
Scilab Textbook Companion for
Optoelectronics And Fiber Optics

Communication
by C. K. Sarkar and D. C. Sarkar 1

Created by
Lochan Jolly

optical communication
Electrical Engineering

mumbai
College Teacher

None
Cross-Checked by

None

July 31, 2019

1Funded by a grant from the National Mission on Education through ICT,
http://spoken-tutorial.org/NMEICT-Intro. This Textbook Companion and Scilab
codes written in it can be downloaded from the ”Textbook Companion Project”
section at the website http://scilab.in



Book Description

Title: Optoelectronics And Fiber Optics Communication

Author: C. K. Sarkar and D. C. Sarkar

Publisher: New Age International(p) Limited Publishers, Newde

Edition: 1

Year: 2001

ISBN: 81-224-1341-2

1



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.

2



Contents

List of Scilab Codes 4

1 Introduction to Fiber Communications 6

2 Electromagnetic Wave Propagation Through Optical Fiber 11

3 Losses and Dispersions in Optical Fiber 18

4 Light Emitting Diode LED 31

5 Semiconductor Lasers 35

6 Photo Detectors 46

7 Manufacture of fibers and cables 63

8 Optical Fiber receiver 67

9 Optical Fiber Measurements 76

11 Optical Fiber Links and Wavelength Division Multiplexers 86

3



List of Scilab Codes

Exa 1.1 Critical angle acceptance angle numerical aper-
ture light coupled . . . . . . . . . . . . . . . 6

Exa 1.2 Acceptance angle . . . . . . . . . . . . . . . 7
Exa 1.3 numerical aperture solid acceptance angle crit-

ical angle . . . . . . . . . . . . . . . . . . . 9
Exa 2.1 Refractive Index normalized frequency guided

modes . . . . . . . . . . . . . . . . . . . . . 11
Exa 2.2 core diameter . . . . . . . . . . . . . . . . . 12
Exa 2.3 phase constant . . . . . . . . . . . . . . . . 13
Exa 2.4 cutoff wavelength . . . . . . . . . . . . . . . 15
Exa 2.5 number of guided mode and power flow in

core cladding . . . . . . . . . . . . . . . . . 16
Exa 3.1 Signal attenuation calculation . . . . . . . . 18
Exa 3.2 Attenuation . . . . . . . . . . . . . . . . . . 19
Exa 3.3 Threshold optical power for SBS and SRS . 21
Exa 3.4 Critical radius . . . . . . . . . . . . . . . . . 22
Exa 3.5 critical radius . . . . . . . . . . . . . . . . . 24
Exa 3.6 NA acceptance angle and multiple time dis-

persion . . . . . . . . . . . . . . . . . . . . . 25
Exa 3.7 Bandwidth distance product . . . . . . . . . 26
Exa 3.8 Waveguide dispersion . . . . . . . . . . . . . 28
Exa 3.9 Pulse width and approximate bit rate . . . . 30
Exa 4.1 total carrier life time and optical power . . . 31
Exa 4.2 optical power coupled . . . . . . . . . . . . 32
Exa 5.1 ratio between stimulated and spontaneous emis-

sion rate . . . . . . . . . . . . . . . . . . . . 35
Exa 5.2 Threshold current Density . . . . . . . . . . 36
Exa 5.3 minority carrier life time . . . . . . . . . . . 38

4



Exa 5.4 number of longitudinal modes . . . . . . . . 39
Exa 5.5.A External Power efficiency . . . . . . . . . . . 41
Exa 5.5 External Power efficiency . . . . . . . . . . . 41
Exa 5.6 Threshold current densities . . . . . . . . . 42
Exa 5.7 length of cavity in laser and wavelength sep-

aration . . . . . . . . . . . . . . . . . . . . . 44
Exa 6.1 opearting wavelength and incident power . . 46
Exa 6.2 quantum efficiency and reponsivity . . . . . 47
Exa 6.3 wavelength and incident optical power . . . 49
Exa 6.4 critical frequency . . . . . . . . . . . . . . . 50
Exa 6.5 Fraction of incident power . . . . . . . . . . 51
Exa 6.6 Multiplication factor . . . . . . . . . . . . . 53
Exa 6.7 noise equivalent power and specific directivity 54
Exa 6.8 optical gain and current gain . . . . . . . . 56
Exa 6.9 Bandwidth . . . . . . . . . . . . . . . . . . 57
Exa 6.10 critical wavelength . . . . . . . . . . . . . . 59
Exa 6.11 conversion efficiency . . . . . . . . . . . . . 59
Exa 6.12 number of cells total area of panel and current

capacity of each cell . . . . . . . . . . . . . 60
Exa 7.1 value of n . . . . . . . . . . . . . . . . . . . 63
Exa 7.2 Lateral power distribution coefficient . . . . 64
Exa 7.3 maximum magnification factor and coupling

efficiency . . . . . . . . . . . . . . . . . . . . 65
Exa 8.1 photocurrent shot noise and thermal noise . 67
Exa 8.2 maximum load resistance . . . . . . . . . . . 69
Exa 8.3 Signal to noise ratio and Multiplication factor 71
Exa 8.4 Maximum bandwidth mean square thermal

noise per unit bandwidth . . . . . . . . . . . 72
Exa 8.5 repeatno 8point4 to calculate minimum power 74
Exa 9.1 Attenuation . . . . . . . . . . . . . . . . . . 76
Exa 9.2 Attenuation . . . . . . . . . . . . . . . . . . 77
Exa 9.3 pulse dispersion and fiber bandwidth length

product . . . . . . . . . . . . . . . . . . . . 78
Exa 9.4 NA and distance of fiber output end face from

screen . . . . . . . . . . . . . . . . . . . . . 80
Exa 9.5 NA . . . . . . . . . . . . . . . . . . . . . . . 81
Exa 9.6 repeatno9point4 determine outer diameter of

fiber . . . . . . . . . . . . . . . . . . . . . . 82

5



Exa 9.7 repeatno9point5 calculate excess loss of the
connector . . . . . . . . . . . . . . . . . . . 84

Exa 11.1 material dispersion delay . . . . . . . . . . . 86
Exa 11.2 material dispersion limited transmission dis-

tance . . . . . . . . . . . . . . . . . . . . . . 87
Exa 11.3 modal dispersion limited transmission distance 89
Exa 11.4 material dispersion modal and attenuation lim-

ited distance and length versus data rate . . 91
Exa 11.5 maximum bit rate . . . . . . . . . . . . . . 92

6



List of Figures

1.1 Critical angle acceptance angle numerical aperture light cou-
pled . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

1.2 Acceptance angle . . . . . . . . . . . . . . . . . . . . . . . . 8
1.3 numerical aperture solid acceptance angle critical angle . . . 9

2.1 Refractive Index normalized frequency guided modes . . . . 12
2.2 phase constant . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.3 cutoff wavelength . . . . . . . . . . . . . . . . . . . . . . . . 15
2.4 number of guided mode and power flow in core cladding . . 17

3.1 Signal attenuation calculation . . . . . . . . . . . . . . . . . 19
3.2 Attenuation . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
3.3 Threshold optical power for SBS and SRS . . . . . . . . . . 21
3.4 Critical radius . . . . . . . . . . . . . . . . . . . . . . . . . . 23
3.5 critical radius . . . . . . . . . . . . . . . . . . . . . . . . . . 24
3.6 NA acceptance angle and multiple time dispersion . . . . . . 25
3.7 Bandwidth distance product . . . . . . . . . . . . . . . . . . 27
3.8 Waveguide dispersion . . . . . . . . . . . . . . . . . . . . . . 28
3.9 Pulse width and approximate bit rate . . . . . . . . . . . . . 29

4.1 total carrier life time and optical power . . . . . . . . . . . . 32
4.2 optical power coupled . . . . . . . . . . . . . . . . . . . . . . 33

5.1 ratio between stimulated and spontaneous emission rate . . . 36

7



5.2 Threshold current Density . . . . . . . . . . . . . . . . . . . 37
5.3 minority carrier life time . . . . . . . . . . . . . . . . . . . . 38
5.4 number of longitudinal modes . . . . . . . . . . . . . . . . . 39
5.5 External Power efficiency . . . . . . . . . . . . . . . . . . . . 40
5.6 External Power efficiency . . . . . . . . . . . . . . . . . . . . 42
5.7 Threshold current densities . . . . . . . . . . . . . . . . . . . 43
5.8 length of cavity in laser and wavelength separation . . . . . 44

6.1 opearting wavelength and incident power . . . . . . . . . . . 47
6.2 quantum efficiency and reponsivity . . . . . . . . . . . . . . 48
6.3 wavelength and incident optical power . . . . . . . . . . . . 49
6.4 critical frequency . . . . . . . . . . . . . . . . . . . . . . . . 51
6.5 Fraction of incident power . . . . . . . . . . . . . . . . . . . 52
6.6 Multiplication factor . . . . . . . . . . . . . . . . . . . . . . 53
6.7 noise equivalent power and specific directivity . . . . . . . . 55
6.8 optical gain and current gain . . . . . . . . . . . . . . . . . . 56
6.9 Bandwidth . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
6.10 critical wavelength . . . . . . . . . . . . . . . . . . . . . . . 58
6.11 conversion efficiency . . . . . . . . . . . . . . . . . . . . . . 60
6.12 number of cells total area of panel and current capacity of each

cell . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

7.1 value of n . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
7.2 Lateral power distribution coefficient . . . . . . . . . . . . . 65
7.3 maximum magnification factor and coupling efficiency . . . . 66

8.1 photocurrent shot noise and thermal noise . . . . . . . . . . 68
8.2 maximum load resistance . . . . . . . . . . . . . . . . . . . . 69
8.3 Signal to noise ratio and Multiplication factor . . . . . . . . 70
8.4 Maximum bandwidth mean square thermal noise per unit band-

width . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
8.5 repeatno 8point4 to calculate minimum power . . . . . . . . 74

9.1 Attenuation . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
9.2 Attenuation . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
9.3 pulse dispersion and fiber bandwidth length product . . . . . 79
9.4 NA and distance of fiber output end face from screen . . . . 80
9.5 NA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
9.6 repeatno9point4 determine outer diameter of fiber . . . . . . 83

8



9.7 repeatno9point5 calculate excess loss of the connector . . . . 84

11.1 material dispersion delay . . . . . . . . . . . . . . . . . . . . 87
11.2 material dispersion limited transmission distance . . . . . . . 88
11.3 modal dispersion limited transmission distance . . . . . . . . 89
11.4 material dispersion modal and attenuation limited distance

and length versus data rate . . . . . . . . . . . . . . . . . . 90
11.5 maximum bit rate . . . . . . . . . . . . . . . . . . . . . . . . 92

9



Chapter 1

Introduction to Fiber
Communications

Scilab code Exa 1.1 Critical angle acceptance angle numerical aperture light coupled

