 0 0 30,00 N AU i 5!
UL S [ WO G PO T G Y U NYPEIE 3§ PO JCUPRN 1 0 PTeS
B ol yo e 33 i iz 0 il JIB, (fin ) e i 5,0 e by
ol L3 e oS5 (Sl 81 ~6B L Jalay ) 3dB g jmad! 5B o8 o
<(FOTP - 30) 5,231 e p WbV sdn ol il G b e 361



~VEE~

sl Jlaa g golgill (1)

st ol lia HDTOAACNING g 57 uleseld Sy S 130 s
35 ) 15 e gt Gl 2 ) (100PS) 5 jcad i ptbzas bl - ozt
il sds ol matertal and modal dispersion  halls golodl cordali
ETETILTFUNE JOICH USRS 0. PR W0 RS PP YR PO U Y PR YO Py R
samplingQ%JIQQQAMIJULJ&&M&:&F&JJWYUW
by (g e ied o Byt s g o - JLinNT lgms by OsCHTlOSCOpE
WS Lzl 2,6 o iy dor S 130+ il T a1 e 20
s 18 1y A Bl Rl 0 prs d sz iy 1, 4 FOOL MeEAN square
2 g a0 by pd B

At=af B T s (10.11)

: LI Laladly Lt G 2,0 08 s

(335 .
B o= “:W ..................... {(10.12)

A 28T Gy gt dlmadt i Wl (o e 10 el s s Aatl] IS 1S
LUEVR L PPIPTYSEL IV WA Y8 [ TSN BN T PCH U U WP Y B
Uls e golisol of o o g3l Joadt oliagd Jupmall s by Sl 1 s
i G o e e 33,3 I T ey prans 339 e heandll S
dgaly - opmall Wy (oo A=Y ) SIS by b o) il (T A=Y 1) gSCel)
s DIN VDE 0472 Part 253 3, &lpmill Jl p el oKas Jomolicall o

it 513 S kel Dl s o2ty TEC 793-1-C4 and C5



(1)

{:;..a_",.“ Yunpi ._:.SZ.B
Sz by Lol
Magnitugde {Ontical)

g- == 450°
48 h\\\ . .
. N l ’

(<) N

. e
0 240 480 e 960 KeHr 1200

Ja_,i.!lf fm
oolidlna b G o o il (A = 4 ) Sl

Chromatic Dispersion gglft sl ¥-3 .
Lt s bl A gl bl IO 25 il Sl 550 B il
gl gl peil S LT e Ml iy iy JLSY! ol o e
P et s AN S yn bl e o doly g b W et il ¢ sl o
e Sl bl conts Gl ga Wi 5ol dwold! sy spectral width il

wiliing s material dispersion Gl cundally conlall s pmen s Wil Lo g0
cgradl Rl U i) ol Sl G azand

3 r

L
B\
\/
e Fom o e b oy o N
\
. et ......,._—.....m__ll
)
.

7 [32=4,

piktins Qo go gl gorkie V! Janild B3 (8 =8 ) S



~Y 4N

FNSPSUESONIS 063 DS JUEN 30 98 JEVELS R R EEY
&,Ju.n TN EALRCHEAY of gl el doall ol WS Callly 5,0 el
of ClA= ) KAl LS N dand s s e g bylisl p
wwg&waw iep ol Cemy ol e BT L SLSONT Jolae
PISTR PP T PN { DT S PV v i PRVRSORPL I 4 PR Y A PO S5
waveguide dispersion adl JWl Cosdsy e oy Dol Cocls J]
Cordsy golbl andsll p e ol g gl ML a),;s‘m SYalall sl

Mo Ul ety any !

