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

Light

Scilab code Exa 1.1 1

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 n1=1; // r e f r a c t i v e index o f a i r medium
10 n2=1.5; // r e f r a c t i v e index o f g l a s s medium
11

12 thetaB=atand(n2/n1);// b r ews t e r ang l e f o r g l a s s i n
d e g r e e s

13 mprintf(” Brewste r Angle = %. 1 f d e g r e e s ”,thetaB);

9



Figure 1.1: 1

Figure 1.2: 2
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Scilab code Exa 1.2 2

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 n=4; //number o f s o u r c e s

10 // Let ’ I ’ be the i n t e n s i t y o f the s o u r c e s
11

12 //Case ( 1 ) :
13 // For c oh e r en t s o u r c e s
14 mprintf(”Maximum i r r a d i a n c e due to s u p e r p o s i t i o n o f

%d coh e r en t s o u r c e s Imax= %dI”,n,n^2);
15

16 //Case ( 2 ) :
17 // For i n c o h e r e n t s o u r c e s
18 mprintf(”\n Maximum i r r a d i a n c e due to s u p e r p o s i t i o n

o f %d i n c o h e r e n t s o u r c e s Imax= %dI”,n,n);

Scilab code Exa 1.3 3

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

2 //Example 1 . 3
3 //OS=Windows XP sp3

11



Figure 1.3: 3

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

6 clear;

7

8 // g i v en − Case ( 1 )
9 D=0.1; // d iamete r o f an o b j e c t i v e l e n s i n m
10 d=500; // d i s t a n c e o f the l e n s from the s o u r c e s i n m
11 lambda =550e-9; // wave l ength o f the l i g h t used i n m
12

13 Smin=d*lambda/D;//minimum s e p a r a t i o n o f two po i n t
s o u r c e s tha t can j u s t be r e s o l v e d i n m

14 mprintf(”Smin = %. 2 f mm”,Smin/1e-3);// d i v i s i o n by
10ˆ(−3) to c onv e r t i n t o mm

15

16

17 // g i v en − Case ( 2 )
18 p=1; // o rd e r o f the f r i n g e
19 N=600; //number o f l i n e s used per mm
20 lambda =550e-9 // wave l ength o f the l i g h t used i n m
21 w=40 // width o f the d i f f r a c t i o n g r a t i n g i n mm

12



Figure 1.4: 4

22

23 DeltaLambda=lambda /(p*N*w);//minimum wave l ength
d i f f e r e n c e tha t can be r e s o l v e d i n m

24 mprintf(”\n DeltaLambda = %. 3 f nm”,DeltaLambda /1e-9)
;// d i v i s i o n by 10ˆ(−9) to c onv e r t i n nm

Scilab code Exa 1.4 4

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

13



Figure 1.5: 5

7

8 // g i v en
9 A=1e-5; // s ou r c e a r ea i n mˆ2
10 T=2e3;// t empera tu r e o f the s ou r c e i n K
11 Epsilon =0.7 // em i s s i v i t y o f the s u r f a c e
12 Sigma =5.67e-8 // va lu e o f S te fan ’ s c on s t an t i n SI

Un i t s
13

14 W=Epsilon*Sigma*A*T^4 // t o t a l power r a d i a t e d from the
s ou r c e i n W

15 mprintf(”\n Tota l power r a d i a t e d from the s ou r c e = %
. 2 f W”,W);

Scilab code Exa 1.5 5
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1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 m=9.1e-31; // r e s t mass o f e l e c t r o n s i n kg
10 e=1.6e-19; // cha rge o f e l e c t r o n s i n C
11 h=6.62e-34; // Planck ’ s c on s t an t i n SI Un i t s
12 Epsilon0 =8.85e-12; // p e rm i t t i v i t y o f vaccuum in SI

Un i t s
13

14 Eion=m*(e^4) /(8*(h*Epsilon0)^2);// I o n i z a t i o n ene rgy
o f the atom in J

15 mprintf(” I o n i z a t i o n ene rgy o f the atom = %. 3 e J or
%f eV”,Eion ,Eion /1.6e-19);//The answers vary due
to round o f f e r r o r

Scilab code Exa 1.6 6

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 v0=1.1 e15;// t h r e s h o l d f r e qu en cy o f l i g h t i n Hz

15



Figure 1.6: 6

10 e=1.6e-19; // cha rge o f e l e c t r o n s i n C
11 h=6.62e-34; // Planck ’ s c on s t an t i n SI Un i t s
12

13 phi=h*v0/e;//work f u n c t i o n o f the meta l i n eV
14 mprintf(”Phi = %. 1 f eV”,phi);//The answers vary due

to round o f f e r r o r
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Chapter 2

Elements of solid state physics

Scilab code Exa 2.1 1

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en − Case ( 1 )
9 NA=6e26;//Avagadro ’ s number
10 rho =8.93 e3;// d e n s i t y o f copper i n SI Un i t s
11 A=63.54; //Atomic mass number o f Cu
12 e=1.6e-19; // cha rge o f e l e c t r o n s i n C
13 m=9.1e-31; // r e s t mass o f e l e c t r o n s i n kg
14 T=2.6e-14; //mean f r e e t ime between c o l l i s i o n s i n s
15

16 n=NA*rho/A;//number o f atoms per un i t volume in m
ˆ(−3)

17 mprintf(”n = %. 1 e mˆ(−3) ”,n);

17



Figure 2.1: 1

18 SigmaCu=n*(e^2)*T/m;// e l e c t r i c a l c o n d u c t i v i t y o f Cu
in SI Un i t s

19 mprintf(”\n Sigma o f Cu = %. 1 e (Ohm m) ˆ(−1) ”,SigmaCu
);//The answers vary due to round o f f e r r o r

20

21 // g i v en − Case ( 2 )
22 ni=1.6 e16;//number o f h o l e s or e l e c t r o n s per un i t

volume o f i n t r i n s i c s i l i c o n i n mˆ(−3)
23 e=1.6e-19; // cha rge o f e l e c t r o n s i n C
24 Muc =0.135; // e l e c t r o n mob i l i t y i n SI Un i t s
25 Mun =0.048; // ho l e mob i l i t y i n SI Un i t s
26

27 SigmaSi=ni*e*(Muc+Mun);// e l e c t r i c a l c o n d u c t i v i t y o f
S i i n SI Un i t s

28 mprintf(”\n Sigma o f S i = %. 1 e (Ohm m) ˆ(−1) ”,SigmaSi
);
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Figure 2.2: 2

Scilab code Exa 2.2 2

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 // Let the quan i ty ’me/m’ be denoted by M
10 M=0.26;

11 Epsilonr =11.8 // r e l a t i v e p e rm i t t i v i t y o f S i
12

13 Ed =13.6*M/( Epsilonr ^2);// Energy r e q u i r e d to e x c i t e
the e l e c t r o n s from donor l e v e l s to the conduc t i on
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Figure 2.3: 3

band in eV
14 mprintf(”Ed = %. 3 f eV”, Ed);

Scilab code Exa 2.3 3

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 m=9.1e-31; // r e s t mass o f e l e c t r o n s i n kg
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Figure 2.4: 4

10 me =0.55*m;// e f f e c t i v e mass o f e l e c t r o n s i n kg
11 h=6.62e-34; // Planck ’ s c on s t an t i n SI Un i t s
12 k=1.38e-23; //Boltzmann ’ s c on s t an t i n SI Un i t s
13 T=300; // t empera tu r e o f the s ou r c e i n K
14

15 Nc =2*(2* %pi*me*k*T/(h^2))^(3/2);// e f f e c t i v e d e n s i t y
o f s t a t e s i n the conduc t i on band

16 mprintf(”Nc = %. 2 e mˆ(−3) ”,Nc);//The answers vary
due to round o f f e r r o r

Scilab code Exa 2.4 4

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 n=5e24;//Donor c o n c e n t r a t i o n i n mˆ(−3)
10

11 //Case ( i )
12 B=7.2e-16; // Recombinat ion c on s t an t f o r GaAs in mˆ3 s

ˆ(−1)
13 Th=1/(B*n);// Hole l i f e t i m e i n s
14 mprintf(”Th f o r GaAs = %. 1 f ps ”,Th/1e-12);// D iv i d i n g

by 10ˆ(−12) to c onv e r t to ps
15 //The answers vary due to round o f f e r r o r
16

17 //Case ( i )
18 B=1.8e-21; // Recombinat ion c on s t an t f o r S i i n mˆ3 s

ˆ(−1)
19 Th=1/(B*n);// Hole l i f e t i m e i n s
20 mprintf(”\n Th f o r S i = %. 1 f us ”,Th/1e-6);// D iv i d i n g

by 10ˆ(−6) to c onv e r t to us
21 //The answers vary due to round o f f e r r o r

