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Chapter 1

Fiber optic communications
systems

Scilab code Exa 1.1 1

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 1 . 1
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 LP1=-11 // Loss i n e l ement 1 i n dB
9 LP2=-6// Loss i n e l ement 2 i n dB

10 LP3=-3// Loss i n e l ement 3 i n dB
11 // to f i n d
12 total_Loss=LP1+LP2+LP3 // t o t a l Loss i n dB
13 mprintf(” t o t a l Loss=%fdB”,total_Loss)
14 input_power =5e-3 // input power i n Watt
15 output_power=input_power *10^( total_Loss /10) // output

power i n Watt
16 mprintf(”\nOutput power=%fmW”,output_power *1e3)

10



Figure 1.1: 1
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Figure 1.2: 2

Scilab code Exa 1.2 2

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 1 . 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8

12



Figure 1.3: 3

9 Loss=-23 // t o t a l l o s s i n dB
10 // to f i n d
11 P2byP1 =10^( Loss /10) //P2/P1 g i v e s e f f i c i e n c y
12 mprintf(” System E f f i c i e n c y=%fpercent ”,P2byP1 *100)

Scilab code Exa 1.3 3

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 1 . 3
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1

13



5 clc

6 clear all

7 // g i v en
8 total_Loss =23 // t o t a l l o s s i n components i n dB
9 input_power =2e-3 // Input power i n W
10 // to f i n d
11 Input_power_dBm =10* log10(input_power /10^ -3) //

e x p r e s s i n g input power i n dBm
12 output_power_dBm=Input_power_dBm -total_Loss // output

power i n dBm
13 output_power =10^( output_power_dBm /10) // output power

i n mW
14 mprintf(”Value o f r a d i a t e d power=%fdBm”,

Input_power_dBm)

15 mprintf(”\nOutput power=%fmW”,output_power)

Scilab code Exa 1.4 4

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 1 . 4
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 h=6.626e-34 // p l an ck s c on s t an t
9 c=3e8 // v e l o c i t y o f l i g h t i n m/ s

10 lambda =0.8e-6 // wave l ength i n m
11 P=1e-6 // input power i n W
12 t=1 // t ime in s e c
13 // to f i n d
14 Wp=h*c/lambda // ene rgy o f one photon
15 W=P*t// ene rgy i n J

14



Figure 1.4: 4
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16 n=W/Wp //no o f photons
17 mprintf(” t o t a l no . o f photons=%fx10 ˆ12 photons ”,n

/10^12)
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Chapter 2

Optics Review

Scilab code Exa 2.1 1

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 2 . 1
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 n1=1 // r e f r a c t i v e index o f a i r
9 n2=1.5 // r e f r a c t i v e index o f g l a s s medium

10 theta_i_1 =0 // ang l e o f i n c i d e n c e c a s e 1 i n d e g r e e s
11 theta_i_2 =15 // ang l e o f i n c i d e n c e c a s e 2 i n d e g r e e s
12 // to f i n d
13 theta_t_1 =(asind(n1/n2*sind(theta_i_1)))//

Tramsmiss ion ang l e i n d e g r e e s
14 mprintf(” Transmi s s i on ang l e f o r %f deg r e e i n c i d e n t

ang l e=%fdegree ”,theta_i_1 ,theta_t_1)
15 theta_t_2 =(asind(n1/n2*sind(theta_i_2)))

16 mprintf(”\ nTransmi s s i on ang l e f o r %f d eg r e e i n c i d e n t
ang l e=%fdegree ”,theta_i_2 ,theta_t_2)

17



Figure 2.1: 1

Scilab code Exa 2.2 2

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 2 . 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all
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Figure 2.2: 2

19



7 // g i v en
8 n1=-1 // r e f r a c t i v e index o f a i r
9 n2=1.5 // r e f r a c t i v e index o f g l a s s medium
10 theta_i_1 =0 // ang l e o f i n c i d e n c e c a s e 1 i n d eg r e e
11 theta_i_2 =15 // ang l e o f i n c i d e n c e c a s e 2 i n d eg r e e
12 // to f i n d
13 theta_t_1=abs(asind(n1/n2*sind(theta_i_1)))//

t r a n sm i s s i o n ang l e i n d eg r e e f o r c a s e 1
14 mprintf(” Transmi s s i on ang l e=%fdegree ”,theta_t_1)
15 theta_t_2=abs(asind(n1/n2*sind(theta_i_2)))

16 mprintf(”\ nTransmi s s i on ang l e=%fdegree ”,theta_t_2)//
t r a n sm i s s i o n ang l e i n d eg r e e f o r c a s e 2

17

18 theta_t_3=abs(asind(n2/n1*sind(theta_t_2)))// t r a n s
m i s s i o n ang l e f o r example 2 1 i f ray t r a v e l s

from g l a s s to a i r i n d e g r e e s
19 mprintf(”\ nTransmi s s i on ang l e i f ray t r a v e l s from

g l a s s to a i r=%fdegree ”,theta_t_3)

Scilab code Exa 2.3 3

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 2 . 3
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 M=1 // magn i f i c a t i o n
9 f=1e-3 // f o c a l l e n g t h i n m

10 do=2*f// s i n c e d i=do o b j e c t image d i s t a n c e i n m
11 mprintf( ’ o b j e c t and image d i s t a n c e f o r un i t y

ma gn i f i c a t i o n=%fm ’ ,do)
12 // to f i n d
13 for j = 1:5
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Figure 2.3: 3

14 dobyf(j)=1+j*0.2 // o b j e c t image d i s t a n c e to
f o c a l l e n g t h i n m

15 M(j)=1/( dobyf(j) -1) // magn i f i c a t i o n
16 end;

17 plot2d(dobyf ,M)

18 xtitle( ’ G en e r a l i z e d r e s u l t s Magn i f i c a t i o n as a
f u n c t i o n o f o b j e c t p o s i t i o n ’ , ’ do/ f ’ , ’
Magn i f i c a t i o n ’ , boxed = 1 );
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Figure 2.4: 3
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Figure 2.5: 4
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Scilab code Exa 2.4 4

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 2 . 4
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 alpha0 =40 // s ou r c e r a d i a t i o n cone ang l e ( beam spread )

i n d eg r e e
9 alphai =10 // new system sou r c e r a d i a t i o n cone ang l e (

beam spread ) i n d eg r e e
10 f=10e-2 // f o c a l l e n g t h i n m
11 do=2*f// s i n c e d i=do o b j e c t image d i s t a n c e i n m
12 SS=20e-6 // s ou r c e s i z e i n m
13 mprintf( ’ o b j e c t and image d i s t a n c e f o r un i t y

ma gn i f i c a t i o n=%fm\n ’ ,do)
14 // to f i n d
15 M=alpha0/alphai // magn i f i c a t i o n
16 dobyf =(1/M)+1 // o b j e c t d i s t a n c e to f o c a l l e n g t h
17 do=dobyf*f// o b j e c t d i s t a n c e i n m
18 di=M*do // image d i s t a n c e i n m
19 SIS=M*SS // s ou r c e image s i z e i n m
20 mprintf( ’ m a g n i f i c a t i o n=%f\ nob j e c t d i s t a n c e to f o c a l

l e n g t h=%fm\ nob j e c t d i s t a n c e=%fcm\nimage d i s t a n c e
=%fcm\ nsou r c e image s i z e=%fum ’ ,M,dobyf ,do*100,di
*100,SIS *10^6);// mu l t i p l i c a t i o n f a c t o r s i n
r e s u l t s to c onv e r t i t i n t o r e q u i r e d format
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Figure 2.6: 5
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Scilab code Exa 2.5 5

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 2 . 5
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 n1=1 // r e f r a c t i v e index o f a i r
9 d=1e-2 // da imete r o f c i r c u l a r ph o t od e t e c t o r i n m

10 f=10e-2 // l e n s e f o c a l l e n g t h i n m
11 // to f i n d
12 theta=asind(d/(2*f))// a c c ep t an c e ang l e i n d e g r e e s
13 mprintf(”Acceptance ang l e=%fdegree ”,theta)
14 NA=n1*(sind(theta))// numer i c a l a p e r t u r e
15 mprintf(”\ nNumer ica l Aper ture=%f”,NA)
16 FCA =2* theta // f u l l cone ang l e
17 mprintf(”\ nFu l l cone ang l e=%fdegree ”,FCA)

Scilab code Exa 2.6 6

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 2 . 6
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 // g i v en
6 spotsize =1e-3 // spo t s i z e
7 lambda =0.82e-6 //wave l e n g t h
8 d1=10 // d i s t a n c e i n m
9 d2=1e3 // d i s t a n c e i n m
10 d3=10e3 // d i s t a n c e i n m
11 // to f i n d
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Figure 2.7: 6
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12 div1 =2* lambda /(%pi*spotsize)

13 wo1=lambda*d1/(%pi*spotsize)

14 wo2=lambda*d2/(%pi*spotsize)

15 wo3=lambda*d3/(%pi*spotsize)

16 disp(”mm”,wo1*1e3,” spo t s i z e 1=”,”mm”,wo2*1e3,” spo t
s i z e 1=”,”mm”,wo3*1e3,” spo t s i z e 1=”)
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Chapter 3

Lightwave fundamentals

Scilab code Exa 3.1 1

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 3 . 1
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 SW1 =20 // s p e c t r a l width i n nm
9 SW2 =50 // s p e c t r a l width i n nm

10 lambda1 =0.82e-6 //wave l e n g t h i n m
11 d=10 // path l e n g t h i n km
12 lambda2 =1.5e-6 //wave l e n g t h i n m
13 M1=110 // Ma t e r i a l d i s p e r s i o n ps /(nmxKm)
14 M2=15 // Ma t e r i a l d i s p e r s i o n ps /(nmxKm)
15

16 // to f i n d
17 delta_taubyL1=M1*SW1*d// pu l s e s p r e ad i n g per un i t

l e n g t h i n ps f o r lambda1
18 delta_taubyL2=M2*SW2*d// pu l s e s p r e ad i n g per un i t
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Figure 3.1: 1
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Figure 3.2: 2

l e n g t h i n ps f o r lambda2
19 // mu l t i p l i c a t i o n by 1e−3 c onv e r t s un i t from ps to ns
20 mprintf(” Pu l s e s p r e ad i n g c a s e 1=%fns ”,delta_taubyL1

*1e-3)

21 mprintf(”\ nPul se s p r e ad i n g c a s e 2=%fns ”,
delta_taubyL2 *1e-3)

Scilab code Exa 3.2 2

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 3 . 2
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3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 SW=1 // s p e c t r a l width o f l a s e r i n nm
9 lambda1 =0.82e-6 //wave l e n g t h i n m
10 d=10 // path l e n g t h i n km
11 lambda2 =1.5e-6 //wave l e n g t h i n m
12 M1=110 // Ma t e r i a l d i s p e r s i o n ps /(nmxKm) f o r lambda1
13 M2=15 // Ma t e r i a l d i s p e r s i o n ps /(nmxKm) f o r lambda2
14

