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Chapter 2

Basic Optics

Scilab code Exa 2.1 1

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 2.1

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

P=1e-3; //power of laser beam in W

A=3e-6;//cross—sectional area of laser beam in m"2

I=P/A;//power per unit area of laser beam in W/m"2

n=1;//refractive index of air medium

c=3e8;//speed of light in air medium in m/s

meu0=4*(%pi)*le-7;//permeability of free space in SI
units

EO=sqrt (2xc*meu0*I/n) //Corresponding electric field
in V/m

mprintf (" Electric field=%.1f V/m”,E0);//The answers
vary due to round off error

10



B variable Browser - [m] X
File Filter ?

Scilab 5.5.2 Conzole 2?2 A
Electric field=501.3 V/m Name Value Type Visibility
> : 501 Double local
1.26e-06 Double local
3e+08 Double local
1 Double local
333 Double local
3e-06 Double local
0,001] Double local

Figure 2.1: 1
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B2 Variable Browser = [m] X

File Filter 7

Scilab 5.5.2 Conzole z A

Electric field=2.4 V/m Name Value Type Visibility

——> & [Eo 2.45)  Double local
] [meud 1.26e-06 Double local
e e 3e+08 Double local
0 n 1] Double local
== I 0.007% Double local
0 (A 1.26e+03| Double local
0P 10 Double local

Figure 2.2: 2

Scilab code Exa 2.2 2

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 2.2

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

12
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B variable Browser - O X

File Filter ?

glm®R e

Scilab 5.5.2 Conzole ?AX

Electric field=8.2e+04 V/m Mame Value Type Visibility

- H o 8.16e404)  Double Iocal
] [mewd 1.26e-06 Double local
i o 3e+08 Double local
mm i 1 Double local
i 8.84e+06 Double local
mm ) 1.13e-10 Double local
mm 0.001 Double local

Figure 2.3: 3

P=10; //power of bulb in W

A=4xYpixle2;//cross—sectional area covered by bulb
in m 2

I=P/A;//power per unit area of bulb in W/m"2

n=1;//refractive index of air medium

c=3e8;//speed of light in air medium in m/s

meu0=4*(%pi)*1le-7;//permeability of free space in SI
units

EO=sqrt (2xc*meu0*I/n) //Corresponding electric field
in V/m

mprintf (" Electric field=%.1f V/m”,E0);//Final answer

13
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Scilab code Exa 2.3 3

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 2.3

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

P=1e-3; //power of laser beam in W

A=%pi*(6e-6)"2;//cross—sectional area of spot of
laser beam in m"2

I=P/A;//power per unit area of laser beam in W/m"2

n=1;//refractive index of air medium

c=3e8;//speed of light in air medium in m/s

meu0=4*(%pi)*1le-7;//permeability of free space in SI
units

EO=sqrt (2*xc*meu0*I/n) //Corresponding electric field
in V/m

mprintf (" Electric field=.le V/m” ,E0);//The answers
vary due to round off error

Scilab code Exa 2.4 4

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 2.4

//OS=Windows XP sp3

//Scilab version 5.5.2

14



B varicble Browser — (| X

File Filter 7

| mw® @

Scilab 5.5.2 Cansale ?AX

Energy reflection coefficient for air-silica interface=0.03 Mame value Type Visibility

Energy reflection coefficient for GakAs-air interface=0.32 4 0.319 Double local

——> +{ [n2 3.6 Double local
ni 1 Double local
E0 501] Double local
meud 1.26e-06 Double local
c 3e+08 Double local
n 1] Double local
1 333 Double local
A 3e-06 Double local
P 0.001 Double local

Figure 2.4: 4

15
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clc;

clear;

//given Case (1)

ni=1;//refractive index of air

n2=1.45; //refractive index of silica

R=[(n1-n2)/(n1+n2)]1°2;//corresponding energy
reflection coefficient

mprintf (" Energy reflection coefficient for air—
silica interface=%.2f”,R);

//given Case(2)

ni=1;//refractive index of air

n2=3.6; //refractive index of GaAs

R=[(n1-n2)/(n1+n2)]1°2;//corresponding energy
reflection coefficient

mprintf ("\n Energy reflection coefficient for GaAs—
air interface=%.2f”,R);

Scilab code Exa 2.5 5

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 2.5

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

nl=1.45; //refractive index of silica

n2=1; //refractive index of air

thetac=asin(n2/n1);//critical angle for the air—
silica interface in radians

mprintf (" Critical angle for air—silica interface=%.1
f degrees” ,thetac*180/%pi);// multiplying by 180/

16



B variable Browser - O X
File Filter 7

EmP @
Scilab 5.5.2 Conzole ? A
Critical angle for air-silica interface=43.6 degrees Name value Type Visibility
—== - 0,761] Double local
0.319 Double local
1 Double local
145 Double local
501] Double local
1.26e-06 Double local
3e+03 Double local
1 Double local
333 Double local
3e-06 Double local
0,001] Double local

Figure 2.5: 5
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B Variable Browser - m} ®

File Filter 7

Scllah 5.5.2 Console 72 x
Critical angle for interface between doped silica and pure silica=83.3 degrees Name Value Type visiility

> B [thetac 1.4% Double local
Hr 0.313] Double local
& |z 135 Double local
o nt 1.46) Double local
H o 501 Double local
& [mewo 1.26205 Double local
== 3 3e+08| Double local
Hn 1 Double local
HE 333 Double local
B A 3e-08) Double local
0 P 0.001] Double| local

Figure 2.6: 6

pi to convert radians to degrees

Scilab code Exa 2.6 6

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 2.6

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

n1=1.46; //refractive index of doped silica

n2=1.45; //refractive index of pure silica

thetac=asin(n2/n1);//critical angle for interface
between doped silica and pure silica in radians

18
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B Variable Browser - m} *

File Filter 7

Em% e

Siilab 5.5 2 Console ? X

Coherence length of LED=24.1 um Name Value Type Visibiity

Coherence length of laser diode=0.36 mm EH e 0.000361] Double local

--> £ |deltzlambda 2209 Doubie| local
i Jambda 8.52-07] Double] local
B [thetac 145 Double] local
0l R 0.319] Double local
B |nz 145 Double local
B 1 146 Double] local
£ [E0 501] Double local
£ [meud 1.26e-06 Double local
e 3e+08 Double| local
H n 1 Double] local
==l 333 Double] local
0 (A 3e-06] Double local
el P 0.001] Double local

Figure 2.7: 7

mprintf (" Critical angle for interface between doped
silica and pure silica=2%.1f degrees” ,thetac*180/
%pi);//multiplying by 180/pi to convert radians
to degrees

Scilab code Exa 2.7 7

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 2.7

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given Case (1)

19



B scilsb 5.5.2 Console — O x

File Edit Control Applications ?

E=IEYEE IR )

Wariable Browser 22X
Coherence length of He-Ne laser=20.0 cm Name Value Type Visibility
-3 B [deitanu 1.5e+03) Double local
H i 0.2 Double Tocal
o] |deltalambda 2e-09 Double local
£ [lambda 8.5¢-07| Double local
] [thetac 1.45 Double Tocal
Hr 0315 Double Tocal
& |z 145 Double local
H |t 146, Double ocal
H e 501 Double Tocal
& [meuo 12605 Double local
32408 Double local
1 Double Tocal
HE 333 Double Tocal
B A 3e-06) Double local
HPF 0.001] Double ocal

Figure 2.8: 8

8 lambda=850e-9;//wavelength of LED in m

9 deltalambda=30e-9;//spacing between wavelengths in m

10 lc=(lambda)"2/deltalambda;//Corresponding coherence
length

11 mprintf (” Coherence length of LED=%.1f um”,lc/1e-6);
//Dividing by 10°(—6) to convert in micrometers

12 //The answers vary due to round off error

13 //given Case(2)

14 lambda=850e-9;//wavelength of laser diode in m

15 deltalambda=2e-9;//spacing between wavelengths in m

16 lc=(lambda)"2/deltalambda;//Corresponding coherence
length

17 mprintf (”\n Coherence length of laser diode=06.2f mm”
,1lc/1e-3);//Dividing by 10°(—3) to convert in
millimeters

20
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10
11

B scilab 5.5.2 Conscle - m} *

File Edit Control Applications ?

ZEIADOIY S8 =X ee
Varlable Browser z A x

Divergence of beam=4.73 degrees Name Value Type Visibility

- i [theta 0.0825 Double| local
£ [omega0 Se-08| Double! local
£ Jlambda0 1.3e-06, Double Tocal
B [aeitanu 1.5e408) Double Tocal
B e 0.2 Double local
& 2203 Double local
H Jiambda 8.5¢-07] Double Tocal
B [thetac 145 Double Tocal
Hr 0.319) Double local
H 2 1.45 Double Tocal
B nt 146 Double Tocal
H e 501] Double local
] jmeuo 1.26e-06 Double local
B e 3e408| Double Tocal
Hhn 1 Double Tocal
B 333 Double local
=212 3208 Double Tocal
HF 0.001] Double Tocal

Figure 2.9: 9

Scilab code Exa 2.8 §

//Introduction to Fiber Optics by A. Ghatak and K.
1999

Thyagarajan , Cambridge, New Delhi ,

//Example 2.8
//OS=Windows XP sp3
//Scilab version 5.5.2
clc;

clear;

//given

deltanu=1.5e9;//change in frequency of He—Ne laser

in Hz
c=3e8; //speed of light in m/s

lc=c/deltanu;//Corresponding coherence length

mprintf (" Coherence length of He—Ne laser=%.1f cm”,1lc

/1e-2);//Dividing by 10°(—2) to convert in cm

21
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Scilab code Exa 2.9 9

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 2.9

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

lambda0=1300e-9; //wavelength of single—mode fiber in
m

omegaO=5e-6; //spot size of beam in m

theta=atan(lambdaO/(%pi*omega0));//Corresponding
divergence in radians

mprintf (" Divergence of beam=0.2f degrees”,theta*180/
%pi);//multiplying by 180/pi to convert radians
to degrees

22
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Chapter 7

Modes in Planar Waveguides

Scilab code Exa 7.1 1

//Introduction to Fiber Optics by A. Ghatak and K.

Thyagarajan , Cambridge, New Delhi, 1999
//Example 7.1
//OS=Windows XP sp3
//Scilab version 5.5.2
clc;
clear;
//given
n1=1.503; //refractive index of film
n2=1.500; //refractive index of cover
d=4e-6;//thickness of film in m

//Case (1)

lambdaO=1e-6; //wavelength in m

k0=2*(%pi)/lambdal;//free space wave number in rad/m
funcprot (0);//To avoid warning message when function

is redefined
mprintf ("\n For 1st value of lambda:”);

23
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19

20

21
22

23
24
25

26
27
28
29

30

B scilsb 5.5.2 Console — O %

File Edit Control Applications ?

FEADDIv E S =X ®@

Variable Brow: 0 x
Name value Type Visibility

For 1st value of lambda: B 15 Double| Jocal
v=2.385493 = 0.233 Double| local
For symmetric mode £=0.816641 B 2.08 Double| local
b=0.531223 ] o 1 Double, local
Bera/k0=1.501594 == ] 4.77) Double] local
] 1.26e+07] Double| local
] [lambda0 5¢-07| Double local

For 2nd value of lambda:
g e - 4208, Double local
R e == 13 1.5 Double local
For symmetric mode E=1.034252 = ] T3 Doubie] =]

b=0.789584
Beta/k0=1.502369

For antisymmetric mode £=2.081318
=0.238762

[Beta/k0=1.500717

Figure 7.1: 1

V=kO*d*sqrt ((n1°2)-(n2°2));//dimensionless waveguide
parameter

mprintf ("\n V=%f",V);//The answers vary due to round
off error

//To find Xi for symmetric TE mode

deff ("t=f(Xi)’, t=V/2xcos(Xi)—Xi’);//Rearranging the
terms of eqn for symmetric TE modes i.e. ’
tan =((V/2)2— "2)’, we get ' =V/2xcos( )’

Xi0=0;//Starting value of Xi

Xi=fsolve (Xi0,f);//Root of eqn ’t=0’

mprintf ("\n For symmetric mode  =%f",Xi);//The
answers vary due to round off error

b=1-(Xi~2)/(V-2/4);//dimensionless propagation
constant

mprintf ("\n b=%f",b);

B=sqrt (b*((n1°2)-(n2"2))+(n272));

mprintf (" \nBeta/k0=%{",B);//The answers vary due to
round off error

24



31
32
33
34
35
36

37

38
39
40

41
42
43

44

45
46
47
48
49

50
o1
52

53

o4

55
56

//Case (2)

lambda0=0.5e-6; //wavelength in m

k0=2*(%pi)/lambdal;//phase constant in rad/m

mprintf ("\n\n For 2nd value of lambda:");

V=kO*d*sqrt ((n1°2)-(n2"2))//dimensionless waveguide
parameter

mprintf ("\n V=%f ”,V);//The answers vary due to
round off error

//To find Xi for symmetric TE mode

deff ("t=f(Xi)’, t=V/2xcos (Xi)—Xi’');//Rearranging the
terms of eqn for symmetric TE modes i.e. ’

tan =((V/2)'2— "2)°(1/2)’, we get > =V/2xcos

()’

Xi0=0;//Starting value of Xi

Xi=fsolve(XiO,f);//Root of eqn ’'t=0’

mprintf ("\n For symmetric mode  =%f",Xi);//The
answers vary due to round off error

b=1-(Xi~2)/(V~2/4);//dimensionless propagation
constant

mprintf ("\n b=%{",b);

B=sqrt (b*((n1°2)-(n2°2))+(n272));

mprintf (" \nBeta/k0=%f",B) ;

//To find Xi for antisymmetric TE mode

deff ("t=f(Xi)’, t=V/2xsin (Xi)—Xi’);//Rearranging the

terms of eqn for antisymmetric TE modes i.e. '—

cot =((V/2)"2— "2)°(1/2)’, we get '~ =V/2xsin

()’

Xi0=1;//Starting value of Xi

Xi=fsolve (Xi0,f);//Root of eqn ’'t=0’

mprintf ("\n For antisymmetric mode  =%f",Xi);//The
answers vary due to round off error

b=1-(Xi~2)/(V~"2/4);//dimensionless propagation
constant

mprintf ("\n b=%f",b);

B=sqrt (b*((n1°2)-(n2°2))+(n272));

mprintf (" \nBeta/k0=%f",B) ;

25
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B Scilab 5.5.2 Conscle - m} ®
File Edit Control Applications ?
=W 2
ZEB ACOv S B & X 6
Varishle Brawser 2 x
Name Value Type Visibility
ES160.130. mu{71) B [peltaLambda 1.85¢-10 Double local
A=530.82 nm A 5.31e-07 Double local
Deltalambda=0.18 nm B 180 Double| local
k) B Ineff 146 Double local
£ Jlambdao 1.556-08 Double| local
B 0.01 Double| local
H R 0.85 Double] local

Figure 7.2: 2

Scilab code Exa 7.2 2

//Introduction to Fiber Optics by A. Ghatak and K.

