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

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

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

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

Physics and Engineering

Scilab code Exa 1.1 Error Estimation

1 clear;

2 clc();

3 // Given :
4 l=9.3; // l e n g t h i n cm
5 b=8.5; // breadth i n cm
6 h=5.4; // h e i g h t i n cm
7 V= l*b*h; // Volume i n cmˆ3
8 delta_l = 0.1; delta_b = 0.1; delta_h = 0.1; //

s c a l e has a l e a s t count = 0 . 1 cm
9 // a b s o l u t e e r r o r

10 delta_V = (b*h*delta_l + l*h*delta_b +l*b*delta_h);

// i n cmˆ3
11 // r e l a t i v e e r r o r
12 re = delta_V/V;

13 p= re*100; // E v a l u a t i n g p e r c e n t a g e e r r o r
14 printf(” Pe r c en tage Er ro r = %d p e r c e n t a g e . ”,p);
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Scilab code Exa 1.2 Error Estimation

1 clear;

2 clc();

3 // Given :
4 M= 10.0; // we ight i n g
5 V= 5.80; // volume i n cmˆ3
6 Rho = M/V; // Dens i ty i n g/cmˆ3
7 delta_M= 0.2 // appara tu s has a l e a s t count o f 0 . 2

g
8 delta_V= 0.05 // appara tu s has a l e a s t count o f 0 . 0 5

cmˆ3
9 delta_Rho = (delta_M/V) +((M*delta_V)/V^2);//

a b s o l u t e e r r o r i n g/cmˆ3
10 re = delta_Rho/Rho ; // E v a l u a t i n g R e l a t i v e Er ro r
11 p = re*100; // E v a l u a t i n g Pe r c en tage Er ro r
12 printf(” Pe r c en tage e r r o r = %. 1 f p e r c e n t a g e . ”,p);
13 // R e s u l t o b t a i n e d d i f f e r s from tha t i n textbook ,

because de l ta M walue i s taken 0 . 1 g , i n s t e a d o f
0 . 2 g as ment ioned i n the problem sta t ement .

Scilab code Exa 1.3 Refinement in experiment

1 clc();

2 clear;

3 // Given :
4 // ( a )
5 lc = 0.1 // l e a s t count i n cm
6 c = 6.9 // C i r cumf e r en c e c i n cm
7 r= 1.1 // r a d i u s o f c i r c l e i n cm
8 val =2*%pi;

9 // Ci r cumfe rence , c= 2∗ p i ∗ r or c / r = 2∗ p i
10 // Er ro r i n c / r i s , d e l t a ( c / r )= [ ( c / r ˆ2) +(1/ r ) ] ( LC
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/2) , LC i s Leas t Count .
11 E= ((c/r^2) +(1/r))*(lc/2);// Er ro r i n c / r i s d e l t a ( c /

r )
12 ob = c/r; // Observed Value
13 // Actua l Value o f c / r r a n g e s between
14 ac1 = ob -E;// E v a l u a t i n g Minimum v a l u e f o r c / r
15 ac2 = ob+E;// E v a l u a t i n g Maximum v a l u e f o r c / r
16 p = (E/ob)*100; // E v a l u a t i n g p e r c e n t a g e e r r o r
17 printf(” ( a ) Actua l Value o f c / r r a n g e s between %. 2 f −

%. 2 f and Pe r c en tage e r r o r = %. 2 f p e r c e n t a g e . \ n
”,ac1 ,ac2 ,p);

18 // ( b )
19 lc1 = 0.001; //Now the l e a s t count i s 0 . 0 0 1 cm
20 c1 = 6.316; // C i r cumf e r en c e i n cm
21 r1 =1.005; // C i r c l e r a d i u s i n cm
22 E1 =((c1/r1^2) + (1/r1))*(lc1 /2); // Er ro r i n c / r i s

d e l t a ( c / r )
23 ob1= c1/r1; // Observed Value
24 p1=(E1/ob1)*100; // E v a l u a t i n g p e r c e n t a g e e r r o r
25 // Actua l Value o f c / r r a n g e s between
26 a1= ob1 -E1;// E v a l u a t i n g Minimum v a l u e f o r c / r
27 a2= ob1+E1;// E v a l u a t i n g Maximum v a l u e f o r c / r
28 printf(” ( b ) Actua l Value o f c / r r a n g e s between %. 3 f −

%. 3 f and Pe r c en tage e r r o r = %. 2 f p e r c e n t a g e . \ n”,
a1 ,a2 ,p1);

Scilab code Exa 1.4 Refinement in theory

1 clc();

2 clear;

3 // Given
4 // ( a ) Newton ’ s Theory
5 // v= (P/ rho ) ˆ2 , P= P r e s s u r e , rho = d e n s i t y
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6 P = 76; // 76 cm o f Hg p r e s s u r e
7 V= 330 ; // v e l o c i t y o f sound i n m/ s
8 rho = 0.001293; // d e n s i t y f o r dry a i r at 0 d e g r e e s

c e l s i u s i n g/cmˆ3
9 g = 980; // g r a v i t a t i o n a l a c c e l e r a t i o n i n cm/ s ˆ2
10 // Dens i ty o f mercury at room tempera tu r e i s 1 3 . 6 g/

cmˆ3
11 // 1 cmˆ2 = 1.0∗10ˆ−4 mˆ2
12 v = sqrt (((P*13.6*g)/rho)*10^ -4); // v e l o c i t y o f

sound i n m/ s
13 p= ((V-v)/V)*100; // % lower than the e x p e r i m e n t a l

v a l u e
14 printf(” ( a ) I t i s i s %d p e r c e n t a g e l owe r than the

e x p e r i m e n t a l v a l u e . \ n\n”,p);
15

16 // ( b ) Laplace ’ s Theory
17 // v= ( ( gama∗P) / rho ) ˆ 2 . , gamma = a d i a b a t i c index

Thus ,
18 // Given :
19 gama = 1.41 // A d i a b a t i c index
20 // Dens i ty o f mercury at room tempera tu r e i s 1 3 . 6 g/

cmˆ3
21 // 1 cmˆ2 = 1.0∗10ˆ−4 mˆ2
22 v1 = sqrt ((( gama*P*13.6*g)/rho)*10^ -4);// v e l o c i t y

o f sound i n m/ s
23 p1 = ((V-round(v1))/V)*100; // % h i g h e r than the

e p e r i m e n t a l v a l u e
24 printf(” ( b ) I t i s %. 1 f p e r c a n t a g e h i g h e r than the

e x p e r i m e n t a l v a l u e . \ n”,abs(p1));
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Chapter 2

What is Light

Scilab code Exa 2.2 Space and Time profile

1 clc();

2 clear;

3 // wave y= 2∗ s i n (10∗ p i ∗ t − ( p i ∗x ) /40 + p i /4)
4 // ( a ) P lo t the space p r o f i l e a t t= T/4
5 // Comapring the g i v e n Equat ion with y= A∗ s i n ( omega

∗ t − k∗x + phi )
6 omega = 10* %pi ; // Angular f r e q u e n c y i n rad / s
7 k= %pi /40 ; // Wave number i n rad /m
8 T= 1/5 ; // 2∗ p i /T = 10∗ p i , so Time p e r i o d i s 1/5 s
9 lambda = 80; // Wavelength i n m , 2∗ p i / lambda = p i

/40 , so lambda = 80
10 t1= T/4; // t ime p e r i o d i n s
11 x1= 0; // i n m
12 printf(”The Space p r o f i l e o f a wave y= 2∗ s i n (10∗ p i ∗ t

− ( p i ∗x ) /40 + p i /4) when t= T/4\n\n”)
13 printf(”\ tx ( i n m) \ t y1 ( x ) ( i n m) \n”);
14 while x1 <180

15 y1= 2*sin(( omega*t1)-(k*x1)+ (%pi /4));

16 printf(”\t%d\ t \t% . 3 f \n”,x1 ,y1);
17 x1 = x1+10;

18 end
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19 //Now , we w i l l p l o t the space p r o f i l e from the
v a l u e s o b t a i n e d f o r y1 f o r each v a l u e o f x1

20 x_1 =

[0 ,10 ,20 ,30 ,40 ,50 ,60 ,70 ,80 ,90 ,100 ,110 ,120 ,130 ,140 ,150 ,160 ,170];

21 y_1 =

[1.414214 ,2.000000 ,1.414214 ,0.000000 , -1.414214 , -2.000000 , -1.414214 , -0.000000 ,1.414214 ,2.000000 ,1.414214 ,0.000000 , -1.414214 , -2.000000 , -1.414214 , -0.000000 ,1.414214 ,2.000000];

22 // a x i s c e n t e r e d at ( 0 , 0 )
23 axis=gca(); // Handle on axes e n t i t y
24 axis.x_location = ” o r i g i n ”;
25 axis.y_location = ” o r i g i n ”;
26 plot(x_1 ,y_1 ,style =5);

27 xtitle(” Space P r o f i l e at t = T/4 f o r the wave y=
2∗ s i n (10∗ p i ∗ t − ( p i ∗x ) /40 + p i /4) ”,”x ( i n m) ”,”
y1 ( x ) ( i n m) ”);

28 xpause (10000000);

29 // ( b )
30 x2= lambda /8; // i n m
31 t2=0; // t ime p e r i o d i n s
32 printf(”The t ime p r o f i l e o f a wave y= 2∗ s i n (10∗ p i ∗ t

− ( p i ∗x ) /40 + p i /4) when x= lambda /8\n\n”)
33 printf(”\ t t ( i n s ) \ t y2 ( t ) ( i n m) \n\n”);
34 while t2 <0.4

35 y2=2*sin((omega*t2) -(k*x2)+ (%pi/4));

36 printf(”\t% . 3 f \ t \t% . 3 f \n”,t2 ,y2);
37 t2=t2 +0.025;

38 end

39 //Now , we w i l l p l o t the t ime p r o f i l e from the v a l u e s
o b t a i n e d f o r y2 , f o r each v a l u e o f t2

40 x_2

=[0 ,0.025 ,0.05 ,0.075 ,0.1 ,0.125 ,0.15 ,0.175 ,0.2 ,0.22500 ,0.250000 ,0.27500 ,0.30000 ,0.325000 ,0.350000 ,0.37500];

41 y_2

=[0.000000 ,1.414214 ,2.000000 ,1.414214 ,0.000000 , -1.414214 , -2.000000 , -1.414214 , -0.000000 ,1.414214 ,2.000000 ,1.414214 ,0.000000 , -1.414214 , -2.000000 , -1.414214];

42 // a x i s c e n t e r e d at ( 0 , 0 )
43 axis1=gca(); // Handle on axes e n t i t y
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Figure 2.1: Space and Time profile

44 axis1.x_location = ” o r i g i n ”;
45 axis1.y_location = ” o r i g i n ”;
46 plot(x_2 ,y_2 ,style= 4);

47 xtitle(”Time P r o f i l e at x = lambda /8 f o r the wave
y= 2∗ s i n (10∗ p i ∗ t − ( p i ∗x ) /40 + p i /4) ”,” t ( i n

s ) ”,” y2 ( t ) ( i n m) ”);

Scilab code Exa 2.3 Wave Parameters

1 clc();

2 clear;
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Figure 2.2: Space and Time profile

3 // Let us c o n s i d e r , wave f u n c t i o n y = A∗ s i n ( omega∗ t
− K∗x + phi )

4 A= 0.02; // Amplitude i n m
5 lambda = 6; // Wavelength ( lambda ) = Cre s t D i s t a n c e

= 6 m
6 T= 2; // Time p e r i o d i s s
7 nu = 1/T; // Frequency i n Hz
8 omega = 2*%pi*nu ; // Angular Frequency i n rad / s
9 k = 2*%pi/lambda; // wave number i n rad /m

10 // from Space p r o f i l e , when x =1.5 m, t= 0
11 y = 0.02; // i n m
12 x=1.5; // i n m
13 t= 0; // i n s
14 phi = (asin(y/A) +(k*x) - (omega*t)); // I n i t i a l

phase i n r a d i a n s
15 printf(” Wave paramete r s from the space p r o f i l e and

t ime p r o f i l e \n”)
16 printf(” ( 1 ) Amplitude i s %. 2 f m \n ( 2 ) Wavelength i s
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%d m \n ( 3 ) Time p e r i o d i s %d s \n ( 4 ) Frequency
i s %. 1 f Hz \n ( 5 ) Angular Frequency i s %. 3 f rad / s \
n ( 6 ) Wave number i s %. 3 f rad /m \n ( 7 ) I n i t i a l
phase i s %. 3 f r a d i a n s \n”,A,lambda ,T,nu ,omega ,k,
phi);

17 // y ( x , t =0) : −0.02 = 0 . 0 2∗ s i n (0−( p i ∗x ) /3 + p i )
18 // Thus (−p i ∗x ) /3 + p i = −p i /2 ,−5∗ p i /2 , g i v i n g x=

9/2 m, 2 1 / 2m
19 V= omega/k; // V e l o c i t y o f wave i n m/ s
20 // I i s p r o p o r t i o n a l to Aˆ2
21 I = A^2; // I n t e n s i t y i n mˆ2 ( P r o p o r t i o n a l )
22 printf(” ( 8 ) The v e l o c i t y o f wave i s %d m/ s \n ( 9 )

I n t e n s i t y i s p r o p o r t i o n a l to : %. 1 f x 10ˆ−4 mˆ 2 . ”
,V,I*10^4);

Scilab code Exa 2.6 Sound and Light waves

1 clc();

2 clear;

3 // ( a ) Tunning f o r k
4 nu= 440; // Frequency i n Hz
5 V=340; // v e l o c i t y o f sound i n a i r i n m/ s
6 lambda= V/nu ;// Wavelength o f sound wave i n m
7 k= 2*%pi/lambda; // Wave number i n m
8 // ( b ) Red L ight
9 nu1 = 5*10^14; // Frequency o f Red l i g h t i n Hz

10 V1 = 3*10^8; // V e l o c i t y o f l i g h t i n m/ s
11 lambda1= V1/nu1; // Wavelength o f l i g h t wave i n m
12 k1= 2*%pi/lambda1; // Wave number i n m
13 printf(” For Sound wave : \n\n Frequency : %d Hz \n

V e l o c i t y : %d m/ s \n Wavelegth : %. 3 f m\n Wave
number : %. 2 f m \n Wave Equat ion f o r Sound wave :
y = A∗ s i n ( (%. 2 f ∗x )−(%. 3 f ∗ t ) ) \n\n”,nu ,V,lambda ,k
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,k,(2* %pi*nu));

14 printf(” For L ight wave : \n\n Frequency : %. 0 f x
10ˆ14 Hz \n V e l o c i t y : %d x 10ˆ8 m/ s \n Wavelegth :
%. 1 f x 10ˆ−7 m\n Wave number : %. 2 f x 10ˆ7 m \n