15 // to f i n d
16 delta_taubyL1=M1*SW*d// pu l s e s p r e ad i n g per un i t

l e n g t h i n ps f o r lambda1
17 delta_taubyL2=M2*SW*d// pu l s e s p r e ad i n g per un i t

l e n g t h i n ps f o r lambda2
18 // mu l t i p l i c a t i o n by 1e−3 c onv e r t s un i t from ps to ns
19 mprintf(” Pu l s e s p r e ad i n g c a s e 1=%fns ”,delta_taubyL1

*1e-3)

20 mprintf(”\ nPul se s p r e ad i n g c a s e 2=%fns ”,
delta_taubyL2 *1e-3)

Scilab code Exa 3.3 3

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 3 . 3
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 lambda =1.55e-6*1e9 //wave l e n g t h i n nm
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Figure 3.3: 3
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Figure 3.4: 4

9 lambda0 =1.3e-6*1e9 // Zero d i s p e r s i o n wave l e n g t h i n
nm

10 M0= -0.095 // s l o p e at z e r o d i s p e r s i o n wave l e n g t h ps /(
nmˆ2xKm)

11

12 // to f i n d
13 M=(M0/4)*(lambda -( lambda0)^4/( lambda)^3) // Ma t e r i a l

d i s p e r s i o n ps /(nmxKm)
14

15 mprintf(” Ma t e r i a l d i s p e r s i o n=%fps /(nm.km) ”,M)

34



Scilab code Exa 3.4 4

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 3 . 4
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 lambda =1.32e-6*1e9 //wave l e n g t h i n nm
9 lambda0 =1.3e-6*1e9 // Zero d i s p e r s i o n wave l e n g t h i n

nm
10 M0= -0.095 // s l o p e at z e r o d i s p e r s i o n wave l e n g t h ps /(

nmˆ2xKm)
11 sw=2 // s p e c t r a l width i n nm
12 d=10 // l e n g t h o f ma t e r i a l i n Km
13 // to f i n d
14 M1=abs((M0/4)*(lambda -( lambda0)^4/( lambda)^3))//

Ma t e r i a l d i s p e r s i o n ps /(nmxKm)
15 delta_taubyL=M1*sw*d// pu l s e s p r e ad i n g per un i t

l e n g t h i n ps
16 mprintf(” Ma t e r i a l d i s p e r s i o n=%fps /(nm.km) ”,M1)
17 mprintf(” \ nProduces Pu l s e s p r e ad i n g=%fns ”,

delta_taubyL *1e-3) // mu l t i p l i c a t i o n by 1e−3
c onv e r t s un i t from ps to ns

Scilab code Exa 3.5 5

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 3 . 5
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc
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Figure 3.5: 5
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6 clear all

7 // g i v en
8 lambda1 =0.82e-6 //wave l e n g t h
9 lambda2 =1.5e-6 //wave l e n g t h
10

11 deta_tau_by_L1 =2.2*10^ -9 // d e l t a tau by L f o r LED at
0 . 8 2um in ns /Km

12 deta_tau_by_L2 =0.75*10^ -9 // d e l t a tau by L f o r LED at
1 . 5um in ns /Km

13 deta_tau_by_L3 =0.11*10^ -9 // d e l t a tau by L f o r LD at
0 . 8 2um in ns /Km

14 deta_tau_by_L4 =0.015*10^ -9 // d e l t a tau by L f o r LD at
1 . 5um in ns /Km

15 // to f i n d
16 f3dB1 =1/(2* deta_tau_by_L1)// f r e qu en cy l e n g t h i n Hzx

Km f o r LED at 0 . 8 2um
17 f3dB2 =1/(2* deta_tau_by_L2)// f r e qu en cy l e n g t h i n Hzx

Km f o r LED at 1 . 5um
18 f3dB3 =1/(2* deta_tau_by_L3)// f r e qu en cy l e n g t h i n Hzx

Km f o r LD at 0 . 8 2um
19 f3dB4 =1/(2* deta_tau_by_L4)// f r e qu en cy l e n g t h i n Hzx

Km f o r LD at 1 . 5um
20

21 f3dBE1 =0.35/( deta_tau_by_L1)// E l e c t r i c a l f r e qu en cy
l e n g t h i n Hzx Km f o r LED at 0 . 8 2um

22 f3dBE2 =0.35/( deta_tau_by_L2)// E l e c t r i c a l f r e qu en cy
l e n g t h i n Hzx Km f o r LED at 1 . 5um

23 f3dBE3 =0.35/( deta_tau_by_L3)// E l e c t r i c a l f r e qu en cy
l e n g t h i n Hzx Km f o r LD at 0 . 8 2um

24 f3dBE4 =0.35/( deta_tau_by_L4)// E l e c t r i c a l f r e qu en cy
l e n g t h i n Hzx Km f o r LD at 1 . 5um

25

26 RRZ1 =0.35/( deta_tau_by_L1)//Rate l e n g t h FOR RETURN
TO ZERO in bpsx Km f o r LED at 0 . 8 2um

27 RRZ2 =0.35/( deta_tau_by_L2)//Rate l e n g t h FOR RETURN
TO ZERO in bpsx Km f o r LED at 1 . 5um

28 RRZ3 =0.35/( deta_tau_by_L3)//Rate l e n g t h FOR RETURN
TO ZERO in bpsx Km f o r LD at 0 . 8 2um
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29 RRZ4 =0.35/( deta_tau_by_L4)//Rate l e n g t h FOR RETURN
TO ZERO in bpsx Km f o r LD at 1 . 5um

30

31 NRZ1 =0.7/( deta_tau_by_L1)//Rate l e n g t h FOR RETURN
Not TO ZERO in bpsx Km f o r LED at 0 . 8 2um

32 NRZ2 =0.7/( deta_tau_by_L2)//Rate l e n g t h FOR RETURN
Not TO ZERO in bpsx Km f o r LED at 1 . 5um

33 NRZ3 =0.7/( deta_tau_by_L3)//Rate l e n g t h FOR RETURN
Not TO ZERO in bpsx Km f o r LD at 0 . 8 2um

34 NRZ4 =0.7/( deta_tau_by_L4)//Rate l e n g t h FOR RETURN
Not TO ZERO in bpsx Km f o r LD at 1 .

35

36

37 mprintf(” f o r LED at 0 . 8 2um \n Opt ic f r e qu en cy
l e n g t h product =%f GHz . Km \nRate l e n g t h product
FOR Not RETURN TO ZERO =%f Gbps . Km \ n E l e c t r i c a l
3dB f r e qu en cy l e n g t h product =%f GHz . Km\nRate
l e n g t h product FOR RETURN TO ZERO =%f Gbps .Km ”,
f3dB1 /10^9, NRZ1 /10^9, f3dBE1 /10^9, RRZ1 /10^9);

38 mprintf(” \n\ n f o r LED at 1 . 5um \n Opt ic f r e qu en cy
l e n g t h product =%f GHz . Km \nRate l e n g t h product
FOR Not RETURN TO ZERO =%f Gbps . Km \ n E l e c t r i c a l
3dB f r e qu en cy l e n g t h product =%f GHz . Km\nRate
l e n g t h product FOR RETURN TO ZERO =%f Gbps .Km ”,
f3dB2 /10^9, NRZ2 /10^9, f3dBE2 /10^9, RRZ2 /10^9);

39 mprintf(” \n\ n f o r LD at 0 . 8 2um \n Opt ic f r e qu en cy
l e n g t h product =%f GHz . Km \nRate l e n g t h product
FOR Not RETURN TO ZERO =%f Gbps . Km \ n E l e c t r i c a l
3dB f r e qu en cy l e n g t h product =%f GHz . Km\nRate
l e n g t h product FOR RETURN TO ZERO =%f Gbps .Km ”,
f3dB3 /10^9, NRZ3 /10^9, f3dBE3 /10^9, RRZ3 /10^9);

40 mprintf(” \n\ n f o r LD at 1 . 5um \n Opt ic f r e qu en cy
l e n g t h product =%f GHz . Km \nRate l e n g t h product
FOR Not RETURN TO ZERO =%f Gbps . Km \ n E l e c t r i c a l
3dB f r e qu en cy l e n g t h product =%f GHz . Km\nRate
l e n g t h product FOR RETURN TO ZERO =%f Gbps .Km ”,
f3dB4 /10^9, NRZ4 /10^9, f3dBE4 /10^9, RRZ4 /10^9);
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Figure 3.6: 6

Scilab code Exa 3.6 6

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 3 . 6
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 lambda1 =0.82e-6 //wave l e n g t h
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9 lambda2 =1.5e-6 //wave l e n g t h
10 L=10 // l i n k l e n g t h i n Km
11 deta_tau_by_L1 =2.2*10^ -9 // d e l t a tau by L f o r LED at

0 . 8 2um in ns /Km
12 deta_tau_by_L2 =0.75*10^ -9 // d e l t a tau by L f o r LED at

1 . 5um in ns /Km
13 deta_tau_by_L3 =0.11*10^ -9 // d e l t a tau by L f o r LD at

0 . 8 2um in ns /Km
14 deta_tau_by_L4 =0.015*10^ -9 // d e l t a tau by L f o r LD at

1 . 5um in ns /Km
15 // to f i n d
16 f3dB1 =1/(2*L*deta_tau_by_L1)// f r e qu en cy i n Hz f o r

LED at 0 . 8 2um
17 f3dB2 =1/(2*L*deta_tau_by_L2)// f r e qu en cy i n Hz f o r

LED at 1 . 5um
18 f3dB3 =1/(2*L*deta_tau_by_L3)// f r e qu en cy i n Hz f o r

LD at 0 . 8 2um
19 f3dB4 =1/(2*L*deta_tau_by_L4)// f r e qu en cy i n Hz f o r

LD at 1 . 5um
20

21 f3dBE1 =0.35/(L*deta_tau_by_L1)// E l e c t r i c a l f r e qu en cy
i n Hz f o r LED at 0 . 8 2um

22 f3dBE2 =0.35/(L*deta_tau_by_L2)// E l e c t r i c a l f r e qu en cy
i n Hz f o r LED at 1 . 5um

23 f3dBE3 =0.35/(L*deta_tau_by_L3)// E l e c t r i c a l f r e qu en cy
i n Hz f o r LD at 0 . 8 2um

24 f3dBE4 =0.35/(L*deta_tau_by_L4)// E l e c t r i c a l f r e qu en cy
i n Hz f o r LD at 1 . 5um

25

26 RRZ1 =0.35/(L*deta_tau_by_L1)//DaTA LIMIT FOR RETURN
TO ZERO in bps f o r LED at 0 . 8 2um

27 RRZ2 =0.35/(L*deta_tau_by_L2)//DaTA LIMIT FOR RETURN
TO ZERO in bps f o r LED at 1 . 5um

28 RRZ3 =0.35/(L*deta_tau_by_L3)//DaTA LIMIT FOR RETURN
TO ZERO in bps f o r LD at 0 . 8 2um

29 RRZ4 =0.35/(L*deta_tau_by_L4)//DaTA LIMIT FOR RETURN
TO ZERO in bps f o r LD at 1 . 5um

30
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31 NRZ1 =0.7/(L*deta_tau_by_L1)//DaTA LIMIT FOR Not
RETURN TO ZERO in bps f o r LED at 0 . 8 2um