Thyagarajan , Cambridge, New Delhi, 1999
//Example 7.2
//OS=Windows XP sp3
//Scilab version 5.5.2
clc;
clear;
//given
ni=1.5;//refractive index of film
n2=1.0; //refractive index of cover
d=.555e-6; //thickness of film in m

26
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//Case (1)

lambda0=1.3e-6; //wavelength in m

k0=2*(%pi)/lambdal;//free space wave number in rad/m

V=kO*d*sqrt ((n1°2)-(n2°2));//dimensionless waveguide
parameter

mprintf ("V=%f \n”,V);//The answers vary due to round
off error

//To find Xi for symmetric TE mode
deff ("t=f(Xi)’, t=V/2%cos(Xi)—Xi’);//Rearranging the
terms of eqn for symmetric TE modes i.e. ’
tan =((V/2)2— "2)’, we get > =V/2xcos( )’
Xi0=0;//Starting value of Xi
Xi=fsolve (Xi0,f);//Root of eqn ’'t=0’
b=1-(Xi"2)/(V~2/4);//dimensionless propagation
constant
mprintf ("\n b=%f",b);//The answers vary due to round
off error
B=sqrt (b*((n1°2)-(n2°2))+(n272));
mprintf ("\nBeta/k0=%{",B);//The answers vary due to
round off error

//To find Xi for symmetric TM mode

deff ("t=f(Xi)’, t=(1—(nl/n2) " "2)*(Xi"2)+(V"2)/4—(Xix
sec(Xi))"2’);//Rearranging the terms of eqn for
symmetric TE modes i.e. 7 tan =((V/2)2— 7"2)’,
we get = =V/2xcos( )’

Xi0=0;//Starting value of Xi

Xi=fsolve (Xi0,f);//Root of eqn ’'t=0’

b=1-(Xi~2)/(V~2/4);//dimensionless propagation
constant

mprintf ("\n b=%f",b);//The answer provided in the
textbook 1is wrong

B=sqrt (b*((n1°2)-(n2"2))+(n272));

mprintf (" \nBeta/k0=%f",B);//The answer provided in
the textbook is wrong

27
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Chapter 8

Propagation Charecteristics of
a step index fiber

Scilab code Exa 8.1 1

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 8.1

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given Case (1)

n2=1.45; //refractive index of cladding

a=3e-6; //radius of core in m

delta=0.0064//fractional change in refractive index

lambda0=1.546e-6; //wavelength in m

nl=n2/(1-delta);//refractive index of core

V=2x(%pi)*a*sqrt ((n1°2)-(n2°2))/lambdal;//
corresponding dimensionless V number

mprintf ("\n For fiber 1:7);

mprintf ("\n V=(.1f at lambda0=(.3f um ”,V,lambda0l/1le

28
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18

19
20
21
22
23
24
25
26

27
28

29

B scilab 5.5.2 Console - m} *
File Edit Control Applications ?

FEADO Y S S 2 X e

Name Value Type Visibility
For fiber 1: B e 145
V=2.0 at lambda0=1.546 um B b 0.415 Double
Beta/k0=1.453894 o |delta 0.01) Double
For fiber 2: e [ambda0 1.292-08 Double

Double local
local
local
local

V=2.0 at lambda0=1.288 um == 2.02| Double local
mm local

local

local

local

Beta/k0=1.456113 2.75e-08 Double]
-—>

2e-06 Double
i n2 1.45] Double
o 1 1.46] Double

Figure 8.1: 1

-6);//Division by 10°(—6) to convert into um
b=0.41616; //value of dimensionless propagation
constant corresponding to V=2 as per given table
B=sqrt ((n2°2)+b*((n1°2)-(n2°2)));//corresponding
value of Beta/k0
mprintf ("\n Beta/k0=%f",B);//The answers vary due to
round off error

//given Case(2)

n2=1.45; //refractive index of cladding

a=2e-6; //radius of core in m

delta=0.010//fractional change in refractive index

lambda0=1.288e-6; //wavelength in m

ni=n2/(1-delta);//refractive index of core

V=2x*(%pi)*a*sqrt ((n1°2)-(n2°2))/lambdal; //
corresponding dimensionless V number

mprintf ("\n For fiber 2:7);

mprintf ("\n V=0(.1f at lambda0=0t.3f um ”,V,lambdal/1le
-6);//Division by 10°(—6) to convert into um

b=0.41616; //value of dimensionless propagation
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B scilab 5.5.2 Console - m} *
File Edit Control Applications ?

FEIAD0 Y EB8 =K &®

Wariable Brovwser ?AX

Maximum value of u=0.76 um
>

Mame Value Type Visibility
u 7.59¢-07] Double
£ [aiphat 0.1 Double
e lomega 5e-06 Double
£ Jambda 1.3e-05 Double

HEER

Figure 8.2: 3

constant corresponding to V=2 as per given table
30 B=sqrt ((n2°2)+b*((n1°2)-(n272)));//corresponding
value of Beta/k0
31 mprintf (”\n Beta/k0=%f",B);//The answers vary due to
round off error

Scilab code Exa 8.3 3

—_

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

2 //Example 8.3

3 //OS=Windows XP sp3

4 //Scilab version 5.5.2
5 clc;

6 clear;
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B Scilab 5.5.2 Conscle - m} ®
File Edit Control Applications ?

FEAD0|G &S @ XK &

Wariable Browser ? X

Maximum value of theta=0.5 degrees Name Value Type visiblity
= B [theta 0.00856 uble
H [aiphat 0.1 uble
B 2 135 uble
& It 145
2 fomesa 5¢-06
£t [lambda0 1.3e-08,

uble
uble
uble

olo/o|ololo
&g g|ala|s

Figure 8.3: 4

7 //given

8 lambda0=1300e-9;//operating wavelength of single
mode fiber in m

9 omega=5e-6;//spot size of fiber in m

10 alphat=0.1;//maximum value of loss in dB

11 u=sqrt(alphat*(omega~2)/4.34);//corresponding
maximum value of transverse offset in m

12 mprintf ("Maximum value of u=%.2f um”,u/1e-6);//
division by le—6 to convert in um

Scilab code Exa 8.4 4
1 //Introduction to Fiber Optics by A. Ghatak and K.

Thyagarajan , Cambridge, New Delhi, 1999
2 //Example 8.4
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//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

lambda0=1300e-9; //operating wavelength of single
mode fiber in m

omega=5e-6; //spot size of fiber in m

n1=1.45; //refractive index of core

n2=1.45; //refractive index of cladding

alphat=0.1; //maximum value of splice loss due to
angular misalignment in dB

theta=sqrt (alphat*(lambda0~2)/(4.34*((%pi)*nl*omega)

~2));//corresponding maximum value of angular
misalignment in radians

mprintf ("Maximum value of theta=%.1f degrees”,theta
*180/(%pi));//multiplying by 180/pi to convert in

degrees

Scilab code Exa 8.5 5

//Introduction to Fiber Optics by A. Ghatak and K.

Thyagarajan , Cambridge, New Delhi, 1999
//Example 8.5
//OS=Windows XP sp3
//Scilab version 5.5.2
clc;
clear;
//given
lambda0=1300e-9; //operating wavelength of single
mode fiber in m
omega=5e-6; //spot size of fiber in m
nl=1.45; //refractive index of core
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B scilab 5.5.2 Console - m} ®
File Edit Control Applications 7
T M @,

ZEIAB0 % SR X ®
Variabls Browssr 28 x

Dbar=0.114153 Name Value Type Visibility

Corresponding value of splice loss=0.06 dB B lalphat 0.0562] Double! |
£ pbar 0.114| Double local
55 12 25-03‘ Double local
B 2 145 Double! local
B 1 145 Double; local
e Jomega 5e-06 Doble! local
e ambdan 13206 Doble; local

11 n2=1.45; //refractive index of cladding

12 D=20e-6;//longitudinal misalignment in m

13 Dbar=D*lambda0/(2*(%pi)*nilx*(omega~2));//
dimensionless normalized separation

14 mprintf (" Dbar=%f" ,Dbar);//The answers vary due to
round off error

15 alphat=10*1logl10(1+(Dbar~2));//corresponding value of
splice loss due to longitudinal misalignment in
dB

16 mprintf (”\n Corresponding value of splice loss=%.2f
dB” ,alphat) ;

Scilab code Exa 8.6 6

1 //Introduction to Fiber Optics by A. Ghatak and K.
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B scilab 5.5.2 Console - m} *
File Edit Control Applications ?

FEADO Y S S 2 X e

Wariable Browser ? A X

Corresponding value of angle=4.75 degrees Name Value Type Visibility

(] [thetze 475 Double local
£ |omega 5e-06 Double local
== B 1e-05 Double local
] [lambdan 1.3e-08] Double local

Figure 8.5: 6

Thyagarajan , Cambridge, New Delhi, 1999

//Example 8.6

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

lambda0=1300e-9; //operating wavelength of single
mode fiber in m

MFD=10e-6; //mode field diameter of fiber in m

omega=MFD/2; //corresponding spot size of fiber in m

thetae=asind (lambda0O/(%pi*omega));//corresponding
value of angle in degrees where amplitude falls
to 1/e of maximum value

mprintf (" Corresponding value of angle=%.2f degrees”,
thetae) ;
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B Scilab 5.5.2 Conscle
File Edit Control Applications ?

EEIACOY LR =K ®e

Warlable Browser 78 x
Corresponding value of angle=4.62 degrees Name Value Type visibility
i i [thetze 4.52) Double local
H fomeca 2.5¢-06 Double local
& o 5¢-06 Double local
o] flambda0 6.33e-07 Double local

Figure 8.6: 7

Scilab code Exa 8.7 7

//Introduction to Fiber Optics by A. Ghatak and K.

Thyagarajan , Cambridge, New Delhi, 1999

//Example 8.7
//OS=Windows XP sp3
//Scilab version 5.5.2
clc;

clear;

//given

lambda0=633e-9; //operating wavelength of single mode

fiber in m

MFD=5e-6; //mode field diameter of fiber in m
omega=MFD/2; //corresponding spot size of fiber

value of angle in degrees where amplitude

to 1/e of maximum value

35
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thetae=asind (lambda0/(%pi*omega));//corresponding
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B scilab 5.5.2 Console - m} ®
File Edit Control Applications ?

ZEIAB0 % SR X ®

Variabls Browssr 28 x

Corresponding mode field diameter=10.191986 um Name Value Type visibiity

- By d 102205 Double! local
] Jomega 5.1e-06 Double! local
e ko 4.83e+06 Double! local
e [thetah 274 Double! local
£ Jambdao 1.3e-06 Double] local

Figure 8.7: 8

mprintf (" Corresponding value of angle=%.2f degrees”,
thetae) ;

Scilab code Exa 8.8 §

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 8.8

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

lambda0=1.3e-6; //operating wavelength of single mode
fiber in m
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B Scilab 5.5.2 Console - m} X
File Edit Control Applications ?

ZB ACO% G B2 &

Varighle Brawser ?Ax
The ESI parameters of given fiber are: Name Value Typ Visibilty
Radius of core=4.017621 um B jna 0.109/ Double| local
Numerical aperture=0.11 Hi 202206 Double local
-] H ko 4832406 Double local
£ lalphah 0.799 Double local
v 211 Double local
H [sigmax 5.36 Dauble local
£ [thet=x 12.7] Double local
B [theteh 236 Double! Tocal
& Jlambdao 1.3e-06 Double local

Figure 8.8: 9

thetah=2.74; //angle corresponding to 3 dB point in
degrees

k0=2*%pi/lambdal;//free space wave number in rad/m

omega=sqrt (2x1log(2))/(k0*xsind (2.74));//corresponding
spot size of fiber in m

d=2*omega;//corresponding value of Gaussian mode
field diameter in m

mprintf (" Corresponding mode field diameter=%f um”,d
/le-6)//division by le—6 to convert in um

//The answer provided in the textbook is wrong

Scilab code Exa 8.9 9

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

37



O 3 O O i W N

10

11

12

13

14

15

16

17
18

19
20

//Example 8.9

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

lambda0=1.3e-6; //operating wavelength of single mode
fiber in m

thetah=2.357; //angle corresponding to 3 dB point in
degrees

thetax=12.73; //angle in degrees at which intensity
first becomes zero

sigmax=sind (thetax)/sind (thetah);//ratio of sine of
angles

V=8.039-2.347*sigmax+0.3329*sigmax"2-0.0218*sigmax
"3+0.00054*sigmax"4; //corresponding dimensionless
V number

alphah=-0.7858+0.994%xV-0.1155*%xV"2;

k0=2%*%pi/lambdal;//free space wave number in rad/m

a=alphah/(kO*sind (thetah));//radius of core in m

NA=V*lambdaO/(2*%pi*a);//corresponding value of
numerical aperture

mprintf ("The ESI parameters of given fiber are:”);

mprintf ("\n Radius of core=%f um”,a/1e-6);//division
by le—6 to convert in um

//The answers vary due to round off error

mprintf ("\n Numerical aperture=).2f” ,NA);
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Chapter 10

Waveguide Dispersion and
design considerations

Scilab code Exa 10.1 1

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 10.1

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

n1=1.450840; //refractive index of core

n2=1.446918; //refractive imdex of cladding

a=4.1e-6;//radius of core in m

n=2%Y%pi*a*xsqrt((n1°2)-(n2°2))//numerator of the
corresponding V number

//corresponding V number expression where lambda0l is
in nm

mprintf ("V=(.1f{/lambda0” ,n*1e9);// multiplying
numerator by 1079 to convert lambdal in nm
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B scilsb 5.5.2 Consale — m] X
File Edit Control Applications ?

=B E = IEE X

Wariable Browser ?AX

V=2746.3/1lambda0 Name Value Type Visibility
The cutoff wavelength is 1142.0 nm B fambdad 1 14006 Doublel T
> == 2.4 Double local
jmm 2.75e-06 Double local
4.12-06, Double| local
B 2 145 Dodble| local
B It 145 Double] local

Figure 10.1: 1

//For cutoff wavelength:

V=2.4048;

//Since V=n/lambda0

lambdaO=n/V;//cutoff wavelength of single mode fiber
in m

mprintf ("\n The cutoff wavelength is %.1f nm”,
lambda0/1e-9);//Division by 10°(—9) to convert
into nm

Scilab code Exa 10.3 3

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 10.3

//OS=Windows XP sp3

40



© 00 N & O =

10
11

12

13

14

15

16

17
18

B scilab 5.5.2 Console - m} *
File Edit Control Applications ?