Wave Equat ion f o r Sound wave : y = A∗ s i n ( (%. 2 f
∗10ˆ7∗ x )−(%. 1 f ∗10ˆ15∗ t ) ) \n\n”,nu1*10^-14,V1
*10^-8, lambda1 *10^7,k1*10^-7,k1*10^ -7 ,(2* %pi*nu1

*10^ -15));
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Chapter 3

Interference

Scilab code Exa 3.3 Incoherence

1 clc();

2 clear;

3 // Given :
4 lambda1 = 5890 ; // Wavelength i n angst roms
5 lambda2 = 5896 ; // Wavelength i n angst roms
6 // For sodium d o u b l e t
7 nu1 = 5.0934*10^14; // Frequency i n Hz
8 nu2 = 5.0882*10^14; // Frequency i n Hz
9

10 deltanu = nu1 -nu2; // D i f f e r n e c e i n F r e q u e n c i e s i n
Hz

11 Tc = 1/ deltanu ; // Coherence t ime i n s
12

13 n1 = Tc*nu1; // Number o f Cyc l e s o f wave l ength 5890
angstroms

14 n2 = Tc*nu2;// Number o f c y c l e s o f wave l eg th 5896
angstrom

15 // i n t h i s c o h e r e n c e t ime , we have :
16 printf(” Cyc l e s : %d , Wavelength %d A \n”,round(n1),

lambda1);

17 printf(” Cyc l e s : %d , Wavelength %d A”,round(n2),
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lambda2);

Scilab code Exa 3.4 Ordinary and Laser source

1 clc();

2 clear;

3 // Given :
4 deltalambda1 = 0.01; // The l i n e width o f the orange

l i n e o f krypton , Krˆ86 i n A
5 lambda = 6058; // Wavelength i n angst roms =

6058∗10ˆ−10 m
6 deltalambda2 = 0.00015; // The l i n e width o f a l a s e r

s o u r c e i n A
7 c = 3*10^8 ;// V e l o c i t y o f l i g h t i n vacuum i n m/ s
8 nu0 = c/( lambda *10^ -10);// lambda i n m , 1 A = 1 . 0

10ˆ−10 m
9 // 1 A = 1 . 0 10ˆ−10 m
10 // For orange l i n e o f Krypton
11 Lc1= (lambda ^2/ deltalambda1)*10^ -10; // c o h e r e n c e

l e n g t h i n m
12 deltanu1 = c/Lc1 ;// bandwidth i n Hz
13 Tc1 = (Lc1/c);// Coherence t ime i n s
14 // Xi = d e l t a n u /nu0 , where nu0 = c / lambda which

e q u a l s to ( d e l t a n u ∗ lambda ) /c , lambda i n A
15 Xi1 = deltanu1/nu0 ; // d e g r e e o f monochromat i c i ty
16 // For Lase r Source
17 Lc2= (lambda ^2/ deltalambda2)*10^ -10; // c o h e r e n c e

l e n g t h i n m
18 deltanu2 = c/Lc2 ;// i n Hz
19 Tc2 = (Lc2/c);// C a l c u l a t i n g Coherence t ime i n s
20 // Xi = d e l t a n u /nu0 , where nu0 = c / lambda which

e q u a l s to ( d e l t a n u ∗ lambda ) /c , lambda i n A
21 Xi2 = deltanu2/nu0 ;// d e g r e e o f monochromat i c i ty
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22 printf(” For Orange l i n e o f Krypton : \n\n Coherence
Length : \ t %. 4 f m \n Bandwidth : \ t \ t %. 2 f x
10ˆ8 Hz \n Coherence : \ t \ t %. 2 f x 10ˆ−8 s \n
Degree o f Monochromat ic i ty : %. 2 f x 10ˆ−6 \n\n”
,Lc1 ,deltanu1 *10^-8,Tc1*10^8, Xi1 *10^6);

23 printf(” For Lase r Source : \n\n Coherence Length : \
t %. 2 f m \n Bandwidth : \ t \ t %. 2 f x 10ˆ7 Hz \n
Coherence : \ t \ t %. 2 f x 10ˆ−8 s \n Degree o f
Monochromat ic i ty : %. 2 f x 10ˆ−8 \n\n”,Lc2 ,
deltanu2 *10^-7,Tc2*10^8,Xi2 *10^8);

Scilab code Exa 3.5 Optical path

1 clc();

2 clear;

3 // ( a )
4 // Given :
5 lambda = 5890; // Wavelength i n A
6 l = 5.89; // t h i c k n e s s o f the f i l m i n mu m
7 mu = 1.35; // r e f r a c t i v e index
8 delta = mu*l;// o p t i c a l path i n the medium i n m
9 // ( b ) ( i ) Number o f waves i n the medium
10 // 1 angstrom = 1.0∗10ˆ−10 m and 1 mu m = 1∗10ˆ−6 m
11 N= (l*10^ -6)/( lambda *10^ -10/mu);

12 // the d i s t a n c e i n vaccum f o r t h o s e waves :
13 delta1 =N*lambda *10^ -10; // o p t i c a l path i n m
14 // ( b ) ( i i ) Phase d i f f e r e n c e i n the medium
15 // 1 angstrom = 1.0∗10ˆ−10 m and 1 mu m = 1∗10ˆ−6 m
16 phi = ((2* %pi)/( lambda *10^ -10/mu))*(l*10^ -6) ;

17 printf(” O p t i c a l path = %. 4 f mu m\n”,delta);
18 printf(”Number o f waves : %. 1 f \n”,N);
19 printf(”The d i s t a n c e i n vaccum f o r t h o s e waves i s :

%. 4 f mu m \n”,delta1 *10^6);
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20 printf(” Phase d i f f e r e n c e = %. 3 f \n”,phi);

Scilab code Exa 3.6 Total optical path

1 clc();

2 clear;

3 // Given :
4 lambda = 5890; // Wavelength o f a beam o f sodium

l i g h t i n A
5 l = 100 ; // t h i c k n e s s i n cm
6 mu1 = 1.00; // r e f r a c t i v e index o f a i r
7 mu2 = 1.33; // r e f r a c t i v e index o f water
8 mu3 = 1.39; // r e f r a c t i v e index o f o i l
9 mu4 = 1.64; // r e f r a c t i v e index o f g l a s s

10 c = 3*10^8 ;// V e l o c i t y o f l i g h t i n vacuum i n m/ s
11 // For Air :
12 lambda1 = lambda/mu1; // wave l ength o f l i g h t i n A
13 v1 = c/mu1;// V e l o c i t y o f l i g h t i n a i r i n m/ s
14 // 1cm = 1∗10ˆ−2 m
15 t1 = (l*10^ -2/v1); // t ime o f t r a v e l i n s
16 // 1 A = 1∗10ˆ−10 m
17 N1 = (l*10^ -2)/( lambda1 *10^ -10);// Number o f waves
18 delta1 = mu1*l; // O p t i c a l path i n cm
19 // For Water :
20 lambda2 = lambda/mu2; // wave l ength o f l i g h t i n A
21 v2 = c/mu2;// V e l o c i t y o f l i g h t i n water i n m/ s
22 // 1cm = 1∗10ˆ−2 m
23 t2 = (l*10^ -2/v2); // t ime o f t r a v e l i n s
24 // 1 A = 1∗10ˆ−10 m
25 N2 = (l*10^ -2)/( lambda2 *10^ -10);// Number o f waves
26 delta2 = mu2*l; // O p t i c a l path i n cm
27 // For O i l :
28 lambda3 = lambda/mu3; // wave l ength o f l i g h t i n A
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29 v3 = c/mu3;// V e l o c i t y o f l i g h t i n O i l i n m/ s
30 // 1cm = 1∗10ˆ−2 m
31 t3 = (l*10^ -2/v3); // t ime o f t r a v e l i n s
32 // 1 A = 1∗10ˆ−10 m
33 N3 = (l*10^ -2)/( lambda3 *10^ -10);// Number o f waves
34 delta3 = mu3*l; // O p t i c a l path i n cm
35 // For Gla s s :
36 lambda4 = lambda/mu4; // wave l ength o f l i g h t i n A
37 v4 = c/mu4;// V e l o c i t y o f l i g h t i n Gla s s i n m/ s
38 // 1cm = 1∗10ˆ−2 m
39 t4 = (l*10^ -2/v4); // t ime o f t r a v e l i n s
40 // 1 A = 1∗10ˆ−10 m
41 N4 = (l*10^ -2)/( lambda4 *10^ -10);// Number o f waves
42 delta4 = mu4*l; // O p t i c a l path i n cm
43 delta = delta1+delta2+delta3+delta4; // t o t a l

o p t i c a l path i n cm
44 printf(” Parameters \ t \ t \ t Air \ t \ t \ t Water \ t \ t \ t

O i l \ t \ t \ t G l a s s \n\n”);
45 printf(” Wavelength : \ t \ t %. 0 f A \ t \ t %. 1 f A \ t \ t %

. 1 f A \ t \ t %. 1 f A \n”,lambda1 ,lambda2 ,lambda3 ,
lambda4);

46 printf(” V e l o c i t y : \ t \ t %. 0 f x 10ˆ8 m/ s \ t \ t %. 2 f x
10ˆ8m/ s \ t %. 2 f x 10ˆ8 m/ s \ t %. 2 f x 10ˆ8 m/ s \n”
,v1*10^-8,v2*10^-8,v3*10^-8,v4*10^ -8);

47 printf(”Time o f t r a v e l : \ t %2 . 1 f x 10ˆ−10 s \ t %2 . 1 f
x 10ˆ−10 s \ t %2 . 1 f x 10ˆ−10 s \ t %2 . 1 f x 10ˆ−10 s
\n”,t1*10^10 ,t2*10^10 ,t3*10^10 ,t4 *10^10);

48 printf(”Number o f waves : \ t %. 1 f x 10ˆ6 \ t \ t %. 1 f x
10ˆ6 \ t \ t %. 1 f x 10ˆ6 \ t \ t %. 1 f x10 ˆ6 \n”,N1
*10^-6,N2*10^-6,N3*10^-6,N4*10^ -6);

49 printf(” O p t i c a l path : \ t \ t %d cm \ t \ t %d cm \ t \ t %d
cm \ t \ t %d cm \n\n”,delta1 ,delta2 ,delta3 ,delta4)

;

50 printf(” The t o t a l o p t i c a l path = %d cm\n\n”,delta);

24



Scilab code Exa 3.8 Maximum observable fringes

1 clc();

2 clear;

3 // Given :
4 lambda = 6058; // Wavelength o f l i g h t i n A
5 deltalambda1 = 0.01; // l i n e width f o r a krypton

s o u r c e i n A
6 deltalambda2 = 0.00015; // l i n e width f o r a l a s e r

s o u r c e i n A
7 // The maximum number o f f r i n g e s i s g i v e n by n max =

lambda / de l ta lambda
8 // ( a ) For a krypton s o u r c e :
9 n_max1 = lambda/deltalambda1 ;

10 // ( b ) For a l a s e r s o u r c e :
11 n_max2 = lambda/deltalambda2;

12 printf(”The maximum number o f f r i n g e s o b s e r v a b l e a r e
: \ n\n”);

13 printf(” ( a ) For a krypton s o u r c e : %d \n\n”,n_max1);
14 printf(” ( b ) For a l a s e r s o u r c e : %d \n\n”,n_max2);

Scilab code Exa 3.9 Interference pattern

1 clc();

2 clear;

3 // Given :
4 mu = 1.4; // r e f r a c t i v e index o f a t h i n f i l m
5 lambda = 5890; // Wavelength o f sodium l i g h t i n A
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6 deltalambda = 20; // l i n e width i n A
7 // For o b s e r v i n g i n t e r f e r e n c e pat t e rn , t < lambda

ˆ2/(2∗mu∗ de l ta lambda )
8 t_max = lambda ^2/(2* mu*deltalambda); // t h i c k n e s s o f

the f i l m i n A
9 printf(” t max : %1 . 3 f x 10ˆ5 A \n\n”,t_max *10^ -5);

Scilab code Exa 3.10 Wedge angle

1 clc();

2 clear;

3 // Given :
4 lambda = 6000; // wave l ength i n A
5 mu = 1; // r e f r a c t i v e index f o r a i r
6 // Fr inge p a t t e r n hav ing 100 f r i n g e s per cm
7 betaa = 0.01; // f r i n g e width i n cm
8 // And ,We know betaa = lambda /(2∗mu∗ a lpha ) , so
9 // 1 A = 1.0∗10ˆ−8 cm
10 alpha = lambda *10^ -8/(2* mu*betaa); // wedge a n g l e

i n rad
11 printf(”Wedge a n g l e = %. 3 f rad ”,alpha);

Scilab code Exa 3.13 Interference for different waves

1 clc();

2 clear;

3 // Given :
4 angle = 4*10^ -2 ; // a n g l e i n rad
5 // 1 r a d i a n = 57 . 2957795 d e g r e e s
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6 theta = angle *57.2957795 ;// i n d e g r e e s
7 // d∗ s i n ( t h e t a ) = lambda , so d = lambda /( s i n (

t h e t a ) ) :
8 // ( a ) For Sound waves
9 lambda1 = 0.75; // Wavelength i n m
10 d1 = lambda1/sind(theta); // d i s t a n c e i n m
11 // ( b ) For U l t r a s o n i c waves
12 lambda2 = 0.1; // Wwavelength i n m
13 d2 = lambda2/sind(theta); // d i s t a n c e i n m
14 // ( c ) For microwaves
15 lambda3 = 2.9 ; // Wavelength i n cm
16 // 1cm = 1.0∗10ˆ−2 m
17 d3 = lambda3 *10^ -2/ sind(theta); // d i s t a n c e i n m
18 // ( d ) For IR waves
19 lambda4 = 10; // Wavelength i n mu m
20 // 1 mu m = 1.0∗10ˆ−6 m
21 d4 = lambda4 *10^ -6/ sind(theta);// d i s t a n c e i n m
22 // ( e ) For l i g h t waves
23 lambda5 = 5890; // i n angst roms
24 // 1 A = 1.0∗10ˆ−10 m
25 d5 = lambda5 *10^ -10/ sind(theta); // d i s t a n c e i n m
26 printf(” ( a ) For Sound waves : %. 2 f m \n”,d1);
27 printf(” ( b ) For U l t r a s o n i c waves : %. 2 f m \n”,d2);
28 printf(” ( c ) For Microwaves : %. 2 f m \n”,d3);
29 printf(” ( d ) For IR waves : %. 1 f mu m \n”,d4 *10^6);
30 printf(” ( e ) For L igh t waves : %. 2 f mu m \n”,d5 *10^6)

