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Questions

1. (30 Points) A single mode fibre has n, —n, =0.005. Calculate the core radius (from
normalized frequency parameter V) if the fibre has to have a cutoff wavelength of 1 um .

Estimate the spot size w and the fraction of mode power inside the core, when this fibre is
used at A=1.3 um. Take n, =1.45.
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2. (40 Points) For single mode fibre, using the formulation and the graphs on the enclosed
pages, calculate the dispersion parameter D and its individual components, D,, and D,

by taking 4=1.33 um, A=0.001 , n, to be the same as » in Fig. 2.8 and V = 2 . Check
to see if your calculated figures agree with those displayed in Fig. 2.10
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3. (30 Points) Answer the following questions as True or False. For the False ones give
the correct answer or the reason. For the True ones justify your answer.

a) Dispersion in a single mode fibre is related to variation of refractive index with
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b) According to ray propagation equation, rays in step index fibre travel along straight
lines, whereas in graded index fibres, the rays follow a sinusoidal path : 7; =

///)/) )5 oA«u fo />(fﬂf)rr/4‘/ /'a(‘/ Cj uq//a/)
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c¢) Dispersion in a graded index fibres is greater than step index fibres : /e /3@
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d) Fibre modes have a radial distribution in the form of Bessel functions: /-, ¢
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e) Single mode fibres have a V parameter whose values is less than 2 : Fo Kz@,
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Figure 2.8: Variation of refractive index n and group index ng with wavelength for fused silica.

where @, is the resonance frequency and B is the oscillator strength. Here n stands for
iy of ny, depending on whether the dispersive properties of the core or the cladding are
considered. The sum in Eq. (2.3.11) extends over all material resonances that contribute
in the frequency range of interest. In the case of optical fibers, the parameters B; and
m; are obtained empirically by fitting the measured dispersion curves to Eq. (2.3.11)
with M = 3. They depend on the amount of dopants and have been tabulated for several
kinds of fibers |12]. For pure silica these parameters are found to be B = 0.6961663,
B, = 0.4079426, B3 = 0.8974794, Ay = 0.0684043 um, A, = 0.1162414 um, and A3 =
9.896161 um, where A; = 2rc/@; with j = 1-3 [36). The group index ny =n+
@(dn/dw) can be obtained by using these parameter values.

Figure 2.8 shows the wavelength dependence of n and n ¢ in the range 0.5-1.6 um
for fused silica. Material dispersion Dy is related to the slope of n, by the relation
Dy = ¢ '(dng/dA) [Eq. (2.3.9)]. Tt turns out that dng/dA =0at A = 1.276 pum. This
wavelength is referred to as the zero-dispersion wavelength Azp, since Dy=0atA=
Azp. The dispersion parameter D is negative below Azp and becomes positive above
that. In the wavelength range 1.25-1.66 um it can be approximated by an empirical

relation
Dy = 122(1 - Azp/A). {2.3.12)

It should be stressed that Azp = 1.276 ym only for pure silica. 1t can vary in the
range 1.27-1.29 pm for optical fibers whose core and cladding are doped to vary the
don wavelength of optical fibers also depe m the

velractive index. The 2ero disper
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Figure 2.9: Variation of b and its derivatives d/( aram
_ s d(Vb)/dV and V|d*(Vh) /dV?] wi
eler. (After Ref. [33]; ©1971 OSA; reprinted with _.H:ﬁ._mumou._u G ‘

2.3.3 Waveguide Dispersion

The contribution of waveguide dispersion Dy to the dispersion parameter D is given
by Eq. (2.3.10) and depends on the V parameter of the fiber. Figure 2.9 a:cimmmoé
_..:\3 \a.:\ .Ea Vd?*(Vb)/dV? change with V. Since both derivatives E.n , sitive, D
In negative in the entire wavelength range 0—1.6 gm. On the other hand bvc? ne ; ti .
_?.. sscn_oam&m below Azp and becomes positive above that. Fi gure m _% m_..oimwu_é
Dy, E.z._ Eﬂ_. sum D = Dy + Dy, for a typical single-mode fiber. .;n.BmE effect Hﬂ
Waveguide dispersion is to shift Azp by an amount 3040 nm so that the total dispersi