FEADO Y S S 2 X e

Name Value Type Visibiity
Delta=0.007585 B B 1.4 Double Jocal
V=2580.3/lanmbda0 H b 0.416 Double local.
The cutoff wavelength is 1073.0 mnm e eeita 0.00759 Double local
£ [lambda0 1.07e-06 Double local
== 1 2.4 Double local
local
local
local
local

2.58e-06| Double

2.3e-08) Double
i n2 1.45] Double
o 1 1.46] Double

Figure 10.2: 3

//Scilab version 5.5.2

clc;

clear;

//given

n1=1.457893; //refractive index of core

n2=1.446918; //refractive imdex of cladding

a=2.3e-6;//radius of core in m

delta=(n1-n2)/n2;//fractional change in refractive
index

mprintf ("\n Delta=%f",delta);//The answers vary due
to round off error

n=2%Ypi*a*xsqrt((n1°2)-(n2°2))//numerator of the
corresponding V number

//corresponding V number expression where lambda0 is
in nm

mprintf ("\n V=(.1f{/lambda0” ,n*1e9);//multiplying
numerator by 1079 to convert lambda0 in nm

//For cutoff wavelength:

V=2.4048;

//Since V=n/lambda0
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Scilab 5.5.2 Console — O %
File Edit Control Applications 7

ZEI&A50|%EIE =X @@

Wariable Browy: ?aX
Name Value Type Vieivility

Delta=0.020620 By B 1.46 Double| Jocal
V=2783.6/1anbda0 & b 0.416 Double| local
The cutoff wavelength is 1157.5 nm o |delta 0.0206| Double local
> L] Jambdan 1.16e-05 Double| local
H v 24 Double| local

2.782-06) Double] local

=E 1.5e-06 Double| local

B 2 145 Double Tocal

e 1 143 Double local

Figure 10.3: 4

19 lambdaO=n/V;//cutoff wavelength of single mode fiber

in m

20 mprintf (”\n The cutoff wavelength is %.1f nm”,

S U W N

lambda0/1e-9);//Division by 10°(—9) to convert
into nm

Scilab code Exa 10.4 4

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 10.4

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;
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//given
lambda0=1550e-9; //operating wavelength of single

mode fiber in m

n1=1.476754; //refractive index of core

n2=1.446918; //refractive imdex of cladding

a=1.5e-6;//radius of core in m

delta=(n1-n2)/n2;//fractional change in refractive
index

mprintf ("\n Delta=%f",delta);//The answers vary due
to round off error

n=2*Y%pi*a*sqrt ((n1°2)-(n2°2))//numerator of the
corresponding V number

//corresponding V number expression where lambda0 is

in nm

mprintf ("\n V=(.1f/lambda0” ,n*1e9);// multiplying
numerator by 1079 to convert lambda0 in nm

//For cutoff wavelength:

V=2.4048;

//Since V=n/lambda0

lambdaO=n/V;//cutoff wavelength of single mode fiber

in m

mprintf ("\n The cutoff wavelength is %.1f nm”,
lambda0/1e-9);//Division by 10°(—9) to convert
into nm

//The answers vary due to round off error
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Chapter 11

Sources for optical
communication

Scilab code Exa 11.1 1

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 11.1

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

//E1l & E2 are the ground level and first excited
level of energy respectively

h=6.626e-34; //Planck 's constant in SI Units

c=3e8;//speed of electrons in m/s

lambda=694e-9; //wavelength corresponding to the
energy gap between El1 & E2

//Let E2—El=DeltaE

DeltaE=h*c/lambda;

mprintf ("\n E2-E1=%e” ,DeltaE);//Energy gap between
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B scilab 5.5.2 Console - m} ®
File Edit Control Applications ?

ZEIAB0 % SR X ®

Variable Broveser z 2 x
Name value Type visiblity

E2-E1=2.864265e-19 B s 13823 Double local

kB*T=4.140000e-21 EH N 8.98e-31 Double local

N2/M1=8.979910e-31 ==l 30_0‘ Double local

o =203 136e23 Dauble local

] DeltaE 2.86¢-19 Dauble local

L] lambda 5.34-07 Double local

=203 3e+08 Double local

B h 6.63¢-34 Dauble local

==hE 146 Double local

B b 0.416 Double local

B [deita 0.00753] Dauble local

] [ambdad 1.07e-08 Double] local

B v 2.4 Double local

2.58e-06 Double local

23206, Dauble local

B 2 145 Dauble local

B 1 1.46] Double; local

Figure 11.1: 1

El & E2 in J

//The answers vary due to round off error

kB=1.38e-23; //Boltzmann constant in SI Units

T=300; //Temperature in K

mprintf (" \n kBxT=%e” ,kB*T) ;

//Let N2/N1 be N

N=exp(-DeltaE/(kB*T));//Ratio of population density
at E2 and El energy levels

mprintf ("\n N2/N1=%e” ,N);//The answers vary due to
round off error

Scilab code Exa 11.2 2

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999
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B scilab 5.5.2 Console - m} ®

File Edit Control Applications ?

ZEIADO Y S S S @
Wariable Brovser ? X

Name value Type Visibility

Absorption coefficient = -2.278646 EH |y 228 Double! local

e o v 4.32e+14| Double| local
g w0 4.32e+14] Double| local
H o 6.9e-12| Double! local
] Tsp 0.003 Double! local
B 2 [] Double local
] N1 1.6e+19] Double! local
H e 1.38e-23 Dauble local
o N 8.98e-31] Double] local
==Hi 300, Double local
Bk 138223 Double! local
£l |DeltaE 2.86e-19| Double] local
£ lambda 59407 Double local
=203 3e+10 Double local
&1 h 6.63e-34 Double] local
==hE 146 Dauble local
e b 0.416 Double local
b |delta 0.00759| Double| local
e ambdan 6.9405 Dauble local
B v 2.4 Double local
B 1.76] Double! local
e 2 2.3e-06| Double local
o n2 1.45] Double] local
B It 146 Double local

Figure 11.2: 2

//Example 11.2

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

//For Cr+3 ions in ruby

N1=1.6e19;//Population density of El energy level in
cm”(—3)

N2=0; //Population density of E2 energy level in cm
(=3)

11 n=1.76;//refractive index of medium

12 Tsp=3e-3;//Spontanecous emission lifetime of atom in

sec

13 //Let g(v0) be g

14 g=6.9e-12; //normalized lineshape function in s

15 lambda0=694.3e-7;//wavelength at which absorption

takes place in cm
16 c=3e10;//speed of electrons in cm/s
17 v=c/lambdaO;

© 00 N O U = W N

1

o

w

46



18
19

20

21

T W N

B Scilab 5.5.2 Console
File Edit Control Applications ?

ZB ACO% G B2 &

ble Browser

The threshold gain coefficient = 5.770543e-03 cm™-1

-

Name

] [vih

0.00577]

Type

Double]

tH [aieh=

Double|

10

Double]

] r2

0.9]

Double|

o R1

0.99

Double]

Figure 11.3: 3

//Let Y(v0) be Y

Y=((c/n) "2) *xg*x(N2-N1) /(8x%pi*Tsp*x(v~2));//

Corresponding gain coefficient of medium
mprintf ("\n Absorption coefficient = %f”,Y);//The
answers vary due to round off error

//negative sign implies

absorption

Scilab code Exa 11.3 3

//Introduction to Fiber Optics by A. Ghatak and K.

Thyagarajan , Cambridge, New Delhi ,

//Example 11.3
//OS=Windows XP sp3
//Scilab version 5.5.2
clc;
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B scilab 5.5.2 Console - m} ®
File Edit Control Applications ?

FEIATDO Y S S S @

Wariable Browvser ? X

Name value Type visiblity
The threshold gain coefficient = 4.798114e+01 cm™-1 B vt 8 uble!
= e [aipha 1

==l 0.03
B Rz 0.32
B Rt 0.32

uble
uble
uble
uble

olololoo
Slolalg|s

Figure 11.4: 4

clear;

//given

R1=0.99; //reflection coefficient of mirror 1

R2=0.9; //reflection coefficient of mirror 2

1=10; //Distance between the two mirrors in cm

alpha=0; //average loss coefficient per unit length
of resonator in cm”(—1)

Vth=alpha-log(R1*R2)/(2%1);//Corresponding threshold
gain coefficient in cm”™(—1)

mprintf ("\n The threshold gain coefficient = %e cm
"—17,Vth);//The answers vary due to round off
error

Scilab code Exa 11.4 4
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//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 11.4

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

R1=0.32; //reflection coefficient of mirror 1

R2=0.32; //reflection coefficient of mirror 2

1=300e-4; //Distance between the two mirrors in cm

alpha=10; //average loss coefficient per unit length
of resonator in cm”(—1)

Vth=alpha-log(R1*R2)/(2x1);//Corresponding threshold
gain coefficient in em”(—1)

mprintf ("\n The threshold gain coefficient = %e cm
"—17,Vth);//The answers vary due to round off
error

Scilab code Exa 11.5 5

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 11.5

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

R1=0.3;//reflection coefficient of mirror 1

R2=0.3; //reflection coefficient of mirror 2

1=500e-4; //Distance between the two mirrors in cm

alpha=5el;//average loss coefficient per unit length
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B scilab 5.5.2 Console - m} ®
File Edit Control Applications ?

FEIATDO Y S S S @

Wariable Browvser ? X

Name Value Type Visibility
B [vih 741 Double]
—> e [sieha 50, Double
== 1 0.05 Double|
ol R2 0.3 Double|
o R1 0.3] Double]

The threshold gain coefficient = 7.407946e+01 cm”™-1

Figure 11.5: 5

of resonator in cm”(—1)

12 Vth=alpha-log(R1*R2)/(2%1);//Corresponding threshold
gain coefficient in em”(—1)

13 mprintf (”\n The threshold gain coefficient = %e cm

"—17,Vth);//The answers vary due to round off
error

Scilab code Exa 11.6 6

1 //Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

2 //Example 11.6

3 //OS=Windows XP sp3

4 //Scilab version 5.5.2
5 clc;
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B scilab 5.5.2 Console - m} *
File Edit Control Applications ?

FEADO Y S S 2K e

Wariable Browser ? A X

Name Value Type Visibility
Case 1: for lambdal =1.30 um B Iy [ [5.1+05 0..., Double ol
Eg=0.953846 eV H x |[5.38 +0i; 0... Double local
y=0.612801 = W 1 Double local
Case 2: for lambda0 =1.55 um == 1 [0.12, -0.72,... Double local
Eg=0.800000 eV ==03 0.356) Double local
y=0.898413 == 1 0.8 Double local
s | ] Jembdag 1.552-06 Double Tocal
B vt 741 Double Tocal
e [aoha 50 Double Tocal
== 1] 0.05 Double local
=1 0.3 Double local
B Rkt 0.3 Double Tocal

Figure 11.6: 6

clear;

//given Case(1)

lambdag=1.30e-6; //emission wavelength in m

//Bandgap energy in eV is given by

Eg=1.24/(lambdag/l1e-6);//Division by 10°(—6) to
convert lambdag into um

mprintf ("\nCase 1: for lambda0 =1.30 um”) ;

mprintf ("\n Eg=%f eV”,Eg);//The answers vary due to
round off error

p=[0.12 -0.72 1.35-Egl;//Relation between Eg & y is
given as 'Eg(y)=1.35-0.72y+0.12y"2 in eV’

y=roots (p);

mprintf ("\n y=%f",y(2,1));//Roots are arranged in
descending order & y cannot be greater than 1

//The answers vary due to round off error

//given Case(1ii)

lambdag=1.55e-6; //emission wavelength in m

//Bandgap energy in eV is given by

Eg=1.24/(lambdag/1e-6);//Division by 10°(—-6) to
convert lambdag into um
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mprintf ("\nCase 2: for lambda0 =1.55 um”) ;

mprintf ("\n Eg=%f eV” ,Eg);//The answers vary due to
round off error

p=[0.12 -0.72 1.35-Egl;//Relation between Eg & y is
given as 'Eg(y)=1.35-0.72y+0.12y"2 in eV’

y=roots (p);

mprintf ("\n y=%f",y(2,1));//Roots are arranged in
descending order & y cannot be greater than 1

//The answers vary due to round off error
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Chapter 12

Detectors for optical fiber
communication

Scilab code Exa 12.1 1

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 12.1

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

lambda=0.8e-6; //wavelength of light in m

n=3.5;//refractive index of Si

e=1.6e-19; //electronic charge in C

h=6.626e-34; //Planck 's constant in SI Units

c=3e8;//speed of electrons in m/s

alpha=1e5;//average loss coefficient per unit length
of resonator in m"(—1)

w=20e-6; //width of depletion layer in m

R=((n-1)/(n+1))"2;//Reflection coefficient of
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B scilab 5.5.2 Console - m} *
File Edit Control Applications ?

ZBEAB0% e 2 e

Watiable Browssr z A%
Name Value Type visibility
R=0.31 B | 0.385| Double local
eta=0.6 B v 3.75+14) Double local
rho=0.38 A/W == B2S] 0.598 Double local
-3 B R n.mE‘ Double Tocal
B w 2205 Double Tocal
£l [aleha 1e+05] Double local
B | 3e+08 Double local
B 6.63e-34 Double Tocal
B e Lée-19| Double Tocal
] In 3.5 Double local
] [lmbda 8e-07] Double! local

Figure 12.1: 1

uncoated Si

mprintf ("\n R=%.2{” ,R);

//Assuming all e—h pairs contribute to photo current
i.e. zeta=l

eta=(1-R)*(1-exp(-alpha*w));//Corresponding quantum
efficiency

mprintf ("\n eta=0.1f",eta);

v=c/lambda;//frequency corresponding to given
wavelength in Hz

rho=eta*e/(h*v);//corresponding responsivity in A/W

mprintf ("\n rho=0t.2f A/W’,rho);//The answers vary
due to round off error

Scilab code Exa 12.2 2
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B Scilab 5.5.2 Conscle - m} *
File Edit Contrel Applications 7

ZE ACO|v SIS =X ee

Variable Browser 2 x
Name Value Type Visibilty
Eor:RIZ100, Ohn: B [pmax 0.004 Double local
Pmax=400.0 mi H 10404 Double local
Vr/P = 50.0 mV/mW H 0) Double| local
For R1=10 kOhm: & rhe 0.5 Double| local

Pmax=4.0 mH
Vr/P = 5.0 V/miW
>

Figure 12.2: 2

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 12.2

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

rho=0.5;//responsitivity of Si PIN detector in A/W

Vb=20; //reverse bias voltage across the detector in
Vv

//Case (1i):

R1=100; //load resistor in ohms

Pmax=Vb/(rho*R1l);//maximum value of optical power P
falling on the photodetector in W

mprintf ("\n For RI=100 Ohm:") ;

mprintf ("\n Pmax=%.1f mW’ ,Pmax/1e-3)//Division by
10°(—=3) to convert into mW

mprintf ("\n Vr/P = %.1f mV/mW’ ,rho*R1);//Bias
voltage per unit power in mV/mW
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Scilab 5.5.2 Console — ] X
File Edit Control Applications ?

ZE X0 a2 X &0

Wariable Browser ?AX

Name Value Type Visibility
The junction capacitance Cd=0.041233 pF B cd 4.122-14 Double! Jocall
== 1 0.00136, Double| local
] 0.002 Double] local
== & 0.05 Double] local
] [epsilon 1.05e-12 Double| local
£ Pmax 0.004) Double] local
e R 1e+04) Double| local
& vb 20 Double| local]
g Irho 0.5] Double| local

Figure 12.3: 3

16 //Case (1ii):

17 R1=10e3;//load resistor in ohms

18 Pmax=Vb/(rho*R1l);//maximum value of optical power P
falling on the photodetector in W

19 mprintf (”\n For RI=10 kOhm:") ;

20 mprintf ("\n Pmax=,.1f mW’ ,Pmax/1e-3)//Division by
10°(—3) to convert into mW

21 //Bias voltage per unit power in V/mW :

22 mprintf ("\n Vr/P = %.1f V/mW’ ,rho*R1/1e3);//Division
by 10°3 to convert into V/mW

Scilab code Exa 12.3 3

1 //Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999
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//Example 12.3

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

epsilon=10.5e-13; //permittivity of
d=500e-4; //diameter of Si detector
w=20e-4; //width of depletion layer
A=%pi*((d/2)"2);//Area of detector

Si
in
in
in

Cd=epsilon*A/d;//Junction capacitance

mprintf ("\n The junction capacitance Cd=%f pF”,Cd/1le
-12);//division by 10°(—12) to convert into pF

in F/cm
cm

cm

cm” 2

in F

//The answer provided in the textbook is wrong
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Chapter 13

Design Considerations of a fiber
optic communication system

Scilab code Exa 13.1 1

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 13.2

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

//Vec(t)=V0x(l—exp(—t/(RxC))) is the voltage across
capacitance in an RC circuit

//Hence, the time t=R+Cx(—1log(1—Vc/V0))

//The Rise time is the time taken by a system to
rise from 10% to 90% of maximum value

//So, it is given as Tr=T90—T10 where T90 is time
when Ve is 90% of maximum value and T10 is time
when Ve is 10% of maximum value
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B scilab 5.5.2 Console - m} ®
File Edit Control Applications ?