;

Scilab code Exa 3.14 Intensity distribution

1 clc();

2 clear;

3 // Given :
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4 // Now , the i n t e n s i t y d i s t r i b u t i o n i s g i v e n by :
5 // I = I 1 + I 2 + 2∗ ( I 1 ∗ I 2 ) ˆ 0 . 5 ∗ co s ( a lpha1−

a lpha2 ) , Using a lpha = a lpha1 − a lpha2 and I 1
= I 2 = I 0

6 // I = 2∗ I 0 ∗(1+ co s ( a lpha ) )
7 nu = 1.2 * 10^6 ; // f r e q u e n c y i n Hz
8 c = 3*10^8 ; // v e l o c i t y o f l i g h t i n m/ s
9 lambda = c/nu ; // wave l ength i n m
10 d = 500; // two i d e n t i c a l v e r t i c a l d i p o l e antenna

spaced 500 m apar t
11 // D i r e c t i o n s a l ong which the i n t e n s i t y i s maximum

:
12 printf(”Maximum I n t e n s i t y \n\n”);
13 for n= 0 :2

14 theta = asind ((n*lambda)/d);// i n d e g r e e s
15 printf(”−−−> t h e t a = %d d e g r e e s \n”,theta);
16 end

17 // D i r e c t i o n s f o r which i n t e n s i t y i s minimum :
18 n1 =0;

19 theta1 = asind (((n1 + (1/2))*lambda)/d);// i n d e g r e e s
20 printf(”Minimum I n t e n s i t y \n\n”);
21 printf(”−−> t h e t a = %. 1 f d e g r e e s \n”,theta1);

Scilab code Exa 3.15 Linear expansivity

1 clc();

2 clear;

3 // Given :
4 lambda = 5900 ; // Wavelength i n A
5 delta_T = 150; // Temperature o f the meta l c y l i n d e r

i s now r a i s e d by 150 K
6 p = 20 ; // p i s the number o f r i n g s s h i f t e d due to

i n c r e a s e i n t n ( t n i s the t h i c k n e s s o f the a i r
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f i l m )
7 l = 5 ; // l e n g t h o f the meta l c y c l i n d e r i n mm
8 mu = 1; // r e f r a c t i v e index f o r a i r
9 // I n c r e a s e i n l e n g t h = ( p∗ lambda ) /2∗mu
10 // 1 A = 1.0∗10ˆ−7 mm
11 delta_l = (p*lambda *10^ -7) /2*mu; // i n c r e a s e i n

l e n g t h i n mm
12 // L i n e a r e x p a n s i v i t y o f the meta l o f the c y c l i n d e r
13 alpha = (delta_l)/(l*delta_T); // i n 1/K
14 printf(”The l i n e a r e x p a n s i v i t y o f the meta l o f the

c y l i n d e r u s i n g Newtons r i n g s appara tu s i s : %. 1 f
x 10ˆ−6/K ”, alpha *10^6);

Scilab code Exa 3.16 Michelsons interferometer

1 clc();

2 clear;

3 // Given :
4 d = 0.065; // d i s t a n c e i n mm
5 p = 200 ;// 200 f r i n g e s c r o s s the f i e l d o f view
6 // Miche l son ’ s i n t e r f e r o m e t e r arrangement : 2∗d = p∗

lambda
7 lambda = 2*d/p;// wave l ength i n mm
8

9 printf(” Wavelength : %. 1 f x 10ˆ−4 mm ”,lambda *10^4)
;

Scilab code Exa 3.17 Newtons ring apparatus
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1 clc();

2 clear;

3 // Given :
4 D10_air = 1.75 ;// d iamete r o f the 10 th b r i g h t r i n g

i n Newton ’ s r i n g appara tu s i n cm
5 D10_liquid = 1.59 ; // d iamete r o f the 10 th b r i g h t

r i n g i n Newton ’ s r i n g appara tu s i n cm
6 // The d iamete r o f the nth b r i g h t r i n g i n Newton ’ s

r i n g appara tus : D n = 2∗ (R∗ ( n + 1/2) ∗ ( lambda /mu
) ) ˆ 0 . 5

7 mu = (D10_air/D10_liquid)^2;

8 printf(”The r e f r a c t i v e index o f the l i q u i d i s %. 3 f ”,
mu);

Scilab code Exa 3.18 Anti Reflection Coating

1 clc();

2 clear;

3 // Given :
4 lambda = 5500; // Wavelength i n A
5 mu_f = 1.38; // r e f r a c t i v e index f o r MgF2
6 mu_f1 = 1.48; // r e f r a c t i v e index f o r l u c i t e
7 //The minimum t h i c k n e s s
8 t = lambda /(4* mu_f) ; // t h i c k n e s s i n A
9 printf(”The minimum t h i c k n e s s = %. 1 f A\n\n”,t);
10 // R e s u l t a n t r e f l e c t e d i n t e n s i t y = I = 2∗ I 0 ∗ (1 +

co s ( a lpha ) )
11 // a lpha = (2∗ p i / lambda ) ∗ ( path d i f f e r e n c e )
12 alpha1 = (2*%pi/lambda)*(2* mu_f*t); // a n g l e i n

r a d i a n s
13 alpha2 = (2*%pi/lambda)*(2* mu_f1*t); // a n g l e i n

r a d i a n s
14 printf(” a lpha = %. 3 f f o r MgF2 and %. 3 f f o r l u c i t e \n
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\n”,alpha1 ,alpha2);
15 printf(” For MgF2 : I = ( %f ) ∗ I 0 \n\n” ,2*(1+cos(

alpha1)));

16 printf(” For l u c i t e : I = (%. 3 f ) ∗ I 0 \n\n” ,2*(1+cos(
alpha2)));

17 printf(” For L u c i t e : (%. 3 f ) ∗ I 0 , i n d i c a t e s %. 1 f
p e r c e n t a g e o f the i n c i d e n t l i g h t i s r e f l e c t e d ,
so i t i s l e s s s u i t a b l e f o r c o a t i n g . ” ,2*(1+cos(
alpha2)), 100*2*(1+ cos(alpha2)));
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Chapter 4

Diffraction

Scilab code Exa 4.4 Interference minima

1 clc();

2 clear;

3 // Given :
4 d = 8.8*10^ -2 ; // s l i t width i n mm
5 b = 0.7; // s e p e r a t i o n between s l i t s i n mm
6 lambda = 6328 ; // Wavelength i n A
7 // F i r s t d i f f r a c t i o n minima i s p o s s i b l e , when d∗ s i n (

t h e t a ) = lambda
8 // 1 A = 1.0∗10ˆ−7 mm
9 theta = asind (( lambda *10^ -7)/d); // a n g l e i n d e g r e e s

10 printf(” t h e t a = %. 3 f d e g r e e s . \ n\n”,theta);
11 // i n t e r f e r e n c e minima i s p o s s i b l e , when s i n ( t h e t a )

= ( ( p + 1/2) ∗ lambda ) /b
12 for p = 0 : 10

13 // 1 A = 1.0∗10ˆ−7 mm
14 theta1 = asind((p + 1/2)*( lambda *10^ -7/b)); //

a n g l e i n d e g r e e s
15 printf(”When p = %d \n”,p);
16 printf(” t h e t a = %. 3 f d e g r e e s . \n\n”,theta1);
17 if(theta1 > theta)

18 printf(” When p >= %d , t h e t a > %. 3 f d e g r e e s
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. \ n\nBetween the f i r s t two d i f f r a c t i o n
minima , %d i n t e r f e r e n c e minima a r e p o s s i b l e
. ”,p,theta ,2*p);

19 break;

20 end

21 end

Scilab code Exa 4.6 Angles of Diffraction

1 clc();

2 clear;

3 // Given :
4 // a+b = ( 2 . 5 4 /N)cm
5 N = 15000; // g r a t i n g has 15000 l i n e s
6 a_plus_b = 2.54/N ; // g r a t i n g e l ement i n cm
7 // Grat ing equat i on , ( a+b ) ∗ s i n ( t h e t a n ) = n∗ lambda ,

we g e t : t h e t a n = a s i n d ( ( n∗ lamba ) /( a+b ) )
8 printf(” For l i n e D1 and Wavelength 5890 A: \ n\n”);
9 printf(” Ang le s at which f i r s t o r d e r and second

o r d e r maxima w i l l be ob s e rv ed a r e : \ n”);
10 lambda1 = 5890; // Wavelength i n A
11 for n = 1:2 // F i r s t and second o r d e r maxima
12 // 1 A = 1.0∗10ˆ−7 mm
13 theta1_n = asind ((n*lambda1 *10^ -8)/a_plus_b);//

a n g l e i n d e g r e e s
14 printf(” Order :%d ,%. 3 f d e g r e e s \n”,n,theta1_n);
15 end

16 printf(” For l i n e D2 and Wavelength 5 8 9 5 . 9 A : \ n\n”);
17 printf(” Ang le s at which f i r s t o r d e r and second

o r d e r maxima w i l l be ob s e rv ed a r e : \ n”);
18 lambda2 = 5895.9 ; // Wavelength i n A
19 for n1 = 1:2 // F i r s t and second o r d e r maxima
20 // 1 A = 1.0∗10ˆ−7 mm
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21 theta2_n = asind ((n1*lambda2 *10^ -8)/a_plus_b);//
a n g l e i n d e g r e e s

22 printf(” Order : %d, %. 3 f d e g r e e s \n”,n1 ,theta2_n);
23 end

24 printf(” When n = 3 , s i n ( t h e t a )= ( ( n∗ lambda ∗10ˆ−8) /
a p l u s b )>1 , which f a l l s o u t s i d e the s i n e range ,

hence t h i r d o r d e r maximum i s not v i s i b l e ”);

Scilab code Exa 4.8 Dispersion and resolving power

1 clc();

2 clear;

3 // Given :
4 // ( a ) 15000 l i n e s per i n ch
5 N1 = 15000; // 15000 l i n e s per i n ch
6 a1_plus_b1 = (2.54/ N1)*10^8 ; // g r a t i n g e l ement i n A
7 lambda1 = 5890; // Wavelength i n A
8 lambda2 = 5895.9 ; // Wavelength i n A
9 deltalambda1 = lambda2 -lambda1; // i n A

10 // For f i r s t o r d e r
11 n =1;

12 theta1 = 20.355; // i n d e g r e e s
13 deltatheta1 = ((n*deltalambda1)/(( a1_plus_b1)*cosd(

theta1)));// d i s p e r s i o n i n d e g r e e s /A
14 rp1 = n*N1; // r e s o l v i n g power
15

16

17 // ( b ) 15000 l i n e s per cm
18 // 1 cm = 0 . 3 9 3 7 0 1 in che s , so We have 15000 l i n e s

per 0 . 3 9 3 7 0 1 i n c h e s .
19 // Ther e f o r e , For 1 in ch we have 15000/0 . 393701 =

3 8 0 99 . 9 7 9 or 38100 l i n e s
20 N2 = 38100 ; // 38100 l i n e s per i n ch
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21 a2_plus_b2 = (2.54/ N2)*10^8 ; // g r a t i n g e l ement i n A
22 // For f i r s t o r d e r
23 theta_1 = asind((n*lambda1)/( a2_plus_b2));// i n

d e g r e e s
24 deltatheta_1 = ((n*deltalambda1)/(( a2_plus_b2)*cosd(

theta_1)));// d i s p e r s i o n i n d e g r e e s /A
25 rp2 = n*15000; // r e s o l v i n g power
26

27

28 // ( c ) 5906 l i n e s per cm
29 // 1 cm = 0 . 3 9 3 7 0 1 in che s , so We have 5906 l i n e s per

0 . 3 9 3 7 0 1 i n c h e s .
30 // Ther e f o r e , For 1 in ch we have 5906/0 . 393701 =

1 5 0 01 . 2 3 2 or 15001 l i n e s
31 N3 = 15001; // 15001 l i n e s per i n ch
32 a3_plus_b3 = (2.54/ N3)*10^8; // g r a t i n g e l ement i n A
33 // For f i r s t o r d e r
34 theta__1 = asind ((n*lambda1)/( a3_plus_b3)); // i n

d e g r e e s
35 deltatheta__1 = ((n*deltalambda1)/(( a3_plus_b3)*cosd

(theta__1))); // d i s p e r s i o n i n d e g r e e s /A
36 rp3 = n*5906; // r e s o l v i n g power
37

38 printf(” Number o f l i n e s \ t G r a t i n g e l ement ( i n A) \ t
Angle o f d i f f r a c t i o n ( d e g r e e s ) \ t D i s p e r s i o n (
d e g r e e s /A) \ t R e s o l v i n g Power\n”);

39 printf(”%d / inch \ t \ t \ t %. 0 f \ t \ t %. 2 f \ t \ t \ t \ t %. 2 f x
10ˆ−3\ t \ t \ t %d\n”,N1 ,a1_plus_b1 ,theta1 ,

deltatheta1 *10^3 ,rp1);

40 printf(”%d /cm\ t \ t \ t %. 0 f \ t \ t %. 2 f \ t \ t \ t \ t %. 2 f x
10ˆ−3\ t \ t \ t %d\n” ,15000, a2_plus_b2 ,theta_1 ,
deltatheta_1 *10^3,rp2);

41 printf(”%d /cm\ t \ t \ t %. 0 f \ t \ t %. 2 f \ t \ t \ t \ t %. 2 f x
10ˆ−3\ t \ t \ t %d\n” ,5906,a3_plus_b3 ,theta__1 ,
deltatheta__1 *10^3, rp3);

42 // Er ro r i n t ex tbook f o r d i s p e r s i o n v a l u e s . Er ro r
i n dec ima l p o i n t p lacement .
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Scilab code Exa 4.9 Determination of separation of lines

1 clc();

2 clear;

3 // Given :
4 // Wavelength
5 n=1; // f i r s t o r d e r d i f f r a c t i o n
6 lambda1 = 4680 ;// Wavelength i n A
7 lambda2 = 4800; // Wavelength i n A
8 lambda3 = 5770 ; // Wave ; ength i n A
9 // F i r s t o r d e r d i f f r a c t i o n a n g l e
10 theta1 = 28.0; // a n g l e i n d e g r e e s
11 theta2 = 28.7; // a n g l e i n d e g r e e s
12 theta3 = 35.5; // a n g l e i n d e g r e e s
13 // Grat ing e q u a t i o n : ( a+b ) = n∗ lambda / s i n ( t h e t a )
14 a1_plus_b1 = (n*lambda1)/sind(theta1); // s p a c i n g i n

