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Scilab numbering policy used in this document and the relation to the
above book.

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

AP Appendix to Example(Scilab Code that is an Appednix to a particular
Example of the above book)

For example, Exa 3.51 means solved example 3.51 of this book. Sec 2.3 means
a scilab code whose theory is explained in Section 2.3 of the book.
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Chapter 1

Introduction to optical
Communication Systems

Scilab code Exa 1.1 Velocity of light in a medium

1 //Exa 1 . 1
2 clc;

3 clear;

4 close;

5 // Given data :
6 // e p s i l o n =2∗ e p s i l o n o ;
7 //mu=2∗mu o ;
8 disp(”v=1/ s q r t (mu∗ e p s i l o n ) ”);
9 disp(” Put t ing v a l u e o f mu and e p s i l o n ”);

10 disp(”v=1/ s q r t (2∗mu o∗2∗ e p s i l o n o ) ”);
11 disp(”v=1/(2∗ s q r t ( mu o∗ e p s i l o n o ) ) ”);
12 disp(”v=c /2 ”);
13 c=3*10^8; // speed o f l i g h t i n m/ s
14 v=c/2; // i n m/ s
15 disp(v,” V e l o c i t y o f l i g h t i n medium i n m/ s : ”);

7



Scilab code Exa 1.2 Value of Critical Angle

1 //Exa 1 . 2
2 clc;

3 clear;

4 close;

5 // Given data :
6 format( ’ v ’ ,5);
7 n1=1.5; // r e f r a c t i v e index
8 n2 =1.47; // r e f r a c t i v e index
9 // Formula : s i n ( t h e t a c )=n2/n1 ;

10 theta_c=asind(n2/n1);// i n Degree
11 disp(theta_c ,” C r i t i c a l Angle i n Degree : ”);
12 // Note : Answer i n the book i s wrong .

Scilab code Exa 1.3 Refractive Index of a medium

1 //Exa 1 . 3
2 clc;

3 clear;

4 close;

5 // Given data :
6 format( ’ v ’ ,5);
7 n1 =1.52; // r e f r a c t i v e index
8 // Formula : s i n ( t h e t a c )=n2/n1 ;
9 theta_c =73.2; // i n Degree

10 n2=n1*sind(theta_c);

11 disp(n2,” R e f r a c t i v e Index o f ano the r medium : ”);

Scilab code Exa 1.4 Velocity of light in a medium

1 //Exa 1 . 4
2 clc;
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3 clear;

4 close;

5 // Given data :
6 format( ’ v ’ ,9);
7 n=1.33; // r e f r a c t i v e index
8 // Formula : v e l o c i t y o f l i g h t i n m e d i u m=

v e l o c i t y o f l i g h t i n f r e e s p a c e / R e f r a c t i v e I n d e x ;
9 c=3*10^8; // i n m/ s

10 v=c/n;// i n m/ s
11 disp(v,” v e l o c i t y o f l i g h t i n medium i n m/ s : ”);

Scilab code Exa 1.5 Refractive Index of a medium

1 //Exa 1 . 5
2 clc;

3 clear;

4 close;

5 // Given data :
6 format( ’ v ’ ,5);
7 c=3*10^8; // i n m/ s
8 v=1.1*10^8; // i n m/ s
9 // Formula : v e l o c i t y o f l i g h t i n m e d i u m=

v e l o c i t y o f l i g h t i n f r e e s p a c e / R e f r a c t i v e I n d e x ;
10 n=c/v;// i n m/ s
11 disp(n,” R e f r a c t i v e Index o f medium : ”);
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Chapter 2

Optical Fibres and its types

Scilab code Exa 2.1 Refractive Index of cladding

1 //Exa 2 . 1
2 clc;

3 clear;

4 close;

5 // Given data :
6 n1 =1.40; // r e f r a c t i v e index
7 delta =1; // r e l a t i v e r e f r a c t i v e index d i f f e r e n c e i n %
8 // Formula : n2/n1=1−d e l t a
9 n2=n1*(1-delta /100);// r e f r a c t i v e index ( u n i t l e s s )

10 disp(n2,” R e f r a c t i v e index o f c l a d d i n g : ”);

Scilab code Exa 2.2 Critical Angle at core cladding interface

1 //Exa 2 . 2
2 clc;

3 clear;

4 close;

5 // Given data :
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6 format( ’ v ’ ,5);
7 n1 =1.50; // r e f r a c t i v e index
8 n2 =1.47; // r e f r a c t i v e index
9 // Formula : s i n ( the ta C )=n2/n1 ;

10 theta_c=asind((n2/n1));// i n d e g r e e
11 disp(theta_c ,” C r i t i c a l Angle at c o r e c l a d d i n g

i n t e r f a c e i n Degree : ”);

Scilab code Exa 2.3 Numeriacal aperture of the fibre

1 //Exa 2 . 3
2 clc;

3 clear;

4 close;

5 // Given data :
6 format( ’ v ’ ,5);
7 delta =1; // r e l a t i v e r e f r a c t i v e index d i f f e r e n c e i n %
8 n1 =1.50; // r e f r a c t i v e index
9 // Formula : NA=n1∗ s q r t (2∗ d e l t a ) ;

10 NA=n1*sqrt (2* delta /100);

11 disp(NA,” Numer ica l Aper ture o f the f i b r e : ”);

Scilab code Exa 2.4 Numeriacal aperture and Acceptance angle

1 //Exa 2 . 4
2 clc;

3 clear;

4 close;

5 // Given data :
6 format( ’ v ’ ,5);
7 delta =1; // r e l a t i v e r e f r a c t i v e index d i f f e r e n c e i n %
8 n1 =1.55; // r e f r a c t i v e index
9 n2 =1.51; // r e f r a c t i v e index
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10 // Formula : NA=s q r t ( n1ˆ2−n2 ˆ2) ;
11 NA=sqrt(n1^2-n2^2)

12 disp(NA,” Numer ica l Aper ture o f the f i b r e : ”);
13 // Formula : NA=s i n ( f i o ) . . . . . ( max)
14 fi_o_max=asind(NA);// i n Degree
15 disp(fi_o_max ,” Acceptance a n g l e i n d e g r e e : ”);

Scilab code Exa 2.5 Acceptance and critical Angle

1 //Exa 2 . 5
2 clc;

3 clear;

4 close;

5 // Given data :
6 format( ’ v ’ ,5);
7 NA =0.40; // U n i t l e s s
8 n1 =1.50; // r e f r a c t i v e index
9 delta =1; // r e l a t i v e r e f r a c t i v e index d i f f e r e n c e i n %

10 // Part ( a ) :
11 // Formula : NA=s i n ( f i o ) . . . . . ( max)
12 fi_o_max=asind(NA);// i n Degree
13 disp(fi_o_max ,” Acceptance a n g l e i n d e g r e e : ”);
14 // Part ( b ) :
15 // Formula : n2/n1=1−d e l t a
16 n2=n1*(1-delta /100);// r e f r a c t i v e index ( u n i t l e s s )
17 // Formula : s i n ( the ta C )=n2/n1 ;
18 theta_c=asind((n2/n1));// i n d e g r e e
19 disp(theta_c ,” C r i t i c a l Angle at c o r e c l a d d i n g

i n t e r f a c e i n Degree : ”);

Scilab code Exa 2.6 Refractive Index and Numeriacal aperture

1 //Exa 2 . 6
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2 clc;

3 clear;

4 close;

5 // Given data :
6 v=2*10^8; // i n m/ s
7 fi_c =60; // i n d e g r e e
8 // Part ( a )
9 // Formula : v=c /n ;

10 c=3*10^8; // i n m/ s
11 n1=c/v;// u n i t l e s s
12 disp(n1,” R e f r a c t i v e index o f c o r e : ”);
13 // Formula : s i n ( f i c )=n2/n1 ;
14 n2=n1*sin(fi_c*%pi /180);// u n i t l e s s
15 disp(n2,” R e f r a c t i v e index o f c l a d d i n g : ”);
16 // Part ( b )
17 NA=sqrt(n1^2-n2^2);// U n i t l e s s
18 disp(NA,” Numer ica l Aper ture : ”);

Scilab code Exa 2.7 V number of Fibre

1 //Exa 2 . 7
2 clc;

3 clear;

4 close;

5 // Given data :
6 d=30; // i n um
7 a=d/2; // i n um
8 lambda =0.80; // i n um
9 NA =0.74; // U n i t l e s s

10 V=2*%pi*a*NA/lambda;//V number
11 disp(V,”V number i s : ”);

Scilab code Exa 2.8 Normalized Frequency and No of modes
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1 //Exa 2 . 8
2 clc;

3 clear;

4 close;

5 // Given data :
6 d=60; // i n um
7 a=d/2; // i n um
8 delta =1; // r e l a t i v e r e f r a c t i v e index d i f f e r e n c e i n %
9 lambda =0.80; // i n um

10 n1=1.5; // U n i t l e s s
11 // Part ( a )
12 // Formula : v=2∗%pi∗a∗n1∗NA/ lambda ;
13 //NA=s q r t (2∗ d e l t a )
14 v=2*%pi*a*n1*sqrt (2* delta /100)/lambda;// Normal i zed

f r e q u e n c y
15 disp(v,” Normal i zed f r e q u e n c y f o r the f i b e r : ”);
16 // Part ( b )
17 disp(” Only the modes with cut−o f f v numbers below

t h i s v a l u e w i l l p ropaga t e . ”);
18 N=v^2/2; //No . o f modes suppor t ed
19 disp(round(N),”Number o f modes suppor t ed : ”);
20 // Note : Answer i n the book i s wrong .