32 NRZ2 =0.7/(L*deta_tau_by_L2)//DaTA LIMIT FOR Not
RETURN TO ZERO in bps f o r LED at 1 . 5um

33 NRZ3 =0.7/(L*deta_tau_by_L3)//DaTA LIMIT FOR Not
RETURN TO ZERO in bps f o r LD at 0 . 8 2um

34 NRZ4 =0.7/(L*deta_tau_by_L4)//DaTA LIMIT FOR Not
RETURN TO ZERO in bps f o r LD at 1 .

35

36

37 mprintf(” f o r LED at 0 . 8 2um \ n f r equency =%f MHz \
nDaTA LIMIT FOR Not RETURN TO ZERO =%f Mbps \
n E l e c t r i c a l 3dB f r e qu en cy =%f MHz\nDaTA LIMIT FOR
RETURN TO ZERO =%f Mbps ”,f3dB1 /10^6, NRZ1 /10^6,

f3dBE1 /10^6, RRZ1 /10^6);

38 mprintf(” \n\ n f o r LED at 1 . 5um \ n f r equency =%f MHz \
nDaTA LIMIT FOR Not RETURN TO ZERO =%f Mbps \
n E l e c t r i c a l 3dB f r e qu en cy =%f MHz\nDaTA LIMIT FOR
RETURN TO ZERO =%f Mbps ”,f3dB2 /10^6, NRZ2 /10^6,

f3dBE2 /10^6, RRZ2 /10^6);

39 mprintf(” \n\ n f o r LD at 0 . 8 2um \ n f r equency =%f MHz \
nDaTA LIMIT FOR Not RETURN TO ZERO =%f Mbps \
n E l e c t r i c a l 3dB f r e qu en cy =%f MHz\nDaTA LIMIT FOR
RETURN TO ZERO =%f Mbps ”,f3dB3 /10^6, NRZ3 /10^6,

f3dBE3 /10^6, RRZ3 /10^6)

40 mprintf(” \n\ n f o r LD at 1 . 5um \ n f r equency =%f GHz \
nDaTA LIMIT FOR Not RETURN TO ZERO =%f Gbps \
n E l e c t r i c a l 3dB f r e qu en cy =%f GHz\nDaTA LIMIT FOR
RETURN TO ZERO =%f Gbps ”,f3dB4 /10^9, NRZ4 /10^9,

f3dBE4 /10^9, RRZ4 /10^9)

Scilab code Exa 3.7 7
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Figure 3.7: 7
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1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 3 . 7
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 c=3*10^8 // v e l o c i t y o f l i g h t i n m/ s
9 l=0.3*10^ -3 // l e n g t h o f c a v i t y i n m

10 lambda =0.82*10^ -6 //mean ( c e n t e r ) wave l e n g t h i n m
11 n=3.6 // r e f r a c t i v e index o f AlGaAs
12

13 // to f i n d
14 delta_fc=c/(2*l*n)//mode spa c i n g i n Hz
15 delta_lambdac =( lambda ^2)*delta_fc/c// wave l ength

sp r ead i n m
16

17 mprintf(”mode spa c i n g= %f x10 ˆ9Hz”,delta_fc *10^ -9) //
f o r r e p r e s e n t a t i o n

18 mprintf(”\ nwave length sp r ead =%f nm”,delta_lambdac
*10^9) // mu l t i p l i c a t i o n f a c t o r 10ˆ9 to c onve r t m
to nm

Scilab code Exa 3.8 8

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 3 . 8
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 n=1.5 // r e f r a c t i v e index o f the g l a s s
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Figure 3.8: 8
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Figure 3.9: 9

9

10 // to f i n d
11 R=((1-n)/(1+n))^2*100 // F r a c t i o n o f r e l e c t e d l i g h t i n

p e r c en t
12 T=100-R// Transmit ted l i g h t i n p e r c en t
13 TL=-10* log10(T/100) // Transmi s s i on l o s s i n dB
14 mprintf(” F r a c t i o n o f r e l e c t e d l i g h t =%f p e r c en t ”,R)
15 mprintf(”\ nTransmitted l i g h t =%f p e r c en t ”,T)
16 mprintf(”\ nTransmi s s i on l o s s =%fdB”,TL)

Scilab code Exa 3.9 9
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1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 3 . 9
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 n2=1.5 // r e f r a c t i v e index o f the g l a s s
9 n1=1 // r e f r a c t i v e index o f the a i r
10

11 // to f i n d
12 theta_B1=atand(n2/n1)// b r ews t e r ang l e i n d eg r e e f o r

a i r to g l a s s i n t e r f a c e
13 theta_B2=atand(n1/n2)// b r ews t e r ang l e i n d eg r e e f o r

g l a s s to a i r i n t e r f a c e
14 mprintf(” Brewste r ang l e f o r a i r to g l a s s i n t e r f a c e

=%f deg r e e ”,theta_B1)
15 mprintf(”\ nBrewster ang l e f o r g l a s s to a i r

i n t e r f a c e =%f deg r e e ”,theta_B2)

Scilab code Exa 3.10 10

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 3 . 1 0
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 n3=1.5 // r e f r a c t i v e index o f the g l a s s
9 n1=1 // r e f r a c t i v e index o f the a i r

10 lambda =0.8e-6 //wave l e n g t h i n m
11 n4=1.38 // r e f r a c t i v e index o f magnesium f l u o r i d e
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Figure 3.10: 10
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12 // to f i n d
13 n2=n3^0.5 // index o f c o a t i n g l a y e r f o r z e r o

r e f l e c t i o n
14 R=(n3-n4^2) ^2/(n3+n4^2) ^2*100 // F r a c t i o n o f r e l e c t e d

l i g h t i n p e r c en t
15 lambda_mf=lambda/n4 // wave l ength i n magnesium

f l o u r i d e
16 t=lambda_mf /4 // c o a t i n g t h i c k n e s s i n m
17 mprintf(” F r a c t i o n o f r e l e c t e d l i g h t with c o a t i n g =

%fpercent ”,R)
18 mprintf(”\ ncoa t i n g t h i c k n e s s =%fum”,t*10^6) //

mu l t i p l i c a t i o n f a c t o r 10ˆ6 to c onve r t un i t from m
to um
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Chapter 4

Integrated Optic waveguides

Scilab code Exa 4.1 1

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 4 . 1
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 d=1.64 // Daimeter o f waveguide i n um
9 lambda =0.82 // wave l ength i n um

10

11 // to f i n d
12 dbylambda=d/lambda //d by lambda r a t i o no rma l i z ed

t h i c k n e s s
13 neff1 =3.594 // f o r TE0 mode from f i g u r e 4 . 5 f o r

c a l c u l a t e d no rma l i z ed t h i c k n e s s
14 theta1 =86.7 // f o r TE0 mode from f i g u r e 4 . 5 f o r

c a l c u l a t e d no rma l i z ed t h i c k n e s s
15 neff2 =3.578 // f o r TE1 mode from f i g u r e 4 . 5 f o r

c a l c u l a t e d no rma l i z ed t h i c k n e s s
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Figure 4.1: 1
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Figure 4.2: 2

16 theta2 =83.7 // f o r TE1 mode from f i g u r e 4 . 5 f o r
c a l c u l a t e d no rma l i z ed t h i c k n e s s

17 neff3 =3.577 // f o r TE2 mode from f i g u r e 4 . 5 f o r
c a l c u l a t e d no rma l i z ed t h i c k n e s s

18 theta3 =81.1 // f o r TE2 mode from f i g u r e 4 . 5 f o r
c a l c u l a t e d no rma l i z ed t h i c k n e s s

19 mprintf( ’ For TE0 mode \n n e f f =%f th e t a=%f deg r e e ’
,neff1 ,theta1)

20 mprintf( ’ \nFor TE1 mode \n n e f f =%f th e t a=%f
deg r e e ’ ,neff2 ,theta2)

21 mprintf( ’ \nFor TE2 mode \n n e f f =%f th e t a=%f
deg r e e ’ ,neff3 ,theta3)
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Scilab code Exa 4.2 2

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 4 . 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 lambda =0.82 // wave l ength i n um
9 n1=3.6 // r e f r a c t i v e index o f c o r e AlGaAs s l a b

10 n2=3.55 // r e f r a c t i v e index o f c l a dd i n g
11 // to f i n d
12 d=lambda /(2* sqrt(n1^2-n2^2))// La r g e s t t h i c k n e s s i n

um
13

14 mprintf( ’ Maximum t h i c k n e s s tha t w i l l gua ran t e e
s i n g l e TE−mode op e r a t i o n at 0 . 8 2 umin AlGaAs s l a b
waveguide =%f um ’ ,d)

Scilab code Exa 4.3 3

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 4 . 3
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 lambda =0.82 // wave l ength i n um
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Figure 4.3: 3
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9 n1=3.6 // r e f r a c t i v e index o f c o r e AlGaAs s l a b
10 n2=3.55 // r e f r a c t i v e index o f c l a dd i n g
11 n3=3.55 // r e f r a c t i v e index o f c l a dd i n g
12 n0=1 // r e f r a c t i v e index o f Air
13

14

15 // to f i n d
16 NA=sqrt(n1^2-n2^2) // Numer ica l a p e r t u r e
17 alpha0=asind(NA/n0)// Acceptance ang l e i n d eg r e e
18

19 mprintf( ’ Numer ica l a p e r t u r e =%f ’ ,NA)
20 mprintf( ’ \ nAcceptance ang l e i n range =+%fdegree to

−+%fdegree ’ ,alpha0 ,alpha0)
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Chapter 5

Optic fiber waveguides

Scilab code Exa 5.1 1

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 5 . 1
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 n1=1.46 // c o r e r e f r a c t i v e index
9 n2=1 // c l a dd i n g r e f r a c t i v e index ( a i r )

10

11 // to f i n d
12 Thetac=asind(n2/n1)// c r i t i c a l ang l e i n d eg r e e
13

14 mprintf( ’ C r i t i c a l ang l e =%i deg r e e ’ ,Thetac)
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Figure 5.1: 1
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Figure 5.2: 2
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Scilab code Exa 5.2 2

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 5 . 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 d=1 // Daimeter i n mm
9 delta =0.01 // change i n r e r a c t i v e index
10

11 // to f i n d
12 a=d/2 // r a d i u s i n mm
13 P=a*%pi*sqrt (2/ delta)// P i t ch o f GRIN rod l e n s i n mm
14

15 mprintf( ’ P i t ch o f GRIN rod l e n s =%f mm’ ,P)

Scilab code Exa 5.3 3

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 5 . 3
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 d=62.5*10^ -3 // Daimeter i n mm
9 delta =0.01 // change i n r e r a c t i v e index
10

11 // to f i n d
12 a=d/2 // r a d i u s i n mm
13 P=a*%pi*sqrt (2/ delta)// P i t ch o f GRIN rod l e n s i n mm
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Figure 5.3: 3
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Figure 5.4: 4