FEXAEO Y EB S @0

The Rise Time Tr=2.20RC By m | 0.159| Double
The 3dB bandwidth Deltaf=0.16/RC H Do
Rise time in terms of Bandwidth is given as:

Tr=0.35/Deltaf
>

Figure 13.1: 1

//1i.e. Tr=R«Cx(—log(1—-0.9))—R«Cx(—log(1—-0.1))
//Let Tr=R«Cxk; where k=log(1-0.1))-log(1-0.9)
k=log(1-0.1)-1log(1-0.9);

mprintf ("\n The Rise Time Tr=%.2fRC” ,k);

//Now, The 3dB bandwidth is given as Deltaf=1/(2x%pi
*RxC) ;

//Let Deltaf=m/(RxC); where m=1/(2x%pi)

m=1/(2x%pi) ;

mprintf ("\n The 3dB bandwidth Deltaf=%.2f/RC” ,m);

//By multiplying expressions of Tr and Deltaf , we
eliminate RC from the expressions

//Rearranging te terms, we get Tr in terms of Deltaf

mprintf ("\n Rise time in terms of Bandwidth is given
as:”);

mprintf ("\n Tr=0.2f/Deltaf” ,k*m) ;
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B Scilab 5.5.2 Conscle - m} ®
File Edit Control Applications ?
ZEIACOIv E R =K &

Wariable Browser ? X

Name Value Type Visibility

In the RZ format, we would require a bandwidth = 2.50 GHz B e | 250409 Double| local
In the NRZ format, we would require a bandwidth = 1.25 GHz
-

Figure 13.2: 2

Scilab code Exa 13.2 2

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 13.2

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given
B=2.5e9;//pulse rate of signal in bits/sec

mprintf ("\n In the RZ format, we would require a
bandwidth = %.2f GHz” ,B/1e9);//In RZ format ,
Deltaf=B and Division by 10°9 to convert into GHz

mprintf ("\n In the NRZ format, we would require a

bandwidth = %.2f GHz” ,(B/2)/1e9);//In RZ format ,
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Scilab 5.5.2 Console — O P4
File Edit Control Applications 7

ZEI&A 50| EIE =X @@

Wariable Brovwser ?aX

Name Value Type Visibility
I-0285 na, B |ins 4.56e-09) Double local
The rms shot noise current = 4.56 nA B 6.5e-07| Double local!
- £ |peltaf 12408 Double| local
e 1.6e-19] Double local
HFR 0.65| Double Tocal
ol P 1e-06) Double local
e e 1e-09) Double| local
0l P 2.5e+09) Double local

Figure 13.3: 3

Deltaf=B/2 and Division by 10°9 to convert into
GHz

Scilab code Exa 13.3 3

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 13.3

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

Id=1e-9; //Dark current of a silicon PIN photodiode
in A
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B scilsb 5.5.2 Console — O P4

File Edit Control Applications ?

ZEADD|v E R 2K e@

Yariable Erowser zAaXx

Mame Value Type Visibility
The rms shot noise current = 5.75e-08 A By = o Jocal
The mean sguare shot noise current = 3.31e-15 A%2 ey 138023 Double, Tocal
- =T 500 Double, Tocal
o [Ins 5.75¢-08 Double, local
= 1 6.5e-07| Double local]
] [peiear Te+08 Doible =]
e Tocal
local
=]
=]
Tocal

1.6e-19 Double,

B R 0.85| Double
e P 1e-06] Double
EERE 1e-08 Double|

5= 3 2.5e+09 Double]

Figure 13.4: 4

P=1e-6;//Optical power in W

R=0.65; //Responsivity in A/W
e=1.6e-19//Electronic charge in C
Deltaf=100e6;//Detector bandwidth in Hz

I=R*P;

mprintf ("\n I=%.2f uA”,I/1e-6)//Division by 10°(—6)
to convert into uA

//Let the root mean square shot noise current be Ins

Ins=sqrt (2*xe*x(I+Id)*Deltaf);//As the root mean
square shot noise current is the square root of
mean square shot noise current in A

mprintf ("\n The rms shot noise current = %.2f nA”,
Ins/1e-9);//Division by 10°(—9) to convert into
nA

//The answers vary due to round off error
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Scilab code Exa 13.4 4

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 13.4

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

R1=500; //Value of load resistor Rl in Ohms

kB=1.38e-23; //Boltzmann constant in SI Units

Deltaf=100e6;//Bandwidth of detection in Hz

T=300; //Temperature in K

//Let the root mean square shot noise current be Ins
Ins=sqrt (4xkBxT*Deltaf/R1l);//As the root mean square
shot mnoise current is the square root of mean

square shot noise current in A

mprintf ("\n The rms shot noise current = %.2e¢ A”,Ins
)

mprintf ("\n The mean square shot noise current = %.2
e A"2” ,Ins"2) //The answers vary due to round off
error

Scilab code Exa 13.5 5

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 13.5
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Scilab 5.5.2 Console — ] X
File Edit Control Applications ?

FEEEEIREEIERIEE

Variable Brow: 2%
Name val Type visiblity

NEP = 6.26e-12 W/ (Hz)"(1/2) B ner 2.75e-14) Double local

If Id is the major noise term: BT 300 Double focal

NEP = 2.7Se-14 W/ (Hz)"(1/2) H e 1.38e-23 Dauble local

E H R 1403 Double local

e [ins 5.756-0 Double focal

==l 8507 Double focal

£ |Deltaf 12408 Double] local

. 1.6e-13] Double focal

H R 0.65 Double focal

H P 1208 Double local

e 1009 Double focal

HE 256403 Double focal

Figure 13.5: 5

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

R=0.65; //Responsivity of a Si detector in A/W
Id=1e-9; //Dark current in A

e=1.6e-19; //Electronic charge in C
kB=1.38e-23; //Boltzmann constant in SI Units
R1=1000; //Assumed value of load resistor Rl in Ohms
T=300; //Assumed value of temperature in K

NEP=1/R*sqrt (2*xe*xId+4*kB*T/R1l);//Noise equivalent
power in W/(Hz) " (1/2)

mprintf ("\n NEP = %.2e W/(Hz) "(1/2)” ,NEP); //The
answers vary due to round off error

//1f Id is the major noise term

NEP=1/R*sqrt (2%¥exId);//Noise equivalent power in W/(
Hz) " (1/2)

mprintf ("\n If Id is the major noise term:”);
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B scilab 5.5.2 Console - m} *
File Edit Control Applications ?

FEIAD0 Y EB8 =K e®

Varlable Browser zax
Name Value Type Visibility
Lo se Syl | B [sne 63.3 Double| local
The rms shot noise current due to signal = 3.22 nA e ner 275014 Double local
The rms shot noise current due to dark current = 0.18 nA == il 300 Double local
The rms shot thermal noise current = 40.69 ni o] & 1.38e-23 Double local
SNR = £3.723213 H R 1e+03) Double local
e S N e B Jns 2.07e-08, Double Tocal
B 3.25e-07| Double local
T £ [peltsf 1e+08 Double local
B 1.6e-13| Double Tocal
HFR 0.65 Double Tocal
et P 5e-07| Double local
B d 1e-09 Double Tocal
HE 2.5e+09) Double Tocal

Figure 13.6: 6

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

Scilab code Exa 13.6 6

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 13.6

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

Id=1e-9; //Dark current of a silicon PIN photodiode
in A

P=500e-9;//Optical power in W
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R=0.65;//Responsivity in A/W

R1=1000; //Value of load resistor in Ohms
e=1.6e-19//Electronic charge in C
kB=1.38e-23; //Boltzmann constant in SI Units
Deltaf=100e6;//Detector bandwidth in Hz
T=300; //Missing data— Temperature in K

I=R*P;//Signal current in A

mprintf ("\n I=%.3f uA”,I/1e-6)//Division by 10°(—6)
to convert into uA

//Let the root mean square shot noise current be Ins

//The rms shot noise current due to signal is:

Ins=sqrt (2*xexI*Deltaf);//As the root mean square
shot noise current is the square root of mean
square shot mnoise current in A

mprintf ("\n The rms shot noise current due to signal
= %.2f nA” ,Ins/1e-9);//Division by 10°(—-9) to
convert into nA

//The answers vary due to round off error

//The rms shot noise current due to dark current is:

Ins=sqrt (2*xe*xId*Deltaf);//As the root mean square
shot mnoise current is the square root of mean
square shot mnoise current in A

mprintf ("\n The rms shot noise current due to dark
current = %.2f nA”,Ins/1e-9);//Division by
10°(—9) to convert into nA

//The rms shot thermal noise current is:

Ins=sqrt (4*xkBxT*Deltaf/R1l);//As the root mean square
shot mnoise current is the square root of mean
square shot noise current in A

mprintf ("\n The rms shot thermal noise current = %.2
f nA”,Ins/1e-9);//Division by 10°(—9) to convert
into nA

//The answers vary due to round off error
SNR=((Rx*P)"2)*R1/(4*kB*TxDeltaf);//Corresponding
Signal —to—noise ratio

66



34

35

36

S O W N

B Scilab 5.5.2 Conscle - m} ®
File Edit Control Applications ?
| Y o = <&
ZE&00|% &2 2 e
Warlable Browser 78 x
Name value Type Visibility
I1=16.25 uh B |« 0 Double local
The rms shot noise current due to signal = 161.25 nA ”_Iﬂ 50 Double| local
The rms shot noise current due to dark current = 8.94 nA ] e 9.522+03 Double local
The rms shot thermal noise current = 40.69 ni o [NeP 2.75e-14 Dauble local
SHR = 9520.563936 == U 300 Double] local
R & e 138223 Double local
ks HR 12403 Double| local
o [ns 4.07e-08 Double local
HE 1.622-05 Double local
o] [Peltaf 1e+08| Double local
==13 1.6e-19 Double local
H 0.65 Double local
HF 5e-07) Double local
o d 1e-09) Double local
Bk 2.5e+03) Double local

Figure 13.7: 7

mprintf ("\n SNR = %f”,SNR);//The answers vary due to

round off error

mprintf ("\n SNR in dB = %f dB” ,10x10g10(SNR));//For

conversion to dB

//The answers vary due to round off error

Scilab code Exa 13.7 7

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi ,

//Example 13.7
//OS=Windows XP sp3
//Scilab version 5.5.2
clc;

clear;
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//given
Id=1e-9; //Dark current of a silicon PIN photodiode

in A
P=500e-9;//Optical power in W
R=0.65; //Responsivity in A/W
R1=1000; //Value of load resistor in Ohms
e=1.6e-19//Electronic charge in C
kB=1.38e-23; //Boltzmann constant in SI Units
Deltaf=100e6;//Detector bandwidth in Hz
T=300; //Missing data— Temperature in K
M=50; //Internal gain corresponding to input optical
power P
x=0; //No excess noise

I=M*R*P; //Signal current in A

mprintf ("\n I=4(.2f uA”,I/1e-6)//Division by 10°(—6)
to convert into uA

//Let the root mean square shot noise current be Ins

//The rms shot noise current due to signal is:

Ins=sqrt (2*xexM*IxDeltaf);//As the root mean square
shot mnoise current is the square root of mean
square shot noise current in A

mprintf ("\n The rms shot noise current due to signal
= %.2f nA”,Ins/1e-9);//Division by 10°(—9) to
convert into nA

//The answers vary due to round off error

//The rms shot noise current due to dark current is:

Ins=sqrt (2*e*(M~2)*xId*Deltaf);//As the root mean
square shot mnoise current is the square root of
mean square shot mnoise current in A

mprintf ("\n The rms shot noise current due to dark
current = %.2f nA” ,Ins/1e-9);//Division by
10°(—=9) to convert into nA

//The answers vary due to round off error

//The rms shot thermal noise current is:
Ins=sqrt (4*xkBxT*Deltaf/R1l);//As the root mean square
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B scilab 5.5.2 Console - m} *
File Edit Control Applications ?

ZEIXAB0% E 82X e

Varlabls Browssr z 2 x
Mop= 41.6 Name Value Type Visibility
SNR = 577.043120 By [Mop 41,6] Double local
SNR in dB = 27.61 dB B [x 0.3] Double local
For M=1: | M 1 Double local
SNR = 2.548128 =R 2.55, Double Tocal
SNR in dE — 4.06 dB & e 27514 Double local
= & 300 Double local
::_|k_B 1.38=-23 Double local
TEH R 12403 Double Tocal
B [is 4,07e-08| Double Tocal
B 162205 Double local
£ [pettaf 12+08 Double local
& e L.6e-15) Double Tocal
H R 0.65 Double Tocal
=03 1e-07| Double local
B @ 0 Double local
Bk 2.5e+03) Double local

Figure 13.8: 8

shot mnoise current is the square root of mean
square shot noise current in A

mprintf ("\n The rms shot thermal noise current = %.2
f nA” ,Ins/1e-9);//Division by 10°(—9) to convert
into nA

//The answers vary due to round off error

SNR=((M*R*P) "2) / (2%xe*x (M~ (2+x) ) * (R¥P+Id)*Deltaf +4*xkBx*
T+*Deltaf/R1);//Corresponding Signal—to—noise
ratio since x=0

mprintf ("\n SNR = %f” ,SNR);//The answers vary due to
round off error

mprintf ("\n SNR in dB = %.2f dB” ,10%¥1ogl10(SNR));//
For conversion to dB

//The answers vary due to round off error
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Scilab code Exa 13.8 §

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 13.8

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

P=100e-9;//Optical power in W

R=0.65;//Responsivity in A/W

R1=1000; //Value of load resistor in Ohms

e=1.6e-19//Electronic charge in C

kB=1.38e-23; //Boltzmann constant in SI Units

Deltaf=100e6;//Detector bandwidth in Hz

T=300; //Missing data— Temperature in K

x=0.3; //Excess noise

Id=0;//Since the dark current is neglected in the
example

Mop=(4*kB*T/(x*e*R1*(R*¥P+Id))) " (1/(x+2));//Optimum
value of internal gain corresponding to input
optical power P

mprintf ("Mop= %.1f{” ,Mop);//The answers vary due to
round off error

SNR=((Mop*R*P) "2) /(2*e*(Mop " (2+x) ) * (R¥P+Id) *Deltaf
+4*xkB*T*Deltaf/R1);//Corresponding Signal—to—
noise ratio since x=0

mprintf ("\n SNR = %f”,SNR);//The answers vary due to

round off error

mprintf ("\n SNR in dB = %.2f dB” ,10%x10og10(SNR));//
For conversion to dB

//The answers vary due to round off error

//Case (ii):
M=1; //Internal gain corresponding to input optical
power P

70



B Variable Browser - m} *
File Filter 7

glm® e

Scllab 5.5.2 Consale 2 ax

Mop= 7.7 Name Value Type Visibility

i B [Mop 7.72| Double| local,
B 1 Doubl local
B ™ 1 Double local
=R 255 Double Tocal
& e 27514 Double local
B 300 Double local
e 1.382-23 Double Tocal
TEH R 12403 Double Tocal
B [is 4,07e-08| Double Tocal
B 162205 Double local
£ [peitaf 12+08 Double local

e L.6e-15, Double Tocal

H R 0.45 Double Tocal
=03 5e-07| Double local
B @ 0 Double local
Bk zswﬁl Double local

Figure 13.9: 9

27 SNR=((M*Rx*P) "2) /(2%xex (M~ (2+x) ) *(R*P+Id)*Deltaf +4*kBx*
T*Deltaf/R1);//Corresponding Signal—to—noise
ratio since x=0

28 mprintf ("\n For M=1:");

29 mprintf (”"\n SNR = %f”,S8NR);//The answers vary due to

round off error

30 mprintf(”\n SNR in dB = %.2f dB” ,10%1og10(SNR));//
For conversion to dB

31 //The answers vary due to round off error

Scilab code Exa 13.9 9
1 //Introduction to Fiber Optics by A. Ghatak and K.

