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"ABSTRACT

Propagation chqrc;cfe_risfics of the cladded fibre are reported for
a c;!.cddin‘;q to, coré ratio (b/ql ='20) ofif\}&e:n‘ty’; *his is suifgble for singlé mode
o.peraﬁoh. Méde (;onfroi by an absorfofion iackef is ﬁeqfed in ‘sor.né detail. Power
lost from dis?:re're scattering cenfres (on or \./ery near fibre axis), as well as :

intrinsic fibre absorption loss is investigated.
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INTRODUCTION
As sfavf-ed in Répoff 1 (CRC), all reéul’rs presented therein were

'.cl!ohe for "leaking" modes with a cladding fo core ratio (r=b/a=2) of fwo.
Tf;nis ratio is appropriate for the design of a multimede fibre. For single mode
. operation, a mo;‘e practical r-dHo is about 15 or 20.
: We now repbrf propagation chcrccférisfics for a ratio of 20 {L

cbverihg the complete mode ;spec’rrum, i.e. '.'Ieczky" and "propagating” m?des.

. The .effec:'r’of cldd&ing thickness on the modes'i‘s c:lsg investigated. - :
A study into the loss chqracterisfic;s of the fibre is also'm.ade. - .
Attenuation curves for intrins“%c fibré czbsorpf-ion_loss as we”-c'xs.'For "mode control" . L ‘
(absorption jacket) are presented. Finally, we trecf_l‘hé power loss dule to | ’ ;
'scaﬁeringA from fibre impdriﬁés on or very»ne.c:r fhe fibre axis. |
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"PART |

~ PROPAGATION CHARACTERISTICS OF I

~ CLADDED FIBRE L

1. Cbmplefe Mode Spectrbﬁ\ o .

+ A, Physical Picture of the Different Modes. (see Fig. . " -

When the cladded fibre is".excii‘ed by a launching device (LASER) -

or guided waves encounter scattering centres in the fibre, there are three types of . - Y
S _moé{es chﬂ have to be considered: S Z-
o (i) Radiating Modes: O.,SE < 1" (continuous specfrdm) _ i

‘These modes leak out into the outer region ( n'é ), and hence are ‘ \

' not gui'de'd by the fibre. - ‘\
e (il) ' Guided Modes: o
() "Leaking" Modes: 1'<B < Ny |
' These modes ledk out into the cladding, but get totally reflected |

at the cllr.:iddin.g-cxir interface.
; (b) i "Propqu’ring" Modes:. ny < B < Ny
L ,__j‘ﬂTh.eé‘e'modeis: do not leak out info \“He clédding, Vsi>nc:‘e féfd! ih’refnql
| - reflection occurs at the chré;c‘addfhg fn_feffa\c:e'.-_ _ |




o o s o, e =y el
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Figure 0. Coordinate system




PHYSICAL PICTURE OF DIFFERENT MODES
Radiating Mode - "Leaky" Mode - ~ .., "Propagating” Mode ..+ .
S . (or cladding mode) .. {or core mode) e
| EVANESCENT |
e (OUTER,AIR) = M3 é
Ay ('C'L‘f»\b.)_ﬁ - :
_ fh, (éogé) E //7' .
_ /\9 i
U~
gfl";’;;fllf:é?j } sin 8y =(.52) There is "TOTAL INTERNAL © There is "TOTAL INTERNAL
o n1 REFLECTION" of the cladding- REFLECTION" at core- e
Cladding-Air e A =g 3 . e o . . : e e g | .
Critical Angle } sin QCQ (};;) air mf.ern'c:ce. But ’rhere. is clcdolrjg mferfq;ei Al ”
1 o transmission (LEAKY) through power is reflected into core, -
There is transmission through all the core-cladding interface. with evanescent wave in
three s;egfons. | - cladding. . ‘ S
FIGURE 1
w
|
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B. Dispersion Curves for the Modes

" In what follows all quantities are plotted against normalized

frequency, i.e. V= 2n (%)V ;]'Eé , since it occurs frequen’rly:in |

: o'pficqlAwaveguides literature,

K

~ Fig. 2a illustrates the continuous radiation region and the

- "leaky" modes. _: : : L e T
© Fig. 2b illustrates the transition from j"ie;:;ky“.'rr'i‘c_Ydes to

“propagofing“ modes. .