Scilab code Exa 2.9 Normalized Frequency

1 //Exa 2 . 9
2 clc;

3 clear;

4 close;

5 // Given data :
6 NA =0.16; // U n i t l e s s
7 d=30; // i n um
8 a=d/2; // i n um
9 n1 =1.50; // U n i t l e s s

10 lambda =0.9; // i n um
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11 v=2*%pi*a*NA/lambda;//V number
12 N=v^2/2; //No . o f modes p ropaga t e
13 disp(ceil(N),”Number o f gu ided modes i n the f i b r e :

”);

Scilab code Exa 2.10 Numeriacal aperture and Critical Aangle

1 //Exa 2 . 1 0
2 clc;

3 clear;

4 close;

5 // Given data :
6 fi_o =22; // i n Degree
7 delta =3; // r e l a t i v e r e f r a c t i v e index d i f f e r e n c e i n %
8 // Part ( a ) :
9 // Formula : NA=s i n ( f i o ) . . . . . ( max)

10 NA=sind(fi_o);// Numer ica l Aper ture ( U n i t l e s s )
11 disp(NA,” Numer ica l Aper ture : ”);
12 // Part ( b ) :
13 // Formula : n2/n1=1−d e l t a
14 // Let say , n2/n1=n2byn1
15 n2byn1 =(1- delta /100);// r e f r a c t i v e index ( u n i t l e s s )
16 // Formula : s i n ( f i C )=n2/n1 ;
17 fi_c=asind(n2byn1);// i n d e g r e e
18 disp(fi_c ,” C r i t i c a l Angle at c o r e c l a d d i n g i n t e r f a c e

i n Degree : ”);

Scilab code Exa 2.11 Speed of light in Fibre Core

1 //Exa 2 . 1 1
2 clc;

3 clear;

4 close;
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5 // Given data :
6 format( ’ v ’ ,9)
7 delta =0.45; // r e l a t i v e r e f r a c t i v e index d i f f e r e n c e i n

%
8 fi_o =0.115; // i n Radian
9 c=3*10^8; // speed o f l i g h t i n m/ s

10 // Formula : NA=s i n ( f i o ) . . . . . ( max)
11 NA=sin(fi_o);// Numer ica l Aper ture ( U n i t l e s s )
12 // Formula : NA=n1∗ s q r t (2∗ d e l t a )
13 n1=NA/sqrt (2* delta /100);// u n i t l e s s
14 // Formula : n1=c /v ;
15 v=c/n1;// i n m/ s
16 disp(” Speed o f l i g h t i n f i b r e c o r e i s ”+string(v)+”

m/ s ”);

Scilab code Exa 2.12 Diameter of the Fibre Core

1 //Exa 2 . 1 2
2 clc;

3 clear;

4 close;

5 // Given data :
6 n1=1.5; // U n i t l e s s
7 delta =1; // r e l a t i v e r e f r a c t i v e index d i f f e r e n c e i n %
8 lambda =1.3; // i n um
9 N=1100; //No . o f modes

10 // Formula : v=2∗%pi∗a∗n1∗NA/ lambda ;
11 //NA=s q r t (2∗ d e l t a )
12 //v=s q r t (2∗N)
13 a=(sqrt (2*N)*lambda)/(2* %pi*n1*sqrt (2* delta /100));//

Normal i zed f r e q u e n c y
14 disp (2*a,” Diameter o f the f i b e r c o r e i n micro meter

i s : ”);
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Scilab code Exa 2.13 Relative Refractive Index Difference

1 //Exa 2 . 1 3
2 clc;

3 clear;

4 close;

5 // Given data :
6 format( ’ v ’ ,5)
7 n1 =1.52; // u n i t l e s s
8 fi_o =8; // i n Degree
9 // Formula : s i n ( f i o )=n1∗ s q r t (2∗ d e l t a )

10 delta=(sind(fi_o)/n1)^2/2; // R e l a t i v e r e f r a c t i v e
index

11 disp(”The v a l u e o f r e l a t i v e r e f r a c t i v e index
d i f f e r e n c e i s ”+string(delta *100)+”%”);

Scilab code Exa 2.14 Wavelength of the Light

1 //Exa 2 . 1 4
2 clc;

3 clear;

4 close;

5 // Given data :
6 N=700; //No . o f modes
7 d=30; // i n um
8 a=d/2; // i n um
9 NA =0.62; // Numer ica l Aper ture

10 // Formula : v=2∗ s q r t (N) and v=2∗%pi∗a∗NA/ lambda
11 lambda =2*%pi*a*NA/(2* sqrt(N));// i n um
12 disp(lambda ,” Wavelength o f l i g h t p r o p a g a t i n g i n

f i b r e i n micro meter : ”);
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Scilab code Exa 2.15 Normalized Frequency and No of modes

1 //Exa 2 . 1 5
2 clc;

3 clear;

4 close;

5 // Given data :
6 n1=1.5; // u n i t l e s s
7 alfa =2; // c h a r a c t e r i s t i c index p r o f i l e
8 d=40; // i n um
9 a=d/2; // i n um

10 // Part ( a ) :
11 lambda =1.3; // i n um
12 delta =1;

13 // Formula : v=2∗%pi∗a∗NA/ lambda=2∗%pi∗a ∗ ( n1∗ s q r t (2∗
d e l t a ) ) / lambda

14 v=2*%pi*a*(n1*sqrt (2* delta /100))/lambda;// U n i t l e s s
15 disp(v,” Normal i zed Frequency f o r s i n g l e mode

t r a n s m i s s i o n : ”);
16 // Part ( b ) :
17 // Formula : N=( a l f a / a l f a +2) ∗ ( v ˆ2/2)
18 N=(alfa/(alfa +2))*(v^2/2);//No . o f gu ided modes
19 disp(N,”No . o f gu ided modes p r o p a g a t i n g i n the f i b r e

: ”);

Scilab code Exa 2.16 No of Guided Modes

1 //Exa 2 . 1 6
2 clc;

3 clear;

4 close;

5 // Given data :
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6 d=60; // i n um
7 a=d/2; // i n um
8 NA =0.25; // U n i t l e s s
9 lambda =1.1; // i n um

10 v=2*%pi*a*NA/lambda;// u n i t l e s s
11 N=v^2/4; //No . o f modes
12 disp(N,”Number o f suppor t ed gu ided modes : ”);

Scilab code Exa 2.17 Refractive Index Difference and acceptance angle

1 //Exa 2 . 1 7
2 clc;

3 clear;

4 close;

5 // Given data :
6 format( ’ v ’ ,8)
7 d=10; // i n um
8 a=d/2; // i n um
9 lambda_c =1.3; // i n um

10 n1 =1.55; // u n i t l e s s
11 // Part ( a )
12 // f o r s i n g l e mode t r a n s m i s s i o n cut−o f f wave l ength i s

lambda c=2∗%pi∗a∗n1∗ s q r t (2∗ d e l t a ) / 2 . 4 0 5
13 delta=( lambda_c *2.405/(2* %pi*a*n1))^2/2; // u n i t l e s s
14 disp(delta ,” Normal i zed r e f r a c t i v e index d i f f e r e n c e

i n % : ”);
15 // Part ( b )
16 // Formula : n2/n1=d e l t a
17 n2=n1*(1-delta);

18 disp(n2,” R e f r a c t i v e index o f c l a d d i n g g l a s s : ”);
19 // Part ( c ) :
20 fi_o=asind(n1*sqrt (2* delta));// i n d e g r e e
21 disp(fi_o ,” Acceptance a n g l e i n d e g r e e : ”);
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Scilab code Exa 2.18 Shortest Wavelength and Relative refractive index

1 //Exa 2 . 1 8
2 clc;

3 clear;

4 close;

5 // Given data :
6 format( ’ v ’ ,5);
7 d=7; // i n um
8 a=d/2; // i n um
9 n1 =1.49; // u n i t l e s s

10 delta =1; // r e l a t i v e r e f r a c t i v e index d i f f e r e n c e i n %
11 // Part ( a )
12 // Formula : lambda c=2∗%pi∗a∗n1∗ s q r t (2∗ d e l t a ) / 2 . 4 0 5 ;
13 lambda_c =2* %pi*a*n1*sqrt (2* delta /100) /2.405; // i n um
14 disp(lambda_c ,” S h o r t e s t wave l ength o f the l i g h t i n

mic re meter : ”);
15 // Part ( b )
16 // Formula : d e l t a =(1/2) ∗{2 . 405∗ lambda c /(2∗%pi∗a∗n1 )

}ˆ2
17 d=10; // i n um
18 a=d/2; // i n um
19 delta =(1/2) *{2.405* lambda_c /(2* %pi*a*n1)}^2; //

u n i t l e s s
20 disp(delta *100,”Maximum p o s s i b l e r e l a t i v e r e f r a c t i v e

index d i f f e r e n c e i n % : ”);