Thyagarajan , Cambridge, New Delhi, 1999
2 //Example 13.9
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//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

P=500e-9;//Optical power in W

R=0.45; //Responsivity in A/W

R1=1000; //Value of load resistor in Ohms

e=1.6e-19//Electronic charge in C

kB=1.38e-23; //Boltzmann constant in SI Units

T=300; //Missing data— Temperature in K

x=1; //Excess noise

Id=0;//Since the dark current is neglected in the
example

Mop=(4%kB*T/(x*e*xR1*x(R*P+Id))) ~(1/(x+2));//Optimum
value of internal gain corresponding to input
optical power P

mprintf ("Mop= %.1f{” ,Mop) ;

Scilab code Exa 13.10 10

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 13.10

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

P=100e-9;//Optical power in W

R=0.6;//Responsivity in A/W

R1=1000; //Value of load resistor in Ohms
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B Variable Browser - m} *
File Filter 7

glm® e

Srilab 552 Console ?AX

Mop= 18.0 Name Value Type Visibility

i B [Mop 18 Double| local,
B 0.7] Double local
B ™ 1 Double local
=R 255 Double Tocal
& e 27514 Double local
B 300 Double local
e 1.382-23 Double Tocal
TEH R 12403 Double Tocal
B [is 4,07e-08| Double Tocal
o] £ 1.62e-05] Double local
£ [pettaf E*”E‘ Double local

] [e 1.6e-19 Double local

H R 0.5 Doubl Tocal
o P 1e-07| Double local
B @ 0 Double local
Bk 2.5e+03 Double local

Figure 13.10: 10

11 e=1.6e-19//Electronic charge in C

12 kB=1.38e-23;//Boltzmann constant in SI Units

13 T=300; //Missing data— Temperature in K

14 x=0.7;//Excess noise

15 Id=0;//Since the dark current is neglected in the
example

16

17 Mop=(4%kB*T/(x*e*xR1*(R*P+Id))) ~(1/(x+2));//Optimum
value of internal gain corresponding to input
optical power P

18 mprintf ("Mop= %.1f{”,Mop) ;

Scilab code Exa 13.11 11

1 //Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999
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B scilab 5.5.2 Console - m} *
File Edit Control Applications ?

ZEIXAB0% E 82X e

Varlabls Browssr z 2 x
Name Value Type Visibility

For 100 Mb/s, Pmin=0.39 uW B [pmin 3.87e-05 Double| local

For 1 Gb/s, Pmin=3.87 uW e [eer 1203 Double local

e == 1Y 1e-12| Double local

B [Mon 7.72] Double Tocal

1 Double local

B 1 Double local

| ISNR 144| Double local

=G 2.75e-14 Double Tocal

H 300 Double Tocal

:LIEB 1.36e-23 Double local

B R 12+03 Dotble local

B [is 4,072-08 Double Tocal

B 162205 Double Tocal

e [petaf 12+08 Double local

H e 1.6e-15) Double local

H 0.5 Double Tocal

P 52-07| Double local

B [ 0 Double local

Bk 12408 Double ocal

Figure 13.11: 11

//Example 13.11

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

R=0.5;//Responsivity in A/W

T=300; //Missing data— Temperature in K

C=1e-12; //Photodiode capacitance in F

BER=1e-9; //Bit error rate

SNR=144; //Signal —to—noise ratio corresponding to BER
of (10)°(—9)

kB=1.38e-23; //Boltzmann constant in SI Units

//Case(1i):

B=100e6;//Bit rate in b/s

Pmin=B/R*sqrt (2*%pi*kB*T*C*xSNR) ;

mprintf ("\n For 100 Mb/s, Pmin=0%.2f uW” ,Pmin/1e-6);
//Dividing by 10°(—6) to convert into uW
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Scilab 5.5.2 Console — m] x

File Edit Control Applications ?

ZEXDOY &S X &0

Seilh 5.5.2 Consale 2 2 X Varighle Browser ? %

Name value Type visiblty

For 100 Mb/s, Pmin=0.31 uW EH] [Pmin 3.066-07 Double local

-—> o e 1206 Double focal
H 112 Double local
H Mop 7.72] Double! local
e 1] Double focal
™ 1] Double focal
& s 20 Double local
e er 2.75e-14 Double focal
T 300 Double focal
i e 1.38c-23 Double local
H R 1403 Double focal
e [ins 20708 Double focal
== 162205 Double focal
e pefaf 12408 Double local
e = 1.6e-13] Double focal
R 0.5 Double focal
H P 5007 Double local
e 0 Double focal
& E 1403 Double focal

Figure 13.12: 12

//Case(ii):
B=1e9;//Bit rate in b/s
Pmin=B/R*sqrt (2*%pi*kB*T*C*xSNR) ;

mprintf ("\n For 1 Gb/s, Pmin=0(.2f uW’ ,Pmin/1e-6);//

Dividing by 10°(—6) to convert into uW

Scilab code Exa 13.12 12

//Introduction to Fiber Optics by A. Ghatak and K.
1999

Thyagarajan , Cambridge, New Delhi ,
//Example 13.12
//OS=Windows XP sp3
//Scilab version 5.5.2
clc;
clear;

75




© 0

10
11
12

13
14
15
16
17

18

B scilab 5.5.2 Console -
File Edit Control Applications ?

FEXAEO Y EB S| @0

Wariable Brovser

The source power must exceed -9.00 dBm= 0.13 mW EH |p

uble

- e pm

uble

uble

uble

olra| o] b

uble

L] [Pmin -39|

uble

e [alohat 0.5

=)
oloolooololoo
s\g|g|g|g|e|e|d|e

I
[
I
lox
uble local
I
I
I
I

uble

Figure 13.13: 13

//given

R=0.5;//Responsivity in A/W

T=300; //Missing data— Temperature in K
C=1e-12; //Photodiode capacitance in F
BER=1e-6; //Bit error rate

SNR=90; //Signal —to—noise ratio corresponding to BER

of (10)"(—6)
kB=1.38e-23; //Boltzmann constant in SI Units

B=100e6;//Bit rate in b/s
Pmin=B/R*sqrt (2*%pi*kB*T*C*xSNR) ;

mprintf ("\n For 100 Mb/s, Pmin=0%.2f uW” ,Pmin/1e-6) ;

//Dividing by 10°(—6) to convert into uW
//The answers vary due to round off error
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Scilab code Exa 13.13 13

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 13.13

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

L=40;//Total fiber length in km

alphat=0.5;//Fiber transmission loss in dB/km

Pmin=-39;//Receiver sensitivity in dBm is the
minimum power received by receiver

Ns=4; //Number of splices contributing to loss

Ls=0.5;//Loss of each splice in dB

Nc=2; //Number of connectors contributing to loss

Lc=1;//Loss of each connector in dB;

Pm=6; //Power margin in dB

//Let the source power be P

P=Pmin+Pm+Ns*Ls+Nc*Lc+L*alphat;//Minimum value of
source power in dBm

mprintf ("\n The source power must exceed %.2f dBm= %

2f mW’ ,P, (107 (P/10)));//Taking 10" (P/10) to
convert into mW

Scilab code Exa 13.14 14

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 13.14

//OS=Windows XP sp3

//Scilab version 5.5.2
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B Scilab 5.5.2 Conscle - m} *
File Edit Contrel Applications 7

ZE ACO|v SIS =X ee

Variable Browser A x
Name Value Type Visibility

For 20 Mb/s, Pmin=1.33e-07 W = -38.8 dBm B 25.7] Doublel Jocal
The permissible loss between transmitter and receiver = 25.7 dB & pidem 13 Double| local
- £ [Pmindsm 3.8 Double| local
£ [Pmin 1.33e-07] Double| local

& B 2e+07] Double] local

EENE 1.38e-23 Double| local

[ R 144 Double| local

o Ber 1e-09 Double] local

B Se-12| Double] local

Hm 300, Double| local

HR 0.55| Double Tocal

H i 5e-05| Double local

Figure 13.14: 14

clc;

clear;

//given

Pi=50e-6;//Source power in W

R=0.65;//Responsivity in A/W

T=300; //Missing data— Temperature in K

C=5e-12; //Photodiode capacitance in F

BER=1e-9; //Bit error rate

SNR=144; //Signal —to—noise ratio corresponding to BER
of (10)°(—6)

kB=1.38e-23; //Boltzmann constant in SI Units

B=20e6;//Bit rate in b/s

Pmin=(B/R)*sqrt (2x%pi*kB*xT*C*SNR); // Receiver
sensitivity in W

//Let the value of Pmin in dBm be denoted by ’
PmindBm’

PmindBm=10*10gl10(Pmin/1e-3);//Taking 10%log(Pmin) to
convert into dBm where Pmin must be in mW

mprintf ("\n For 20 Mb/s, Pmin=v.2¢ W= %.1f dBm”,
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B scilab 5.5.2 Console - m} ®
File Edit Control Applications ?

FEIATDO Y S S S @

uble
uble
uble
uble
uble
uble

The total system rise time Ts=1.75 ns H ms 1.75e-09
o == 8 100
£l BER 1e-09
o B 4e+08|
o m 0.159]
== 13 2.2|

oloololoo
&g e|alg|s

Figure 13.15: 15

Pmin,PmindBm) ; //The answers vary due to round off
error

21 //Let the value of Pi in dBm be denoted by ’PidBm’

22 PidBm=10%1log10(Pi/1e-3);//Taking 10xlog(Pi) to

convert into dBm where Pi must be in mW

23 Pl=abs(PmindBm-PidBm);//The permissible loss between

transmitter and receiver in dB

24 mprintf (”\n The permissible loss between transmitter

and receiver = %.1f dB”,P1);

25 //The answers vary due to round off error

Scilab code Exa 13.15 15

1 //Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999
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Scilab 5.5.2 Console — O %
File Edit Control Applications 7
L o 2 B

ZElAn0|v Sa|2 X e

Wariable Brovy: ?AaXx
Name Vall Type Visibility

Maximum permissible loss-limited length Lmax=92.96 lm EH [Lmax 93| Double local

- o v 2.31e+14| Double local
e 408 Double local
& h 6.63e-34| Double local
H e 1e+03| Double local
ol Pi 0.001] Double local
D 0.4 Double local
e Jambda 1,324 Double ocal
o s 1.75e-09) Double local
e L 100) Double local
L] BER 1e-09) Double local
o B 2.5e+09| Double local
g m 0.159] Double local
ek 23] Double ocal

Figure 13.16: 16

//Example 13.15

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

B=400e6;//Bit rate in b/s
BER=1e-9; //Bit error rate

L=100; //Total fiber length in km

//The Total system rise time is given as:

Ts=0.7/B;//The expression for total rise time under

NRZ transmission in s

mprintf ("\n The total system rise time Ts=%.2f ns”,
into ns

Ts/1e-9);//Dividing by 10°(—9) to convert
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Scilab code Exa 13.16 16

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 13.16

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

lambda=1300e-9; //Operating wavekength of the system
in m

alpha=0.4;//Fiber loss in dB/km

Pi=1e-3;//Input power in W

Np=1000; //Minimum number of photons per bit of
information

B=2.5e9;//Bit rate in b/s

h=6.63e-34; //Planck s constant in SI Units

c=3e8;//Speed of photons in m/s

v=c/lambda;//Frequency corresponding to the
operating frequency

Lmax=10/alpha*logl0 (2xPi/(Np*B*hx*v)) ; //Maximum
permissible loss—limited length in km

mprintf ("\n Maximum permissible loss—limited length
Lmax=.2 f km” ,Lmax);//The answers vary due to
round off error

Scilab code Exa 13.17 17
//Introduction to Fiber Optics by A. Ghatak and K.

Thyagarajan , Cambridge, New Delhi, 1999
//Example 13.17
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B scilab 5.5.2 Console - m} *
File Edit Control Applications ?

FEADO Y S S 2 X e

Watiable Brow: e
MName Value Type Visibility
Maximum permissible loss-limited length Lmax=189.74 km B lLmax 190 Doie) e
g 1.94e +14 Double local
c 3e+08| Double local]
== 6.63e-34| Double local
e 12403 Double, local
o [Pi 0.001 Double local
B [eipha 0.2 Double Tocal
] [lambda 1.55e-06| Double local
== B 175209 Double Tocal
B I 10%‘ Double local
] [BER 1e-09] Double local
0 B 2.5e+09] Double local
e m 0.159] Double] local
=03 2.2| Double local
Figure 13.17: 17

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

lambda=1550e-9; //Operating wavekength of the system

in m

alpha=0.2;//Fiber loss in dB/km

Pi=1e-3;//Input power in W

Np=1000; //Minimum number of photons per bit of
information

B=2.5e9;//Bit rate in b/s

h=6.63e-34; //Planck’s constant in SI Units

c=3e8;//Speed of photons in m/s

v=c/lambda; //Frequency corresponding to the
operating frequency

Lmax=10/alpha*logl0 (2%Pi/(Np*Bxhxv)); //Maximum

permissible loss—limited length in km
mprintf ("\n Maximum permissible loss—limited length
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B scilab 5.5.2 Console - m} ®

File Edit Control Applications ?