In both cases the parameters used are:

o (b/a) = 20 |
721 = 9,34, ?2 = 2.25, ey = 1.0

o ny =Ve = 1.53, ny =Ve, = 1.5

\,'/In Fig. 3 we combine Fig.‘.\Qa and Fig. 2b into one page for

easy reference. =
- - Hence we have: |
: """",l‘,'ecky'_""”re_gidné e 1sB = n, = 1.5

L : ."‘Propéga’riﬁg"‘region: o hz'sfﬁ' < h] =1.58

...,..._.,.._,,.-4,..
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2. Effect of Cladding Thickness on the Modes

In Fig. 4, we show how the dfspersion curves change as the

cladding thickness is varied. 4

" (a) Infinite Cladding: (rod solution): (b/a ) = co e
(i . - These curves lie between ny and N i.e. N, <B < ny - §
HE, has no low frequency cut-off. Ty TMm , HE2] overlap into |

one. AEH.”.' and HE]2 have the same cut-off value.

" ()~ Finite Cladding:
(i) .(‘b/a ) = 20: All the modes in the “leaky" region merge
' ‘ . very fast into the rod solution (b/a =), bgf now EHH' and HE]2 have o

different "transition" values.

’

(i) (b/a. )=5: For HE, , there is a more pronounced

difference between the rod solution and .( b/a.) =5; héwever, the set of modes

TEOlf TMm, HE2] ;EHH’ HE]2 » still merge quite rapidly into the réd solgﬁon.

~ From Fig.. 4, we observe that changing the ratio(b/a ) =5

to 20 “squeezes" the "leaky" modes close to the origin, without affecting the

- | '?-prop'agqﬂn.g" modes very much o As ( b/a) » o, the "leaky" modes are brought -

E ~virtually to no'n—exisfen'c.e,. (as expected) , - - e s
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3. Phase Ve locity and Group Velocity
(a) Phase Velocity: ( vp )
- In this report we have plotted
.~=('B)vs. V=én (=) \ 5. ~cn ,
ko = A 172
- % o
where .
kO = (2x/ )\0)
y _w_fo Y _ Y% using {w—ko“’?
p B (Bl%, £ =F Kk
Voo _ o
£ == . normalized phase velocity : a.1) -
Vo B _ A T R
(b) Group Velocity: ( Vg )
' -Gr0up've|oci;ry‘ has been calculated by the power and energy
method,
v _P (E V) _ total axial power flow
g W(B ) " total-energy stored per unit length

(B,V) ’ W ((3 V) are the correspondxng quunhhes in each regxon of the

© fibre wcvegmde .

“In Fig. 5 we have replotfed fhe dnsperSIOn curves on a semi- log

"grcph pcper O’ fhc’r bofh ihe lecky and propuguhng modes could be covered on o

the Y (normchzed frequency) scale Howev.er,.nL is necesscry_fo expund B

scale fo_r fhe pfOpuguhng region (i.e. "nz <B < Ny ).”"













el

14
In Fig. 6 we plot the corresponding group velocity for the
_ various modes. As was stated in Section 2, the dispersion curves for the ratio
(b/a) =20 merge very rapidly to the rod solution in the propagating region.
Thus, the .c.o'rrespondin‘g group velocity behaves in a similar way;
In Fig. 7, we presen’r the mode spectrum and group.ve locity
- on one sheet for easy referencé.
4. Concentration of Power vs. Normalized Frequency (V) .
Fig. 8 illustrates how. the concentration of powér changes as
- we go f.ror'n the leaky mode region into the propagating mode region.
The total modal power P can be represented as
T3
PEV) =) BV
‘ B =1 |
= Py (BV)+P,(BV) Py (B, V) (1.3)
[ Core] [Cladding] [ Outer]
(@) .Thus, in Fig. 8a we plot the fraction of power in the core, i.e.',

B BV
iy T T BV
RV

It is observed that as soon as we enfer fhk_a propagcn‘ing region all the

. power gets concentrated into the core (as expected).

e
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.(b) In Fig; 8b we >plof the fraction of power in the dlctd_ding, i.e.,

Py (B
CP(B.V)

- We-notice that there isa V inferval .("bchdwid’rh") where most of
the power is concentrated in the cladding. However, when the propagating region
is entered, the power in the cladding decays very fast (as expected).

