
Scilab Textbook Companion for
Introduction to Fiber Optics

by A. Ghatak and K. Thyagarajan1

Created by
Dr. Lochan Jolly

Optical Communication
Electronics Engineering

Mumbai/TCET
College Teacher

None
Cross-Checked by

None

October 23, 2016

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: Introduction to Fiber Optics

Author: A. Ghatak and K. Thyagarajan

Publisher: Cambridge, New Delhi

Edition: 1

Year: 1999

ISBN: 81-7596-062-0

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

2 Basic Optics 6

7 Modes in Planar Waveguides 19

8 Propagation Charecteristics of a step index fiber 24

10 Waveguide Dispersion and design considerations 35

11 Sources for optical communication 40

12 Detectors for optical fiber communication 49

13 Design Considerations of a fiber optic communication sys-
tem 54

14 Optical fiber Amplifiers 81

17 Single mode fiber optic components 85

18 Single mode optical fiber sensors 100

21 Periodic Interactions in waveguides 108

3



List of Scilab Codes

Exa 2.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
Exa 2.2 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
Exa 2.3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
Exa 2.4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
Exa 2.5 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
Exa 2.6 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
Exa 2.7 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
Exa 2.8 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
Exa 2.9 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
Exa 7.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
Exa 7.2 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
Exa 8.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
Exa 8.3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
Exa 8.4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
Exa 8.5 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
Exa 8.6 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
Exa 8.7 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
Exa 8.8 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
Exa 8.9 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
Exa 10.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
Exa 10.3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
Exa 10.4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
Exa 11.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
Exa 11.2 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Exa 11.3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
Exa 11.4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
Exa 11.5 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
Exa 11.6 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

4



Exa 12.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
Exa 12.2 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
Exa 12.3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
Exa 13.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
Exa 13.2 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
Exa 13.3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
Exa 13.4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
Exa 13.5 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
Exa 13.6 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
Exa 13.7 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
Exa 13.8 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
Exa 13.9 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
Exa 13.10 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
Exa 13.11 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
Exa 13.12 12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
Exa 13.13 13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
Exa 13.14 14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
Exa 13.15 15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
Exa 13.16 16 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
Exa 13.17 17 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
Exa 13.18 18 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
Exa 14.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
Exa 14.4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
Exa 17.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
Exa 17.2 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
Exa 17.3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
Exa 17.4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
Exa 17.5 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
Exa 17.6 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
Exa 17.7 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
Exa 17.8 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
Exa 17.9 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
Exa 18.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
Exa 18.2 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
Exa 18.3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
Exa 18.4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
Exa 18.5 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
Exa 18.6 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106

5



Exa 21.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
Exa 21.2 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
Exa 21.3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
Exa 21.4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
Exa 21.5 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
Exa 21.6 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
Exa 21.7 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
Exa 21.8 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118
Exa 21.9 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120

6



List of Figures

2.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2.2 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.5 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.6 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.7 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
2.8 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.9 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

7.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
7.2 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

8.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
8.2 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
8.3 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
8.4 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
8.5 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
8.6 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
8.7 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
8.8 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

10.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
10.2 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
10.3 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

11.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
11.2 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
11.3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

7



11.4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
11.5 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
11.6 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

12.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
12.2 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
12.3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

13.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
13.2 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
13.3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
13.4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
13.5 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
13.6 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
13.7 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
13.8 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
13.9 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
13.1010 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
13.1111 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
13.1212 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
13.1313 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
13.1414 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
13.1515 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
13.1616 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
13.1717 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
13.1818 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

14.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
14.2 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84

17.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
17.2 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
17.3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
17.4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
17.5 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
17.6 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
17.7 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
17.8 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
17.9 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98

8



18.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
18.2 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
18.3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
18.4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
18.5 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
18.6 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106

21.1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
21.2 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
21.3 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
21.4 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
21.5 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
21.6 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
21.7 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
21.8 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
21.9 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120

9



Chapter 2

Basic Optics

Scilab code Exa 2.1 1

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 2 . 1
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 P=1e-3; // power o f l a s e r beam in W
9 A=3e-6; // c r o s s−s e c t i o n a l a r ea o f l a s e r beam in mˆ2
10 I=P/A;// power per un i t a r ea o f l a s e r beam in W/mˆ2
11 n=1; // r e f r a c t i v e index o f a i r medium
12 c=3e8;// speed o f l i g h t i n a i r medium in m/ s
13 meu0 =4*( %pi)*1e-7; // p e rme a b i l i t y o f f r e e space i n SI

u n i t s
14 E0=sqrt (2*c*meu0*I/n)// Cor r e spond ing e l e c t r i c f i e l d

i n V/m
15 mprintf(” E l e c t r i c f i e l d=%. 1 f V/m”,E0);//The answers

vary due to round o f f e r r o r
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Figure 2.1: 1
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Figure 2.2: 2

Scilab code Exa 2.2 2

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 2 . 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
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Figure 2.3: 3

8 P=10; // power o f bulb i n W
9 A=4*%pi*1e2;// c r o s s−s e c t i o n a l a r ea cove r ed by bulb

i n mˆ2
10 I=P/A;// power per un i t a r ea o f bulb i n W/mˆ2
11 n=1; // r e f r a c t i v e index o f a i r medium
12 c=3e8;// speed o f l i g h t i n a i r medium in m/ s
13 meu0 =4*( %pi)*1e-7; // p e rme a b i l i t y o f f r e e space i n SI

u n i t s
14 E0=sqrt (2*c*meu0*I/n)// Cor r e spond ing e l e c t r i c f i e l d

i n V/m
15 mprintf(” E l e c t r i c f i e l d=%. 1 f V/m”,E0);// F i na l answer
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Scilab code Exa 2.3 3

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 2 . 3
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 P=1e-3; // power o f l a s e r beam in W
9 A=%pi*(6e-6) ^2; // c r o s s−s e c t i o n a l a r ea o f spo t o f

l a s e r beam in mˆ2
10 I=P/A;// power per un i t a r ea o f l a s e r beam in W/mˆ2
11 n=1; // r e f r a c t i v e index o f a i r medium
12 c=3e8;// speed o f l i g h t i n a i r medium in m/ s
13 meu0 =4*( %pi)*1e-7; // p e rme a b i l i t y o f f r e e space i n SI

u n i t s
14 E0=sqrt (2*c*meu0*I/n)// Cor r e spond ing e l e c t r i c f i e l d

i n V/m
15 mprintf(” E l e c t r i c f i e l d=%. 1 e V/m”,E0);//The answers

vary due to round o f f e r r o r

Scilab code Exa 2.4 4

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 2 . 4
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
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Figure 2.4: 4

15



5 clc;

6 clear;

7 // g i v en Case ( 1 )
8 n1=1; // r e f r a c t i v e index o f a i r
9 n2 =1.45; // r e f r a c t i v e index o f s i l i c a
10 R=[(n1-n2)/(n1+n2)]^2; // c o r r e s p ond i n g ene rgy

r e f l e c t i o n c o e f f i c i e n t
11 mprintf(”Energy r e f l e c t i o n c o e f f i c i e n t f o r a i r−

s i l i c a i n t e r f a c e=%. 2 f ”,R);
12 // g i v en Case ( 2 )
13 n1=1; // r e f r a c t i v e index o f a i r
14 n2=3.6; // r e f r a c t i v e index o f GaAs
15 R=[(n1-n2)/(n1+n2)]^2; // c o r r e s p ond i n g ene rgy

r e f l e c t i o n c o e f f i c i e n t
16 mprintf(”\n Energy r e f l e c t i o n c o e f f i c i e n t f o r GaAs−

a i r i n t e r f a c e=%. 2 f ”,R);

Scilab code Exa 2.5 5

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 2 . 5
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 n1 =1.45; // r e f r a c t i v e index o f s i l i c a
9 n2=1; // r e f r a c t i v e index o f a i r
10 thetac=asin(n2/n1);// c r i t i c a l ang l e f o r the a i r−

s i l i c a i n t e r f a c e i n r a d i a n s
11 mprintf(” C r i t i c a l ang l e f o r a i r− s i l i c a i n t e r f a c e=%. 1

f d e g r e e s ”,thetac *180/ %pi);// mu l t i p l y i n g by 180/
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Figure 2.5: 5

17



Figure 2.6: 6

p i to c onv e r t r a d i a n s to d e g r e e s

Scilab code Exa 2.6 6

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 2 . 6
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 n1 =1.46; // r e f r a c t i v e index o f doped s i l i c a
9 n2 =1.45; // r e f r a c t i v e index o f pure s i l i c a
10 thetac=asin(n2/n1);// c r i t i c a l ang l e f o r i n t e r f a c e

between doped s i l i c a and pure s i l i c a i n r a d i a n s
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Figure 2.7: 7

11 mprintf(” C r i t i c a l ang l e f o r i n t e r f a c e between doped
s i l i c a and pure s i l i c a=%. 1 f d e g r e e s ”,thetac *180/
%pi);// mu l t i p l y i n g by 180/ p i to c onv e r t r a d i a n s
to d e g r e e s

Scilab code Exa 2.7 7

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 2 . 7
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en Case ( 1 )
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Figure 2.8: 8

8 lambda =850e-9; // wave l ength o f LED in m
9 deltalambda =30e-9; // spa c i n g between wave l eng th s i n m
10 lc=( lambda)^2/ deltalambda;// Cor r e spond ing coh e r en c e

l e n g t h
11 mprintf(”Coherence l e n g t h o f LED=%. 1 f um”,lc/1e-6);

// D iv i d i n g by 10ˆ(−6) to c onv e r t i n mic romete r s
12 //The answers vary due to round o f f e r r o r
13 // g i v en Case ( 2 )
14 lambda =850e-9; // wave l ength o f l a s e r d i ode i n m
15 deltalambda =2e-9; // spa c i n g between wave l eng th s i n m
16 lc=( lambda)^2/ deltalambda;// Cor r e spond ing coh e r en c e

l e n g t h
17 mprintf(”\n Coherence l e n g t h o f l a s e r d i ode=%. 2 f mm”

,lc/1e-3);// D iv i d i n g by 10ˆ(−3) to c onv e r t i n
m i l l i m e t e r s
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Figure 2.9: 9

Scilab code Exa 2.8 8

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 2 . 8
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 deltanu =1.5e9;// change i n f r e qu en cy o f He−Ne l a s e r

i n Hz
9 c=3e8;// speed o f l i g h t i n m/ s
10 lc=c/deltanu;// Cor r e spond ing coh e r en c e l e n g t h
11 mprintf(”Coherence l e n g t h o f He−Ne l a s e r=%. 1 f cm”,lc

/1e-2);// D iv i d i n g by 10ˆ(−2) to c onv e r t i n cm
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Scilab code Exa 2.9 9

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 2 . 9
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 lambda0 =1300e-9; // wave l ength o f s i n g l e −mode f i b e r i n

m
9 omega0 =5e-6; // spo t s i z e o f beam in m
10 theta=atan(lambda0 /(%pi*omega0));// Cor r e spond ing

d i v e r g e n c e i n r a d i a n s
11 mprintf(” D ive rg ence o f beam=%. 2 f d e g r e e s ”,theta *180/

%pi);// mu l t i p l y i n g by 180/ p i to c onv e r t r a d i a n s
to d e g r e e s
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Chapter 7

Modes in Planar Waveguides

Scilab code Exa 7.1 1

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 7 . 1
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 n1 =1.503; // r e f r a c t i v e index o f f i lm
9 n2 =1.500; // r e f r a c t i v e index o f c ov e r
10 d=4e-6; // t h i c k n e s s o f f i lm in m
11

12

13 //Case ( 1 )
14 lambda0 =1e-6; // wave l ength i n m
15 k0=2*( %pi)/lambda0;// f r e e space wave number i n rad /m
16 funcprot (0);//To avo id warning message when f u n c t i o n

i s r e d e f i n e d
17 mprintf(”\n For 1 s t va l u e o f lambda : ”);
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Figure 7.1: 1

18 V=k0*d*sqrt((n1^2) -(n2^2));// d im e n s i o n l e s s waveguide
parameter

19 mprintf(”\n V=%f”,V);//The answers vary due to round
o f f e r r o r

20

21 //To f i n d Xi f o r symmetr ic TE mode
22 deff( ’ t=f ( Xi ) ’ , ’ t=V/2∗ co s ( Xi )−Xi ’ );// Rear rang ing the

terms o f eqn f o r symmetr ic TE modes i . e . ’
t a n =((V/2) ˆ2− ˆ2) ’ , we ge t ’ =V/2∗ co s ( ) ’

23 Xi0 =0; // S t a r t i n g va l u e o f Xi
24 Xi=fsolve(Xi0 ,f);//Root o f eqn ’ t =0 ’
25 mprintf(”\n For symmetr ic mode =%f”,Xi);//The

answers vary due to round o f f e r r o r
26 b=1-(Xi^2)/(V^2/4);// d im e n s i o n l e s s p r opaga t i on

c on s t an t
27 mprintf(”\n b=%f”,b);
28 B=sqrt(b*((n1^2) -(n2^2))+(n2^2));