FEAC0 % S8 X ®@

i “ariable Bravwser ? A X
Name Value Type Visibility

Maximum permissible loss-limited length Lmax=19.73 km FH |Lmax 19,7| Double! local

g == B 3.53e+14 Double| local
=203 3e+08 Double local
& h 6.632-34 Double| local
] Np 12403 Double! local
£l Pi 0.001] Double| local
£ [aipha 2.5 Double local
i lambda 8.52-07] Dauble local
o [Ts 1.75e-09 Double] local
== 100 Double local
| B Fer 1209 Double! local
o B 1e+08 Double] local
g m 0.159] Double| local
B 2.7 Double local

Figure 13.18: 18

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

round off error

Scilab code Exa 13.18 18

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 13.18
//OS=Windows XP sp3
//Scilab version 5.5.2
clc;

clear;

//given

lambda=850e-9; //Operating wavekength of the system

in m
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alpha=2.5;//Fiber loss in dB/km

Pi=1e-3;//Input power in W

Np=1000; //Minimum number of photons per bit of
information

B=100e6;//Bit rate in b/s

h=6.63e-34; //Planck’s constant in SI Units

c=3e8;//Speed of photons in m/s

v=c/lambda;//Frequency corresponding to the
operating frequency

Lmax=10/alpha*log10 (2*Pi/(Np*B*h*v)) ;//Maximum
permissible loss—limited length in km

mprintf ("\n Maximum permissible loss—limited length
Lmax=%.2 f km” ,Lmax);//The answers vary due to
round off error
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Chapter 14

Optical fiber Amplifiers

Scilab code Exa 14.1 1

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 14.1

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

lambda=980e-9; //Operating wavelength in m

Sigmapa=3.1e-25; //Absorption cross section at pump
in m"2

tsp=12e-3; //spontaneous emission lifetime in sec

h=6.626e-34; //Planck s constant in SI Units

c=3e8;//speed of electrons in m/s

v=c/lambda; //frequency corresponding to given
wavelength in Hz

IpO=hx*v/(Sigmapax*tsp);//Intensity at pump in W/(m"2)

mprintf ("\n Ip0=%e W/(m"2)”,Ip0)//The answers vary
due to round off error
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B Scilab 5.5.2 Conscle - m} *
File Edit Contrel Applications 7

ZEXE0|% S8|E X e

Warlable Browser ER
Name Value Type Visibility
Ip0=5.452600e+07 W/ (m"2) B [0 1.16e+07| Double local
0 [vs 1.95e +14| Double local
For a signal wavelength of 1536 nm: & et 3.15e+07| Double Tocal
Threshold pump intensity = 5.45e+07 W/ (m*2) o [etas 173 Double local
1s0=1.16e407 W/ (mw~2) H [sigmase 113e25 Double local
H [sigmasa 6.54-26 Double local
For = signal wavelength of 1550 nm: - ';rghdas ;:;:i; g:::;z ::E::
Threshold pump intensity = 4.07e+07 W/ (m"2) =n g 065114 Do Tocal
H 3e+08 Double Tocal
For a signal wavelength of 1580 nm: Hh 66334 Double Tocal
Threshold pump intensity = 3.15e+07 W/ (m"2) H [&e 0.012) Double local
B H |sigmapa 3.1e-25] Double local
H fiambda 3.8e-07] Double Tocal

Figure 14.1: 1

//Case (1)
lambdas=1536e-9; //Wavelength of signal used
Sigmasa=4.644e-25;//Absorption cross section at
signal in m"2
Sigmase=4.644e-25; //Emission cross section at signal
in m"2
etas=Sigmase/Sigmasa;//Ratio of emission to
absorption cross sections
mprintf ("\n\n For a signal wavelength of 1536 nm:”);
Ipt=Ip0/etas;// Threshold pump intensity in W/(m"2)
mprintf ("\n Threshold pump intensity = %.2¢ W/(m"2)”
,Ipt);//The answers vary due to round off error
vs=c/lambdas;//frequency corresponding to wavelength
of signal used
IsO=hx*vs/((Sigmasa+Sigmase)*tsp);//Corresponding
intensity at signal in W/(m"2)
mprintf ("\n Is0=%.2¢ W/(m"2)”,Is0);//The answers
vary due to round off error
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//Case (ii)

lambdas=1550e-9; //Wavelength of signal used

Sigmasa=2.545e-25; //Absorption cross section at
signal in m"2

Sigmase=3.410e-25; //Emission cross section at signal
in m"2

etas=Sigmase/Sigmasa;//Ratio of emission to
absorption cross sections

mprintf ("\n\n For a signal wavelength of 1550 nm:");

Ipt=Ip0/etas;//Threshold pump intensity in W/(m"2)

mprintf ("\n Threshold pump intensity = %.2e W/(m"2)”
,Ipt);

//Case (iii)

lambdas=15380e-9; //Wavelength of signal used

Sigmasa=0.654e-25; //Absorption cross section at
signal in m"2

Sigmase=1.133e-25; //Emission cross section at signal
in m"2

etas=Sigmase/Sigmasa;//Ratio of emission to
absorption cross sections

mprintf ("\n\n For a signal wavelength of 1580 nm:");

Ipt=Ip0/etas;// Threshold pump intensity in W/(m"2)

mprintf ("\n Threshold pump intensity = %.2¢ W/(m"2)”
,Ipt);

Scilab code Exa 14.4 4

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 14.4

//OS=Windows XP sp3

//Scilab version 5.5.2
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B scilab 5.5.2 Console - m} ®
File Edit Control Applications ?
o <

FEIATDO Y S S S @

‘ariable Brovwser ? X
Name Walut Type Wisibility

Gain Bandwidth in freguency domain = 3.7 THz EH Deltay 3.75¢+12) Double local

==> v 1.94e+14| Double| local
H |c 3e+03| Double| local
] lLambdad 1.55e-06 Double| local
] |Deltalambda0 3e-08] Double] local

Figure 14.2: 4

clc;
clear;

//given

DeltalLambda0=30e-9; //Gain bandwidth in wavelength

domain in m

Lambda0=1550e-9; //central wavelength in wavelength

domain in m
c=3e8; //Speed of light
v=c/Lambda0;

Deltav=DeltalambdaO/LambdaOx*v;

in m/s

mprintf ("\n Gain Bandwidth in frequency domain

f THz” ,Deltav/1e12);

%.1
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Chapter 17

Single mode fiber optic
components

Scilab code Exa 17.1 1

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 17.1

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

n1=1.4532; //refractive index of core

n2=1.45; //refractive index of cladding

a=5e-6;//fiber core radius in m

d=12e-6; //Distance between the fiber axes in m

dbar=d/a;//Ratio of distance between fiber axes to
the core radius

delta=((n1)"2-(n2)"2)/((n1)"2);//Dimensionless
quantity
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B Scilab 5.5.2 Conscle - m} ®
File Edit Control Applications ?

EEFEEEIRIEIEIEEEY:

Warlable Browser 78 x

Name Value Type visibility
For lambda=1.3 um: c 0.0351‘ Double ocdl
¥=0.693586 mm™(-1) B 1.89 Double local
Lc =2.26 mm A -1 Double local
P2=0.50 v 2.24 Double local
N ko 4652405 Double local
X=0.743551 mm* (1) i Labmhdaﬂ 1.35e-06 Dnu::e : :

H [dbar 24 Double

T H 1.2=05 Double local
B {] [delta 0.0044) Double local
a Se-06) Double local
& |z 1.45 Double local
H 1 145 Double local
& Pz 0.558] Double local
o k 744 Double local
H e 0.00226 Double local

Figure 17.1: 1

//Case (1i):

lambda0=1.3e-6; //Free space wavelength in m

k0=2*%pi/lambdal;//free space wave number in rad/m

V=kO*a*sqrt ((n172)-(n2°2));//dimensionless waveguide
parameter

//The approximate expression for k consists of
constants A, B and C

A=5.2789-3.663%V+0.3841*%(V"2);//Expression for
constant A in terms of 'V’

B=-0.7769+1.2252%V-0.0152*(V"2);//Expression for
constant B in terms of 'V’

C=-0.0175-0.0064*V-0.0009%(V"2);//Expression for
constant C in terms of 'V’

k=(%pi/(2*%a))*sqrt (delta) *exp (-(A+Bxdbar+Cx*(dbar) "2)
);//Expression for Coupling Coefficient in m"(—1)

mprintf ("\n For lambda=1.3 um:”);

mprintf ("\n k=%f mm"(—-1)",k/1e3);//Dividing by 1073
to conevert into mm"(—1)

//The answers vary due to round off error

Lc=%pi/(2*xk);//Corresponding coupling length in m
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mprintf ("\n Lc¢ =06.2f mm” ,Lc/1e-3);//Dividing by
10°(—=3) to convert into mm

P2=(sin(k*Lc/2))"2;//The coupled power at given
wavelength

mprintf ("\n P2=%.21{" ,P2);

//Case (ii):

lambda0=1.35e-6; //Free space wavelength in m

k0=2%*Y%pi/lambdal;//free space wave number in rad/m

V=kO*a*sqrt ((n1°2)-(n2°2));//dimensionless waveguide
parameter

//The approximate expression for k consists of
constants A, B and C

A=5.2789-3.663*V+0.3841%(V"2);//Expression for
constant A in terms of 'V’

B=-0.7769+1.2252%V-0.0152*(V"2);//Expression for
constant B in terms of 'V’

C=-0.0175-0.0064*V-0.0009*(V"2);//Expression for
constant C in terms of 'V’

k=(%pi/(2*a))*sqrt (delta) *exp (-(A+Bxdbar+Cx*(dbar) "2)
);//Expression for Coupling Coefficient in m"(—1)

mprintf ("\n For lambda=1.35 um:”) ;

mprintf ("\n k=%f mm"(—1)”,k/1e3);//Dividing by 1073
to conevert into mm"(—1)

//The answers vary due to round off error

P2=(sin(k*Lc/2))"~2;//The coupled power at given
wavelength

mprintf ("\n P2=)(.2f”,P2);//The answers vary due to
round off error

Scilab code Exa 17.2 2

//Introduction to Fiber Optics by A. Ghatak and K.
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B scilsb 5.5.2 Console — O X

File Edit Control Applications 7

FEIA0D% E 22K %@
“Wariable Browser ? X

Name Value Type Visibility

The birefringence of the given fiber = -5.77e-07 EH N 1 Double! local

= ] [Deltaneff -5.77e-07| Double local
] [lambda 6.33e-07| Double/ local
0l R 0.03 Double local
== 6.25e-05 Double| local
= 0.133] Double local
==l 1.83| Double Tocal
==13 -1 Double/ local
== AU 2.24| Double| local
B ko 4.65e+06 Double| local
] [lambdad 6.33e-07| Double/ local
] [dbar 2.4 Double/ local
0 d 1.2e-05 Double! local
] |delta 0.0044| Double! local
== 5e-06) Double/ local
] n2 1.45 Double local
s I 1.45| Double Tocal
g P2 0.556) Double| local
=13 744 Double/ local
[ 0.00226] Double local

Figure 17.2: 2
Thyagarajan , Cambridge, New Delhi, 1999

//Example 17.2

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

b=62.5e-6; //Outer radius of silica fiber in m

R=30e-3;//Radius of the circular loop formed by the

fiber in m

lambda=633e-9; //Wavelength in m

C=0.133; //Value of constant C for a silica fiber at

633 nm

Deltaneff=-C*(b/R)"2;//The Corresponding

dimensionless birefringence

mprintf ("\n The birefringence of the given fiber

.2e” ,Deltaneff);//The negative sign indicates

that the polarization of the slow wave

perpendicular to the optic

axis

1s

%
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B scilsb 5.5.2 Console — O %

File Edit Control Applications ?

FEADDIv E S =X ®@

Yariable Erowser zAaXx
Name Value Type Visibility
R= 2.06 cm B 1 Double local
--> £L| [Deltaneff -5.77e-07] Double| local
£ Jlambda 6.33-07] Double| local
ol R 0.0208 Double local
& b 6.25e-05 Double local
t [c 0.133] Double local
B 189 Double local
=210 -1 Double| local
o v 2.24| Double local
o ko 4.652+06| Double local
e Jlambdan 6.33-07] Double| local
e ldbar 24 Double| local
e e 1.22-05| Dotble local
£ deita 0.0044] Double| local
H 5e-06 Double| local
o 2 1.45] Double local
o 1 1.45] Double local
o P2 0.556| Double local
=213 749 Double| local
o < 0.00226/ Double local

Figure 17.3: 3

Scilab code Exa 17.3 3

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 17.3

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

lambda0=633e-9; //Wavelength in m

b=62.5e-6;//Outer radius of silica fiber in m

N=1; //Number of loops formed by the fiber

C=0.133;//Value of constant C for a silica fiber at
633 nm
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B scilsb 5.5.2 Console — O %
File Edit Control Applications ?

FEADDIv E S =X ®@

Variable Brow: ?ax
Name Value Type Visibility

The cutoff wavelength is 0.784 um B |a 293207 Double ool

Grating period= 0.293 um o e 1.45 Double Tocal

-—> e [embdas 8.5¢-07] Double Tocal

£l flambdac 7.84e-07| Double local

== i 2.4) Double local

1.882-05 Double Tocal

3208 Double local

NA 0.1 Doubl local

o 2 1.45 Double local

Figure 17.4: 4

R=8*Ypi*C*(b~2)*N/lambda0;//Radius of the circular
loop corresponding to a quarter plate formed by
the fiber in m

mprintf ("\n R= %.2f cm” ,R/1e-2);//Division by
10°(—=2) to convert into cm

//The answers vary due to round off error

Scilab code Exa 17.4 4

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 17.4

//OS=Windows XP sp3

//Scilab version 5.5.2
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clc;

clear;

//given

n2=1.45; //refractive imdex of cladding

NA=0.1; //Numerical aperture of the fiber

a=3e-6;//radius of core in m

n=2xY%pi*a*NA; //numerator of the corresponding V
number

//For cutoff wavelength:

V=2.4048;

//Since V=n/lambda0

lambdac=n/V;//cutoff wavelength of single mode fiber

in m

mprintf ("\n The cutoff wavelength is %.3f um”,
lambdac/1e-6);//Division by 10°(—6) to convert
into um

//Now, For lambdaB=850 nm:

lambdaB=850e-9; //Bragg wavelength in m

neff=1.4517; //Corresponding value of effective index
in LP01 mode

//Let A be grating period

A=lambdaB/(2*neff);//Grating period in m

mprintf ("\n Grating period= %.3f um” ,A/1e-6);//
Division by 10°(—6) to convert into um

//The answers vary due to round off error

Scilab code Exa 17.5 5

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999
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B Scilab 5.5.2 Conscle - m} ®

File Edit Control Applications ?

FEAD0|G &S @ XK &

Wariable Browser ? X

Name Value Type visibility

L0107 31 en g L) HH [peltaLambda 2.0%-11 Double| local

Deltan=3.70e-05 ] |peltan 3.7e-05 Double local

Deltalambda=0.02 nm t k 72.7 Dauble local

> L 0.5 Double local
L 0.025] Double local
R 0.9 Double local]
A 2.93e-07| Double local
ineff 1.45 Double local
lambdaB 8e-07 Double local
lambdac 7.84e-07| Double local
v 2.4 Double local
n 1.88e-06| Double local
a 3e-08) Double local
NA 0.1] Double local
n2 1.45) Double local

Figure 17.5: 5

//Example 17.5

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

//Since the reflectivity of fiber is 90%,

R=0.9; //Reflection coefficient of fiber

L=25e-3;//Length of fiber in m

lambdaB=800e-9; //Bragg wavelength in m

neff=1.4517; //Corresponding value of effective index

in LPO1l mode

I=0.5;//Transverse overlap integral of modal

distribution

//Now, (tanh (kxL))"2=R
//Rearranging terms, we get:

k=atanh (sqrt(R))/L;//Corresponding coupling

coefficient in m"(—1)

mprintf ("\n k=%.3f mm"(—1)”,k/1e3);//Dividing by
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B scilab 5.5.2 Console - m} ®
File Edit Control Applications ?