1

2 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

3 // Example 1 . 1
4 //OS = Windows 7
5 // S c i l a b v e r s i o n 5 . 5 . 2
6

7 clc;

8 clear;

9

10 // g i v e n
11 n1 =1.500; // r e f r a c t i v e index o f c o r e
12 n2 =1.450; // r e f r a c t i v e index o f c l a d d i n g
13 thetac=asind(n2/n1);// c r i t i c a l a n g l e f o r core−

c l a d d i n g ( i n d e g r e e s )
14 phim=90- thetac;// c o r r e s p o n d i n g a n g l e o f o b l i q u e n e s s (

i n d e g r e e s )
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Figure 1.1: Critical angle acceptance angle numerical aperture light coupled

15 mprintf(”\n C r i t i c a l Angle f o r the core−c l a d d i n g
s u r f a c e i s =%. 2 f d e g r e e s ”,thetac);

16 mprintf(”\n Cor r e spond ing Angle o f O b l i q u e n c e s i s= %
. 2 f d e g r e e s ”,phim);

17 Alpham=asind((n1/n2)* sind(phim));// a c c e p t a n c e a n g l e
18 mprintf(”\n Acceptance Angle i s =%. 2 f ”,Alpham);
19 NA=(((n1+n2)*(n1-n2))^0.5);// n u m e r i c a l a p e r t u r e o f

the f i b e r
20 mprintf(”\n Numer ica l Aperture i s =%. 2 f ”,NA);
21 p=((NA)^2 )*100; // p e r c e n t a g e o f l i g h t c o l l e c t e d
22 mprintf(”\n Per c en tage o f L igh t C o l l e c t e d i s =%. 2 f

p e r c e n t ”,p);
23 // the answers vary due to round ing

Scilab code Exa 1.2 Acceptance angle
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Figure 1.2: Acceptance angle

1

2 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

3 // Example 1 . 2
4 //OS = Windows 7
5 // S c i l a b v e r s i o n 5 . 5 . 2
6

7 clc;

8 clear;

9

10 // g i v e n
11 NA=0.3; // n u m e r i c a l a p e r t u r e o f the o p t i c a l f i b e r
12 na=1; // r e f r a c t i v e index o f a i r
13 Alpham =( asind(NA));// a c c e p t a n c e a n g l e f o r the

m e r i d i o n a l r a y s
14 gamma0 =45; // i n d e g r e e s
15 Alphasm =( asind(NA)/cosd(gamma0));// a c c e p t a n c e a n g l e

f o r skew r a y s
16 mprintf(”\n Acceptance a n g l e f o r the m e r i d i o n a l r a y s

i s= %. 2 f d e g r e e s ”,Alpham);
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Figure 1.3: numerical aperture solid acceptance angle critical angle

17 mprintf(”\n Acceptance a n g l e f o r the skew r a y s i s =
%. 2 f d e g r e e s ”,Alphasm);

18 //The answer vary due to round ing

Scilab code Exa 1.3 numerical aperture solid acceptance angle critical angle

1

2 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

3 // Example 1 . 3
4 //OS = Windows 7
5 // S c i l a b v e r s i o n 5 . 5 . 2
6

7 clc;

8 clear;

9
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10 // g i v e n
11 n1 =1.46; // r e f r a c t i v e index o f the c o r e o f W−s t e p

index f i b e r
12 delta =0.02; // r e l a t i v e r e f r a c t i v e index between the

c o r e and the c l a d d i n g
13 n2=n1 -(delta*n1);// r e f r a c t i v e index o f the c l a d d i n g
14 NA=(((n1+n2)*(n1-n2))^0.5);// n u m e r i c a l a p e r t u r e o f

the f i b e r
15 thetac=asind(n2/n1);// c r i t i c a l a n g l e at the c o r e

c l a d d i n g i n t e r f a c e
16 phi=%pi*(NA^2);// s o l i d a c c e p t a n c e a n g l e i n a i r f o r

the f i b e r
17 mprintf(”\n Numer ica l Aperture i s %. 2 f ”,NA);
18 mprintf(”\n C r i t i c a l a n g l e at the core−c l a d d i n g

i n t e r f a c e i s =%. 2 f d e g r e e s ”,thetac);
19 mprintf(”\n S o l i d a c c e p t a n c e a n g l e i n a i r f o r the

f i b e r i s =%. 2 f r a d i a n s ”,phi);
20 // the answer vary due to round ing

14



Chapter 2

Electromagnetic Wave
Propagation Through Optical
Fiber

Scilab code Exa 2.1 Refractive Index normalized frequency guided modes

1

2 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

3 // Example 2 . 1
4 //OS = Windows 7
5 // S c i l a b v e r s i o n 5 . 5 . 2
6

7 clc;

8 clear;

9

10 // g i v e n
11 lamda =85*10^ -8; // wave l ength o f multimode f i b e r m
12 d=70e-6; // c o r e d i amete r o f the multimode f i b e r i n m
13 n1 =1.46; // r e f r a c t i v e index o f the f i b e r
14 delta =0.015; // 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
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Figure 2.1: Refractive Index normalized frequency guided modes

15 a=d/2; // r a d i u s=d/2 o f c o r e i n m
16 n2=n1 -(delta*n1);// r e f r a c t i v e index o f c l a d d i n g
17 c=2*%pi*a/lamda;// c o n s t a n t pa r t o f the V−Number

fo rmu la
18 V=c*((n1^2-n2^2))^0.5; // V−number
19 M=V^2/2; // t o t a l number o f gu ided modes i n the

s t e p i n d e x f i b e r
20 mprintf(”\n R e f r a c t i v e Index o f the c l a d d i n g i s=%. 2 f

”,n2);
21 mprintf(”\n Normal i zed f r e q u e n c y V−number o f the

f i b e r i s =%. 2 f ”,V);
22 mprintf(”\n Tota l number o f gu ided modes i n the

f i b e r i s= %. 0 f ”,M);
23 //The answers vary due to round ing

Scilab code Exa 2.2 core diameter

1

16



2 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

3 // Example 2 . 2
4 //OS = Windows 7
5 // S c i l a b v e r s i o n 5 . 5 . 2
6

7 clc;

8 clear;

9

10 // g i v e n
11 n1 =1.48; // c o r e r e f r a c t i v e index o f a s tep−i ndex

f i b e r
12 delta =0.015; // r e l a t i v e index d i f f e r e n c e between the

c o r e and c l a d d i n g
13 lamda =85*10^ -8; // wave l ength o f the f i b e r i n m
14 V=2.405; // v a l u e o f V−number f o r s i n g l e mode
15 c=(2* delta)^0.5; // c o n s t a n t v a l u e
16 a=(V*lamda)/(2* %pi*n1*c);// v a l u e o f r a d i u s o f c o r e

d i amete r i n m
17 d=2*a;// d iamete r o f c o r e d i amete r i n m
18 mprintf(”\n Core d iamete r o f the s t e p index f i b e r i s

=%. 2 f um ”,d*1e6);
19 delta1 =0.0015; // r e l a t i v e index d i f f e r e n c e between

the c o r e and the c l a d d i n g
20 c1=(2* delta1)^0.5; // c o n s t a n t v a l u e
21 a1=(V*lamda)/(2* %pi*n1*c1);// v a l u e o f r a d i u s o f c o r e

d i amete r i n m
22 d1=2*a1;// d iamete r o f c o r e d i amete r i n m
23 mprintf(”\n Core d iamete r o f the s t e p index f i b e r i s

= %. 2 f um ”,d1*1e6);// m u l t i p l i c a t i o n by 1 e6 to
c o n v e r t the u n i t from m to um

24 // the answer vary due to round ing
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Figure 2.2: phase constant

Scilab code Exa 2.3 phase constant

1

2 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

3 // Example 2 . 3
4 //OS = Windows 7
5 // S c i l a b v e r s i o n 5 . 5 . 2
6

7 clc;

8 clear;

9

10 // g i v e n
11 n1=1.6; // c o r e and c l a d d i n g r e f r a c t i v e index o f f i r s t

f i b e r
12 n2 =1.44; // c o r e and c l a d d i n g r e f r a c t i v e index o f

s econd f i b e r
13 lamda =0.8; // wave l ength o f the e l e c t r o m a g n e t i c wave

i n um
14 c=(2* %pi)/lamda;// c o n s t a n t v a l u e p r o p a g a t i o n
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Figure 2.3: cutoff wavelength

c o n s t a n t
15 betamax=c*n1;//maximum v a l u e o f maximum v a l u e o f

beta
16 betamin=c*n2;//minimum v a l u e o f minimum v a l u e o f

beta
17 mprintf(”\n Maximum v a l u e o f Beta i s= %. 2 f rad /um ”,

betamax);

18 mprintf(”\n Minimum v a l u e o f Beta i s= %. 2 f rad /um”,
betamin);

19 //The answer vary due to round ing

Scilab code Exa 2.4 cutoff wavelength

1

2 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

19



3 // Example 2 . 4
4 //OS = Windows 7
5 // S c i l a b v e r s i o n 5 . 5 . 2
6

7 clc;

8 clear;

9

10 // g i v e n
11 a=5*10^ -6; // r a d i u s i n m
12 Vc =2.405; // cut o f f v a l u e o f V−parameter f o r s i n g l e

mode
13 n1 =1.46; // r e f r a c t i v e index o f the c o r e
14 delta =0.0025; // r e f r a c t i v e index d i f f e r e n c e between

the c o r e and c l a d d i n g
15 c1=(2* delta)^0.5; // c o n s t a n t v a l u e
16 c2=(2* %pi*a)/Vc;// c o n s t a n t v a l u e
17 lamdac=c2*n1*c1;// cut o f f wave l ength i n m
18 mprintf(”\n Cut−o f f Wavelength i s = %. 2 f um ”,lamdac

*1e6);// m u l t i p l i c a t i o n by 1 e6 to c o n v e r t the u n i t
from m to um

19 //The answer vary due to round ing

Scilab code Exa 2.5 number of guided mode and power flow in core cladding

1

2 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

3 // Example 2 . 5
4 //OS = Windows 7
5 // S c i l a b v e r s i o n 5 . 5 . 2
6

7 clc;

8 clear;

20



Figure 2.4: number of guided mode and power flow in core cladding

9

10 // g i v e n
11 a=30*10^ -6; // r a d i u s i n m
12 n1 =1.50; // r e f r a c t i v e index o f the c o r e
13 n2 =1.49; // r e f r a c t i v e index o f the c l a d d i n g
14 lamda =0.85e-6 // o p e r a t i n g wave l ength i n m
15 V=((2* %pi*a/lamda))*sqrt(n1^2-n2^2) //V number
16 M=(1/2)*V^2 // no . o f gu ided modes i n f i b e r
17 mprintf(”\n No . o f Guided modes i s = %. 0 f ”,M);
18 PcladbyP =(4/3)*M^-0.5 // power i n c l a d d i n g to t o t a l

power
19 PcorebyP=1-PcladbyP // power i n c o r e to t o t a l power
20 PcorebyPclad=PcorebyP/PcladbyP // power i n c o r e to

power i n c l a d d i n g
21 mprintf(”\n r a t i o o f power i n c o r e to power i n

c l a d d i n g i s = %. 0 f ”,PcorebyPclad);
22 //The answer vary due to round ing
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Chapter 3