Scilab code Exa 2.19 Fibre Core diameter

1 //Exa 2 . 1 9
2 clc;

3 clear;
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4 close;

5 // Given data :
6 format( ’ v ’ ,5);
7 n1 =1.49; // u n i t l e s s
8 n2 =1.48; // u n i t l e s s
9 lambda_c =1.5; // i n um

10 // Formula : a =2.405∗ lambda c /(2∗%pi∗ s q r t ( n1ˆ2−n2 ˆ2) )
11 a=2.405* lambda_c /(2* %pi*sqrt(n1^2-n2^2));// i n um
12 disp (2*a,” F ib r e c o r e d i amete r i n micro meter : ”);

Scilab code Exa 2.20 Wavelength of the Light and fibre diameter

1 //Exa 2 . 2 0
2 clc;

3 clear;

4 close;

5 // Given data :
6 N=742; //No . o f gu ided modes ( u n i t l e s s )
7 n1=1.5; // u n i t l e s s n m
8 alfa =2; // c h a r a c t e r i s t i c index p r o f i l e
9 NA=0.3; // u n i t l e s s

10 d=70; // i n um
11 a=d/2; // i n um
12 alfa =2; // Graded index p r o f i l e f o r p a r a b o l i c
13 // Formula : N=( a l f a /( a l f a +2) ) /( v ˆ2/2)
14 v=sqrt(N*(( alfa +2)/alfa)*2);// U n i t l e s s
15 // Formula : v=2∗%pi∗a∗NA/ lambda
16 lambda =2*%pi*a*NA/v;// i n um
17 disp(lambda ,” Wavelength o f l i g h t p r o p a g a t i n g i n

f i b r e i n micro meter : ”);
18 // Formula : lambvda c=lambda=2∗%pi∗a∗NA/ ( 2 . 4 0 5 ∗ ( s q r t

( ( a l f a +2)/ a l f a ) ) )
19 a=lambda *(2.405*( sqrt((alfa +2)/alfa)))/(2* %pi*NA);//

i n um
20 disp (2*a,” Diameter o f f i b r e i n micro meter : ”);
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21 // Note : Answer i n the book i s not a c c u r a t e .

Scilab code Exa 2.21 Single Mode Transmission

1 //Exa 2 . 2 1
2 clc;

3 clear;

4 close;

5 // Given data :
6 format( ’ v ’ ,5);
7 n1 =1.447; // u n i t l e s s
8 n2 =1.442; // u n i t l e s s
9 lambda =1.3; // i n um

10 d=7.2; // i n um
11 a=d/2; // i n um
12 // Formula : v=2∗%pi∗a∗ s q r t ( n1ˆ2−n2 ˆ2) / lambda
13 v=2*%pi*a*sqrt(n1^2-n2^2)/lambda;// u n i t l e s s
14 disp(v,” Value o f v : ”);
15 disp(”To a c h i e v e s i n g l e mode t r a n s m i s s i o n i n an

i d e a l i s e d s t e p index f i b r e , Value o f v must be
l e s s than 2 . 4 0 5 . Hence , the f i b r e g i v e n w i l l
pe rmi t s i n g l e mode t r a n s m i s s i o n . ”)

Scilab code Exa 2.23 Cut off normalized frequency

1 //Exa 2 . 2 3
2 clc;

3 clear;

4 close;

5 // Given data :
6 format( ’ v ’ ,5);
7 alfa =1.9;

8 // c h a r a c t e r i s t i c index p r o f i l e
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9 // Formula : v =2.405∗ s q r t [ ( a l f a +2)/ a l f a ]
10 v=2.405* sqrt((alfa +2)/alfa);// u n i t l e s s
11 disp(v,” Value o f v : ”);
12 // Note : Answer i n the book i s not a c c u r a t e .

Scilab code Exa 2.24 Maximum Diameter of fibre

1 //Exa 2 . 2 4
2 clc;

3 clear;

4 close;

5 // Given data :
6 delta =1; // r e l a t i v e r e f r a c t i v e index d i f f e r e n c e i n %
7 n1 =1.47; // u n i t l e s s
8 lambda =1.5; // i n um
9 disp(”v=2∗%pi∗a∗n1∗ s q r t (2∗ d e l t a ) / lambda ”);

10 disp(” For s i n g l e mode t r a n s m i s s i o n i n graded index
f i b r e , v =2.405∗ s q r t ( ( a l f a +2)/ a l f a ) ”);

11 disp(” Hence we have : ”);
12 alfa =2; // u n i t l e s s
13 a=2.405* sqrt((alfa +2)/alfa)*lambda /(2* %pi*n1*sqrt (2*

delta /100));

14 disp (2*a,” Hence the d i amete r i n micro meter : ”);

Scilab code Exa 2.25 Maximum Diameter for step index fibre

1 //Exa 2 . 2 4
2 clc;

3 clear;

4 close;

5 // Given data :
6 delta =1; // r e l a t i v e r e f r a c t i v e index d i f f e r e n c e i n %
7 n1 =1.47; // u n i t l e s s
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8 lambda =1.5; // i n um
9 alfa =2; // u n i t l e s s

10 // Formula : v=2∗%pi∗a∗n1∗ s q r t (2∗ d e l t a ) / lambda
11 a=2.405* lambda /(2* %pi*n1*sqrt (2* delta /100));

12 disp (2*a,” Hence the d i amete r i n micro meter : ”);
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Chapter 3

Transmission Characteristics of
Fibre

Scilab code Exa 3.1 Maximum Allowed Bit Rate

1 //Exa 3 . 1
2 clc;

3 clear;

4 close;

5 // Given data :
6 lambda =1.5; // im um
7 deltaTwg =0.5; // i n ns
8 deltaTmat =2.8; // i n ns
9 Tt=2.5; // i n ns

10 // For s i n g l e mode f i b r e , deltaTmod =0;// i n ns
11 deltaTmod =0; // i n ns
12 deltaTtotal=sqrt(deltaTmod ^2+ deltaTmat ^2+ deltaTwg ^2)

;// i n ns
13 Tr=sqrt(Tt^2+ deltaTtotal ^2);// i n ns
14 B=1/(2* Tr*10^ -9);// i n b i t s / s e c
15 disp(B*10^-6,”Maximum a l l o w e d b i t r a t e f o r the f i b r e

i n Mbits / s e c : ”);
16 // Note : Answer i n the book s not a c c u r a t e .
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Scilab code Exa 3.2 Intermodal Dispersion

1 //Exa 3 . 2
2 clc;

3 clear;

4 close;

5 // Given data :
6 n1 =1.55; // u n i t l e s s
7 n2 =1.50; // u n i t l e s s
8 l=15; // i n Km
9 delta=(n1 -n2)/n1;// u n i t l e s s

10 c=3*10^8; // i n m/ s
11 deltaT=n1*delta/c;// i n ns /m
12 deltaT=n1*delta *1000/c;// i n ns /Km
13 disp(deltaT ,” In t e rmoda l d i s p e r s i o n per Km o f l e n g t h

i n ns /Km : ”);
14 deltaTtotal=deltaT*l*1000; // i n ns
15 disp(deltaTtotal *1000,” Tota l i n t e r m o d a l d i s p e r s i o n

i n micro second : ”);
16 // Note : Answer i n the book i s not a c c u r a t e .

Scilab code Exa 3.3 Pulse Broadning per Km

1 //Exa 3 . 3
2 clc;

3 clear;

4 close;

5 // Given data :
6 // Formula Pu l s e Broadning per Km : deltaTmat ( per Km)

=(deltaTAUs ∗1000/ c ) ∗ ( lambda∗d2n/ dlambda ˆ2)
7 deltaTAUs =45; // i n nm
8 deltaTAUs =45*10^ -9; // i n m

26



9 lambda =0.9; // i n um
10 lambda =0.9*10^ -6; // i n m
11 // l e t say , dˆ2n/ dlambdaˆ2=a
12 a=4*10^ -2; // i n umˆ−2
13 a=a*(10^ -6)^-2; // i n mˆ−2
14 c=3*10^8; // i n m/ s
15 deltaTmat_Km =( deltaTAUs *1000/c)*( lambda*a);// i n s e c /

Km
16 disp(deltaTmat_Km *10^9,” Pu l s e broadn ing per Km i n

nano second per Km : ”);

Scilab code Exa 3.4 Intermodal Dispersion

1 //Exa 3 . 4
2 clc;

3 clear;

4 close;

5 // Given data :
6 n1 =1.55; // u n i t l e s s
7 n2 =1.50; // u n i t l e s s
8 l=15; // i n Km
9 delta=(n1 -n2)/n1;// u n i t l e s s

10 c=3*10^8; // i n m/ s
11 // Formula I n t e r m o d a l d i s p e r s i o n /m : deltaT perKm=n1∗

d e l t a ˆ2/(8∗ c )
12 // Formula I n t e r m o d a l d i s p e r s i o n /Km : deltaT perKm=n1

∗ d e l t a ˆ2∗1000/(8∗ c )
13 deltaT_perKm=n1*delta ^2*1000/(8*c);// i n s e c /km
14 deltaT_perKm=deltaT_perKm *10^9 // i n nanosec /km
15 disp(deltaT_perKm ,” Tota l i n t e r m o d a l d i s p e r s i o n per

Km i n nano second per Km : ”);
16 disp(”Which i s ve ry much l e s s than the s t e p index

f i b r e . the t o t a l i n t e r m o d a l d i s p e r s i o n f o r l e n g t h
o f 15 Km : ”);

17 deltaTtotal=deltaT_perKm*l;// i n ns
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18 disp(deltaTtotal ,” Tota l i n t e r m o d a l d i s p e r s i o n f o r 15
Km l e n g t h i n nano second : ”);

19 // Note : Answer i n the book i s not a c c u r a t e .