Scilab code Exa 2.5 5

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;
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Figure 2.5: 5

7

8 // g i v en
9 k=1.38e-23; //Boltzmann ’ s c on s t an t i n SI Un i t s
10 T=290; // room tempera tu re i n K
11 e=1.6e-19; // cha rge o f e l e c t r o n s i n C
12 Nd=1e22;// donor impur i t y l e v e l i n m(−3)
13 Na=1e24;// a c c e p t o r impur i t y l e v e l i n m(−3)
14 ni=2.4 e19;// i n t r i n s i c e l e c t r o n c o n c e n t r a t i o n i n m

ˆ(−3)
15

16 V0=k*T/e*log(Na*Nd/(ni^2));// c on t a c t p o t e n t i a l
d i f f e r e n c e i n V

17 mprintf(”V0 = %. 2 f V”,V0);

Scilab code Exa 2.6 6
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Figure 2.6: 6

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 V=-4; // r e v e r s e b i a s v o l t a g e a pp l i e d to a S i d i ode i n

V
10 //The n e g a t i v e s i g n i n d i c a t e s r e v e r s e b i a s
11 Nd=4e21;// donor impur i t y l e v e l i n mˆ(−3)
12 V0=0.8; // p o t e n t i a l b a r r i e r o f the d i ode i n V
13 Epsilon0 =8.85e-12; // p e rm i t t i v i t y o f f r e e space i n SI

Un i t s
14 Epsilonr =11.8; // r e l a t i v e p e rm i t t i v i t y o f the d i ode
15 A=4e-7; // j u n c t i o n a r ea o f the d i ode i n mˆ2
16 e=1.6e-19; // cha rge o f e l e c t r o n s i n C
17
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Figure 2.7: 7

18 Cj=A/2*(2*e*Epsilon0*Epsilonr*Nd/(V0-V))^(1/2);//
j u n c t i o n c a p a c i t a n c e o f the d i ode i n F

19 mprintf(”Cj = %. 1 f pF”,Cj/1e-12);// d i v i s i o n by
10ˆ(−12) to c onv e r t i n t o pF

Scilab code Exa 2.7 7

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7
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Figure 2.8: 8

8 // g i v en
9 V=-4; // r e v e r s e b i a s v o l t a g e a pp l i e d to a S i d i ode i n

V
10 //The n e g a t i v e s i g n i n d i c a t e s r e v e r s e b i a s
11 Nd=4e21;// donor impur i t y l e v e l i n mˆ(−3)
12 V0=0.8; // p o t e n t i a l b a r r i e r o f the d i ode i n V
13 Epsilon0 =8.85e-12; // p e rm i t t i v i t y o f f r e e space i n SI

Un i t s
14 Epsilonr =11.8; // r e l a t i v e p e rm i t t i v i t y o f the d i ode
15 A=4e-7; // j u n c t i o n a r ea o f the d i ode i n mˆ2
16 e=1.6e-19; // cha rge o f e l e c t r o n s i n C
17

18 Cj=A/2*(2*e*Epsilon0*Epsilonr*Nd/(V0-V))^(1/2);//
j u n c t i o n c a p a c i t a n c e o f the d i ode i n F

19 mprintf(”Cj = %. 1 f pF”,Cj/1e-12);// d i v i s i o n by
10ˆ(−12) to c onv e r t i n t o pF
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Scilab code Exa 2.8 8

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 Lz=10e-9; // Th i ckne s s o f a GaAs quantum we l l i n m
10 m=9.1e-31; // Rest mass o f an e l e c t r o n i n kg
11 me =0.068*m;//Mass o f e l e c t r o n s i n conduc t i on band
12 mh =0.56*m;//Mass o f e l e c t r o n s i n v a l e n c e band
13 h=6.62e-34; // Planck ’ s c on s t an t i n SI Un i t s
14

15 DeltaEg =(h^2) /(8*( Lz)^2) *(1/me+1/mh);// Energy gap in
the GaAs quantum we l l

16 mprintf(”DeltaEg = %. 2 e J”,DeltaEg);

27



Chapter 3

Modulation of Light

Scilab code Exa 3.1 1

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 w=10e-3; //Width o f the KD∗P c r y s t a l i n m
10 r=26.4e-12; // L in ea r e l e c t r o −o p t i c c o e f f i c i e n t o f the

c r y s t a l i n m/V
11 n0 =1.51; // r e f r a c t i v e index o f the c r y s t a l
12 E=4000; // Appl i ed v o l t a g e i n V
13

14 // Let the change i n r e f r a c t i v e index be De l tan = | n−
n0 |

15 Deltan =(1/2)*r*E*(n0^3)/w;// D imen s i o n l e s s change i n
r e f r a c t i v e index o f the c r y s t a l
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Figure 3.1: 1

16 mprintf(”The change i n r e f r a c t i v e index o f the
c r y s t a l = %. 1 e ”,Deltan);

Scilab code Exa 3.2 2

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 lambda =1.06e-6; //Wavelength at which ha l f−wave

v o l t a g e i s to be c a l c u l a t e d , i n m
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10 r=10.6e-12; // L in ea r e l e c t r o −o p t i c c o e f f i c i e n t o f KDP
c r y s t a l i n m/V

11 n0 =1.51; // r e f r a c t i v e index o f the c r y s t a l
12

13 Vpi=lambda /(2*r*(n0^3));// Hal f−wave v o l t a g e f o r the
c r y s t a l i n V

14 mprintf(”The ha l f−wave v o l t a g e o f the c r y s t a l = %. 1 f
kV”,Vpi/1e3);// D i v i s i o n by 10ˆ3 to c onve r t i n t o

kV

Scilab code Exa 3.3 3

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

2 //Example 3 . 3
3 //OS=Windows XP sp3
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Figure 3.3: 3

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

6 clear;

7

8 // g i v en
9 Phi=%pi /30; //Given phase r e t a r d a t i o n
10 Deltaf =1e9;// Frequency bandwidth i n Hz
11 D=25e-3; // Diameter o f the c i r c u l a r a p e r t u r e o f a KD∗

P Pocke l s c e l l i n m
12 L=30e-3; // Length o f the c e l l i n m
13 lambda =633e-9; //Wavelength i n m
14 Epsilon0 =8.85e-12; // P e rm i t t i v i t y o f f r e e space i n SI

Un i t s
15 Epsilonr =50; // D imen s i o n l e s s R e l a t i v e p e rm i t t i v t y o f

the c r y s t a l
16 r=26.4e-12; // L in ea r e l e c t r o −o p t i c c o e f f i c i e n t o f KD∗

P c r y s t a l i n m/V
17 n0 =1.51; // r e f r a c t i v e index o f the c r y s t a l
18

19 A=%pi*((D/2) ^2);// Cross−s e c t i o n a l a r ea o f the
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c r y s t a l i n mˆ2
20 P=(Phi^2)*( lambda ^2)*A*Epsilon0*Epsilonr*Deltaf /(4*

%pi*(r^2)*(n0^6)*L);//Power r e q u i r e d f o r the
d e s i r e d phase r e t a r d a t i o n i n W

21 mprintf(”P = %. 1 f W”,P);

Scilab code Exa 3.4 4

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;
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7

8 // g i v en
9 lambda =633e-9; //Wavelength i n m
10 Deltaf =5e6;// Frequency bandwidth i n Hz
11 L=50e-3; // Length o f the modulator i n m
12 eta =0.7; // d i f f r a c t i o n e f f i c i e n c y
13 lambdaa =4.3e-5; // Acou s t i c wave l ength i n m
14 va =3500; // Acou s t i c v e l o c i t y i n m/ s
15

16 ThetaB=asind(lambda /(2* lambdaa));// Angle o f
d i f f r a c t i o n i n d e g r e e s

17 mprintf(”ThetaB = %. 2 f d e g r e e s ”,ThetaB);
18

19 //As e ta=( s i n ( Phi /2) ) ˆ2 , Rear rang ing the terms we
ge t :

20 Phi =2* asind(sqrt(eta));

21 mprintf(”\n Phi = %. 1 f d e g r e e s ”,Phi);
22

23 B=va/Deltaf;//Maximum o p t i c a l beamwidth in m
24 mprintf(”\n B = %. 1 f mm”,B/1e-3);// D i v i s i o n by

10ˆ(−3) to c onv e r t i n t o mm

Scilab code Exa 3.5 5

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en app r o p r i a t e r e f r a c t i v e i n d i c e s f o r ADP :−
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9 n0w =1.4943;

10 new =1.4603;

11 n02w =1.5132;

12 ne2w =1.4712;

13

14 Thetam=asind(sqrt((n0w^(-2)-n02w ^(-2))/(ne2w ^(-2)-

n02w ^(-2))));// Phase matching ang l e f o r the ADP
15 mprintf(”Thetam = %d de g r e e s ”, Thetam);//The answer

p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 3.6 6

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

2 //Example 3 . 5
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Figure 3.6: 6