29 mprintf(”\nBeta /k0=%f”,B);//The answers vary due to
round o f f e r r o r

30
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31

32 //Case ( 2 )
33 lambda0 =0.5e-6; // wave l ength i n m
34 k0=2*( %pi)/lambda0;// phase c on s t an t i n rad /m
35 mprintf(”\n\n For 2nd va lu e o f lambda : ”);
36 V=k0*d*sqrt((n1^2) -(n2^2))// d im e n s i o n l e s s waveguide

parameter
37 mprintf(”\n V=%f ”,V);//The answers vary due to

round o f f e r r o r
38

39 //To f i n d Xi f o r symmetr ic TE mode
40 deff( ’ t=f ( Xi ) ’ , ’ t=V/2∗ co s ( Xi )−Xi ’ );// Rear rang ing the

terms o f eqn f o r symmetr ic TE modes i . e . ’
t a n =((V/2) ˆ2− ˆ2) ˆ ( 1/2 ) ’ , we ge t ’ =V/2∗ co s

( ) ’
41 Xi0 =0; // S t a r t i n g va l u e o f Xi
42 Xi=fsolve(Xi0 ,f);//Root o f eqn ’ t =0 ’
43 mprintf(”\n For symmetr ic mode =%f”,Xi);//The

answers vary due to round o f f e r r o r
44 b=1-(Xi^2)/(V^2/4);// d im e n s i o n l e s s p r opaga t i on

c on s t an t
45 mprintf(”\n b=%f”,b);
46 B=sqrt(b*((n1^2) -(n2^2))+(n2^2));

47 mprintf(”\nBeta /k0=%f”,B);
48 //To f i n d Xi f o r an t i s ymmet r i c TE mode
49 deff( ’ t=f ( Xi ) ’ , ’ t=V/2∗ s i n ( Xi )−Xi ’ );// Rear rang ing the

terms o f eqn f o r an t i s ymmet r i c TE modes i . e . ’−
c o t =((V/2) ˆ2− ˆ2) ˆ ( 1/2 ) ’ , we ge t ’ =V/2∗ s i n

( ) ’
50 Xi0 =1; // S t a r t i n g va l u e o f Xi
51 Xi=fsolve(Xi0 ,f);//Root o f eqn ’ t =0 ’
52 mprintf(”\n For an t i s ymmet r i c mode =%f”,Xi);//The

answers vary due to round o f f e r r o r
53 b=1-(Xi^2)/(V^2/4);// d im e n s i o n l e s s p r opaga t i on

c on s t an t
54 mprintf(”\n b=%f”,b);
55 B=sqrt(b*((n1^2) -(n2^2))+(n2^2));

56 mprintf(”\nBeta /k0=%f”,B);
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Figure 7.2: 2

Scilab code Exa 7.2 2

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 7 . 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 n1=1.5; // r e f r a c t i v e index o f f i lm
9 n2=1.0; // r e f r a c t i v e index o f c ov e r
10 d=.555e-6; // t h i c k n e s s o f f i lm in m
11
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12

13 //Case ( 1 )
14 lambda0 =1.3e-6; // wave l ength i n m
15 k0=2*( %pi)/lambda0;// f r e e space wave number i n rad /m
16 V=k0*d*sqrt((n1^2) -(n2^2));// d im e n s i o n l e s s waveguide

parameter
17 mprintf(”V=%f \n”,V);//The answers vary due to round

o f f e r r o r
18

19 //To f i n d Xi f o r symmetr ic TE mode
20 deff( ’ t=f ( Xi ) ’ , ’ t=V/2∗ co s ( Xi )−Xi ’ );// Rear rang ing the

terms o f eqn f o r symmetr ic TE modes i . e . ’
t a n =((V/2) ˆ2− ˆ2) ’ , we ge t ’ =V/2∗ co s ( ) ’

21 Xi0 =0; // S t a r t i n g va l u e o f Xi
22 Xi=fsolve(Xi0 ,f);//Root o f eqn ’ t =0 ’
23 b=1-(Xi^2)/(V^2/4);// d im e n s i o n l e s s p r opaga t i on

c on s t an t
24 mprintf(”\n b=%f”,b);//The answers vary due to round

o f f e r r o r
25 B=sqrt(b*((n1^2) -(n2^2))+(n2^2));

26 mprintf(”\nBeta /k0=%f”,B);//The answers vary due to
round o f f e r r o r

27

28 //To f i n d Xi f o r symmetr ic TM mode
29 deff( ’ t=f ( Xi ) ’ , ’ t=(1−(n1/n2 ) ˆ2) ∗ ( Xi ˆ2)+(Vˆ2) /4−(Xi∗

s e c ( Xi ) ) ˆ2 ’ );// Rear rang ing the terms o f eqn f o r
symmetr ic TE modes i . e . ’ t a n =((V/2) ˆ2− ˆ2) ’ ,
we ge t ’ =V/2∗ co s ( ) ’

30 Xi0 =0; // S t a r t i n g va l u e o f Xi
31 Xi=fsolve(Xi0 ,f);//Root o f eqn ’ t =0 ’
32 b=1-(Xi^2)/(V^2/4);// d im e n s i o n l e s s p r opaga t i on

c on s t an t
33 mprintf(”\n b=%f”,b);//The answer p rov id ed i n the

t ex tbook i s wrong
34 B=sqrt(b*((n1^2) -(n2^2))+(n2^2));

35 mprintf(”\nBeta /k0=%f”,B);//The answer p rov id ed i n
the t ex tbook i s wrong
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Chapter 8

Propagation Charecteristics of
a step index fiber

Scilab code Exa 8.1 1

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 8 . 1
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en Case ( 1 )
8 n2 =1.45; // r e f r a c t i v e index o f c l a dd i n g
9 a=3e-6; // r a d i u s o f c o r e i n m
10 delta =0.0064 // f r a c t i o n a l change i n r e f r a c t i v e index
11 lambda0 =1.546e-6; // wave l ength i n m
12 n1=n2/(1-delta);// r e f r a c t i v e index o f c o r e
13 V=2*( %pi)*a*sqrt((n1^2) -(n2^2))/lambda0;//

c o r r e s p ond i n g d im e n s i o n l e s s V number
14 mprintf(”\n For f i b e r 1 : ”);
15 mprintf(”\n V=%. 1 f at lambda0=%. 3 f um ”,V,lambda0 /1e
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Figure 8.1: 1

-6);// D i v i s i o n by 10ˆ(−6) to c onv e r t i n t o um
16 b=0.41616; // va lu e o f d im e n s i o n l e s s p r opaga t i on

c on s t an t c o r r e s p ond i n g to V=2 as per g i v en t a b l e
17 B=sqrt((n2^2)+b*((n1^2) -(n2^2)));// c o r r e s p ond i n g

va lu e o f Beta /k0
18 mprintf(”\n Beta /k0=%f”,B);//The answers vary due to

round o f f e r r o r
19

20 // g i v en Case ( 2 )
21 n2 =1.45; // r e f r a c t i v e index o f c l a dd i n g
22 a=2e-6; // r a d i u s o f c o r e i n m
23 delta =0.010 // f r a c t i o n a l change i n r e f r a c t i v e index
24 lambda0 =1.288e-6; // wave l ength i n m
25 n1=n2/(1-delta);// r e f r a c t i v e index o f c o r e
26 V=2*( %pi)*a*sqrt((n1^2) -(n2^2))/lambda0;//

c o r r e s p ond i n g d im e n s i o n l e s s V number
27 mprintf(”\n For f i b e r 2 : ”);
28 mprintf(”\n V=%. 1 f at lambda0=%. 3 f um ”,V,lambda0 /1e

-6);// D i v i s i o n by 10ˆ(−6) to c onv e r t i n t o um
29 b=0.41616; // va lu e o f d im e n s i o n l e s s p r opaga t i on
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Figure 8.2: 3

c on s t an t c o r r e s p ond i n g to V=2 as per g i v en t a b l e
30 B=sqrt((n2^2)+b*((n1^2) -(n2^2)));// c o r r e s p ond i n g

va lu e o f Beta /k0
31 mprintf(”\n Beta /k0=%f”,B);//The answers vary due to

round o f f e r r o r

Scilab code Exa 8.3 3

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 8 . 3
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

30



Figure 8.3: 4

7 // g i v en
8 lambda0 =1300e-9; // op e r a t i n g wave l ength o f s i n g l e

mode f i b e r i n m
9 omega=5e-6; // spo t s i z e o f f i b e r i n m
10 alphat =0.1; //maximum va lu e o f l o s s i n dB
11 u=sqrt(alphat *( omega ^2) /4.34);// c o r r e s p ond i n g

maximum va lu e o f t r a n s v e r s e o f f s e t i n m
12 mprintf(”Maximum va lu e o f u=%. 2 f um”,u/1e-6);//

d i v i s i o n by 1e−6 to c onve r t i n um

Scilab code Exa 8.4 4

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 8 . 4
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3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 lambda0 =1300e-9; // op e r a t i n g wave l ength o f s i n g l e

mode f i b e r i n m
9 omega=5e-6; // spo t s i z e o f f i b e r i n m
10 n1 =1.45; // r e f r a c t i v e index o f c o r e
11 n2 =1.45; // r e f r a c t i v e index o f c l a dd i n g
12 alphat =0.1; //maximum va lu e o f s p l i c e l o s s due to

angu l a r mi sa l i gnment i n dB
13 theta=sqrt(alphat *( lambda0 ^2) /(4.34*(( %pi)*n1*omega)

^2));// c o r r e s p ond i n g maximum va lu e o f angu l a r
mi sa l i gnment i n r a d i a n s

14 mprintf(”Maximum va lu e o f t h e t a=%. 1 f d e g r e e s ”,theta
*180/( %pi));// mu l t i p l y i n g by 180/ p i to c onv e r t i n
d e g r e e s

Scilab code Exa 8.5 5

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 8 . 5
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 lambda0 =1300e-9; // op e r a t i n g wave l ength o f s i n g l e

mode f i b e r i n m
9 omega=5e-6; // spo t s i z e o f f i b e r i n m
10 n1 =1.45; // r e f r a c t i v e index o f c o r e
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Figure 8.4: 5

11 n2 =1.45; // r e f r a c t i v e index o f c l a dd i n g
12 D=20e-6; // l o n g i t u d i n a l mi sa l i gnment i n m
13 Dbar=D*lambda0 /(2*( %pi)*n1*( omega ^2));//

d im e n s i o n l e s s no rma l i z ed s e p a r a t i o n
14 mprintf(”Dbar=%f”,Dbar);//The answers vary due to

round o f f e r r o r
15 alphat =10* log10 (1+( Dbar ^2));// c o r r e s p ond i n g va lu e o f

s p l i c e l o s s due to l o n g i t u d i n a l mi sa l i gnment i n
dB

16 mprintf(”\n Cor r e spond ing va lu e o f s p l i c e l o s s=%. 2 f
dB”,alphat);

Scilab code Exa 8.6 6

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
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Figure 8.5: 6

Thyagarajan , Cambridge , New Delh i , 1999
2 //Example 8 . 6
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 lambda0 =1300e-9; // op e r a t i n g wave l ength o f s i n g l e

mode f i b e r i n m
9 MFD =10e-6; //mode f i e l d d i amete r o f f i b e r i n m
10 omega=MFD /2; // c o r r e s p ond i n g spo t s i z e o f f i b e r i n m
11 thetae=asind(lambda0 /(%pi*omega));// c o r r e s p ond i n g

va lu e o f ang l e i n d e g r e e s where ampl i tude f a l l s
to 1/ e o f maximum va lu e

12 mprintf(” Cor r e spond ing va lu e o f ang l e=%. 2 f d e g r e e s ”,
thetae);
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Figure 8.6: 7

Scilab code Exa 8.7 7

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 8 . 7
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 lambda0 =633e-9; // op e r a t i n g wave l ength o f s i n g l e mode

f i b e r i n m
9 MFD=5e-6; //mode f i e l d d i amete r o f f i b e r i n m
10 omega=MFD /2; // c o r r e s p ond i n g spo t s i z e o f f i b e r i n m
11 thetae=asind(lambda0 /(%pi*omega));// c o r r e s p ond i n g

va lu e o f ang l e i n d e g r e e s where ampl i tude f a l l s
to 1/ e o f maximum va lu e
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Figure 8.7: 8

12 mprintf(” Cor r e spond ing va lu e o f ang l e=%. 2 f d e g r e e s ”,
thetae);

Scilab code Exa 8.8 8

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 8 . 8
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 lambda0 =1.3e-6; // op e r a t i n g wave l ength o f s i n g l e mode

f i b e r i n m
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Figure 8.8: 9

9 thetah =2.74; // ang l e c o r r e s p ond i n g to 3 dB po i n t i n
d e g r e e s

10 k0=2*%pi/lambda0;// f r e e space wave number i n rad /m
11 omega=sqrt (2*log(2))/(k0*sind (2.74));// c o r r e s p ond i n g

spo t s i z e o f f i b e r i n m
12 d=2* omega;// c o r r e s p ond i n g va lu e o f Gauss ian mode

f i e l d d i amete r i n m
13 mprintf(” Cor r e spond ing mode f i e l d d i amete r=%f um”,d

/1e-6) // d i v i s i o n by 1e−6 to c onve r t i n um
14 //The answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 8.9 9

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

37



2 //Example 8 . 9
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 lambda0 =1.3e-6; // op e r a t i n g wave l ength o f s i n g l e mode

f i b e r i n m
9 thetah =2.357; // ang l e c o r r e s p ond i n g to 3 dB po i n t i n

d e g r e e s
10 thetax =12.73; // ang l e i n d e g r e e s at which i n t e n s i t y

f i r s t becomes z e r o
11 sigmax=sind(thetax)/sind(thetah);// r a t i o o f s i n e o f

a n g l e s
12 V=8.039 -2.347* sigmax +0.3329* sigmax ^2 -0.0218* sigmax

^3+0.00054* sigmax ^4; // c o r r e s p ond i n g d im e n s i o n l e s s
V number

13 alphah = -0.7858+0.994*V -0.1155*V^2;