Scilab code Exa 3.5 Bandwidth Distance Product and dispersion limited
length

1 //Exa 3 . 5
2 clc;

3 clear;

4 close;

5 // Given data :
6 Tr=6; // i n ns /Km
7 BitRate =10; // i n Mbps
8 // pa r t ( a )
9 BDP =1/(2* Tr*10^ -9);// i n bps−Km

10 BDP=BDP /10^6; // i n Mbps−Km
11 disp(BDP ,” Bandwidth D i s t a n c e Product f o r the f i b r e

i n Mbps−Km : ”);
12 // Part ( b )
13 lmax=BDP/BitRate;// i n Km
14 disp(lmax ,” D i s p e r s i o n l i m i t e d l e n g t h o f the f i b r e i n

Km : ”);

Scilab code Exa 3.6 Max Bandwidth pulse dispersion

1 //Exa 3 . 6
2 clc;

3 clear;

4 close;

5 // Given data :
6 Tr=0.2; // i n us
7 l=20; // i n Km
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8 // pa r t ( a )
9 B=1/(2* Tr*10^ -6);// i n Hz

10 B=B/10^6; // i n MHz
11 disp(B,”Maximum p o s s i b l e assuming no i n t e r s y m b o l

i n t e r f e r e n c e i n MHz : ”);
12 // Part ( b )
13 Dispersion=Tr*10^ -6/l;// i n s e c /Km
14 disp(Dispersion *10^9,” D i s p e r s i o n i n ns /Km : ”);
15 // pa r t ( c )
16 BDP=B*l;// i n MHz−Km
17 disp(BDP ,”Band =width D i s t a n c e product f o r the f i b r e

i n MHz−Km : ”);

Scilab code Exa 3.8 Pulse Broadning due to material dispersion

1 //Exa 3 . 8
2 clc;

3 clear;

4 close;

5 // Given data :
6 deltaTau_s =2; // i n nm
7 L=30; // i n Km
8 Dmat =20; // i n ps /nm−km
9 // fo rmu la : de l taT mat=d e l t a T a u s ∗L ∗ [ ( lambda / c ) ∗ ( d

ˆ2∗n/d∗ lambda ˆ2) ]
10 // fo rmu la : de l taT mat=d e l t a T a u s ∗L∗Dmat
11 deltaT_mat=deltaTau_s*L*Dmat;// i n ps
12 deltaT_mat=deltaT_mat *10^ -3; // i n ns
13 disp(deltaT_mat ,” Pu l s e broadn ing due to m a t e r i a l

d i s p e r s i o n i n ns : ”);

Scilab code Exa 3.9 Appropriate Repeater Spcing

29



1 //Exa 3 . 9
2 clc;

3 clear;

4 close;

5 // Given data :
6 FibreLoss =20; // i n dB
7 // Pat ( a )
8 lambda_a =1.3; // / i n um
9 loss_a =1.5; // i n dB/Km

10 // Repeate r s p a c i n g
11 la=FibreLoss/loss_a;// i n Km
12 disp(la,”At wave l ength o f 1 . 3 micro meter , r e p e t e r

s p a c i n g i n Km : ”);
13 // Pat ( b )
14 lambda_b =1.5; // / i n um
15 loss_b =0.5; // i n dB/Km
16 // Repeate r s p a c i n g
17 lb=FibreLoss/loss_b;// i n Km
18 disp(lb,”At wave l ength o f 1 . 5 micro meter , r e p e t e r

s p a c i n g i n Km : ”);

Scilab code Exa 3.10 Pulse and Material Dispersion

1 //Exa 3 . 1 0
2 clc;

3 clear;

4 close;

5 // Given data :
6 Dmat =0.15; // i n ns /nm−km
7 lambda =0.9; // i n um
8 deltaTau_s =1.5; // i n nm
9 // pa r t ( a )

10 // fo rmu la : deltaTmat /L=d e l t a T a u s ∗Dmat
11 deltaTmatBYL=deltaTau_s*Dmat;// i n ns /Km
12 disp(” Pu l s e d i s p e r s i o n per u n i t l e n g t h o f f i b r e i s ”
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+string(deltaTmatBYL)+” ns /Km”);
13 // pa r t ( b )
14 L=15; // i n Km
15 // fo rmu la : deltaTmat=d e l t a T a u s ∗Dmat∗L
16 deltaTmat=deltaTau_s*Dmat*L;// i n ns
17 disp(” M a t e r i a l d i s p e r s i o n per i n a 15 Km l e n g t h o f

f i b r e i s ”+string(deltaTmat)+” ns ”);

Scilab code Exa 3.11 Material Dispersion coefficient and rms pulse broad-
ning

1 //Exa 3 . 1 1
2 clc;

3 clear;

4 close;

5 // Given data :
6 // Let M a t e r i a l D i s p e r s i o n , lambda ˆ2∗ ( dˆ2n/ dlambda ˆ2)

=a
7 a=0.03; // i n ns
8 deltaTau_s =15; // i n nm
9 lambda =1.3; // i n um

10 lambda =1.3*10^3; // i n nm
11 c=3*10^8; // speed o f l i g h t i n m/ s
12 c=3*10^5; // speed o f l i g h t i n Km/ s
13 // Part ( a )
14 Dmat=a/( lambda*c);// s e c /nm−Km
15 Dmat=Dmat *10^12; // ps /nm−Km
16 disp(” M a t e r i a l d i s p e r s i o n c o e f f i c i e n t at a

wave l ength o f 1 . 3 micro meter i s ”+string(Dmat)+”
ps /nm−Km”);

17 // Part ( b )
18 deltaTmat_perKm=deltaTau_s*Dmat;// i n ps /km
19 disp(”Rms p u l s e broadn ing per Km due to m a t e r i a l

d i s p e r s i o n i s ”+string(deltaTmat_perKm)+” ps /km
or ”+string(deltaTmat_perKm *10^ -3)+” ns /km”);
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20 // Note : Ans i s not a c c u r a t e i n the book .

Scilab code Exa 3.12 delay Difference and max Bit Rate

1 //Exa 3 . 1 2
2 clc;

3 clear;

4 close;

5 // Given data :
6 l=6; // i n Km
7 n1=1.5; // u n i t l e s s
8 delta=1 // i n %
9 c=3*10^8; // speed o f l i g h t i n m/ s

10 // Part ( a )
11 deltaT=l*10^3* n1*( delta /100)/c;// i n s e c
12 deltaT=deltaT *10^9; // i n ns
13 disp(deltaT ,” Delay d i f f e r e n c e between the s l o w e s t

and f a s t e s t modes at output i n ns : ”);
14 // Part ( b )
15 B=1/(2* deltaT *10^ -9);// i n bps
16 B=B*10^ -6; // i n Mbps
17 disp(B,” Assuming no i n t e r s y m b o l i n t e r f e r e n c e ,

maximum b i t r a t e i n Mbps : ”);

Scilab code Exa 3.13 Critical Radius of Curvature

1 //Exa 3 . 1 3
2 clc;

3 clear;

4 close;

5 // Given data :
6 lambda =1.3; // i n um
7 lambda =1.3*10^ -6; // i n m
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8 n1=1.5; // u n i t l e s s
9 delta=3 // i n %

10 c=3*10^8; // speed o f l i g h t i n m/ s
11 n2=n1*(1-delta /100);// u n i t l e s s
12 Rcm =3*n1^2* lambda /(4* %pi*(n1^2-n2^2) ^(3/2));// i n

meter
13 Rcm=Rcm *10^6; // i n um
14 disp(Rcm ,” C r i t i c a l r a d i u s o f c u r v a t u r e i n micro

meter : ”);

Scilab code Exa 3.14 Critical Radius of Curvature

1 //Exa 3 . 1 4
2 clc;

3 clear;

4 close;

5 // Given data :
6 d=8; // i n um
7 a=d/2; // i n um
8 a=a*10^ -6; // i n meter
9 n1=1.5; // u n i t l e s s

10 n2 =1.46; // u n i t l e s s
11 lambda =1.55; // i n um
12 lambda =1.55*10^ -6; // i n meter
13 c=3*10^8; // speed o f l i g h t i n m/ s
14 lambda_c =(2* %pi*a*sqrt(n1^2-n2^2))/2.405; // i n meter
15 Rcs =(20* lambda /(n1 -n2)^(3/2))*[(2.748* lambda_c

-0.996* lambda)/lambda_c ]^-3; // i n meter
16 Rcs=Rcs *10^3; // i n mm
17 disp(Rcs ,” C r i t i c a l r a d i u s o f c u r v a t u r e i n m i l l i

meter : ”);
18 // Note : Answer i n the book i s wrong .
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Scilab code Exa 3.15 Refractive Index of cladding refractive index differ-
ence

