Problem Solutionsfor Chapter 10

10-1. Intermsof wavelength, at a central wavelength of 1546 nm a 500-GHz channel
spacing is

12 O = (1546 nm)’?

s X 07 m/s 500" 10° s* =4 nm

DI =

The number of wavelength channels fitting into the 1536-to-1556 spectral band
thenis

N = (1556 — 1536 nm)/4 nm =5
10-2. (a) Wefirst find P, by using Eq. (10-6):
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Similaly, P, =10"9 ?®-%%) = 67.8 mW

e 200 o
b) From Eg. (10-5): Excessloss=10 log -—-=0.58 dB
() a( ) g €107.4+67.89
© P _1074_ 61% and P, _678 _ 39%
P+P, 1752 P+P, 1752

10-3. The following coupling percents are are realized when the pull length is stopped at
the designated points:

Coupling percentsfrom input fiber to output 2

Points A B C D E F
1310 nm 25 50 75 90 100 0
1540 nm 50 88 100 90 50 100
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10-5. From Eq. (10-18)

—zl =dn?(0.4z)exp(- 0.06z) =0.5
0

One can either plot both curves and find the intersection point, or solve the
equation numerically to yield z = 2.15 mm.
10-6. Since b, p n, then for ny > ng we have k < kg. Thus, since we need to have

kALA = kBLBa we need to have La>Lg.

10-7. From Eq. (10-6), the insertion loss L; for output port j is

e j-out a
Let
P . .
a; = PI o =10""" where the values of L are given in Table P10-7.
- out
Exit portno. |1 2 3 4 5 6 7
Value of g 857 | 671 |566 |800 |918 |7.31 |8.02

Then from Eq. (10-25) the excesslossis
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10-8. (a) The coupling lossis found from the area mismatch between the fiber-core
endface areas and the coupling-rod cross-sectiona area. If ais the fiber-core radius
and R is the coupling-rod radius, then the coupling lossis



10-9.

10-10.

Pout 7pad 7(25)2
Looupling = 1010g 50 :10|ogE)'DR—2 :10Iog(—1(5—0)L2 =.7.11dB

(b) Similarly, for the linear-plate coupler
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(a) The diameter of the circular coupling rod must be 1000 nm, as shown in the
figure below. The coupling lossis
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(b) The size of the plate coupler must be 200 nm by 2600 nm.

. . 7p(100)2
The coupling lossis 10Iog§)%((2%?)%) =-3.74dB

The excess loss for a 2-by-2 coupler is given by Eq. (10-5), where P, = P, for a 3-
dB coupler. Thus,



FE .0 977
Total loss= - 10 log ?&T—- 1olog N =-10 log ?ﬂ
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10-11.

2P 4 P
Excessloss= 10 log QAQ:lO log QJQ
eP +P, g ez2pk,
Thisyields
_&06 qgeo _ a6
P =g g 107 =0077 220

~=0.1dB

Thus the fractional power traversing the 3-dB coupler is Fr = 0.977.

Then, from Eg. (10-27),

Solving for nyields

ng '30977 - = 9.64
log 2 Eﬂog_._ 1°

e log 2 o

Thus,n=9 and N=2"=2°=512

For details, see Verbeek et al., Ref. 34, p. 1012
For the general case, from Eq. (10-29) we find
M, =cos (2kd)xcos (kDL /2)+j sin (kDL/2)
M, =M, =j sin (2kd)xcos (kDL /2)

M, =cos (2kd)xcos (kDL /2)- j sin (kDL/2)

The output powers are then given by

Py 1 = [cos’(2kd)xcos’ (kDL /2) +sin (kDL / 2) R, ,

+[sin?(2kd)xcos’ (kDL /2) P, ,

-1%0g 2"£ 30
%]



10-12.

10-13.

10-14.

Py » = [§n?(2kd)>cos’(kDL/ 2)[R, ,

+[cos?(2kd) xcos? (kDL /2) +sin* (kDL / 2)]P, ,
(a) The condition Dn = 125 GHz is equivaent to having DI = 1 nm. Thus the
other three wavelengths are 1549, 1550, and 1551 nm.
(b) From Egs. (10-42) and (10-43), we have

c
DL, =——
' 2n (2Dn)

=04 mm and DL,= 2nc =0.8 mm
eff

An 8-to-1 multiplexer consists of three stagesof 2~ 2 MZI multiplexers. The first
stage hasfour 2~ 2 MZIs, the second stage has two, and the final stage has one
2~ 2 MZl. Anaogous to Fig. 10-14, the inputs to the first stage are (from top to
bottom) n, n + 4Dn, n + 2Dn, n + 6Dn, n + Dn, n + 5Dn, n + 3Dn, n + 7Dn.