FEXAEO Y EB S| @0

Variable Brovser 22 x
Name value Type visibiity
k=0, 182 ampi-1) B [pettan 9.26e-05, Double! local
Deltan=9.26e-05 ] Deltalambda 5.09e-11| Double| local
Deltalambda=0.05 nm EL| [Deltaneff 0.000204 Double local
e =203 182 Dauble local
== 0.5 Double| local
H neff 145 Double local
£ ambcaB 8e-07 Double local
B I 0.01 Dauble local
B R 0.9 Double local

Figure 17.6: 6

10°3 to convert into mm"(—1)

//Rearranging terms of expression k=%pixDeltanxI/
lambdaB

Deltan=k*lambdaB/(%pi*I);//Change in refractive
index

mprintf ("\n Deltan=06.2e¢” ,Deltan);// Unitless quantity

//The answers vary due to round off error

Deltalambda=lambdaB~2/(%pi*neff*L)*sqrt ((kxL) "2+ (%pi
)~2);//Corresponding bandwidth in m

mprintf ("\n DeltaLambda=0.2f nm” ,Deltalambda/le-9) ;
//Division by 10°(—=9) to convert into nm

Scilab code Exa 17.6 6
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//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 17.6

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

//Since the reflectivity of fiber is 90%,

R=0.9; //Reflection coefficient of fiber

L=10e-3; //Length of fiber in m

lambdaB=800e-9; //Bragg wavelength in m

neff=1.4517; //Corresponding value of effective index

in LP01 mode

I=0.5;//Transverse overlap integral of modal

distribution

//Now, (tanh (kxL))"2=R

//Rearranging terms, we get:

k=atanh (sqrt(R))/L;//Corresponding coupling
coefficient in m"(—1)

mprintf ("\n k=%.3f mm"(—1)”,k/1e3);//Dividing by
10°3 to convert into mm"(—1)

//The answers vary due to round off error

//Rearranging terms of expression k=%pixDeltanxI/
lambdaB

Deltan=k*lambdaB/(%pi*I);//Change in refractive
index

mprintf ("\n Deltan=)t.2¢” ,Deltan);//Unitless quantity

//The answers vary due to round off error

Deltalambda=lambdaB "2/ (%pi*neff*L)*sqrt ((kxL) "2+(%pi
)~2);//Corresponding bandwidth in m

mprintf ("\n DeltaLambda=0.2f nm” ,Deltalambda/1e-9) ;
//Division by 10°(—9) to convert into nm
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B scilab 5.5.2 Console
File Edit Control Applications ?

ZEIXAB0% E 82X e

‘ariable Browser

k=0.418 mm" (-1)
Deltaneff=2.0%e-04
Deltalambda=0.40 nm

Name

] |peltalambda

Value Type

4e-10|

Double

Visibility

] |peltaneff

0.000204|

Double

418,

Double

0.5

Double

135

Double

1.53e-06|

Double

0.0048

Double

0.93

Double

Figure 17.7: 7

Scilab code Exa 17.7 7

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi ,

//Example 17.7
//OS=Windows XP sp3
//Scilab version 5.5.2
clc;

clear;

//given

1999

//Since the peak reflectivity of fiber is
R=0.93;//Reflection coefficient of fiber

L=4.8e-3;//Length of fiber in m

lambdaB=1532.1e-9; //Bragg wavelength in m
neff=1.4517; //Corresponding value of effective

99
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in LP01 mode
I=0.5;//Transverse overlap integral of modal
distribution

//Now, (tanh (kxL))"2=R

//Rearranging terms, we get:

k=atanh(sqrt(R))/L;//Corresponding coupling
coefficient in m"(—1)

mprintf ("\n k=%.3f mm"(—1)”,k/1e3);//Dividing by
10°3 to convert into mm"(—1)

//The answers vary due to round off error

//Rearranging terms of expression k=%pixDeltanxI/
lambdaB

Deltaneff=k*lambdaB/(%pi);//Change in effective
refractive index

mprintf ("\n Deltaneff=.2¢” ,Deltaneff);//Unitless
quantity

//The answers vary due to round off error

Deltalambda=lambdaB~2/(%pi*neff*L)*sqrt ((kxL) "2+ (%pi
)~2);//Corresponding bandwidth in m

mprintf ("\n DeltaLambda=)0.2f nm” ,Deltalambda/1e-9) ;
//Division by 10°(—=9) to convert into nm

Scilab code Exa 17.8 &

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 17.8

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;
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Scilab 5.5.2 Console — m] X
File Edit Control Applications ?

FEFEEIREEIERIE:

“ariahle Browser 2?2 X

Hame Value Type visibility
1=2.29 mm B m 2.99 Double
Deltan=8.60e-04 & [peitan 0.00086 Doble!
- tH [peitaLambda 1209 Doble!
£ [peltaneff 0.000204 Doble;
H 1312403 Couble!
B 0.75, Doble!
H neff 1.45] Dauble
£ [lambdag 1.55¢-06 Doble;
B 0.00229 Couble!
HF 053] Doble!

o8 8868 8L

Figure 17.8: 8

clear;

//given

//Since the reflectivity of fiber is 99%,

R=0.99;//Reflection coefficient of fiber

lambdaB=1550e-9; //Bragg wavelength in m

neff=1.45; //Corresponding value of effective index
in LP01 mode

Deltalambda=1e-9; //Bandwidth of reflection spectrum
in m

I=0.75;//Typical value of transverse overlap
integral of modal distribution

//Now, (tanh (kxL))"2=R

//Rearranging terms, we get: kxL=atanh(sqrt(R))
//Let m=kxL

m=atanh (sqrt (R)) ;

//Rearranging terms of expression DeltaLambda=

lambdaB "2/ (%pixneff«L)xsqrt ((k*L) 2+ (%pi) "2) , we
get
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Scilab 5.5.2 Console — o X
File Edit Control Applications ?

ZEADODIY ERSE K ®O®

Wariable Brovwser ? X
Name Value Type Visibility
Yron1ia04g By v 2.17] Double local
W0/2=1.181345 £ ambcan 1.3e-06 Doble! local
I=0.76 o NA 0.09 Double] local
6 e H = 5¢-06, Double! local
e m 118 Double local
t] Deltan 0.000886 Double| local
] DelftaLambda 109, Dauble local
£l Deltaneff 0.000204| Double| local
o k 1.31e+03| Double! local
e 0.761] Double] local
H fneff 145 Double local
£ ambcan 1.55¢-06 Double local
o L 0.00229 Double| local
o R 0.99 Double] local

Figure 17.9: 9

L=lambdaB~2/(%pi*neff*Deltalambda)*sqrt(m~2+(%pi) ~2)
//Since m=kxL

//Length of fiber in m

mprintf ("\n L=(.2f mm” ,L/1e-3);//Division by 10" (—3)
to convert into mm

//Rearranging terms of m=kxL, we get:
k=m/L;//Corresponding coupling coefficient in m"(—1)

//Rearranging terms of expression k=%pixDeltanxI/
lambdaB

Deltan=k*lambdaB/(%pi*I);//Change in refractive
index

mprintf ("\n Deltan=0.2¢” ,Deltan);//Unitless quantity
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Scilab code Exa 17.9 9

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 17.9

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

a=5e-6;//Fiber core radius in m

NA=0.09; //Numerical aperture of the fiber

lambda0=1.3e-6; // Wavelength of radiation to be
reflected from a Bragg grating

V=2xYpi*a*NA/lambdaO;//Corrseponding dimensionless V
number

mprintf ("\n V=%f",V);//The answers vary due to round
off error

//Since WO0=(0.65+1.619/V"(3/2)+2.879/V"6)xa , where
WO is the mode spot size in m

//Let WO=mxa , where m=0.65+1.619/V"(3/2)+2.879/V"6

m=0.65+1.619/V~(3/2)+2.879/V"6;

mprintf ("\n WO0/a=%f" ,m);//The answers vary due to
round off error

//Given that I=l—exp(—2x(a/W0)"2);
I=1-exp(-2/m~2);//From the assumption that m=W0/a
mprintf ("\n I=%.2{”,1);
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Chapter 18

Single mode optical fiber
sensors

Scilab code Exa 18.1 1

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 18.1

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

lambda0=0.633e-6; //Operating wavelength in m

DeltaPhi=1e-6; //Phase change in rad

n=1.45; //refractive index of fiber

DeltaL=DeltaPhi/(2*%pi*n/lambda0);//Corresponding
change in fiber length in m

mprintf ("\n Corresponding change in fiber length = %
.2e m” ,Deltal);//The answers vary due to round
off error
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B Scilab 5.5.2 Conscle - m} *
File Edit Contrel Applications 7

ZEAD0|% &8 2 &6

Variable Browser A x
Name Value Type Visibility

Corres ponding change in fiber length = 6.95e-14 m B peltal 6.95¢-14] Doublel Jocal

= H n 145 Double| local

(] [peitaphi ie-06 Double| local

£ flambdan 6.33¢-07) Double| local

Figure 18.1: 1

Scilab code Exa 18.2 2

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 18.2

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

SPL=20; //Sound Pressure Level of a whisper in dB

Pr=2e-5;//Reference pressure is the threshold of
hearing in Pa
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B Scilab 5.5.2 Conscle - m} ®
File Edit Control Applications ?
o &

ZEB ACOv S8 =X ®0

Wariable Browser ? X
Name value Type Visibility

Pw=2.0e-0% Pa Pw 0.0002) Double local

-—> & 2205, Double focal
o [sPL 20| Dauble local
o] [Deltal 6.95e-14 Double local
H |n 1.45 Double focal
] [DeltaPhi 1e-06 Double, local
B Jlambdan 63307 Double local

Figure 18.2: 2

//Now, SPL=20logl0 (Pw/Pr)
//Rearranging the terms, we get

Pw=10"(SPL/20) *Pr;

mprintf ("\n Pw=%.1le Pa” ,Pw);

Scilab code Exa 18.3 3

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi ,

//Example 18.3
//OS=Windows XP sp3
//Scilab version 5.5.2
clc;

clear;

//given
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B scilsb 5.5.2 Console — O %

File Edit Control Applications ?

FEADDIv E S =X ®@

Variable Browser ?ax
Name Value Type Visibility
DeltaPhi=6.8e-07 rad B s 0.00034) Double ool
--> e [peitzr 2205 Double Tocal
==0 100, Double Tocal
B pw 0.0002] Double local
e [Pr 2e-05 Double local
e [sPC 0) Double Tocal
e [pettal 6.950-14 Double local
o In 1.45] Double local
£l |peltaPhi 6.8e-07| Double local
e [lambda0 6.33e-07) Double Tocal

Figure 18.3: 3

8 L=100;//Length of sensing element in m

9 DeltaP=2e-5;//Threshold of hearing in Pa

10 S=3.4e-4;//Sensitivity of element in rad/Pa/m

11

12 DeltaPhi=Sx*DeltaPxL;//Corresponding change in phase
in rad

13 mprintf ("\n DeltaPhi=lt.1e rad” ,DeltaPhi);

Scilab code Exa 18.4 4

1 //Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

2 //Example 18.4

3 //OS=Windows XP sp3

4 //Scilab version 5.5.2
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B Scilab 5.5.2 Conscle - m} ®

File Edit Control Applications ?

ZBACOD % S 28X %0
Wariable Browser ? A X

Name Value Type visibility

Fmin= 1.1=-04 Pa B [pmin 0.000108/ Double] local

= £ petatin 36608 Double. ocal
== B 0.00034 Double local
] |[DeltaP 2e-05] Double| local
== 1| Double local
et Pw 0.0002| Double local
o |Pr 2e-05] Double| local
o] |sPL 20 Double local
] [peltal 6.95e-14 Double local
== 1.45 Double| local
= [DeltaPhi 6.8e-07| Double local
] [lambdad 6.33e-07| Double local

Figure 18.4: 4

clc;

clear;

//given

S=3.4e-4;//Sensitivity of the sensing element in rad

/Pa/m
DeltaMin=3.6e-8; //Minimum detectable phase change in
rad

10
11
12

13

L=1; //Length of sensing element in m

Pmin=DeltaMin/(L*S);//Corresponding minimum
detectable pressure in Pa
mprintf ("\n Pmin= %.le Pa” ,Pmin);//The answers vary

due to round off error

Scilab code Exa 18.5 5
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B scilab 5.5.2 Console - m} ®
File Edit Control Applications 7
ZEIADO Y S S S @
Variabls Browssr 28 x
Name value Type visibility
dhe Lo 22e-03hdeg B heta 0.00792 Double! local
> I 1 Double! local
N 30 Double! local
v 0.000264 Double! local
B Ppmin 0.000106] Double; local
£ [peitaMin 3.6e-08 Doble! local
Hs 0.00034 Double! local
o petap 2205 Double; local
L 1 Double! local
B v 0.0002 Double! local
& P 2205, Double! local
e Isec 2 Double; local
£l DeltaL 6.95e-14| Double| local
H 1.45] Double! local
£ [Deltzphi 6.8e-07 Double local
£ Jlambdao 6.33e-07| Double local

Figure 18.5: 5

//Introduction to Fiber Optics by A. Ghatak and K.

Thyagarajan , Cambridge, New Delhi ,

//Example 18.5
//OS=Windows XP sp3
//Scilab version 5.5.2
clc;

clear;

//given

1999

V=2.64e-4;//Verdet constant for silica in deg/A

N=30; //Number of turns of fiber

I=1;//Current through the fiber in A

Theta=V*N#*I;//Corresponding rotation of plane of

polarization in deg

mprintf ("\n Theta= %.2e¢ deg”,Theta);
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Scilab 5.5.2 Console — o X

File Edit Control Applications ?

ZE X0 a2 X &0

Wariable Brows: ? X
Name Wall Type Visibility
Dedea s d SHeoad, £ |pelta 4‘35‘ Double local
Theta= 1.38e-04 rad B lc 0.133] Double| local
> R 0.2 Dauble local
b 6.25e-05 Double| local
gl Theta 0.000138 Double| local
I 1 Dauble local
N 30 Dauble local
0 v 4.6e-06 Double| local
] [Pmin 0.000106 Double! local
£ |DeltaMin 3.6e-08 Double] local
s 0.00034 Double| local
t] DeltaP 2e-05] Double| local
== D 0 Dable local
o Pw 0.0002 Double] local
o Pr 2e-05] Double| local
L] [SPL 20 Double| local
] |Deltal 6.95e-14] Double] local
H | 145 Double local
t] DeltaPhi 6.8e-07| Double| local
e ambdan §.33e07 Dauble local

Figure 18.6: 6

Scilab code Exa 18.6 6

//Introduction to Fiber Optics by A. Ghatak and K.

Thyagarajan , Cambridge, New Delhi, 1999

//Example 18.6

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

b=62.5e-6;//Fiber radius in m

R=20e-2; //Loop radius in m

lambda0=633e-9; //Wavelength in m

C=0.133; //Value of constant C for a silica fiber
633 nm

V=4.6e-6;//Verdet constant for silica in rad/A

N=30; //Number of turns of fiber

I=1;//Current through the fiber in A

Delta=((2*%pi) "2) *R*xN*x(-Cx(b/R) "2) /lambdaOl; //The
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Corresponding dimensionless birefringence

17 mprintf ("\n Delta= %.2f rad”,Delta);//The negative
sign indicates that the polarization of the slow
wave is perpendicular to the optic axis

18

19 Theta=V*N*I;//Corresponding rotation of plane of
polarization in rad

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

Periodic Interactions in
waveguides

Scilab code Exa 21.1 1

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 21.1

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

nf=1.51;//refractive index of film

ns=1.50; //refractive index of substrate

nc=1.0;//refractive index of cover

d=4e-6;//thickness of film in m

lambda0=0.6e-6; //Wavelength in m

ne1=1.50862; //Corresponding effective refractive
index for core

ne2=1.5046; //Corresponding effective refractive
index for cladding
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B scilab 5.5.2 Console - m} *
File Edit Control Applications ?