Losses and Dispersions in
Optical Fiber

Scilab code Exa 3.1 Signal attenuation calculation

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 3 . 1
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
10 Pin =100; // ave rage o p t i c a l power i n mic rowat t s
11 Pout =2.5; // ave rage output power i n mic rowat t s
12 L=10; // l e n g t h o f f i b e r i n Km
13 L1=11 // Length o f f i b e r i n Km
14 Ls=0.8 // a t t e n u a t i o n per s p l i c e i n dB
15 ns=3 // no o f s p l i c e s
16 u=1/L;
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Figure 3.1: Signal attenuation calculation

17 v=log10(Pin/Pout);

18 alphadB=u*10*v;// t o t a l a t t e n u a t i o n per Km
19 TA=alphadB*L;

20 mprintf(”\n Tota l At t enua t i on=%. 2 f dB”,TA);
21 TA11=alphadB*L1;// t o t a l a t t e n u a t i o n f o r 11 Km
22 mprintf(”\n Tota l At t enua t i on f o r 11 Km=%. 2 f dB”,

TA11);

23 OA=TA11+ns*Ls;// o v e r a l l a t t e n u a t i o n i n the l i n k
24 mprintf(”\n The o v e r a l l a t t e n u a t i o n i n the l i n k=%. 2 f

dB”,OA);
25 PinbyPout =10^( OA/10);// the v a l u e o f Pin / Pout f o r 11

Km l i n e with s p l i c e s
26 mprintf(”\n The v a l u e o f Pin / Pout f o r 11Km l i n e with

s p l i c e s=%. 2 f ”,PinbyPout);
27 // the answer vary due to round ing
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Figure 3.2: Attenuation

Scilab code Exa 3.2 Attenuation

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 3 . 2
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
10 n1 =1.46; // r e f r a c t i v e i nde f o r the s i l i c a
11 p=0.286; // photo e l a s t i c c o e f f i c i e n t f o r the s i l i c a
12 Bc=7e-11; // i s o t h e r m a l c o m p r e s s i b i l i t y i n mˆ2/N
13 lambda =1e-6; // wave l ength i n meter s
14 KB=1.38e-23; // Boltzman c o n s t a n t i n J/K
15 TF=1400 // f i c t i v e t empera tu r e i n K
16 u=8*( %pi^3)*KB*Bc*TF*p^2; // p a r t i a l p roduct
17 v=(n1)^8; // p a r t i a l p roduct
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Figure 3.3: Threshold optical power for SBS and SRS

18 z=( lambda)^4; // p a r t i a l p roduct
19 taur =[(u*v)/(z*3)]; // Ray l e i gh s c a t t e r i n g c o e f f i c i e n t

i n per Km
20 mprintf(”\n Ray l e i gh s c a t t e r i n g c o e f f i c i e n t=%. 3 f

∗10ˆ−4 per meter ”,taur *10^4);// m u l t i p l i c a t i o n by
1 e4 to c o n v e r t the u n i t to !0ˆ−4 per Km

21 LKM=exp(-taur*1e3);// t r a n s m i s s i o n l o s s f a c t o r o f
f i b e r per m

22 AdB =10* log10 (1/ LKM);// At t enua t i on i n dB
23 mprintf(”\n Att enua t i on i n dB=%. 2 fdB per Km”,AdB);
24 // the answer vary due to round ing

Scilab code Exa 3.3 Threshold optical power for SBS and SRS

1

2
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3

4 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

5 // Example 3 . 3
6 //OS = Windows 7
7 // S c i l a b v e r s i o n 5 . 5 . 2
8

9 clc;

10 clear;

11

12 // g i v e n
13

14 lamda =1.3; // wave l ength i n mm
15 d=6; // d iamete r o f the f i b e r i n um
16 alphadb =0.5 // a t t e n u a t i o n i n dB
17 deltatau =0.6; // l a s e r s o u r c e bandwidth i n GHz
18 Pb =(4.4*10^ -3) *(d*d)*(lamda*lamda)*( alphadb)*(

deltatau);// t h r e s h o l d o p t i c a l power l e v e l f o r
B r i l l o u i n s c a t t e r i n g i n watt s

19 Pr =(5.9*10^ -2) *(d*d)*(lamda)*( alphadb);// t h r e s h o l d
o p t i c a l power l e v e l f o r Raman S c a t t e r i n g i n watt s

20 mprintf(”\n Thresho ld o p t i c a l power l e v e l f o r
B r i l l o u i n s c a t t e r i n g i s =%. 2 f mW”,Pb*1e3);//
m u l t i p l i c a t i o n by 1 e3 to c o n v e r t u n i t from w to

mW
21 mprintf(”\n Thresho ld o p t i c a l power l e v e l f o r Raman

s c a t t e r i n g i s= %. 2 f W”,Pr);

Scilab code Exa 3.4 Critical radius

1

2

3 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
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Figure 3.4: Critical radius

C .R. Sarkar and D.C . Sarkar
4 // Example 3 . 4
5 //OS = Windows 7
6 // S c i l a b v e r s i o n 5 . 5 . 2
7

8 clc;

9 clear;

10

11 // g i v e n
12 a=4*10^ -6; // r a d i u s i n m
13 n1=1.5; // c o r e r e f r a c t i v e index
14 lamda =1.55*10^ -6; // o p e r a t i n g wave l ength i n m
15 delta =0.003; // 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

between c o r e and c l a d d i n g
16 c=(2* delta)^0.5; // c o n s t a n t v a l u e
17 lamdac =(c*2* %pi*a*n1)/2.405; // cut o f f wave l ength f o r

mono mode
18 Rcs =(20* lamda)/(( delta)^1.5) *((2.748 -((0.996) *(lamda

/lamdac)))^-3);// 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
19 mprintf(”\n 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 s= %. 2 fmm”
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Figure 3.5: critical radius

,Rcs*1e3);// m u l t i p l i c a t i o n by 1 e3 to c o n v e r t u n i t
to mm// the answer g i v e n i n t ex tbook i s wrong

Scilab code Exa 3.5 critical radius

1

2

3

4 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

5 // Example 3 . 5
6 //OS = Windows 7
7 // S c i l a b v e r s i o n 5 . 5 . 2
8

9 clc;

10 clear;
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Figure 3.6: NA acceptance angle and multiple time dispersion

11

12 // g i v e n
13 a=4*10^ -6; // r a d i u s i n m
14 n1=1.5; // c o r e r e f r a c t i v e index
15 delta =0.03; // d e l t a
16 lamda =0.80*10^ -6; // wave l ength i n m
17 c=(2* delta)^0.5; // c o n s t a n t v a l u e
18 n2=sqrt((n1^2) -(2*delta*n1^2));

19 c5=((n1^2) -(n2^2))^1.5;

20 Rcs =(3*n1^2* lamda)/(4* %pi*c5);// c r i t i c a l r a d i u s
21 mprintf(”\n C r i t i c a l r a d i u s i s =%. 2 f um”,Rcs*1e6);//

m u l t i p l i c a t i o n by 1 e6 to c o n v e r t u n i t to um// the
answer vary due to round ing

Scilab code Exa 3.6 NA acceptance angle and multiple time dispersion
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1

2

3 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

4 // Example 3 . 6
5 //OS = Windows 7
6 // S c i l a b v e r s i o n 5 . 5 . 2
7

8 clc;

9 clear;

10

11 // g i v e n
12

13 n1 =1.55; // r e f r a c t i v e index o f c o r e
14 n2=1.51 // r e f r a c t i v e index o f c l a d d i n g
15 no=1 // r e f r a c t i v e index o f a i r
16 C=3e8 // v e l o c i t y o f l i g h t i n m/ s
17 deltan=n1-n2;// r e l a t i v e r e f r a c t i v e index
18 NA=((n1+n2)*deltan)^0.5; // Numer ica l a p e r t u r e
19 alpham=asind(NA)// a c c e p t a n c e a n g l e i n d e g r e e s
20 deltatbyZ =(n1/n2)*deltan/C// m u l t i p l e t ime

d i s p e r s i o n i n s /m
21 mprintf(” Numer ica l Aper ture i s=%. 2 f ”,NA);
22 mprintf(”\ nAcceptance a n g l e i s=%. 2 f d e g r e e ”,alpham)
23 mprintf(”\ n M u l t i p l e t ime d i s p e r s i o n i s=%. 2 f ns /Km”,

deltatbyZ *1e12)// m u l t i p l i c a t i o n by 1 e12 to
c o n v e r t u n i t from s /m to ns /Km

24 // the answer vary s l i g h t l y due to round ing

Scilab code Exa 3.7 Bandwidth distance product

1

2
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Figure 3.7: Bandwidth distance product

3

4 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

5 // Example 3 . 7
6 //OS = Windows 7
7 // S c i l a b v e r s i o n 5 . 5 . 2
8

9 clc;

10 clear;

11

12 // g i v e n
13 C=3*10^8; // speed o f l i g h t i n m/ s
14 lamda =0.85*10^ -6; // wave l ength i n m
15 SW =0.003*10^ -6; // spectrum width i n m
16 Ym =0.021; // m a t e r i a l d i s p e r s i o n parameter ( ps /Km.nm)
17 Gamma=SW/lamda;

18 taubyZ =( Gamma/C)*(Ym)// i n ns /Km
19 deltafZ =(C)/(4* Gamma*Ym);// Bandwidth d i s t a n c e

product i n GHz .Km
20 mprintf(”\n Bandwidth d i s t a n c e product i s =%. 0 fGHz .
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Figure 3.8: Waveguide dispersion

Km”,deltafZ /1e12);// d i v i s i o n by 1 e9 to c o n v e r t
u n i t to GHz .Km from Hz .m

Scilab code Exa 3.8 Waveguide dispersion

1

2

3 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

4 // Example 3 . 8
5 //OS = Windows 7
6 // S c i l a b v e r s i o n 5 . 5 . 2
7

8 clc;

9 clear;

10
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Figure 3.9: Pulse width and approximate bit rate

11 // g i v e n
12 n1 =1.48; // r e f r a c t i v e index o f c o r e
13 delta =0.0022; // 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
14 a=4.5*10^ -6; // c o r e r a d i u s
15 lamda =1.3*10^ -6; // wave l ength i n m
16 cod =9*10^ -3; // c o r e d i amete r
17 cad =125*10^ -3; // c l a d d i n g d iamete r
18 C=3e8;// v e l o c i t y o f l i g h t i n m/ s
19 Vd2VbbydV2 =0.48 // waveguide d i s p e r s i o n c o n s t a n t at V

