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SoLuTions  To Hw  #E 4

4-3. (a) From Eq. (4-4) we have 1.540 = 1.424 + 1.266x + 0.266x2 or

x2 +4.759x - 0.436 = 0. Solving this quadratic equation yields (taking the plus

sign only)

1
x=5[-4.759 +\/(4.759)2 + 4(436)] = 0.090

. i 1.240
The emission wavelengthis A = 1540 = 805nm

(b) Eg = 1424 + 1.266(0.15) + 0.266(0.15)2 = 1.620 €V, so that

1.240

A =1620 766 nm

(a) The lattice spacings are as follows:

a(BC) = a(GaAs) = 5.6536 A

a(BD) = a(GaP) =5.4512 A

a(AC) = a(InAs) = 6.0590 A

a(AD) = a(InP) = 5.8696 A

a(x,y) = xy 5.6536 + x(1-y) 5.4512 + (1-x)y 6.0590 + (1-x)(1-y)5.8696
=0.1894y - 0.4184x + 0.0130xy + 5.8696

(b) Substituting a(xy) = a(InP) = 5.8696 A into the expression for a(xy) in (a),

we have

_ 0.4184x _ 0.4184x
Y= 0.1894-00130x =~ 0.1894

=2.20x
(c) Withx=10.26 and y = 0.56, we have
Eg=1.35+0.668(.26) - 1.17(.56) + 0.758(.26)2 + 0.18(.56)2

- .069(.26)(.56) - .322(.26)2(.56) + 0.03(.26)(.56) = 0.956 eV



4-9,

4-10.

4-11.

4-18.

(a) Using Eq. (4-28) with "' =1

= ‘1 = 'l
Zth 0.05 c In (032) + 10 cm 55.6 cm

(b) With R; = 0.9 and Ry = 0.32,

1 1
8th=3.05 cm [0.9(0.32)} +10 cme! =34.9 el
(c) From Eq. (4-37) TMext =i (8th - & )/gth ;
thus for case (a): Next = 0.65(55.6 - 10)/55.6 = 0.53
For case (b): next =0.65(34.9 - 10)/34.9 =0.46
Using Eq. (4-4) to find Eg and Eq. (4-3) to find A, we have for x = 0.03,

124 1.24
Eg  1.424 + 1.266(0.3) + 0.266(0.3)2

A =1.462 um

From Eq. (4-38)

Next = 0.8065 A(um) %%%2‘—1)2

Taking dI/dP = 0.5 mW/mA, we have next = 0.8065 (1.462)(0.5) = 0.590
(a) From the given values, D = 0.74, so that 't =0.216

Then n’; = 10.75 and W = 3.45, yielding [, = 0.856

(b) The total confinement factor thenis I’ = 0.185

From Eq. (4-48a) the effective refractive index is

_mAs _2(1570nm) _.
Te="S5A ~ 2(460nm)

Then, from Eq. (4-48b), form =0

2
A . 0
_li.(l) - 1570 nm ¢ L LEMASTONM) - _ o6 004 1 20 m

A=A E 20 L(2 4(3.4)(300 pm)
Therefore form =1, A =Ag = 3(1.20 nm) = 1570 nm % 3.60 nm

Form=2, A=Ag*5(1.20 nm) = 1570 nm * 6.0 nm



4-22. Since the dc component of x(t) is 0.2, its range is -2.36 < x(t) < 2.76. The power

4-23.

has the form P(t) = Po[1 + mx(t)] where we need to find m and Py. The average

value is
<P(t)> =Po[l +0.2m]=1 mW

The minimum value is

P(t) = Pg[! -2.36m] =0 which implies m < 5_13—6- =0.42

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

which implies
Po= Tc';éi =0.92 mW so thatP(t) = 0.92[1 + 0.42x(t)] mW and

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

Substitute x(t) into y(t):

y(t) = ajby cos w3t + ajbs cos wyt

+ ay(b?cos2 @yt + 2byby cos @1t cos wot + b2cos? wyt)

+ a3(b; cos3 @1t + 3b7 by cos2 it cos wyt + 3bybcos it cos? wyt+ b3 cos3 wat)

+a4(b; cos? it + 4b’ by cos3 it cos wt + 6b] b3cos? w;t cos2 wyt

+4b1bjcos 01t cos3 @yt + bicos? wyt)

Use the following trigonometric relationships:

1
i) cos2 x = 5 (1 + cos 2x)
.. 1
i) cos3x = 2 (cos 3x + 3cos x)
1
iii)  cos*x =g (cos 4x + 4cos 2x + 3)

iv) 2c0s X cos y = cos (X+y) + cos (X-y)

V) cos2 x cos y =% [cos (2x+y) + 2cos y + cos (2x-y)]



. 1

vi) cosZ x cos2y = 7 [1 +cos 2x+ cos 2y +% cos(2x+2y) +% cos(2x-2y)]
.. 1

vii) cos3 x cos y = 3 [cos (3x+y) + cos (3x-y) + 3cos (x+Yy) + 3cos (x-y)]

then
constant

1 2 2 3 .4 22 3 4
y() =5 [azb1 +agby + 7 a4by + 3agbiby +74 a4b2] terms

+ Z[a3b1 + 233b1b2] cos ot +7 a3[bg + 2b%b2] cos ant “"t::n? "
2
b bs

2 2 2
—z'[az + agb; + 3a4b2] cos 2m1t + -Zl[az + agby + 3a4b%] cos 2wyt

2nd-order harmonic terms
1 .3 1 .3 : _
+3 azb; cos3oit+y asb, cos 3wot 3rd-order harmonic terms

1 4 1 4 :
+g agb; cosdmit+yg agb, cos 4wyt  4th-order harmonic terms

+ [azblbz + % a4b?b2 + % a4b1bg][ cos (@14t + cos (W1-m)t]

2nd-order intermodulation terms

2
+% a3b2; by [cos(2wi+m)t + cos(2m1-wt] +% azbib, [cos(2wz+wt + cos(2mp-m)t]

3rd-order intermodulation terms

1 3
+5 agby b2 [cos(3(01+0)2)t + cos(3w1-tn)t]
+% a4b% b% [cos(2(o1+2u)2)t + cos(2mw1-2w)t]
+% a4b1b; [cos(Bwp+m)t + cos(3wp-m1)t] 4th-order intermodulation

terms

This output is of the form

y(t) = Ag + A1(w)) cos o1t + As(m7) cos 201t + A3(®1) cos 3wt

+ Az(my) cos 4mt + Aj(w2) cos ot + Ap(wp) cos 2wt

+ A3(@)) cos 3ot + A4(@7) cos 4wt + Y, D By cos(mwi+nwyp)t
m n
where Ap(w;) is the coefficient for the cos(nwjt term.



5-8.  Using Eq. (5-10), the relfectivity at the gel-to-fiber interface is

1.485-1.305
N (ESE-

2
=4.16 -3
l.485+1.305) x10

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(0O) from Eqg. (2-80b).

For “ber 1: NA,(0) = n,v24A =1.46y2(0.01) = 0.206
For fiber 2: NA, (0)= n,v24 = 1.48/2(0.015) = 0.256

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

. 00+
L,,,(a)=~10 log 1802.00%2) _ 54 4B
2.00(1.80+2)

(b) The losses result from core-size differences and NA differences.
50
L,, =-201 (——)=1.94 dB
2-1() og 62.5

2
L, (NA)=-20 log ['%2‘} =1.89 dB