A
15 a2_plus_b2 = (n*lambda2)/sind(theta2); // s p a c i n g i n

A
16 a3_plus_b3 = (n*lambda3)/sind(theta3); // s p a c i n g i n

A
17 mean_spacing = (a1_plus_b1 + a2_plus_b2 + a3_plus_b3

)/3; // mean s p a c i n g i n A
18 printf(” ( a ) Wavelength :%d A \n Angle o f 1 s t o r d e r

D i f f r a c t i o n : %. 1 f d e g r e e s \n Spac ing = %. 1 f A\n\
n”,lambda1 ,theta1 ,a1_plus_b1);

19 printf(” ( b ) Wavelength :%d A \n Angle o f 1 s t o r d e r
D i f f r a c t i o n : %. 1 f d e g r e e s \n Spac ing = %. 1 f A\n\
n”,lambda2 ,theta2 ,a2_plus_b2);

20 printf(” ( c ) Wavelength :%d A \n Angle o f 1 s t o r d e r
D i f f r a c t i o n : %. 1 f d e g r e e s \n Spac ing = %. 1 f A\n\
n”,lambda3 ,theta3 ,a3_plus_b3);
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21 printf(”Mean Spac ing = %. 1 f A”,mean_spacing);

Scilab code Exa 4.10 Diffraction of Xrays

1 clc();

2 clear;

3 // Given :
4 N = 15000; //Number o f l i n e s per i n ch
5 a_plus_b = (2.54/N)*10^8 ;// Grat ing p e r i o d i n A
6 lambda = 1 ; // Wavelength i n A
7 // Grat ing e q u a t i o n : ( a+b ) ∗ s i n ( t h e t a n ) = n∗ lambda
8 // F i r s t o r d e r maximum
9 theta1 = asind(lambda/a_plus_b); // a n g l e i n d e g r e e s
10 printf(”The f i r s t o r d e r maximum w i l l be o b t a i n e d at

: %. 4 f d e g r e e s . \ n\n”,theta1);

Scilab code Exa 4.11 Resolution of human eye

1 clc();

2 clear;

3 // Given :
4 lambda = 6000; // Wwavelength i n A
5 mu = 1.33; // R e f r a c t i v e index f o r co rnea
6 D = 2; // Diameter o f p u p i l i n mm
7 // Yel low l i g h t wave l ength i n eye :
8 lambda1 = lambda/mu ; // Wavelength i n A
9 //The a n g u l a r r e s o l u t i o n

10 // 1 A = 1.0∗10ˆ−7 mm
11 theta_c = (1.22* lambda1 *10^ -7)/D; // a n g l e i n rad
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12 //Maximum v a l u e f o r L
13 L = 1/tan(theta_c); // i n mm
14 printf(”Maximum v a l u e f o r L shou ld be : %. 1 f mm”,L);
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Chapter 5

Polarisation

Scilab code Exa 5.4 Brewster Law

1 clc();

2 clear;

3 // Given :
4 mu = 1.33; // R e f r a c t i v e index o f water
5 // Brewster ’ s ang le , t h e t a p = atand (mu) ;
6 theta_p = atand(mu); // i n d e g r e e s
7 theta_s = 90-theta_p ; // i n d e g r e e s
8 printf(” Angle = %. 1 f d e g r e e s ”,theta_s);

Scilab code Exa 5.5 Critical angle for TIR

1 clc();

2 clear;

3 // Given :
4 r = 90; // i n d e g r e e s
5 mu_o= 1.658 ;// R e f r a c t i v e index f o r o r d i n a r y a r r a y
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6 mu =1.55; // R e f r a c t i v e index f o r a canada balsam
m a t e r i a l

7 // S n e l l ’ s Law , mu1∗ s i n ( i ) = mu2∗ s i n ( r ) , we have :
8 i = asind((mu*sind (90))/mu_o); // a n g l e i n d e g r e e s
9 printf(” C r i t i c a l a n g l e = %d d e g r e e s ”,i);

Scilab code Exa 5.6 Minimum thickness of wave plate

1 clc();

2 clear;

3 // Given :
4 mu_o = 1.544; // R e f r a c t i v e index f o r o r d i n a r y ray
5 mu_e = 1.553; // R e f r a c t i v e index f o r e x t r a o r d i n a r y

ray
6 lambda = 5890; // Wavelength i n A
7 // ( a ) Plane p o l a r i s e d l i g h t :
8 // lambda i s c o n v e r t e d from A to cm , 1 A = 1.0∗10ˆ−8

cm
9 t1 = (lambda *10^ -8) /(2*(mu_e -mu_o));//Minimum

t h i c k n e s s i n cm
10 // ( b ) C i r c u l a r l y p o l a r i s e d l i g h t :
11 t2 = (lambda *10^ -8) /(4*(mu_e -mu_o));// Minimum

t h i c k n e s s i n cm
12 printf(”Minimum t h i c k n e s s : \ n\n”);
13 printf(” ( a ) Plane p o l a r i s e d l i g h t : %. 2 f x 10ˆ−3 cm \

n\n”,t1 *10^3);
14 printf(” ( b ) C i r c u l a r l y p o l a r i s e d l i g h t : %. 2 f x 10ˆ−3

cm ”,t2 *10^3);
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Scilab code Exa 5.7 Birefringent crystal

1 clc();

2 clear;

3 // Given :
4 lambda = 5890; // Wavelength i n A
5 // ( a ) C a l c i t e c r y s t a l
6 mu1_o = 1.658; // r e f r a c t i v e index f o r o r d i n a r y ray
7 mu1_e = 1.486; // r e f r a c t i v e index f o r e x t r a o r d i n a r y

ray
8 t1 = 0.0052 ; // t h i c k n e s s i n mm
9 // 1 A = 1.0∗10ˆ−7 mm

10 alpha1 = ((2* %pi*(mu1_o -mu1_e)*t1)/( lambda *10^ -7));

// phase d i f f e r e n c e i n r a d i a n s
11 // ( b ) Quartz c r y s t a l
12 mu2_o = 1.544; // r e f r a c t i v e index f o r o r d i n a r y ray
13 mu2_e = 1.553; // r e f r a c t i v e index f o r e x t r a o r d i n a r y

ray
14 t2 = 0.0234; // t h i c k n e s s i n mm
15 alpha2 = ((2* %pi*(mu2_e -mu2_o)*t2)/( lambda *10^ -7));

// phase d i f f e r e n c e i n r a d i a n s
16 printf(” ( a ) C a l c i t e c r y s t a l : \n Phase d i f f e r e n c e i s

%. 3 f r a d i a n s \n”,alpha1);
17 printf(” ( a ) Quartz c r y s t a l : \n Phase d i f f e r e n c e i s

%. 3 f r a d i a n s ”,alpha2);

Scilab code Exa 5.9 Application of Optical Activity

1 clc();

2 clear;

3 // Given :
4 rho = 6.6; // S p e c i f i c r o t a t i o n o f suga r i n d e g r e e s

gˆ−1 cmˆ2
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5 l = 20; // l e n g t h i n cm
6 deltad = 1*10^ -3; // d i f f e r e n c e i n suga r c o n c e n t r a t i o n

i n g/cmˆ3
7 lc = 0.1; // l e a s t count i n d e g r e e s
8 // Rota t i on due to o p t i c a l a c t i v i t y = rho ∗ l ∗d
9 deltatheta = rho*l*deltad; // i n d e g r e e s
10 printf(”Change i n t h e t a : %1 . 3 f d e g r e e s . \ n\n”,

deltatheta);

11

12 if(deltatheta > lc)

13 printf(”The c o n c e n t r a t i o n o f 1 mg/cmˆ3 w i l l be
d e t e c t e d by the g i v e n u r i n a l y s i s tube . ”);

14 else

15 printf(”The c o n c e n t r a t i o n o f 1 mg/cmˆ3 w i l l
not be d e t e c t e d . ”);

16 end
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Chapter 6

Quantum Physics

Scilab code Exa 6.1 Quantised energy levels

1 // Quant i sed ene rgy l e v e l s f o r m i c r o s c o p i c and
mac ro s cop i c sys t ems

2 clc();

3 clear;

4 // Given :
5 // ( a ) For a 1 s s i m p l e pendulum :
6 T = 1; // t ime p e r i o d i n s
7 nu = 1/T; // Frequency i n Hz
8 // Planck ’ s q u a n t i s a t i o n p r i n c p l e : E n = n∗h∗nu
9 h = 6.625*10^ -34 ; // Planck ’ s c o n s t a n t i n Js

10 printf(” Energy at F i r s t t h r e e l e v e l s f o r a 1 s s i m p l e
pendulum : \ n\n”);

11 for n1 = 1:3

12 E1 = n1*h*nu ; // Energry i n J
13 printf(”E %d : %1 . 3 f x 10ˆ−34 J\n”,n1 ,E1 *10^34);
14 end

15 // ( b ) For a hydrogen e l e c t r o n
16 // E n = (−13.6/ n ˆ2) eV
17 printf(” Energy at F i r s t t h r e e l e v e l s f o r a

hydrogen e l e c t r o n : \ n\n”);
18 for n2 = 1:3
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19 E2 = ( -13.6/n2^2);// Energy i n eV
20 printf(”E %d : %. 2 f J\n”,n2 ,E2);
21 end

22

23 //Now , f o r a s i m p l e pendulum
24 m = 10; // mass i n g
25 a = 1; // ampl i tude i n cm
26 omega = 2*%pi*nu; // a n g u l a r f r e q u e n c y i n rad / s
27 // 1 g = 1.0∗10ˆ−3 Kg and 1 cm = 1.0∗10ˆ−2 m
28 E = 1/2*((m*10^ -3)*( omega ^2)*(a*10^ -2) ^2); // Energy

i n J
29 //Thus , quantum number n = E/h∗nu
30 n = E/(h*nu);

31 printf(”Quantum number n i s : %. 2 f x 10ˆ28 \n\n”,n
*10^ -28);

32 // ( i ) Pendulum :
33 // p e r c e n t a g e change i n ene rgy = ( E n+1 − E n ) ∗100/

E n which i s e q u a l to [ ( n+1)∗h∗nu − n∗h∗nu
] ∗ 1 0 0 / ( n∗h∗nu )

34 // T h e r e f o r e , i t i s (1/ n ) ∗ 100
35 pc = (1/n)*100; // p e r c e n t a g e change i n ene rgy
36 printf(” Pe r c en tage change i n ene rgy ( pendulum ) i s

%1 . 3 f x 10ˆ−27 \n\n”,pc *10^27);
37 // ( i i ) Hyderogen e l e c t r o n :
38 n_1 = 1; // ground s t a t e
39 n_2 = 2; // next quantum s t a t e
40 E_1 = ( -13.6/ n_1 ^2); // Energy i n eV
41 E_2 = ( -13.6/ n_2 ^2);// Energy i n eV
42 // p e r c e n t a g e change : | ( ( E 2−E 1 ) ∗100) | / | E 1 |
43 pc1 =((E_2 -E_1)*100)/(-E_1);// p e r c e n t a g e change
44 printf(” Pe r c en tage change i n ene rgy ( hydrogen

e l e c t r o n ) i s %. 1 f ”,abs(pc1));
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Scilab code Exa 6.2 Finding Photon Energy

1 clc();

2 clear;

3 // Given :
4 h = 6.625*10^ -34; // Planck ’ s c o n s t a n t i n Js
5 c = 3*10^8 ; // v e l o c i t y o f l i g h t i n m/ s
6 // 1A = 1.0∗10ˆ−10 m
7 // ( a ) Energy o f a photon :
8 // E = h∗nu or E = h∗ c / lambda
9 printf(” Energy o f a photon i s %2 . 4 f x 10ˆ−16 / lambda

( i n A) J\n” ,((h*c)*10^10) *10^16);
10 // 1eV = 1.6∗10ˆ−19 J
11 printf(” Energy o f a photon i s %. 0 f / lambda ( i n A) eV\

n\n”,round (((h*c)/(1.6*10^ -19))*10^10));
12 // ( b ) V i s i b l e l i g h t Range i s 4000−7000 A
13 lambda1 = 4000; // Wavelength i n A
14 lambda2 = 7000; // Wavelength i n A
15 // 1eV = 1.6∗10ˆ−19 J ,
16 E1 = (h*c)/( lambda1 *10^ -10*1.6*10^ -19); // Energy i n

eV
17 E2 = (h*c)/( lambda2 *10^ -10*1.6*10^ -19);// Energy i n

eV
18 printf(” Hence the range o f e n e r g i e s f o r v i s i b l e

photos i s %. 1 f eV to %. 1 f eV”,E2 ,E1);

Scilab code Exa 6.3 Failure of wave theory

1 clc();

2 clear;

3 // Given :
4 // Power o f the s o u r c e = 10ˆ−5 W = 10ˆ−5 J/ s
5 P = 10^-5 ; // Power i n J/ s
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6 r = 10^-9; // r a d i u s i n m
7 r1 = 5; // meta l p l a t e 5 m away from the s o u r c e
8 WF = 5; //Work f u n c t i o n i n eV
9 area = %pi *(10^ -9)^2 ; // a r ea i n mˆ2
10 area1 = 4*%pi*r1^2; // a r ea i n mˆ2
11 P1 = P*(area/area1); // i n J/ s
12 // 1eV = 1.6∗10ˆ−19 J
13 t = (WF *1.6*10^ -19)/P1 ;// i n s
14 // 1 day = 24 hours ∗ 60 minutes ∗ 60 s e c o n d s
15 N = t/(24*60*60); // i n days
16 printf(” I t w i l l t ake %. 0 f days \n”,round(N));

Scilab code Exa 6.4 Determination of h and phi

1 clc();

2 clear;

3 // Given :
4 nu1 = 10*10^14; // Frequency i n Hz
5 nu2 = 6*10^14; // Frequency i n Hz
6 V_01 = 2.37; // Stopp ing p o t e n t i a l i n v o l t s
7 V_02 = 0.72; // Stopp ing p o t e n t i a l i n v o l t s
8 // E i n s t e i n ’ s p h o t o e l e t r i c e q u a t i o n : h∗nu = phi + e ∗

V 0
9 e = 1.6*10^ -19 ;// Charge o f an e l e c t r o n i n C
10 h = (e*(V_02 - V_01))/(nu2 - nu1);// Planck ’ s

c o n s t a n t i n Js
11 phi = ((h*nu1) -(e*V_01))/e ; // work f u n c t i o n i n eV
12 printf(” Plancks c o n s t a n t h i s %. 1 f x 10ˆ−34 Js and

Work f u n c t i o n ph i i s %. 2 f eV ”,h*10^34 , phi);
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Scilab code Exa 6.5 Incident wavelength in Compton Scattering

1 clc();

2 clear;