14

15 mprintf( ’ P i t ch o f GRIN rod l e n s =%f mm’ ,P)//
c o nv e r t i n g P to mm

Scilab code Exa 5.4 4

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 5 . 4
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc
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6 clear all

7 // g i v en
8 led_output_power =2 // l e d output power i n dBm
9 fiber_loss =0.5 // f i b e r l o s s /dB
10 receiver_sensitivity =30 // r e c e i v e r s e n s i t i v i t y i n dBm
11 coupling_loss =16 // c oup l i n g l o s s i n dB
12 connector_and_splices =6 // conne c t o r and s p l i c e s l o s s

i n dB
13 power_margin =4 // power margin i n dB
14 // to f i n d
15 loss_budget=led_output_power+receiver_sensitivity;//

l o s s budget i n dB
16 total_losses=coupling_loss+connector_and_splices+

power_margin;// t o t a l l o s s e s i n dB
17 available_fibre_loss=loss_budget -total_losses;//

a v a i l a b l e f i b r e l o s s i n dB
18 maximum_allowable_fibre =available_fibre_loss/

fiber_loss;//maximum a l l ow ab l e f i b r e l e n g t h i n Km
19 mprintf( ’ Maximum a l l ow ab l e f i b r e l e n g t h=%fKm ’ ,

maximum_allowable_fibre)

Scilab code Exa 5.5 5

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 5 . 5
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc;

6 clear all;

7 // g i v en
8 d=50 // c o r e d i amete r i n um
9 a=d/2 // c o r e r a d i u s i n um

10 n1=1.48 // c o r e r e f r a c t i v e index
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Figure 5.5: 5
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Figure 5.6: 6

11 n2=1.46 // c l a dd i n g r e f r a c t i v e index
12 lambda =0.82 // wave l ength i n um
13 // to f i n d
14 V=((2* %pi*a*sqrt((n1^2) -(n2^2)))/lambda)// V number
15 n=(V^2/2) //number o f modes
16 mprintf(”Number o f modes=%i”,n)

Scilab code Exa 5.6 6

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 5 . 6
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3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc;

6 clear all;

7 // g i v en
8 n1 =1.465 // c o r e r e f r a c t i v e index
9 n2=1.46 // c l a dd i n g r e f r a c t i v e index
10 lambda =1250*10^ -3 // wave l ength i n um
11 // to f i n d
12 a=((2.405* lambda)/(2* %pi*sqrt((n1^2) -(n2^2))))//

r a d i u s o f the c o r e i n um
13 d=a*2 // c o r e d i amete r i n um
14 mprintf(”Core d i amete r=%fum”,d)

Scilab code Exa 5.7 7

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 5 . 7
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc;

6 clear all;

7 // g i v en
8 n1=1.47 // c o r e r e f r a c t i v e index
9 n2=1.46 // c l a dd i n g r e f r a c t i v e index
10 lambda =1.3 // wave l ength i n um
11 // to f i n d
12 delta =((n1 -n2)/n1)// f r a c t i o n a l r e f r a c t i v e index
13 abylambda =(1.4/( %pi*sqrt(n1*(n1 -n2))))// r a d i u s to

wave l ength r a t i o
14 a=lambda*abylambda // r a d i u s o f c o r e i n m
15 d=a*2 // c o r e d i amete r i n m
16 neff=n1 -(( sqrt (2* delta))/(2* %pi*abylambda))// va lu e
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Figure 5.7: 7
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Figure 5.8: 8

o f n e f f .
17 mprintf(”Value o f n e f f=%f . ”,neff)

Scilab code Exa 5.8 8

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 5 . 8
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc;

6 clear all;
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7 // g i v en
8 detla_tauby_Lp =20; // l i n e a r pu l s e sp r ead i n ns /Km
9 Le=1; // equ i l i b r um l e n g t h i n km
10 // to f i n d
11 L=0.25:0.5:4.25 // Length i n Km
12 for i=1:9

13 if L(i) > 1 then

14 f3db(i)=(25/( sqrt(L(i))))// f o r l e n g t h s beyound 1km
15 else

16 f3db(i)=25/L(i);//maximum vandwidth (3 db ) f o r l e n g t h
l e s s than 1 km

17 end

18 end

19 plot(L,f3db)

20 xtitle( ”3dB bandwidth f o r multimode f i b e r hav ing
l i n e a r pu l s e sp r ead per un i t l e n g t h i s 20 ns /Km”,
”Length ”, ”3dB o p t i c a l Bandwidth (MHz) ”) ;
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Chapter 6

Light Sources

Scilab code Exa 6.1 1

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 6 . 1
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc;

6 clear all;

7 // g i v en
8 w=25 // spo t s i z e i n um
9 lambda =0.633 // wave l ength i n um

10 // to f i n d
11 thetar =(2* lambda)/(%pi*w)// d i v e r g e n c e ang l e i n

r a d i a n s
12 thetad=thetar *180/( %pi)// d i v e r g e n c e ang l e i n d e g r e e s
13 mprintf(” d i v e r g e n c e ang l e i s=%f rad i an s or =%fdeg r e e s

”,thetar ,thetad)
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Figure 6.1: 1
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Figure 6.2: 2
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Scilab code Exa 6.2 2

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 6 . 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc;

6 clear all;

7 // g i v en
8 n=3.51; // f o r GaAsP r e f r a c t i v e index
9 Lambda =1.55; // wave l ength i n um

10 // to f i n d
11 grating_period1=Lambda /(2*n);// g r a t i n g p e r i o d i n um

f o r f i r s t o r d e r d i f f r a c t i o n
12 grating_period2 =2* grating_period1;// g r a t i n g p e r i o d

i n um f o r second o rd e r d i f f r a c t i o n
13 mprintf(” Grat ing p e r i o d f o r F i r s t o r d e r d i f f r a c t i o n=

%fum”,grating_period1);
14 mprintf(”\ nGrat ing p e r i o d f o r Second o rd e r

d i f f r a c t i o n=%fum”,grating_period2);

Scilab code Exa 6.3 3

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 6 . 3
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc;

6 clear all;

7 // g i v en
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Figure 6.3: 3
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8 NFdb =3.2 // n o i s e f i g u r e i n dB
9 SNRidb =50 // input sn r i n dB
10 // to f i n d
11 NF=10^( NFdb /10) // c o nv e r t i n g from d e c i b e l s to r a t i o s
12 SNRi =10^( SNRidb /10) // c o nv e r t i n g from d e c i b e l s to

r a t i o s
13 SNRo=SNRi/NF // output s i g n a l to n o i s e r a t i o
14 SNRodb =10* log10(SNRo)// c o nv e r t i n g from r a t i o s to

d e c i b e l s
15 mprintf(”Output SNR=%fdB”,SNRodb)
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Chapter 7

Light Detectors

Scilab code Exa 7.1 1

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 7 . 1
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc;

6 clear all;

7 // g i v en
8 phi =1.9 // wo rk func t i on o f photoemmis s ive ma t e r i a l

Cesium in eV
9 // to f i n d
10 lambda =1.24/( phi)// c u t o f f wave l ength i n um
11 mprintf(” Cuto f f wave l ength =%f um”,lambda)

Scilab code Exa 7.2 2

74



Figure 7.1: 1
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Figure 7.2: 2
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1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 7 . 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc;

6 clear all;

7 // g i v en
8 eta =0.01 //quantum e f f i c i e n c y o f a d e t e c t o r
9 lambda =0.8*(10^ -6) // wave l ength i n m
10 e=1.6*10^ -19 // cha rge o f an e l e c t r o n i n columb
11 h=6.63*10^ -34 // p l an ck s c on s t an t
12 c=3*10^8 // v e l o c i t y o f l i g h t i n m/ s
13 // to f i n d
14 Row=(eta*e*lambda)/(h*c)// r e s p o n s i v i t y o f d e t e c t o r

i n mA/W
15 mprintf(” Re s p on s i v i t y o f d e t e c t o r=%f mA/W”,Row *10^3)

// mu l t i p l i c a t i o n with 10ˆ3 c onv e r t s the un i t from
A/W to mA/W

Scilab code Exa 7.3 3

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 7 . 3
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc;

6 clear all;

7 // g i v en
8 R=50; // l oad r e s i s t o r i n ohm
9 P=1*10^ -6; // o p t i c power absorbed by the d e t e c t o r
10 Row =6.4*10^ -3; // r e s p o n s i v i t y i n A/W
11 // to f i n d
12 i=Row*P;// c u r r e n t produced by d e t e c t o r i n A
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Figure 7.3: 3
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Figure 7.4: 4

13 v=i*R;// output v o l t a g e i n V
14 mprintf( ’ v o l t a g e a c r o s s the 50 ohm load r e s i s t o r=

%fnV ’ ,v*1e9)// mu l t i p l i c a t i o n by 1 e9 c o nv e r t s un i t
from V to nV

Scilab code Exa 7.4 4

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 7 . 4
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
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Figure 7.5: 5

5 clc;

6 clear all;

7 // g i v en
8 G=5 //Gain o f each dynode
9 N=9 //No . o f Dynode

10 // to f i n d
11 M=G^N// c u r r e n t amp l i f i c a t i o n i n p h o t omu l t i p l i e r
12 mprintf( ’ The c u r r e n t amp l i f i c a t i o n i n the

p h o t omu l t i p l i e r =%fx10 ˆ6 ’ ,M/10^6) // d i v i s i o n by
10ˆ6 to r e p s e s e n t the r e s u l t i n th form ax10 ˆ6
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Scilab code Exa 7.5 5

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 7 . 5
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc;

6 clear all;

7 // g i v en
8 R=50 // l oad r e s i s t o r i n ohms
9 eta =0.01 // e f f i c i e n c y

10 e=1.6*10^ -19 // Charge o f e l e c t r o n i n columbs
11 lambda =0.8*10^ -6 // wave l ength i n m
12 h=6.63*10^ -34 // p l ank s c on s t an t
13 c=3*10^8 // speed o f l i g h t i n m/ s
14 P=1*10^ -6 // o p t i c power i n W
15 G=5^9 // c u r r e n t amp l i f i c a t i o n
16 Row =.0064 // r e p o n s i v i t y i n A/W
17 // to f i n d
18 Row_amp=G*Row // amp l i f i e d r e s p o n s i v i t y i n A/W
19 i=Row_amp*P// c u r r e n t i n A
20 v=i*R// output v o l t a g e i n V
21 mprintf( ’ R e s p on s i v i t y=%fkA/W’ ,Row_amp /1000) //

d i v i s i o n by 1000 to make un i t from A to KA
22 mprintf( ’ \ nCurrent=%fmA ’ ,i*1000) // mu l t i p l i c a t i o n by

1000 to make un i t from A to mA
23 mprintf( ’ \ nVol tage a c r o s s the 50 ohm load r e s i s t o r=

%fmV ’ ,v*1000) // mu l t i p l i c a t i o n by 1000 to make
un i t from V to mV

Scilab code Exa 7.6 6

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
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Figure 7.6: 6
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2 // example 7 . 6
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc;

6 clear all;