. .
' . H

{c). ~ Fig. 2 displays the behaviour of the concentration of power (for .

' _-HE]‘] mode) from the "leck.y" region fo the "propagating" region.

.-

At very low fréqueﬁcy (near cut-off of TE01) the power is concen-

trated in the outer medium, hence

SR EY) R (EY)

CP(BN) PRV

(cladding)

. As we move away from cui-off, the power in the outer medium

goes down and gets stored into the cladding "leaky" region).

- Then, as'soon as the propagcfing region is entered (V = .8 for

--HEH ) the power in the cladding begins to drop and the power in core increases,

(--P-) decays and (? ) increases (as expected).

,f N Hence, the power gets transferred from the outer medium into the

- core as the frequency (V) increases.

Amy T S e 7 1 e i 4
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5. Plots of Transverse Field Intensity (Electric).

Instead of plotting the six individual field components directly,
we plot the transverse electric field intensity ( E, ) = which is more of physical

interest and will also be required in séa’rfering study. The electric field infensity ~

. . o _ 2 2
- is given by Ef Er + Eﬁ
(o) Hybrid Modes: ._
In Fig. 10 we show the radial field distributions ( HEy;, EHyq,
' HE]'Z) for three B valves. - T -

1. . Leaky Region: (1) near cut-off - B=1.101

© (i) near transition - B= 1.505

(b)) . C‘:i'rcu‘la.‘rly Symmetric Modes:

-

7

. Radial distribution of TE

o1 is shown in Fig. 1 for

01 and TM
two valueg:of B. | N
| | 1 near cut-off: E= 1 .}O]
: 2.." near "t'l:o.ns{fiolm E =1.498
: Th.'e.sé \radial plots clearly demonstrate that the fiéld"infensify 'in..

" the cladding is Vefy large for "leaky" modes, but for a propagating mode the field

R ﬂe;:hys "quife: rabidly in the cladding (as expected).










21

PART 1

.LOSS CHARACTERISTICS OF CLADDED FIBRE

In arriving at the propagation characteristics of cladded fibre, we

~ have assumed an ideal waveguide with an infinite axial length and rio losses. The

(1-7)

" following losses should be considered : -

o -

(1) Absorption Loss-~caused rﬁqinly by metallic fibre ir‘anfities.
- (e.g. Fe, CU)~WFﬁCh have their absorption band in the visible -

spécfrum_.

(2 Radiation and Mode Conveision Loss=-caused by |
(a)" discrete scattering centres (dielectric fibre inhomogenceities
" such as cracks, crstc:”ifes, air bubbles etc).

- (b) waveguide imperfections and bends.

Here, we focus attention on intrinsic fibre absorption loss and

- discrete scattering centres on the fibre axis.

1. ABSORPT!ON LOSS. (due rﬁcinly to metallic fibre impuﬁ’ries) o s

~ Characterizing absorption loss by o ‘co_mplex permittivity ('Ei = e;-
i e'i", |= 1, 2, 3) in each region of the waveguide, we derived (in Report 1) an

- expression for the attenuation coefficient (assuming small losses*) given-by -

*NOTE : - For the perturbation ‘theory to be .voli.cj we require é'i << E,;_ yieee

- . . ‘—“! . © - . ) . . . X S - .....—-....—;—T__-———‘ .
o tan :Si = f’- << 1, since we are using unperturbed values of (B, V) from the

N X P R
mode spectrum.




