Problem Solutionsfor Chapter 9
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9-3.
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The total optical modulation index is

éO 2@'”2 2 ST /2
m=@am( = [30(037 +30(047] "= 27.4%
éi
20 g
The modulation index ism = ga (.023)25 =0.25
ei=1 u

The recelved power is
P=Pp—-2(l¢) -afL =3dBm- 1dB - 12 dB = -10 dBm = 100mV

The carrier power is

1 1 :
=5 (MRoP) 2= 5(15' 10°A)?2

The source noise is, with RIN = -135 dB/Hz = 3.162" 10-14 /Hz,

2 ,
<iguce” =RIN (RoP)2B =560 10-13A2

The quantum noiseis

< ié> = 2q(RoP + Ip)B = 9.5 10-14A2

The thermal noiseis

IkgT
<i2> =ZBL £ _go51013a2
T Reg



9-5.

Thus the carrier-to-noiseratio is

—;(15' 10" °A)?
T 560 10°A%+95 10°A2+825 10 CAZ

=75.6

pdle)

or, indB, C/N =10log 75.6 = 18.8 dB.

When an APD is used, the carrier power and the quantum noise change.

The carrier power is

1 1
=7 (MRoMP) 2= 5(15' 10°A)2

The quantum noiseis

< ié> = 20(RoP + ID)M2F(M)B = 2q(RgP + Ip)M27B = 4.76" 10-10A2

Thus the carrier-to-noiseratio is

—;(15' 10-5A)?
T 569 105A2+4.76° 10 A% +8.25° 10 BA?

pdle]

=236.3

or,indB, % =23.7dB

2 2
(a) The modulation index ism = ga (.044)25 =0.25
a=1 u
The received power is P =-10 dBm = 100mn

The carrier power is

1 1
=7 (MRoP) 2= 5(15' 10°A)2



The source noise is, with RIN = -135 dB/Hz = 3.162" 10-14 /Hz,

2 ,
<iguce” =RIN (RoP)2B =560 10-13A2

The quantum noiseis

< ié> = 2q(RoP + Ip)B = 9.5 10-14A2

The thermal noiseis

2 4kgT
<ip> =Rl Fe=825 10132
Thus the carrier-to-noiseratio is
—;(15' 10" °A)?
569  10°A%+95 10" A*+825" 10 ®°A?

=75.6

C
N

or, indB, C/IN=10log 75.6 = 18.8 dB.

(b) When mj = 7% per channel, the modulation index is

€32 2
m=£a (.07)24 =0.396

€ u

a=1 u

The received power is P =-13 dBm = 50m~N\

The carrier power is

-1 2=11 19" 10°A)2 = 7.06" 10-11A2
C=3(MRoP) 2= ~(119" 10°A)2=7.06" 10°1A
The source noise is, with RIN = -135 dB/Hz = 3.162" 10-14 /Hz,

2
i - 2R = " 10-13A2
<iguee™ =RIN(RoP)ZB =142 10134
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The quantum noiseis

< ié> = 2q(RoP + Ip)B = 4.8" 10-14A2

The thermal noise isthe same as in Part (a).

Thus the carrier-to-noiseratio is

_ 7.06° 10 1A?2
1.42° 102A%+4.8 10™A%+825 102A?

Zl0

=69.6

or, indB, C/N =101log 69.6 = 18.4 dB.

Using the expression from Prob. 9-7 with Dnt = 0.05, ft = 0.05, and Dn=f =10
MHz, yields

4R1R2  Dn
p f2+Dn2

& , S4pDnt , -2pDnt

RIN(f) = & +e cos(2pft)ti

3 4R1Ro 1

o 20MHz (1442)

Taking the log and letting the result be less than -140 dB/Hz gives
-80.3 dB/Hz + 10 log R1R2 < -140 dB/Hz

If R1 = Rothen 10 log R1R2 = 20 log R1 < -60 dB
or10logR; =10log Ro <-30dB