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

6 clear;

7

8 // g i v en
9 nOmega =1.5019; // r e f r a c t i v e index c o r r e s p ond i n g to

the ray o f f r e qu en cy Omega
10 n2Omega =1.4802; // r e f r a c t i v e index c o r r e s p ond i n g to

the ray o f f r e qu en cy 2∗Omega
11 Lambda0 =0.8e-6; //vacuum wave l ength at the

fundamenta l f r e qu en cy in m
12

13 lc=Lambda0 /(4*( nOmega -n2Omega));// Coherence l e n g t h
i n m

14 mprintf(”\n l c = %. 1 e m”,lc);//The answers vary due
to round o f f e r r o r
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Chapter 4

Display Devices

Scilab code Exa 4.1 1

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 // Let DeltaE = Ec − Ed
10 DeltaE =0.4; //Depth o f the conduc t i on band below the

conduc t i on band in eV
11 kT =0.025; // Value o f k∗T f o r room tempera tu r e i n eV
12 Q=1e8;// Constant va lu e i n s ˆ(−1)
13

14 // Let the p r o b a b i l i t y o f e s c ape o f a t rapped
e l e c t r o n per second be p

15 p=Q*exp(-DeltaE/kT);

16 mprintf(”\n P r o b a b i l i t y o f e s c ape o f a t rapped
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Figure 4.1: 1

e l e c t r o n = %. 1 f s ˆ(−1) ”,p);//The answers vary due
to round o f f e r r o r

17

18 // Let the c o r r e s p ond i n g l um in e s c en c e l i f e t i m e i n s e c
be t

19 t=1/p;

20 mprintf(”\n t = %. 1 f s ”,t);

Scilab code Exa 4.2 2

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

2 //Example 4 . 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
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Figure 4.2: 2

5 clc;

6 clear;

7

8 // g i v en
9 n1=3.6; // R e f r a c t i v e index o f 1 s t medium (GaAs )
10 n2=1; // R e f r a c t i v e index o f 2nd medium ( a i r )
11

12 F=(1/4) *(n2/n1)^2*(1 -((n1 -n2)/(n1+n2))^2);//
D imen s i on l e s s F r a c t i o n a l t r a n sm i s s i o n f o r
i s o t r o p i c r a d i a t i o n

13 mprintf(”\n F = %. 3 f ”,F);
14

15 Thetac=asind(n2/n1);// c r i t i c a l ang l e i n d e g r e e s
16 mprintf(”\n C r i t i c a l ang l e = %. 1 f d e g r e e s ”,Thetac);

//The answers vary due to round o f f e r r o r
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Scilab code Exa 4.3 3

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 d=0.2e-3; //Chip d iamete r o f LED in m
10 D=1; // D i s t anc e between LED and the v i ewe r i n m
11 lambda =550e-9; //Wavelength emi t t ed i n m
12 eta =0.001; //Quantum e f f i c i e n c y o f LED
13 V=2; // Operat ing v o l t a g e i n V
14 I=50e-3; // Operat ing c u r r e n t i n A
15 h=6.626e-34; // Planck ’ s c on s t an t i n SI Un i t s
16 c=3e8;// Speed o f l i g h t i n a i r i n m/ s
17 e=1.6e-19; // E l e c t r o n i c cha rge i n C
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18

19 Theta =2* atand(d/(2*D));// Angle subtended by the
em i t t i n g a r ea i n d e g r e e s

20 mprintf(”\n Theta = %. 5 f d e g r e e s ”,Theta);
21 //As Theta i s l e s s than 0 . 0 1 6 6 7 , LED a c t s as a po i n t

s ou r c e
22

23 // Let the photon em i s s i o n r a t e be denoted by ’ Rate ’
24 Rate=I/e;//Number o f photons emi t t ed per second
25

26 W=(h*c/lambda)*eta*Rate;// Tota l r a d i a n t power i n W
27 mprintf(”\n W = %. 2 e Watts ”,W);
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Chapter 5

Lasers I

Scilab code Exa 5.1 1

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 h=6.6e-34; // Planck ’ s c on s t an t i n SI Un i t s
10 nu=5e14;// Average f r e qu en cy i n Hz
11 k=1.38e-23; //Boltzmann con s t an t i n SI Un i t s
12 T=2000; // Operat ing t empera tu r e i n K
13

14 R=exp(h*nu/(k*T))+1; // D imen s i o n l e s s r a t i o o f r a t e s
o f spontaneous and s t imu l a t e d em i s s i o n s

15 mprintf(”\n R = %. 1 e ”,R);//The answers vary due to
round o f f e r r o r
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Scilab code Exa 5.2 2

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 h=6.6e-34; // Planck ’ s c on s t an t i n SI Un i t s
10 c=3e8;// Speed o f l i g h t i n m/ s
11 lambda =550e-9; // Average wave l ength i n m
12 k=1.38e-23; //Boltzmann con s t an t i n SI Un i t s
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13 T=300; // Operat ing t empera tu r e i n K
14

15 // Let the d i f f e r e n c e between the two ene rgy l e v e l s
be DeltaE

16 DeltaE=h*c/lambda;// D i f f e r e n c e i n ene rgy l e v e l s i n J
17 mprintf(”\n E2−E1 = %. 2 f eV”,DeltaE /1.6e-19);//

D i v i s i o n by 1 .6∗10ˆ( −19) to c onv e r t i n t o eV
18

19 // Let the r e l a t i v e popu l a t i o n o f the ene rgy l e v e l s ’
N2/N1 ’ be N

20 N=exp(-DeltaE /(k*T));

21 mprintf(”\n N2/N1 = %. 1 e ”,N);//The answer p rov id ed
i n the t ex tbook i s wrong

Scilab code Exa 5.3 3

43



Figure 5.3: 3

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 h=6.6e-34; // Planck ’ s c on s t an t i n SI Un i t s
10 T21 =230e-6; // Spontaneous l i f e t i m e i n s
11 lambda =1.06e-6; //Wavelength i n m
12 n=1.82; // R e f r a c t i v e index o f medium
13 DeltaNu =3e12;// L inewidth i n Hz
14 k=1; //Given va lu e o f ga in c o e f f i c i e n t i n mˆ(−1)
15

16 B21=( lambda ^3) /(8* %pi*h*T21);

17 mprintf(”\n B21 = %. 1 e mˆ3 Ŵ −1 sˆ−3”,B21);
18

19 // Let the i n v e r s i o n d e n s i t y (N2−g2 / g1∗N1) be Di
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20 Di=k*lambda*DeltaNu /(B21*h*n);

21 mprintf(”\n N2−g2 / g1∗N1 = %. 1 e mˆ(−3) ”,Di);//The
answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 5.4 4

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
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Figure 5.5: 5

9 n1=1; // R e f r a c t i v e index o f a i r medium
10 n2=3.6; // R e f r a c t i v e index o f GaAs medium
11

12 R=((n2-n1)/(n2+n1))^2; // R e f l e c t a n c e at GaAs/ a i r
i n t e r f a c e by F r e s n e l e qua t i on

13 mprintf(”\n R = %. 2 f ”,R);

Scilab code Exa 5.5 5

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

7

8 // g i v en
9 lambda =0.84e-6; // wave l ength i n m
10 DeltaNu =1.45 e13;// T r an s i t i o n l i n ew i d t h i n Hz
11 Gamma =3.5e3;// Loss c o e f f i c i e n t i n mˆ(−1)
12 n=3.6; // R e f r a c t i v e index o f GaAs medium
13 n1=1; // R e f r a c t i v e index o f a i r medium
14 l=300e-6; // Length i n m
15 d=2e-6; // Diameter i n m
16 etai =1; // I n t e r n a l quantum e f f i c i e n c y
17 e=1.6e-19; // E l e c t r o n i c cha rge i n C
18

19 R=((n-n1)/(n+n1))^2; // R e f l e c t a n c e at GaAs/ a i r
i n t e r f a c e by F r e s n e l e qua t i on

20 mprintf(”\n R = %. 2 f ”,R);
21

22 Kth=Gamma +1/(2*l)*log(1/R^2);// Thresho ld ga in i n m
ˆ(−1)

23 mprintf(”\n Kth = %. 1 f mˆ(−1) ”,Kth);//The answers
vary due to round o f f e r r o r

24

25 Jth =8*%pi*e*d*DeltaNu *(n^2)/(etai*( lambda ^2))*Kth;//
Thresho ld c u r r e n t d e n s i t y i n A mˆ(−2)

26 mprintf(”\n Jth = %. 1 f A mmˆ−2”,Jth/1e6);// D iv i d i n g
by 10ˆ6 to c onve r t i n t o A mmˆ(−2)