14 k0=2*%pi/lambda0;// f r e e space wave number i n rad /m
15 a=alphah /(k0*sind(thetah));// r a d i u s o f c o r e i n m
16 NA=V*lambda0 /(2* %pi*a);// c o r r e s p ond i n g va lu e o f

numer i c a l a p e r t u r e
17 mprintf(”The ESI paramete r s o f g i v en f i b e r a r e : ”);
18 mprintf(”\n Radius o f c o r e=%f um”,a/1e-6);// d i v i s i o n

by 1e−6 to c onve r t i n um
19 //The answers vary due to round o f f e r r o r
20 mprintf(”\n Numer ica l a p e r t u r e=%. 2 f ”,NA);
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Chapter 10

Waveguide Dispersion and
design considerations

Scilab code Exa 10.1 1

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 0 . 1
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 n1 =1.450840; // r e f r a c t i v e index o f c o r e
9 n2 =1.446918; // r e f r a c t i v e imdex o f c l a dd i n g

10 a=4.1e-6; // r a d i u s o f c o r e i n m
11 n=2*%pi*a*sqrt((n1^2) -(n2^2))// numerator o f the

c o r r e s p ond i n g V number
12 // c o r r e s p ond i n g V number e x p r e s s i o n where lambda0 i s

i n nm
13 mprintf(”V=%. 1 f / lambda0”,n*1e9);// mu l t i p l y i n g

numerator by 10ˆ9 to c onve r t lambda0 in nm
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Figure 10.1: 1

14 // For c u t o f f wave l ength :
15 V=2.4048;

16 // S i n c e V=n/ lambda0
17 lambda0=n/V;// c u t o f f wave l ength o f s i n g l e mode f i b e r

i n m
18 mprintf(”\n The c u t o f f wave l ength i s %. 1 f nm”,

lambda0 /1e-9);// D i v i s i o n by 10ˆ(−9) to c onv e r t
i n t o nm

Scilab code Exa 10.3 3

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 0 . 3
3 //OS=Windows XP sp3
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Figure 10.2: 3

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

6 clear;

7 // g i v en
8 n1 =1.457893; // r e f r a c t i v e index o f c o r e
9 n2 =1.446918; // r e f r a c t i v e imdex o f c l a dd i n g

10 a=2.3e-6; // r a d i u s o f c o r e i n m
11 delta=(n1 -n2)/n2;// f r a c t i o n a l change i n r e f r a c t i v e

index
12 mprintf(”\n De l ta=%f”,delta);//The answers vary due

to round o f f e r r o r
13 n=2*%pi*a*sqrt((n1^2) -(n2^2))// numerator o f the

c o r r e s p ond i n g V number
14 // c o r r e s p ond i n g V number e x p r e s s i o n where lambda0 i s

i n nm
15 mprintf(”\n V=%. 1 f / lambda0”,n*1e9);// mu l t i p l y i n g

numerator by 10ˆ9 to c onve r t lambda0 in nm
16 // For c u t o f f wave l ength :
17 V=2.4048;

18 // S i n c e V=n/ lambda0
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Figure 10.3: 4

19 lambda0=n/V;// c u t o f f wave l ength o f s i n g l e mode f i b e r
i n m

20 mprintf(”\n The c u t o f f wave l ength i s %. 1 f nm”,
lambda0 /1e-9);// D i v i s i o n by 10ˆ(−9) to c onv e r t
i n t o nm

Scilab code Exa 10.4 4

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 0 . 4
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;
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7 // g i v en
8 lambda0 =1550e-9; // op e r a t i n g wave l ength o f s i n g l e

mode f i b e r i n m
9 n1 =1.476754; // r e f r a c t i v e index o f c o r e
10 n2 =1.446918; // r e f r a c t i v e imdex o f c l a dd i n g
11 a=1.5e-6; // r a d i u s o f c o r e i n m
12 delta=(n1 -n2)/n2;// f r a c t i o n a l change i n r e f r a c t i v e

index
13 mprintf(”\n De l ta=%f”,delta);//The answers vary due

to round o f f e r r o r
14 n=2*%pi*a*sqrt((n1^2) -(n2^2))// numerator o f the

c o r r e s p ond i n g V number
15 // c o r r e s p ond i n g V number e x p r e s s i o n where lambda0 i s

i n nm
16 mprintf(”\n V=%. 1 f / lambda0”,n*1e9);// mu l t i p l y i n g

numerator by 10ˆ9 to c onve r t lambda0 in nm
17 // For c u t o f f wave l ength :
18 V=2.4048;

19 // S i n c e V=n/ lambda0
20 lambda0=n/V;// c u t o f f wave l ength o f s i n g l e mode f i b e r

i n m
21 mprintf(”\n The c u t o f f wave l ength i s %. 1 f nm”,

lambda0 /1e-9);// D i v i s i o n by 10ˆ(−9) to c onv e r t
i n t o nm

22 //The answers vary due to round o f f e r r o r
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Chapter 11

Sources for optical
communication

Scilab code Exa 11.1 1

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 1 . 1
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 //E1 & E2 a r e the ground l e v e l and f i r s t e x c i t e d

l e v e l o f ene rgy r e s p e c t i v e l y
9 h=6.626e-34; // Planck ’ s c on s t an t i n SI Un i t s

10 c=3e8;// speed o f e l e c t r o n s i n m/ s
11 lambda =694e-9; // wave l ength c o r r e s p ond i n g to the

ene rgy gap between E1 & E2
12 // Let E2−E1=DeltaE
13 DeltaE=h*c/lambda;

14 mprintf(”\n E2−E1=%e”,DeltaE);// Energy gap between
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Figure 11.1: 1

E1 & E2 in J
15 //The answers vary due to round o f f e r r o r
16 kB=1.38e-23; //Boltzmann con s t an t i n SI Un i t s
17 T=300; // Temperature i n K
18 mprintf(”\n kB∗T=%e”,kB*T);
19 // Let N2/N1 be N
20 N=exp(-DeltaE /(kB*T));// Rat io o f p opu l a t i o n d e n s i t y

at E2 and E1 ene rgy l e v e l s
21 mprintf(”\n N2/N1=%e”,N);//The answers vary due to

round o f f e r r o r

Scilab code Exa 11.2 2

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999
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Figure 11.2: 2

2 //Example 1 1 . 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 // For Cr+3 i o n s i n ruby
9 N1=1.6 e19;// Popu l a t i on d e n s i t y o f E1 ene rgy l e v e l i n

cmˆ(−3)
10 N2=0; // Popu l a t i on d e n s i t y o f E2 ene rgy l e v e l i n cm

ˆ(−3)
11 n=1.76; // r e f r a c t i v e index o f medium
12 Tsp=3e-3; // Spontaneous em i s s i o n l i f e t i m e o f atom in

s e c
13 // Let g ( v0 ) be g
14 g=6.9e-12; // no rma l i z ed l i n e s h a p e f u n c t i o n i n s
15 lambda0 =694.3e-7; // wave l ength at which ab s o r p t i o n

t a k e s p l a c e i n cm
16 c=3e10;// speed o f e l e c t r o n s i n cm/ s
17 v=c/lambda0;
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Figure 11.3: 3

18 // Let Y( v0 ) be Y
19 Y=((c/n)^2)*g*(N2-N1)/(8* %pi*Tsp*(v^2));//

Cor r e spond ing ga in c o e f f i c i e n t o f medium
20 mprintf(”\n Absorpt i on c o e f f i c i e n t = %f”,Y);//The

answers vary due to round o f f e r r o r
21 // n e g a t i v e s i g n imp l i e s a b s o r p t i o n

Scilab code Exa 11.3 3

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 1 . 3
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;
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Figure 11.4: 4

6 clear;

7 // g i v en
8 R1 =0.99; // r e f l e c t i o n c o e f f i c i e n t o f m i r r o r 1
9 R2=0.9; // r e f l e c t i o n c o e f f i c i e n t o f m i r r o r 2
10 l=10; // D i s t anc e between the two m i r r o r s i n cm
11 alpha =0; // ave rage l o s s c o e f f i c i e n t per un i t l e n g t h

o f r e s o n a t o r i n cmˆ(−1)
12 Vth=alpha -log(R1*R2)/(2*l);// Cor r e spond ing t h r e s h o l d

ga in c o e f f i c i e n t i n cmˆ(−1)
13 mprintf(”\n The t h r e s h o l d ga in c o e f f i c i e n t = %e cm

ˆ−1”,Vth);//The answers vary due to round o f f
e r r o r

Scilab code Exa 11.4 4
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1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 1 . 4
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 R1 =0.32; // r e f l e c t i o n c o e f f i c i e n t o f m i r r o r 1
9 R2 =0.32; // r e f l e c t i o n c o e f f i c i e n t o f m i r r o r 2
10 l=300e-4; // D i s t anc e between the two m i r r o r s i n cm
11 alpha =10; // ave rage l o s s c o e f f i c i e n t per un i t l e n g t h

o f r e s o n a t o r i n cmˆ(−1)
12 Vth=alpha -log(R1*R2)/(2*l);// Cor r e spond ing t h r e s h o l d

ga in c o e f f i c i e n t i n cmˆ(−1)
13 mprintf(”\n The t h r e s h o l d ga in c o e f f i c i e n t = %e cm

ˆ−1”,Vth);//The answers vary due to round o f f
e r r o r

Scilab code Exa 11.5 5

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 1 . 5
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 R1=0.3; // r e f l e c t i o n c o e f f i c i e n t o f m i r r o r 1
9 R2=0.3; // r e f l e c t i o n c o e f f i c i e n t o f m i r r o r 2
10 l=500e-4; // D i s t anc e between the two m i r r o r s i n cm
11 alpha=5e1;// ave rage l o s s c o e f f i c i e n t per un i t l e n g t h
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Figure 11.5: 5

o f r e s o n a t o r i n cmˆ(−1)
12 Vth=alpha -log(R1*R2)/(2*l);// Cor r e spond ing t h r e s h o l d

ga in c o e f f i c i e n t i n cmˆ(−1)
13 mprintf(”\n The t h r e s h o l d ga in c o e f f i c i e n t = %e cm

ˆ−1”,Vth);//The answers vary due to round o f f
e r r o r

Scilab code Exa 11.6 6

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 1 . 6
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;
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Figure 11.6: 6

6 clear;

7 // g i v en Case ( i )
8 lambdag =1.30e-6; // em i s s i o n wave l ength i n m
9 //Bandgap ene rgy i n eV i s g i v en by :
10 Eg =1.24/( lambdag /1e-6);// D i v i s i o n by 10ˆ(−6) to

c onv e r t lambdag i n t o um
11 mprintf(”\nCase 1 : f o r lambda0 =1.30 um”);
12 mprintf(”\n Eg=%f eV”,Eg);//The answers vary due to

round o f f e r r o r
13 p=[0.12 -0.72 1.35-Eg]; // Re l a t i o n between Eg & y i s

g i v en as ’Eg ( y ) =1.35−0.72 y+0.12yˆ2 i n eV ’
14 y=roots(p);

15 mprintf(”\n y=%f”,y(2,1));// Roots a r e a r ranged in
de s c end ing o rd e r & y cannot be g r e a t e r than 1

16 //The answers vary due to round o f f e r r o r
17 // g i v en Case ( i i )
18 lambdag =1.55e-6; // em i s s i o n wave l ength i n m
19 //Bandgap ene rgy i n eV i s g i v en by :
20 Eg =1.24/( lambdag /1e-6);// D i v i s i o n by 10ˆ(−6) to

c onv e r t lambdag i n t o um
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21 mprintf(”\nCase 2 : f o r lambda0 =1.55 um”);
22 mprintf(”\n Eg=%f eV”,Eg);//The answers vary due to

round o f f e r r o r
23 p=[0.12 -0.72 1.35-Eg]; // Re l a t i o n between Eg & y i s

g i v en as ’Eg ( y ) =1.35−0.72 y+0.12yˆ2 i n eV ’
24 y=roots(p);

25 mprintf(”\n y=%f”,y(2,1));// Roots a r e a r ranged in
de s c end ing o rd e r & y cannot be g r e a t e r than 1

26 //The answers vary due to round o f f e r r o r
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Chapter 12

Detectors for optical fiber
communication

Scilab code Exa 12.1 1

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 2 . 1
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 lambda =0.8e-6; // wave l ength o f l i g h t i n m
9 n=3.5; // r e f r a c t i v e index o f S i
10 e=1.6e-19; // e l e c t r o n i c cha rge i n C
11 h=6.626e-34; // Planck ’ s c on s t an t i n SI Un i t s
12 c=3e8;// speed o f e l e c t r o n s i n m/ s
13 alpha=1e5;// ave rage l o s s c o e f f i c i e n t per un i t l e n g t h

o f r e s o n a t o r i n mˆ(−1)
14 w=20e-6; // width o f d e p l e t i o n l a y e r i n m
15 R=((n-1)/(n+1))^2; // R e f l e c t i o n c o e f f i c i e n t o f
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Figure 12.1: 1

uncoated S i
16 mprintf(”\n R=%. 2 f ”,R);
17 //Assuming a l l e−h p a i r s c o n t r i b u t e to photo c u r r e n t

i . e . z e t a=1
18 eta=(1-R)*(1-exp(-alpha*w));// Cor r e spond ing quantum

e f f i c i e n c y
19 mprintf(”\n e ta=%. 1 f ”,eta);
20 v=c/lambda;// f r e qu en cy c o r r e s p ond i n g to g i v en

wave l ength i n Hz
21 rho=eta*e/(h*v);// c o r r e s p ond i n g r e s p o n s i v i t y i n A/W
22 mprintf(”\n rho=%. 2 f A/W”,rho);//The answers vary

due to round o f f e r r o r

Scilab code Exa 12.2 2
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Figure 12.2: 2

