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@ 4-22. Since the de component of x(t) is 0.2, its range is -2.36 < x(t) <2.76. The power
has the form P(t) = Po[1 + mx(t)] where we need to find m and Py. The average

value is
<P@)> =Pp[l +0.2m]=1mW

The minimum value is
o ,!‘\
|

P()=Po[1-2.36m] 20  which implies m < fgg =0.42
T 31 [

Therefore for the average value we have < P()> =Pg[1 +0.2(0.42)] < 1 mWwW,

which implies

e

SE— “

x/ 1 .
‘Pg= .1—6152 =092mW !  sothatP(t) = 0.92[1 + 0.42x(t)] mW and

— . ‘»‘—“M/'/

i) = 10 P(t) = 9.2[1 +0.42x()] mA

@ 4-23.  Substitute x(t) into y(t):

y(t) = a1b; cos @t + ajb;y cos wot

+ az(bcos? @yt + 2byb; cos o1t cos Wyt + b'icos2 wot)
+a3(b; cos3 @t + 3b2by cos2 ©;t cos wyt + 3b1bjcos Wyt cos2 wyt+ b3 cos3 wypt)
+a4(b; cos? @it + 4b’by cos3 w;t cos wyt + 6b; b3cos? 1t cos? wyt

+4b;b; cos yt cos3 wyt + bjcos? wyt)

Use the following trigonometric relationships:

i) coszx='21'(1 + cos 2x)
ii) cos3x = ;i‘ (cos 3x + 3cos x)

ili)  cosdx = 'é‘ (cos 4x + 4cos 2x + 3)

iv) 2cos x cos y = cos (x+y) + cos (x-y)

v) cos? x cos y ='}i [cos (2x+Yy) + 2cos y + cos (2x-y)]



. 1

vi)  cos?xcos2y=3 [l+cos2x+cos 2y +% cos(2x+2y) +12 cos(2x-2y)}
1

vii) cos3xcosy= 3 [cos (3x+Y) + cos (3x-y) + 3cos (x+Yy) + 3cos (x-y)]

1 2 2 3 4 2.2 3 4 constant
y(t) = §[a2bl +aghy +7 a4by + 3agbiby + 4 sz] terms A v

3 2 3 3 2 fundamental Co
+ %[ag,bl + 2a3b1b2] cos Wit +3 a3[b2 + 2b,b2] cos wat terms _> A ‘ C LUK)

b 2 2 b
+ ’é’[az +agb; + 334b2] cos 201t + '52'[32 + a4b% + 3a4bﬂ cos 2ant
2nd-order harmonic terms ‘? Aa (Wy )

1 1 i
+3 agb:i cos 3mit+73 a3bg cos 3wt 3rd-order harmonic termS'“::> A 2 (WK\

4 1 4 ;
+'El,: agb; cosd4wit+g agby cos 4m,t  A4th-order harmonic terms ::; A 4 (VUV\B

3 .3 3 3
+ [azblbz +3 agbyb2 +3 a4b1b2][ cos (m1+w)t + cos (1-02)t]

2nd-order intermodulation terms -:7 Ei)*\

2
+;3; a3b% b2 [cos(2c01+m2)t + cos(2m1-a)t] +% azbib, [cos(20)2+(01)t + cos(2mp-w1)t]
3rd-order intermodulation terms = oand
=) 63}_( e b_:‘)z_

1 3 | .
+3 agby by [cos(B@r+@)t + cos(3m1-0)t) =3 [ g
3 2.2 >
+;:' agb, t3>2 [cos(2m1+2(n2)t+cos(2m1-2m2)t] - -5}) v
+3 agbiby [cos(3m2+ml)t + cos(3mn-m)t] 4th-order intermodulation

terms . §> B::‘\ 0

This output is of the form Z

y()=Ag+ Aj(wy) cos ot + As(w)) cos 2ot + As(®) cos 3wt

+ Ag(my) cos 4ot + Ay(wy) cos ot + An(wy) cos 2ant

+ As(@y) cos 3ant + Ag(y) cos 4ant+ Y, > Bmp cos(map+nw)t
m p
where Ap(®;) is the coefficient for the cos(nw;j)t term.
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5-8.  Using Eq. (5-10), the relfectivity at the gel-to-fiber interface is