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

Scilab code Exa 5.6 6

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

2 //Example 5 . 6
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Figure 5.6: 6

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

6 clear;

7

8 // g i v en
9 W=5e-3; // Op t i c a l output power o f l a s e r i n W
10 V=2500; // Operat ing v o l t a g e i n V
11 I=10e-3; // Operat ing c u r r e n t i n A
12

13 eta=W/(V*I);// Ove r a l l power e f f i c i e n c y
14 mprintf(”\n Power e f f i c i e n c y = %. 2 f p e r c en t ”,eta

*100);// Mu l t i p l y i n g by 100 to c onv e r t i n
p e r c en t a g e
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Chapter 6

Lasers II

Scilab code Exa 6.1 1

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 DeltaNu =1.1 e11;// F l u o r e s c e n t l i n ew i d t h i n Hz
10 L=0.1; // Length o f the l a s e r rod i n m
11 c=3e8;// Speed o f l i g h t i n m/ s
12

13 // Let the mode s e p a r a t i o n be ’M’
14 M=c/(2*L);//Mode s e p a r a t i o n i n Hz
15 mprintf(”\n Mode s e p a r a t i o n = %. 1 e Hz”,M);
16

17 // Let the number o f modes o s c i l l a t i n g be ’N’
18 N=DeltaNu/M;
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Figure 6.1: 1

19 mprintf(”\n The number o f modes o s c i l l a t i n g = %d”,N)
;

20

21 // Let the pu l s e s e p a r a t i o n i n s e cond s be ’ t ’
22 t=2*L/c;

23 mprintf(”\n Pu l s e s e p a r a t i o n = %. 1 f ns ”,t/1e-9);//
D iv i d i n g by 10ˆ(−9) to c onv e r t i n t o ns

24

25 // Let the pu l s e du r a t i on be ’T’
26 T=t/N;

27 mprintf(”\n Pu l s e du r a t i on = %. 1 f ps ”,T/1e-12);//
D iv i d i n g by 10ˆ(−12) to c onv e r t i n t o ps

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

Scilab code Exa 6.2 2
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Figure 6.2: 2

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 Ni=1e24;// Popu l a t i on I n v e r s i o n i n mˆ−3
10 Nu21=5e14;// Frequency o f l a s e r i n Hz
11 V=1e-5; //Volume in mˆ3
12 h=6.63e-34; // Planck ’ s c on s t an t i n SI Un i t s
13

14 //Assuming Nf<<Ni , we ge t
15 E=(1/2)*h*Nu21*Ni*V;// Tota l ene rgy emi t t ed i n the

pu l s e i n J
16 mprintf(”\n E= %. 1 f J”,E)
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Figure 6.3: 3

Scilab code Exa 6.3 3

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 E=1.7; // Tota l ene rgy emi t t ed i n the pu l s e i n J (From

p r e v i o u s example )
10 L=0.1; // Cavi ty l e n g t h o f the l a s e r i n m
11 R=0.8; // Mir ro r r e f l e c t a n c e o f the l a s e r
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Figure 6.4: 4

12 c=3e8;// Speed o f l i g h t i n a i r i n m/ s
13

14 tc=L/((1-R)*c);// Cavi ty l i f e t i m e o f the l a s e r i n s
15 mprintf(”\n t c = %. 1 f ns ”,tc/1e-9);// D iv i d i n g by

10ˆ(−9) to c onv e r t i n ns
16

17 P=E/tc;// Pu l s e power i n W
18 mprintf(”\n P = %. 1 e W”,P);

Scilab code Exa 6.4 4

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 // Let the f o c a l l e n g t h r a t i o o f o b j e c t i v e l e n s to

e y e p i e c e l e n s o f a t e l e s c o p e be f 2 / f 1 = ’ f ’
10 f=30;

11 Lambda =633e-9; // wave l ength o f the l a s e r beam in m
12 D=3e-3; // Diameter o f the plasma tube i n m
13

14 Theta1=Lambda/D;// D ive rg ence o f the beam in r a d i a n s
15 mprintf(”\n Theta1 = %. 1 e rad ”,Theta1);
16

17 Theta2=Theta1/f;// D ive rg ence o f the beam a f t e r
c o l l i m a t i o n i n r a d i a n s

18 mprintf(”\n Theta2 = %. 1 e rad ”,Theta2);

Scilab code Exa 6.5 5

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en − Case ( i )
9 Lambda =589e-6; // wave l ength o f the sodium lamp in m
10 DeltaNu =5.1 e11;// L inewidth o f the sodium D l i n e s i n

Hz
11 c=3e8;// Speed o f l i g h t i n a i r i n m/ s
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12

13 mprintf(”\n For Sodium Lamp : ”);
14 tc=1/ DeltaNu;// Coherence t ime in s
15 mprintf(”\n t c = %. 1 e s ”,tc);
16

17 Lc=tc*c;// l e n g t h o f emi t t ed wave i n m
18 mprintf(”\n Lc = %. 1 f mm\n”,Lc/1e-3);// D i v i s i o n by

10ˆ(−3) to c onv e r t i n t o mm
19

20

21 // g i v en − Case ( i i )
22 DeltaNu =1500e6;// L inewidth o f He−Ne l a s e r i n Hz
23 c=3e8;// Speed o f l i g h t i n a i r i n m/ s
24

25 mprintf(”\n For He−Ne Lase r with many op e r a t i n g
modes : ”);

26 tc=1/ DeltaNu;// Coherence t ime in s
27 mprintf(”\n t c = %. 1 e s ”,tc);
28

29 Lc=tc*c;// l e n g t h o f emi t t ed wave i n m
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Figure 6.6: 6

30 mprintf(”\n Lc = %. 1 f m\n”,Lc);
31

32

33 // g i v en − Case ( i i i )
34 DeltaNu =1e6;// L inewidth o f He−Ne l a s e r i n Hz
35 c=3e8;// Speed o f l i g h t i n a i r i n m/ s
36

37 mprintf(”\n For He−Ne Lase r with s i n g l e o p e r a t i n g
mode : ”);

38 tc=1/ DeltaNu;// Coherence t ime in s
39 mprintf(”\n t c = %. 1 e s ”,tc);
40

41 Lc=tc*c;// l e n g t h o f emi t t ed wave i n m
42 mprintf(”\n Lc = %. 1 f m\n”,Lc);
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Scilab code Exa 6.6 6

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 Lambda =632.8e-9; //Wavelength o f the l a s e r i n m
10 F=1; // Foca l r a t i o o f the l e n s
11 Prad =10e-3; //Power r a d i a t e d by the l a s e r i n W
12

13 rs=2* Lambda*F/%pi;// Radius o f the f o c u s e d spo t i n m
14 mprintf(”\n r s = %. 1 e m”,rs);
15

16 // Let the power per un i t a r ea i n W mˆ−2 be P
17 P=Prad/(%pi*(rs)^2);

18 mprintf(”\n P = %. 1 e W mˆ−2”,P);

Scilab code Exa 6.7 7

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
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Figure 6.7: 7

9 Lambda =10.6e-6; //Wavelength o f the l a s e r i n m
10 f=200e-3; // Foca l l e n g t h o f the l e n s i n m
11 D=50e-3; // Diameter o f a p e r t u r e o f f o c u s i n g l e n s
12

13 rs=2* Lambda*f/(%pi*D);// Radius o f the f o c u s e d spo t
i n m

14 mprintf(”\n r s = %. 1 f um”,rs/1e-6);// D iv i d i n g by
10ˆ(−6) to c onv e r t to um

15 //The answers vary due to round o f f e r r o r
16

17 // Let the r a t i o w( z ) /w0 be w
18 w=1.1;

19 w0=rs;// Also g i v en
20

21 z=%pi*w0^2/ Lambda*sqrt((w^2) -1);//Depth o f f o c u s i n
m

22 mprintf(”\n z = %. 2 f mm”,z/1e-3);// D iv i d i n g by
10ˆ(−3) to c onv e r t to mm

23 //The answers vary due to round o f f e r r o r
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Chapter 7

Photodetectors

Scilab code Exa 7.1 1

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 D=1e9;// S p e c i f i c d e t e c t i v i t y o f d e t e c t o r i n m Hz

ˆ (1/2 ) Wˆ(−1)
10 Lambda =2e-6; //Wavelength i n m
11 A=25e-6 // De t e c t o r a r ea i n mˆ2
12 Deltaf =10e3;// De t e c t i o n bandwidth i n Hz
13

14 NEP=sqrt(A*Deltaf)/D;// De t e c t o r s e n s i t i v i t y i n W
15 mprintf(”\n NEP = %. 1 e W”,NEP);
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Figure 7.1: 1
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Figure 7.2: 2