=2.14
20 V=((2* %pi*a)/lamda)*n1*((2* delta)^0.5);//V−number
21 n2=n1*(1-delta);

22 DelGbyZdelL =(-n2*delta)*Vd2VbbydV2 /(C*lamda);//
waveguide d i s p e r s i o n i n ps /Km?nm

23 mprintf(” waveguide d i s p e r s i o n =%. 2 f ps /Km/nm”,
DelGbyZdelL *1e6)// m u l t i p l i c a t i o n by 1 e6 to
c o n v e r t u n i t ps /Km/nm
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Scilab code Exa 3.9 Pulse width and approximate bit rate

1

2

3 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

4 // Example 3 . 9
5 //OS = Windows 7
6 // S c i l a b v e r s i o n 5 . 5 . 2
7

8 clc;

9 clear;

10

11 // g i v e n
12 Gama0 =0.5; // t r a n s m i t t e d p u l s e width i n ns
13 delta_timd =0; // t o t a l i n t e r m o d u l a t i o n d i s p e r s i o n i n

ns
14 delta_tmd =2.81; // t o t a l m a t e r i a l d i s p e r s i o n i n ns
15 delta_twgd =0.495; // t o t a l waveguide d i s p e r s i o n i n ns
16 delta_ttotal =(( delta_timd ^2)+( delta_tmd ^2)+(

delta_twgd ^2))^0.5; // Tota l d i s p e r s i o n i n ns
17 Gama=Gama0+delta_ttotal;// width o f r e c e i v e d p u l s e

i n ns
18 Bmax =1/(5* Gama*1e-9);// b i t r a t e i n Hz
19 mprintf(” Tota l d i s p e r s i o n i s= %. 2 f ns ”,delta_ttotal)
20 mprintf(”\n Width o f the r e c e i v e d p u l s e i s= %. 2 f ns ”

,Gama);

21 mprintf(”\n Approximate B i t r a t e i s=%. 2 f MHz”,Bmax/1
e6);// d i v i s i o n by 1 e6 to c o n v e r t u n i t i n t o MHz
from Hz
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Chapter 4

Light Emitting Diode LED

Scilab code Exa 4.1 total carrier life time and optical power

1

2 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

3 // Example 4 . 1
4 //OS = Windows 7
5 // S c i l a b v e r s i o n 5 . 5 . 2
6

7 clc;

8 clear;

9

10 // g i v e n
11 h=6.62*10^ -34; // Plank ’ s c o n s t a n t i n SI u n i t s
12 c=3*10^8; // speed o f the l i g h t i n m/ s
13 e=1.9*10^ -19; // e l e c t r i c cha rge i n columb
14 I=50*10^ -3; // d r i v e c u r r e n t i n A
15 lamda =0.85*10^ -6; // peak e m i s s i o n wave l ength i n m
16 taur =50*10^ -9; // r a d i a t i v e c a r r i e r l i f e t ime i n s
17 taunr =100*10^ -9; // n o n r a d i a t i v e c a r r i e r l i f e t ime i n

s
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Figure 4.1: total carrier life time and optical power

18 Tp=(taur*taunr)/(taur+taunr);// / t o t a l c a r r i e r l i f e
t ime i n s

19 etaint=Tp/taur;// e q u a t i o n o f i n t e r n a l e f f i c i e n c y
20 c1=(I*h*c)/(e*lamda);// c o n s t a n t v a l u e
21 Pint=( etaint)*c1;// i n t e r n a l o p t i c a l power g e n e r a t e d

i n W
22 mprintf(”\n Tota l c a r r i e r l i f e t ime i s =%. 2 f n s ”,Tp

*1e9);// m u l t i p l i c a t i o n by 1 e9 f o r c o n v e r s i o n o f
u n i t from s to ns

23 mprintf(”\n O p t i c a l power g e n e r a t e d i n t e r n a l l y i s= %
. 2 f mW ”,Pint*1e3);// m u l t i p l i c a t i o n by 1 e3 f o r
c o n v e r s i o n o f u n i t from W to mW// the answer vary
due to round ing

Scilab code Exa 4.2 optical power coupled
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Figure 4.2: optical power coupled

1

2 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

3 // Example 4 . 2
4 //OS = Windows 7
5 // S c i l a b v e r s i o n 5 . 5 . 2
6

7 clc;

8 clear;

9

10 // g i v e n
11 NA =0.18; // n u m e r i c a l a p e r t u r e
12 RD=30; // r a d i a n c e o f the s o u r c e i n W/ Sr /cmˆ2
13 d=50*10^ -4; // c o r e d i amete r i n cm
14 R=0.01; // F r e s n e l r e f l e c t i o n c o e f f i c i e n t
15 a=d/2; // r a d i u s o f the c o r e i n cm
16 A=%pi*((a)^2);// e m i s s i o n a r ea o f the s o u r c e i n cmˆ2
17 Pc=%pi*(1-R)*A*RD*((NA)^2);// o p t i c a l power coup l ed

to the f i b e r i n W
18 mprintf(”\n O p t i c a l power coup l ed to the f i b e r i s =%
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. 0 f uW”,Pc*1e6);// m u l t i p l i c a t i o n by 1 e6 f o r
c o n v e r s i o n o f u n i t from W to uW// the answer g i v e n

i n t ex tbook i s wrong
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Chapter 5

Semiconductor Lasers

Scilab code Exa 5.1 ratio between stimulated and spontaneous emission rate

1

2

3 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

4 // Example 5 . 1
5 //OS=Windows 10
6 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
7 clc;

8 clear;

9

10 // g i v e n
11 Tc=727; // t empera tu r e i n c e l c i u s
12 lamda =0.5*10^ -6; // wavength o f e m i t t i n g r a d i a t i o n i n

M
13 h=6.626*10^ -34; // Plank ’ s c o n s t a n t i n SI u n i t s
14 KB =1.38*10^ -23; // boltzman c o n s t a n t i n SI u n i t s
15 c=3*10^8; // speed o f l i g h t i n m/ s
16 f=c/lamda;// f r e q u e n c y i n Hz
17 T=Tc+273; // t empera tu r e i n k e l v i n
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Figure 5.1: ratio between stimulated and spontaneous emission rate

18 c1=(h*f)/(KB*T);// c o n s t a n t v a l u e
19 B21byA21Pf =1/( exp(c1) -1);// r a t i o o f s t i m u l a t e d and

spontaneous e m i s s i o n r a t e
20 mprintf(”\n Rat io between s t i m u l a t e d and spontaneous

e m i s s i o n i s =%. 1 fx10 ˆ−13”,B21byA21Pf *1e13); //
m u l t i p l i c a t i o n by 1 e13 to c o n v e r t the r a t i o to
10ˆ−13

Scilab code Exa 5.2 Threshold current Density

1

2

3 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

4 // Example 5 . 2
5 //OS=Windows 10
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Figure 5.2: Threshold current Density

6 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
7 clc;

8 clear;

9

10 // g i v e n
11 n=3.8; // r e f r a c t i v e index
12 L=200*10^ -4; // l e n g t h i n cm
13 W=100*10^ -4; // width i n cm
14 Beta =20*10^ -3; // ga in f a c t o r i n A/cmˆ3
15 alpha =10; // l o s s c o e f f i c i e n t per cm
16 R1=((n-1)/(n+1))^2; // r e f l e c t i v i t y
17 c1=(( alpha +((1/L)*(log(1/R1)))))// c o n s t a n t v a l u e
18 Jth =(1/ Beta)*c1;// t h r e s h o l d c u r r e n t d e n s i t y i n A/cm

ˆ2
19 mprintf(”\n Thresho ld c u r r e n t d e n s i t y i s= %. 2 f x10 ˆ3

A/cmˆ2 ”,Jth*1e-3);// m u l t i p l i c a t i o n by 1e−3 to
c o n v e r t the r a t i o to 10ˆ−3

20 Ith=Jth*L*W;// t h r e s h o l d c u r r e n t i n A
21 mprintf(”\n Thresho ld c u r r e n t i s =%. 2 f mA”,Ith*1e3);

// the answer vary due to roud ing
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Figure 5.3: minority carrier life time

Scilab code Exa 5.3 minority carrier life time

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 5 . 3
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
10 Br =7.21*10^ -10; // i n j e c t e d e l e c t r o n d e n s i t y
11 Pn =10^18; // m a j o r i t y c a r r i e r h o l e d e n s i t y i n /cmˆ3
12 Gamar =1/(Br*Pn);// m i n o r i t y c a r r i e r l i f e t ime
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Figure 5.4: number of longitudinal modes

13 mprintf(”\n Minor i ty c a r r i e r l i f e t ime i s =%. 2 f ns ”
,Gamar*1e9);// the answer vary due to r o u n d i n g o f f

14 // m u l t i p l i c a t i o n by 1 e9 to c o n v e r t the u n i t to nm

Scilab code Exa 5.4 number of longitudinal modes

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 5 . 5
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
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Figure 5.5: External Power efficiency

10 lamda =0.85*1e-6; // wave l ength o f GaAs i n m
11 n1=3.6; // r e f r a c t i v e index
12 L=200e-6 // l e n g t h o f the c a v i t y i n m
13 K=L*(2*n1)/lamda;// number o f modes
14 mprintf(”\n Number o f modes=%. 0 f ”,K);// the answer

vary due to round ing // m u l t i p l i c a t i o n by 1 e6 to
c o n v e r t the u n i t to um

15 u=2*n1*L;// p a r t i a l p roduct
16 v=(lamda)^2; // p a r t i a l p roduct
17 dellamda=v/u;// s e p a r a t i o n wave l ength between the two

mode i n m
18 mprintf(”\nThe s e p a r a t i o n wave l ength between the two

mode=%. 2 f nm”,dellamda *1e9);// m u l t i p l i c a t i o n by
1 e9 to c o n v e r t the u n i t to nm// the answer g i v e n
i n t ex tbook i s wrong the u n i t i s nm but the
t ex tbook g i v e s i t as um
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Scilab code Exa 5.5.A External Power efficiency

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 5 . 5 (A)
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
10 etaT =0.20 // t o t a l e f f i c i e n c y
11 Eg=1.43 // bandgap ene rgy i n eV
12 V=2.5 // a p p l i e d v o l t a g e i n V
13 etae=etaT*Eg*100/V// e x t e r n a l power e f f i c i e n c y
14 mprintf(”\n E x t e r n a l power e f f i c i e n c y =%. 2 f p e r c e n t

”,etae);

Scilab code Exa 5.5 External Power efficiency

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 5 . 5
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8
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Figure 5.6: External Power efficiency