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 2 . 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 rho =0.5; // r e s p o n s i t i v i t y o f S i PIN d e t e c t o r i n A/W
9 Vb=20; // r e v e r s e b i a s v o l t a g e a c r o s s the d e t e c t o r i n

V
10 //Case ( i ) :
11 Rl=100; // l oad r e s i s t o r i n ohms
12 Pmax=Vb/(rho*Rl);//maximum va lu e o f o p t i c a l power P

f a l l i n g on the pho t od e t e c t o r i n W
13 mprintf(”\n For Rl=100 Ohm: ”);
14 mprintf(”\n Pmax=%. 1 f mW”,Pmax/1e-3) // D i v i s i o n by

10ˆ(−3) to c onv e r t i n t o mW
15 mprintf(”\n Vr/P = %. 1 f mV/mW”,rho*Rl);// Bias

v o l t a g e per un i t power i n mV/mW
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Figure 12.3: 3

16 //Case ( i i ) :
17 Rl=10e3;// l oad r e s i s t o r i n ohms
18 Pmax=Vb/(rho*Rl);//maximum va lu e o f o p t i c a l power P

f a l l i n g on the pho t od e t e c t o r i n W
19 mprintf(”\n For Rl=10 kOhm: ”);
20 mprintf(”\n Pmax=%. 1 f mW”,Pmax/1e-3) // D i v i s i o n by

10ˆ(−3) to c onv e r t i n t o mW
21 // Bias v o l t a g e per un i t power i n V/mW :
22 mprintf(”\n Vr/P = %. 1 f V/mW”,rho*Rl/1e3);// D i v i s i o n

by 10ˆ3 to c onve r t i n t o V/mW

Scilab code Exa 12.3 3

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999
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2 //Example 1 2 . 3
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 epsilon =10.5e-13; // p e rm i t t i v i t y o f S i i n F/cm
9 d=500e-4; // d iamete r o f S i d e t e c t o r i n cm

10 w=20e-4; // width o f d e p l e t i o n l a y e r i n cm
11 A=%pi*((d/2) ^2);//Area o f d e t e c t o r i n cmˆ2
12 Cd=epsilon*A/d;// Junc t i on c a p a c i t a n c e i n F
13 mprintf(”\n The j u n c t i o n c a p a c i t a n c e Cd=%f pF”,Cd/1e

-12);// d i v i s i o n by 10ˆ(−12) to c onv e r t i n t o pF
14 //The answer p rov id ed i n the t ex tbook i s wrong
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Chapter 13

Design Considerations of a fiber
optic communication system

Scilab code Exa 13.1 1

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 3 . 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 //Vc ( t )=V0∗(1− exp(− t /(R∗C) ) ) i s the v o l t a g e a c r o s s

c a p a c i t a n c e i n an RC c i r c u i t
9 //Hence , the t ime t=R∗C∗(− l o g (1−Vc/V0) )
10

11 //The Ri s e t ime i s the t ime taken by a system to
r i s e from 10% to 90% o f maximum va lu e

12 //So , i t i s g i v en as Tr=T90−T10 where T90 i s t ime
when Vc i s 90% o f maximum va lu e and T10 i s t ime
when Vc i s 10% o f maximum va lu e
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Figure 13.1: 1

13 // i . e . Tr=R∗C∗(− l o g (1−0 .9) )−R∗C∗(− l o g (1−0 .1) )
14 // Let Tr=R∗C∗k ; where k=l o g (1−0 .1) )− l o g (1−0 .9)
15 k=log (1 -0.1)-log (1 -0.9);

16 mprintf(”\n The Ri s e Time Tr=%. 2 fRC”,k);
17

18 //Now , The 3dB bandwidth i s g i v en as De l t a f =1/(2∗%pi
∗R∗C) ;

19 // Let De l t a f=m/(R∗C) ; where m=1/(2∗%pi )
20 m=1/(2* %pi);

21 mprintf(”\n The 3dB bandwidth De l t a f=%. 2 f /RC”,m);
22

23 //By mu l t i p l y i n g e x p r e s s i o n s o f Tr and De l t a f , we
e l im i n a t e RC from the e x p r e s s i o n s

24 // Rear rang ing t e terms , we ge t Tr i n terms o f D e l t a f
25 mprintf(”\n Ri s e t ime i n terms o f Bandwidth i s g i v en

as : ”);
26 mprintf(”\n Tr=%. 2 f / De l t a f ”,k*m);
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Figure 13.2: 2

Scilab code Exa 13.2 2

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 3 . 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 B=2.5e9;// pu l s e r a t e o f s i g n a l i n b i t s / s e c
9

10 mprintf(”\n In the RZ format , we would r e q u i r e a
bandwidth = %. 2 f GHz”,B/1e9);// In RZ format ,
D e l t a f=B and D i v i s i o n by 10ˆ9 to c onv e r t i n t o GHz

11 mprintf(”\n In the NRZ format , we would r e q u i r e a
bandwidth = %. 2 f GHz” ,(B/2)/1e9);// In RZ format ,
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Figure 13.3: 3

D e l t a f=B/2 and D i v i s i o n by 10ˆ9 to c onve r t i n t o
GHz

Scilab code Exa 13.3 3

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 3 . 3
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 Id=1e-9; //Dark c u r r e n t o f a s i l i c o n PIN photod iode

i n A
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Figure 13.4: 4

9 P=1e-6; // Op t i c a l power i n W
10 R=0.65; // Re sp on s i v i t y i n A/W
11 e=1.6e-19 // E l e c t r o n i c cha rge i n C
12 Deltaf =100e6;// De t e c t o r bandwidth i n Hz
13

14 I=R*P;

15 mprintf(”\n I=%. 2 f uA”,I/1e-6) // D i v i s i o n by 10ˆ(−6)
to c onv e r t i n t o uA

16 // Let the r o o t mean squa r e sho t n o i s e c u r r e n t be In s
17 Ins=sqrt (2*e*(I+Id)*Deltaf);//As the r o o t mean

squa r e sho t n o i s e c u r r e n t i s the squa r e r o o t o f
mean squa r e sho t n o i s e c u r r e n t i n A

18 mprintf(”\n The rms sho t n o i s e c u r r e n t = %. 2 f nA”,
Ins/1e-9);// D i v i s i o n by 10ˆ(−9) to c onv e r t i n t o
nA

19 //The answers vary due to round o f f e r r o r
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Scilab code Exa 13.4 4

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 3 . 4
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 Rl=500; // Value o f l o ad r e s i s t o r Rl i n Ohms
9 kB=1.38e-23; //Boltzmann con s t an t i n SI Un i t s
10 Deltaf =100e6;//Bandwidth o f d e t e c t i o n i n Hz
11 T=300; // Temperature i n K
12

13 // Let the r o o t mean squa r e sho t n o i s e c u r r e n t be In s
14 Ins=sqrt (4*kB*T*Deltaf/Rl);//As the r o o t mean squa r e

sho t n o i s e c u r r e n t i s the squa r e r o o t o f mean
squa r e sho t n o i s e c u r r e n t i n A

15 mprintf(”\n The rms sho t n o i s e c u r r e n t = %. 2 e A”,Ins
);

16 mprintf(”\n The mean squa r e sho t n o i s e c u r r e n t = %. 2
e Aˆ2”,Ins^2) //The answers vary due to round o f f
e r r o r

Scilab code Exa 13.5 5

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 3 . 5
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Figure 13.5: 5

3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 R=0.65; // Re sp on s i v i t y o f a S i d e t e c t o r i n A/W
9 Id=1e-9; //Dark c u r r e n t i n A
10 e=1.6e-19; // E l e c t r o n i c cha rge i n C
11 kB=1.38e-23; //Boltzmann con s t an t i n SI Un i t s
12 Rl =1000; //Assumed va lu e o f l o ad r e s i s t o r Rl i n Ohms
13 T=300; //Assumed va lu e o f t empera tu re i n K
14

15 NEP =1/R*sqrt (2*e*Id+4*kB*T/Rl);// No i s e e q u i v a l e n t
power i n W/(Hz ) ˆ ( 1/2 )

16 mprintf(”\n NEP = %. 2 e W/(Hz ) ˆ ( 1/2 ) ”,NEP);//The
answers vary due to round o f f e r r o r

17 // I f Id i s the major n o i s e term :
18 NEP =1/R*sqrt (2*e*Id);// No i s e e q u i v a l e n t power i n W/(

Hz ) ˆ ( 1/2 )
19 mprintf(”\n I f Id i s the major n o i s e term : ”);
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Figure 13.6: 6

20 mprintf(”\n NEP = %. 2 e W/(Hz ) ˆ ( 1/2 ) ”,NEP);

Scilab code Exa 13.6 6

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 3 . 6
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 Id=1e-9; //Dark c u r r e n t o f a s i l i c o n PIN photod iode

i n A
9 P=500e-9; // Op t i c a l power i n W
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10 R=0.65; // Re sp on s i v i t y i n A/W
11 Rl =1000; // Value o f l o ad r e s i s t o r i n Ohms
12 e=1.6e-19 // E l e c t r o n i c cha rge i n C
13 kB=1.38e-23; //Boltzmann con s t an t i n SI Un i t s
14 Deltaf =100e6;// De t e c t o r bandwidth i n Hz
15 T=300; // Mi s s i ng data− Temperature i n K
16

17 I=R*P;// S i g n a l c u r r e n t i n A
18 mprintf(”\n I=%. 3 f uA”,I/1e-6) // D i v i s i o n by 10ˆ(−6)

to c onv e r t i n t o uA
19 // Let the r o o t mean squa r e sho t n o i s e c u r r e n t be In s
20 //The rms sho t n o i s e c u r r e n t due to s i g n a l i s :
21 Ins=sqrt (2*e*I*Deltaf);//As the r o o t mean squa r e

sho t n o i s e c u r r e n t i s the squa r e r o o t o f mean
squa r e sho t n o i s e c u r r e n t i n A

22 mprintf(”\n The rms sho t n o i s e c u r r e n t due to s i g n a l
= %. 2 f nA”,Ins/1e-9);// D i v i s i o n by 10ˆ(−9) to
c onv e r t i n t o nA

23 //The answers vary due to round o f f e r r o r
24

25 //The rms sho t n o i s e c u r r e n t due to dark c u r r e n t i s :
26 Ins=sqrt (2*e*Id*Deltaf);//As the r o o t mean squa r e

sho t n o i s e c u r r e n t i s the squa r e r o o t o f mean
squa r e sho t n o i s e c u r r e n t i n A

27 mprintf(”\n The rms sho t n o i s e c u r r e n t due to dark
c u r r e n t = %. 2 f nA”,Ins/1e-9);// D i v i s i o n by
10ˆ(−9) to c onv e r t i n t o nA

28

29 //The rms sho t therma l n o i s e c u r r e n t i s :
30 Ins=sqrt (4*kB*T*Deltaf/Rl);//As the r o o t mean squa r e

sho t n o i s e c u r r e n t i s the squa r e r o o t o f mean
squa r e sho t n o i s e c u r r e n t i n A

31 mprintf(”\n The rms sho t the rma l n o i s e c u r r e n t = %. 2
f nA”,Ins/1e-9);// D i v i s i o n by 10ˆ(−9) to c onv e r t
i n t o nA

32 //The answers vary due to round o f f e r r o r
33 SNR =((R*P)^2)*Rl/(4*kB*T*Deltaf);// Cor r e spond ing

S i gna l−to−n o i s e r a t i o
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Figure 13.7: 7

34 mprintf(”\n SNR = %f”,SNR);//The answers vary due to
round o f f e r r o r

35 mprintf(”\n SNR in dB = %f dB” ,10*log10(SNR));// For
c o nv e r s i o n to dB

36 //The answers vary due to round o f f e r r o r

Scilab code Exa 13.7 7

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 3 . 7
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;
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7 // g i v en
8 Id=1e-9; //Dark c u r r e n t o f a s i l i c o n PIN photod iode

i n A
9 P=500e-9; // Op t i c a l power i n W
10 R=0.65; // Re sp on s i v i t y i n A/W
11 Rl =1000; // Value o f l o ad r e s i s t o r i n Ohms
12 e=1.6e-19 // E l e c t r o n i c cha rge i n C
13 kB=1.38e-23; //Boltzmann con s t an t i n SI Un i t s
14 Deltaf =100e6;// De t e c t o r bandwidth i n Hz
15 T=300; // Mi s s i ng data− Temperature i n K
16 M=50; // I n t e r n a l ga in c o r r e s p ond i n g to input o p t i c a l

power P
17 x=0; //No e x c e s s n o i s e
18

19 I=M*R*P;// S i g n a l c u r r e n t i n A
20 mprintf(”\n I=%. 2 f uA”,I/1e-6) // D i v i s i o n by 10ˆ(−6)

to c onv e r t i n t o uA
21 // Let the r o o t mean squa r e sho t n o i s e c u r r e n t be In s
22 //The rms sho t n o i s e c u r r e n t due to s i g n a l i s :
23 Ins=sqrt (2*e*M*I*Deltaf);//As the r o o t mean squa r e

sho t n o i s e c u r r e n t i s the squa r e r o o t o f mean
squa r e sho t n o i s e c u r r e n t i n A

24 mprintf(”\n The rms sho t n o i s e c u r r e n t due to s i g n a l
= %. 2 f nA”,Ins/1e-9);// D i v i s i o n by 10ˆ(−9) to
c onv e r t i n t o nA