Scilab code Exa 7.2 2

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 eta =0.5; // D imen s i o n l e s s Quantum e f f i c i e n c y o f
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Figure 7.3: 3

photocathode
10 e=1.6e-19; // E l e c t r o n i c cha rge i n C
11 Plambda =1e-6; // Rad i a t i on power i n c i d e n t on the

photod iode i n W
12 Lambda0 =500e-9; //Wavelength o f i n c i d e n t l i g h t i n m
13 h=6.6e-34; // Planck ’ s c on s t an t i n SI Un i t s
14 c=3e8;// Speed o f l i g h t i n vacuum in m/ s
15

16 ilambda=eta*e*Plambda*Lambda0 /(h*c);// Cor r e spond ing
c u r r e n t g en e r a t ed i n A

17 mprintf(”\n i lambda = %. 1 e A”,ilambda);

Scilab code Exa 7.3 3

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes
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2 //Example 7 . 3
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7

8 // g i v en
9 A=1000e-6; //Cathode a r ea i n mˆ2
10 Phi =1.25; //Work f u n c t i o n o f the meta l i n eV
11 kT_by_e =0.025; // c on s t an t term =product o f Boltzmann

con s t an t with Ambient t empera tu r e d i v i d e d by
cha rge o f an e l e c t r o n i n SI Un i t s

12 a=1.2e6;// Constant va lu e f o r pure meta l s i n A mˆ−2 K
ˆ−2

13 T=300; // Temperature i n K
14 e=1.6e-19; // E l e c t r o n i c cha rge i n C
15 Lambda =0.5e-6; // wave l ength i n m
16 eta =0.25; // D imen s i o n l e s s Quantum e f f i c i e n c y
17 h=6.6e-34; // Planck ’ s c on s t an t i n SI Un i t s
18 c=3e8;// Speed o f l i g h t i n a i r i n m/ s
19 Deltaf =1; //Bandwidth i n Hz
20

21 iT=a*A*(T^2)*exp(-Phi/kT_by_e);// Thermionic em i s s i o n
c u r r e n t i n A

22 mprintf(”\n iT = %. 1 e A”,iT);//The answer p rov id ed
i n the t ex tbook v a r i e s due to r o u nd i n g o f f

23

24 Rlambda=eta*e*Lambda /(h*c);// Re sp on s i v i t y o f the
p h o t omu l t i p l i e r i n A Ŵ −1

25 mprintf(”\n Rlambda = %. 1 f A/W”,Rlambda);
26

27 Wmin=sqrt (2*iT*e*Deltaf)/Rlambda;//Minimum
d e t e c t a b l e s i g n a l power i n p r e s e n c e o f dark
c u r r e n t iT in W

28 mprintf(”\n Wmin = %. 1 e W”,Wmin);//The answer
p rov id ed i n the t ex tbook v a r i e s due to
r o u nd i n g o f f
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Figure 7.4: 4

Scilab code Exa 7.4 4

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 k=1.38e-23; //Boltzmann con s t an t i n SI Un i t s
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10 T=300; // Abso lu t e t empera tu r e i n K
11 R=1e3;//Load r e s i s t a n c e i n Ohms
12 Deltaf =1e3;//Bandwidth o f the photo m u l t i p l i e r i n Hz
13 e=1.6e-19; // E l e c t r o n i c cha rge i n C
14 iT=1e-14; //Dark c u r r e n t i n A
15

16

17 DeltaVj=sqrt (4*k*T*R*Deltaf);

18 mprintf(”\n Del taVj = %. 1 e V”,DeltaVj);
19 //The answer p rov id ed i n the t ex tbook i s wrong
20

21 Deltais=sqrt (2*iT*e*Deltaf);// Cor r e spond ing
magnitude o f rms c u r r e n t f l u c t u a t i o n s i n A

22 mprintf(”\n D e l t a i s = %. 1 e A”,Deltais);
23

24 // Let the p h o t omu l t i p l i e r ga in be G
25 G=1e7;//Given
26 // Let the sho t n o i s e v o l t a g e s i g n a l a c r o s s R be

De l taVj2
27 DeltaVj2=Deltais*G*R;

28 mprintf(”\n Del taVj2 = %. 1 e V”,DeltaVj2);

Scilab code Exa 7.5 5

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
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9 h=6.6e-34; // Planck ’ s c on s t an t i n SI Un i t s
10 e=1.6e-19; // E l e c t r o n i c cha rge i n C
11 m=9.1e-31; // Rest mass o f e l e c t r o n i n kg
12 me =0.068*m;// R e l a t i v e mass o f e l e c t r o n i n conduc t i on

band
13 n1=1; // I n i t i a l s t a t e o f e l e c t r o n
14 n2=2; // F i na l s t a t e o f e l e c t r o n
15 Lz=10e-9; //Width o f the quantum we l l i n m
16

17 DeltaE =(h^2) /(8*me)*((n2/Lz)^2-(n1/Lz)^2);// Energy
d i f f e r e n c e between the two s t a t e s i n J

18 mprintf(”\n DeltaE = %. 3 f eV”,DeltaE/e);// D iv i d i n g
by ’ e ’ to c onv e r t to eV
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Scilab code Exa 7.6 6

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 e=1.6e-19; // E l e c t r o n i c cha rge i n C
10 Epsilonr =11.7; // R e l a t i v e p e rm i t t i v i t y o f medium
11 Epsilon0 =8.85e-12; // P e rm i t t i v i t y o f f r e e space i n SI
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Un i t s
12 Nd=5e21;//Doping l e v e l o f the d i ode i n mˆ−3
13 V=100; // Rever s e b i a s v o l t a g e i n V
14

15 xn=sqrt (2* Epsilon0*Epsilonr*V/(e*Nd));// Dep l e t i o n
r e g i o n t h i c k n e s s i n m

16 mprintf(”\n xn = %. 1 f um”,xn/1e-6);// D iv i d i n g by10
ˆ(−6) to c onv e r t to um

Scilab code Exa 7.7 7
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1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 A=100e -6*100e-6; // Junc t i on a r ea o f the photod iode i n

mˆ2
10 Epsilonr =12; // R e l a t i v e p e rm i t t i v i t y o f InGaAs
11 Epsilon0 =8.84e-12; // P e rm i t t i v i t y o f f r e e space i n SI

Un i t s
12 w=2e-6; // Th i ckne s s o f the i r e g i o n
13 Rl=50; //Load r e s i s t a n c e i n Ohms
14 vsat=1e5;// S a t u r a t i o n v e l o c i t y o f e l e c t r o n s i n

InGaAs
15

16 Tdrift=w/vsat;// Tran s i t t ime o f e l e c t r o n s through
the d e p l e t i o n r e g i o n i n s

17 mprintf(”\n Td r i f t = %. 1 e s ”,Tdrift);
18

19 Cj=A*Epsilon0*Epsilonr/w;//Diode c a p a c i t a n c e i n F
20 mprintf(”\n Cj = %. 1 e F”,Cj);
21

22 Trc=Rl*Cj;// Response t ime a s s o c i a t e d with the
d e t e c t o r RC network i n s

23 mprintf(”\n Trc = %. 1 e s ”,Trc);//The answers vary
due to round o f f e r r o r

24

25 T=sqrt(( Tdrift)^2+( Trc)^2);// Tota l t ime r e s p on s e i n
s

26 mprintf(”\n T = %. 1 e s ”,T);
27 //The answers vary due to round o f f e r r o r
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Figure 7.8: 8

Scilab code Exa 7.8 8

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 d=5e-6; // Th i ckne s s o f S i l a y e r i n m
10 D=3.4e-3; // Minor i ty c a r r i e r d i f f u s i o n c o e f f i c i e n t i n

mˆ2 sˆ−1
11
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12 Tdiff=(d^2) /(2*D);// D i f f u s i o n t ime o f c a r r i e r s i n s
13 mprintf(”\n Td i f f = %. 1 e s ”,Tdiff);
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Chapter 8

Fiber optical waveguides

Scilab code Exa 8.1 1

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 n1=1.5; // D imen s i o n l e s s r e f r a c t i v e index o f g l a s s
10 n2=1; // D imen s i o n l e s s r e f r a c t i v e index o f a i r
11 Theta_i =60; // Angle o f i n c i d e n c e i n d e g r e e s
12 Tan_Sai=sqrt(sind(Theta_i)^2-(n2/n1)^2)/(cosd(

Theta_i))//Tan o f phase s h i f t i n i n c i d e n t and
r e f l e c t e d ray

13 Sai=atand(Tan_Sai)// phase s h i f t i n p e r p e n d i c u l a r
component o f i n c i d e n t and r e f l e c t e d ray i n d e g r e e s