M, (M:M(kﬂm’u) ...................... {10.13)
e g Ls"fl el s gbuwwda@x m@ydyb.m

oS ;-wg,sﬂ—«ﬁ SACT LI DUt R PR IRy b g3l darge bapiad ol
] ‘l:J.fi fx‘é“}l Auv;k"w”“”"; WM‘M “““§QW€\ ""'% E!M

s 1500 um Kb e gybay 2l Gty A= 1300 im

| when !
40

{pgfom - km}
Ry
24

16

06 W0 300 W00 BR 600 e 0

Mu;u@@wmw (b o=y} g

ol caids {2} Balhlegids (1)
roll dalalt e (3)




~¥EY-

Measumemeats Methods of el cunds whai Gk Y-¥-4.

Chromatic Dispersion

o Bmad Olag Jll (V) Jetiy ol conts (bl Saie G b o

frequency sweeping 33,3 poe (1) liall gy obdy dlyyb U

Jolall i (¢) coherence eluLualy heterodyne gidis s plasend (1)

il Gty Rald Oliole Cady 0y o T maill LW interfermometry
Sl 0 oLl

Filsie bl Gl il gl spms cazddl Olld U by
p300358) NA - YAG )50 (0 580 oo puts pinian gaill Jlos 3 olilly
raman pbl; il s s Lage bl oliag Juy (o)l posisll par 3 =
I3l i iy o 3l plad dahy e VY=Y ) IS 5 WS s 2
oty S e dpandd Sl o wilis Sae jo Dokt oIl Ragle Jaaitt
ol e Jasumonochromatory i we plimaulyy-Raman scattering
- (FOTP-1608 5,83 Lpdl o (gl il Jhe launched iy o o1 i
A pgama 0B Loojlais Sl 3 5,80 LWt b Al 4 A o) <918 6
t 5o dab bamy JSU

AT{A)
T —

LW Y ¢ WG g M0 ol et Jotae o Lo

(10.14)

ACYL)= Mo(A) AX oo (10.15)



_¥EA-

Y
et /1
t—’-l-o o \ / s
GhsdYl sania L Wﬁ”w

2y o g JOFCII |

S ——————

o) bl gl conts S (VY = 4 ) S

Sl b Gy ol cunts Jales bk dl]  (1015) Dlall o gz
okl o o5l s J-‘AMJ oot J okl po (gibad! bl Olimia (VY1)
gl oS Cordall A3 G b e diie Jo W - 63km ks il gorobl

(FOTP-169,IEC793-1-C5 , DIN VDE 0472,FOTP-175)a!,441

- )‘\ Lengih © B33

~rpk "k RS Cirge = 07 neym

A

\

ol \ ;’

TN/

ns esteall aalld

~310 . 3
1200 1240 ?,?50 \320 TESQ VA0
(M) 3 skt okl
aar
P L /
3 _E 42F /
-
1, 9 //
' E £ fr=) ¥ t + o ¢ + 4 +
e -
S
-3 A
ig 1
~2.2p /" R 130B.7Y nem
L Sy = 0.0870 ps/fam?. ko
~114 / I 3 H X i | L 5, ]

12600 1240 1260 1320 1360 1480

(Nm ) 3 asdl Jebdi
63 km Jhy Gl il coztsy eldl bl (V-1 ) S



~Vi6

Cutoff wavelength il daga Jobo £

& Llasl oSll BUYI i sid 1 oliall a0 ‘ﬂm ARt
D 0500 58 e dib BTl ne dlil dage Jb Hmy - gl i
hoped Badll sisnss e o ST el Bl potel ey wlll of (il
e o ! e oK g ae nll T e e 11 pg e T
bolao @ odzey bl suane Cidll B Lo jlast oSl BUYE sae o 0,95 of o
b SN

& 9
N:(-’{i) (0] = 12} e (10.16)

sy B st Sl sbssly B DU aae of gy Ustall 0ia e
) LS Lt folans iy ol LS alaw Gy Gl 13, ol s
055 5 A = 1300 nm (2ol bl pias aely ety gy i e gl
Sl ny 50, dw a Al T S 0pm o] e ol iy ¢ Tk ol s
L 2% 3 1% 4a¥x0.35%