25 //The answers vary due to round o f f e r r o r
26

27 //The rms sho t n o i s e c u r r e n t due to dark c u r r e n t i s :
28 Ins=sqrt (2*e*(M^2)*Id*Deltaf);//As the r o o t mean

squa r e sho t n o i s e c u r r e n t i s the squa r e r o o t o f
mean squa r e sho t n o i s e c u r r e n t i n A

29 mprintf(”\n The rms sho t n o i s e c u r r e n t due to dark
c u r r e n t = %. 2 f nA”,Ins/1e-9);// D i v i s i o n by
10ˆ(−9) to c onv e r t i n t o nA

30 //The answers vary due to round o f f e r r o r
31

32 //The rms sho t therma l n o i s e c u r r e n t i s :
33 Ins=sqrt (4*kB*T*Deltaf/Rl);//As the r o o t mean squa r e
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Figure 13.8: 8

sho t n o i s e c u r r e n t i s the squa r e r o o t o f mean
squa r e sho t n o i s e c u r r e n t i n A

34 mprintf(”\n The rms sho t the rma l n o i s e c u r r e n t = %. 2
f nA”,Ins/1e-9);// D i v i s i o n by 10ˆ(−9) to c onv e r t
i n t o nA

35 //The answers vary due to round o f f e r r o r
36 SNR =((M*R*P)^2) /(2*e*(M^(2+x))*(R*P+Id)*Deltaf +4*kB*

T*Deltaf/Rl);// Cor r e spond ing S i gna l−to−n o i s e
r a t i o s i n c e x=0

37 mprintf(”\n SNR = %f”,SNR);//The answers vary due to
round o f f e r r o r

38 mprintf(”\n SNR in dB = %. 2 f dB” ,10*log10(SNR));//
For c o nv e r s i o n to dB

39 //The answers vary due to round o f f e r r o r
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Scilab code Exa 13.8 8

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 3 . 8
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 P=100e-9; // Op t i c a l power i n W
9 R=0.65; // Re sp on s i v i t y i n A/W

10 Rl =1000; // Value o f l o ad r e s i s t o r i n Ohms
11 e=1.6e-19 // E l e c t r o n i c cha rge i n C
12 kB=1.38e-23; //Boltzmann con s t an t i n SI Un i t s
13 Deltaf =100e6;// De t e c t o r bandwidth i n Hz
14 T=300; // Mi s s i ng data− Temperature i n K
15 x=0.3; // Exces s n o i s e
16 Id=0; // S i n c e the dark c u r r e n t i s n e g l e c t e d i n the

example
17

18 Mop =(4*kB*T/(x*e*Rl*(R*P+Id)))^(1/(x+2));//Optimum
va lu e o f i n t e r n a l ga in c o r r e s p ond i n g to input
o p t i c a l power P

19 mprintf(”Mop= %. 1 f ”,Mop);//The answers vary due to
round o f f e r r o r

20 SNR =((Mop*R*P)^2) /(2*e*(Mop ^(2+x))*(R*P+Id)*Deltaf

+4*kB*T*Deltaf/Rl);// Cor r e spond ing S i gna l−to−
n o i s e r a t i o s i n c e x=0

21 mprintf(”\n SNR = %f”,SNR);//The answers vary due to
round o f f e r r o r

22 mprintf(”\n SNR in dB = %. 2 f dB” ,10*log10(SNR));//
For c o nv e r s i o n to dB

23 //The answers vary due to round o f f e r r o r
24

25 //Case ( i i ) :
26 M=1; // I n t e r n a l ga in c o r r e s p ond i n g to input o p t i c a l

power P
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Figure 13.9: 9

27 SNR =((M*R*P)^2) /(2*e*(M^(2+x))*(R*P+Id)*Deltaf +4*kB*

T*Deltaf/Rl);// Cor r e spond ing S i gna l−to−n o i s e
r a t i o s i n c e x=0

28 mprintf(”\n For M=1: ”);
29 mprintf(”\n SNR = %f”,SNR);//The answers vary due to

round o f f e r r o r
30 mprintf(”\n SNR in dB = %. 2 f dB” ,10*log10(SNR));//

For c o nv e r s i o n to dB
31 //The answers vary due to round o f f e r r o r

Scilab code Exa 13.9 9

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 3 . 9
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3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 P=500e-9; // Op t i c a l power i n W
9 R=0.45; // Re sp on s i v i t y i n A/W

10 Rl =1000; // Value o f l o ad r e s i s t o r i n Ohms
11 e=1.6e-19 // E l e c t r o n i c cha rge i n C
12 kB=1.38e-23; //Boltzmann con s t an t i n SI Un i t s
13 T=300; // Mi s s i ng data− Temperature i n K
14 x=1; // Exces s n o i s e
15 Id=0; // S i n c e the dark c u r r e n t i s n e g l e c t e d i n the

example
16

17 Mop =(4*kB*T/(x*e*Rl*(R*P+Id)))^(1/(x+2));//Optimum
va lu e o f i n t e r n a l ga in c o r r e s p ond i n g to input
o p t i c a l power P

18 mprintf(”Mop= %. 1 f ”,Mop);

Scilab code Exa 13.10 10

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 13 . 1 0
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 P=100e-9; // Op t i c a l power i n W
9 R=0.6; // Re sp on s i v i t y i n A/W

10 Rl =1000; // Value o f l o ad r e s i s t o r i n Ohms
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Figure 13.10: 10

11 e=1.6e-19 // E l e c t r o n i c cha rge i n C
12 kB=1.38e-23; //Boltzmann con s t an t i n SI Un i t s
13 T=300; // Mi s s i ng data− Temperature i n K
14 x=0.7; // Exces s n o i s e
15 Id=0; // S i n c e the dark c u r r e n t i s n e g l e c t e d i n the

example
16

17 Mop =(4*kB*T/(x*e*Rl*(R*P+Id)))^(1/(x+2));//Optimum
va lu e o f i n t e r n a l ga in c o r r e s p ond i n g to input
o p t i c a l power P

18 mprintf(”Mop= %. 1 f ”,Mop);

Scilab code Exa 13.11 11

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999
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Figure 13.11: 11

2 //Example 13 . 1 1
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 R=0.5; // Re sp on s i v i t y i n A/W
9 T=300; // Mi s s i ng data− Temperature i n K
10 C=1e-12; // Photod iode c a p a c i t a n c e i n F
11 BER=1e-9; // Bi t e r r o r r a t e
12 SNR =144; // S i gna l−to−n o i s e r a t i o c o r r e s p ond i n g to BER

o f ( 1 0 ) ˆ(−9)
13 kB=1.38e-23; //Boltzmann con s t an t i n SI Un i t s
14

15 //Case ( i ) :
16 B=100e6;// Bi t r a t e i n b/ s
17 Pmin=B/R*sqrt (2*%pi*kB*T*C*SNR);

18 mprintf(”\n For 100 Mb/ s , Pmin=%. 2 f uW”,Pmin/1e-6);
// D iv i d i n g by 10ˆ(−6) to c onv e r t i n t o uW

19
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Figure 13.12: 12

20 //Case ( i i ) :
21 B=1e9;// Bi t r a t e i n b/ s
22 Pmin=B/R*sqrt (2*%pi*kB*T*C*SNR);

23 mprintf(”\n For 1 Gb/ s , Pmin=%. 2 f uW”,Pmin/1e-6);//
D iv i d i n g by 10ˆ(−6) to c onv e r t i n t o uW

Scilab code Exa 13.12 12

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 13 . 1 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;
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Figure 13.13: 13

7 // g i v en
8 R=0.5; // Re sp on s i v i t y i n A/W
9 T=300; // Mi s s i ng data− Temperature i n K
10 C=1e-12; // Photod iode c a p a c i t a n c e i n F
11 BER=1e-6; // Bi t e r r o r r a t e
12 SNR =90; // S i gna l−to−n o i s e r a t i o c o r r e s p ond i n g to BER

o f ( 1 0 ) ˆ(−6)
13 kB=1.38e-23; //Boltzmann con s t an t i n SI Un i t s
14

15 B=100e6;// Bi t r a t e i n b/ s
16 Pmin=B/R*sqrt (2*%pi*kB*T*C*SNR);

17 mprintf(”\n For 100 Mb/ s , Pmin=%. 2 f uW”,Pmin/1e-6);
// D iv i d i n g by 10ˆ(−6) to c onv e r t i n t o uW

18 //The answers vary due to round o f f e r r o r
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Scilab code Exa 13.13 13

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 13 . 1 3
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 L=40; // Tota l f i b e r l e n g t h i n km
9 alphat =0.5; // F ibe r t r a n sm i s s i o n l o s s i n dB/km
10 Pmin =-39; // Re c e i v e r s e n s i t i v i t y i n dBm i s the

minimum power r e c e i v e d by r e c e i v e r
11 Ns=4; //Number o f s p l i c e s c o n t r i b u t i n g to l o s s
12 Ls=0.5; // Loss o f each s p l i c e i n dB
13 Nc=2; //Number o f c o nn e c t o r s c o n t r i b u t i n g to l o s s
14 Lc=1; // Loss o f each conne c t o r i n dB ;
15 Pm=6; //Power margin i n dB
16 // Let the s ou r c e power be P
17 P=Pmin+Pm+Ns*Ls+Nc*Lc+L*alphat;//Minimum va lu e o f

s ou r c e power i n dBm
18 mprintf(”\n The s ou r c e power must exceed %. 2 f dBm= %

. 2 f mW”,P ,(10^(P/10)));// Taking 10ˆ(P/10) to
c onv e r t i n t o mW

Scilab code Exa 13.14 14

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 13 . 1 4
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
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Figure 13.14: 14

5 clc;

6 clear;

7 // g i v en
8 Pi=50e-6; // Source power i n W
9 R=0.65; // Re sp on s i v i t y i n A/W
10 T=300; // Mi s s i ng data− Temperature i n K
11 C=5e-12; // Photod iode c a p a c i t a n c e i n F
12 BER=1e-9; // Bi t e r r o r r a t e
13 SNR =144; // S i gna l−to−n o i s e r a t i o c o r r e s p ond i n g to BER

o f ( 1 0 ) ˆ(−6)
14 kB=1.38e-23; //Boltzmann con s t an t i n SI Un i t s
15

16 B=20e6;// Bi t r a t e i n b/ s
17 Pmin=(B/R)*sqrt (2*%pi*kB*T*C*SNR);// Re c e i v e r

s e n s i t i v i t y i n W
18 // Let the va lu e o f Pmin in dBm be denoted by ’

PmindBm ’
19 PmindBm =10* log10(Pmin/1e-3);// Taking 10∗ l o g (Pmin ) to

c onv e r t i n t o dBm where Pmin must be i n mW
20 mprintf(”\n For 20 Mb/ s , Pmin=%. 2 e W = %. 1 f dBm”,
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Figure 13.15: 15

Pmin ,PmindBm);//The answers vary due to round o f f
e r r o r

21 // Let the va lu e o f Pi i n dBm be denoted by ’PidBm ’
22 PidBm =10* log10(Pi/1e-3);// Taking 10∗ l o g ( Pi ) to

c onv e r t i n t o dBm where Pi must be i n mW
23 Pl=abs(PmindBm -PidBm);//The p e rm i s s i b l e l o s s between

t r a n sm i t t e r and r e c e i v e r i n dB
24 mprintf(”\n The p e rm i s s i b l e l o s s between t r a n sm i t t e r

and r e c e i v e r = %. 1 f dB”,Pl);
25 //The answers vary due to round o f f e r r o r

Scilab code Exa 13.15 15

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999
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Figure 13.16: 16

2 //Example 13 . 1 5
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 B=400e6;// Bi t r a t e i n b/ s
9 BER=1e-9; // Bi t e r r o r r a t e
10 L=100; // Tota l f i b e r l e n g t h i n km
11

12 //The Tota l system r i s e t ime i s g i v en as :
13 Ts=0.7/B;//The e x p r e s s i o n f o r t o t a l r i s e t ime under

NRZ t r a n sm i s s i o n i n s
14 mprintf(”\n The t o t a l system r i s e t ime Ts=%. 2 f ns ”,

Ts/1e-9);// D iv i d i n g by 10ˆ(−9) to c onv e r t i n t o ns
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Scilab code Exa 13.16 16

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 13 . 1 6
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 lambda =1300e-9; // Operat ing wavekength o f the system

in m
9 alpha =0.4; // F ibe r l o s s i n dB/km
10 Pi=1e-3; // Input power i n W
11 Np =1000; //Minimum number o f photons per b i t o f

i n f o rma t i o n
12 B=2.5e9;// Bi t r a t e i n b/ s
13 h=6.63e-34; // Planck ’ s c on s t an t i n SI Un i t s
14 c=3e8;// Speed o f photons i n m/ s
15 v=c/lambda;// Frequency c o r r e s p ond i n g to the

o p e r a t i n g f r e qu en cy
16

17 Lmax =10/ alpha*log10 (2*Pi/(Np*B*h*v));//Maximum
p e rm i s s i b l e l o s s− l i m i t e d l e n g t h i n km

18 mprintf(”\n Maximum p e rm i s s i b l e l o s s− l i m i t e d l e n g t h
Lmax=%. 2 f km”,Lmax);//The answers vary due to
round o f f e r r o r

Scilab code Exa 13.17 17

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 13 . 1 7
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Figure 13.17: 17