14 delta=atand ((n1/n2)^2* Tan_Sai)// phase s h i f t i n
p a r a l l e l component o f i n c i d e n t and r e f l e c t e d ray
i n d e g r e e s

15
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Figure 8.1: 1

16

17 mprintf(”\n phase s h i f t i n p e r p e n d i c u l a r component
o f i n c i d e n t and r e f l e c t e d ray i n d e g r e e s Sa i= %f”,
Sai);

18 mprintf(”\n\n phase s h i f t i n p a r a l l e l component o f
i n c i d e n t and r e f l e c t e d ray i n d e g r e e s De l ta= %f”,
delta);

19 // the d i f f e r e n c e i n answer i s becoause o f
r o u nd i n g o f f

Scilab code Exa 8.2 2

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

73



Figure 8.2: 2
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2 //Example 8 . 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7

8 // g i v en
9 n1 =1.48; // D imen s i o n l e s s r e f r a c t i v e index o f c o r e
10 n2 =1.46; // D imen s i o n l e s s r e f r a c t i v e index o f c l a dd i n g
11 d=100e-6; //Width o f the waveguide i n m
12 Lambda0 =1e-6; //Vacuum wave l ength i n m
13

14 V=%pi*(d/Lambda0)*sqrt((n1^2) -(n2^2));//
D imen s i on l e s s no rma l i z ed f i lm t h i c k n e s s

15 mprintf(”\n V = %. 1 f ”,V);
16

17 // Let the t o t a l number o f p o s s i b l e modes be ’N’
18 N=2*(1 + floor (2*V/%pi));

19 mprintf(”\n N = %d”,N);

Scilab code Exa 8.3 3

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 n1 =1.48; // D imen s i o n l e s s r e f r a c t i v e index o f f i b e r

c o r e
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Figure 8.3: 3
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Figure 8.4: 4

10 n2 =1.46; // D imen s i o n l e s s r e f r a c t i v e index o f f i b e r
c l a dd i n g

11 Lambda0 =1e-6; //Wavelength i n m
12

13 // For s i n g l e mode guide , l e t the c o r e t h i c k n e s s be
l e s s than dmax

14 dmax=Lambda0 /(2* sqrt(n1^2 - n2^2));

15 mprintf(”\n d < %. 2 f um”,dmax/1e-6);// D iv i d i n g by
10ˆ(−6) to c onv e r t to um

Scilab code Exa 8.4 4
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1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 n1 =1.48; // D imen s i o n l e s s r e f r a c t i v e index o f f i b e r

c o r e
10 n2 =1.46; // D imen s i o n l e s s r e f r a c t i v e index o f f i b e r

c l a dd i n g
11 n0=1; // D imen s i o n l e s s r e f r a c t i v e index o f a i r
12 a=100e-6; //Core r a d i u s i n m
13 Lambda0 =900e-9; //Vacuum wave l ength i n m
14

15 V=2*%pi*(a/Lambda0)*sqrt((n1^2) -(n2^2));//
D imen s i on l e s s no rma l i z ed f i lm t h i c k n e s s

16 mprintf(”\n V = %. 1 f ”,V);
17

18 N=(V^2)/2; //Number o f modes o f p r opaga t i on
19 mprintf(”\n N = %d”,N);

Scilab code Exa 8.5 5

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;
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Figure 8.5: 5

7

8 // g i v en
9 n1 =1.48; // D imen s i o n l e s s r e f r a c t i v e index o f f i b e r

c o r e
10 n2 =1.46; // D imen s i o n l e s s r e f r a c t i v e index o f f i b e r

c l a dd i n g
11 n0=1; // D imen s i o n l e s s r e f r a c t i v e index o f a i r
12

13 Thetac=asind(n2/n1);// c r i t i c a l ang l e i n d e g r e e s
14 mprintf(”\n Thetac = %. 1 f d e g r e e s ”,Thetac);//The

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

16 Delta=(n1 -n2)/n1;

17 mprintf(”\n De l ta = %. 4 f ”,Delta);//The answers vary
due to round o f f e r r o r

18

19 NA=n1*sqrt (2* Delta);// D imen s i o n l e s s Numer ica l
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Figure 8.6: 6

a p e r t u r e o f f i b e r
20 mprintf(”\n NA = %. 3 f ”,NA);//The answers vary due to

round o f f e r r o r
21

22 AlphaMax=asind(NA);// F ibe r a c c ep t an c e ang l e i n
d e g r e e s

23 mprintf(”\n AlphaMax = %. 1 f d e g r e e s ”,AlphaMax);//The
answers vary due to round o f f e r r o r

Scilab code Exa 8.6 6

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes
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2 //Example 8 . 6
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7

8 // g i v en
9 n1 =1.48; // D imen s i o n l e s s r e f r a c t i v e index o f f i b e r

c o r e
10 n2 =1.46; // D imen s i o n l e s s r e f r a c t i v e index o f f i b e r

c l a dd i n g
11 L=1e3;// Length o f f i b e r i n m
12 c=3e8;// Speed o f l i g h t i n vacuum in m/ s
13

14 DeltaTSI=L/c*(n1/n2)*(n1 -n2);// In t e rmoda l d i s p e r s i o n
i n s

15 mprintf(”\n DeltaTSI = %. 2 f ns ”,DeltaTSI /1e-9);//
D iv i d i n g by 10ˆ(−9) to c onv e r t to ns

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

Scilab code Exa 8.7 7

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 n1 =1.48; // D imen s i o n l e s s r e f r a c t i v e index o f f i b e r

c o r e
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Figure 8.7: 7
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Figure 8.8: 8

10 n2 =1.46; // D imen s i o n l e s s r e f r a c t i v e index o f f i b e r
c l a dd i n g

11 L=1e3;// Length o f f i b e r i n m
12 c=3e8;// Speed o f l i g h t i n vacuum in m/ s
13

14 Delta=(n1^2 - n2^2) /(2* n1^2);

15 mprintf(”\n De l ta = %. 4 f ”,Delta);
16

17 DeltaTGI=L/c*Delta /8; // In t e rmoda l d i s p e r s i o n i n s
18 mprintf(”\n DeltaTGI = %. 2 e s ”,DeltaTGI);
19 //The answers vary due to round o f f e r r o r

Scilab code Exa 8.8 8
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1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 n1 =1.48; // D imen s i o n l e s s r e f r a c t i v e index o f f i b e r

c o r e
10 n2 =1.46; // D imen s i o n l e s s r e f r a c t i v e index o f f i b e r

c l a dd i n g
11 Lambda0 =1.5e-6; //Wavelength i n m
12

13 // Let the maximum co r e r a d i u s i n m f o r s i n g l e mode
op e r a t i o n be ’ amax ’

14 amax =2.405* Lambda0 /(2* %pi*sqrt((n1^2) -(n2^2)));

15 mprintf(”\n a < %. 2 f um”,amax/1e-6);// D iv i d i n g by
10ˆ(−6) to c onv e r t i n t o um

Scilab code Exa 8.9 9

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en − Case ( i )
9 k=1.38e-23 // boltzman con s t an t
10 Lambda0 =1e-6; //Wavelength i n m
11 n=1.46; // D imen s i o n l e s s r e f r a c t i v e index o f c o r e
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12 p=0.286; // p h o t e l a s t i c c o e f f i c i e n t
13 Beta=7e-11 // i s o t h e rma l c om p r e s s i b i l i t y at T F which

i s f i c t i v e t empera tu r e i n mˆ2Nˆ−1
14 T_F =1400 // f i c t i v e t empera tu r e i n K
15 alpha_r =8*( %pi ^3)*(n^8)*p^2* Beta*k*T_F /(3* Lambda0 ^4)

// ab s o r p t i o n c o e f f i c i e n t i n per Km
16 L=1e3 // l e n g t h i n m
17 Loss =-10* log10(exp(-alpha_r*L))// l o s s i n dB Kmˆ−1
18 mprintf(”\n ab s o r p t i o n c o e f f i c i e n t =%fx10ˆ−4 mˆ−1\n

Loss i n dB Kmˆ−1= %f dB Kmˆ−1”,alpha_r *1e4 ,Loss);
// mu l t i p l i c a t i o n by 1 e4 to j u s t r e p r e s e n t the
answer i n p rope r form

19 //The answers vary due to round o f f e r r o r
20

21 // g i v en − Case ( i i )
22 Lambda0 =1550e-9; //Wavelength i n m
23 n=1.46; // D imen s i o n l e s s r e f r a c t i v e index o f c o r e
24 p=0.286; // p h o t e l a s t i c c o e f f i c i e n t
25 Beta=7e-11 // i s o t h e rma l c om p r e s s i b i l i t y at T F which

i s f i c t i v e t empera tu r e i n mˆ2Nˆ−1
26 T_F =1400 // f i c t i v e t empera tu r e i n K
27 alpha_r =8*( %pi ^3)*(n^8)*p^2* Beta*k*T_F /(3* Lambda0 ^4)