I8 zero near 1.31 um. It also reduces D from its material value Dy in the £m<w_oM“_oﬂw
tange | .w.u 1.6 um that is of interest for optical communication systems. Typical <m__hmnm
ol D are in &n range 15-18 ps/(km-nm) near 1.55 pm. This wavelength region is of
I!L,_e._.m._u_.n interest for lightwave systems, since, as discussed in Section 2 u@%m w&o
loss I8 minimum near 1.55 ym. High values of D limit the perform . .
lightwave systems. . i

Since the waveguide contribution Dy depends on fiber parameters such as the ¢

_!__:_., a =..=_ the index difference A, it is possible to design the fiber such th wwoa
Is shifted into the vicinity of 1.55 um [37], [38]. Such fibers are called manmm.ﬁ.ew

;S ..\ - —— 1 :- —- i i
' ! ) N8I _—. (8] ,_ _—gﬁ wiave i ; —uﬂ i 5 d
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Figure 2.10: Total dispersion D and relative contributions of material dispersion Dy and wave-
guide dispersion Dy fora conventional single-mode fiber. The zero-dispersion wavelength shifts
to a higher value because of the waveguide contribution.

modified fibers involves the use of multiple cladding layers and a tailoring of the
refractive-index profile [37]-[43]. Waveguide dispersion can be used to produce disper-
sion-decreasing fibers in which GVD decreases along the fiber length because of ax-
ial variations in the core radius. In another kind of fibers, known as the dispersion-
compensating fibers, GVD is made normal and has a relatively large magnitude. Ta-
ble 2.1 lists the dispersion characteristics of several commercially available fibers.

2.3.4 Higher-Order Dispersion

It appears from Eq. (2.3.6) that the BL product of a single-mode fiber can be increased
indefinitely by operating at the zero-dispersion wavelength Azp where D = 0. The
dispersive effects, however, do not disappear completely at A = Azp. Optical pulses
still experience broadening because of higher-order dispersive effects. This feature
can be understood by noting that D cannot be made zero at all wavelengths contained
within the pulse spectrum centered at Azp. Clearly, the wavelength dependence of D
will play a role in pulse broadening. Higher-order dispersive effects are governed by the
dispersion slope S = dD/dA. The parameter § is also called a differential-dispersion
parameter. By using Eq. (2.3.5) it can be written as

S= ma;.\»uvu?. 1 Tn:__;_\u.Juu. (23.13)

where iy = dfiy/dw A /dw" is the third-order dispersion parameter. At A = Azn.
[ 0 and S s proportional o 1y

T he numerival value vl the diapession slupe & plays s pnportant role in the design

have slightly
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‘.gm_hv—.—lm_——mﬂﬂﬁ. D_—n_ Q-Mgﬂw—cﬂlnmznu -8 —mmvnu S. ’

iws”_ah.”_.od# ﬁ<U ,um_com. This feature E.n_nom it difficult to compensate dispersion for all
.sonnmu ] ww._q._zﬂ_.r_:wc:.mg To solve this problem, new kind of fibers have been devel
,.,n_.mu ﬁ.H.ME.M um_ __m. either small oda:..uam-m_.ovn fibers) or negative (reverse-dispersion
B n_.xw_.m. -1 lists the values of dispersion slopes for several commercially uvuil
\ !——»Mﬁw“ﬂnﬁhmwd w“n._.ﬁm.w.s that the _:.::.m:m bit rate of a channel operating
ey finitely .ﬁmn. However, _.?m is not the case since S or fJ; becomes
?.. imiting factor in .:mm case. We can estimate the limiting bit rate by noting that
WB l__ MM.M.S of %onﬁ._ E:.E._ AR, En effective value of dispersion parameter becomes
2 ._,:.n ::.:::m bit rate—distance product can now be obtained by using I
_ﬁ.u.ow with this value of D. The resulting condition becomes ! o

BLISI(AA)? < 1. (2.3.14)

””__ s@@.ﬂﬁ%&ﬂmmamoo:mcﬁo_. laser with AA = 2 nm and a dispersion-shifted fiber
R =0.0: 3.“. A.BWE:-V at A= _.m.m pm, the BL product approaches § (Th/s)-km
rimprovement is possible by using single-mode semiconductor lasers,

205 Polarization-Mode Dispersion

’ Wwer § O P T . 9 1 \

potential source of pulse broadening is related (o fiber birefringence. As discussed
1 perfect eylindrical symmetry lead 1o birefrin

en mnocinted with the orthoganally polaiized
et mode 10 the input pulse excites both poluizn

e broder mn the two components disperse slong the fiber
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