Measuremeats Methods of gaifl aga Jeko gulad o Y-~V
Cutoff Wavelength
Ll 9330 51 ool g3lol il aeill Zmpe b L S0 3 ERTE;
clabesll 5 Abinatly i Juady o dangdl Jibly ca, il JEL! oL, oll3,
5 FOTP-80 Luldl wlioldl wazet &5y 53, 5,0l Jis coherence
JE e e Uy TEC 793-1-C7A ; DINVDE (472 Part 225
e oy i o A1 e gt G gl g dob a1 gl 50501
panid (V=0 ) SO a0 oty ol oty Jamgs 140mim A ai g
il e L Mo 3,5 i (o VP ) IS 3 LS T sy



-¥o, -

1 — (]

Jews! / \ Jiial

("
] 1
Sl ] Juiiul
{=)

s plaill dpa Wld (VP - VL) JS8I
(FOTRS0) oS ( w0 ) susby it ()

o o 8T 140mm el i ciai 5K ek py (1) Wb §a ulis
A5 g Ll s oy oy J3T T 60MM I bl i oy e 26T
kW Hslalt g g2l o Jo basds py (1) 5,000

Ab(l)=}0Log§%%% ..................... (10.17)

fad Ltis 3555 dmpn Jbl o phadll dmpe o (V6-V ) JSAN G LS
S BT g e i ap () Gl iz 0.1AB glas (!

Aho-y Y



~YoY—

! Wavelength 4
)\ g

g

(M} % asdl skt

ot ik \.Lkée.:wg.:}_ iy gyl as (VLY S8

504 BOO 1000 1200 00 1800
(M) % ganskd Jgdadi

I Ty by wdadll Zpa S5 2l (V00 L) gSe)



~¥o¥ -~

Connection and Splicing stall fmglly fawmeull glga0 - V.
Properties

il 5, i I 035 e Jalpay & pead| LI 2Dy s
Gl s (g2 s 35 Teadinlall Jul ol Kpm s o 51 Ak el ol 0o 0,55 03
a6 S B el g 51 Ml a3 pes 5] b il e LY
ST ol p y ozl piess o g ol gl 515 Lol 5 btz LS
Ul - 5aill olais ) eai U Buswall il Tomd f B b5 51 aSOYI ks
U5 g5 Hraill JAT5 0] pk o lial] sdg + a2l ool gl ity
I It ST R S NPWION 1) R VENVPORE W) | NPT G R LRI~
i ] s om Lt pmit 5] GLBY A8l ) QLRI T gt 335 Eapn ¢ ]
ST YRR VT FATE LI JPTT O JEL WO | PR LEA VR SRV |
VL YERI I W Y]

Fiber Geometry &l Gesis V-6-%.

0 ¢ LSOV Jalae 3,5 ity Jiall suize bl b Gy el 5,000 3305
Y USRS pTIP LRSI T & SO YOV - A W - PR PPN P
BUY (e e gdla 2l ) ] gt ke pubnitony s (g il ] il S
oo ol (K85 -+ Lplaia 1y BUYI LU L5 oy i (5 naas A plas
st om V=) S S 3 il ] ey o LSRG o Lkt oG
S phiia gty o gl s B plicinianly (g il M s e 5 Lo YT 2
e sy A1 5 by 580y 0 Ll T BT 2600 o5 Tmage

sol G (VA=Y L) JS 5 LS
i = dmu;dmm NI S S (10.18a)

]



A

Dczwﬁiﬁ LS b (10.18b)
e = ii‘l‘fa;———»)d”‘“‘ 5100 % W B lanad pie oL (10.18¢)
go PmoxPain | gif3 FITEN TS (10.18d)
Do
C},:% % 100 % Sl (10.18¢)
s ol s

de 3

D, ARGPE

B AL A ANCIN pis

do SAN OU 151U bs

E ¢ L1 3 lazd ek

Do éjﬁaou'uichéaﬂﬂﬁ

Cy 5 il

xe b e e S i

> G b dla s (FOTP-176) il e Ll aa Loais o 0
s FOTP-27) @i,,uu;,_rs’pygw,,&;g,f@&;f@z,;yzr.w
(FOTP -45