In the first stage

C
DL,=——=0.75mm
' 2N (4Dn)

In the second stage

c
=———=15mMm
2" 2ng (2Dn)
In the third stage
c
L,=—=3.0mm
* 2n(Dn)

(a) For afixed input angle f , we differentiate both sides of the grating equation to
get

k. dg ___k
cosqdq—n.L di or d "~ nL cosq

. . . ki
If f » q, then the grating equation becomes 2 sinq = al



Solving thlsforH and subsﬂtutmgmtothe% equation yields

dg _2sngq _2tanq
d “1cosqg |

(b) For S=0.01,

6 S M 60011350) u'°
tan g = S Seieit A
NA=%ol (1+m)l Boearal 08

orq=14.3°
10-15. For 93% reflectivity

R =tanh?(kL) =0.93 yiddskL = 2.0, so that L = 2.7 mm for k = 0.75 mm™.

10-16. SeeBennion et a., Ref. 42, Fig. 2a.
10-17. Derivation of Eq. (10-49).

10-18. (a) From Eq. (10-45), the grating period is

| 244 nm 244
L =—"5 52 o = nm =523 nm
2 sing 2 sin(13.5°)  2(0.2334)

(b) From Eq. (10-47), | =2Lng =2(523 nm) 1.48 =1547 nm

Bragg

(c)Using h=1- 1//2 =0.827, we have from Eqg. (10-51),

_pdh _p(25 10*)0.827)
T © 15477 10% cm

Bragg

k =42cm*

(1.547 mmY’
p (1.48) 500 mMm

(d) From Eq. (10-49), DI = [2n?+p?]" =39 mm



(e) From Eq. (10-48), R, = tanh’(kL) =tanh®(2.1) = (0.97)" = 94%

10-19. Derivation of Eq. (10-55).

10-20. (a) From Eq. (10-54),

DL =m =118 2224 M _ o6 4 mm
n. 1.451

(b) From Eq. (10-57),

Dn=2>2 ned ng
L, m? n
e 8 e _6
___25mn_ 1453(3°10° m/9)(25° 107 m) LASL_ o
936" 10° rm 118 (1554 10-° m)? 1.475
2 s -6 2
DI == pn=d:554 107 M”00 GHz= 081 nm

c 3710 m/s

(c) From Eq. (10-60),

, 1 8
D =—— =—> 10 M/S__ 1609 GHz
n,DL  1.475(126.4 mm)
Then
|2 _(1.554" 10°° m)?

1609 GHz =12.95 nm

D|=— Dn.y =
o c 3710 m/s

(d) Using the conditions

2(25 nm)
9380 nm

sng, »q, = =5.33" 10°° radians

and

sng, » q, = 21.3" 10°® radians



then from Eq. (10-59),

Dn ¢
Fsr ? ng[DL +d(qi +q0)]

_ 3" 10® m/s
1475(126.4° 10° m)+ (25" 10°° m)(5.33+21.3)" 10°°]

=1601 GHz

10-21. The source spectral width is

_12n (1550 nm)?(1.25" 10° s%) _

DI . = = =
¢ (3710° m/9)(10° nm/m)

1”102 nm

Then from Eq. (10-61)

DI tune :|

= (1550 nm)(0.5%) = 7.75 nm

eff
Thus, from Eqg. (10-63)

Dl

N = 7.75 nm
10 |

~10(0.0Lnm)
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10-22. (a) From Eqg. (10-64), the grating period is

- = = 242.2 nm
2ng  2(32)

(b) Again, from the grating equation,

DI 20nm _
2n, 2(3.2)

DL = 0.3 nm

10-23. (a) From Eq. (10-43)

c 12 1
DL = =— =4.0mm
2neff Dn DI 2neff
(b) DL =DngL impliesthat Dn,, = amm _ 0.04 = 4%
100 mm



10-24. For example, see C. R. Pollock, Fundamentals of Optoelectronics, Irwin, 1995,
Fig. 15.11, p. 439.

10-25. (a) The driving frequencies are found from

v.,Dn _v,Dn
c I

f.=n,

Thus we have

Wavelength (nm) | 1300 1546 1550 1554
Acoustic 56.69 47.67 47.55 47.43
frequency (MH2)

(b) The sengitivity is (4 nm)/(0.12 MHz) = 0.033 nm/kHz