// ab s o r p t i o n c o e f f i c i e n t i n per Km
28 L=1e3 // l e n g t h i n m
29 Loss =-10* log10(exp(-alpha_r*L))// l o s s i n dB Kmˆ−1
30 mprintf(”\n ab s o r p t i o n c o e f f i c i e n t =%fx10ˆ−5 mˆ−1\n

Loss i n dB Kmˆ−1= %f dB Kmˆ−1”,alpha_r *1e5 ,Loss);
// mu l t i p l i c a t i o n by 1 e5 to j u s t r e p r e s e n t the
answer i n p rope r form

31 //The answers vary due to round o f f e r r o r
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Figure 8.9: 9

Figure 8.10: 10
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Scilab code Exa 8.10 10

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

2 //Example 8 . 1 0
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7

8 // g i v en − Case ( i )
9 Lambda0 =850e-9; //Wavelength i n m
10 L=1e3;// Length o f the s i l i c a based f i b e r i n m
11 DeltaLambda0 =50e-9; // L inewidth o f the f i b e r i n m
12 c=3e8;// Speed o f l i g h t i n m/ s
13 // Let the term ’ ( ( d ˆ2) n ) /( dLambda0 ) ˆ2 ’ i n mˆ−2 be

denoted by dsquare
14 dsquare =3e10;

15

16 DeltaT=L*Lambda0*dsquare*DeltaLambda0/c;// Ma t e r i a l
d i s p e r s i o n f o r l a s e r i n s

17 mprintf(”\n DeltaT f o r l a s e r = %. 1 e s ”,DeltaT);//The
answers vary due to round o f f e r r o r

18

19 // g i v en − Case ( i i )
20 Lambda0 =1550e-9; //Wavelength i n m
21 L=1e3;// Length o f the s i l i c a based f i b e r i n m
22 DeltaLambda0 =3e-9; // L inewidth o f the f i b e r i n m
23 c=3e8;// Speed o f l i g h t i n m/ s
24 // Let the term ’ ( ( d ˆ2) n ) /( dLambda0 ) ˆ2 ’ i n mˆ−2 be

denoted by dsquare
25 dsquare =4.24e9;

26

27 DeltaT=L*Lambda0*dsquare*DeltaLambda0/c;// Ma t e r i a l
d i s p e r s i o n f o r LED in s

28 mprintf(”\n DeltaT f o r LED = %. 1 e s ”,DeltaT);
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Figure 8.11: 11

Scilab code Exa 8.11 11

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en − Case ( i )
9 Lambda0 =1e-6; //Wavelength i n m
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10 n=1.45; // D imen s i o n l e s s R e f r a c t i v e index o f the f i b e r
11 p=0.286; // D imen s i o n l e s s P h o t o e l a s t i c c o e f f i c i e n t o f

the f i b e r
12 Beta=7e-11; // I s o t h e rma l c om p r e s s i b i l i t y o f the f i b e r

i n mˆ2 Nˆ−1
13 Tf =1400; // Temperature i n K
14 k=1.38e-23; //Boltzmann con s t an t i n SI Un i t s
15 L=1e3;// Length o f f i b e r i n m
16

17 mprintf(”\n For Lambda0 = 1um : ”);
18 AlphaR =8*(( %pi)^3) /(3*( Lambda0 ^4))*(n^8)*(p^2)*Beta*

k*Tf;// Absorpt i on c o e f f i c i e n t due to Ray l e i gh
s c a t t e r i n g i n mˆ−1

19 mprintf(”\n AlphaR = %. 2 e mˆ(−1) ”,AlphaR);
20

21 Loss =-10* log10(exp(-AlphaR*L));

22 mprintf(”\n Loss = %. 2 f dB kmˆ(−1)\n”,Loss);
23

24

25 // g i v en − Case ( i i )
26 Lambda0 =1.55e-6; //Wavelength i n m
27 n=1.46; // D imen s i o n l e s s R e f r a c t i v e index o f the f i b e r
28 p=0.286; // D imen s i o n l e s s P h o t o e l a s t i c c o e f f i c i e n t o f

the f i b e r
29 Beta=7e-11; // I s o t h e rma l c om p r e s s i b i l i t y o f the f i b e r

i n mˆ2 Nˆ−1
30 Tf =1400; // Temperature i n K
31 L=1e3;// Length o f f i b e r i n m
32

33 mprintf(”\n For Lambda0 = 1 . 5 5um : ”);
34 AlphaR =8*(( %pi)^3) /(3*( Lambda0 ^4))*(n^8)*(p^2)*Beta*

k*Tf;// Absorpt i on c o e f f i c i e n t due to Ray l e i gh
s c a t t e r i n g i n mˆ−1

35 mprintf(”\n AlphaR = %. 2 e mˆ(−1) ”,AlphaR);//The
answers vary due to round o f f e r r o r

36

37 Loss =-10* log10(exp(-AlphaR*L));

38 mprintf(”\n Loss = %. 2 f dB kmˆ(−1) ”,Loss);//The
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Figure 8.12: 12

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

Scilab code Exa 8.12 12

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
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Figure 8.13: 13

9 n1 =1.48; // D imen s i o n l e s s r e f r a c t i v e index o f f i b e r
c o r e

10 n0=1; // D imen s i o n l e s s r e f r a c t i v e index o f a i r
11

12 Rf=((n1-n0)/(n1+n0))^2; // F r a c t i o n o f l i g h t r e f l e c t e d
at each f i b e r end

13 mprintf(”\n Rf = %. 4 f ”,Rf);
14

15 Tf=(1 - Rf)^2;

16 mprintf(”\n Tf = %. 3 f ”,Tf);
17

18 L=-10* log10(Tf);// Cor r e spond ing t o t a l l o s s i n dB
19 mprintf(”\n L = %. 2 f dB”,L);
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Scilab code Exa 8.13 13

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 // Let the quan t i t y ’D/2a ’ be ’D’
10 D=0.1; // D imen s i o n l e s s Rat io o f l a t e r a l d i s p l a c emen t

to f i b e r c o r e r a d i u s
11

12 Tlat =2/%pi*(acos(D) - D*sqrt(1 - D^2));//
Transmi s s i on l o s s e s from misa l i gnment

13 mprintf(”\n Tlat = %. 3 f ”,Tlat);//The answers vary
due to round o f f e r r o r

14

15 L=-10* log10(Tlat);// Cor r e spond ing Transmi s s i on l o s s
i n dB

16 mprintf(”\n L = %. 2 f dB”,L);

Scilab code Exa 8.14 14

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

2 //Example 8 . 1 4
3 //OS=Windows XP sp3
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Figure 8.14: 14
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4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;

6 clear;

7

8 // g i v en
9 d1=200e-6; // Diameter o f c o r e i n m
10 d2=250e-6; // Diameter o f ’ c o r e+c l add ing ’ i n m
11 // Let the Diameter o f mix ing rod be D
12 D=3*d2;

13 n=7; //Number o f i nput and output f i b e r s i n the rod
type c oup l e r

14

15 //As B i s a cons tant , i t w i l l be c a n c e l l e d from the
numerator & the denominator o f e x p r e s s i o n o f L in s

16 //So the s i m p l i f i e d e x p r e s s i o n f o r Li becomes :
17 Lins =-10* log10((n*%pi*(d1^2)/4)/(%pi*(D^2) /4));//

I n s e r t i o n l o s s i n dB
18 mprintf(”\n L in s = %. 1 f dB”,Lins);
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Chapter 9

Optical Communication
syatems

Scilab code Exa 9.1 1

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 eta =0.6; // D imen s i o n l e s s Quantum E f f i c i e n c y o f

photod iode
10 Lambda0 =1.3e-6; //Wavelength i n m
11 e=1.6e-19; // E l e c t r o n i c cha rge i n C
12 P=10e-6; // Op t i c a l power i n W
13 h=6.6e-34; // Planck ’ s c on s t an t i n SI Un i t s
14 c=3e8;// Speed o f l i g h t i n m/ s
15 iD=3e-9; // Rever se b i a s l e a k a g e c u r r e n t i n A
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Figure 9.1: 1
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16 Deltaf =500e6;//Bandwidth o f system in Hz
17 k=1.38e-23; //Boltzmann con s t an t i n SI Un i t s
18 Rl=50; //Load r e s i s t o r i n Ohms
19 T=300; // Abso lu t e t empera tu r e i n K
20 Fn=1; // Assumption
21

22 iLambda=eta*P*e*Lambda0 /(h*c);// Cor r e spond ing
pho togene ra t ed c u r r e n t i n A

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

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

26 // Let the t o t a l sho t n o i s e be I s h o t
27 Ishot=sqrt (2*( iLambda+iD)*e*Deltaf);