LUl el sy S E e (Y4=V 1) gl



~Yeof—

Numerical Aperture aesaell bgil gasg ¥-6-4.
Jit | Chul g badl! sdize gy i) Bpadall il dmid dlng¥
JEA LS dag g ] Al e Ty B LYl Bad S e
SIS gpuall duslj sy (VY1)
il dad b o sl Lisssgr ol T b LW Bas ol Lz
gy S Kz Gzasd 0 2.5 %o J1 5 LY 3 aibns Lois g5 0,

~5 Audlall Watall e dyauall §padl dmad le J ]
NA = Sin 8, o (10.19)

f

I, 6}

Goand! 3panl dond 23 al seall BT Wl (YV-Y L) Sl

Mode Field Diameter pmoill Jasll god  ¥-o-V-
fundamental mode bl bl i <l pis Biae ogdl e
S punis o WS LY Gpotell il s e Yty daatll (galo] gl i)



N .

A o A=y IS e - ol pdf e il ol s il o gl

Bt iz o 1 iAoy il iad (5 W, o e 2w, e e SR

oo ghoatdl Jid! B dazan (1= 0 ) 350 sie Laed e 37% ol L 5Lyl
&

Sl o W, T (b ] iy ¢ g b b a3ty alszg ¢ garshl b

f ol B V el 32,0000 A ol B Chosi Oy AT

I 6
v m%ﬁ NA (10.20)

2.6 3 1.6 03t 73] e V 58 S aSVT Sl gty nathf gbo LB S 3]

F A L 2 5w oy I LS dans < (16 <V <2.6)
2.6 .
Wom G @ s (10.21)
i s o2ll5 18750 ﬁiﬁ@nm@&.ﬂgusﬁ%sw@wwmﬁj

- 1550am 5 1300mm Adeidad] duar 41 JLEY

qw [ PN N ] &Lm:‘!
Hadial held amplitude

400 1.00 186 380 4
Nommatized radius & lone
r . . a

el ¥ Bomgad BB p LY (o bl il slazs T (VA=Y ) g8t



. - 2 e

Optical Time Domain gisill Jiadfl 8 ppmdl wlsaslfl -V
Reflectometry (OTDR)

RO PRSPPI [P SIS | Qv P S PPN WL O% [ VP
b 3petS Ologdar Uhosi aebinag 310 phadl 8y peidl o pdiie Sope Al
A Ll faill L Gl a5 - L saely LG el adl il
- e e colebuianly Gl

Hodsis Sliag Jusps 56 S oo Jus e UTDR Sl sz
YT g gt e il 5y0 SN Al iz, a1 I rectangular
ETICPRRTPRC' W N U1 [P FORR VO S T2 (PR W+ AP 1 O |
© 10 ps 20.0ns on Mo A oladl ges ola - es Slalls il puld)

Il g ga s Gt Il e s Jyb L 5Lt 1 N
o Ml B ey o Loy dndelil OVl Aoy JI B S sl o)k
ailt 5 5 SU oL g It oSs sde bl G b

Summary aslijl v - 3.

gradl il oldal Gl Wbl b pas Jeaill e S Less
Joo ¥ bl sds Jood a3 il I U218 Gl
et B pny 651, k03§ pmtne Raglis by U jets 5 S ] SLIYI
- bl BTG5S0 aanll Ol b5 e bt 2 Clisl il