1.485-1.305
=0\ 748541305

2
) =4.16x107
1.485+1.305

The power loss is (see Example 5-3)

L=-10 log 1-R)=-10 log (0.9958) = 0.018 dB
When there is no index-matching gel, the joint loss is

_(1.485~1.000
a.f ™

2
) - 0.038
1.485+1.000

The power loss is L =-10 log (1-R)=-10 log (0.962) =0.17 dB

5-16:~:The splice losses are found from the sum of Egs. (5-35) through (5-37). First find
NA(O) from Eq. (2-80b).

For “"ber 1: NA,(0) = n,v2A =1.46y2(0.01) = 0.206

For fiber 2: NA,(0)=n 24 = 1.48\/2(0.015) =0.256

(a) The only loss is that from index-profile differences. From Eq. (5-37)

1.80(2.00+2) =02

L.,()=~10 lo
-2(®) & 2.0001.80+2)

4 dB

(b) The losses result from core-size differences and NA differences.

L,.,.(a)=-20 log ('8'5:29;)= 1.94 dB

L,,i(NA)=-20 log {‘?‘5)‘:'} =1.89 dB



@ Problem 5-12
n,)
np:=148  NA=020 nj = ’n12~NA2 np=1466 0 iTasin—=| 0 =82234deg

1
1y

We can use equation (5-30) to solve for the fiber loss due to lateral misalignment in equation
(5-32). By defining dnorm as d/a, the relation becomes:

1

- 2 22 1 [ 1 2)

L gq(dnorm) :=-10-log| —+ acos(dnorm) - (1 - dnorm”) '—6-~dnorm-i5 - -2—‘dnorm |
T \ /

We can solve for the loss due to longitudnal misalignment by rewriting equation (5-33) with
s/a indicated by snorm, finding:

L pg(snorm) :=- 10‘log[ <1 t snorm-tan<9 C>>-2]

i:=0.100
dnorm, = ——+1.0 snorm. :=——-3.0 9 =1 .0.174533
i 100 '100 100 0,00 = 10°deg

With the equations for the variables p, g, and y, we can solve for the loss due to an angular
displacement, 6, by using equation (5-34):

3
cos' 1 - cos<9 ) cos(e c\’
P. ] Y q. = \ /
! sm(@ sm< ) ! _2_
/ /n \\2 2
[Kcos&e c)) - s1n<91> ]
fn N2/ o\ . V2
= cos(\e c) -!\1 - cos(\ei)> - sm(Gi)
T an(8 Jcos/8 Vsin/6.)
sm< 0 c) cos\\ﬁ c,\/ sm(\e‘.}
! 1
1 / \2 2 1, . A ‘_1 /N2 2 1 [ fOAN

/1 \
LFa, :=- 10~1og[cos[9i~éE ~ parg, ~ qi'yargi[]H
/

A
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Throughput loss (in dB)

-~ ,
B Lpg .‘\dnormi/,
=

= 7 N
§ Lgs \snonni i)
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,;D Problem 5-20

n o = ]470 n IM = 1470 n air = 100

- - -6
8, =8 deg d:=110

b o =0.1396°rad

IM: index matching material gap Air gap
2 2
R .-/nO‘nIM> R ,._(no'nair\\
| SR A
Notnm \no+nair)
[n
\ . o . \
6 ; ‘=asin “o sin(8 )| 8 =asin ) sm(G 0> |
1 Vo) } M air /
nIM /
8, = 8 edeg B 5 = 11.805°deg
1
4mn IM'd-cos(O 1) 4-mn air~d~cos<9 2\)
Bi(h):= - Bo(r):= -
Iy A
2 2
T (LR) = R T,0R) = T
2 o [B) 2o B
(1-R)*+4-Rsin ) (1-R)*+ 4-R-sin ;
|2 L2
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