28 mprintf(”\n I s h o t = %. 1 f nA”,Ishot/1e-9);// D iv i d i n g
by 10ˆ(−9) to c onv e r t to nA

29

30 DeltaiJ=sqrt (4*k*T*Fn*Rl*Deltaf)/Rl;// Cor r e spond ing
Johnson n o i s e i n A

31 mprintf(”\n De l t a i J = %. 2 f nA”,DeltaiJ /1e-9);//
D iv i d i n g by 10ˆ(−9) to c onv e r t to nA

32 //The answers vary due to round o f f e r r o r
33

34 SNR=( iLambda ^2)/(Ishot^2 + DeltaiJ ^2);//
Cor r e spond ing D imen s i o n l e s s S i g n a l to No i s e Rat io

35 mprintf(”\n ( S/N) = %. 2 f ”,SNR);//The answers vary
due to round o f f e r r o r

Scilab code Exa 9.2 2

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

2 //Example 9 . 2
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Figure 9.2: 2

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

6 clear;

7

8 // g i v en
9 L=15; // Length o f l i n k i n km
10 Deltaf =100e6;//Bandwidth i n b/ s
11 Pmin =-50; // Re c e i v e r s e n s i t i v i t y i n dBm i s the

minimum power r e c e i v e d by r e c e i v e r
12 alphat =2; // F ibe r t r a n sm i s s i o n l o s s i n dB/km
13 Ns=10; //Number o f s p l i c e s c o n t r i b u t i n g to l o s s
14 Ls=0.5; // Loss o f each s p l i c e i n dB
15 Lc=1; // De t e c t o r c oup l i n g l o s s i n dB
16 La=5; // Add i t i o n a l Lo s s e s due to v a r i o u s f a c t o r s i n

dB ;
17 // Let the t r a n sm i t t e r l aunch power i n dBm be ’P ’
18 P=0;

19

20 Margin=P-Pmin;//Power Margin i n dBm

98



Figure 9.3: 3

21 mprintf(”\n Margin = %d dBm”,Margin);
22

23 // Let the t o t a l system l o s s i n dB be ’ Lt ’
24 Lt=alphat*L+Lc+Ns*Ls+La;

25 mprintf(”\n Tota l System Loss = %d dB”,Lt);
26 mprintf(”\n Exces s power margin = %d dB”,Margin -Lt);

// Exces s power margin i n dB

Scilab code Exa 9.3 3

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 Lambda0 =0.63e-6; //Wavelength i n m
10 Deltan =6e-3; // D imen s i o n l e s s Change i n r e f r a c t i v e

index o f t i t an ium
11 n1 =2.286; // Ordinary d im e n s i o n l e s s r e f r a c t i v e index

o f Titanium
12

13 n2=n1-Deltan;//Changed d im e n s i o n l e s s r e f r a c t i v e
index o f t i t an ium

14 NA=sqrt(n1^2 - n2^2);// Cor r e spond ing d im e n s i o n l e s s
numer i c a l a p e r t u r e

15 mprintf(”\n NA = %. 3 f ”,NA);
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Chapter 10

Noncommunications
applications of fibers

Scilab code Exa 10.1 1

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 d=50e-6; //Core d i amete r i n m
10 a=d/2; //Core r a d i u s i n m
11 n1 =1.48; // D imen s i o n l e s s maximum r e f r a c t i v e index o f

the c o r e
12 n2 =1.46; // D imen s i o n l e s s maximum r e f r a c t i v e index o f

c l a dd i n g
13

14 Delta=(n1 -n2)/n1;
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Figure 10.1: 1

15 mprintf(”\n De l ta = %. 4 f ”,Delta);
16

17 LAMBDA =2*%pi*a/sqrt (2* Delta);// Cond i t i on f o r
c oup l i n g o f a l l the modes t o g e t h e r f o r a graded
index f i b e r

18 mprintf(”\n LAMBDA = %. 2 f mm”,LAMBDA /1e-3);//
D iv i d i n g by 10ˆ(−3) to c onv e r t i n t o mm

Scilab code Exa 10.2 2

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

2 //Example 1 0 . 2
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
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Figure 10.2: 2

5 clc;

6 clear;

7

8 // g i v en
9 Alpha=5e-7; // C o e f f i c i e n t o f expans i on o f pure s i l i c a

i n Kˆ(−1)
10 Beta =6.8e-6; // Value f o r pure s i l i c a i n Kˆ(−1)
11 LambdaB =1.55e-6; //Wavelength i n m
12 n1 =1.46; // D imen s i o n l e s s R e f r a c t i v e index o f S i l i c a
13 P11 =0.126; // Value o f 1 s t Pock e l s c o e f f i c i e n t
14 P12 =0.274; // Value o f 2nd Pocke l s c o e f f i c i e n t
15 Mu =0.17; // Po i s son ’ s r a t i o
16

17 DeltaLambdaB=LambdaB *( Alpha+Beta);//Wavelength
s e n s i t i v i t y to t empera tu r e changes o f the f i b e r
i n m Kˆ(−1)

18 mprintf(”\n DeltaLambdaB = %. 4 f nm Kˆ−1”,
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Figure 10.3: 3

DeltaLambdaB /1e-9);// D iv i d i n g by 10ˆ(−9) to
c onv e r t to nm Kˆ(−1)

19

20 Pe=(n1^2) /2*((1 -Mu)*P12 -Mu*P11);// Cor r e spond ing
e f f e c t i v e p h o t o e l a s t i c c o e f f i c i e n t

21 mprintf(”\n Pe = %. 3 f ”,Pe);//The answers vary due to
round o f f e r r o r

22

23 DeltaLambdaB=LambdaB *(1-Pe);//Wavelength s e n s i t i v i t y
as f a r as s e n s i t i v i t y i s conce rned i n m Eps i l o n

ˆ(−1)
24 mprintf(”\n DeltaLambdaB = %. 1 e m Eps i l o n ˆ−1”,

DeltaLambdaB);
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Scilab code Exa 10.3 3

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 Rs=1.5 e13;//Raman s h i f t i n S i l i c a i n Hz
10 T=323; // Abso lu t e t empera tu r e i n K
11 DeltaT =1; //Change i n Temperature i n Degree C e l s i u s

or K
12 h=6.6e-34; // Planck ’ s c on s t an t i n SI Un i t s
13 k=1.38e-23; //Boltzmann con s t an t i n SI Un i t s
14

15 DeltaRs=h*Rs*DeltaT /(k*(T^2));

16 mprintf(”\n DeltaRs = %. 1 e per Degree C e l s i u s ”,
DeltaRs);

Scilab code Exa 10.4 4

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

2 //Example 1 0 . 4
3 //OS=Windows XP sp3
4 // S c i l a b v e r s i o n 5 . 5 . 2
5 clc;
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Figure 10.4: 4

6 clear;

7

8 // g i v en
9 N=1000; //Number o f t u rn s o f f i b e r
10 r=0.1; // Radius o f f i b e r i n m
11 Omega =15* %pi /(180*3600);// Mu l t i p l y i n g by %pi /180 &

Div i d i n g by 3600 to c onve r t the ear th ’ s r o t a t i o n
r a t e un i t i n t o rad / s

12 Lambda0 =1e-6; //Wavelength o f beam in m
13 c=3e8;// Speed o f l i g h t i n m/ s
14

15 A=%pi*(r^2);//Area o f the f i b e r r i n g i n mˆ2
16 PhiS =8*%pi*Omega*A*N/( Lambda0*c);// Cor r e spond ing

Phase s h i f t i n the beam in r a d i a n s
17 mprintf(”\n PhiS = %. 1 e rad ”,PhiS);
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Figure 10.5: 5

Scilab code Exa 10.5 5

1 // Op t o e l e c t r o n i c s − An In t r odu c t i o n , 2nd Ed i t i o n by
J . Wilson and J . F .B . Hawkes

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

6 clear;

7

8 // g i v en
9 V=4; // Value o f Verdet c on s t an t i n rad mˆ−1 Tˆ−1
10 Mur =1; // R e l a t i v e p e rme a b i l i t y o f S i l i c a
11 Mu0 =4*%pi*1e-7; // Pe rmeab i l i t y o f f r e e space i n SI

Un i t s
12 n=10; //Number o f t u rn s o f the f i b e r c o i l
13 I=30; // Current f l ow i n g through the f i b e r i n A
14

15 Thetar=Mu0*Mur*n*V*I;// Cor r e spond ing p o l a r i z a t i o n
r o t a t i o n i n r a d i a n s
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16 mprintf(”\n Thetar = %. 2 f d e g r e e s ”,Thetar *180/ %pi);
// Mu l t i p l y i n g by ’180/%pi ’ to c onv e r t i n d e g r e e s
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