X RN
Lo e ) DB V) s

- o=zl - ‘ ; (2.1)
2P 2P B V)
where |
'Po (E, V) = to;al axial modal power launched at z =0.
Q Wi B, V) = t?ltal stored energy per unit length. v
tan Si ' = ;—,— = loss tangent for .ifh region = '10*6 ]0—4. ‘
107 5107

.To keep the attenuation coefficient (o) valid for wide range of frequencies

we normalize it with o which is the attenuation coefficient of a plane wave

| . - propagating in an infinite medium having the same dielectric constant as the -

core (e]-e]-(e]”)

‘ o
Yo 2 [W ([3, fcmSi] o
(2= e | - ey
°WeE) tan &, - PO(E',V)

In Flg 12 the normcllzed attenuation c0efflc1enf a/a )
~ ' tan 82
=1.0, tan 6., =0},

n8]‘ 3

,Flg. ]3, presents the same cﬂ'enu_ahon curves with the mode

for the first few modes is shown, where we have fcken {

- . -spectrum below for easy comparison.

b L e |
3 o

DL e,

i Lo

i










~and will have o higher loss tangent ( ~ 10

25

s observed that, as the power gets concentrated into the core,

(-aq-) -1, i.e., the atfenuation coefficient of the wdveguide behaves like
o y ‘ S
that of bulk core medium,

2 “Absorption Jacket (for mode control)

L d

_ {a)  Purpose and Design: -

In order to support the thin fiber core (~2u ), as well as to
proiecf it from its surroundings, a clodding is added on fo it, But by intro-
ducing the finite cladding, a new typé of guided modes is made pbssible)' namely,

"leaky" modes {or cladding modes).

~ To preveni "coupling" between "leaky" modes and the main

information carrier (HEH mode), it is necessary fo attenuate any excited

"leaky" modes before serious interference occurs.

" Since Afhe_ "leaky" modes have their energy and power concen- ‘

trated in the cladding, these modes cun_bevo’rfenuufed by applying a lossy

covoﬂhg to the cladding. The outer coating is referred to as the absorbing jacket,

4, 10-:2—-_—? blﬁck glass) than the

-cladding, which has intrinsic absorption loss. In practice, this is achieved by

L qdding: a thin loyer‘ofbloc_k glass on the clgd.ding(7'8’9).' The bl.o.ckugl.oss hcs "

" a refractive index very close to that of the cladding, ‘.

~+“s0 that one can consider the lossy layer as o._p'orf of the over-all cladding

e O Bl - e 0 e e




o
*

2

“thickness. Thus, in order to use our previous attenuation formula, we

o consider the cladding as made up of two regions:

(1) - . Inner Region:  This has only intrinsic absorption loss

(tan& ~°107, 107%)

(2) . OQuter Re.gion’: This is the absorbing jacket which has a higher |
: loss fungehf‘ (tan & ~ 10-4, 10-3) than the
irjnér region. .
Fig. 14 illustrates the ésisenﬁal features of design.
ABSORBING
. TARCKET

Lo o ?']' 6 . -5
CORE: © . & =%, -j%,  , tan &, = — =10 7, 10
_— LIRS B 1 -

' ’ ' 1




e jacket musf be small, i.e., tan Sik £

C (b) Attenuation Formula

. As stated in Section 1, the total attenuation coefficient is given by
z [W (B V). fcnS

1=l
2P (B,V)

For a parﬁcular region of the fibre waveguide we have

L, wW fcnS

B ‘il—;;: ___..ipo_.___ for the ith region. ) o (25)

Hence the attenuation for the absorbing’jacket is given by

lk‘(zp)kacnSk
(|qckef)
=1 (..2_11) (vowik) tan 8., . using w = (<) | (2.6)
2R ky P19 A

_'  "NOTE:. - " For perturbation ﬂﬁeory to h'old -the loss tangent of the absorption

0'|

=ftan8, << 1. This
SEy S
42

o req“uir.errv:enf. is met, since tdnik =~ 10 7, ]0“3_ (Black Glass). -

I . . . .