7 // g i v en
8 Wg1 =1.1 //band gap ene rgy o f s i l i c o n p in d i ode i n eV
9 Wg2 =0.67 //band gap ene rgy o f germanium pin d i ode i n

eV
10 // to f i n d
11 lambda_c1 =1.24/ Wg1 // wave l ength i n um
12 lambda_c2 =1.24/ Wg2 // wave l ength i n um
13 mprintf( ’ Cu t o f f wave l ength f o r s i l i c o n p in d i ode=

%fum ’ ,lambda_c1)
14 mprintf( ’ \ nCuto f f wave l ength f o r germanium pin d i ode

=%fum ’ ,lambda_c2)

Scilab code Exa 7.7 7

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 7 . 7
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc;

6 clear all;

7 // g i v en
8 Row =0.5 // r e s p o n s i v i t y i n A/W
9 Id=1*10^ -9 // dark c u r r e n t i n A
10 // to f i n d
11 P=Id/Row //minimum d e t e c t a b l e power i n W
12 mprintf( ’minimum d e t e c t a b l e power =%fnW ’ ,P*10^9) //

mu l t i p l i c a t i o n by 10ˆ9 to c onv e r t un i t from W to
nW
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Figure 7.7: 7
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Figure 7.8: 8

Scilab code Exa 7.8 8

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 7 . 8
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc;

6 clear all;

7 // g i v en
8 Cd =5*(10^ -12) // c ap a c i t a n c e i n Farads
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9 tr=2*(10^ -9) // t r a n s i t t ime in s
10 f3db =0.35/ tr // 3dB bandwidth i n Hz
11 mprintf(”3−db bandwidth=%fMhz”,f3db *10^ -6) //

mu l t i p l c a t i o n by 10ˆ−6 to c onve r t bandwith un i t
from Hz to MHz

12 Tc=tr/4 // RC time con s t an t c o n d i t i o n f o r
i n s i g n i f i c a n t Load r e s i s t a n c e i n s

13 Rl=Tc /(2.19* Cd)// l a r g e s t l oad r e s i s t a n c e i n ohm
14 mprintf(”\ nLarger l oad r e s i s t o r=%fohm”,Rl)

86



Chapter 8

Couplers and connectors

Scilab code Exa 8.1 1

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 8 . 1
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 d=50 // c o r e da imete r i n um
9 a=d/2 // c o r e r a d i u s i n um

10 L1=1 // c oup l i n g l o s s i n dB ca s e 1
11 L2=0.5 // c oup l i n g l o s s i n dB ca s e 2
12 L3=0.1 // c oup l i n g l o s s i n dB ca s e 3
13 // to f i n d
14 eta1 =10^( -L1/10) // c oup l i n g e f f i c i e n c y f o r L1
15 eta2 =10^( -L2/10) // c oup l i n g e f f i c i e n c y f o r L2
16 eta3 =10^( -L3/10) // c oup l i n g e f f i c i e n c y f o r L3
17 dby2a1 =(1-eta1)*(%pi/4) // d i s p l a c emen t by tw i c e

r a d i u s r a t i o d/2 a f o r c a s e 1
18 dby2a2 =(1-eta2)*(%pi/4) // d i s p l a c emen t by tw i c e
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Figure 8.1: 1
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r a d i u s r a t i o d/2 a f o r c a s e 2
19 dby2a3 =(1-eta3)*(%pi/4) // d i s p l a c emen t by tw i c e

r a d i u s r a t i o d/2 a f o r c a s e 3
20 d1=(1-eta1)*(%pi*a/2) // a x i a l d i s p l a c emen t f o r

c o up l i n g l o s s =1dB s i n c e d/2a<0.2
21 d2=(1-eta2)*(%pi*a/2) // a x i a l d i s p l a c emen t f o r

c o up l i n g l o s s =0.5dB s i n c e d/2a<0.2
22 d3=(1-eta3)*(%pi*a/2) // a x i a l d i s p l a c emen t f o r

c o up l i n g l o s s =0.1dB s i n c e d/2a<0.2
23 mprintf( ’ Ax i a l d i s p l a c emen t f o r c oup l i n g l o s s =1dB

with d/2 a=%f i s=%fum ’ ,dby2a1 ,d1)
24 mprintf( ’ \ nAxia l d i s p l a c emen t f o r c oup l i n g l o s s =0.5

dB with d/2 a=%f i s=%fum ’ ,dby2a2 ,d2)
25 mprintf( ’ \ nAxia l d i s p l a c emen t f o r c oup l i n g l o s s =0.1

dB with d/2 a=%f i s=%fum ’ ,dby2a3 ,d3)

Scilab code Exa 8.2 2

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 8 . 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 n1 =1.465 // c o r e r e f r a c t i v e index
9 n2=1.46 // c l a dd i n g r e f r a c t i v e index
10 lambda1 =1.3 // wave l ength i n um
11 lambda2 =1.55 // wave l ength i n um
12 a=3.96 // c o r e r a d i u s i n um
13 d=0:0.1:5 // o f f s e t i n um
14 // to f i n d
15 V1=2*%pi*a/lambda1 *(sqrt(n1^2-n2^2))//V number f o r
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Figure 8.2: 2
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lambda1
16 V2=2*%pi*a/lambda2 *(sqrt(n1^2-n2^2))//V number f o r

lambda2
17 wbya1 =0.65+1.69* V1^( -1.5) +2.879* V1^(-6) //mode f i e l d

r a d i u s t o c o r e r a d i u s f o r lambda1
18 wbya2 =0.65+1.69* V2^( -1.5) +2.879* V2^(-6) //mode f i e l d

r a d i u s t o c o r e r a d i u s f o r lambda2
19 w1=wbya1*a//mode f i e l d r a d i u s i n um f o r lambda1
20 w2=wbya2*a//mode f i e l d r a d i u s i n um f o r lambda2
21 dbyw1=d./w1 //d/w r a t i o f o r lambda1
22 dbyw2=d./w2 //d/w r a t i o f o r lambda2
23 L1=-10*log(exp(-(dbyw1)^2))// Coupl ing Loss f o r

lambda1
24 L2=-10*log(exp(-(dbyw2)^2))// Coupl ing Loss f o r

lambda2
25 xtitle( ’ Coupl ing Loss Vs L a t e r a l m i sa l i gnment ’ , ’

L a t e r a l m i sa l i gnment i n um ’ , ’ Coupl ing Loss i n dB
’ ) ;

26 plot(d,L1, ’ d ’ )
27 plot(d,L2, ’ ∗ cya−− ’ )
28 hl=legend ([ ’ Loss at Lambda1=1.3um ’ ; ’ Loss at Lambda2

=1.55um ’ ]);

Scilab code Exa 8.3 3

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 8 . 3
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 // g i v en
6 clc

7 clear all

8 n1 =1.465 // r e f r a t i v e index o f c o r e
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Figure 8.3: 3
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Figure 8.4: 4

9 n2=1.46 // r e f r a c t i v e index o f c l a dd i n g
10 lambda =0.8 //wave l e n g t h i n um
11 V=2.4 // no rma l i z ed f r e qu en cy
12 wbya =1.1 //w/a r a t i o f o r V=2.4
13 na=sqrt((n1^2) -(n2^2))// numer i c a l a p e r t u r e
14 mprintf(”Numer ica l a p e r t u r e=%f”,na)
15 a=( lambda*V)/(2* %pi*na)// c o r e r a d i u s
16 mprintf(”\nCore r a d i u s=%fum”,a)
17 spot_size=wbya*a// spo t s i z e i n um
18 mprintf(”\nSpot S i z e=%fum”,spot_size)
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Scilab code Exa 8.4 4

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 8 . 4
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 // g i v en
6 clc

7 clear all

8 loss =0.25 // l o s s f o r each type o f mi sa l i gnment i n dB
9 a=50 // c o r e r a d i u s i n um

10 NA=0.24 // numer i c a l a p e r t u r e
11 dby2a =0.045 // l a t e r a l o f f s e t from g iv en p l o t s f o r

l o s s o f 0 . 2 5dB
12 theta =2.4 // angu l a r mi sa l i gnment from g iv en p l o t s f o r

l o s s o f 0 . 2 5dB
13 xbya =0.94 // end s e p a r a t i o n from g iv en p l o t s f o r l o s s

o f 0 . 2 5dB
14

15 // t o f i n d
16 d=dby2a*a*2 // l a t e r a l o f f s e t i n um
17 x=xbya*a// end s e p a r a t i o n i n um
18 mprintf(” l a t e r a l o f f s e t i n =%fum”,d)
19 mprintf(”\ nangu la r mi sa l i gnment=%fdeg r e e s ”,theta)
20 mprintf(”\n End s e p a r a t i o n =%fum”,x)

Scilab code Exa 8.5 5

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 8 . 5
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 // g i v en
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Figure 8.5: 5
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6 clc

7 clear all

8 NA=0.2 // numer i c a l a p e r t u r e
9 dia =50*(10^( -6))// c o r e d i amete r i n m
10 a=dia/2 // c o r e r a d i u s i n m
11 lateral_loss =0.5 // a l l ow ab l e l a t e r a l l o s s i n dB
12 Beam_dai =2 //beam da imete r i n mm
13 dby2a =0.09 // s i n c e l o s s i s 0 . 5 dB d/2a i s 0 . 0 9 from

g iv en f i g u r e 8 . 3
14 // to f i n d
15 r=Beam_dai /2 //beam r ad i u s i n mm
16 Beam_divergence=asind(NA)//beam d i v e r g e s i n d e g r e e s
17 f=r/tand(Beam_divergence)// f o c a l l e n g t h i n mm
18 d=dby2a *2*a// a l l owed o f f s e t i n m
19 mprintf(” Foca l Length=%fmm”,f)
20 mprintf(”\ nDisp lacement=%fum”,d*1e6)// mu l t i p l i c a t i o n

by 1 e6 w i l l c onv e r t the un i t from m to um

Scilab code Exa 8.6 6

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 8 . 6
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 // g i v en
6 clc

7 clear all

8 NA1 =0.24 // numer i c a l a p e r t u r e SI f i b e r 1 ALl g l a s s
9 NA2 =0.41 // numer i c a l a p e r t u r e SI f i b e r 2 PCS
10 NA3 =0.48 // numer i c a l a p e r t u r e SI f i b e r 3 A l l p l a s t i c
11 NA_loss1 =-10* log10(NA1 ^2) // l o s s e s SI f i b e r 1
12 NA_loss2 =-10* log10(NA2 ^2) // l o s s e s SI f i b e r 2
13 NA_loss3 =-10* log10(NA3 ^2) // l o s s e s SI f i b e r 3
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Figure 8.6: 6
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Figure 8.7: 7

14 ref_loss =0.2 // R e f l e c t i o n l o s s i n dB
15 total_loss1=NA_loss1+ref_loss // Tota l Loss i n dB
16 mprintf( ’ Tota l Loss SI f i b e r 1=%fdB ’ ,total_loss1)
17 total_loss2=NA_loss2+ref_loss

18 mprintf( ’ \ nTota l Loss SI f i b e r 2=%fdB ’ ,total_loss2)
19 total_loss3=NA_loss3+ref_loss