3 // Given :
4 ME = 35*10^3 ; //Maximum energy i n eV
5 theta = %pi; // photon i s b a c k s c a t t e r e d
6 h = 6.625*10^ -34; // planck ’ s c o n s t a n t i n Js
7 m0 = 9.1*10^ -31; // e l e c t r o n mass i n Kg
8 c = 3*10^8; // Speed o f l i g h t i n m/ s
9 deltalambda = (h*(1-cos(theta)))/(m0*c); // i n A

10 // ( h∗ c / lambda ) − ( h∗ c / lambda ’ ) = 35 KeV or (
de l ta lambda / lambda∗ lambda1 ) = (35 KeV/h∗ c )

11 // S i m p l i f y i n g the above Equat ion , we w i l l o b t a i n :
lambda ˆ2 + 0 . 0 4 8 lambda − 0 . 0 1 7

12 // Roots o f the q u a d r a t i c e q u a t i o n a r e :
13 values = [ -0.017 ,0.048 ,1]; // a , b , c v a l u e s o f the

q u a d r a t i c e q u a t i o n
14 equation = poly(values , ’ lamb ’ , ’ c o e f f ’ ); // q u a d r a t i c

e q u a t i o n
15 r = roots(equation); // Roots o f the f i n a l e q u a t i o n
16 printf(” I n c i d e n t photon wave l ength i n Compton

s c a t t e r i n g i s %. 2 f A”,r(2));

Scilab code Exa 6.6 Observability of Compton effect

1 clc();

2 clear;
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3 // Given :
4 theta = 90; // a n g l e i n d e g r e e s
5 m0 = 9.1*10^ -31; // e l e c t r o n mass i n kg
6 c = 3*10^8; // Speed o f l i g h t i n m/ s
7 h = 6.625*10^ -34; // planck ’ s c o n s t a n t i n Js
8 deltalambda = ((h*(1-cosd(theta)))/(m0*c))*10^10; //

i n A
9 // ( a ) Microwave range

10 lambda1 = 3.0 ;// wave l ength i n cm
11 // lambda1 = 3 .0∗1 0ˆ 8 A , 1 cm = 1∗10ˆ8 A
12 pc1 = (( deltalambda)*100) /(( lambda1 *10^8) +

deltalambda) ;// p e r c e n t change i n photon ene rgy
13 printf(” Pe r c en tage change i n ene rgy f o r r a d i a t i o n i n

microwave range i s : %. 0 f x 10ˆ−9 \n”,pc1 *10^9);
14 // ( b ) V i s i b l e range
15 lambda2 = 5000 ;// wave l ength i n A
16 pc2 = (( deltalambda)/( lambda2 + deltalambda))*100 ;

// p e r c e n t change i n photon ene rgy
17 printf(” Pe r c en tage change i n ene rgy f o r r a d i a t i o n i n

v i s i b l e range i s : %. 0 f x 10ˆ−4 \n”,pc2 *10^4);
18 // ( c ) X−ray range
19 lambda3 = 1 ; // wave l ength i n A
20 pc3 = (( deltalambda)/( lambda3 + deltalambda))*100 ;

// p e r c e n t change i n photon ene rgy
21 printf(” Pe r c en tage change i n ene rgy f o r r a d i a t i o n i n

X−ray range i s : %. 1 f \n”,pc3);
22 // ( d )Gamma ray range
23 lambda4 = 0.012 ;// wave l ength i n A
24 pc4 = (( deltalambda)/( lambda4 + deltalambda))*100 ;

// p e r c e n t change i n photon ene rgy
25 printf(” Pe r c en tage change i n ene rgy f o r r a d i a t i o n i n

Gamma range i s : %. 1 f \n”,pc4);
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Scilab code Exa 6.7 Finding pe by pp ratio

1 clc();

2 clear;

3 // Given :
4 // P h o t o e l e c t r i c e f f e c t
5 lambda1 = 2000; // wave l ength i n A
6 phi1 = 2.3; // Work f u n c t i o n i n eV
7 m = 9.1*10^ -31; // e l e c t r o n mass i n kg
8 E1 = 12422/ lambda1; // Energy o f photon i n eV
9 c = 3*10^8; // Speed o f l i g h t i n m/ s

10 Ee1 = (12422/ lambda1)- phi1; // ene rgy o f an
e l e c t r o n i n eV

11 pe1 = sqrt (2*m*Ee1 *1.6*10^ -19); // e l e c t r o n momentum
i n kg m/ s

12 pp1 = (E1 *1.6*10^ -19)/c ; // Momentum o f i n c i d e n t
photon i n kg m/ s

13 ratio1 = pe1/pp1 ; // ( pe /pp )
14 //Compton e f f e c t
15 lambda2 = 1; // wave l ength i n A
16 deltalambda = 0.048; // Compton s h i f t i n A
17 E2 = 12422/ lambda2; // Energy o f photon i n eV
18 Ee2 = (12422/ lambda2)- (12422/( lambda2+deltalambda))

;// ene rgy o f an e l e c t r o n i n eV
19 pe2 = sqrt (2*m*Ee2 *1.6*10^ -19); // e l e c t r o n momentum

i n kg m/ s
20 pp2 = (E2 *1.6*10^ -19)/c ; // Momentum o f i n c i d e n t

photon i n kg m/ s
21 ratio2 = pe2/pp2 ; // ( pe /pp )
22 printf(” P h o t o e l e c t r i c e f f e c t : \ n\n”);
23 printf(” E l e c t r o n ene rgy : %. 1 f eV \n E l e c t r o n

momentum : %. 2 f x 10ˆ−24 kg m/ s \n Momentum o f
i n c i d e n t photon : %. 2 f x 10ˆ−27 kg m/ s \n pe /pp :
%. 0 f \n\n”,Ee1 ,pe1 *10^24 , pp1 *10^27 , ratio1);

24 printf(”Compton e f f e c t : \ n\n”);
25 printf(” E l e c t r o n ene rgy : %. 1 f eV \n E l e c t r o n

momentum : %. 1 f x 10ˆ−23 kg m/ s \n Momentum o f
i n c i d e n t photon : %. 2 f x 10ˆ−24 kg m/ s \n pe /pp :
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%. 2 f \n\n”,Ee2 ,pe2 *10^23 , pp2 *10^24 , ratio2);

Scilab code Exa 6.8 Wave particle characteristics

1 clc();

2 clear;

3 // Given :
4 //Gamma−rays ,X−r a y s
5 lambda1 = 0.01; // Wavelength i n A
6 c = 3*10^8; // Speed o f l i g h t i n m/ s
7 E1 = 12422/ lambda1; // Energy i n A
8 p1 = (E1 *1.6*10^ -19)/c ; //Momentum i n kg m/ s
9 //UV
10 lambda2 = 100; // Wavelength i n A
11 c = 3*10^8; // Speed o f l i g h t i n m/ s
12 E2 = 12422/ lambda2; // Energy i n A
13 p2 = (E2 *1.6*10^ -19)/c ; //Momentum i n kg m/ s
14 // IR
15 lambda3 = 1*10^ -4; // Wavelength i n m
16 c = 3*10^8; // Speed o f l i g h t i n m/ s
17 // lambda3 = 1∗10ˆ−4∗10ˆ10 A , 1 m = 1∗10ˆ10 A
18 E3 = 12422/( lambda3 *10^10); // Energy i n A
19 p3 = (E3 *1.6*10^ -19)/c ; //Momentum i n kg m/ s
20 // Microwave
21 lambda4 = 1; // Wavelength i n m
22 c = 3*10^8; // Speed o f l i g h t i n m/ s
23 // lambda4 = 1∗10ˆ10 A , 1 m = 1∗10ˆ10 A
24 E4 = 12422/( lambda4 *10^10); // Energy i n A
25 p4 = (E4 *1.6*10^ -19)/c ; //Momentum i n kg m/ s
26 // Radio waves
27 lambda5 = 100; // Wavelength i n m
28 c = 3*10^8; // Speed o f l i g h t i n m/ s
29 // lambda5 = 100∗10ˆ10 A , 1 m = 1∗10ˆ10 A
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30 E5 = 12422/( lambda5 *10^10); // Energy i n A
31 p5 = (E5 *1.6*10^ -19)/c ; //Momentum i n kg m/ s
32 printf(”Gamma−rays ,X−r a y s : \n Energy : %. 2 f x 10ˆ6

eV \n Momentum : %. 1 f x 10ˆ−22 kg m/ s \n\n”,E1
*10^-6,p1 *10^22);

33 printf(” UV : \n Energy : %. 2 f eV \n Momentum : %. 1
f x 10ˆ−26 kg m/ s \n\n”,E2 ,p2 *10^26);

34 printf(” IR : \n Energy : %. 4 f eV \n Momentum : %. 1
f x 10ˆ−30 kg m/ s \n\n”,E3 ,p3 *10^30);

35 printf(” Microwave : \n Energy : %. 2 f x 10ˆ−6 eV \n
Momentum : %. 1 f x 10ˆ−34 kg m/ s \n\n”,E4*10^6,p4

*10^34);

36 printf(” Radio waves : \n Energy : %. 2 f x 10ˆ−8 eV
\n Momentum : %. 1 f x 10ˆ−36 kg m/ s ”,E5*10^8,p5
*10^36);

Scilab code Exa 6.9 deBroglie wavelength of an electron

1 clc();

2 clear;

3 // Given :
4 h = 6.625*10^ -34; // planck ’ s c o n s t a n t i n Js
5 m = 9.109*10^ -31; // e l e c t r o n mass i n kg
6 e = 1.6*10^ -19; // cha rge o f an e l e c t r o n i n C
7 //Lambda = h/ s q r t (2∗m∗eV ) he r e we dont have V , so

l e t us c a l u c l a t e the r ema in ing pa r t .
8 lambda = h/sqrt (2*m*e);// wave l ength i n A
9 // 1 A = 1.0∗10ˆ−10 m
10 printf(”Lambda (A) = %. 2 f / s q r t (V) ”,lambda

/(1.0*10^ -10));
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Scilab code Exa 6.10 de Broglie wavelength

1 clc();

2 clear;

3 // Given :
4 // ( a ) Rock
5 h = 6.625*10^ -34; // planck ’ s c o n s t a n t i n Js
6 m = 50 ; // mass i n g
7 v = 40; // Speed i n m/ s
8 // m = 50∗10ˆ−3 kg , 1g = 1.0∗10ˆ−3 kg
9 lambda1 = h/(m*10^ -3*v); // Wavelength i n m

10 // ( b ) For an e l e c t r o n
11 V = 50; // i n v o l t s
12 lambda2 = 12.28/ sqrt(V); // Wavelength i n A
13 printf(”De B r o g l i e wave l ength \n\n ( a ) Rock : %. 2 f x

10ˆ−34 m \n ( b ) For an e l e c t r o n : %. 2 f A”,lambda1
*10^34 , lambda2);

Scilab code Exa 6.14 Application of uncertainty principle

1 clc();

2 clear;

3 // Given :
4 // ( a ) B a l l
5 h = 6.625*10^ -34; // planck ’ s c o n s t a n t i n Js
6 m1 = 45; // mass i n g
7 v1 = 40; // Speed i n m/ s
8 prec1 = 1.5/100 ;// p r e c i s i o n
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9 // m1 = 45∗10ˆ−3 kg , 1 g = 1.0∗10ˆ−3 kg
10 p1 =m1*10^ -3*v1 ; // momentum i n kg m/ s
11 // ( d e l t a p /p ) ∗100 = 1 . 5
12 deltap1 = prec1*p1 ;

13 deltax1 = h/deltap1; // u n c e r t a i n t y i n p o s i t i o n i n m
14 printf(” U n c e r t a i n t y i n p o s i t i o n f o r a b a l l : %. 2 f x

10ˆ−32 m \n”,deltax1 *10^32);
15 // ( b ) E l e c t r o n
16 m2 = 9.1*10^ -31; // e l e c t r o n mass i n kg
17 v2 = 2*10^6 ; // Speed i n m/ s
18 prec2 = 1.5/100 ; // p r e c i s i o n
19 p2 = m2*v2; // momentum i n kg m/ s
20 // ( d e l t a p /p ) ∗100 = 1 . 5
21 deltap2 = prec2*p2 ;

22 deltax2 = h/deltap2; // u n c e r t a i n t y i n p o s i t i o n i n m
23 // 1 A = 1.0∗10ˆ−10 m
24 printf(” U n c e r t a i n t y i n p o s i t i o n f o r an e l e c t r o n : %

. 0 f A \n”,deltax2 /(1.0*10^ -10));

Scilab code Exa 6.17 Application of Schrodinger equation

1 clc();

2 clear;

3 // Given :
4 // ( a ) Marble
5 h = 6.625*10^ -34; // planck ’ s c o n s t a n t i n Js
6 m1 = 10; // mass i n g
7 L1 = 10; // width i n cm
8 // m1 = 10∗10ˆ−3 kg , 1 g = 1.0∗10ˆ−3 kg and L1 =

10∗10ˆ−2 m , 1 cm = 1.0∗10ˆ−2 m
9 printf(” ( a ) Marble \n\n”);

10 for n1 = 1:3

11 En1 = (n1^2*h^2) /(8*m1*10^ -3*(L1*10^ -2) ^2); //
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Energry i n J
12 printf(”E %d : %. 1 f x 10ˆ−64 J\n”,n1 ,En1 *10^64);
13 end

14 // ( b ) For an e l e c t r o n
15 m2 = 9.1*10^ -31; // e l e c t r o n mass i n kg
16 L2 = 1 ; // width i n A
17 //L2 = 1∗10ˆ−10 m , 1 A = 1.0∗10ˆ−10 m
18 printf(” ( b ) For an e l e c t r o n \n\n”);
19 for n2 = 1:3

20 En2 = (n2^2*h^2) /(8*m2*(L2*10^ -10) ^2); //
Energry i n J

21 printf(”E %d : %. 1 f eV\n”,n2 ,(En2
*6.24150934*10^18)); // 1J = 6 .24150934∗10ˆ18

eV
22 end
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Chapter 7

Atomic Physics

Scilab code Exa 7.1 Hydrogen atom

1 clc();

2 clear;

3 // Given :
4 n =1 ; // ground s t a t e
5 m = 9.109382*10^ -31; // e l e c t r o n mass i n kg
6 h = 6.625*10^ -34; // planck ’ s c o n s t a n t i n Js
7 e = 1.602176*10^ -19; // Charge o f an e l e c t r o n i n C
8 e0 = 8.854188*10^ -12; // Vacuum p e r m i t t i v i t y i n F/m
9 r1 = (n^2*h^2*e0)/(%pi*m*e^2);// Radius i n A

10 v1 = e^2/(2*h*e0*n); // V e l o c i t y i n m/ s
11 E1 = -((m*e^4) /(8*n^2*h^2*e0^2)); // Energy o f an

e l e c t r o n i n eV
12 // 1 A = 1.0∗10ˆ−10 m , 1 eV = 1.6∗10ˆ−19 J
13 printf(” For hydrogen atom : \n Radius = %. 2 f A \n

