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2.13

We set V, =0, B, =0, and C = 01in Eq. (2.4.23) so that

2
c? I %
o 426

We can write this equation as

|Bs|L
4420}

o = (o +03)'/?, where op =

Since oy depends on oy, we need to minimize ¢ by choosing an optimum value of 0¢. Using y = 67

and x = o¢, we need to minimize

2
L
y=x+ %. where a = M
x

2xa" 4
Taking the derivative, we find that the minimum occurs forx = a3, or for oy = a”?‘, and the minimum

value is given by

a=3(&E)"

Using the criterion B < 1/{4¢), we finally obtain the condition

B(|Bs|L)'? < 0.324.



2.14

Using B3 = 0 and V,, < 1 in Eq. (2.4.23), we can write this equation as

2
L

¢’ =t +CRL+(1+C) <B°—) .
200

Since ¢ depends on oy, we need to minimize ¢ by choosing an optimum value of op. Setting the

ﬁ:l;(wcz)(&%)z:

dog 407

derivative to zero we obtain

The minimum occurs when

=El/ive

and the minimum value is given by
o = |BJL(C+V1+C)2
Using the criterion B < 1/(4¢), we finally obtain the condition

BV|BRIL(IC+V1+C) 2 < 1/4.

2.17
From Eq. (2.6.14), nonlinear phase shift

(beL = Y])inLeﬁ = }'PmL-,

when fiber loss can be neglected. We can calculate y from y = 27>/ (AesrA ) as all parameter values
are given. It is found to be ¥ = 2.1 W~ !/km. Using P, = 6 dBm =4 mW, and ¢n = 23& we obtain L
=745 km.

2.18
From Eg. (2.6.6), the threshold condition is gBPnLer/Aesr 7= 21.

For L =50km and ¢ = 0.5 dB/km = 0.115 km ™!,

j = e—m‘.

Leff = —a— = 867 km.

“ow we can calculate Py, using the values given to find that Py, = 1 mW.

%1 1.55 um, Les = 19.56 km because of reduced losses, resulting in a threshold of 0.42 mW.



2.19
From Eg. (2.6.14), nonlinear phase shift

¢'NL e '}'Pm Leffi

Using & = 0.2 dB/km = 0.046/km, and L = 40 km, the effective length is found to be

1 F—aL

Eagrem—— = 18008 ki
(94

We can calculate y from y = 27ia/ (AegrA) since all parameter values are given. It is found to be ¥ =

3.24 W /km. Using ¢w1. = 7, we obtain P, = 53 mW.

2.20

From Eq. (2.6.14), SPM-induced phase shift is given by
¢NL = YP(t)Lest = YP()L,

when fiber loss can be neglected. For a Gaussian pulse, P(1) = Py exp(—t2/T¢). The frequency chirp

is calculated as
1 onp  YHRL
AV (D) ==
®) 27 dt =l

rexp(—*/TE).

We maximize the chirp by setting its time derivative to zero. The maximum is found to occur at
t = Tp/+/2. The maximum chirp for this value of 7 is given by
’}’PUL
AVipgy = ———.
max nTO\/Z_e
Using 7= 3.24 W~ !/km from preceding problem, P, = 5 mW, L = 100 km, and Tp = 20/1.665 =12 ps,
we obtain Av,,, = 18.2 GHz.
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