_ i

27 4

- |
CLADDING:

(1) Inner Region: ¢ = €L~ |z, fcnS = 10.‘6 10-5
_ ———— T 2 i 2 : 2 )

(2) QuterRegion: Ejk=62 i fe2 , fand, k 10-‘1:, 10—3 E
~where f = 100 (cons’ranf) '




H .

* This is the quanfity fhcn‘ we plot direcﬂy.

.28

=1 a o jk
(a|kq) 2(2“}\)( P ) tan Sik
(o] o
. ' W
. \ Yo ik A - ‘
- .2. (N.A.) ( Po ) y iQnASEk— C-(/ (p’lv) ’fClnSik
" wher (2.7)
~where
, 2 o _ N
V= —XS (NLALY,  NLA, = / €17¢y g Numerical Aperture
o . e _
and : _
iy 1 \YJ VOW (Blv) .
a (ﬁlv) =5 ( (2.8)
2 -
WA e

over a given fiber lengfh L, the attenuation is then

N T | o o
ATTN Inepers (aiko) . (—6)__“0[ . (-a) tan Bik (2.9)
“and
'ATTN! aB v= 4.34 (ATTN nepers
_ = by -
—»4..34._91 A _;(-c;)_ fﬂljl Sik SRR (2_.10)'
where o _ |
oy Wy (Bv) L e
a(B,V)=5 (N'\;) (= ) L ay

.'Pd (BIV.)

Fig. 14 shows the cifenuahon (a ) of an absorbing |ocke’r

B ( ) of fhe claddlng fhlckness, as a funchon of normahzed frequency ( v )
' . The calculahons were corrled out for a ratio (b/a ) 5 buf S|m|!c1r resuh‘s

. .hold for a larger ratio ' ( ) = 20

R - -
vt 2 a2 1










In Fig. 15, we present the same attenuation curves (of the

absorbing jacket) along with the mode spectrum for easy reference.

One can readily see from Fig., 15 ’rhqf for singie'.‘mode operation

(V. 2.4 ), the Ingher order cloddmg modes [ HEQ], T ™ EH HE ]

01" =11

suffer much grem‘er loss ’fhcm the single core mode HE] 1" Hence a good degree

o

of "mode control" is achieved.

(c) Extension 1o Small Amplifications (Active Medium)

" “We realize that work is also being done in the other direéfiqn, |

i.e., where part or all of the cladding is made of an active mediu'm” (pumped

by laser). Here, the objective is to omplffy the core modes ("propagating") by

- the evanescent wave interaction.  This would be a first step in the design of
“a repeater, However, one must first attenuate any cladding modes ("'leaky")
" to a very low level before the core modes are made fo interact with the active

‘medium; otherwise, the cladding mode would also be amplified, which is

certainly an undesirable feature.

- For small amplifications, one can use the same formula as for

uﬁénqdﬁon, except that now the loss tangent becomes negative, i.e.,

. For chlve € =:.€l. +i€e" o 'Y o~ o ]0..4 )
: : o - tan . & - "
© mediym et N b 'y -3

31
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" considered. As mentioned earlier, one can "eliminate" the higher order "leaky

3.  Power Lost from Scattering Centre (Fibre Inipufi’fy on or Very Near

Fibre Axis
C)) Infroduction -

To get some insight into the attenuation due to scattering from

fibre impurities or inhomogeneities, we focus attention on one scatfering centre

“on or very near the fibre axis.

~ Consider the HE” mode (fundamental mode of operation)

incident on this scattering centre, which has an overall dimension very much

T ' . . . (12,13)
sma”gn than the incident wavelength (Rayleigh theory)® .. A current

~ moment will be induced on the scattering centre, and this will scatter power

" into radiation and surface waves (both " leaky" and "prOpggdfihg" modes). ‘.

* Here we evaluate the fraction of power lost into radiation,

some power will be scattered into higher,order modes as well, but will not be

~ modes by using an absorbing jacket.