V e l o c i t y = %. 1 f x 10ˆ6 m/ s \n Energy o f an
e l e c t r o n = %. 1 f eV”,r1*10^10 ,v1*10^-6,E1
/(1.6*10^ -19));
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Scilab code Exa 7.2 Bohr Theory

1 clc();

2 clear;

3 // Given :
4 // ( a )
5 m = 9.109382*10^ -31; // e l e c t r o n mass i n kg
6 c = 2.997925*10^8; // Speed o f l i g h t i n m/ s
7 h = 6.626069*10^ -34; // planck ’ s c o n s t a n t i n Js
8 e = 1.602176*10^ -19; // Charge o f an e l e c t r o n i n C
9 e0 = 8.854188*10^ -12; // Vacuum p e r m i t t i v i t y i n F/m

10 R = (m*e^4) /(8*h^3*e0^2*c);// Rydberg c o n s t a n t i n m
ˆ−1

11 printf(” Rydberg c o n s t a n t f o r hydrogen : %. 2 f cmˆ−1\n
\n”,R*10^ -2);

12 // ( b )
13 M = 1.672622*10^ -27; // proton mass i n kg
14 R1 = ((m*e^4) /(8*h^3*e0^2*c))*(1/(1 + (m/M))); //

Rydberg Constant i n mˆ−1
15 // 1 mˆ−1 = 1.0∗10ˆ−2 cmˆ−1
16 printf(” Rydberg Constant i s %. 2 f cmˆ−1”,R1*10^ -2);

Scilab code Exa 7.3 Bohrs theory for helium

1 clc();

2 clear;

3 // Given :
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4 RH= 109677.58; // Rydberg c o n s t a n t f o r Hydrogen i n cm
ˆ−1

5 RHe = 109722.269; // Rydberg c o n s t a n t f o r Helium i n
cmˆ−1

6 // Rat io = M/m
7 Ratio = ((4*RH)- (RHe))/(4*(RHe -RH));

8 printf(”M/m v a l u e i s : %. 1 f ”,Ratio);

Scilab code Exa 7.4 Bohrs radius

1 clc();

2 clear;

3 // Given
4 h = 6.625*10^ -34; // planck ’ s c o n s t a n t i n Js
5 m = 9.1*10^ -31; // e l e c t r o n mass i n kg
6 E1 = 13.6; // Energy o f e l e c t r o n i n eV
7 // 1 eV = 1.6∗10ˆ−19 J
8 p = sqrt (2*m*E1 *1.6*10^ -19); //momentum i n kg m/ s
9 deltax = h/(2* %pi*p);

10 // 1 A = 1.0∗10ˆ−10 m
11 printf(” U n c e r t a i n t y i n p o s i t i o n : %. 2 f A”,deltax

/(1.0*10^ -10));
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Chapter 8

Nuclear Physics

Scilab code Exa 8.1 Nuclear and atomic density

1 clc();

2 clear;

3 // Given :
4 mp = 1.67*10^ -27 ; // proton mass i n kg
5 r0 = 1.2*10^ -15; // c o n s t a n t i n m
6 a0 = 0.5*10^ -10; // atomic d imens i on s i n m
7 // r h o n u c l e u s = n u c l e a r mass / n u c l e a r volume
8 rho_nucleus = (3*mp)/(4* %pi*r0^3); // n u c l e a r

d e n s i t y i n kg /mˆ3
9 // r a t i o = r h o n u c l e u s / rho atom = ( a0 / r0 ) ˆ3
10 ratio = a0^3/r0^3;

11 printf(” Nuc l ea r d e n s i t y i s %. 1 f x 10ˆ17 kg /mˆ3 \n”,
rho_nucleus *10^ -17);

12 printf(” Nuc l ea r d e n s i t y i s %. 1 f x 10ˆ13 t imes Atomic
d e n s i t y . ”,ratio *10^ -13);

Scilab code Exa 8.2 Rest mass of a pion
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1 clc();

2 clear;

3 // Given :
4 h = 1.05*10^ -34; // planck ’ s c o n s t a n t i n Js
5 m = 9.1*10^ -31; // e l e c t r o n r e s t mass i n kg
6 c = 3*10^8; // Speed o f l i g h t i n m/ s
7 b = 1.7*10^ -15; // range o f n u c l e a r f o r c e i n m
8 m_pi = h/(b*c); // r e s t mass o f a p ion i n kg
9 t = m_pi/m; // t imes the r e s t mass o f an e l e c t r o n

10 printf(” Rest mass o f a p ion i s %d t imes the r e s t
mass o f an e l e c t r o n ”,t);

11 // t ex tbook answer i s 220 , because approx imate
v a l u e f o r m pi was c o n s i d e r e d .

Scilab code Exa 8.3 Nuclear and Electronic Binding Energy

1 clc();

2 clear;

3 // Given :
4 mp = 1.007276470 ; // proton mass i n u
5 mn = 1.008665012; // neut ron mass i n u
6 md = 2.013553215; // deute ron mass i n u
7 //E = ( mp + mn − md) ∗ c ˆ2
8 // 1 u ∗ c ˆ2 = 9 3 1 . 5 MeV , where 1 u = 1.66∗10ˆ−27

kg and c = 3∗10ˆ8 m/ s
9 E = (mp + mn - md)*931.5; // Bind ing ene rgy i n MeV

10 printf(” Bind ing ene rgy : %. 3 f MeV”,E);

Scilab code Exa 8.4 Average Binding Energy
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1 clc();

2 clear;

3 // Given :
4 m_alpha = 4.001506106; // mass o f an a lpha p a r t i c l e

i n u
5 mp = 1.007276470 ; // proton mass i n u
6 mn = 1.008665012; // neut ron mass i n u
7 //E = ( 2∗mp + 2∗mn − m alpha ) ∗ c ˆ2
8 // 1 u ∗ c ˆ2 = 9 3 1 . 5 MeV , where 1 u = 1.66∗10ˆ−27

kg and c = 3∗10ˆ8 m/ s
9 E = (2*mp + 2*mn - m_alpha)*931.5; // Bind ing ene rgy

i n MeV
10 printf(” Average b i n d i n g ene rgy per nuc l eon : %. 3 f

MeV”,E/4);

Scilab code Exa 8.5 Q value of a nuclear reaction

1 clc();

2 clear;

3 // Given :
4 Mn = 14.00753; // mass o f N i t r og en 14 i n u
5 Mo = 17.0045; // mass o f Oxygen 17 i n u
6 m_alpha = 4.00387; // mass o f a lpha p a r t i c l e i n u
7 mp = 1.00184; // mass o f proton i n u
8 //Q = ( m alpha + Mn − Mo − mp) ∗ c ˆ2
9 // // 1 u ∗ c ˆ2 = 9 3 1 . 5 MeV , where 1 u = 1.66∗10ˆ−27

kg and c = 3∗10ˆ8 m/ s
10 Q = (m_alpha + Mn - Mo - mp)*931.5 ;// Q v a l u e i n

MeV
11 printf(”Q v a l u e i s %. 1 f MeV”,Q);
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Scilab code Exa 8.7 Angle of ejection

1 clc();

2 clear;

3 // Given :
4 Q = 4 ;// i n MeV
5 Ex = 2; // i n MeV
6 Ey = 5 ; // i n MeV
7 mx = 4; // i n u
8 my = 1 ; // i n u
9 My =13; // i n u

10 theta = acosd (( (Ey*(1 + (my/My))) - (Ex*(1 - (mx/My

))) - Q )/((2/ My)*sqrt(mx*Ex*my*Ey))); // a n g l e
o f e j e c t i o n i n d e g r e e s

11 printf(” Angle o f e j e c t i o n i s %. 0 f d e g r e e s ”,theta);

Scilab code Exa 8.8 Electronic and nuclear energy levels

1 clc();

2 clear;

3 // Given :
4 h = 6.625*10^ -34 ; // planck ’ s c o n s t a n t i n Js
5 me = 9.1*10^ -31 ; // e l e c t r o n mass i n kg
6 mn = 1.67*10^ -27; // a nuc l eon mass i n kg
7 // ( a ) For e l e c t r o n
8 L1 = 1; // i n A
9 //E = ( nˆ2∗h ˆ2) /(8∗m∗Lˆ2) , h e r e n v a l u e i s not

g i v e n , so l e t us c a l c u l a t e the r ema in ing pa r t (
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n e g l e c t i n g nˆ2 i n the fo rmu la )
10 //L1 = 1∗10ˆ−10 m , 1A = 1.0∗10ˆ−10 m
11 E1 = h^2/(8* me*(L1*10^ -10) ^2); // ene rgy i n J
12 // ( b ) For nuc l eon
13 L2 = 1; // i n fm
14 //E = ( nˆ2∗h ˆ2) /(8∗m∗Lˆ2) , h e r e n v a l u e i s not

g i v e n , so l e t us c a l c u l a t e the r ema in ing pa r t (
n e g l e c t i n g nˆ2 i n the fo rmu la )

15 //L2 = 1∗10ˆ−15 m , 1 fm = 1.0∗10ˆ−15 m
16 E2 = h^2/(8* mn*(L2*10^ -15) ^2);// ene rgy i n J
17 printf(” Energy f o r an e l e c t r o n : %. 1 f x 10ˆ−17 x nˆ2

J \n”,E1 *10^17);
18 printf(” Energy f o r a nuc l eon : %. 2 f x 10ˆ−11 x nˆ2

J”,E2 *10^11);

Scilab code Exa 8.9 Energy released in Fission

1 clc();

2 clear;

3 // Given :
4 Na = 6.023*10^23 ; // Avogadro c o n s t a n t i n atoms /

mole
5 LE = 200 ; // l i b e r a t e d ene rgy i n MeV
6 mm = 235; // molar mass o f U 235 i n gm/ mole
7 // 1 eV = 1.6∗10ˆ−19 J , 1 MeV = 1 . 0∗1 0ˆ 6 eV
8 RE = (Na*LE *1.6*10^ -19*10^6)/mm ; // r e l e a s e d ene rgy

i n J
9 // 1 c a l = 4 . 1 8 7 J

10 EC = RE /4.187 ; // ene rgy i n c a l
11 // Burning 1 kg o f c o a l r e l e a s e s 7000 K c a l o f ene rgy
12 Q1 = EC /(7000*10^3); // Quant i ty o f Coal i n Kg
13 // Explod ing 1 kg o f TNT r e l e a s e s 1000 c a l o f ene rgy
14 Q2 = EC /1000; // Quant i ty o f TNT i n kg
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15 printf(” Energy r e l e a s e d : %. 0 f x 10ˆ10 c a l \n”,EC
*10^ -10);

16 printf(” %. 1 f t onne s o f Coal \n”,Q1*10^ -3);
17 printf(” %. 0 f t onne s o f TNT\n”,Q2*10^ -3);
18 // R e s u l t s o b t a i n e d d i f f e r from t h o s e i n t ex tbook ,

because approx imate v a l u e s were c o n s i d e r e d i n
t ex tbook .

Scilab code Exa 8.10 Power output

1 clc();

2 clear;

3 // Given :
4 Na = 6.023*10^23 ; // Avogadro c o n s t a n t atoms / mole
5 LE = 200 ; // l i b e r a t e d ene rgy i n MeV
6 mm = 235*10^ -3; // molar mass o f U 235 i n gm/ mole
7 p = 30/100 ; // c o n v e r s i o n e f f i c i e n c y
8 // 1 eV = 1.6∗10ˆ−19 J , 1 MeV = 1 . 0∗1 0ˆ 6 eV
9 RE = (Na*LE *1.6*10^ -19*10^6)/mm ; // r e l e a s e d ene rgy

i n J per day
10 // 1 day = 24 hr s ∗ 60 mins ∗ 60 s e c
11 P = RE /(24*60*60); // Power output i n W per day
12 // 1 c a l = 4 . 1 8 7 J
13 EC = RE /4.187 ; // ene rgy i n c a l
14 // Burning 1 kg o f c o a l r e l e a s e s 7000 K c a l o f ene rgy
15 Q1 = EC /(7000*10^3); // Quant i ty o f Coal i n Kg per

day
16 EP = p*P ; // e l e c t r i c power i n W
17 printf(” %. 0 f t onne s o f Coal \n”,Q1*10^ -3);
18 printf(” E l e c t r i c power f o r 30 p e r c e n t c o n v e r s i o n

e f f i c i e n c y : %. 1 f kW”,EP*10^ -3);
19 // R e s u l t s o b t a i n e d d i f f e r from t h o s e i n t ex tbook ,

because approx imate v a l u e s were c o n s i d e r e d i n
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t ex tbook .