3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 lambda =1550e-9; // Operat ing wavekength o f the system

in m
9 alpha =0.2; // F ibe r l o s s i n dB/km
10 Pi=1e-3; // Input power i n W
11 Np =1000; //Minimum number o f photons per b i t o f

i n f o rma t i o n
12 B=2.5e9;// Bi t r a t e i n b/ s
13 h=6.63e-34; // Planck ’ s c on s t an t i n SI Un i t s
14 c=3e8;// Speed o f photons i n m/ s
15 v=c/lambda;// Frequency c o r r e s p ond i n g to the

o p e r a t i n g f r e qu en cy
16

17 Lmax =10/ alpha*log10 (2*Pi/(Np*B*h*v));//Maximum
p e rm i s s i b l e l o s s− l i m i t e d l e n g t h i n km

18 mprintf(”\n Maximum p e rm i s s i b l e l o s s− l i m i t e d l e n g t h
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Figure 13.18: 18

Lmax=%. 2 f km”,Lmax);//The answers vary due to
round o f f e r r o r

Scilab code Exa 13.18 18

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 13 . 1 8
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 lambda =850e-9; // Operat ing wavekength o f the system

in m
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9 alpha =2.5; // F ibe r l o s s i n dB/km
10 Pi=1e-3; // Input power i n W
11 Np =1000; //Minimum number o f photons per b i t o f

i n f o rma t i o n
12 B=100e6;// Bi t r a t e i n b/ s
13 h=6.63e-34; // Planck ’ s c on s t an t i n SI Un i t s
14 c=3e8;// Speed o f photons i n m/ s
15 v=c/lambda;// Frequency c o r r e s p ond i n g to the

o p e r a t i n g f r e qu en cy
16

17 Lmax =10/ alpha*log10 (2*Pi/(Np*B*h*v));//Maximum
p e rm i s s i b l e l o s s− l i m i t e d l e n g t h i n km

18 mprintf(”\n Maximum p e rm i s s i b l e l o s s− l i m i t e d l e n g t h
Lmax=%. 2 f km”,Lmax);//The answers vary due to
round o f f e r r o r
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Chapter 14

Optical fiber Amplifiers

Scilab code Exa 14.1 1

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 4 . 1
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 lambda =980e-9; // Operat ing wave l ength i n m
9 Sigmapa =3.1e-25; // Absorpt i on c r o s s s e c t i o n at pump

in mˆ2
10 tsp =12e-3; // spontaneous em i s s i o n l i f e t i m e i n s e c
11 h=6.626e-34; // Planck ’ s c on s t an t i n SI Un i t s
12 c=3e8;// speed o f e l e c t r o n s i n m/ s
13 v=c/lambda;// f r e qu en cy c o r r e s p ond i n g to g i v en

wave l ength i n Hz
14 Ip0=h*v/( Sigmapa*tsp);// I n t e n s i t y at pump in W/(mˆ2)
15 mprintf(”\n Ip0=%e W/(mˆ2) ”,Ip0)//The answers vary

due to round o f f e r r o r
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Figure 14.1: 1

16

17 //Case ( i )
18 lambdas =1536e-9; //Wavelength o f s i g n a l used
19 Sigmasa =4.644e-25; // Absorpt i on c r o s s s e c t i o n at

s i g n a l i n mˆ2
20 Sigmase =4.644e-25; // Emiss ion c r o s s s e c t i o n at s i g n a l

i n mˆ2
21 etas=Sigmase/Sigmasa;// Rat io o f em i s s i o n to

ab s o r p t i o n c r o s s s e c t i o n s
22 mprintf(”\n\n For a s i g n a l wave l ength o f 1536 nm: ”);
23 Ipt=Ip0/etas;// Thresho ld pump i n t e n s i t y i n W/(mˆ2)
24 mprintf(”\n Thresho ld pump i n t e n s i t y = %. 2 e W/(mˆ2) ”

,Ipt);//The answers vary due to round o f f e r r o r
25 vs=c/lambdas;// f r e qu en cy c o r r e s p ond i n g to wave l ength

o f s i g n a l used
26 Is0=h*vs/(( Sigmasa+Sigmase)*tsp);// Cor r e spond ing

i n t e n s i t y at s i g n a l i n W/(mˆ2)
27 mprintf(”\n I s 0=%. 2 e W/(mˆ2) ”,Is0);//The answers

vary due to round o f f e r r o r
28
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29 //Case ( i i )
30 lambdas =1550e-9; //Wavelength o f s i g n a l used
31 Sigmasa =2.545e-25; // Absorpt i on c r o s s s e c t i o n at

s i g n a l i n mˆ2
32 Sigmase =3.410e-25; // Emiss ion c r o s s s e c t i o n at s i g n a l

i n mˆ2
33 etas=Sigmase/Sigmasa;// Rat io o f em i s s i o n to

ab s o r p t i o n c r o s s s e c t i o n s
34 mprintf(”\n\n For a s i g n a l wave l ength o f 1550 nm: ”);
35 Ipt=Ip0/etas;// Thresho ld pump i n t e n s i t y i n W/(mˆ2)
36 mprintf(”\n Thresho ld pump i n t e n s i t y = %. 2 e W/(mˆ2) ”

,Ipt);

37

38 //Case ( i i i )
39 lambdas =15380e-9; //Wavelength o f s i g n a l used
40 Sigmasa =0.654e-25; // Absorpt i on c r o s s s e c t i o n at

s i g n a l i n mˆ2
41 Sigmase =1.133e-25; // Emiss ion c r o s s s e c t i o n at s i g n a l

i n mˆ2
42 etas=Sigmase/Sigmasa;// Rat io o f em i s s i o n to

ab s o r p t i o n c r o s s s e c t i o n s
43 mprintf(”\n\n For a s i g n a l wave l ength o f 1580 nm: ”);
44 Ipt=Ip0/etas;// Thresho ld pump i n t e n s i t y i n W/(mˆ2)
45 mprintf(”\n Thresho ld pump i n t e n s i t y = %. 2 e W/(mˆ2) ”

,Ipt);

Scilab code Exa 14.4 4

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 4 . 4
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
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Figure 14.2: 4

5 clc;

6 clear;

7 // g i v en
8 DeltaLambda0 =30e-9; //Gain bandwidth i n wave l ength

domain i n m
9 Lambda0 =1550e-9; // c e n t r a l wave l ength i n wave l ength

domain i n m
10 c=3e8;// Speed o f l i g h t i n m/ s
11 v=c/Lambda0;

12 Deltav=DeltaLambda0/Lambda0*v;

13 mprintf(”\n Gain Bandwidth i n f r e qu en cy domain = %. 1
f THz”,Deltav /1e12);
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Chapter 17

Single mode fiber optic
components

Scilab code Exa 17.1 1

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 7 . 1
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 n1 =1.4532; // r e f r a c t i v e index o f c o r e
9 n2 =1.45; // r e f r a c t i v e index o f c l a dd i n g
10 a=5e-6; // f i b e r c o r e r a d i u s i n m
11 d=12e-6; // D i s t anc e between the f i b e r axe s i n m
12 dbar=d/a;// Rat io o f d i s t a n c e between f i b e r axe s to

the c o r e r a d i u s
13 delta =((n1)^2-(n2)^2)/((n1)^2);// D imen s i o n l e s s

quan t i t y
14
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Figure 17.1: 1

15 //Case ( i ) :
16 lambda0 =1.3e-6; // Free space wave l ength i n m
17 k0=2*%pi/lambda0;// f r e e space wave number i n rad /m
18 V=k0*a*sqrt((n1^2) -(n2^2));// d im e n s i o n l e s s waveguide

parameter
19 //The approx imate e x p r e s s i o n f o r k c o n s i s t s o f

c o n s t a n t s A, B and C
20 A=5.2789 -3.663*V+0.3841*(V^2);// Exp r e s s i on f o r

c on s t an t A in terms o f ’V’
21 B= -0.7769+1.2252*V -0.0152*(V^2);// Exp r e s s i on f o r

c on s t an t B in terms o f ’V’
22 C= -0.0175 -0.0064*V -0.0009*(V^2);// Exp r e s s i on f o r

c on s t an t C in terms o f ’V’
23 k=(%pi /(2*a))*sqrt(delta)*exp(-(A+B*dbar+C*(dbar)^2)

);// Exp r e s s i on f o r Coupl ing C o e f f i c i e n t i n mˆ(−1)
24 mprintf(”\n For lambda=1.3 um: ”);
25 mprintf(”\n k=%f mmˆ(−1) ”,k/1e3);// D iv i d i n g by 10ˆ3

to c on ev e r t i n t o mmˆ(−1)
26 //The answers vary due to round o f f e r r o r
27 Lc=%pi /(2*k);// Cor r e spond ing c oup l i n g l e n g t h i n m
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28 mprintf(”\n Lc =%. 2 f mm”,Lc/1e-3);// D iv i d i n g by
10ˆ(−3) to c onv e r t i n t o mm

29 P2=(sin(k*Lc/2))^2; //The coup l ed power at g i v en
wave l ength

30 mprintf(”\n P2=%. 2 f ”,P2);
31

32 //Case ( i i ) :
33 lambda0 =1.35e-6; // Free space wave l ength i n m
34 k0=2*%pi/lambda0;// f r e e space wave number i n rad /m
35 V=k0*a*sqrt((n1^2) -(n2^2));// d im e n s i o n l e s s waveguide

parameter
36 //The approx imate e x p r e s s i o n f o r k c o n s i s t s o f

c o n s t a n t s A, B and C
37 A=5.2789 -3.663*V+0.3841*(V^2);// Exp r e s s i on f o r

c on s t an t A in terms o f ’V’
38 B= -0.7769+1.2252*V -0.0152*(V^2);// Exp r e s s i on f o r

c on s t an t B in terms o f ’V’
39 C= -0.0175 -0.0064*V -0.0009*(V^2);// Exp r e s s i on f o r

c on s t an t C in terms o f ’V’
40 k=(%pi /(2*a))*sqrt(delta)*exp(-(A+B*dbar+C*(dbar)^2)

);// Exp r e s s i on f o r Coupl ing C o e f f i c i e n t i n mˆ(−1)
41 mprintf(”\n For lambda=1.35 um: ”);
42 mprintf(”\n k=%f mmˆ(−1) ”,k/1e3);// D iv i d i n g by 10ˆ3

to c on ev e r t i n t o mmˆ(−1)
43 //The answers vary due to round o f f e r r o r
44 P2=(sin(k*Lc/2))^2; //The coup l ed power at g i v en

wave l ength
45 mprintf(”\n P2=%. 2 f ”,P2);//The answers vary due to

round o f f e r r o r

Scilab code Exa 17.2 2

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
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Figure 17.2: 2

Thyagarajan , Cambridge , New Delh i , 1999
2 //Example 1 7 . 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 b=62.5e-6; //Outer r a d i u s o f s i l i c a f i b e r i n m
9 R=30e-3; // Radius o f the c i r c u l a r l oop formed by the

f i b e r i n m
10 lambda =633e-9; //Wavelength i n m
11 C=0.133; // Value o f c on s t an t C f o r a s i l i c a f i b e r at

633 nm
12 Deltaneff=-C*(b/R)^2; //The Cor r e spond ing

d im e n s i o n l e s s b i r e f r i n g e n c e
13 mprintf(”\n The b i r e f r i n g e n c e o f the g i v en f i b e r = %

. 2 e ”,Deltaneff);//The n e g a t i v e s i g n i n d i c a t e s
tha t the p o l a r i z a t i o n o f the s low wave i s
p e r p e n d i c u l a r to the o p t i c a x i s
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Figure 17.3: 3

Scilab code Exa 17.3 3

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 7 . 3
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 lambda0 =633e-9; //Wavelength i n m
9 b=62.5e-6; //Outer r a d i u s o f s i l i c a f i b e r i n m
10 N=1; //Number o f l o o p s formed by the f i b e r
11 C=0.133; // Value o f c on s t an t C f o r a s i l i c a f i b e r at

633 nm
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Figure 17.4: 4

12

13 R=8*%pi*C*(b^2)*N/lambda0;// Radius o f the c i r c u l a r
l oop c o r r e s p ond i n g to a qua r t e r p l a t e formed by
the f i b e r i n m

14 mprintf(”\n R= %. 2 f cm”,R/1e-2);// D i v i s i o n by
10ˆ(−2) to c onv e r t i n t o cm

15 //The answers vary due to round o f f e r r o r

Scilab code Exa 17.4 4

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 7 . 4
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2

94



5 clc;

6 clear;

7 // g i v en
8 n2 =1.45; // r e f r a c t i v e imdex o f c l a dd i n g
9 NA=0.1; // Numer ica l a p e r t u r e o f the f i b e r
10 a=3e-6; // r a d i u s o f c o r e i n m
11 n=2*%pi*a*NA;// numerator o f the c o r r e s p ond i n g V

number
12

13 // For c u t o f f wave l ength :
14 V=2.4048;

15 // S i n c e V=n/ lambda0
16 lambdac=n/V;// c u t o f f wave l ength o f s i n g l e mode f i b e r

i n m
17 mprintf(”\n The c u t o f f wave l ength i s %. 3 f um”,

lambdac /1e-6);// D i v i s i o n by 10ˆ(−6) to c onv e r t
i n t o um

18

19 //Now , For lambdaB=850 nm:
20 lambdaB =850e-9; //Bragg wave l ength i n m
21 neff =1.4517; // Cor r e spond ing va lu e o f e f f e c t i v e index

i n LP01 mode
22

23 // Let A be g r a t i n g p e r i o d
24 A=lambdaB /(2* neff);// Grat ing p e r i o d i n m
25 mprintf(”\n Grat ing p e r i o d= %. 3 f um”,A/1e-6);//