1 //Exa 3 . 1 5
2 clc;

3 clear;

4 close;

5 // Given data :
6 format( ’ v ’ ,6);
7 n1 =1.49; // u n i t l e s s
8 Rcs =10.4; // i n mm
9 Rcs=Rcs *10^ -3; // i n meter

10 lambda =1.3; // i n um
11 lambda =1.3*10^ -6; // i n meter
12 c=3*10^8; // speed o f l i g h t i n m/ s
13 lambda_c =1.15; // i n um
14 lambda_c=lambda_c *10^ -6; // i n meter
15 // pa r t ( a ) :
16 // fo rmu la : ( n1−n2 ) ˆ ( 3 / 2 ) =(20∗ lambda / Rcs ) ∗ [ ( 2 . 7 4 8 ∗

lambda c −0.996∗ lambda ) / lambda c ]ˆ−3
17 n2=n1 -(20* lambda/Rcs)^(2/3) *[(2.748* lambda_c -0.996*

lambda)/lambda_c ]^( -3*2/3);// u n i t l e s s
18 disp(n2,” R e f r a c t i v e index o f c l a d d i n g : ”);
19 // Part ( b ) :
20 delta=(n1 -n2)/n1;// u n i t l e s s
21 disp(delta *100,” R e l a t i v e r e f r a c t i v e index d i f e r e n c e

i n % : ”);

Scilab code Exa 3.16 Wavelength of the transmitted Light

1 //Exa 3 . 1 6
2 clc;

3 clear;

4 close;

5 // Given data :
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6 n1 =1.46; // u n i t l e s s
7 n2 =1.45; // u n i t l e s s
8 Rcm =84; // i n um
9 Rcm=Rcm *10^ -6; // i n meter

10 lambda=Rcm*4* %pi*(n1^2-n2^2) ^(3/2) /(3*n1^2);// i n
meter

11 disp(lambda *10^6 ,” Wavelength o f t r a n s m i t t e d l i g h t i n
micro meter : ”);
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Chapter 5

Optical Fibre Connection

Scilab code Exa 5.1 Fraction of Reflected and Transmitted Power

1 //Exa 5 . 1
2 clc;

3 clear;

4 close;

5 // Given data :
6 format( ’ v ’ ,6)
7 n=1.5; // r e f r a c t i v e index
8 R=[(1-n)/(1+n)]^2; // u n i t l e s s
9 disp(R*100,” R e f l e c t e d l i g h t i n % ”);

10 disp (100-R*100,”The rema inder t r a n s m i t t e d l i g h t i n %
”);

11 loss =-10* log10(1-R);// i n dB
12 disp(loss ,” Transmi s s i on l o s s i n dB : ”);

Scilab code Exa 5.2 Loss in dB due to Fresnels reflection

1 //Exa 5 . 2
2 clc;
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3 clear;

4 close;

5 // Given data :
6 format( ’ v ’ ,5);
7 n1=3.6; // r e f r a c t i v e index
8 n2 =1.48; // r e f r a c t i v e index
9 R=[(n1-n2)/(n1+n2)]^2; // u n i t l e s s

10 loss =-10* log10(1-R);// i n dB
11 disp(loss ,” Transmi s s i on l o s s i n dB : ”);
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Chapter 6

LED light source

Scilab code Exa 6.1 Bulk recombination life time and efficiency

1 //Exa 6 . 1
2 clc;

3 clear;

4 close;

5 // g i v e n data :
6 format( ’ v ’ ,5);
7 Tr=40; // i n ns
8 Tnr =90; // i n ns
9 T=Tr*Tnr/(Tr+Tnr);// i n ns

10 disp(T,” Bulk r e c o m b i n a t i o n l i f e −t ime i n nano second
: ”);

11 ETAint =(T/Tr)*100; // i n %
12 disp(ETAint ,” I n t e r n a l Quantum E f f i c i e n c y i n % : ”) ;

Scilab code Exa 6.2 Internally Generated Optical Power

1 //Exa 6 . 2
2 clc;
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3 clear;

4 close;

5 // g i v e n data :
6 format( ’ v ’ ,5);
7 lambda =1310; // i n nm
8 lambda=lambda *10^ -9; // i n meter
9 ETAint =70; // i n %

10 I=50; // i n mA
11 I=I*10^ -3; // i n A
12 h=6.63*10^ -34; // c o n s t a n t
13 c=3*10^8; // speed o f l i g h t i n m/ s
14 q=1.6*10^ -19; // i n coulamb
15 Pint=( ETAint /100)*I*h*c/(q*lambda);// i n Watts
16 disp(Pint *10^3,” I n t e r n a l l y g e n e r a t e d o p t i c a l power

i n mWatt : ”);

Scilab code Exa 6.3 Peak Emission wavelength

1 //Exa 6 . 3
2 clc;

3 clear;

4 close;

5 // g i v e n data :
6 format( ’ v ’ ,6);
7 Pint =28.4; // i n mw
8 Pint=Pint *10^ -3; // i n Watts
9 I=60; // i n mA

10 I=I*10^ -3; // i n A
11 h=6.63*10^ -34; // c o n s t a n t
12 c=3*10^8; // speed o f l i g h t i n m/ s
13 q=1.6*10^ -19; // i n coulamb
14 //Tr=Tnr
15 // Formula : P int =(Tnr /( Tr+Tnr ) ) ∗ ( I ∗h∗ c /( q∗ lambda ) )
16 // as Tr=Tnr : ( Tnr /( Tr+Tnr ) ) =1/2
17 lambda =(1/2) *(I*h*c/(q*Pint));// i n m
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18 disp(lambda *10^6 ,”Peak e m i s s i o n wae l ength from the
d e v i c e i n micro meter : ”);

Scilab code Exa 6.4 Diffusion Coefficient of LED

1 //Exa 6 . 4
2 clc;

3 clear;

4 close;

5 // g i v e n data :
6 format( ’ v ’ ,7);
7 L=20; // i n um
8 L=L*10^ -6; // i n meter
9 Tr=80; // i n ns

10 Tnr =80; // i n ns
11 tau=Tr*Tnr/(Tr+Tnr);// i n ns
12 // Formula : L=(D∗ tau ) ˆ ( 1 / 2 )
13 D=(L^2)/(tau *10^ -9);// i n mˆ2− s ˆ−1
14 disp(D,” D i f f u s i o n C o e f f i c i e n t o f LED i n mˆ2− s ˆ−1 : ”

);

Scilab code Exa 6.5 3 dB optical Bandwidth

1 //Exa 6 . 5
2 clc;

3 clear;

4 close;

5 // g i v e n data :
6 format( ’ v ’ ,5);
7 EBW =50; //MHz i n 3dB
8 // Formula : EBW(3dB)=OpticalBW (3dB) / s q r t ( 2 )
9 OpticalBW=sqrt (2)*EBW;// i n 3dB

10 disp(OpticalBW ,”3dB O p t i c a l Bandwidth i n MHz : ”);
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Scilab code Exa 6.6 Optical Modulation Bandwidth

1 //Exa 6 . 6
2 clc;

3 clear;

4 close;

5 // g i v e n data :
6 format( ’ v ’ ,4);
7 tau =5; // i n ns
8 disp(” For d e t e r m i n i n g the o p t i c a l 3−dB bandwidth we

c o n s i d e r h igh f r e q u e n c y 3−dB p o i n t which occu r
when : P(w) /P( o ) =1/2”);

9 disp(” I t g i v e s : 1/((1+ omega∗ tau ) ˆ2) ˆ ( 1 / 2 ) = 1/2 ”);
10 // Formula : omega=2∗%pi∗F ;
11 F=sqrt (3) /(2* %pi*tau *10^ -9);// i n Hz
12 disp(F*10^-6,” O p t i c a l Modulat ion Bandwidth i n MHz :

”) ;

Scilab code Exa 6.7 Electrical Modulation Bandwidth

1 //Exa 6 . 7
2 clc;

3 clear;

4 close;

5 // g i v e n data :
6 format( ’ v ’ ,6);
7 tau =10; // i n ns
8 disp(”To f i n d out e l e c t r i c a l modulat ion bandwidth ,

f i r s t we w i l l f i n d out o p t i c a l modulat ion
bandwidth , which i s de te rmined by p u t t i n g : P(w) /
P( o ) =1/2”);
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9 disp(” I t g i v e s : 1/((1+ omega∗ tau ) ˆ2) ˆ ( 1 / 2 ) = 1/2 ”);
10 // Formula : omega=2∗%pi∗F ;
11 F=sqrt (3) /(2* %pi*tau *10^ -9);// i n Hz
12 F=F*10^ -6; // i n MHz
13 EMB=F/sqrt (2);// i n MHz
14 disp(EMB ,” E l e c t r i c a l Modulat ion Bandwidth i n MHz : ”

) ;

Scilab code Exa 6.8 Optical Output power

1 //Exa 6 . 8
2 clc;

3 clear;

4 close;

5 // g i v e n data :
6 format( ’ v ’ ,7);
7 Po=200; // i n uwatts
8 tau =10; // i n ns
9 F=10; // i n MHz