Scilab code Exa 8.11 Radioactive dating of a tree

1 clc();

2 clear;

3 // Given :
4 T_half = 5730; // carbon 14 h a l f l i f e i n y e a r s
5 Na = 6.023*10^23; // Avogadro c o n s t a n t i n n u c l e i /

mole
6 M = 25; // c h a r c o a l mass i n gm
7 mm = 12; // molar mass o f carbon 12 i n gm/ mole
8 a = 250 ; // d i s i n i t e g r a t i o n s per minute ( Carbon 14

a c t i v i t y )
9 // 1 yea r = 525949 minutes

10 lambda = 0.693/( T_half *525949);// d i s i n i t e g r a t i o n s
per minute per n u c l e u s

11 N0_1 = (Na/mm)*M ; // Number o f n u c l e i ( Carbon 12)
12 // Carbon 14 to Carbon 12 r a t i o = 1.3∗10ˆ−12
13 N0_2 = 1.3*10^ -12* N0_1 ; // Number o f n u c l e i ( Carbon

14)
14 R0 = N0_2*lambda ; // d i s i n i t e g r a t i o n s per minute

per n u c l e u s
15 a0 = R0 ; // i n i t i a l a c t i v i t y
16 t = log(a0/a)/lambda ;

17 // 1 yea r = 525949 minutes
18 printf(”The t r e e d i ed %d y e a r s ago ”,t/525949 );

19 // R e s u l t o b t a i n e d d i f f e r s from the textbook ,
because R0 v a l u e o b t a i n e d he r e i s 3 7 5 . 1 0 2 5 , where

as i n t ex tbook i t i s 3 7 4 .
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Scilab code Exa 8.12 Radioactivity of iodine 131

1 clc();

2 clear;

3 // Given :
4 T_half = 8 ; // i o d i n e 131 ha f l i f e i n days
5 lambda = 0.693/ T_half ; // decay c o n s t a n t i n decays /

day
6 N0 = 20 ; // mass i n mg
7 t = 48; // t ime i n days
8 N = N0*exp(-lambda*t); // i n mg
9 printf(” O r i g i n a l amount : %d mg \n”,N0);
10 printf(” Remaining amount a f t e r 48 days : %. 3 f mg”,N)

;

Scilab code Exa 8.13 Co 60 gamma rays

1 clc();

2 clear;

3 // Given :
4 RBE = 0.7 ; //RBE f a c t o r f o r c o b a l t 60 gamma r a y s
5 dose = 1000 ; // dose i n rad
6 e = RBE*dose; // e q u i v a l e n t dose i n rem
7 printf(” E q u i v a l e n t dose i s %d rem”,e);
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Chapter 9

Structure and Properties of
Matter

Scilab code Exa 9.3 Miller indices of planes

1 clc();

2 clear;

3 // Given :
4 // I n t e r c e p t s
5 ix = 1/3 ; // a l ong x−a x i s
6 iy = 2/3; // a l ong y−a x i s
7 iz =1; // a l ong z−a x i s
8 // R e c i p r o c a l s
9 rx = 1/ix;

10 ry = 1/iy;

11 rz = 1/iz;

12 // Conver s i on
13 x = rx*2;

14 y = ry*2;

15 z = rz*2;

16 printf(” M i l l e r i n d i c e s o f the p l ane a r e : ( %d %d %d
) ”,x,y,z);
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Scilab code Exa 9.7 Determination of crystal structure

1 clc();

2 clear;

3 // Given :
4 n = 1;

5 theta = 30; // a n g l e i n d e g r e e s
6 lambda = 1.67; // wave l ength i n A
7 r = 1.25; // atomic r a d i u s i n A
8 // Bragg ’ s Law : 2∗d∗ s i n ( t h e t a ) = n∗ lambda , d= d111
9 d111 = (n*lambda)/(2* sind(theta));

10 // p l ane ( 1 1 1 )
11 h =1;k=1;l=1;

12 // dhkl = a/ s q r t ( hˆ2 + kˆ2 + l ˆ2)
13 a = d111*sqrt(h^2 + k^2 + l^2); // i n A
14 ratio = r/a;

15 printf(” S ince , r /a = %. 4 f and r = %f∗a C r y s t a l
S t r u c t u r e : BCC”,ratio ,ratio);

Scilab code Exa 9.8 Determination of density

1 clc();

2 clear;

3 // Given :
4 n = 1;

5 theta = 30; // a n g l e i n d e g r e e s
6 lambda = 2.88 ; // wave l ength i n A
7 M = 108; // atomic we ight i n kg
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8 Z = 4; // u n i t c e l l o f s i l v e r i s FCC
9 Na = 6.023*10^26 ;// Avogadro c o n s t a n t i n kmole
10 // Bragg ’ s Law : 2∗d∗ s i n ( t h e t a ) = n∗ lambda , d = d110
11 d110 = (n*lambda)/(2* sind(theta)); // i n A
12 // p l ane ( 1 1 0 )
13 h =1;k=1;l=0;

14 // dhkl = a/ s q r t ( hˆ2 + kˆ2 + l ˆ2)
15 a = d110*sqrt(h^2 + k^2 + l^2); // i n A
16 // 1 A = 1.0∗10ˆ−10 m
17 rho = (Z*M)/(Na*(a*10^ -10) ^3); // d e n s i t y i n kg /mˆ3
18 printf(” Dens i ty o f s i l v e r : %. 1 f kg /mˆ3 ”,rho);
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Chapter 10

Dielectric and Magnetic
Materials

Scilab code Exa 10.1 Electronic polarisation

1 clc();

2 clear;

3 // Given :
4 er = 1.0000684; // r e l a t i v e d i e l e c t r i c c o n s t a n t
5 N = 2.7*10^25; // atoms /mˆ3
6 //We know , e r − 1 = 4∗ p i ∗N∗Rˆ3
7 R = ((er -1) /(4* %pi*N))^(1/3) ; // i n m
8 printf(”R : %. 1 f x 10ˆ−10 m”,R*10^10);

Scilab code Exa 10.2 Diamagnetism

1 clc();

2 clear;

3 // Given :
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4 R = 1; // r a d i u s i n A
5 N = 5*10^28 ; // atoms /mˆ3
6 mu_0 = 4*%pi *10^ -7; // p e r m i a b i l i t y o f f r e e space i n

H/m
7 mu_r = 1; // r e l a t i v e p e r m i a b i l i t y
8 m = 9.1*10^ -31 // e l e c t r o n mass i n kg
9 e = 1.6*10^ -19 ; // cha rge o f an e l e c t r o n i n C
10 // R = 1∗10ˆ−10 m because 1 A = 1.0∗10ˆ−10 m
11 chi = -(N*e^2*(R*10^ -10) ^2* mu_0*mu_r)/(4*m); //

S u s c e p t i b i l i t y o f d i amagne t i c m a t e r i a l
12 printf(” S u s c e p t i b i l i t y o f d i amagne t i c m a t e r i a l s i s

%. 2 f x 10ˆ−5”,chi *10^5);
13 // R e s u l t o b t a i n e d d i f f e r s from tha t i n textbook ,

because i n t ex tbook on ly the o r d e r o f 10 i s
c o n s i d e r e d .

Scilab code Exa 10.3 Dipole moment and polarisability

1 clc();

2 clear;

3 // Given :
4 e0 = 8.85*10^ -12 ; // d i e l e c t r i c c o n s t a n t i n f a r a d /m
5 er1 = 1.006715 ; // r e l a t i v e d i e l e c t r i c c o n s t a n t
6 er2 = 1.005970; // r e l a t i v e d i e l e c t r i c c o n s t a n t
7 T1 = 300 ; // Temperature i n K (273+27 = 300 K)
8 T2 = 450; // Temperature i n K (273 + 177 = 450 K)
9 k = 1.38*10^ -23; // i n J/K

10 N = 2.44*10^25 ; // m o l e c u l e s /mˆ3
11 // e0 ∗ ( e r 1 − e r 2 )= ( (N∗mu p ˆ2) /(3∗ k ) ) ∗ ( ( 1 / T1)− (1/T2)

)
12 mu_p = sqrt((e0*(er1 - er2)*3*k)/(((1/ T1) -(1/T2))* N

)); // d i p o l e moment i n C m
13 D = 3.3*10^ -30; // d i p o l e o f 1 Debye i s e q u a l to
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3 . 3 3 x 10ˆ−30 C m
14 printf(” D ipo l e moment = %. 2 f debye \n”,mu_p/D);
15 // e0 ∗ ( e r 1 − 1) = N∗ ( a l p h a e + a l p h a i + ( mu p ˆ2/3∗ k∗

T1) )
16 Sum = ((e0*(er1 - 1))/N) - ((mu_p)^2/(3*k*T1)); //

a l p h a e + a l p h a i i n f a r a d mˆ2
17 printf(”Sum = %. 1 f x 10ˆ−39 f a r a d mˆ2 ”,Sum *10^39);

Scilab code Exa 10.4 Orientational polarisation

1 clc();

2 clear;

3 // Given :
4 mu_p = 1.2 ;// d i p o l e moment i n debye u n i t s
5 T = 300 ; // Temperature i n Ke lv in ( 273+27 = 300 K)
6 k = 1.38*10^ -23 ; // i n J/K
7 per = 0.5/100 ; // p e r c e n t a g e o f s a t u r a t e d

p o l a r i s a t i o n
8 // 0 . 0 5∗N∗mu p = (N∗ ( mu p ) ˆ2∗E/(3∗ k∗T) )
9 E = (3*k*T*per)/(mu_p *3.33*10^ -30); // E x t e r n a l

f i e l d i n V/m
10 printf(” E = %. 2 f x 10ˆ7 V/m”,E*10^ -7);

Scilab code Exa 10.5 Susceptibility of paramagnetic materials

1 clc();

2 clear;

3 // Given :
4 N = 5*10^28 ;// number o f d i p o l e s per mˆ3
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5 betaa = 1; // Bohr magneton
6 T = 300 ; // Room tempera tu r e i n k
7 k = 1.38*10^ -23 ; // i n J/K
8 mu_0 = 4*%pi*10^ -7 ; // Magnet ic p e r m e a b i l i t y i n H/m
9 // 1 Bohr magneton = 9 . 2 7 10ˆ−24 Amˆ 2 .
10 chi = (N*mu_0*betaa *(1*9.27*10^ -24) ^2)/(k*T);

11 printf(” S u s c e p t i b i l i t y = %. 2 f x 10ˆ−3”,chi *10^3);
12 // R e s u l t o b t a i n e d d i f f e r s from tha t i n textbook ,

because i n t ex tbook on ly the o r d e r i s c o n s i d e r e d .

Scilab code Exa 10.6 Relative dielectric constant

1 clc();

2 clear;

3 // Given :
4 M = 32; // Atomic we ight i n kg / kmole
5 Na =6.023*10^26 ; // Avogadro c o n s t a n t i n atoms /

kmole
6 alpha_e = 3.28*10^ -40; // e l e c t r o n i c p o l a r i s a b i l i t y

i n f a r a d /mˆ2
7 rho = 2.08; // d e n s i t y i n gm/cmˆ3
8 e0 = 8.85*10^ -12 ; // d i e l e c t r i c c o n s t a n t i n f a r a d /m
9 // ( e r − 1) /( e r + 2) = (N∗ a l p h a e /3∗ e0 )
10 // 1 gm = 1.0∗10ˆ−3 kg , 1 cmˆ3 = 1.0∗10ˆ−6 mˆ3
11 N = (Na*(rho *10^3))/M; // atoms /mˆ3
12 er =( 2*((N*alpha_e)/(3*e0)) + 1 )/(1 - ((N*alpha_e)

/(3*e0)));

13 printf(” R e l a t i v e d i e l e c t r i c c o n s t a n t = %. 2 f ”,er);
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Scilab code Exa 10.7 Power loss due to hysteresis

1 clc();

2 clear;

3 // Given :
4 area = 50000; // a r ea o f h y s t e r e s i s on a graph
5 axis1 = 10^-4 ; // u n i t s o f s c a l e i n Wb/mˆ2
6 axis2 = 10^2; // u n i t s o f s c a l e i n A/m
7 vol = 0.01; // volume i n mˆ3
8 F = 50; // f r e q u e n c y i n Hz
9 E1 = area*axis1*axis2; // Energy l o s t per c y c l e i n J

/mˆ3
10 E2 = E1*vol ; // Energy l o s t i n c o r e per c y c l e i n J
11 P = E2*F; // Power l o s s i n W
12 printf(”Power l o s s = %d W ”,P);

Scilab code Exa 10.8 Classical model of internal field

1 clc();

2 clear;

3 // Given :
4 mu_d = 9.27*10^ -24; // Bhor magneton i n Amˆ2
5 mu_0 = 4*%pi *10^ -7; // Magnet ic p e r m i a b i l i t y i n H/m
6 r = 2; // d i p o l e s d i s t a n c e i n A
7 //U = mu d∗B = −( mu 0∗mu d ˆ2) /(2∗ p i ∗ r )
8 // r = 2∗10ˆ−10 m , 1 A = 1.0∗10ˆ−10 m
9 U = ( mu_0*mu_d ^2) /(2* %pi*(r*10^ -10) ^3); // Energy
10 printf(”U = %. 1 f x 10ˆ−25 ”,U*10^25);
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Scilab code Exa 10.9 Saturation Magnetisation

1 clc();

2 clear;

3 // Given :
4 a = 2.87; // l a t t i c e c o n s t a n t i n A
5 mu = 4; // 4 Bohr magnetons /atom
6 // BCC = 2 atoms / u n i t c e l l , 1 A = 1.0∗10ˆ−10 m
7 N = 2/(2.87*10^ -10) ^3; // atoms /mˆ3
8 // 1 Bohr magneton = 9.27∗10ˆ−24 Amˆ2
9 Msat = N*mu *9.27*10^ -24; // S a t u r a t i o n i n

m a g n e t i s a t i o n i n A/m
10 printf(” S a t u r a t i o n M a g n e t i s a t i o n = %. 2 f x 10ˆ6 A/m”

,Msat *10^ -6);

Scilab code Exa 10.10 Electronic and Ionic polarisability

1 clc();

2 clear;

3 // Given :
4 er = 6.75 ; // r e l a t i v e d i e l e c t r i c c o n s t a n t f o r

g l a s s
5 f = 10^9 ;// f r e q u e n c y i n Hz
6 n = 1.5; // r e f r a c t i v e index o f g l a s s
7 e0 = 8.85*10^ -12; // d i e l e c t r i c c o n s t a n t i n f a r a d /m
8 //Pe = e0 ∗ ( nˆ2 − 1) ∗E , Pi = e0 ∗ ( e r − n ˆ2) ∗E , P =

Pi + Pe = e0 ∗ ( e r − 1) ∗E
9 // Pe r c en tage = [ ( e0 ∗ ( e r − n ˆ2) ∗E) /( e0 ∗ ( e r −1)∗E)

]∗1 0 0 , both the E ’ s c a n c e l each o t h e r
10 per = [(e0*(er - n^2))/(e0*(er -1))]*100; //

p e r c e n t a g e
11 printf(” Pe r c en tage = %. 1 f ”,per);
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Chapter 11

Conductors Semiconductors
and Superconductors

Scilab code Exa 11.3 Fermi energy in metals

1 clc();

2 clear;

3 // Given :
4 n =8.48*10^28; // number o f c ond uc t i on e l e c t r o n s / m

ˆ3
5 Ef = 3.65*10^ -19*(n^0.6667);// Fermi ene rgy i n eV
6 printf(” Fermi ene rgy : %. 2 f eV ”,Ef);

Scilab code Exa 11.4 Fraction of electrons

1 clc();

2 clear;

3 // Given :
4 Ef = 7.04 ; // Ef f o r copper i n eV
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5 kT = 0.026; // kT v a l u e at room tempera tu r e i n eV
6 F = (3/2) *(0.026/7.04); // F r a c t i o n o f e l e c t r o n s
7 printf(” F r a c t i o n o f e l e c t r o n s which a r e e x c i t e d a r e

%. 4 f or %. 2 f p e r c e n t a g e . ”,F, F*100);

Scilab code Exa 11.6 Intrinsic resistivity

1 clc();

2 clear;