20 mprintf( ’ \ nTota l Loss SI f i b e r 3=%fdB ’ ,total_loss3)

Scilab code Exa 8.7 7

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
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2 // example 8 . 7
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 // g i v en
6 clc

7 clear all

8 Ps=3 // s ou r c e power i n dBm
9 NA_glass =0.24 // numer i c a l a p e r t u r e f o r g l a s s
10 NA_plastic =0.48 // numer i c a l ap e ru r e f o r p l a s t i c
11 loss_glass =12.4 // l o s s f o r g l a s s f i b e r i n dB
12 loss_plastic =6.4 // l o s s f o r p l a s t i c f i b e r i n dB
13 reflectn_loss =0.2 // r e f l e c t i o n l o s s e s i n dB
14 atten_glass =5 // a t t e nu a t i o n i n g l a s s dB/Km
15 atten_plastic =200 // a t t e nu a t i o n i n p l a s t i c dB/Km
16 L1=10*10^ -3 // f i b e r l e n g t h i n Km
17 L2=100*10^ -3 // f i b e r l e n g t h i n Km
18 // to f i n d
19 glass_coup_loss=Ps -( reflectn_loss + loss_glass)//

Gla s s f i b e r c o up l i n g Loss i n dBW
20 mprintf( ’ Coupl ing g l a s s l o s s=%fdBW ’ ,glass_coup_loss

)

21 plastic_coup_loss=Ps -( reflectn_loss + loss_plastic)

// p l a s t i c c o up l i n g f i b e r l o s s i n dBW
22 mprintf( ’ \ nCoupl ing l o s s i n p l a s t i c=%fdBW ’ ,

plastic_coup_loss)

23 glass_cp= glass_coup_loss -atten_glass*L1 // Coupled
power i n g l a s s i n dBW f o r 10m

24 mprintf( ’ \nCoupled power i n g l a s s=%fdBW a f t e r 10m’ ,
glass_cp)

25 plastic_cp=plastic_coup_loss -atten_plastic*L1 //
Coupled power i n p l a s t i c i n dBW f o r 10m

26 mprintf( ’ \nCoupled power i n p l a s t i c=%fdBW a f t e r 10m’
,plastic_cp)

27 glass_cp= glass_coup_loss -atten_glass*L2 // Coupled
power i n g l a s s i n dBW f o r 100m

28 mprintf( ’ \nCoupled power i n g l a s s=%fdBW a f t e r 100m’ ,
glass_cp)

29 plastic_cp=plastic_coup_loss -atten_plastic*L2 //
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Coupled power i n p l a s t i c i n dBW f o r 100m
30 mprintf( ’ \nCoupled power i n p l a s t i c=%fdBW a f t e r 100m

’ ,plastic_cp)

100



Chapter 9

Distribution networks and
Fiber components

Scilab code Exa 9.1 1

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 9 . 1
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 LE=1 // c oup l e r has e x c e s s l o s s o f 1dB
9 P2byP1 =(10^( -LE/10))/2 // s i n c e P2/P1 i s equa l to P3/

p1 s i n c e s p l i t i n g r a t i o i s 1 : 1
10 Ltap =-10* log10(P2byP1)// Tap lo s s i n dB
11 Lthp =-10* log10(P2byP1)// throughput Loss i n dB
12 Ltap1=Ltap -LE // e x c e s s l o s s o f 1 dB
13 Lthp2=Lthp -LE // e x c e s s l o s s o f 1dB
14 mprintf( ’ \nThe p o r t i o n o f the input power r e a c h i n g

output f o r s p l i t t i n g r a t i o 1 : 1 i s =%f ’ ,P2byP1)
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Figure 9.1: 1
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Figure 9.2: 2

Scilab code Exa 9.2 2

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 9 . 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 terminals_in =10 // i n i t i a l t e rm i n a l s
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9 terminals_ex =11 // extended t e rm i n a l s
10 S_ratio =9 // s p l i t t i n g r a t i o
11 ELT=1 // e x c e s s l o s s s t e e c o up l e r i n dB
12 connector_loss =1 // conne c t o r l o s s i n dB
13 // to f i n d
14 P2byP1 =10^ -0.1*0.9 //P2/P1 f o r s p l i t i n g r a t i o 9 : 1
15 lthp =-10* log10(P2byP1)// through l o s s l o s s f o r a 9 : 1

c o up l e r hav ing 1dB o f e x c e s s l o s s
16 tee_adlos=lthp+2 // l o s s o f one d i r e c t i o n a l c o up l e r

p l u s the l o s s o f two c onn e c t o r s
17 star_adlos1= -10*log10 (1/ terminals_in)// Loss f o r

s t a r network with 10 t e rm i n a l s i n dB
18 star_adlos2= -10*log10 (1/ terminals_ex)// Loss f o r

s t a r network with 11 t e rm i n a l s i n dB
19 d2=star_adlos2 - star_adlos1 //Change i n l o s s with

change i n no . o f t e rm i n a l s from 10−11
20 mprintf( ’ Throughput l o s s e s f o r a 9 : 1 c o up l e r hav ing

1dB o f e x c e s s l o s s =%fdB ’ ,lthp)
21 mprintf( ’ \nAdded l o s s e s f o r s t a r with 10 t e rm i n a l s =

%fdB ’ ,star_adlos1)
22 mprintf( ’ \nAdded l o s s e s f o r s t a r with 11 t e rm i n a l s =

%fdB ’ ,star_adlos2)
23 mprintf( ’ \ nD i f f e r e n c e i n s t a r added l o s s e s=%fdB ’ ,d2)

Scilab code Exa 9.3 3

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 9 . 3
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 // g i v en
6 clc;

7 clear all;
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Figure 9.3: 3
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8 n2=1.5 //Assuming r e f r a c t i v e index o f g l a s s f i b e r
9 n1=1 // r e f r a c t i v e index i f a i r
10 R=((n1-n2)/(n1+n2))^2 // f r a c t i o n o f l i g h t r e f l e c t e d
11 // to f i n d
12 LR=-10* log10(R)// Return l o s s i n dB
13 mprintf( ’ Return l o s s=%fdB ’ ,LR)
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Chapter 10

Modulation

Scilab code Exa 10.1 1

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 1 0 . 1
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 clc;

9 clear all;

10 Vdc =5; //Power supp ly a c r o s s t r a n s i s t o r i n V
11 R=45 // R e s i s t a n c e i n ohm
12 vd=1.4 // fo rward b i a s v o l t a g e drop i n V
13 vce =0.3 // cut−o f f v o l t a g e i n V
14 // to f i n d
15 ic=(Vdc -vce -vd)/R// d i ode c u r r e n t when f u l l y on in A
16 mprintf(” C o l l e c t o r c u r r e n t=%fmA”,ic *1000)
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Figure 10.1: 1
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Figure 10.2: 2
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Scilab code Exa 10.2 2

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 1 0 . 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 // g i v en
6 clc;

7 clear all;

8 lambda =0.82*(10^ -6) // wave l ength i n m
9 pulse =10^ -9 // du r a t i on o f pu l s e i n s e c
10 c=3*10^8 // v e l o c i t y o f l i g h t i n m/ s
11 // to f i n d
12 f=c/lambda;// f r e qu en cy o f o s c i l l a t i o n i n Hz
13 mprintf(” Frequency i s=%fx10 ˆ14Hz”,f/10^14) //

d i v i s i o n by 10ˆ14 AND SHOWING THE RESULT AS X
10ˆ14

14 T=1/f;// Pu l s e du r a t i on i n s e c
15 mprintf(”\ nPer iod i s=%fx10ˆ−15 s e c ”,T*10^15) //

MULTIPLICATION by 10ˆ15 AND SHOWING THE RESULT AS
X 10ˆ−15

16 Oscillations=pulse/T;//no . o f o s c i l l a t i o n s
17 mprintf(”\ n t o t a l o s c i l l a t i o n s=%iop t i c c y c l e s ”,

Oscillations)

Scilab code Exa 10.3 3

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 1 0 . 3
3 //OS=Windows XP sp3
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Figure 10.3: 3

111



Figure 10.4: 4

4 // S c i l a b v e r s i o n 5 . 4 . 1
5 // g i v en
6 clc;

7 clear all;

8 wc=20 // wave l ength change i n Ghz/ deg r e e c e l c i u s
9 fo=100 // f r e qu en cy o f f s e t i n MHz
10

11 // to f i n d
12 allowed_change=fo*10^ -3/wc // a l l owed change i n

t empera tu re i n d eg r e e c e l c i u s
13 mprintf(”Al lowed change i s =%f deg r e e C e l c i u s ”,

allowed_change)

112



Scilab code Exa 10.4 4

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 1 0 . 4
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 // g i v en
6 clc;

7 clear all;

8 deltaf =200 // Frequency d e v i a t i o n i n MHz/mA
9 fm=300 // modulat ion f r e qu en cy i n MHz
10 pac_current1 =1 // peak ac c u r r e n t i n mA
11 pac_current2 =5 // peak ac c u r r e n t i n mA
12

13

14 // to f i n d
15 deltaf1=deltaf*pac_current1 // f r e qu en cy d e v i a t i o n f o r

1mA in MHz
16 deltaf2=deltaf*pac_current2 // f r e qu en cy d e v i a t i o n f o r

5mA in MHz
17 beta1=deltaf1/fm // modulat ion index at 1mA
18 mprintf(”Modulat ion index at 1mA=%f”,beta1)
19 beta2=deltaf2/fm // modulat ion index at 5mA
20 mprintf(”\ nModulat ion index at 5mA=%f”,beta2)

Scilab code Exa 10.5 5

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 1 0 . 5
3 //OS=Windows XP sp3
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Figure 10.5: 5
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4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 // g i v en
7 lambda =850*10^ -9 // s p e c t r a l width i n m
8 f_bw =0.01 // f r a c t i o n a l bandwidth
9 OS =1*10^9 // o p t i c s e p a r a t i o n i n s h o r t wave l ength

window and IF f r e qu en cy in Hz
10 delta_lambda=lambda*f_bw // s p e c t r a l s e p a r a t i o n i n m
11 c=3*10^8 // speed o f l i g h t
12 delta_f1=c*delta_lambda /( lambda ^2) // channe l

s e p a r a t i o n i n GHz in WDM
13 delta_f2=OS*f_bw // channe l s e p a r a t i o n i n GHz in OFDM
14 mprintf( ’ Channel s e p a r a t i o n f o r WDM system = %fx10

ˆ12Hz ’ ,delta_f1 /10^12) // d i v i s i o n by 10ˆ12 to
c onve r t the r e s u l t i n the form x10 ˆ12

15 mprintf( ’ \nChannel s e p a r a t i o n f o r OFDM = %fx10 ˆ7Hz ’ ,
delta_f2 /10^7) // d i v i s i o n by 10ˆ7 to c onve r t the
r e s u l t i n the form x10 ˆ7
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Chapter 11

Noise and Detection

Scilab code Exa 11.1 1

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 1 1 . 1
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 // g i v en
6 clc