10 disp(”We have : P(w) /P( o )=Po/((1+2∗%pi∗F∗ tau ) ˆ2)
ˆ ( 1 / 2 ) ”);

11 Pw=(Po*10^ -6) /(1+(2* %pi*F*10^6* tau *10^ -9) ^2) ^(1/2);

// i n Watts
12 disp(Pw*10^6,” O p t i c a l output power i n micro watt s :

”) ;

Scilab code Exa 6.9 Optical Output power

1 //Exa 6 . 9
2 clc;

3 clear;

4 close;

5 // g i v e n data :
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6 format( ’ v ’ ,5);
7 Po=200; // i n uwatts
8 tau =10; // i n ns
9 F=50; // i n MHz

10 disp(”We have : P(w) /P( o )=Po/((1+2∗%pi∗F∗ tau ) ˆ2)
ˆ ( 1 / 2 ) ”);

11 Pw=(Po*10^ -6) /(1+(2* %pi*F*10^6* tau *10^ -9) ^2) ^(1/2);

// i n Watts
12 disp(Pw*10^6,” O p t i c a l output power i n micro watt s :

”) ;

Scilab code Exa 6.10 optical emitted Power and External efficiency

1 //Exa 6 . 1 0
2 clc;

3 clear;

4 close;

5 // g i v e n data :
6 format( ’ v ’ ,6);
7 nm=3.5; // r e f r a c t i v e index o f InP ; u n i t l e s s
8 n=1; // r e f r a c t i v e index o f a i r ; u n i t l e s s
9 F=0.6; // Transmi s s i on f a c t o r at c r y s t a l −a i r i n t e r f a c e

10 // Part ( a )
11 disp(”Pe=Pint ∗F∗n ˆ2/(4∗nmˆ2) ”);
12 // Let F∗n ˆ2/(4∗nmˆ2)=x
13 x=F*n^2/(4* nm^2);

14 disp(string(x)+” Pint ”);
15 disp(” Hence the power emi t t ed i n t o a i r i s on ly 1 . 2%

o f the i n t e r n a l o p t i c a l power . ”);
16 // Part ( b )
17 disp(”ETAext=(Pe/P) ∗100 ”);
18 disp(”ETAext =(0 .012∗ Pint /P) ∗100 ”)
19 // Given : P int =0.5P
20 disp(”ETAext = ( 0 . 0 1 2∗0 . 5∗P/P) ∗100 ”)
21 disp(”ETAext : ”+string ((0.012*0.5) *100)+”%”);
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Scilab code Exa 6.11 External Power Eficiency

1 //Exa 6 . 1 1
2 clc;

3 clear;

4 close;

5 // g i v e n data :
6 format( ’ v ’ ,5);
7 // Given : P int =0.3∗P
8 nm=3.6; // r e f r a c t i v e index o f InP ; u n i t l e s s
9 n=1; // r e f r a c t i v e index o f a i r ; u n i t l e s s

10 F=0.68; // Transmi s s i on f a c t o r at c r y s t a l −a i r
i n t e r f a c e

11 disp(”ETAext=Pint ∗100∗F∗n ˆ2/(4∗P∗nmˆ2) ”);
12 // Let F∗n ˆ2/(4∗nmˆ2)=x
13 // Pint /P=0.3
14 //ETAext=0.3∗x
15 x=100*F*n^2/(4* nm^2);

16 ETAext =0.3*x;

17 disp(ETAext ,” E x t e r n a l Power E f f i c i e n c y i n % : ”);

Scilab code Exa 6.12 External Power Eficiency

1 //Exa 6 . 1 2
2 clc;

3 clear;

4 close;

5 // g i v e n data :
6 format( ’ v ’ ,5);
7 ETAext =1.5; // i n %
8 I=25; // i n mA
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9 V=4; // i n Vol t
10 F=0.8; // Transmi s s i on f a c t o r at c r y s t a l −a i r i n t e r f a c e
11 nm=3.6; // r e f r a c t i v e index o f GaAs ; u n i t l e s s
12 n=1; // r e f r a c t i v e index o f a i r ; u n i t l e s s
13 disp(”ETAext=Pint ∗100∗F∗n ˆ2/(4∗P∗nmˆ2) ”);
14 //P=V∗ I
15 Pint=( ETAext *4*V*I*10^ -3*nm^2)/(F*100);// i n watt s
16 disp(Pint *1000,” O p t i c a l power g e n e r a t e d i n the

d e v i c e i n mWatts : ”);
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Chapter 7

LASER light source

Scilab code Exa 7.1 Ratio of stimulated to spontaneous emission Rate

1 //Exa 7 . 1
2 clc;

3 clear;

4 close;

5 // Given data :
6 format( ’ v ’ ,10);
7 lambda =1.5; // i n um
8 T=900; // i n k e l v i n
9 h=6.63*10^ -34; // Planks con tant

10 c=3*10^8; // speed o f l i g h t i n m/ s
11 K=1.38*10^ -23; // Boltzman Constant
12 // Formula : S t i E m i s s i o n R a t e / SponEmiss ionRate =1/( exp (

h∗F/(K∗T) )−1)=1/( exp ( h∗ c /(K∗T∗ lambda ) )−1)
13 StiEmRateBySponEmRate =1/( exp(h*c/(K*T*lambda *10^ -6))

-1);

14 disp(StiEmRateBySponEmRate ,” S t imu la t e d Emis s ion Rate
/ Spontan ious Emis s ion Rate i s : ”);

Scilab code Exa 7.2 Length of Optical Cavity and no of modes
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1 //Exa 7 . 2
2 clc;

3 clear;

4 close;

5 // Given data :
6 lambda =0.8; // i n um
7 lambda=lambda *10^ -6; // i n meter
8 deltaNEU =300; // i n GHz
9 deltaNEU=deltaNEU *10^9; // i n Hz

10 c=3*10^8; // speed o f l i g h t i n m/ s
11 n=3.6; // R e f r a c t i v e index ( u n i t l e s s )
12 // Part ( a ) :
13 // Formula : deltaNEU=c /(2∗n∗L)
14 L=c/(2*n*deltaNEU);// i n meter
15 disp(L*10^6,” Length o f o p t i c a l c a v i t y i n micro meter

: ”)
16 // Part ( b ) :
17 K=2*n*L/lambda;//No . o f l o n g i t u d i n a l modes
18 disp(K,”No . o f l o n g i t u d i n a l modes : ”);

Scilab code Exa 7.3 Length of crystal and Frequency separation

1 //Exa 7 . 3
2 clc;

3 clear;

4 close;

5 // Given data :
6 lambda =0.55; // i n um
7 lambda=lambda *10^ -6; // i n meter
8 c=3*10^8; // speed o f l i g h t i n m/ s
9 n=1.78; // R e f r a c t i v e index ( u n i t l e s s )

10 K=260000; //No . o f l o n g i t u d i n a l modes
11 // Part ( a ) :
12 L=K*lambda /(2*n);// i n meter
13 disp(L,” Length o f the c r y s t a l i n meter : ”);
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14 // Part ( b ) :
15 deltaNEU=c/(2*n*L);// i n Hz
16 disp(deltaNEU *10^-9,” Frequency s e p a r a t i o n o f

l o n g i t u d i n a l modes i n GHz : ”);

Scilab code Exa 7.4 wavelength and Linewidth

1 //Exa 7 . 4
2 clc;

3 clear;

4 close;

5 // Given data :
6 Eg =1.43; // i n eV
7 deltaLambda =0.1; // i n nm
8 deltaLambda=deltaLambda *10^ -9 // i n meter
9 c=3*10^8; // speed o f l i g h t i n m/ s

10 h=6.63*10^ -34; // Planks con tant
11 // Part ( a ) :
12 // Fomula : Eg=h∗ c / lambda
13 lambda=h*c/(Eg *1.6*10^ -19);// i n meter
14 disp(lambda *10^6 ,” Wavelength o f o p t i c a l e m i s s i o n i n

micro meter : ”);
15 // Part ( b ) :
16 // Formula : deltaNEU=c∗deltaLambda / lambda ˆ 2 ; / / i n Hz
17 deltaNEU=c*deltaLambda/lambda ^2; // i n Hz
18 disp(deltaNEU *10^-9,” Frequency s e p a r a t i o n o f

l o n g i t u d i n a l modes i n GHz : ”);

Scilab code Exa 7.5 Ratio of threshold current densities

1 //Exa 7 . 5
2 clc;

3 clear;
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4 close;

5 // Given data :
6 format( ’ v ’ ,4)
7 To=150; // i n k e l v i n
8 T1=20; // i n d e g r e e C
9 T1=T1 +273; // i n k e l v i n

10 T2=70; // i n d e g r e e C
11 T2=T2 +273; // i n k e l v i n
12 // Formula ; Jth=exp (T/To)
13 Jth20=exp(T1/To);

14 Jth70=exp(T2/To)

15 ratio=Jth70/Jth20;// u n i t l e s s
16 disp(ratio ,” Rat io o f c u r r e n t d e n s i t i e s f o r AlGaAs

i n j e c t i o n l a s e r : ”);