9 // g i v e n
10 etaT =0.18 // t o t a l e f f i c i e n c y
11 Eg=1.43 // bandgap ene rgy i n eV
12 V=2.5 // a p p l i e d v o l t a g e i n V
13 etae=etaT*Eg*100/V// e x t e r n a l power e f f i c i e n c y
14 mprintf(”\n E x t e r n a l power e f f i c i e n c y =%. 0 f p e r c e n t

”,etae);

Scilab code Exa 5.6 Threshold current densities

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 5 . 6
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
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Figure 5.7: Threshold current densities

6 clc;

7 clear;

8

9 // g i v e n
10 T1 =273+20; // f i r s t t empera tu r e f o r an AlGaAs

i n j e c t i o n l a s e r d i ode i n k e l v i n
11 T2 =273+80; // second tempera tu r e f o r an AlGaAs

i n j e c t i o n l a s e r d i ode i n k e l v i n
12 T01 =160; // f i r s t t h e r s h o l d t empera tu r e i n k e l v i n
13 T02 =55; // second t h e r s h o l d t empera tu r e i n k e l v i n ;
14

15 // c a s e 1 :
16 Jth120C=exp(T1/T01);

17 Jth180C=exp(T2/T01);

18 Jth1=Jth180C/Jth120C;

19 mprintf(”\n The r a t i o o f t h r e s h o l d c u r r e n t d e n s i t i e s
f o r AlGaAs=%. 2 f ”,Jth1);// the answer vary due to

round ing
20

21 // c a s e 2 :
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Figure 5.8: length of cavity in laser and wavelength separation

22 Jth220C=exp(T1/T02);

23 Jth280C=exp(T2/T02);

24 Jth2=Jth280C/Jth220C;

25 mprintf(”\n The r a t i o t h r e s h o l d c u r r e n t d e n s i t i e s
f o r InGaAs=%. 2 f ”,Jth2);

Scilab code Exa 5.7 length of cavity in laser and wavelength separation

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 5 . 7
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;
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8

9 // g i v e n
10 lamda =0.85*1e-6; // wave l ength o f GaAs i n m
11 n1=3.6; // r e f r a c t i v e index
12 K=1700 // number o f modes
13 L=K*lamda /(2*n1);// l e n g t h o f the c a v i t y i n m
14 mprintf(”\n Length o f c a v i t y i n the l a s e r=%. 0 f um”,L

*1e6);// the answer vary due to round ing //
m u l t i p l i c a t i o n by 1 e6 to c o n v e r t the u n i t to um

15 u=2*n1*L;// p a r t i a l p roduct
16 v=(lamda)^2; // p a r t i a l p roduct
17 dellamda=v/u;// s e p a r a t i o n wave l ength between the two

mode i n m
18 mprintf(”\nThe s e p a r a t i o n wave l ength between the two

mode=%. 2 f nm”,dellamda *1e9);// m u l t i p l i c a t i o n by
1 e9 to c o n v e r t the u n i t to nm// the answer g i v e n
i n t ex tbook i s wrong the u n i t i s nm but the
t ex tbook g i v e s i t as um
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Chapter 6

Photo Detectors

Scilab code Exa 6.1 opearting wavelength and incident power

1

2 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

3 // Example 6 . 1
4 //OS = Windows 7
5 // S c i l a b v e r s i o n 5 . 5 . 2
6

7 clc;

8 clear;

9

10 // g i v e n
11 eta =0.70; // quantum e f f i c i e n c y
12 E=2.2*10^ -19; // ene rgy o f the photons i n J o u l e
13 Ip=2*10^ -6; // p h o t o c u r r e n t i n A // the v a l u e i n

q u e s t i o n i s d i f f e r e n t from tha t used i n s o l u t i o n
i n q u e s t i o n i t i s mA and i n s o l u t i o n i t i s uA

14 h=6.62*10^ -34; // Planck ’ s c o n s t a n t i n SI u n i t s
15 c=3*10^8; // speed o f the l i g h t i n m/ s
16 e=1.9*10^ -19; // e l e c t r i c cha rge i n coulomb
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Figure 6.1: opearting wavelength and incident power

17 lamda=(h*c)/E;// o p e r a t i n g wave l ength o f the
photod iode i n m

18 f=c/lamda;// f r e q u e n c y i n Hz
19 R=(eta*e)/(h*f);// R e s p o n s i v i t y i n A/W
20 Po=Ip/R;// i n c i d e n t power i n W
21 mprintf(”\n Operat ing wave l ength o f the photod iode

i s= %. 2 f um”,lamda*1e6);// m u l t i p l i c a t i o n by 1 e6
f o r c o n v e r s i o n o f u n i t from m to um

22 mprintf(”\n I n c i d e n t power i s =%. 2 f uW”,Po*1e6);//
m u l t i p l i c a t i o n by 1 e6 f o r c o n v e r s i o n o f u n i t from
W to uW

Scilab code Exa 6.2 quantum efficiency and reponsivity

1
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Figure 6.2: quantum efficiency and reponsivity

2 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

3 // Example 6 . 2
4 //OS = Windows 7
5 // S c i l a b v e r s i o n 5 . 5 . 2
6

7 clc;

8 clear;

9

10 // g i v e n
11 rp =3*10^11; // number o f i n c i d e n t photon
12 re =1.5*10^11; // number o f ho l e−p a i r s g e n e r a t e d
13 lamda =0.85*10^ -6; // wavength i n m
14 h=6.62*10^ -34; // Plank ’ s c o n s t a n t i n SI Unit
15 c=3*10^8; // speed o f the l i g h t i n m/ s
16 e=1.9*10^ -19; // e l e c t r i c cha rge i n Coulomb
17 eta=re/rp;// quantum e f f i c i e n c y
18 c1=(e*lamda)/(h*c);// c o n s t a n t v a l u e
19 R=eta*c1;// r e s p o n s i v i t y o f the photod iode inA /W
20 mprintf(”\n Quantum e f f i c i e n c y i s= %. 2 f ”,eta);
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Figure 6.3: wavelength and incident optical power

21 mprintf(”\n R e s p o n s i v i t y o f the photod iode i s= %. 2 f
A/W”,R);

Scilab code Exa 6.3 wavelength and incident optical power

1

2 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

3 // Example 6 . 3
4 //OS = Windows 7
5 // S c i l a b v e r s i o n 5 . 5 . 2
6

7 clc;

8 clear;

9

10 // g i v e n
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11 eta =0.65; // quantum e f f i c i e n c y
12 E=1.5*10^ -19; // ene rgy o f the photons i n V
13 Ip=3*10^ -6; // d i ode c u r r e n t i n A
14 h=6.62*10^ -34; // Plank ’ s c o n s t a n t i n SI u n i t
15 c=3*10^8; // speed o f the l i g h t i n m/ s
16 e=1.9*10^ -19; // e l e c t r i c cha rge i n coulomb
17 lamda=(h*c)/E;// w a v e l e n g t h o f the o p e r a t i n g d i ode i n

m
18 f=c/lamda;// f r e q u e n c y i n Hz
19 R=(eta*e)/(h*f);// r e s p o n s i v i t y i n A/W
20 Po=Ip/R;// i n c i d e n t o p t i c a l power i n W
21 mprintf(”\n Operat ing wave l ength i s =%. 2 f um”,lamda

*1e6);// m u l t i p l i c a t i o n by 1 e6 f o r c o n v e r s i o n o f
u n i t from m to um

22 mprintf(”\n I n c i d e n t o p t i c a l power i s =%. 2 f uW ”,Po
*1e6);// m u l t i p l i c a t i o n by 1 e6 f o r c o n v e r s i o n o f
u n i t from W to uW// the answer vary due to
round ing

Scilab code Exa 6.4 critical frequency

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 6 . 4
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
10 Eg1 =1.43; //Band Gap Energy o f p h o t o d e t e c t o r i n eV
11 Eg2 =[(1.43*1.6*10^ -19) ]; //Band Gap Energy i n j o u l e
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Figure 6.4: critical frequency

12

13 lamdac =[(6.62*10^ -34*3*10^8)/Eg2]; //Cut−Off wave
l e n g t h i n micrometer

14 mprintf(”\n cut−o f f wave l e n g t h i s=%. 2 fum”,lamdac
*10^6);// m u l t i p l i c a t i o n by 10ˆ6 to c o n v e r t u n i t
i n t o um// the e r r o r i s due to r o u n d i n g o f f

Scilab code Exa 6.5 Fraction of incident power

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 6 . 5
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;
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Figure 6.5: Fraction of incident power

7 clear;

8

9 // g i v e n
10 // c a s e ( 1 ) :
11 n1=3.5; // r e f r a c t i v e index o f l a y e r 1
12 alpha=1e5;// i t i s i n mˆ−1
13 d=3e-6 // depth o f p l a n a r l a y e r i n m
14 W=1e-6 // width o f d e p l e t i o n l a y e r i n m
15 // c a s e ( 2 ) :
16 alpha2 =1e6;// i t i s i n 1/m
17

18 Rf=[(n1 -1)/(n1+1) ]^2; // r e f l e c t i o n c o e f f i c i e n t
19 // c a s e ( 1 ) :
20 PW1byP1=exp(-alpha *(d))*[1-exp(-alpha*W)]*(1-Rf);//

f r a c t i o n o f i n c i d e n t power absorbed
21 // c a s e ( 2 ) :
22 PW2byP1 =[exp(-alpha2 *(d))]*[1-exp(-alpha2*W)]*(1-Rf)

;// f r a c t i o n o f i n c i d e n t power absorbed
23 mprintf(” F r a c t i o n o f ene rgy absorbed f o r c a s e 1 i s=

%0 . 2 f p e r c e n t a g e ”,PW1byP1 *100);
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Figure 6.6: Multiplication factor

24 mprintf(”\ n F r a c t i o n o f ene rgy absorbed f o r c a s e 2 i s
=%0 . 2 f p e r c e n t a g e ”,PW2byP1 *100);

Scilab code Exa 6.6 Multiplication factor

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 6 . 6
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
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10 lamda =0.8e-6; // wave l e n g t h o f r a d i a t i o n i n
micrometer

11 P=0.60e-6; // o p t i c a l power i n mic rowat t s
12 ita =0.7; // quantum e f f i c i e n c y o f a s i l i c o n RAPD i s 70

%
13 I=10e-6; // Output o f d e v i c e a f t e r ava l anche ga in i n

microampere
14 e=1.6e-19; //
15 h=6.62e-34; // plank ’ s c o n s t a n t i n S . I u n i t s
16 c=3e8;// v e l o c i t y o f l i g h t i n m/ s
17

18 R=[(ita*e*lamda)]/[h*c]; // R e s p o n s i v i t y i n A/W
19 Ip=P*R;// d i ode c u r r e n t i n microampere
20 M=I/Ip;// m u l t i p l i c a t i o n f a c t o r
21 mprintf(”\n R e s p o n s i v i t y i s=%. 2 f A/W”,R);
22 mprintf(”\n Diode c u r r e n t i s=%. 2 f uA”,Ip*1e6);//

m u l t i p l i c a t i o n by 1 e6 to c o n v e r t the u n i t from
ampers to uA