7 clear all

8 // g i v en
9 lambda =0.85e-6 //wave l e n g t h i n um
10 Pi=10*10^ -3 // l e d Power i n W
11 L=20 // f i b e r c a b l e l o s s i n dB
12 Row =0.5 // r e s p oms i v i t y i n A/W
13 ID=2*10^ -9 // De t e c t o r dark c u r r e n t i n A
14 RL=50 // l oad r e s i s t a n c e i n ohm
15 BW =10*10^6 // r e c e i v e r ’ s bandwidth i n Hz
16 Ta=300 // t empera tu r e i n Ke lv in
17 SCL =14 // s ou r c e c oup l i n g l o s s i n dB
18 CL=10 // conne c t o r l o s s i n dB
19 e=1.6*10^ -19 // cha rge o f e l e c t r o n i n columbs
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Figure 11.1: 1
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20 k=1.38e-23 // boltzman con s t an t
21 // to f i n d
22 TL=SCL+CL+L// t o t a l Loss i n dB
23 Tn=10^(-TL/10) // t r a n sm i s s i o n e f f i c i e n c y
24 PR=Pi*Tn // r e c e i v e d power i n W
25 is=Row*PR // photo c u r r e n t i n A
26 PES=is^2*RL // E l e c t r i c a l s i g n a l power i n W
27 PNS =2*e*is*BW*RL // sho t n o i s e power i n W
28 PNT =4*k*Ta*BW //Thermal n o i s e power i n W
29 SNR=PES/PNT // s i g n a l to n o i s e r a t i o
30 SNRdB =10* log10(SNR)// s i g n a l to n o i s e r a t i o i n dB
31 SNRQL=is/(2*e*BW)//quantum l im i t e d SNR
32

33

34 mprintf(” Rece ived power =%fuW”,PR *10^6) //
mu l t i p l i c a t i o n by 10ˆ6 to c onv e r t the un i t from W
to uW

35 mprintf(”\nPhoto c u r r e n t=%fnA”,is *10^9) //
mu l t i p l i c a t i o n by 10ˆ9 to c onv e r t the un i t from A
to nA

36 mprintf(”\ n E l e c t r i c a l s i g n a l power=%f∗10ˆ−12W”,PES
*10^12) // mu l t i p l i c a t i o n by 10ˆ12 to c onve r t the
un i t from W to x10ˆ−12W

37 mprintf(”\nShot n o i s e power=%f∗10ˆ−17W”,PNS *10^17) //
mu l t i p l i c a t i o n by 10ˆ17 to c onv e r t the un i t from
W to x10ˆ−17W

38 mprintf(”\nThermal n o i s e power=%f∗10ˆ−13W”,PNT
*10^13) // mu l t i p l i c a t i o n by 10ˆ13 to c onve r t the
un i t from W to x10ˆ−13W

39 mprintf(”\ nS i gna l to n o i s e r a t i o=%fdB”,SNRdB)
40 mprintf(”\nQuantum l im i t e d SNR=%f”,SNRQL)
41 // t h i s i s the exa c t answer , book has taken

approx imated v a l u e s o f pa ramete r s and i t s
Quantum l im i t e d SNR i s 62500
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Figure 11.2: 2
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Scilab code Exa 11.2 2

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 1 1 . 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 // g i v en
6 clc

7 clear all

8 // g i v en
9 lambda =0.85e-6 //wave l e n g t h i n um
10 Pi=10*10^ -3 // l e d Power i n W
11 L=20 // f i b e r c a b l e l o s s i n dB
12 Row =0.5 // r e s p oms i v i t y i n A/W
13 ID=2*10^ -9 // De t e c t o r dark c u r r e n t i n A
14 RL=50 // l oad r e s i s t a n c e i n ohm
15 BW =10*10^6 // r e c e i v e r ’ s bandwidth i n Hz
16 Ta=300 // t empera tu r e i n Ke lv in
17 SCL =14 // s ou r c e c oup l i n g l o s s i n dB
18 CL=10 // conne c t o r l o s s i n dB
19 e=1.6*10^ -19 // cha rge o f e l e c t r o n i n columbs
20 k=1.38e-23 // boltzman con s t an t
21 DL=6 // d e c r e a s e d l o s s i n dB
22 // to f i n d
23 TL=SCL+CL+L-DL // t o t a l Loss i n dB
24 Tn=10^(-TL/10) // t r a n sm i s s i o n e f f i c i e n c y
25 PR=Pi*Tn // r e c e i v e d power i n W
26 is=Row*PR // photo c u r r e n t i n A
27 PES=is^2*RL // E l e c t r i c a l s i g n a l power i n W
28 PNS =2*e*is*BW*RL // sho t n o i s e power i n W
29 PNT =4*k*Ta*BW //Thermal n o i s e power i n W
30 SNR=PES/PNT // s i g n a l to n o i s e r a t i o
31 SNRdB =10* log10(SNR)// s i g n a l to n o i s e r a t i o i n dB
32
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33 mprintf(” Rece ived power =%fuW”,PR *10^6) //
mu l t i p l i c a t i o n by 10ˆ6 to c onv e r t the un i t from W
to uW

34 mprintf(”\nPhoto c u r r e n t=%fnA”,is *10^9) //
mu l t i p l i c a t i o n by 10ˆ9 to c onv e r t the un i t from A
to nA

35 mprintf(”\ n E l e c t r i c a l s i g n a l power=%f∗10ˆ−12W”,PES
*10^12) // mu l t i p l i c a t i o n by 10ˆ12 to c onve r t the
un i t from W to x10ˆ−12W

36 mprintf(”\nShot n o i s e power=%f∗10ˆ−17W”,PNS *10^17) //
mu l t i p l i c a t i o n by 10ˆ17 to c onv e r t the un i t from
W to x10ˆ−17W

37 mprintf(”\nThermal n o i s e power=%f∗10ˆ−13W”,PNT
*10^13) // mu l t i p l i c a t i o n by 10ˆ13 to c onve r t the
un i t from W to x10ˆ−13W

38 mprintf(”\ nS i gna l to n o i s e r a t i o=%fdB”,SNRdB)

Scilab code Exa 11.3 3

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 1 1 . 3
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 // g i v en
6 clc

7 clear all

8 // g i v en
9 lambda =0.85e-6 //wave l e n g t h i n um
10 Pi=10*10^ -3 // l e d Power i n W
11 L=20 // f i b e r c a b l e l o s s i n dB
12 Row =0.5 // r e s p oms i v i t y i n A/W
13 ID=2*10^ -9 // De t e c t o r dark c u r r e n t i n A
14 RL=50 // l oad r e s i s t a n c e i n ohm
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Figure 11.3: 3
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15 BW =10*10^6 // r e c e i v e r ’ s bandwidth i n Hz
16 Ta=300 // t empera tu r e i n Ke lv in
17 SCL =14 // s ou r c e c oup l i n g l o s s i n dB
18 CL=10 // conne c t o r l o s s i n dB
19 e=1.6*10^ -19 // cha rge o f e l e c t r o n i n columbs
20 k=1.38e-23 // boltzman con s t an t
21 M=160 // mu l t i p l i c a t i o n f a c t o r
22 // to f i n d
23 TL=SCL+CL+L// t o t a l Loss i n dB
24 Tn=10^(-TL/10) // t r a n sm i s s i o n e f f i c i e n c y
25 PR=Pi*Tn // r e c e i v e d power i n W
26 is=Row*PR // photo c u r r e n t i n A
27 PES=is^2*RL*M^2 // E l e c t r i c a l s i g n a l power i n W
28 PNS =2*e*is*BW*RL*M^2 // sho t n o i s e power i n W
29 PNT =4*k*Ta*BW //Thermal n o i s e power i n W
30 SNR=PES/(PNT+PNS)// s i g n a l to n o i s e r a t i o
31 SNRdB =10* log10(SNR)// s i g n a l to n o i s e r a t i o i n dB
32 SNRQL=is/(2*e*BW)//quantum l im i t e d SNR
33 SNRQLdB =10* log10(SNRQL)//quantum l im i t e d SNR in dB
34 // mpr in t f (” Rece ived power =%fx10ˆ−8W” ,PR∗10ˆ8) //

mu l t i p l i c a t i o n by 10ˆ8 to c onv e r t the un i t from W
to x10ˆ−8W

35 // mpr in t f (”\ nPhoto c u r r e n t=%fnA” , i s ∗10ˆ9) //
mu l t i p l i c a t i o n by 10ˆ9 to c onv e r t the un i t from A
to nA

36 mprintf(”\ n E l e c t r i c a l s i g n a l power=%f∗10ˆ−8W”,PES
*10^8) // mu l t i p l i c a t i o n by 10ˆ12 to c onve r t the
un i t from W to x10ˆ−8W

37 mprintf(”\nShot n o i s e power=%f∗10ˆ−13W”,PNS *10^13) //
mu l t i p l i c a t i o n by 10ˆ13 to c onv e r t the un i t from
W to x10ˆ−13W

38 mprintf(”\nThermal n o i s e power=%f∗10ˆ−13W”,PNT
*10^13) // mu l t i p l i c a t i o n by 10ˆ13 to c onv e r t the
un i t from W to x10ˆ−13W

39 mprintf(”\ nS i gna l to n o i s e r a t i o=%fdB”,SNRdB)//The
answers vary due to round o f f e r r o r

40 mprintf(”\ nS i gna l to n o i s e r a t i o quantum l im i t e d=
%fdB”,SNRQLdB)// The answers vary due to round
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o f f e r r o r

Scilab code Exa 11.4 4

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 1 1 . 4
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 // g i v en
6 clc

7 clear all

8 // g i v en
9 lambda =0.85e-6 //wave l e n g t h i n um
10 Row =0.5 // r e s p oms i v i t y i n A/W
11 ID=2*10^ -9 // De t e c t o r dark c u r r e n t i n A
12 RL=100 // l oad r e s i s t a n c e i n ohm
13 deltaf =1*10^6 // r e c e i v e r ’ s bandwidth i n Hz
14 T=300 // t empera tu r e i n Ke lv in
15 e=1.6*10^ -19 // cha rge o f e l e c t r o n i n columbs
16 k=1.38e-23 // boltzman con s t an t
17

18 // to f i n d
19

20 for i=1:6

21 RL1(i)=10^(i*2);// range o f l o ad r e s i s t a n c e i n
ohm

22 logRL(i)=log10(RL1(i))// l o g s c a l e r e p r e s e n t a t i o n
o f l oad r e s i s t a n c e

23 iNT(i)=sqrt (4*k*T*deltaf/RL1(i))// rms therma l
n o i s e c u r r e n t i n A

24 iNSD(i)=sqrt (2*e*ID*deltaf)// rms sho t n o i s e c u r r e n t
i n A

25 NEP(i)=sqrt(iNSD(i)^2+iNT(i)^2)/(R*sqrt(deltaf))//
No i s e e q u i v a l e n t power (NEP) in W/Hzˆ1/2

26
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27 logNEP(i)=log10(NEP(i))