‘We note in pcssing that, for a random array (N) of scattering

centres (on or very near fibre axis), which have a separation large compared

“ to the wavelength, the total radiated power is then just N times that of
* single particle, since there are no coherent phase relationships between light

. radiated by different particles. It seems that until now, no report has been

@

..,,,,,..__“,,1




" method and Fourier Transform technique

AA_‘ Ais.gi_ven.b.y o |

33

written on the distribution of these fibre impurities, so that a statistical approach

would have to be used. Two papers relevant af this point are:

(1) "Loss Mechanisms and Measurements in Clad Glass Fibers and

Bulk Glass". Ref. 3.

(2) - “Measurement of the Angular Disfribuﬂon of Light Scattered

< . from a Glass Fibe:;Opficul.cheguide". Ref. 9

(b) g .Fraction of Power Scattered in Radiation (Radiating Mode)

As deplcfed in Flg ]6 a fruchon of fhe mcndent (HE”) power
@®)

is scattered info radiation. Eurher researchers' ' have estimated this rudlahon

 loss by assuming an infinite cladding and using the formula for powér radiated

in.an infinite medium with core refractive index ny (since ny = n2).

We now present an exact solution, i.e., cne which fakes into

account the finite cladding thickness. This is done fhrough Green's funcﬁon

{(14)

. Compurlson between the

approximate medium solution and the exact one is also made.

(i Approximate Solution: infinite medium with n =,/ 2

~ The power rc:dnc:fed by a small scattering centre (volume v',

i currenfmoment lm) in an mfmafe medium wn‘h refruchve index . n] ( 1/

T,

e —
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metallic particle (o) it can be shown that (See Appendix l)

21
12

w A e'lEi' \‘_A-] -, for dielectric particle

O’l Ei' l Ay g for metallic p;nrficle
where | ' | | |
Ae =(e]'—‘e',) |
A

1 < eXcifcﬁén modal coefficient for HEH mode

_ | Eil |= transverse field intensity at scattering centre
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where
iim = S_J_ [v! = current moment (2.13)
w0 1 . ‘
R = (=—F~) + (=)= radiation resistance of a point (2.14)
o - n : 2 ! . pe e .
N A . source in an infinite medium.
: with n,. '
1
- .~ Considering the two special cases of a dielectric (e') ora

(2.15)

2.16)

Let us find the ratio of radiated power between a metallic and a

dielectric particle, with same scattering volume.

12 e 1o .2
Pmeful i{lm‘metuﬁRr -Q( lEi]Aiv) Rr

Resistance

A 1 a2
‘ ”‘:i':.-Pdieleéfric_" -ﬁ{[m lﬂielg Rr_ 2 (vAe ‘EII A'l v ) Rr

metal - o
oo T ae)
' _diel. ) o

‘Radiation ‘

(2.17)

(2;{8‘)

' -(‘2.19):»'

i

o m e fip e e o famatt

P TG T e ST T T
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which is ]usf the ratio of the corresponding current moments and where
?%(e]-e ), 202376.7_. o ,

Specific Example:

Consider scattering from a mefqllvicvparﬁ.c.le (e.g. Cu, Fe)
és compared to that of an air bubble in the fibre.

7
o~ 10 {G(Cu)-—S 8x 10, o (Fe)=1. oxlo }
= (2;34-— 1.0) = 1.34
>‘§ = 0.9p (Ga As Laser)
r - -
oo Pmetal (1o7x(9x10'7)(376.7) 2 o 1a2x10t
S 6.8 (T.34 Y :

diel.
R(dB)=10 loglo ( 14.2x 10 )=55.2 dB

This clearAly shows the reason for large scattering loss when the

fibre has a large quantity of metallic impurities.

(i) Exact Method (Green's Function Solution)

2

1
P2 moor

- where

S ='_.|J v =0 e. l E | A v! for die_lecfric particle
R = rqduuhOn resnstcnce of a pomiL source on ﬁbre oxis

(evqluc’red by Green s function mm‘hod see Appendlx . )

2k e

R e ATy
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. does not approoch the value c one.
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f‘l}

Nbrmalizfng the pdwer radiated'byA the HE” incident r_ﬁodcl

~ power and scattering ( Tl ) paromefers we get on sefting

P, (Hr”) 1rb s (V)A] ,v 2'rr(—-)\/ - @21

where the full expression for Pi has-been given in Report No. 1.