FEFECREEIEEILEG

Mame Value Type Visibility
Rsidag . sium By L 266 Double
di= 4.678 um K 0.00583] Double|
dz= ¢.897 um =N 4.52-06) Double|
k=0.589 cm” (-1) ==l 4.682-06) Double]
1=3.66 em B 0.000143| Double
| o ko 1.05e+07] Double|

B Ine2 L5 Double]

] et 1.51] Double
] ambda0 6e-07| Double
== ] 4e-06 Double

nc 1 Double

1.5] Double
== 1.514 Double

ZIIRIZIRITIZIBIRIRIRIZIE

Figure 21.1: 1

k0=2*(%pi)/lambdal;//free space wave number in rad/m
//Let A be the period of perturbation in m

A=lambda0O/(nel-ne?2) ;
mprintf ("\n A= %.1f um” ,A/1e-6);//Division by
10°(—6) to convert into um

d1=d+1/(kO*sqrt(nel”"2-ns~2))+1/(kO*xsqrt(nel”~2-nc~2))
;// Effective waveguide thickness for mode 1 in m
mprintf ("\n dl= %.3f um”,d1/1e-6);//Division by
10°(—6) to convert into um
d2=d+1/(k0*sqrt(ne2°2-ns~2))+1/(k0*sqrt(ne2°2-nc~2))
;// Effective waveguide thickness for mode 2 in m
mprintf ("\n d2= %.3f um”,d2/1e-6);//Division by
10°(—6) to convert into um
//Assuming h=0.0lum in expression for k, we get:
k=%pi/lambda0*0.01le-6*xsqrt (((nf~"2-nel”~2)*(nf " "2-nc"2)
)/d1*d2*nel*ne2);//Coupling coefficient in m'—1
mprintf ("\n k=%.3f ecm"(—1)” ,k*1e2);//Multiplying by
10°2 to convert into cm (—1)
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B scilab 5.5.2 Console - m} *
File Edit Control Applications ?
- | o = = o &

ZE&AD0% E8 8 X &

Wariable Browser ? A X
Name Value Type Visibility

Bor FAS100 By L 0.00835 Double local

B2max= 3.3e-05 Cr] [P2max 0.101] Double local

L=151.5 um == 188 Double local
== HLE -357| Double local

For =148 um: e K 4.25¢+04) Dotble local

S e H l»: unnuﬁi\z guu::a :OG:

= 4 B ouble local

i ek B ez 15 Double, ocal

__)" ] frel 1.51) Double, local
e Jlambdan 6e-07] Double| local
EH e 2608 Double| local
B nc 1 Double| local
e s 15 Double| local
& Inf 151 Double] local

Figure 21.2: 2

//The answers vary due to round off error
L=%pi/(2*k);//Length for complete power transfer

m

mprintf ("\n L=%.2f c¢cm”,L/1e2);//Division by 1072 to

convert into cm

//The answers vary due to round off error

Scilab code Exa 21.2 2

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi ,

//Example 21.2
//OS=Windows XP sp3
//Scilab version 5.5.2
clc;
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clear;

//given

nf=1.51;//refractive index of film

ns=1.50; //refractive index of substrate

nc=1.0;//refractive index of cover

d=4e-6;//thickness of film in m

lambda0=0.6e-6; // Wavelength in m

nel1=1.50862; //Corresponding effective refractive
index for core

ne2=1.5046; //Corresponding effective refractive
index for cladding

//Let A be the period of perturbation in m

//Case (1):

A=100e-6;

K=2%%pi/A;

k=0.598e2;//coupling coefficient in m"—1 (from
previous example)

T=2*%pi/lambdaO*(nel-ne2)-K;//Phase mismatch in m"—1

y=sqrt (k~"2+(T/2)"2);//Resultant of k and T in m —1

mprintf ("\n For A=100 um:");

P2max=(k/y) "2; //Maximum power that gets transferred
between the modes

mprintf ("\n P2max= %.1e” ,P2max) ;

L=%pi/(2*y);//Distance for maximum power transfer in
m

mprintf ("\n L=0.1f um\n” ,L/1e-6);//Division by
10°(—6) to convert into um

//The answers vary due to round off error

//Case (ii):

A=148e-6;

K=2%%pi/A;

k=0.598e2; //coupling coefficient in m"—1 (from
previous example)
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B scilsb 5.5.2 Console — O %
File Edit Control Applications ?
FEIADO % S S EX &0

Yariable Erowser zAaXx

Name Value Type Visibility
Deltalambda= 2.7 nm B [peltaLambda 2.72e-09| Double local
- =20 0.0253 Double| local

0 0000148 Double| local
e Jlambdac 6e-07| Double local

Figure 21.3: 3

T=2*%pi/lambdalO*(nel-ne2)-K;//Phase mismatch in m"—1
y=sqrt (k~"2+(T/2)"2);//Resultant of k and T in m —1

mprintf ("\n For A=148 um:");

P2max=(k/y) ~2; //Maximum power that gets transferred
between the modes

mprintf ("\n P2max= %.1e” ,P2max) ;

L=%pi/(2*xy);//Distance for maximum power transfer in
m

mprintf ("\n L=%.1f mm” ,L/1e-3);//Division by 10" (—6)

to convert into mm

Scilab code Exa 21.3 3

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999
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B Scilab 5.5.2 Conscle - m} *
File Edit Contrel Applications 7

ZEAD0|% &8 2 &6

Wariable Broweser ? A X

Name Value Type
L7208 Ml == i 2.98e-+06|
= & [ 0.002]
5.96e+03
2.72¢-03

Visibility
Double
Double
Double
Double
Double
Double
Double

H fva
£ [peitalambda
=10 0.0263
& 0.000145
£ [lambdac 6e-07

EIgIZIZIRITIE

Figure 21.4: 4

//Example 21.3

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

lambdac=0.6e-6;// Wavelength in m

//Let A be perturbation of length in m
A=149.3e-6;

L=2.63e-2; //Length of the periodic waveguide in m

DeltaLambda=0.8*Axlambdac/L;//Bandwidth of the
wavelength filter in m

mprintf ("\n DeltaLambda= %.1f nm” ,Deltalambda/1e-9);
//Division by 10°(—9) to convert into nm
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Scilab code Exa 21.4 4

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 21.4

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

va=5.96e3;//Velocity of the acoustic wave

Lb=2e-3;//Beat length in m

f=va/Lb;//Acoustic frequency in Hz for Theta=0
degrees

mprintf ("\n f=0(.2f MHz” ,f/1e6);//Division by 1076 to
convert into MHz

Scilab code Exa 21.5 5

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 21.5

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

va=5.96e3;//Velocity of the acoustic wave

Lb=1.7e-3; //Beat length in m

Theta=13.5; //Angle between acoustic wave and the
light waves
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B scilsb 5.5.2 Consale — m] X
File Edit Control Applications ?

=B E = IEE X

Wariable Browser ?AX
Name Value Type Wisibility
TnioR0 Mz B [Thet 13.5 Double local
e B L5e+07 Double] local
o b 0.0017| Double local
] |va 5.962+03| Double local
0] [PeltaLambda 2.722-09| Dauble local
oL 0.0263 Double local
o A 0.000143 Double local
£ flambdac 6e-07 Double] local

Figure 21.5: 5

12 f=va/(Lb*sind(Theta));//Acoustic frequency in Hz

13 mprintf ("\n f=%.2f MHz” ,f/1e6);//Division by 1076 to
convert into MHz

14 //The answers vary due to round off error

Scilab code Exa 21.6 6

1 //Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

2 //Example 21.6

3 //OS=Windows XP sp3

4 //Scilab version 5.5.2

5 clc;

6 clear;

7 //given
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B scilsb 5.5.2 Consale — m] X
File Edit Control Applications ?

FEEEEE IR IR

“ariable Browser ? A%

Hame Value Type Visibility

Thetas) = 20.1 degrees ] fhetast 20.5 uble]
Thetasl = 20.5 degrees ] [Thetaso 20.1 ble|
o H ne2 1.5 ble
] net 1.51] ble|

] [lambda0 6e-07 ble

0 |d 4e-06 ble

1 ble

o s 1.5 ble

o Inf 1.51] e

] [Theta 13.5] ble|

o [f 1.5e+07|

o ILtb 0.0017

H [va 5.96e+03
] [PeltaLambda 2.722-09|
oL 0.0263
£ [ 6e-06
o [lambdac 6e-07

oloo|olo|o|o|oolololoojo|oo|lo
g|g|glalg|s|a|e|g|e|als | c|a|s ela
glelelelelelelelE|elelElElElElE

Figure 21.6: 6

nf=1.51;//refractive index of film

ns=1.50; //refractive index of substrate

nc=1.0;//refractive index of cover

d=4e-6;//thickness of film in m

lambda0=0.6e-6; //Wavelength in m

ne1=1.50862; //Corresponding effective refractive
index for core

ne2=1.5046; //Corresponding effective refractive
index for cladding

//Let A be the perturbation of length in m

A=6e-6;

//Rearranging the terms of the equation ’'nel—lambda0
/A=nsx*cos (Thetas0) ', we get:

ThetasO=acosd ((nel-lambdaO/A)/ns);

mprintf ("\n Thetas0 = %.1f degrees” ,Thetas0) ;

//Rearranging the terms of the equation ’'ne2—lambda0

/A=nsxcos (Thetasl)’, we get:
Thetasl=acosd ((ne2-lambdaO/A)/ns);
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Scilab 5.5.2 Console — o X

File Edit Control Applications ?

FEXADO > S 22X *6
Variable Browser 22 x

Name value Type visibiity

Thetas0 = 173.9 degrees FH Thetast 176| Double! local

Thetasl = 175.5 degrees ] hetzso 74 Double local

-—> B ez 15 Double local
o el 1.51 Double| local
] Jambea0 507, Double local
=2 406, Double local
B Inc 1 Double local
B s L5 Double local
e o 151 Double local
i Theta 135 Double local
== iG 1.5¢407, Double local]
= i 0.0017] Double local
B v 556103 Double local
] Deltalambda 27209 Double local
B 0.0263] Double local
5 1D 2207 Double local
£ lambdac 6e-07| Double local

Figure 21.7: 7

mprintf ("\n Thetasl = %.1f degrees”,Thetasl);

Scilab code Exa 21.7 7

//Introduction to Fiber Optics by A. Ghatak and K.

Thyagarajan , Cambridge, New Delhi, 1999
//Example 21.7
//OS=Windows XP sp3
//Scilab version 5.5.2
clc;
clear;
//given
nf=1.51;//refractive index of film
ns=1.50; //refractive index of substrate
nc=1.0; //refractive index of cover
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d=4e-6;//thickness of film in m

lambda0=0.6e-6; //Wavelength in m

nel1=1.50862; //Corresponding effective refractive
index for core

ne2=1.5046; //Corresponding effective refractive
index for cladding

//Let A be the perturbation of length in m

A=0.2e-6;

//Rearranging the terms of the equation ’'nel—lambda0
/A=nsx*cos (Thetas0) ', we get:

ThetasO=acosd ((nel-lambdaO/A)/ns) ;

mprintf ("\n Thetas0 = %.1f degrees” ,Thetas0) ;

//Rearranging the terms of the equation ’'ne2—lambda0
/A=nsxcos (Thetasl)’, we get:

Thetasl=acosd ((ne2-lambdaO/A)/ns) ;

mprintf ("\n Thetasl = %.1f degrees”,Thetasl);

Scilab code Exa 21.8 §

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 21.8

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

//Since the peak reflectivity of fiber is 0.98,

R=0.98;//Reflection coefficient of fiber

L=1e-3; //Length of interaction in m

lambda0=1092e-9; //Central wavelength in m
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B scilab 5.5.2 Conscle - m} ®
File Edit Control Applications 7

ZE &ABO|vIEE B X &6

“ariable Browser ? X
Name Value Type Visibility
LeE ok o ) B [k 2.642+03 Double! local
£=0.37 um e Ineff 1% Double local
Deltalambda=0.41 nm ol R 0.98 Double| local
o B [Thetast 2.5 Double! local
£ [Thetaso 2.1 Double local
H |nez 15 Double local
] |rel 151 Double| local
e lambdan 10908 Double local
=20 205 Double local
1 Double local
Ins 15 Doubl local
e Inf 151 Double local
£ [Theta 13.5 Double local
B 1.5e+07] Double local
& b 0.0017| Double] local
] [va 5.96e+03| Double| local
£l |peltaLambda 4.08e-10| Double! local
= 0.001] Double! local
o A 3.74e-07| Double! local
e Jambdac 6e-07] Double local

Figure 21.8: 8

neff=1.46; //Corresponding value of effective index
in LP0Ol mode

//Now, (tanh (kxL))"2=R

//Rearranging terms, we get:

k=atanh (sqrt(R))/L;//Corresponding coupling
coefficient in m"(—1)

mprintf ("\n k=%.3f mm"(—1)”,k/1e3);//Dividing by
10°3 to convert into mm"(—1)

//The answers vary due to round off error

//Let A be the perturbation of length in m

A=lambdaO/(2*neff) ;

mprintf ("\n A=%.2f um”,A/1e-6);//Division by 10" (—6)
to convert into um

DeltalLambda=lambdaO*A/L;//Corresponding bandwidth in
m

mprintf ("\n DeltaLambda=)t.2f nm” ,Deltalambda/1e-9) ;
//Division by 10°(—=9) to convert into nm
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B scilab 5.5.2 Conscle - m} ®
File Edit Control Applications 7

ZFEADO|v S8 2 X &6

“ariable Browser ? X
Name Value Type Visibility
eS1e0. 3190 mac1) B [k 160 Double! local
B=530.82 nm ] [neff 1.48) Double] local]
Deltalambda=0.18 nm ol R 0.85 Double| local
ot B [Thetast 2.5 Double! local
£ [Thetaso 2.1 Double local
B ez 15 Double local
] frel 151 Double| local
e lambdan 1.55e-08 Double local
=20 205 Double local
B nc 1 Double local
e s 15 Double local
B Inf 151 Double local
£ [Theta 13.5 Double local
B 1.5e+07] Double local
& b 0.0017| Double] local
o [va 5.96e+03| Double| local
£l |peltaLambda 1.85e-10| Double! local
= 0.01 Double! local
o A 5.31e-07| Double! local
e Jlambdac 6e-07] Double local

Figure 21.9: 9

//The answers vary due to round off error

Scilab code Exa 21.9 9

//Introduction to Fiber Optics by A. Ghatak and K.
Thyagarajan , Cambridge, New Delhi, 1999

//Example 21.9

//OS=Windows XP sp3

//Scilab version 5.5.2

clc;

clear;

//given

//Since the peak reflectivity of fiber is 0.85,

R=0.85;//Reflection coefficient of fiber

L=1e-2; //Length of interaction in m
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lambda0=1.55e-6;//Central wavelength in m
neff=1.46; //Corresponding value of effective index
in LP01 mode

//Now, (tanh (kxL))"2=R

//Rearranging terms, we get:

k=atanh(sqrt(R))/L;//Corresponding coupling
coefficient in m"(—1)

mprintf ("\n k=%.3f m"(—1)”,k);//The answer provided
in the textbook is wrong

//Let A be the perturbation of length in m

A=lambdaO/(2*neff) ;

mprintf ("\n A=%.2f nm” ,A/1e-9);//Division by 10" (—=9)
to convert into nm

//The answers vary due to round off error

DeltaLambda=lambdal "2/ (%pi*neff*L)*sqrt ((k*L) "2+ (%pi
)~2);//Corresponding bandwidth in m

mprintf ("\n DeltaLambda=.2f nm” ,Deltalambda/1e-9) ;
//Division by 10°(—=9) to convert into nm

//The answer provided in the textbook is wrong
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