D i v i s i o n by 10ˆ(−6) to c onv e r t i n t o um
26 //The answers vary due to round o f f e r r o r

Scilab code Exa 17.5 5

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999
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Figure 17.5: 5

2 //Example 1 7 . 5
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 // S i n c e the r e f l e c t i v i t y o f f i b e r i s 90%,
9 R=0.9; // R e f l e c t i o n c o e f f i c i e n t o f f i b e r
10 L=25e-3; // Length o f f i b e r i n m
11 lambdaB =800e-9; //Bragg wave l ength i n m
12 neff =1.4517; // Cor r e spond ing va lu e o f e f f e c t i v e index

i n LP01 mode
13 I=0.5; // Tran sve r s e o v e r l a p i n t e g r a l o f modal

d i s t r i b u t i o n
14

15 //Now , ( tanh ( k∗L) ) ˆ2=R
16 // Rear rang ing terms , we ge t :
17 k=atanh(sqrt(R))/L;// Cor r e spond ing c oup l i n g

c o e f f i c i e n t i n mˆ(−1)
18 mprintf(”\n k=%. 3 f mmˆ(−1) ”,k/1e3);// D iv i d i n g by
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Figure 17.6: 6

10ˆ3 to c onve r t i n t o mmˆ(−1)
19

20 // Rear rang ing terms o f e x p r e s s i o n k=%pi∗Deltan ∗ I /
lambdaB

21 Deltan=k*lambdaB /(%pi*I);//Change i n r e f r a c t i v e
index

22 mprintf(”\n Del tan=%. 2 e ”,Deltan);// Un i t l e s s quan t i t y
23 //The answers vary due to round o f f e r r o r
24

25 DeltaLambda=lambdaB ^2/( %pi*neff*L)*sqrt((k*L)^2+( %pi

)^2);// Cor r e spond ing bandwidth i n m
26 mprintf(”\n DeltaLambda=%. 2 f nm”,DeltaLambda /1e-9);

// D i v i s i o n by 10ˆ(−9) to c onv e r t i n t o nm

Scilab code Exa 17.6 6
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1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 7 . 6
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 // S i n c e the r e f l e c t i v i t y o f f i b e r i s 90%,
9 R=0.9; // R e f l e c t i o n c o e f f i c i e n t o f f i b e r
10 L=10e-3; // Length o f f i b e r i n m
11 lambdaB =800e-9; //Bragg wave l ength i n m
12 neff =1.4517; // Cor r e spond ing va lu e o f e f f e c t i v e index

i n LP01 mode
13 I=0.5; // Tran sve r s e o v e r l a p i n t e g r a l o f modal

d i s t r i b u t i o n
14

15 //Now , ( tanh ( k∗L) ) ˆ2=R
16 // Rear rang ing terms , we ge t :
17 k=atanh(sqrt(R))/L;// Cor r e spond ing c oup l i n g

c o e f f i c i e n t i n mˆ(−1)
18 mprintf(”\n k=%. 3 f mmˆ(−1) ”,k/1e3);// D iv i d i n g by

10ˆ3 to c onve r t i n t o mmˆ(−1)
19 //The answers vary due to round o f f e r r o r
20

21 // Rear rang ing terms o f e x p r e s s i o n k=%pi∗Deltan ∗ I /
lambdaB

22 Deltan=k*lambdaB /(%pi*I);//Change i n r e f r a c t i v e
index

23 mprintf(”\n Del tan=%. 2 e ”,Deltan);// Un i t l e s s quan t i t y
24 //The answers vary due to round o f f e r r o r
25

26 DeltaLambda=lambdaB ^2/( %pi*neff*L)*sqrt((k*L)^2+( %pi

)^2);// Cor r e spond ing bandwidth i n m
27 mprintf(”\n DeltaLambda=%. 2 f nm”,DeltaLambda /1e-9);

// D i v i s i o n by 10ˆ(−9) to c onv e r t i n t o nm
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Figure 17.7: 7

Scilab code Exa 17.7 7

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 7 . 7
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 // S i n c e the peak r e f l e c t i v i t y o f f i b e r i s 0 . 9 3%,
9 R=0.93; // R e f l e c t i o n c o e f f i c i e n t o f f i b e r
10 L=4.8e-3; // Length o f f i b e r i n m
11 lambdaB =1532.1e-9; //Bragg wave l ength i n m
12 neff =1.4517; // Cor r e spond ing va lu e o f e f f e c t i v e index
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i n LP01 mode
13 I=0.5; // Tran sve r s e o v e r l a p i n t e g r a l o f modal

d i s t r i b u t i o n
14

15 //Now , ( tanh ( k∗L) ) ˆ2=R
16 // Rear rang ing terms , we ge t :
17 k=atanh(sqrt(R))/L;// Cor r e spond ing c oup l i n g

c o e f f i c i e n t i n mˆ(−1)
18 mprintf(”\n k=%. 3 f mmˆ(−1) ”,k/1e3);// D iv i d i n g by

10ˆ3 to c onve r t i n t o mmˆ(−1)
19 //The answers vary due to round o f f e r r o r
20

21 // Rear rang ing terms o f e x p r e s s i o n k=%pi∗Deltan ∗ I /
lambdaB

22 Deltaneff=k*lambdaB /(%pi);//Change i n e f f e c t i v e
r e f r a c t i v e index

23 mprintf(”\n D e l t a n e f f=%. 2 e ”,Deltaneff);// Un i t l e s s
quan t i t y

24 //The answers vary due to round o f f e r r o r
25

26 DeltaLambda=lambdaB ^2/( %pi*neff*L)*sqrt((k*L)^2+( %pi

)^2);// Cor r e spond ing bandwidth i n m
27 mprintf(”\n DeltaLambda=%. 2 f nm”,DeltaLambda /1e-9);

// D i v i s i o n by 10ˆ(−9) to c onv e r t i n t o nm

Scilab code Exa 17.8 8

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 7 . 8
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;
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Figure 17.8: 8

6 clear;

7 // g i v en
8 // S i n c e the r e f l e c t i v i t y o f f i b e r i s 99%,
9 R=0.99; // R e f l e c t i o n c o e f f i c i e n t o f f i b e r
10 lambdaB =1550e-9; //Bragg wave l ength i n m
11 neff =1.45; // Cor r e spond ing va lu e o f e f f e c t i v e index

i n LP01 mode
12 DeltaLambda =1e-9; //Bandwidth o f r e f l e c t i o n spectrum

in m
13 I=0.75; // Typ i ca l va l u e o f t r a n s v e r s e o v e r l a p

i n t e g r a l o f modal d i s t r i b u t i o n
14

15 //Now , ( tanh ( k∗L) ) ˆ2=R
16 // Rear rang ing terms , we ge t : k∗L=atanh ( s q r t (R) )
17 // Let m=k∗L
18 m=atanh(sqrt(R));

19

20 // Rear rang ing terms o f e x p r e s s i o n DeltaLambda=
lambdaB ˆ2/(%pi∗ n e f f ∗L) ∗ s q r t ( ( k∗L) ˆ2+(%pi ) ˆ2) , we
ge t
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Figure 17.9: 9

21 L=lambdaB ^2/( %pi*neff*DeltaLambda)*sqrt(m^2+( %pi)^2)

// S i n c e m=k∗L
22 // Length o f f i b e r i n m
23 mprintf(”\n L=%. 2 f mm”,L/1e-3);// D i v i s i o n by 10ˆ(−3)

to c onv e r t i n t o mm
24

25 // Rear rang ing terms o f m=k∗L , we ge t :
26 k=m/L;// Cor r e spond ing c oup l i n g c o e f f i c i e n t i n mˆ(−1)
27

28 // Rear rang ing terms o f e x p r e s s i o n k=%pi∗Deltan ∗ I /
lambdaB

29 Deltan=k*lambdaB /(%pi*I);//Change i n r e f r a c t i v e
index

30 mprintf(”\n Del tan=%. 2 e ”,Deltan);// Un i t l e s s quan t i t y
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Scilab code Exa 17.9 9

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 7 . 9
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 a=5e-6; // F ibe r c o r e r a d i u s i n m
9 NA =0.09; // Numer ica l a p e r t u r e o f the f i b e r
10 lambda0 =1.3e-6; //Wavelength o f r a d i a t i o n to be

r e f l e c t e d from a Bragg g r a t i n g
11

12 V=2*%pi*a*NA/lambda0;// Cor r s epond ing d im e n s i o n l e s s V
number

13 mprintf(”\n V=%f”,V);//The answers vary due to round
o f f e r r o r

14

15 // S i n c e W0=(0 .65+1.619/Vˆ (3/2 ) +2.879/Vˆ6) ∗a , where
W0 i s the mode spo t s i z e i n m

16 // Let W0=m∗a , where m=0.65+1.619/Vˆ (3/2 ) +2.879/Vˆ6
17 m=0.65+1.619/V^(3/2) +2.879/V^6;

18 mprintf(”\n W0/a=%f”,m);//The answers vary due to
round o f f e r r o r

19

20 //Given tha t I=1−exp (−2∗( a/W0) ˆ2) ;
21 I=1-exp(-2/m^2);//From the assumpt ion tha t m=W0/a
22 mprintf(”\n I=%. 2 f ”,I);
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Chapter 18

Single mode optical fiber
sensors

Scilab code Exa 18.1 1

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 8 . 1
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 lambda0 =0.633e-6; // Operat ing wave l ength i n m
9 DeltaPhi =1e-6; // Phase change i n rad
10 n=1.45; // r e f r a c t i v e index o f f i b e r
11

12 DeltaL=DeltaPhi /(2* %pi*n/lambda0);// Cor r e spond ing
change i n f i b e r l e n g t h i n m

13 mprintf(”\n Cor r e spond ing change i n f i b e r l e n g t h = %
. 2 e m”,DeltaL);//The answers vary due to round
o f f e r r o r
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Figure 18.1: 1

Scilab code Exa 18.2 2

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 8 . 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 SPL =20; // Sound Pr e s s u r e Leve l o f a wh i spe r i n dB
9 Pr=2e-5; // Re f e r en c e p r e s s u r e i s the t h r e s h o l d o f

h e a r i n g i n Pa
10
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Figure 18.2: 2

11 //Now , SPL=20 l o g10 (Pw/Pr )
12 // Rear rang ing the terms , we ge t
13 Pw=10^( SPL /20)*Pr;

14 mprintf(”\n Pw=%. 1 e Pa”,Pw);

Scilab code Exa 18.3 3

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 8 . 3
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
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Figure 18.3: 3

8 L=100; // Length o f s e n s i n g e l ement i n m
9 DeltaP =2e-5; // Thresho ld o f h e a r i n g i n Pa
10 S=3.4e-4; // S e n s i t i v i t y o f e l ement i n rad /Pa/m
11

12 DeltaPhi=S*DeltaP*L;// Cor r e spond ing change i n phase
i n rad

13 mprintf(”\n De l taPh i=%. 1 e rad ”,DeltaPhi);

Scilab code Exa 18.4 4

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 8 . 4
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
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Figure 18.4: 4

5 clc;

6 clear;

7 // g i v en
8 S=3.4e-4; // S e n s i t i v i t y o f the s e n s i n g e l ement i n rad

/Pa/m
9 DeltaMin =3.6e-8; //Minimum d e t e c t a b l e phase change i n

rad
10 L=1; // Length o f s e n s i n g e l ement i n m
11

12 Pmin=DeltaMin /(L*S);// Cor r e spond ing minimum
d e t e c t a b l e p r e s s u r e i n Pa

13 mprintf(”\n Pmin= %. 1 e Pa”,Pmin);//The answers vary
due to round o f f e r r o r

Scilab code Exa 18.5 5
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Figure 18.5: 5

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 8 . 5
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 V=2.64e-4; // Verdet c on s t an t f o r s i l i c a i n deg /A
9 N=30; //Number o f t u rn s o f f i b e r
10 I=1; // Current through the f i b e r i n A
11

12 Theta=V*N*I;// Cor r e spond ing r o t a t i o n o f p l ane o f
p o l a r i z a t i o n i n deg

13 mprintf(”\n Theta= %. 2 e deg ”,Theta);
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Figure 18.6: 6

Scilab code Exa 18.6 6

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 1 8 . 6
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 b=62.5e-6; // F ibe r r a d i u s i n m
9 R=20e-2; //Loop r a d i u s i n m
10 lambda0 =633e-9; //Wavelength i n m
11 C=0.133; // Value o f c on s t an t C f o r a s i l i c a f i b e r at

633 nm
12 V=4.6e-6; // Verdet c on s t an t f o r s i l i c a i n rad /A
13 N=30; //Number o f t u rn s o f f i b e r
14 I=1; // Current through the f i b e r i n A
15

16 Delta =((2* %pi)^2)*R*N*(-C*(b/R)^2)/lambda0;//The
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Corre spond ing d im e n s i o n l e s s b i r e f r i n g e n c e
17 mprintf(”\n De l ta= %. 2 f rad ”,Delta);//The n e g a t i v e

s i g n i n d i c a t e s tha t the p o l a r i z a t i o n o f the s low
wave i s p e r p e n d i c u l a r to the o p t i c a x i s

18

19 Theta=V*N*I;// Cor r e spond ing r o t a t i o n o f p l ane o f
p o l a r i z a t i o n i n rad

20 mprintf(”\n Theta= %. 2 e rad ”,Theta);//The answers
vary due to round o f f e r r o r
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Chapter 21

