Problem Solutionsfor Chapter 13
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(a) From the given equation, ny, = 1.000273. Thus,
I e =1 4N =1.000273(1550.0 nm) = 1550.42 nm

(b) From the given equation,

(1.000273- 1)(0.00138823)640

n(T,P)=1+
1+ 0.003671(0)

=1.000243

Then n(T,P)1550 nm) =1550.38 nm

Since the output voltage from the photodetector is proportional to the optical
power, we can write Eg. (13-1) as
10 V.

log—=
I—l' I—z gvl

a=

where L, isthe length of the current fiber, L, is the length cut off, and V, and V»
are the voltage output readings from the long and short lengths, respectively. Then
the attenuation in decibelsis

10 | 3.78

a= og —— =0.31dB/km
1895- 2 3.31

(a) From Eq. (13-1)

1 P 1 \Y 10 | V,
a= 0 log & = 0 Iog—“zoogeln—N
L,- L, P L,-L, V., L,-L, V.
From thiswe find
éD u . : .
Dazlo log e€DV, +D\/F _ 4343 (£0.1% 0.196)= + 8.686 10°°

L,-L. 8V, V. H L,-L, L, - L.
(b) If Da = 0.05 dB/km, then

, 8.868° 10

tehe b s

km=176 m



13-4 (a) From Eg. (8-11) we have
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(b) From Eg. (8-10), the 3-dB frequency is the point at which

1 2pfade)? sy 1
Gw) =5 G(0), or expg—%u =3

Using s asdefined in Eq. (8-13), we have

2In2)¥2 ~ 2In2  0.44
2ps " ptrwHavm  tFwHM

fadg =

13-5 From Eq. (13-4), P, (f) /P, (f) =|H(f)|. To measure the frequency response, we
need a constant input amplitude, that is, Pin(f) = P,y(0). Thus,

P(f) _ out(f)/P.n(f) [H()|

[H(F))

P(0) P, (0)/P,(0) [HO)
The following table gives some representative values of H(f) for different values of
2s:

f (MH2) 2s =2ns 2s =1ns 2s =0.5ns

100 0.821 0.952 0.988

200 0.454 0.821 0.952

300 0.169 0.641 0.895

500 0.0072 0.291 0.735

700 0.089 0.546

1000 0.0072 0.291

13-6 To estimate the value of D, consider the slope of the curvein Fig. P13-6at | =
1575 nm. There we have Dt =400 ps over the wavelength interval from 1560 nm
to 1580 nm, i.e,, DI =20 nm. Thus

1D 1 400 ps_

LI] 10km20n

= 2 ps/(nm>km)



13-7

13-8

13-9

Then, using thisvalue of D at 1575 nm and with | = 1548 nm, we have

D() _ 2 ps/(nm xkm)
I -1, (1575- 1548 nm

S, = = 0.074 ps/(nm” >km)

Withk =1, | g4t = 1525 nm, and | go, = 1575 nm, we have N = 17 extrema.
Substituting these values into Eq. (13-14) yields 1.36 ps.

At 10 Gb/s over a 100-km link, the given equation yields:

(1 ps)’0.5(1- 0.5)

=65 10" dB
(100 ps)’

Py »26

Similarly, at 10 Gb/s over a 1000-km link, B, » 0.065 dB.

Thisisthe same result at 100 Gb/s over a 100-km link.

At 100 Gb/s over a 1000-km link, we have 6.5 dB.

For a uniform attenuation coefficient, b is independent of y. Thus, Eq. (13-16)

becomes

é

U
POX) = R0 expg bc‘ﬂyH= P(0)e ™

Writing thisas exp(- bx) = P(0)/ A(x) and taking the logarithm on both sides
yields

bx log e=log %(%.Sincea =b(10 log e), this becomes

ax =10 log E((—)(g

For afiber of length x = L with P(0) = Py being the near-end input power, this
equation reduces to Eq. (13-1).
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Consider an isotropically radiating point source in the fiber. The power from this
point source is radiated into a sphere that has a surface area 4pr®. The portion of
this power captured by the fiber in the backward direction at a distance r from the
point source is the ratio of the area A = p&’ to the sphere area 4pr?. If q isthe
acceptance angle of the fiber core, then A = pa® = p(rg)>. Therefore S, as defined
in Eq. (13-18), isgiven by

S_ A pr2q2 q2

4pr’  4pr® 4

From Eq. (2-23), the acceptance angleis

: NA 2 2
an q»q:—n,sothat S:%:%

The attenuation is found from the slope of the curve, by using Eq. (13-22):

P,(x
10 log Rolx) 10 log 10

FoXa) _ 8 = 40 dB/km
2(x, - x,) 2(0.5 km)

Fibera a =

10 log 2

Fiberb: a =——2LL =36 dB/km
2(0.5 km)

10 log 7

Fiberc a =———L8 —59 4B/ km
2(0.5 km)

To find the fina splice loss, let P; and P, be the input and output power levels,
respectively, at the splice point. Then for

. P
For splice 1: Lgy =10 log 32:10 log %;:-0.5 dB

1
. 7
For splice 2: L. =10 log 1—1: -20dB

See Ref. 42, pp. 450-452 for a detailed and illustrated derivation.



13-13

13-14

Consider the light scattered from an infinitessmal interval dz that islocated at L =
Tvg. Light scattered from this point will return to the OTDR at timet = 2T. Upon
inspection of the pulse of width W being scattered form the point L, it can be
deduced that the back-scattered power seen by the OTDR at time 2T isthe
integrated sum of the light scattered from the locationsz=L —W/2toz = L.

Thus, summing up the power from infinitessmal short intervals dz from the whole
pulse and taking the fiber attenuation into account yields

w z N

\ é Zpu
PL)=pSaexp 5 2a & +20 gz

g T e e 24

=S a? P et (1- eav)

which holds for L 3 W/2. For distances less than W/2, the lower integral limit gets

replaced by W —2L.

For very short pulse widths, we have that aW << 1. Thus the expression in

parenthesis becomes

gl(]_- e'aw)>>§[l- (- aW)]=W

Thus
PL)»Sa WP e*"

(a) From the given equation, for an 0.5-dB accuracy, the SNR is 4.5 dB.
Thetotal loss of the fiber is (0.33 dB/km)(50 km) = 16.5 dB.

The OTDR dynamic range D is

D =SNR +aL +gplice loss

=45dB+16.5dB+0.5 dB=21.5dB
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Here the splice loss is added to the dynamic range because the noise that limits the
achievable accuracy shows up after the event.
(b) For a0.05-dB accuracy, the OTDR dynamic range must be 26.5 dB.

To find the fault-location accuracy dL with an OTDR, we differentiate Eq. (13-
23):

dL =t
2n

where is the accuracy to which the time difference between the original and
reflected pulses must be measured. For dL £ 1 m, we need
2n 2(15)

dt=—dLf ————
c 3710" m/s

(0.5m)=5ns

To measure dt to this accuracy, the pulse width must be £ 0.5dt (because we are
measuring the time difference between the original and reflected pulse widths).
Thus we need a pulse width of 2.5 ns or less to locate a fiber fault within 0.5 m of

its true position.