Scilab code Exa 7.6 Grating Period

1 //Exa 7 . 6
2 clc;

3 clear;

4 close;

5 // Given data :
6 lambda =1.55; // i n um
7 m=1; // f o r f i r s t o r d e r
8 n=3.5; // R e f r a c t i v e Index ( u n i t l e s s )
9 // Formula : G r a t i n g Pe r i od=m∗ lambda /(2∗n )

10 GratingPeriod=m*lambda /(2*n);// i n um
11 disp(GratingPeriod ,” g r a t i n g Per i od f o r an InGaAsP

DFB Lase r d i ode : ”);

Scilab code Exa 7.7 Frequency spread and wavelength spread

1 //Exa 7 . 8
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2 clc;

3 clear;

4 close;

5 // Given data :
6 format( ’ v ’ ,5)
7 L=0.3; // i n mm
8 L=L*10^ -3; // i n meter
9 n=3.6; // R e f r a c t i v e Index ( u n i t l e s s )

10 c=3*10^8; // speed o f l i g h t i n m/ s
11 lambda =0.82; // i n um
12 lambda=lambda *10^ -6; // i n meter
13 deltaNEU=c/(2*n*L);// i n Hz
14 disp(deltaNEU *10^-9,” Frequency sp r ead between

l o n g i t u d i n a l modes i n GHz”);
15 deltaLambda=lambda ^2/(c/deltaNEU)// i n meter
16 disp(deltaLambda *10^9,” Wavelength sp r ead between

l o n g i t u d i n a l modes i n nano meter : ”);
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Chapter 8

Photodetectors

Scilab code Exa 8.1 Longest Wavelength cut off

1 //Exa 8 . 1
2 clc;

3 clear;

4 close;

5 // Given data :
6 Eg =1.43; // i n eV
7 T=300; // i n k e l v i n
8 h=6.63*10^ -34; // Planks c o n s t a n t
9 c=3*10^8; // speed o f l i g h t i n m/ s

10 lambda_c=h*c/(Eg *1.6*10^ -19);// i n meter
11 disp(lambda_c *10^9 ,” Longes t Wavelength cut−o f f i n nm

: ”)

Scilab code Exa 8.2 Quantum Efficieny of photodiode

1 //Exa 8 . 2
2 clc;

3 clear;
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4 close;

5 // Given data :
6 photons =6*10^12; // no . o f i n c i d e n t photons
7 lambda =1330; // i n nm
8 pairs =4.8*10^12; // no . o f e l e c t r o n h o l e p a i r s

g e n e r a t e d
9 ETA=pairs/photons;//Quantum e f f i c i e n c y ( u n i t l e s s )

10 ETA=ETA *100; //Quantum e f f i c i e n c y i n %
11 disp(ETA ,”Quantum e f f i c i e n c y i n % : ”);

Scilab code Exa 8.3 Responsivity of InGaAs photodiode

1 //Exa 8 . 3
2 clc;

3 clear;

4 close;

5 // Given data :
6 lambda =1300; // i n nm
7 lambda=lambda *10^ -9; // i n meter
8 ETA =90; // quantum e f f i c i e n c y i n %
9 h=6.63*10^ -34; // Planks c o n s t a n t

10 q=1.6*10^ -19; // i n coulamb
11 c=3*10^8; // i n m/ s
12 R=(ETA /100)*q*lambda /(h*c);// i n A/W
13 disp(R,” R e s p o n s i v i t y o f InGaAs i n A/W : ”);

Scilab code Exa 8.4 value of generated photocurrent

1 //Exa 8 . 4
2 clc;

3 clear;

4 close;

5 // Given data :
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6 E=4.5*10^ -21; // i n J o u l e
7 R=0.9; // i n A/W
8 P=20; // i n uWatt
9 Ip=R*P;// i n uA

10 disp(Ip,” Photocu r r en t g e n e r a t e d i n micro Ampere : ”)
;

Scilab code Exa 8.5 Multiplication Factor

1 //Exa 8 . 5
2 clc;

3 clear;

4 close;

5 // Given data :
6 ETA =65; //Quantum e f f i c i e n c y i n %
7 lambda =900; // i n nm
8 lambda=lambda *10^ -9; // i n meter
9 q=1.6*10^ -19; // i n coulamb

10 h=6.63*10^ -34; // Planks c o n s t a n t
11 c=3*10^8; // i n m/ s
12 P=0.5; // i n uWatt
13 Im=20; // i n uA
14 Ip=(ETA /100)*q*P*lambda /(h*c);// i n micro Ampere
15 M=Im/Ip;// u n i t l e s s
16 disp(M,” M u l t i p l i c a t i o n Facto r : ”);
17 // Note : Ans i n the book i s not a c c u r a t e .

Scilab code Exa 8.6 Circuit Bandwidth of pin phoodiode

1 //Exa 8 . 6
2 clc;

3 clear;

4 close;
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5 // Given data :
6 C_A =2; // i n pF
7 C_D =5; // i n pF
8 RL=50; // i n Ohm
9 RA=1; // i n KOhm

10 RA =1*10^3; // i n Ohm
11 C=C_A+C_D;// i n pF
12 R=RA*RL/(RA+RL);// i n Ohm
13 B=1/(2* %pi*R*C*10^ -12);// i n Hz
14 disp(B*10^-6,” C i r c u i t Bandwidth o f p−i−n photod iode

i n MHz : ”);
15 // Note : Ans i n the book i s not a c c u r a t e .

Scilab code Exa 8.7 Wavelength and incident optical power

1 //Exa 8 . 7
2 clc;

3 clear;

4 close;

5 // Given data :
6 ETA =40; // quantum e f f i c i e n c y i n %
7 E=1.5; // i n eV
8 Ip=3; // i n uA
9 h=6.63*10^ -34; // Planks c o n s t a n t

10 c=3*10^8; // i n m/ s
11 q=1.6*10^ -19; // i n coulamb
12 lambda=h*c/(E*1.6*10^ -19);// i n meter
13 disp(lambda *10^9 ,” Wavelength o f photod iode i n nm : ”

);

14 P=Ip*10^ -6*(E*1.6*10^ -19) /(ETA*q/100);

15 disp(P*10^6,”Power r e q u i r e d i n micro Watts ; ”);
16 // Note : Ans i n the book i s not a c c u r a t e .
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Scilab code Exa 8.8 Responsivity of the device

1 //Exa 8 . 8
2 clc;

3 clear;

4 close;

5 // Given data :
6 format( ’ v ’ ,5);
7 photons =1600; // i n c i d e n t photons / s e c
8 lambda =1.3; // i n um
9 electrons =1100; // g e n e r a t e d / s e c

10 ETA=electrons/photons;// u n i t l e s s
11 q=1.6*10^ -19; // i n coulamb
12 h=6.63*10^ -34; // Planks c o n s t a n t
13 c=3*10^8; // i n m/ s
14 R=ETA*q*lambda *10^ -6/(h*c);// i n A/W
15 disp(R,” R e s p o n s i v i t y i n A/W : ”);

Scilab code Exa 8.9 Maximum Load Resistance

1 //Exa 8 . 9
2 clc;

3 clear;

4 close;

5 // Given data :
6 C=1; // i n pF
7 // Part ( a ) :
8 FH=1; // i n MHz
9 R=1/((2* %pi*FH *10^6*C)*10^ -12);// i n ohm

10 disp(R*10^-3,” For 1 MHz, Maximum Load R e s i s t n c e i n
Kohm : ”);

11
12 // Part ( b ) :
13 FH=1; // i n GHz
14 R=1/((2* %pi*FH *10^9*C)*10^ -12);// i n ohm
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15 disp(R,” For 1 GHz , Maximum Load R e s i s t n c e i n Ohm : ”
);

Scilab code Exa 8.10 NEP for Si pin photodiode

1 //Exa 8 . 1 0
2 clc;

3 clear;

4 close;

5 // Given data :
6 format( ’ v ’ ,10);
7 lambda =1.3; // i n um
8 lambda=lambda *10^ -6; // i n meter
9 Id=8; // i n nA

10 ETA =55; // i n %
11 h=6.63*10^ -34; // Planks c o n s t a n t
12 c=3*10^8; // i n m/ s
13 q=1.6*10^ -19; // i n coulamb
14 NEP=(h*c)*sqrt (2*q*Id*10^ -9) /((ETA /100)*q*lambda);//

i n Ohm
15 disp(NEP ,”NEP f o r S i p−i−n photod iode i n Ohm : ”);

Scilab code Exa 8.11 Smallest Detactable signal power

1 //Exa 8 . 1 1
2 clc;

3 clear;

4 close;

5 // Given data :
6 A=2.5; // i n mmˆ2
7 A=A*10^ -6; // i n mˆ2
8 B=1; // i n KHz
9 B=B*10^3; // i n Hz
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10 Dstar =10^11; //mHzˆ1/2Ŵ −1
11 NEP=sqrt(A*B)/Dstar;// i n Watts
12 disp(NEP *10^12 ,” S m a l l e s t d e t e c t a b l e s i g n a l power i n

pW : ”);

Scilab code Exa 8.12 NEP and detectivity of Ge pin photodiode

1 //Exa 8 . 1 2
2 clc;

3 clear;

4 close;

5 // Given data :
6 A=200*25; // i n umˆ2
7 A=A*10^ -12; // i n mˆ2
8 ETA =55; //Quantum E f f i c i e n c y i n %
9 lambda =1.3; // i n um

10 lambda=lambda *10^ -6; // i n meter
11 Id=8; // i n nA
12 Id=Id*10^ -9; // i Ampere
13 h=6.63*10^ -34; // Planks c o n s t a n t
14 q=1.6*10^ -19; // i n coulamb
15 c=3*10^8; // i n m/ s
16 NEP=h*c*sqrt (2*q*Id)/(( ETA /100)*q*lambda);// i n Watts
17 disp(NEP ,” No i s e e q u i v a l e n t power i n Watts : ”);
18 Dstar=sqrt(A)/NEP;// i n m−Hzˆ2/Ŵ −1
19 disp(Dstar ,” S p e c i f i c d e t e c t i v i t y o f Ge p−i−n

photod iode i n m−Hzˆ2/W : ”);
20 // Note : Answer i n the bok i s not a c c u r a t e .