° (m) . Aéproximate Solution: infinite medium (n] =J—'e:] )

' e 2 &l oo
L 7 = CQ“ LA SR L R(V)  (2.22)
P,(6Ev) 2z (€F,) S5,V >

(i.v) . Exact Solution: (Gre.en‘s Function Method)

o I, o V2 |& ‘2} e
P. (4% ¥ )2 ) mze €7es) 5.V . r (V) (2‘_23)
where . o |
R W) =’b2._RQ"*]‘ c m/;, o
‘v'ﬁr(V)ev b2 Rr"" o _' Z \/e‘> A(z-'.24)_
and

AE“—“(:}-—' Y, 9= | -v—3 ), normalized scattering volume
q<¢ . N N .

(e Discussion of Scat’rering Resulis ,
R R P ~
Ll ‘_ ‘;_F;Flg ]7(a) shows fhe vorlo’rlon of = -F;-E- vs. A€

Wl :;0‘.;':.‘}5*.; Y]

where A € = (e "62) ThlS graph is fo mdlccte that even when Ae - 0,

R

.
.one ccmnof use the radlohon formula for an mﬁmfe core medxum, smce (T)
N " R N . o - .
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T R P |
Fig. 17(b) presents (-R—E«) = (P—r) vs. V. Here again (—g— '
o o )

.. does not approach one as V increases; hence the infinite medium formula is

not accurate.

The results of both Fié. 17(a) and 17(b) indicate that one .cannot

 take the cladding to behave as an infinite m‘ec_li‘um when the power scattered

P

into radiation is caleulated:

Fig. 18 illustrates the fraction of scattered power into radiation.

Both the exact and the approximate (infinite medium ny = , ;1 ) solution are

-shown. lt is observed that difference between the two solutions can be as large

as 5 dB. -
The flattening of the curves for high frequency . (V) is attributed

to the saturation of HE]".l 'modd‘l power.

1o e tga 3
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CONCLUSIONS

- | 1 Propagation Characteristicé for idedl and lossless cladded

. ..'Qpﬁccl_fibre wo;'eguides have been presented. Cp!culcfions we"l;'e Carried

o OL.)-f fo? a ‘prqcfica[ cladding to cbré fa’rio é'F 20 which is suitable for single~~
mode 0pé‘.r_c>ﬁ'on'. At the samé time, effects of élcdding' thickness on the

P .

dispersion curves of the modes have also been examined.

Intrinsic ch‘bsqrp’rion‘ loss is c;:;ounfed for by introducing o
§mcl| negatfive imdginc_ry part ("pe.-r’rurbc’rion"»). to the dielectric permitfivity
“in each region of the optical fibre wayegL-xide._ This yields cf’ren.u.cﬁon |
curves fbr small cbsérpi‘gon losses. | chy of‘ccfliév_ir?g mode control by
;Jsir;g dn. cbso"rbing jacket is also exurﬁined. Menfién is q_lso.qué to the
\.resecrc}'\ in amplification of the core modes. by using cm.-r;icﬁve cladding |
» mediﬁm, wHere due ;onsidera’rion must be given to the ﬁresence of "lecky"i_ _
(or cladding) modes. & |
E _~ _Afsfeé iowc;rd-s evc‘lucﬁng_the éower’ loss from fibre scattering

‘centres has been made. Concentrating on o small scattering particle on or

. very near the fibre axis, the péwer radiated is computed.  The analysis should

. be extended to study the mode conversion .pro_blnem. |

41
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APPENDIX 1

DERIVATION OF INDUCED CURRENT DENSITY ON A

SCATTERING PARTICLE.  (DIMENSION SMALLER THAN ‘

lNClDEN.T N | : - QQWTERWG PARTNL»E

’ . . . o P T \\‘ .
1. Dielectric Scattering Particle (€ ) ' ) ,_/’- \

- : Let (E., H.) = fields without f’
_ v scattering particle ‘ ‘.
) A\
(E', H' ) = perturbed fields in Y
. presence of particle - oL €
. . " . . ‘\\ . .
: S
Ae=(e-¢ )
- Anside particle  vXH' = (o *+jw ') E'
= juwe'E, L o=0
, _ - o= i'm(e-'Ae)E',‘using e' e - A€)