23 mprintf(”\n M u l t i p l i c a t i o n f a c t o r i s=%. 2 f ”,M);

Scilab code Exa 6.7 noise equivalent power and specific directivity

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 6 . 7
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
10 A=(100) *(50);// a r ea i n u−meter ˆ2

58



Figure 6.7: noise equivalent power and specific directivity

11 Id=10e-9; // Measured dark c u r r e n t i n nanoampere
12 eta =0.6; //Quantum e f f i c i e n c y i s 60%
13 lamda =1.2e-6; // o p e r a t i n g wave l e n g t h i n micrometer
14 e=1.6e-19; // cha rge o f an e l e c t r o n i n columb
15 h=6.62e-34; // plank ’ s c o n s t a n t i n S . I u n i t s
16 c=3e8;// v e l o c i t y o f l i g h t i n m/ s
17

18 NEP=[h*c*sqrt (2*e*Id)]/( eta*e*lamda);// n o i s e
e q u i v a l e n t power i n watt s

19 D=sqrt(A*10^ -12)/(NEP);// S p e c i f i c d i r e c t i v i t y o f the
d e v i c e

20 mprintf(”\n No i s e e q u i v a l e n t power i s=%. 2 f ∗10ˆ−14 W
”,NEP *10^14);// m u l t i p l i c a t i o n by10ˆ−14 to change
the u n i t 10ˆ−14 W

21 mprintf(”\n S p e c i f i c d i r e c t i v i t y i s=%2 . f ∗10ˆ8m Hz
ˆ ( 1 / 2 ) /W”,D/10^8) // m u l t i p l i c a t i o n by10 ˆ8 to
change the u n i t 10ˆ8 m Hz ˆ ( 1 / 2 ) /W
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Figure 6.8: optical gain and current gain

Scilab code Exa 6.8 optical gain and current gain

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 6 . 8
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
10 Ic=16e-3; // c o l l e c t o r c u r r e n t i n mA
11 P=130e-6; // i n c i d e n t power i n mic rowat t s
12 lamda =1.25e-6; // wave l ength i n micrometer
13 h=6.62e-34; // plank ’ s c o n s t a n t i n S . I u n i t s
14 c=3e8;// v e l o c i t y o f l i g h t i n m/ s
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Figure 6.9: Bandwidth

15

16 // c a s e 1 :
17 u=h*c*Ic;

18 v=lamda*P*1.6e-19;

19 Go=u/v;// o p t i c a l ga in o f the photo t r a n s i s t o r
20 // c a s e 2 :
21 hFE=Go /0.45; //common e m i t t e r c u r r e n t ga in
22 mprintf(”\n o p t i c a l ga in o f p h o t o t r a n s i s t o r Go i s=%

. 2 f ”,Go);
23 mprintf(”\n common e m i t t e r c u r r e n t ga in hFE i s=%. 2 f ”

,hFE);

24 // Answers a r e d i f f e r e n t due to r o u n d i n g o f f e r r o r

Scilab code Exa 6.9 Bandwidth

1
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Figure 6.10: critical wavelength

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 6 . 9
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
10 tf=8e-12; // e l e c t r o n t r a n s i t t ime i n second
11 G=60 // p h o t o c o n d u c t i v e ga in o f the d e v i c e
12

13 Bm =1/(2* %pi*tf*G);// the maximum 3dB bandwidth i n Hz
14 mprintf(”The 3dB bandwidth i s=%. 2 f MHz”,Bm/1e6);//

d i v i s i o n by 1 e6 to c o v e r t u n i t from Hz to MHz
15 //The answer i n t ex tbook i s wrong

62



Scilab code Exa 6.10 critical wavelength

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 6 . 1 0
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
10 E=1.15*(1.6e-19);// band gap ene rgy i n V
11 h=6.62e-34; // plank ’ s c o n s t a n t i n S . I u n i t s
12 c=3e8;// v e l o c i t y o f l i g h t i n m/ s
13

14

15 lamda_c =(h*c)/(E);// c r i t i c a l wave l ength i n meter
16 mprintf(”The c r i t i c a l wave l ength i s=%. 2 f um”,lamda_c

*1e6);// m u l t i p l i c a t i o n by 1 e6 to c o n v e r t u n i t
from m to um

17 // the answer vary due to r o u n d i n g o f f

Scilab code Exa 6.11 conversion efficiency

1

2 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

3 // Example 6 . 1 1
4 //OS = Windows 7
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Figure 6.11: conversion efficiency

5 // S c i l a b v e r s i o n 5 . 5 . 2
6

7 clc;

8 clear;

9

10 // g i v e n
11 Pin =900*10^ -3; // Input Power i n W
12 Voc =600*10^ -3; // Open c i r c u i t v o l t a g e i n V
13 Isc =240*10^ -3; // Shor t c i r c u i t c u r r e n t i n A
14 FF =0.75; // F i l l f a c t o r
15 Pmax=(Voc*Isc*FF);// Maximum Power i n W
16 eta=(Pmax/Pin);// Conver s i on E f f i c i e n c y
17 mprintf(”\n Conver s i on E f f i c i e n c y i s =%. 2 f Pe rc ent ”,

eta *100);// m u l t i p l i c a t i o n by 100 to c o n v e r t i n t o
p e r c e n t a g e
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Figure 6.12: number of cells total area of panel and current capacity of each
cell

Scilab code Exa 6.12 number of cells total area of panel and current capacity of each cell

1

2 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

3 // Example 6 . 1 2
4 //OS = Windows 7
5 // S c i l a b v e r s i o n 5 . 5 . 2
6

7 clc;

8 clear;

9

10 // g i v e n
11 Area_Cell =4; // Area o f each c e l l i n cmˆ2
12 eta =0.12; // Conver s i on E f f i c i e n c y
13 V=0.5; // Vo l tage g e n e r a t e d i n V
14 Pt=12; // Tota l output Power i n W
15 IR =100*10^ -3; // S o l a r Constant or Input Rad i a t i on i n

mW/cmˆ2
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16 Active_area_Panel =(Pt/(IR*eta));// Act i v e a r ea o f
the Panel i n cmˆ2

17 Number_Cells =( Active_area_Panel/Area_Cell);// Number
o f c e l l s

18 I=(eta*IR*Area_Cell/V);// Current c a p a c i t y i n A
19 mprintf(”\n Number o f C e l l s a r e =%. 2 f ”,Number_Cells)

;

20 mprintf(”\n Act i v e a r ea o f the Pane l i s= %. 2 fcm ˆ2 ”,
Active_area_Panel);

21 mprintf(”\n Current c a p a c i t y o f each c e l l i s =%. 2 fmA
”,I*1e3);// M u l t i p l i c a t i o n by 1 e3 to c o n v e r t u n i t
to mA from A
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Chapter 7

Manufacture of fibers and
cables

Scilab code Exa 7.1 value of n

1

2 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

3 // Example 7 . 1
4 //OS = Windows 7
5 // S c i l a b v e r s i o n 5 . 5 . 2
6

7 clc;

8 clear;

9

10 // g i v e n
11 theta =30; // v a l u e o f a n g l e o f d e l i v e r e n c e i n d e g r e e s
12 b=cosd(theta);// c o s i n e v a l u e o f the t h e t a
13 a=log10(b);// c o n s t a n t
14 c=log10 (1/2);// c o n s t a n t
15 n=c/a;// r e f r a c t i v e index
16 mprintf(”The v a l u e o f r e f r a c t i v e index i s= %. 2 f ”,n);
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Figure 7.1: value of n

// the answer vary due to round ing

Scilab code Exa 7.2 Lateral power distribution coefficient

1

2 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

3 // Example 7 . 2
4 //OS = Windows 7
5 // S c i l a b v e r s i o n 5 . 5 . 2
6

7 clc;

8 clear;

9

10 // g i v e n
11 theta =10; // v a l u e o f t h e t a i n d e g r e e s
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Figure 7.2: Lateral power distribution coefficient

12 phi =0; // v a l u e o f ph i i n d e g r e e s
13 a=log10 (1/2);// v a l u e o f c o n s t a n t
14 c=log10(cosd(theta));// c o n s t a n t
15 L=a/c;// l a t e r a l power d i s t r i b u t i o n
16 mprintf(” The L a t e r a l Power D i s t r i b u t i o n i s= %. 2 f ”,L

);// the answer vary due to round ing

Scilab code Exa 7.3 maximum magnification factor and coupling efficiency

1

2 // O p t o e l e c t r o n i c s and F ibe r Opt i c s Communication by
C.R. Sarkar and D.C . Sarkar

3 // Example 7 . 3
4 //OS = Windows 7
5 // S c i l a b v e r s i o n 5 . 5 . 2
6
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Figure 7.3: maximum magnification factor and coupling efficiency

7 clc;

8 clear;

9

10 // g i v e n
11 Df=80*10^ -6; // d iamete r o f the f i b e r i n m
12 Ds=45*10^ -6; // d iamete r o f the s o u r c e i n m
13 NA =0.15; // n u m er i c a l a p e r t u r e o f the f i b e r
14 Mmax=(Df/Ds);// maximum m a g n i f i c a t i o n
15 eta_d =((NA)^2) *100; // c o u p l i n g e f f i c i e n c y

c o n s i d e r i n g d i r e c t c o u p l i n g
16 eta_l =(( Mmax)*(NA^2))*100; // c o u p l i n g e f f i c i e n c y

c o n s i d e r i n g l e n s c o u p l i n g
17 mprintf(”\nThe Maximum M a g n i f i c a t i o n f a c t o r i s= %. 2 f

”,Mmax);
18 mprintf(”\nThe c o u p l i n g e f f i c i e n c y c o n s i d e r i n g

d i r e c t c o u p l i n g i s= %. 2 f p e r c e n t ”,eta_d);
19 mprintf(”\nThe c o u p l i n g e f f i c i e n c y c o n s i d e r i n g l e n s

c o u p l i n g i s= %. 3 f p e r c e n t ”,eta_l);// the answer
vary due to round ing

70



Chapter 8

Optical Fiber receiver

Scilab code Exa 8.1 photocurrent shot noise and thermal noise

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 8 . 1
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
10 eta =0.50; // quantum e f f i c i e n c y o f o p t i c a l f i b r e
11 e=1.6e-19; // ene rgy o f e l e c t r o n i n 1 j o u l e s
12 Po=250e-9; // i n c i d e n t o p t i c a l power i n watt s
13 B=8e6;// bandwidth o f r e c e i v e r i n Hz
14 lamda =0.85e-6; // wave l enth i n meter
15 Id=4e-9; // dark c u r r e n t i n ampere
16 t=300; // t empera tu r e i n k e l v i n
17 c=3e8;// v e l o c i t y i n m/ s
18 K=1.38e-23; // bo l t ’ zman c o n s t a n t i n S . I u n i t s
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Figure 8.1: photocurrent shot noise and thermal noise