S o -1 ¥

sl Jemall

..i,,, %

i

§ Sl o oLl e

¢ il gl P (o A oL sl -

. Mw@g&%@b@?gh -

T grar JiU s Al oy sy o el oo -
Al gty b gl G G L -

U e el b8 Gl Dl s BU -

¢ gl b gl 8 ot s b ST -
Elagis J§ ol £ Gl o (uld] Ladbnd] GBI 2L -~
Pl okl aaidte Loy galll ozl jals

< -

¢

"
A4
A
4

Tl ety b G b ale Y
$lsdolll Al o5 3 Rasiniad] 51 ol OTDR s pzay 130 =10



— TOR o
B ol | Eoahald ! ¥ oo gl sl ikl ol 19 el gl
STANDARDS ORGANIZATIONS

Boecause  standardization organizations emerge and chamge charters
often as demand dictates, it 1 pot possible to mention atl of those that have
contributed 1o the technology. A few of the key organizations gre

referenced  here.

American Natiomal Standards Institute {(ANSD

Commitiee X379 is developed the fiber distributed-data  interface
(FDDI} stapdard for high-spesd LANs operating in the 100 Mb/s range.
FRDE is  aimed al high-spesd  interconnection  between mainframes,
mintcomputers, and their associated peripherals. Other ANST  standards

important to fiber, or digital, network design are

TH101-1987  Synchroneus Interface Standards for Digital Network.

TLIOZ-1987 DHgital Hicrarchy Electrical Interfaces,

TLHI3-1987  Digital Hierarchy Sync DS-3 Format  Spec (SYNTRAN).

THI06-1988 Digital Hierarchy Optical Interface Specs: Single Mode
{see ECSA)

THI07-1988 Digital Hierarchy Format Spees (TIXN/B7-127)

Morth  Atlantic Treaty Orgawnization (NATO)

Among other activities, NATO sobcommitices have been developed
fiber and cable standards for NATO applications.  One such committee s
NIAG Subgroup 6, which developed fiber-optic interface siandards  for

shipboard  application.

National Bureau of Standards (MBS

The NBS at Boulder develops certain measurcment standards for
fiber-optic components. One  key measarements document is  Special

Publication 637, Optical Fiber Characterization.

Exchange Carriers Standards Asseciation (ECS4)

ECSA is the secretariat for the ANSI and has submitied the following

key documents to ANSI for approval
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{a) TIX1/87-126, the proposed draft. American National Standard
for the Fourth Hicrarchical Level, was developed by ECSA 1o be compatible
with the CCTT's 139264 Mbsis signal as presented in Rec, G703 and G755,

(hy TIXIB7T-129R1, Digital Hierarchy Optical Interface Rates and
Formaty Specification, or ANSL draft standard TIIG3-1988.  FECSA TIX1 2
Working Group is developing this standard, also known as the synchronous
optical network (SONET) standard, that will  establish  synchronous
compatibitily betwesn optical fransmission equipments. The buwilding
block synchronous transport-signal level 1 (STS-1) s at a rate of S1.840
Mbfs with an optical-carrier level 1 (OC-1)} optical counterpart also at
51.840 Mb/s.  This standard is to be consist with the work of the CCITT on
network-node  interface (NNID)  wusing  synchronpous  multiplexing

techniques.

ey TIXI1/87-128R1, Americsn National Standard for Telecommuni-
cations  Ddgital Hierarchy Optical Interface Specifications: Single Mode.
This standard deseribes the performance characteristics of the single-mode
interface to be used with SONET and provides references to other standards
that define component performance and “joint”  engineering methodo-
logies. ft, alowg with EIA document TSBIZO, forms some key standoards for

fiber transmission-systems  design.