= (jueE)-(ioAcE) . - (1)
_ for small p_erturbo’rions‘ (E', _I-_I" ) =~ (_[_f_i, Hi )

wet_:qnwrii‘e-_ VXﬁi=(ime£i)—(imAe Ei)"-—:

‘E“”€EH+J$d - .. @

where

o -_Jdiél == w Ae E R "E'_i = Iandent fne:lvd

Cd
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- Metallic Scattering Particle (o)

bt it

- Here the displacement current (jwe E' ) can be neglected

e MpeA e

L I  }

i metal
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incident fisld
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. - APPENDIX Il

EXPRESSION FOR RADIATION RESISTANCE OF A POINT

SOURCE. FOURIER TRANSFORM TECHNIQUE AND |

GREEN'S FUNCTION SOLUTION

PoINT § OURCE

* The current density. is specified by

_ iJeS(p)S(z)

| j J.dv= Je = CurremL Momenf
REGIONI: 0spsa xg ik H

vXH=-ik E+J
- - o -—. -

. wh-ereb. (E, H, J) are normalized quantities.
‘Rep_'r.es.enﬁng fhe actual fields as |

R ‘ k@ lkyz o
et in
~f---";: f(p,ﬂ, )?—9-_[ [Z F(p,y) glle dy
F0ur|er Trunsform Techmque LT
transforms and decouples eqn. (2) to yield the wave equations for {i’E
o . ‘ ' . 21

7‘]}, namely




S
3
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where m = _e_] -y

Eqn. -(4) clearly reveals thatonly n= _ 1 modes

will be excifed.

_ " Equation' (4) also holds in Regions 1l and 11l where Je=0,
B e S N

2 T egm? resP‘?CH"eIY- The solutions in . S

M

each region are given by

REGION I: (Green's function solu’rion, for poinf source)

TEy L (o) CT Hy (k m p)+A 3y (kg nlp)]

sz,n(p,v)= "’71 s H, (k n] )+B J; (k n]p)_]

-REG!O‘N‘ I[l:  (source free so_lution)

il

iEzé’n(p;'&)' ln2[E Yy (k, 772p)+F 3y (k0]
-8
'n2[C ¥y kg nzp)+D ) (k n2p>]

i

NCE2)

REGION 111: (source free solution) .‘

iEz3'n,( o ?’3. = 773-.Ln H]'-j(_ko n3.p)' '

G




R

be expressed. in terms of E s H

jo0] . .
‘Re _‘L)E mSn(ply)H (917)'E (p’Y)_HDSn (ply)j d?’

. reduces to

46

z3,n
where |=i-'-'!3 T =W S = in.
. : VA VE g - ' “n 2
261_

.(An", Bn,~ Cn' bn’ En"Fn' Gn' Ln) are gmplitude éoefficients defetm?péd~.by

matching the tangential components at p =a, b. Using Maxwell's curl

- . equations, the transverse components of the fransformed E, H  fields can

z

- The power radiated is

- 1 . o 2Zn :
PrzTﬁfe——- Re j j [ EB(D,@,Z)H*(p,w z)
Vo "o “oo
3“"@'2)Hs“"h”““““fzr— e
: ~ n=< 1

(©)

using Parseva | 's Theorem

Now for 1 |y |>1|, the radial component of the complex Poynting

~vector is purely imaginary ("evanescent" waves); hence these do not contribufe

to th:'e radiated power.

“Making the usual fcr-fieldcp_'prox'imqﬁons, the radiated powe.r |

Pr=—p 7 o Z ‘[] [[G\ L1 “Jev - a0
n=—1. - - -
E,-;—(J YRr , Z°= 69_
€
(o]




. o ! . kf O , -
T A N S LN Gk
-l - . .

- n:..-

is the radiation resistance for a point source on fibre axis.

o ot - ARG
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