28 end

29 iNT1=sqrt (4*k*T*deltaf/RL)// rms therma l n o i s e
c u r r e n t i n A

30 iNSD1=sqrt (2*e*ID*deltaf)// rms sho t n o i s e c u r r e n t i n
A

31 NEP1=sqrt(iNSD1 ^2+ iNT1 ^2)/(R*sqrt(deltaf))// No i s e
e q u i v a l e n t power (NEP) in W/Hzˆ1/2

32 Pmin=NEP1*sqrt(deltaf)//minimum d e t e c t a b l e power
33 mprintf(”Minimum d e t e c t a b l e power =%fnW”,Pmin *10^9)

// mu l t i p l i c a t i o n by 10ˆ9 to c onv e r t un i t from W
to nW

34 plot2d( ’ l l ’ , RL1 , NEP)

35

36 xtitle( ” No i s e e q u i v a l e n t power f o r a PIN d iode
hav ing 2nA o f Dark c u r r e n t and a 0 . 5W/A
r e s p o n s i v i t y at 300K”, ”Load Re s i s t a n c e (Ohms) ”,
”NEP (W/Hzˆ1/2) ”) ;

Scilab code Exa 11.5 5

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 1 1 . 5
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 RL=100 // l oad in ohm
9 T=300 // t empera tu r e i n k e l v i n

10 lambda =0.82*10^ -6 // wave l ength i n um
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Figure 11.4: 4
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Figure 11.5: 4
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11 e=1.6e-19 // cha rge o f e l e c t r o n i n colums
12 k=1.38e-23 // boltzman con s t an t
13 h=6.63e-34 // p l an ck s c on s t an t
14 deltaf =1e6 // l i n k bandwidth i n Hz
15 Error_rate =10^ -4 // d e s i r e d e r r o r r a t e
16 eta=1 //quantum e f f i c i e n c y
17 c=3*10^8 // speed o f l i g h t i n m/ s
18 snr =17.5 // S i g n a l to n o i s e r a t i o from p l o t

c o r r e s pnd i n g to e r r o r r a t e o f 10ˆ−4 i n dB
19 SNR =10^( snr /10) // s i g n a l to n o i s e r a t i o i n normal

s c a l e
20 tau =10^ -6 // b i t i n t e r v a l i n Sec
21 // to f i n d
22 f=c/lambda // o p t i c f r e qu en cy i n Hz
23 P=(h*f/(eta*e) )*sqrt ((4*k*T*deltaf)/RL)*sqrt(SNR)//

Opt ic power i n c i d e n t i n Watts
24 mprintf(”Opt ic power i n c i d e n t=%fnW”,P*10^9) //

mu l t i p l i c a t i o n by 10ˆ9 i s to c onv e r t the un i t
from W to nW

25 i=eta*e*P/(h*f)// c u r r e n t i n Amperes
26 mprintf(”\ nCurrent=%fnA”,i*10^9) // mu l t i p l i c a t i o n by

10ˆ9 i s to c onv e r t the un i t from A to nA
27 np=P/(h*f)*tau // No . o f photons per b i t
28 mprintf(”\nNo . o f Photons per b i t=%fx10 ˆ5 photons /

b i t ”,np /10^5) // mu l t i p l i c a t i o n by 10ˆ5 i s to
c onv e r t the un i t x10 ˆ5

Scilab code Exa 11.6 6

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 1 1 . 6
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Figure 11.6: 5
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Figure 11.7: 6
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3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 lambda =0.82e-6 //wave l e n g t h i n m
9 h=6.63e-34 // p l ank s c on s t an t
10 tau=1e-6 // b i t p e r i o d i n Sec
11 c=3e8 // l i g h t speed i n m/ s
12 ns=10 //no . o f photons r e q u i r e d per b i t
13 eta=1 //Quantum e f f i c i e n c y
14 Pt=146*10^ -9 // power i n therma l system from Ex11

.5=146nW
15 // to f i n d
16 P=(h*c*ns)/(eta*lambda*tau)// o p t i c power i n W
17 mprintf(”Power=%fpW”,P*10^12)
18 sensitivity =10* log10(Pt/P)//The sho t n o i s e l im i t e d

system s e n s i t i v i t y
19 mprintf(”\nThe sho t n o i s e l im i t e d system i s more

s e n s i t i v e by=%fdB”,sensitivity)

Scilab code Exa 11.7 7

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 1 1 . 7
3 //OS=Windows XP sp3
4 clc

5 clear all

6 // g i v en
7 Pi=2e-12 // s i g n a l power i n W
8 K=1.38e-23 // t empera tu r e i n k e l v i n
9 deltaf =1e7 // bandwidth i n Hz
10 TA=300 //Ambient t empera tu r e i n Ke lv in
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Figure 11.8: 7
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Figure 11.9: 8

11 T=454 // n o i s e t empera tu r e i n Ke lv in
12 PNT =1.66*10^ -11 // therma l n o i s e power i n W at 300K
13 G=10 // power ga in o f am p l i f i e r i n dB
14 // to f i n d
15 Te=T+TA // e q u i v a l e n t n o i s e t empera tu r e i n Ke lv in
16 PN=4*K*Te*deltaf // No i s e power i n W
17 SNR=Pi/PN // S i g n a l to n o i s e r a t i o
18 SNRdb =10* log10(SNR)// S i g n a l to n o i s e r a t i o i n dB
19 mprintf(”Output S i g n a l to n o i s e r a t i o=%fdB”,SNRdb)

Scilab code Exa 11.8 8
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1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 1 1 . 8
3 // g i v en
4 //OS=Windows XP sp3
5 // S c i l a b v e r s i o n 5 . 4 . 1
6 clc

7 clear all

8 // g i v en
9 TA=300 //Ambient t empera tu r e i n Ke lv in
10 T=454 // n o i s e t empera tu r e i n Ke lv in
11 // to f i n d
12 F=1+(T/TA)// No i s e f i g u r e
13 Fdb =10* log10(F)// No i s e f i g u r e i n dB
14 mprintf(” No i s e f i g u r e =%f db”,Fdb)

Scilab code Exa 11.9 9

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // g i v en
3 // example 1 1 . 9
4 //OS=Windows XP sp3
5 // S c i l a b v e r s i o n 5 . 4 . 1
6 clc

7 clear all

8 // g i v en
9 alphadb =30 // t r a n sm i s s i o n l o s s i n dB
10 Gi=1e3 // ga in
11 Fidb=3 // n o i s e f i g u r e o f am p l i f i e r i n dB
12 N=10 //Number o f amps
13 SNRin=1e8 // s i g n a l to n o i s e at t r a n sm i t t e r at i nput
14 // to f i n d
15 alpha =10^( alphadb /10) // t r a n sm i s s i o n l o s s i n normal

s c a l e
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Figure 11.10: 9
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Figure 11.11: 10

16 Fi=10^( Fidb /10) // n o i s e f i g u r e o f am p l i f i e r i n normal
s c a l e

17 F=N*Fi*Gi // No i s e F i gu r e
18 SNRout=SNRin/F// output s i g n a l to n o i s e
19 SNRoutdb =10* log10(SNRout)// output s i g n a l to n o i s e i n

dB
20 mprintf(”Output SNR=%fdB”,SNRoutdb)

Scilab code Exa 11.10 10

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
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2 // example 11 . 1 0
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 RINdB =-140 //RIN in dB/Hz
9 deltaf =100*10^6 // bandwidth i n Hz
10 P=10*10^ -6 // Average i n c i d e n t power i n Watts
11 Row =0.5 // Re sp on s i v i t y i n uA/uW
12

13 // to f i n d
14 RIN =10^( RINdB /10) //RIN in /Hz
15 PNL=sqrt(RIN*P^2* deltaf)// Lase r No i s e power i n Watt
16 mprintf(” Lase r No i s e power=%fuW”,PNL *10^6) //

mu l t i p l i c a t i o n by 10ˆ6 to c i n v e r t the un i t from W
to uW

17 IN=Row*PNL // No i s e c u r r e n t i n A
18 mprintf(” \ nNoise c u r r e n t=%fuA”,IN *10^6) //

mu l t i p l i c a t i o n by 10ˆ6 to c i n v e r t the un i t from A
to uA
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Chapter 12

System Design

Scilab code Exa 12.1 1

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 1 2 . 1
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

7 // g i v en
8 lambda =0.82 // wave l ength i n um
9 ER=10^-9 // Er ro r r a t e

10 datarate =100 // dta r a t e f o r RZ system in Mbps
11 NRZ_Qpl =-63 // power l l e v e l f o r NRZ in dBm from f i g u r e

1 2 . 4
12 NRZ_TL =-36 // therma l l i m i t f o r NRZ in dBm from f i g u r e

1 2 . 4
13 // to f i n d
14 RZ_Qpl=NRZ_Qpl +3 // power l l e v e l f o r RZ in dBm
15 RZ_TL=NRZ_TL +3 // therma l l i m i t f o r RZ in dBm
16 // mpr in t f (” Power l e v e l f o r NRZ=%fdBm” ,NRZ Qpl )
17 // mpr in t f (”\ nThermal l i m i t f o r NRZ =%fdBm” ,NRZ TL)
18 mprintf(”Power l e v e l f o r RZ=%fdBm”,RZ_Qpl)
19 mprintf(”\nThermal l i m i t f o r RZ =%fdBm”,RZ_TL)
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Figure 12.1: 1

Scilab code Exa 12.2 2

1 // f i b e r o p t i c communicat ions by j o s eph c . p a l a i s
2 // example 1 2 . 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 4 . 1
5 clc

6 clear all

139



Figure 12.2: 2
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7 // g i v en
8 // from example 1 2 . 1
9 lambda =0.82 // wave l ength i n um
10 ER=10^-9 // Er ro r r a t e
11 datarate =100 // dta r a t e f o r RZ system in Mbps
12 NRZ_Qpl =-63 // power l l e v e l f o r NRZ in dBm
13 NRZ_TL =-36 // therma l l i m i t f o r NRZ in dBm
14 // to f i n d
15 RZ_Qpl=NRZ_Qpl +3 // power l l e v e l f o r RZ in dBm from

f i g 1 2 . 4
16 RZ_TL=NRZ_TL +3 // therma l l i m i t f o r RZ in dBm from f i g

1 2 . 4
17 Avg_NRZ_Qpl=NRZ_Qpl -3 // Average f o r NRZ i s h a l f so 3

db LESS in dBm
18 Avg_NRZ_TL=NRZ_TL -3 // Average f o r NRZ i s h a l f so 3db

LESS in dBm
19 Avg_RZ_Qpl=RZ_Qpl -6 // Average f o r RZ i s ONE FOURTH so

6db LESS in dBm
20 Avg_RZ_TL=RZ_TL -6 // Average f o r RZ i s ONE FOURTH so 6

db LESS in dBm
21

22 mprintf(”Average Powerl l e v e l f o r NRZ=%fdBm”,
Avg_NRZ_Qpl)

23 mprintf(”\nAverage Thermal l i m i t f o r NRZ =%fdBm”,
Avg_NRZ_TL)

24 mprintf(”\nAverage Power l e v e l f o r RZ=%fdBm”,
Avg_RZ_Qpl)

25 mprintf(”\nAverage Thermal l i m i t f o r RZ =%fdBm”,
Avg_RZ_TL)
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