(d) TiM1.2/87-037R2, Functional Requirements for Optical

Terminating  Eguipment.
(¢} TIX1.4/87-702R2, proposed draft on Digital Hierarchy Formats,

Flecironic Indusiries Association {(EIA)

The FIA contains the fellowing sebcommitice organiza-tions:
FO-2 Optical Communications Systems

FO-2.1  Optical Fiber Telecom Systems
FFO-2.2 Fiber Optics LAN

FO-2.3  Hitter and Wander

FG-2.5  Cable Plant installation
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FO-6 Fiber Optics
FO-6.1 Fick! Tooling and Test
FO-6.2  Terminology Definttion and Symbology
FO-6.3  Inevconnection Devices
FO-6.4  Test Mcotheds and Instrumentation
FO-6 6 Optical Fibers and Materials
FO-6.7  Fiber Optics Cables

The LIA has initial work on over 170 fiber-optic test procedures
{FOTP) and standards.  some of the key test procedures are listed in Table AL

Other key EIA documents on fiber optics include.

RS-440-1978 Connector  Torminology

R&-458,-459 Standards for Fiber Classes and Materials
RE-472-1985 Generic Spec. Cables

ATIAXXD-86 Cables for Outside Aertal Use
472B-XX0-86 Cables for Underground and Burial Use
ATIC-XXD-86 Cables for Indoor Use

4720 X X086 Cables for Ouiside Plant Use
RS-475-1986 Generic Spec, Conneciors

RS-402.1987 Generic Spec, Optical Waveguide
RS-509-1984 Generic Spec, Fiber Optic Terminal Devices
RS-515-1986 CGeneric Spec, Fiber and Cable Splices

TSB-20 Single Maode Fiber Optic System Transmission Design

TABLE A EIA RS-455-XXX, FIRER-QPTIC TEST PROCEDURES

Procedure

number
BOTP-XXX Component type Test  description
1 Connectors Cable flex test
2 Al devices tmpact test measurcment
3 Connectors Temperatere  cycling
4 Connect/component  Temperature  life
3 Connectors Humaidity test
6 Connectors Cable reteniion test
11 Connectory Vibration test procedure
! Connectors Fiuid  immersion
13 ANl devices Visual and mechanical inspection
14 Al devices Shock  test
I5 ANl devices Altitude  immersion
16 Components Salt spray
17 Cable assembiies Mainicpance  aging
18 Componentfassembly  Acceleration  testing

2.8 Crptical Outical-transmittance  change



TABLE A (contd)
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Frocedure
pnumhber

57 Fibers

: Gl fiber
Fiber/fcable
Fiber
Components
Fiber

Fiber

Fiber

Fiber

Costed  fiber
Fiber

Fikers
Fitrers
Components
Components
Fibers

T4 Fibers

75 Fibers

FOTP-XECK Componem type Test description
27 System Ambient-light  susceptibility
23 Component  seals Air-leakage  testing
i Cable assemblies Impact testing
26 Cable Crush  resistance
27 Fibers Cratside-EHameter  messurement
28 Fibers Tensite failure paoint
29 Fiber Rafractive index profile, transverse wmethad
36 Multimode  fiber Bandwidith  measurement,  freguency-domain
method

Fiber Tensile proct test method

System Fibar-optic  oircuit  disvontinuities

Cable Tensile loading and bending
33 Cable Tensite leoading and bending
34 Connector Insertion-loss  test
35 Connector Frust (RPme-sand) sest
36 Cable assembly Twist test
37 Cable Bend test, low and high tcmperatures
35 Cable Wicking  test
a6 table Fluid  immersion
41 Cable Compressive-leading  resistance
43 Components Optical crosstalk
43 Fibers Output pegr-field  radiation  pattern
44 Fibers Refractive index profile, refracted oy method
45 Fitrers Fiber geometry, migroscope method
46 Long G fibers Spectral-attenuation  measuremonts
47 Fibers Output far-Nield radintion  patters
A% Fibers Oun-tine  diameter measarement
44 Components Muctear radiation effects measurcment method
50 G fiber Light lavnch for attenuation messurement
51 Multimode  fibor Pulse-distortion  measurements
52 Fikers Temperature dependent of  attenuation
L.ong fiber Artenuation by substitution  method
4 Fiber Bandwidth, mg serambler reguirements
55 Fibers Coating  geometry measurement
b3 ¢! Fibars Fungus  resistance