Scilab code Exa 8.13 Maximum Load Resistance

1 //Exa 8 . 1 3
2 clc;
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3 clear;

4 close;

5 // Given data :
6 C=6; // i n pF
7 C=C*10^ -12; // i n F
8 FH=8; // i n MHz
9 FH=FH *10^6; // i n Hz

10 // Formula : FH=1/(2∗%pi∗R∗C)
11 R=1/(2* %pi*FH*C);// i n Ohm
12 disp(R*10^-3,”Maximum load r e s i s t a n c e i n Kohm”);

Scilab code Exa 8.14 Generated shot noise in Ge pin photodiode

1 //Exa 8 . 1 4
2 clc;

3 clear;

4 close;

5 // Given data :
6 format( ’ v ’ ,5);
7 lambda =0.9; // i n um
8 lambda=lambda *10^ -6; // i n meter
9 ETA =60; //Quantum E f f i c i e n c y i n %

10 Id=3; // i n nA
11 Id=Id*10^ -9; // i n Ampere
12 B=5; // i n MHz
13 P=200; // i n nW
14 P=P*10^ -9; // i n Watts
15 h=6.63*10^ -34; // Planks c o n s t a n t
16 q=1.6*10^ -19; // i n coulamb
17 c=3*10^8; // i n m/ s
18 Ip=P*(ETA /100)*q*lambda /(h*c);// i n Ampere
19 // Formula : I s ˆ2=2∗q ∗ ( Ip+Id ) ∗B
20 Is=sqrt (2*q*(Ip+Id)*B*10^6);// i n Ampere
21 disp(Is*10^9,” Tota l sho t n o i s e c u r r e n t i n nA : ”);
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Scilab code Exa 8.15 Multiplication Factor for an APD

1 //Exa 8 . 1 5
2 clc;

3 clear;

4 close;

5 // Given data :
6 lambda =1.35; // i n um
7 lambda=lambda *10^ -6; // i n meter
8 ETA =40; //Quantum E f f i c i e n c y i n %
9 Im=4.9; // i n uA

10 Im=Im*10^ -6; // i n Ampere
11 P=0.2; // / i n uW
12 P=P*10^ -6; // i n watt s
13 h=6.63*10^ -34; // Planks c o n s t a n t
14 q=1.6*10^ -19; // i n coulamb
15 c=3*10^8; // i n m/ s
16 M=Im*h*c/(( ETA /100)*q*P*lambda);// u n i t l e s s
17 disp(floor(M),” M u l t i p l i c a t i o n f a c t o r : ”);

Scilab code Exa 8.16 Wavelength and output photocurrent

1 //Exa 8 . 1 6
2 clc;

3 clear;

4 close;

5 // Given data :
6 format( ’ v ’ ,5);
7 photons =10^13; // i n c i d e n t photons / s e c
8 E=1.28*10^ -19; // i n J o u l e
9 h=6.63*10^ -34; // Planks c o n s t a n t

10 q=1.6*10^ -19; // i n coulamb
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11 c=3*10^8; // i n m/ s
12 // Part ( a ) :
13 lambda=h*c/(E);// i n meter
14 disp(lambda *10^6 ,” Wavelength o f i n c i d e n t r a d i a t i o n

i n micro meter : ”);
15 // Part ( b ) :
16 Ip=q*photons;// i n Ampere
17 disp(Ip*10^6,” Output p h o t o c u r r e n t i n micro Ampere :

”);
18 // Part ( c ) :
19 M=18; // u n i t l e s s
20 Im=M*Ip;// i n Ampere
21 disp(Im*10^6,” I f d e v i c e i s an APD, Output

p h o t o c u r r e n t i n micro Ampere : ”);

Scilab code Exa 8.17 Quantum Efficieny and output photocurrent

1 //Exa 8 . 1 7
2 clc;

3 clear;

4 close;

5 // Given data :
6 M=20; // u n i t l e s s
7 lambda =1.5; // i n um
8 lambda=lambda *10^ -6; // i n meter
9 R=0.6; // i n A/W

10 h=6.63*10^ -34; // Planks c o n s t a n t
11 q=1.6*10^ -19; // i n coulamb
12 c=3*10^8; // i n m/ s
13 photons =10^10; // i n c i d e n t photons / s e c
14 Im=M*R*photons*h*c/lambda;// i n Ampere
15 disp(Im*10^9,” Output Photo c u r r e n t i n nA : ”);
16 ETA=R*h*c/(q*lambda);// u n i t l e s s
17 disp(round(ETA *100),”Quantum E f f i c i e n c y i n % : ”);
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Scilab code Exa 8.18 Maximum SNR

1 //Exa 8 . 1 8
2 clc;

3 clear;

4 close;

5 // Given data :
6 format( ’ v ’ ,5);
7 RL=630; // i n Ohm
8 B=50; // i n MHz
9 B=B*10^6; // i n Hz

10 Ip=10^ -7; // i n Ampere
11 T=18; // i n d e g r e e C
12 T=T+273; // i n k e l v i n
13 q=1.6*10^ -19; // i n coulamb
14 K=1.38*10^ -23; // Boltzman Constant
15 SbyN=Ip ^2/(2*q*B*Ip+4*K*T*B/RL);// u n i t l e s s
16 SbyNdB =10* log10(SbyN);// i n dB
17 disp(round(SbyNdB),”Maximum SNR i n dB : ”);

Scilab code Exa 8.19 Mean square value of noise current

1 //Exa 8 . 1 9
2 clc;

3 clear;

4 close;

5 // Given data :
6 lambda =1.3; // i n um
7 lambda=lambda *10^ -6; // i n meter
8 Id=16; // i n nA
9 Id=Id*10^ -9; // i n Ampere

10 ETA =90; //Quantum E f f i c i e n c y i n %
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11 RL =1000; // i n Ohm
12 P=1.2; // i n uW
13 P=P*10^ -6; // i n Watts
14 B=80; // i n Mhz
15 B=B*10^6; // i n Hz
16 T=20; // i n d e g r e e C
17 T=T+273; // i n k e l v i n
18 q=1.6*10^ -19; // i n c
19 K=1.38*10^ -23; // Boltzman Constant
20 h=6.63*10^ -34; // Planks c o n s t a n t
21 c=3*10^8; // i n m/ s
22 Ip=(ETA /100)*q*lambda*P/(h*c);// i n Ampere
23 Iq=sqrt (2*q*Ip*B);// i n Ampere
24 disp(Iq*10^9,”Mean squa r e quantum n o o i s e i n nA : ”);
25 I_dark=sqrt (2*q*Id*B);// i n Ampere
26 disp(I_dark *10^9 ,”Mean squa r e dark c u r r e n t n o i s e i n

nA : ”);
27 It=sqrt (4*K*T*B/RL);// i n Ampere
28 disp(round(It *10^9) ,”Mean squa r e therma l c u r r e n t

n o i s e i n nA : ”);

Scilab code Exa 8.20 Determine the SNR

1 //Exa 8 . 2 0
2 clc;

3 clear;

4 close;

5 // Given data :
6 F=3; // i n dB
7 F=10^(F/10);// u n i t l e s s
8 M=1; // u n i t l e s s
9 lambda =1.3; // i n um

10 lambda=lambda *10^ -6; // i n meter
11 Id=16; // i n nA
12 Id=Id*10^ -9; // i n Ampere
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13 ETA =90; //Quantum E f f i c i e n c y i n %
14 RL =1000; // i n Ohm
15 P=1.2; // i n uW
16 P=P*10^ -6; // i n Watts
17 B=80; // i n Mhz
18 B=B*10^6; // i n Hz
19 T=20; // i n d e g r e e C
20 T=T+273; // i n k e l v i n
21 q=1.6*10^ -19; // i n c
22 K=1.38*10^ -23; // Boltzman Constant
23 h=6.63*10^ -34; // Planks c o n s t a n t
24 c=3*10^8; // i n m/ s
25 Ip=(ETA /100)*q*lambda*P/(h*c);// i n Ampere
26 SbyN=Ip^2*M^2/(2*q*B*(Ip+Id)*M^2+(4*K*T*B*F/RL));

27 disp(SbyN ,”SNR at the output : ”);
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