19 h=6.62e-34 // planck ’ s c o n s t a n t i n S . I . Un i t s
20 // c a s e 1 :
21 u=[eta*e*Po*lamda ];

22 v=[h]*[c];

23 Ip=u/v;// photo c u r r e n t i n d i ode i n nA
24 mprintf(”\n Photo c u r r e n t i n d i ode i s=%. 2 f nA”,Ip*1

e9);

25

26 // c a s e 2 :
27 i1=2*e*B*(Ip+Id);

28 ish=sqrt(i1);// t o t a l sho t n o i s e g e n e r a t e d i n photo
d i ode

29 mprintf(”\n Tota l sho t n o i s e g e n e r a t e d i n photo
d i ode i s=%. 2 f nA”,ish*1e9);

30

31 // c a s e 3 :
32 x=4*K*t*B;

33 R=6e3;// l oad r e s i s t a n c e i n ohms
34 i3=x/R;

35 ith=sqrt(i3);// t o t a l the rma l n o i s e g e n e r a t e d i n l oad
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Figure 8.2: maximum load resistance

r e s i s t a n c e
36 mprintf(”\n The t o t a l the rma l n o i s e g e n e r a t e d i n

l oad r e s i s t a n c e i s=%. 2 f nA”,ith*1e9);
37 // m u l t i p l i c a t i o n by 1 e9 to c o n v e r t the u n i t from A

to nA

Scilab code Exa 8.2 maximum load resistance

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 8 . 2
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;
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Figure 8.3: Signal to noise ratio and Multiplication factor

8

9 // g i v e n
10 Cd=5e-12; // c a p a c i t a n c e i n Farad
11 B=10e6;// Bandwidth i n Hz
12

13 u=2*3.14*B*Cd;

14 RL=1/u;// Load r e s i s t a n c e i n ohms
15 mprintf(”\n The l oad r e s i s t a n c e i s=%. 2 f ∗10ˆ3 ohms”,

RL /10^3);// m u l t i p l i c a t i o n f a c t o r to change u n i t
from ohms to 10ˆ3 ohms

16 v=2*3.14* RL*(10e-12);

17 B1=1/v;// bandwidth when the system i s connec t ed to
l oad r e s i s t a n c e

18 mprintf(”\n Bandwidth when system i s connec t ed to
l oad r e s i s t a n c e i s=%. 2 f MHz”,B1/1e6);

19 // m u l t i p l c a t i o n f a c t o r to change u n i t to MHz from Hz
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Scilab code Exa 8.3 Signal to noise ratio and Multiplication factor

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 8 . 3
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
10 Cd=6e-12; // c a p a c i t a n c e i n f a r a d
11 Id=0; // dark c u r r e n t i n photod iode
12 B=40e6;// bandwidth i n Hz
13 I=2e-7; // photo c u r r e n t b e f o r e ga in i n Ampere
14 T=300; // t empera tu r e i n k e l v i n
15 Fn=1;

16 KB =1.38*1e-23 // boltzman c o n s t a n t i n SI u n i t s
17 e=1.6*10^ -19 // cha rge o f an e l e c t r o n i n columb
18 // c a s e 1 :
19 u=2*3.14* Cd*B;

20 RL=1/u;// l oad r e s i s t a n c e i n ohms
21 mprintf(”\n Load r e s i s t a n c e i s=%. 2 f ohms”,RL);
22

23 // c a s e 2 :
24 i2sh =2*(e)*B*I;// sho t n o i s e i n Aˆ2
25 v=4*(KB)*T*B;

26 i2th=v/RL;// therma l n o i s e i n Aˆ2
27 // i f i2> i 1 then
28 S=I^2;

29 N=i2th;

30 z=S/N;

31 mprintf(”\n S i g n a l to n o i s e r a t i o i s=%. 2 f ”,z);
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Figure 8.4: Maximum bandwidth mean square thermal noise per unit band-
width

32 //when M=Mopt and x =0.3
33 x=0.3; // l i e s between 0 . 3 to 0 . 5 f o r s i l i c o n and 0 . 7

to 1 f o r Ge
34 a=4*(KB)*T;

35 b=(e)*x*RL*I;

36 M1=a/b;

37 Mopt=M1 ^(1/2.3)

38 S1=[( Mopt)*I]^2; // s i g n a l s t r e n g t h i n W
39 N1=[2*(e)*B*I*(( Mopt)^2.3) ]+[(4*( KB)*T*B)/(RL)]; //

n o i s e power i n W
40 SbyN=S1/N1;// s i g n a l to n o i s e r a t i o
41 mprintf(”\n S i g n a l to n o i s e r a t i o i s=%. 2 f ”,SbyN);
42 // the answer i n book i s wrong

Scilab code Exa 8.4 Maximum bandwidth mean square thermal noise per unit bandwidth
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1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 6 . 4
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
10 R=5e6;// e f f e c t i v e r e s i s t a n c e i n ohms
11 CT=5e-12; // c a p a c i t a n c e i n Farads
12 T=300; // t empera tu r e i n k e l v i n
13 Rf=1e5;// r e s i s t a n c e i n ohms
14 A=400; // open l oop ga in
15 KB=1.38e-23 // boltzman c o n s t a n t i n S . I . u n i t
16 // c a s e 1 :
17 Rtl =[(R)*(R)]/[(R)+(R)]; // t o t a l e f f e c t i v e l oad

r e s i s t a n c e
18 u=2*3.14* Rtl*CT;

19 B=1/u;//maximum bandwidth i n Hz
20 mprintf(”The maximum bandwidt o b t a i n e d e q u a l i z a t i o n

i s=%. 2 f ∗10ˆ4Hz”,B/1e4);// m u l t i p l i c a t i o n f a c t o r
to change u n i t

21

22 // c a s e 2 :
23 v=4*(KB)*T;

24 i2th=v/Rtl;// therma l ene rgy n o i s e c u r r e n t per
bandwidth i n Aˆ2/Hz

25 mprintf(”\nThermal ene rgy n o i s e c u r r e n t per
bandwidth i s=%. 2 f ∗10ˆ−27 Aˆ2/Hz”,i2th*1e27);

26

27 // c a s e 3 :
28 x=2*%pi*Rf*CT;

29 B=A/x;//maximum bandwidth wi thout e q u a l i z a t i o n f o r
t rans impedance

30 mprintf(”\nMaximum bandwidth wi thout e q u a l i z a t i o n
f o r t rans impedance i s=%. 2 f ∗10ˆ8Hz”,B/1e8);
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Figure 8.5: repeatno 8point4 to calculate minimum power

31 // Assuming Rf<<Rtl then the therma l ene rgy n o i s e
c u r r e n t per bandwidth i s g i v e n by

32 i2th=v/Rf;

33 mprintf(”\nFor Rf<<Rtl the the rma l ene rgy n o i s e
c u r r e n t per bandwidth i s=%. 2 f ∗10ˆ−25 Aˆ2Hz”,i2th
*1e25);

34 // the answer i n book i s wrong

Scilab code Exa 8.5 repeatno 8point4 to calculate minimum power

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 6 . 4
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
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6 clc;

7 clear;

8

9 // g i v e n
10 BER=1e-6; // a b i t e r r o r
11 T=400; // t empera tu r e i n k e l v i n
12 Rl=50; // l oad r e s i s t a n c e i n ohms
13 R=0.4 // r e s p o n s i v i t y i n A/W
14 K=1.38*1e-23 // boltzman c o n s t a n t i n SI u n i t s
15 B=1e7 // bandwidth i n Hz
16 u=4*(K)*T*B;

17 is =9.56* sqrt(u/Rl);// c u r r e n t i n Ampere
18 Pmin=is/R;//minimum power r e q u i r e d to ma inta in a b i t

e r r o r
19 mprintf(”The minimum power r e q u i r e d to ma inta in a

b i t e r r o r=%. 3 f uW”,Pmin*1e6);
20 //The answer vary due to round ing
21 // the q u e s t i o n no . i n book i s wrong t h e r e i s r e p e a t

o f 8 . 4
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Chapter 9

Optical Fiber Measurements

Scilab code Exa 9.1 Attenuation

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 91
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
10 L1=2; // l e n g t h o f f i b e r i n m
11 L2 =0.002; // l e n g t h o f f i b e r cutback i n Km f o r t e s t i n g
12 VF=2.1; // output v o l t a g e o f p h o t o d e t e c t o r i n v o l t s at

lambda = 0 . 8 5um
13 lamda =0.85e-6 // wave l ength i n m
14 VN =10.5; // output v o l t a g e f o r 2m cutback f i b e r l e n g t h

at wave l ength 0 . 8 5um i n v o l t s
15

16 a=10/(L1-L2);

80



Figure 9.1: Attenuation

17 b=log10(VN/VF);

18 alphadB=a*b;// a t t e n u a t i o n per K i l omete r i n dB/km at
wave l ength 0 . 8 5um

19 mprintf(”The a t t e n u a t i o n per K i l omete r at wave l ength
0 . 8 5um i s=%. 2 f dB/Km”,alphadB);

Scilab code Exa 9.2 Attenuation

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 9 . 2
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;
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Figure 9.2: Attenuation

8

9 // g i v e n
10 L1=1.5; // l e n g t h o f o p t i c a l f i b e r i n Km
11 L2 =0.002; // l e n g t h o f f i b e r cutback i n Km
12 Pn =50.1; // output power i n mic rowat t s f o r the f u l l

l i n k l e n g t h
13 Pf =385.4; // output power i n mic rowat t s f o r f i b e r

cutback
14

15 a=10/(L1-L2);

16 b=log10(Pf/Pn);

17 alphadB=a*b;// a t t e n u a t i o n per K i l omete r i n dB/km at
wave l ength 1 . 1um

18 mprintf(”The a t t e n u a t i o n per K i l omete r at wave l ength
1 . 1um i s=%. 2 f dB/Km”,alphadB);
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Figure 9.3: pulse dispersion and fiber bandwidth length product

Scilab code Exa 9.3 pulse dispersion and fiber bandwidth length product

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 9 . 3
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
10 L=1.2 // l i n k l e n g t h i n Km
11 Gama_o =12.7; // o p t i c a l output p u l s e o f 3dB width i n

nanoseconds
12 Gama_i =0.4; // o p t i c a l i nput p u l s e o f 3dB width i n

nanos s e conds
13

14 q=( Gama_o)^2;

15 w=( Gama_i)^2;
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Figure 9.4: NA and distance of fiber output end face from screen

16 e=q-w;

17 u=sqrt(e);

18 v=1.2;