End preparation and examination

Core-diameter  measurament

OTDR  attenuation  measurement

Length by time-of flight  measuroment
Nucleasr thermal-blast  resistance
Muacrobeond  allenuation

Torsion test

Flexure test

Abrasion resistance of buffer coatings
setlaricking  {blocking)  test
Microbending

Muax and min use temperaturs
Advanced aging

Temperature shovk  effe
Temperature covehling  ef

fects
Temperature and homidny  coyveling
Mumidity testing

Fluid-immersion  fost
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Procedure

number

FOTXXX Component type Test description
78 SM fiber Spectral  attenpuation, cuthack method
80 SM fiber Cuttoff wavelength by transmitted power
81 Filled cable Compound flow (drip) test
82 Filled cable Fluid-pegetration  test
83 Cable to ceonnector Axial compressive loading
& Cahle Facket seif-adhesion {hiock) test
85 Cable Twist test
Bo Cable Facket-shrinkage  test
87 Cable Knot test
88 Cable Bend test
89 Cable Jacket elongation and tensile strength
o1 Cable Twist and bend
D4 Cable Stuffing-tube  compression
95 Fiberfecable Absolate aptical-power  test
96 Cable Storage temperature and humidity
G¥ Cable Freezing  test
99 Cable CGas-flame  {est
130 Gas blocking cable Gas-leakage test
101 Cable Accelerated  oXygen aging
a2 Cable Water-presssure cycling
103 Buffered fiber Bend test
104 Cable Cyclic flexing test
107 Terminal Return loss
taa Reference-point  temperatare
110 Transmitter Type verification
P Receiver Type vert{ication
12 Power supply Current
113 Digital terminal General measurement requirements
114 Terminal Data-input  current
s Terminal Controt-input  current/voltage
1E6 Terminal Data-output  voltages
117 Transmitter Optical output power
18 System Ouiput propagation delay
119 Receiver Sensitivity and dynamic range
120 Transmitter Optical output power
12t System Cutput  propagation  delay
122 Receiver Responsivity and s noise voltage
123 Receiver Output voltage and switching times
124 Detector Dark currents
125 Detector Numerical aperture
12 Source Modulation index
160 Cable Temperature  shock  test
161 Cabie Temperature  cyching
162 Cable Temperature/fhumidity  cycling
163 Cable Fungus resistance
164 SM fiber Mode field diameter, far-field scan
165 SM fiber Mode field diameter, near-field scan
166 SM fiber Muode field diameter, transverse offset
167 SM fiter Mode field diameter, far-field variable aperture
168 Fiber Chromatic  dispersion, spectrat group delay
169 Fiber Chromatic dispersion, phase shift
170 SM fiber Cutoff wavelength by transinitted power
171 Shert tiber Attenuation

eI
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TABLE A (contd)

Procedure

number

FOTP-XXX Component type Test descripiion
17a Firewall connector Flame resistanee
174 SM fiber Mode filed diameter, far-field knife edge scan
175 Fiber Chromatic  dispersion, differeniial phase shift
176 Fiber Geometry measurement by Grey-scale apalysis
179 Fiber Inspect cleaved ends by inter-ferometry

Institute of FElecirical and Elcetronic Engineers (IEEE)

The Standards Coordinating Committee on Definitions (SCC 10) is
responsible for the development of terms and definitions. Key documents

include

ANSHIEEE STD 100-1984  TEEE Standard Dictionary of Electrical and
Electronic Terms
JEEE 812-1984 Definition of Terms Relating to Fiber Optics

Enternational Eleciro-Technical Commission (JEO)

The IEC has established the TC46 technical subcommittee on wire and
cables, the BC46E sebcommittes on fiber optics, and the following working

groups:

WGO  Terminotogy
WGl Fiber and Cable
WG2 Connectors
WG3 Safety

The [EC has produced the following key documents:

FIEC/SC 46E (COW Optical Fibers Measurements Dimen-
and TRC/SC 468 (sec)bd sional Tests Sections One and Two
IEC/SC A6E {SEC)HSS Generic Spec, Connectors

[C/SC 86B(CO) 15 Revision to Generic Spec for Connectors

Regarding Chmatic Environmental Tests
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HEC/SC B6B (CO) 16,17 Generic Spec for Fiber Optic Branching

Devices: Insertion Loss and Return Loss

[EC 893 Pimesnsions of Optical Fibers

EC 793-1 Generic Spec, Optical Fibers

HEC 7941 Generie Spec, Optical Fiber Cables

IEC 874-1-1986 Generic Spec, Conaeetors

TEC 875-1-1986 Generie  Spec, Branching Devices

1IEC §75-2-1986 Generic Spec, Branching Devices, Star Coupler
IEC §76-1-1936 Generic Spec, Fiber Optic Switches

Consultative Commitiee in Enternational Telegraphy and Telephon)
{CCITT, Geneva).

Under the CCITT, Svhgroup 5G XV oand others are developing fiber-opti
transmission  standards. Subgroup SG XVIIl is develeping broadband ISHY

standards.  Key Documents include:

Rec G651 Standardizotion of Fiber Physical Parameters

Ree G632 Characteristics of Single Mode Fiber Optics Cable

Socicty of Automotive Engineers (SAK)

1t was the SADR that began some of the earliest work on military fiber-opti

standards.  Some esrly activity includes

SAE A-7H Subcommittes: Wire and Cable Standards; developed DOD-STD-107E
and DOD-C-85045,

SAE A2-K Subcommittee: developed the fiber-optics version of the MIL-
STD-1333 data bus standard (MIL-STIDM1773)

The SAE has two standards committees working on the fiber-optic data bus:

AS-2 Committee: High Speed Data Bos standards AS 40742 High Speed
Ring Bus (HSRB}, Tri-Service JIAWG committee.

AS 40741 Linear Token Passing Mulliples Data Bus

AS-3 Committee: DOD-STD-1773 Development and Enhancement STANAG
TGO CNATOYY Standard Sanmart
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Bepartment  of Pefense (DOD)

Standards  activity is  within the Defense Materials Specifications  and
Standards  Office (DMSSOY of the Office of the Undersceretary  of Defence for
Research and Engineering,  There exist Departmental Standards Offices (DEPSO) for
parts in the Defense Logisties Agency {DLAY and for systems separately in the
Army, MNavy, and Air Force.  For the Army, the assignee activity is the Army CECOM
at Fr. Mon-mouth, New Jersey. TFor standard parts, the assignee activity for DLA is
the [defense Electronics Supply Center (DESCY in Davien, Ohio.  TFhese groups  work
with  varions  BOD standards  working  groups  and  industry  committees  and
coordipate their activities with the standards and specifications test and evalnation
activities within the Tri-Service Fiber Optic Coordinating  Structure {TSFOCS).
TSFOCS 35 the R & D arm of the Office of the Undersecratary of Defense for R & D
Within the DESC, Federal Stock Group 60 has been established to cover fiber-optic
materials, components assemblies, and accessories.  Some key DOD  publications

inolude

DOD-STD-1678 Fiber Optic Test Methods

DODC-85043 Fiber Optic Cable Standard

F50 6625 Test Egquipment

MIL-STER1773 Fiber Optics Mechanization and  Aireraft Internal Time

Bivision Command/ Response Multiipiex Data Baz System
MIL-ST13-188-111  Subsystem and Bogineering Standards for Common Long
Havl/Tactical Fiber Optics Communications
MIL-5TD-1863 Standards  for Mechanical  Interfaces
MIL-HDBK-141 Fiber Optic Design Practices