Periodic Interactions in
waveguides

Scilab code Exa 21.1 1

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 2 1 . 1
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 nf =1.51; // r e f r a c t i v e index o f f i lm
9 ns =1.50; // r e f r a c t i v e index o f s u b s t r a t e
10 nc=1.0; // r e f r a c t i v e index o f c ov e r
11 d=4e-6; // t h i c k n e s s o f f i lm in m
12 lambda0 =0.6e-6; //Wavelength i n m
13 ne1 =1.50862; // Cor r e spond ing e f f e c t i v e r e f r a c t i v e

index f o r c o r e
14 ne2 =1.5046; // Cor r e spond ing e f f e c t i v e r e f r a c t i v e

index f o r c l a dd i n g
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Figure 21.1: 1

15 k0=2*( %pi)/lambda0;// f r e e space wave number i n rad /m
16 // Let A be the p e r i o d o f p e r t u r b a t i o n i n m
17

18 A=lambda0 /(ne1 -ne2);

19 mprintf(”\n A= %. 1 f um”,A/1e-6);// D i v i s i o n by
10ˆ(−6) to c onv e r t i n t o um

20

21 d1=d+1/(k0*sqrt(ne1^2-ns^2))+1/(k0*sqrt(ne1^2-nc^2))

;// E f f e c t i v e waveguide t h i c k n e s s f o r mode 1 i n m
22 mprintf(”\n d1= %. 3 f um”,d1/1e-6);// D i v i s i o n by

10ˆ(−6) to c onv e r t i n t o um
23 d2=d+1/(k0*sqrt(ne2^2-ns^2))+1/(k0*sqrt(ne2^2-nc^2))

;// E f f e c t i v e waveguide t h i c k n e s s f o r mode 2 i n m
24 mprintf(”\n d2= %. 3 f um”,d2/1e-6);// D i v i s i o n by

10ˆ(−6) to c onv e r t i n t o um
25 //Assuming h=0.01um in e x p r e s s i o n f o r k , we ge t :
26 k=%pi/lambda0 *0.01e-6* sqrt (((nf^2-ne1^2)*(nf^2-nc^2)

)/d1*d2*ne1*ne2);// Coupl ing c o e f f i c i e n t i n mˆ−1
27 mprintf(”\n k=%. 3 f cmˆ(−1) ”,k*1e2);// Mu l t i p l y i n g by

10ˆ2 to c onve r t i n t o cmˆ(−1)
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Figure 21.2: 2

28 //The answers vary due to round o f f e r r o r
29 L=%pi /(2*k);// Length f o r comple te power t r a n s f e r i n

m
30 mprintf(”\n L=%. 2 f cm”,L/1e2);// D i v i s i o n by 10ˆ2 to

c onve r t i n t o cm
31 //The answers vary due to round o f f e r r o r

Scilab code Exa 21.2 2

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 2 1 . 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;
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6 clear;

7 // g i v en
8 nf =1.51; // r e f r a c t i v e index o f f i lm
9 ns =1.50; // r e f r a c t i v e index o f s u b s t r a t e
10 nc=1.0; // r e f r a c t i v e index o f c ov e r
11 d=4e-6; // t h i c k n e s s o f f i lm in m
12 lambda0 =0.6e-6; //Wavelength i n m
13 ne1 =1.50862; // Cor r e spond ing e f f e c t i v e r e f r a c t i v e

index f o r c o r e
14 ne2 =1.5046; // Cor r e spond ing e f f e c t i v e r e f r a c t i v e

index f o r c l a dd i n g
15 // Let A be the p e r i o d o f p e r t u r b a t i o n i n m
16

17

18 //Case ( i ) :
19 A=100e-6;

20 K=2*%pi/A;

21 k=0.598 e2;// c oup l i n g c o e f f i c i e n t i n mˆ−1 ( from
p r e v i o u s example )

22 T=2*%pi/lambda0 *(ne1 -ne2)-K;// Phase mismatch in mˆ−1
23 y=sqrt(k^2+(T/2)^2);// Re su l t an t o f k and T in mˆ−1
24

25 mprintf(”\n For A=100 um: ”);
26 P2max=(k/y)^2; //Maximum power tha t g e t s t r a n s f e r r e d

between the modes
27 mprintf(”\n P2max= %. 1 e ”,P2max);
28 L=%pi /(2*y);// D i s t anc e f o r maximum power t r a n s f e r i n

m
29 mprintf(”\n L=%. 1 f um\n”,L/1e-6);// D i v i s i o n by

10ˆ(−6) to c onv e r t i n t o um
30 //The answers vary due to round o f f e r r o r
31

32

33 //Case ( i i ) :
34 A=148e-6;

35 K=2*%pi/A;

36 k=0.598 e2;// c oup l i n g c o e f f i c i e n t i n mˆ−1 ( from
p r e v i o u s example )
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Figure 21.3: 3

37 T=2*%pi/lambda0 *(ne1 -ne2)-K;// Phase mismatch in mˆ−1
38 y=sqrt(k^2+(T/2)^2);// Re su l t an t o f k and T in mˆ−1
39

40 mprintf(”\n For A=148 um: ”);
41 P2max=(k/y)^2; //Maximum power tha t g e t s t r a n s f e r r e d

between the modes
42 mprintf(”\n P2max= %. 1 e ”,P2max);
43 L=%pi /(2*y);// D i s t anc e f o r maximum power t r a n s f e r i n

m
44 mprintf(”\n L=%. 1 f mm”,L/1e-3);// D i v i s i o n by 10ˆ(−6)

to c onv e r t i n t o mm

Scilab code Exa 21.3 3

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999
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Figure 21.4: 4

2 //Example 2 1 . 3
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 lambdac =0.6e-6; //Wavelength i n m
9 // Let A be p e r t u r b a t i o n o f l e n g t h i n m
10 A=149.3e-6;

11 L=2.63e-2; // Length o f the p e r i o d i c waveguide i n m
12

13 DeltaLambda =0.8*A*lambdac/L;//Bandwidth o f the
wave l ength f i l t e r i n m

14 mprintf(”\n DeltaLambda= %. 1 f nm”,DeltaLambda /1e-9);
// D i v i s i o n by 10ˆ(−9) to c onv e r t i n t o nm
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Scilab code Exa 21.4 4

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 2 1 . 4
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 va=5.96e3;// Ve l o c i t y o f the a c o u s t i c wave
9 Lb=2e-3; // Beat l e n g t h i n m
10

11 f=va/Lb;// Acou s t i c f r e qu en cy in Hz f o r Theta=0
d e g r e e s

12 mprintf(”\n f=%. 2 f MHz”,f/1e6);// D i v i s i o n by 10ˆ6 to
c onve r t i n t o MHz

Scilab code Exa 21.5 5

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 2 1 . 5
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 va=5.96e3;// Ve l o c i t y o f the a c o u s t i c wave
9 Lb=1.7e-3; // Beat l e n g t h i n m
10 Theta =13.5; // Angle between a c o u s t i c wave and the

l i g h t waves
11
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Figure 21.5: 5

12 f=va/(Lb*sind(Theta));// Acou s t i c f r e qu en cy in Hz
13 mprintf(”\n f=%. 2 f MHz”,f/1e6);// D i v i s i o n by 10ˆ6 to

c onve r t i n t o MHz
14 //The answers vary due to round o f f e r r o r

Scilab code Exa 21.6 6

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 2 1 . 6
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
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Figure 21.6: 6

8 nf =1.51; // r e f r a c t i v e index o f f i lm
9 ns =1.50; // r e f r a c t i v e index o f s u b s t r a t e
10 nc=1.0; // r e f r a c t i v e index o f c ov e r
11 d=4e-6; // t h i c k n e s s o f f i lm in m
12 lambda0 =0.6e-6; //Wavelength i n m
13 ne1 =1.50862; // Cor r e spond ing e f f e c t i v e r e f r a c t i v e

index f o r c o r e
14 ne2 =1.5046; // Cor r e spond ing e f f e c t i v e r e f r a c t i v e

index f o r c l a dd i n g
15 // Let A be the p e r t u r b a t i o n o f l e n g t h i n m
16 A=6e-6;

17

18 // Rear rang ing the terms o f the equa t i on ’ ne1−lambda0
/A=ns ∗ co s ( Thetas0 ) ’ , we ge t :

19 Thetas0=acosd((ne1 -lambda0/A)/ns);

20 mprintf(”\n Thetas0 = %. 1 f d e g r e e s ”,Thetas0);
21

22 // Rear rang ing the terms o f the equa t i on ’ ne2−lambda0
/A=ns ∗ co s ( Thetas1 ) ’ , we ge t :

23 Thetas1=acosd((ne2 -lambda0/A)/ns);
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Figure 21.7: 7

24 mprintf(”\n Thetas1 = %. 1 f d e g r e e s ”,Thetas1);

Scilab code Exa 21.7 7

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 2 1 . 7
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 nf =1.51; // r e f r a c t i v e index o f f i lm
9 ns =1.50; // r e f r a c t i v e index o f s u b s t r a t e
10 nc=1.0; // r e f r a c t i v e index o f c ov e r
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11 d=4e-6; // t h i c k n e s s o f f i lm in m
12 lambda0 =0.6e-6; //Wavelength i n m
13 ne1 =1.50862; // Cor r e spond ing e f f e c t i v e r e f r a c t i v e

index f o r c o r e
14 ne2 =1.5046; // Cor r e spond ing e f f e c t i v e r e f r a c t i v e

index f o r c l a dd i n g
15 // Let A be the p e r t u r b a t i o n o f l e n g t h i n m
16 A=0.2e-6;

17

18 // Rear rang ing the terms o f the equa t i on ’ ne1−lambda0
/A=ns ∗ co s ( Thetas0 ) ’ , we ge t :

19 Thetas0=acosd((ne1 -lambda0/A)/ns);

20 mprintf(”\n Thetas0 = %. 1 f d e g r e e s ”,Thetas0);
21

22 // Rear rang ing the terms o f the equa t i on ’ ne2−lambda0
/A=ns ∗ co s ( Thetas1 ) ’ , we ge t :

23 Thetas1=acosd((ne2 -lambda0/A)/ns);

24 mprintf(”\n Thetas1 = %. 1 f d e g r e e s ”,Thetas1);

Scilab code Exa 21.8 8

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 2 1 . 8
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 // S i n c e the peak r e f l e c t i v i t y o f f i b e r i s 0 . 9 8 ,
9 R=0.98; // R e f l e c t i o n c o e f f i c i e n t o f f i b e r
10 L=1e-3; // Length o f i n t e r a c t i o n i n m
11 lambda0 =1092e-9; // Cen t r a l wave l ength i n m
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Figure 21.8: 8

12 neff =1.46; // Cor r e spond ing va lu e o f e f f e c t i v e index
i n LP01 mode

13

14 //Now , ( tanh ( k∗L) ) ˆ2=R
15 // Rear rang ing terms , we ge t :
16 k=atanh(sqrt(R))/L;// Cor r e spond ing c oup l i n g

c o e f f i c i e n t i n mˆ(−1)
17 mprintf(”\n k=%. 3 f mmˆ(−1) ”,k/1e3);// D iv i d i n g by

10ˆ3 to c onve r t i n t o mmˆ(−1)
18 //The answers vary due to round o f f e r r o r
19

20 // Let A be the p e r t u r b a t i o n o f l e n g t h i n m
21 A=lambda0 /(2* neff);

22 mprintf(”\n A=%. 2 f um”,A/1e-6);// D i v i s i o n by 10ˆ(−6)
to c onv e r t i n t o um

23

24 DeltaLambda=lambda0*A/L;// Cor r e spond ing bandwidth i n
m

25 mprintf(”\n DeltaLambda=%. 2 f nm”,DeltaLambda /1e-9);
// D i v i s i o n by 10ˆ(−9) to c onv e r t i n t o nm
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Figure 21.9: 9

26 //The answers vary due to round o f f e r r o r

Scilab code Exa 21.9 9

1 // I n t r o d u c t i o n to F ib e r Opt i c s by A. Ghatak and K.
Thyagarajan , Cambridge , New Delh i , 1999

2 //Example 2 1 . 9
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7 // g i v en
8 // S i n c e the peak r e f l e c t i v i t y o f f i b e r i s 0 . 8 5 ,
9 R=0.85; // R e f l e c t i o n c o e f f i c i e n t o f f i b e r
10 L=1e-2; // Length o f i n t e r a c t i o n i n m
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11 lambda0 =1.55e-6; // Cen t r a l wave l ength i n m
12 neff =1.46; // Cor r e spond ing va lu e o f e f f e c t i v e index

i n LP01 mode
13

14 //Now , ( tanh ( k∗L) ) ˆ2=R
15 // Rear rang ing terms , we ge t :
16 k=atanh(sqrt(R))/L;// Cor r e spond ing c oup l i n g

c o e f f i c i e n t i n mˆ(−1)
17 mprintf(”\n k=%. 3 f mˆ(−1) ”,k);//The answer p rov id ed

i n the t ex tbook i s wrong
18

19 // Let A be the p e r t u r b a t i o n o f l e n g t h i n m
20 A=lambda0 /(2* neff);

21 mprintf(”\n A=%. 2 f nm”,A/1e-9);// D i v i s i o n by 10ˆ(−9)
to c onv e r t i n t o nm

22 //The answers vary due to round o f f e r r o r
23

24 DeltaLambda=lambda0 ^2/( %pi*neff*L)*sqrt((k*L)^2+( %pi

)^2);// Cor r e spond ing bandwidth i n m
25 mprintf(”\n DeltaLambda=%. 2 f nm”,DeltaLambda /1e-9);

// D i v i s i o n by 10ˆ(−9) to c onv e r t i n t o nm
26 //The answer p rov id ed i n the t ex tbook i s wrong
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