19 Gama_3dB=u/v;// 3dB p u l s e d i s p e r s i o n f o r the f i b r e i n
ns /Km

20 mprintf(”\n The 3dB p u l s e d i s p e r s i o n f o r the f i b r e
i s=%. 2 f ns /Km”,Gama_3dB);

21 Bopt =0.44/( Gama_3dB *1e-9);// f i b r e bandwidth l e n g t h
p r o d u c t m u l t i p l i c a t i o n by 1e−9 as gama i s i n nsKm

22 mprintf(”\n The f i b r e bandwidth l e n g t h product i s=%
. 2 f MHzKm”,Bopt/1e6); // m u l t i p l i c a t i o n by 1 e6 to
c o n v e r t u n i t from Hz to MHz

23 // the answer vary due to round ing

Scilab code Exa 9.4 NA and distance of fiber output end face from screen
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1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 9 . 4
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
10 alpham =26.1; // a n g u l a r l i m i t o f f a r f i e l d p a t t e r n i n

d e g r e e s
11 NA=sind(alpham);// n u m e r i c a l a p e r t u r e
12 L=16.7; // l e n g t h o f p i c t u r e i n cm
13

14 AB=(L/2)/[tand(alpham)]; // d i s t a n c e from the s c r e e n
i n cm

15 mprintf(”The n u m e r i c a l a p p e r t u r i s=%. 2 f ”,NA);
16 mprintf(”\nThe d i s t a n c e from the s c r e e n i s=%. 2 f cm”,

AB);

17 // th answer vary due to round ing

Scilab code Exa 9.5 NA

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 9 . 5
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8
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Figure 9.5: NA

9 // g i v e n
10 A=6.0; // measured output p a t t e r n s i z e i n cm
11 D=10.0; // d i s t a n c e between the s c r e e n and f i b r e f a c e

i n cm
12

13 q=(A)^2;

14 w=4*D^2;

15 u=sqrt(q+w);

16 NA=A/u;// n u m e r i c a l a p e r t u r e
17 mprintf(”The n u m e r i c a l a p e r t u r e i s=%. 2 f ”,NA);

Scilab code Exa 9.6 repeatno9point4 determine outer diameter of fiber

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar
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Figure 9.6: repeatno9point4 determine outer diameter of fiber

3 // Example 9 . 6
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
10 dphibydt =4; // angu la v e l o c i t y o f r oa tng m i r r o r i n rad

/ s e c
11 L=0.1; // d i s t a n c e between m i r r o r and the d e t e c t o r i n

meter
12 We=250; // shadow p u l s e width i n micrometer ;
13

14 dsbydt=L*dphibydt;

15 d0=We*[ dsbydt ]; // o u t e r d i amete r o f the f i b e r i n
micrometer

16 mprintf(”The o u t e r d i amete r o f the f i b e r i s=%. 2 f um”
,d0);
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Figure 9.7: repeatno9point5 calculate excess loss of the connector

Scilab code Exa 9.7 repeatno9point5 calculate excess loss of the connector

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 9 . 7
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
10 P1=100; // power at the input i n mic rowat t s
11 P2 =83.2; // power at the output i n mic rowat t s
12 P3 =35.5; // power at the ouput a f t e r c o n n e c t o r i n
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mic rowat t s
13 L=1.8; // l e n g t h o f the added f i b r e i n Km
14 alpha =1.5; // f i b e r a t t e n u a t i o n i n dB/L ;
15

16 // c a s e 1 :
17 Ls=-10* log10(P2/P1);// i n s e r t i o n l o s s o f c o n n e c t o r i n

dB
18 mprintf(”\n The i n s e r t i o n l o s s o f c o n n e c t o r i s=%. 2 f

dB”,Ls);
19

20 // c a s e 2 :
21 deltaLs =-10* log10(P3/P1)-Ls -alpha*L;// e x c e s s l o s s o f

the c o n n e c t o r
22 mprintf(”\n The e x c e s s l o s s o f c o n n e c t o r i s=%. 2 f dB”

,deltaLs);
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Chapter 11

Optical Fiber Links and
Wavelength Division
Multiplexers

Scilab code Exa 11.1 material dispersion delay

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 1 1 . 1
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
10 L=1.25 e3;// l e n g t h o f the l i n k i n m
11 delta_lamda =45; // change i n wave l ength i n nanometers
12 lamda =850; // p e r a t i n g wave l ength o f f i b r e i n

nanometer
13 C=3e8;// v e l o c i t y o f l i g h t i n m/ s
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Figure 11.1: material dispersion delay

14 M=0.023; // v a l u e o f m a t e r i a l d i s p e r s i o n parameter
15

16 u=L/C;

17 v=delta_lamda/lamda;

18 delta_t_mat=u*v*0.023; // d i s p e r s i o n d e l a y when l e n g t h
i s 1 . 2 5 km

19 mprintf(”The d i s p e r s i o n d e l a y when l e n g t h i s 1 . 2 5 km
=%. 2 f ns ”,delta_t_mat *1e9);

Scilab code Exa 11.2 material dispersion limited transmission distance

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 1 1 . 1
4 //OS=Windows 10
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Figure 11.2: material dispersion limited transmission distance

5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
10 L=1.25 e3;// l e n g t h o f the l i n k i n m
11 delta_lamda =45; // change i n wave l ength i n nanometers
12 lamda =850; // p e r a t i n g wave l ength o f f i b r e i n

nanometer
13 C=3e8;// v e l o c i t y o f l i g h t i n m/ s
14 M=0.023; // v a l u e o f m a t e r i a l d i s p e r s i o n parameter
15 BR=1e7 // b i t a t e i n bps
16 TB=1/BR // b i t p e r i o d i n s
17 v=delta_lamda/lamda;

18 Lmax =0.35* TB*C/(M*v)//The m a t e r i a l d i s p e r s i o n
l i m i t e d t r a n s m i s s i o n d i s t a n c e

19

20 mprintf(”The m a t e r i a l d i s p e r s i o n l i m i t e d
t r a n s m i s s i o n d i s t a n c e=%. 2 f Km”,Lmax/1e3);
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Figure 11.3: modal dispersion limited transmission distance

Scilab code Exa 11.3 modal dispersion limited transmission distance

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 1 1 . 3
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
10 n1=1.45 // r e f r a c t i v e index o f c o r e
11 delta =0.01; // 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
12 Br=50e6;// data r a t e i n bps
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Figure 11.4: material dispersion modal and attenuation limited distance and
length versus data rate

13 C=3e8 // v e l o c i t y o f l i g h t i n m/ s
14 // f o r s t e p index f i b r e
15 Lmaxs1 =0.35*C/(delta*n1*Br);// modal d i s p e r s i o n

l i m i t e d t r a n s m i s s i o n d i s t a n c e i n meter f o r s t e p
index f i b e r

16 mprintf(”\n The modal d i s p e r s i o n l i m i t e d
t r a n s m i s s i o n d i s t a n c e f o r s t e p index f i b e r i s=%. 2
f m”,Lmaxs1);

17 // f o r graded index f i b r e
18

19 Lmaxc1 =1.4*C*n1/(delta*n1*Br);; // modal d i s p e r s i o n
l i m i t e d t r a n s m i s s i o n d i s t a n c e i n meter f o r graded

index f i b e r
20 mprintf(”\n The modal d i s p e r s i o n l i m i t e d

t r a n s m i s s i o n d i s t a n c e f o r graded index f i b e r i s=%
. 2 f m”,Lmaxc1);
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Scilab code Exa 11.4 material dispersion modal and attenuation limited distance and length versus data rate

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 1 1 . 4
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
10

11 BR=[0.5e6 10e6 100e6 1000e6]// data r a t e i n bps
12

13 for i=1:4

14 Lmax1(i)=6.757 e10/BR(i)// M a t e r i a l d i s p e r s i o n l i m i t e d
d i s t a n c e i n m

15 Lmax2(i)=4.2 e10./BR(i)// modal l i m i t e d d i s t a n c e i n m
16 Lmax3(i)=(55 -20* log10(BR(i)))// a t t e n u a t i o n l i m i t e d

d i s t a n c e i n m
17 end

18 BR=[0 1 2 3]

19 plot((BR)/1e6 ,Lmax1/1e4, ’−− ’ )
20 plot((BR)/1e6 ,Lmax2/1e4)

21 // p l o t ( l o g 1 0 (BR) , ( 1 0 ˆ ( Lmax3 ) /1 e6 ) ’− .− . ’ )
22 xtitle( ’ Link Length Versus Data Rate ’ , ’ Data Rate (

Mb/ s ) ’ , ’ Link Length (Km) ’ , boxed = %t );

23 hl=legend ([ ’ Lmax1 ’ ; ’ Lmax2 ’ ]);
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Figure 11.5: maximum bit rate

Scilab code Exa 11.5 maximum bit rate

1

2 // O p t o E l e c t r o n i c s and F ib r e Opt i c s Communication , by
C.K Sarkar and B .C Sarkar

3 // Example 1 1 . 5
4 //OS=Windows 10
5 // // S c i l a b v e r s i o n S c i l a b 6 .0 .0− beta −2(64 b i t )
6 clc;

7 clear;

8

9 // g i v e n
10 n1=1.45 // r e f r a c t i v e index o f c o r e
11 delta =0.01; // 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
12 Br=100e6;// data r a t e i n bps
13 C=3e8 // v e l o c i t y o f l i g h t i n m/ s
14 delta_ts =8e-9 // s i l i c a f i b e r l i n k r i s e t ime i n s
15 lambda =830e-9 // wave l ength i n m
16 delta_lambda =40e-9 // s p e c t r a l width i n m
17 delta_tr =10e-9 // r i s e t ime i n 10 ns
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18 M=0.024 // s i l i c a f i b e r parameter
19 L=2.5e3 // l e n g t h o f l i n k i n m
20 delta_tmodal =3.5e-9*L/1e3 // i n t e r m o d a l d i s p e r s i o n

d e l a y i n s
21 delta_tmat =(-L/C)*( delta_lambda/lambda)*(M)//

m a t e r i a l d i s p e r s i o n i n s
22 delta_tsys =1.1* sqrt(delta_ts ^2+ delta_tr ^2+ delta_tmat

^2+ delta_tmodal ^2) // system d e l a y i n s
23 BT=0.7/ delta_tsys //Max b i t r a t e f o r RZformat
24 mprintf(”\n Max b i t r a t e f o r RZ format i s=%. 2 fx10 ˆ6

bps ”,BT/1e6);// d i v i s i o n by1e6 to c o n v e r t the u n i t
from bps to ∗10ˆ6

25 BT =0.35/ delta_tsys //Max b i t r a t e f o r NRZformat
26 mprintf(”\n Max b i t r a t e f o r NRZ format i s=%. 2 fx10 ˆ6

bps ”,BT/1e6);
27 // the answer d i f f e r because o f r o u n d o f f
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