3 // Given :
4 ni1 = 2.5*10^19; // per mˆ3 f o r Ge
5 ni2 = 1.5*10^16; // per mˆ3 f o r S i
6 mu_e1 = 0.38; // m o b i l i t y o f f r e e e l e c t r o n s f o r Ge

i n mˆ2/Vs
7 mu_h1 = 0.18; // m o b i l i t y o f h o l e s f o r Ge i n mˆ2/Vs
8 mu_e2 = 0.13; // m o b i l i t y o f f r e e e l e c t r o n s f o r S i i n

mˆ2/Vs
9 mu_h2 = 0.05; // m o b i l i t y o f h o l e s f o r S i i n mˆ2/Vs

10 e = 1.6*10^ -19; // cha rge o f an e l e c t r o n i n C
11 sigma1 = ni1*e*(mu_e1 + mu_h1); // i n t r i n s i c

c o n d u c t i v i t y i n mho mˆ−1 f o r Ge
12 sigma2 = ni2*e*(mu_e2 + mu_h2);// i n t r i n s i c

c o n d u c t i v i t y i n mho mˆ−1 f o r S i
13 rho1 = 1/ sigma1; // i n t r i n s i c r e s i s t i v i t y i n ohm m

f o r Ge
14 rho2 = 1/ sigma2;// i n t r i n s i c r e s i s t i v i t y i n ohm m f o r

S i
15 printf(” R e s i s t i v i t y o f Ge %. 3 f ohm m \n”,rho1);
16 printf(” R e s i s t i v i t y o f S i %. 3 f x 10ˆ3 ohm m”,rho2

*10^ -3);
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Scilab code Exa 11.7 Variation of n by N

1 clc();

2 clear;

3 // Given :
4 // F r a c t i o n F = n/N
5 Eg = 0.72; // Energy gap i n eV
6 k = 0.026/300; // kT v a l u e at 300 K , so k = kT/T
7 T1 = 30; // Temperature i n K
8 T2 = 300; // Temperature i n K
9 T3 = 1210; // Temperature i n K

10 // F r a c t i o n o f e l e c t r o n s : n/N = exp(−Eg/2∗k∗T)
11 F1 = exp(-Eg/(2*k*T1));

12 F2 = exp(-Eg/(2*k*T2));

13 F3 = exp(-Eg/(2*k*T3));

14 printf(” For 30 K , n/N = %. 1 f x 10ˆ−61\n”,F1
*10^61);

15 printf(” For 300 K , n/N = %. 1 f x 10ˆ−7\n”,F2 *10^7)
;

16 printf(” For 1210 K , n/N = %. 3 f \n”,F3);

Scilab code Exa 11.8 Variation of n by N

1 clc();

2 clear;

3 // Given :
4 Eg1= 0.72; // Energy gap f o r Germanium i n eV
5 Eg2= 1.10; // Energy gap f o r S i l i c o n i n eV
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6 Eg3= 5.6; // Energy gap f o r diamond i n eV
7 // F r a c t i o n o f e l e c t r o n : n/N = exp(−Eg /(2∗ k∗T) ) , k∗

T = 0 . 0 2 6 eV
8 F1 = exp(-Eg1 /(2*0.026)); // For Germanium
9 F2 = exp(-Eg2 /(2*0.026)); // For S i l i c o n
10 F3 = exp(-Eg3 /(2*0.026)); // For diamond
11 printf(” For Germanium , n/N = %. 1 f x 10ˆ−7\n”,F1

*10^7);

12 printf(” For S i l i c o n , n/N = %. 1 f x 10ˆ−10\n”,F2
*10^10);

13 printf(” For diamond , n/N = %. 1 f x 10ˆ−47”,F3 *10^47);

Scilab code Exa 11.9 Ef equals to Ec

1 clc();

2 clear;

3 // Given :
4 D = 5*10^28; // d e n s i t y o f atoms i n s i l i c o n per mˆ3
5 C = 2.0*10^8; // donor c o n c e n t r a t i o n
6 ND = D/C; // donor atoms d e n s i t y per mˆ3
7 // ND = 4 .82∗10ˆ21∗Tˆ ( 3 / 2 )
8 T = (ND /(4.82*10^21))^(2/3);

9 printf(” Temperature = %. 2 f K”,T);

Scilab code Exa 11.10 Si doped with phosphorus

1 clc();

2 clear;

3 // Given :

79



4 Ecd = 0.045; // Ec−Ed i n eV
5 Ecf = 0.035; // Ec−Ef i n eV
6 Efd = 0.01; // Ef−Ed i n eV
7 Ev = 0; // i n eV
8 Ef = 1.065; // i n eV
9 me = 9.1*10^ -31; // e l e c t r o n mass i n kg

10 m_e = 0.31* me; // f r e e e l e c t r o n mass
11 m_h = 0.38* me;// h o l e mass
12 kT = 0.026; // kT v a l u e at room tempera tu r e
13 h = 6.625*10^ -34; // planck ’ s c o n s t a n t i n Js
14 Nc = 2*((2* %pi*m_e*kT *1.6*10^ -19) /(h^2))^(3/2); //

per mˆ3
15 Nv = 2*((2* %pi*m_h*kT *1.6*10^ -19) /(h^2))^(3/2); //

per mˆ3
16 // ( a )
17 // Nc∗ exp [−(Ec−Ef ) /kT ] = Nd∗ [ 1 − 1/(1+ exp [ ( Ed−Ef ) /

kT ] ) ]
18 //Ed − Ef = −(Ef−Ed) = − Efd
19 Nd = (Nc*exp(-Ecf/kT))/(1 - (1/(1+ exp(-Efd/kT))));

// per mˆ3
20 // ( b )
21 Nd_plus = Nd*(1 - (1/(1 + exp(-Efd/kT)))); // per m

ˆ3
22 // ( c )
23 n = Nc*exp(-Ecf/kT); // per mˆ3
24 // ( d )
25 p = Nv*exp((Ev-Ef)/kT);// per mˆ3
26 printf(”Nd = %. 1 f x 10ˆ24 / mˆ3 \n”,Nd*10^ -24);
27 printf(” Nd plus = %. 2 f x 10ˆ24 / mˆ3 \n”,Nd_plus

*10^ -24);

28 printf(”n = %. 2 f x 10ˆ24 / mˆ3\n”,n*10^ -24);
29 printf(”p = %. 1 f x 10ˆ6 / mˆ3 ”,p*10^ -6);
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Scilab code Exa 11.11 Silicon wafer doped with phosphorus

1 clc();

2 clear;

3 // Given :
4 ni = 1.5*10^16; // n i f o r S i i n mˆ−3
5 mue = 0.135; // m o b i l i t y o f f r e e e l e c t r o n s i n mˆ2/Vs
6 muh = 0.048; // m o b i l i t y o f h o l e s i n mˆ2/Vs
7 Nd = 10^21; // phosphorus atoms /mˆ3
8 e = 1.6*10^ -19; // cha rge o f an e l e c t r o n i n C
9 // ( a )

10 n = Nd; // e l e c t r o n s /mˆ3
11 // ( b )
12 p = ni^2/Nd; // h o l e s /mˆ3
13 // ( c )
14 sigma = e*(n*mue + p*muh); // c o n d u c t i v i t y i n mho m

ˆ−1
15 rho = 1/sigma; // r e s i s t i v i t y i n ohm m
16

17 printf(” Major c a r r i e r c o n c e n t r a t i o n = %. 1 f x 10ˆ21
e l e c t r o n s /mˆ3 \n”,n*10^ -21);

18 printf(” Minor c a r r i e r c o n c e n t r a t i o n = %. 2 f x 10ˆ11
h o l e s /mˆ3\n”,p*10^ -11);

19 printf(” R e s i s t i v i t y = %. 3 f ohm m”,rho);

Scilab code Exa 11.12 Increase in conductivity

1 clc();

2 clear;

3 // Given :
4 Eg = 1.1; // Energy gap i n eV
5 T1 = 300 ;// Temperature i n K
6 T2 = 473; // Temperature i n K (273+ 200 = 473 K)
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7 k = 8.62*10^ -5 ; // i n eV
8 // sigma = A∗ exp(−Eg /(2∗ k∗T) )
9 // Rat io = s igma 473 / s i gma 300
10 Ratio = exp((-Eg/(2*k))*((1/T2) -(1/T1)));

11 printf(”Thus , s i gma 473 i s %d t imes s i gma 300 ”,
Ratio);

Scilab code Exa 11.13 Photon energy

1 clc();

2 clear;

3 // Given :
4 Eg1 = 0.72; // Energy gap f o r Ge i n eV
5 Eg2 = 1.1; // Energy gap f o r S i i n eV
6 Eg3 = 1.32; // Energy gap f o r GaAs i n eV
7 // lambda = c /v = ( c ∗h ) /Eg or lambda (A) = 12422/Eg

( eV )
8 lambda1 = 12422/ Eg1; // wave l ength i n A (Ge)
9 lambda2 = 12422/ Eg2; // wave l ength i n A ( S i )

10 lambda3 = 12422/ Eg3; // wave l ength i n A (GaAs )
11 printf(” Wavelength f o r Ge = %. 1 f A \n”,lambda1);
12 printf(” Wavelength f o r S i = %. 1 f A \n”,lambda2);
13 printf(” Wavelength f o r GaAs = %. 2 f A”,lambda3);

Scilab code Exa 11.14 Increase in conductivity

1 clc();

2 clear;

3 // Given :
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4 sigma = 4*10^ -4; // c o n d u c t i v i t y at room tempera tu r e
i n ohmˆ−1 mˆ−1

5 M = 28.1; // atomic we ight i n kg / kmole
6 d = 2330; // d e n s i t y i n kg /mˆ3
7 dop = 10^8 ;// doping per 10ˆ8 s i l i c o n atoms
8 e = 1.6*10^ -19; // cha rge o f an e l e c t r o n i n C
9 mue = 0.135; // m o b i l i t y o f f r e e e l e c t r o n s f o r

s i l i c o n i n mˆ2/Vs
10 Na = 6.023*10^26 ; // Avagadro ’ s c o n s t a n t i n atoms /

kmole
11 N = (d*Na)/M; // atoms /mˆ3
12 Nd = N/dop; // per mˆ3
13 n = Nd; // e l e c t r o n c o n c e n t r a t i o n / mˆ3
14 sigma1 = n*e*mue; // c o n d u c t i v i t y i n ohmˆ−1 mˆ−1
15 t = sigma1/sigma; // number o f t imes the

c o n d u c t i v i t y i n c r e a s e d
16 printf(” C o n d u c t i v i t y i n c r e a s e d %d t imes . ”,t);
17 // R e s u l t o b t a i n e d d i f f e r s from tha t i n textbook ,

because approx imate v a l u e f o r s igma1 was
c o n s i d e r e d .
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Chapter 12

Diodes and Transistors

Scilab code Exa 12.1 Determination of V0

1 clc();

2 clear;

3 // Given :
4 sigma_n = 10^4; // c o n d u c t i v i t y i n mho/m
5 sigma_p = 10^2; // c o n d u c t i v i t y i n mho/m
6 e = 1.6*10^ -19; // cha rge o f an e l e c t r o n i n C
7 kT = 0.026 ;// k∗T v a l u e at room tempera tu r e i n eV
8 ni = 2.5*10^19; // per mˆ3
9 mue = 0.38; // m o b i l i t y o f f r e e e l e c t r o n s i n mˆ2/Vs

10 muh = 0.18; // m o b i l i t y o f f r e e e l e c t r o n s i n mˆ2/Vs
11 // s igma n = e∗n∗mue and s igma p = e∗p∗muh
12 nn0 = sigma_n /(e*mue); // per mˆ3
13 pp0 = sigma_p /(e*muh);// per mˆ3
14 np0 =( ni^2)/pp0; // i n mˆ−3
15 // V0 = (kT/ e ) ∗ l o g ( nn0/np0 ) , but we c o n s i d e r on ly

kT because kT/ e = 0 . 0 2 6 eV/ e , both the e ’ s
c a n c e l each o t h e r . F i n a l l y we o b t a i n the answer i n

V o l t s
16 V0 = (kT)*log(nn0/np0); // i n V
17 printf(”V0 = %. 2 f V”,V0);
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Scilab code Exa 12.2 Carrier concentration

1 clc();

2 clear;

3 // Given :
4 // ( a ) Forward b i a s o f 0 . 1 V
5 // np = np0∗ exp [ eV/kT ] , h e r e we dont have np0 va lue

, so we w i l l c a l c u l a t e the r ema in ing pa r t .
6 kT = 0.026; // i n eV
7 np = exp (0.1/kT);

8 printf(” ( a ) np = %. 0 f x np0 \n”,np);
9 // ( b ) Rever se b i a s o f 1 V
10 // np = np0∗ exp [−eV/kT ] , h e r e we dont have np0

va lue , so we w i l l c a l c u l a t e the r ema in ing pa r t .
11 np1 = exp(-1/kT);

12 printf(” ( b ) np = %. 2 f x 10ˆ−17 x np0 \n”,np1 *10^17);

Scilab code Exa 12.3 Current through pn junction diode

1 clc();

2 clear;

3 // Given :
4 I0 = 0.1; // muA
5 kT = 0.026; // kT v a l u e at room tempera tu r e
6 // Forward b i a s o f 0 . 1 V
7 // I = I0 [ exp ( eV/kT) − 1 ]
8 // s i n c e I = I0 ∗ ( exp ( 0 . 1 eV/kT ( eV ) ) ) , both the eV ’

s c a n c e l each o t h e r , so i t i s on ly I = I0 ∗ ( exp
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( 0 . 1 / kT) − 1) w h i l e e v a l u a t i n g .
9 I = I0*(exp (0.1/ kT) - 1) // i n muA
10 printf(” Current = %. 2 f muA ”,I);

Scilab code Exa 12.4 Voltage regulation using Zener diode

1 clc();

2 clear;

3 // Given :
4 Vin = 36; // Input Vo l tage i n V
5 Vb = 6; // Ze rne r Breakdown Vo l tage i n V
6 Vr = Vin -Vb; // Vo la tge drop a c r o s s r e s i s t o r
7 R = 5*10^3; // r e s i s t a n c e i n ohm
8 Rl = 2*10^3; // l oad r e s i s t a n c e i n ohm
9 I = Vr/R; // c u r r e n t i n A
10 Il = Vb/Rl; // c u r r e n t i n A
11 Iz = I - Il ;// c u r r e n t i n A
12 // ( a )
13 Vin1 = 41; // Input Vo l tage i n V
14 I1 = (Vin1 -Vb)/R; // c u r r e n t i n A
15 Iz1 = I1 -Iz; // c u r r e n t i n A
16 // ( b )
17 Rl1 = 4*10^3; // l oad r e s i s t a n c e i n ohm
18 Il1 = Vb/Rl1; // c u r r e n t i n A
19 Iz2 = I - Il1; // c u r r e n t i n A
20 printf(” Input v o l a t g e = 41 V , I z = %. 0 f mA\n”,Iz1

*10^3);

21 printf(”Load r e s i s t a n c e = 4k ohm , I z = %. 1 f mA”,Iz2
*10^3);
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Scilab code Exa 12.5 Voltage gain

1 clc();

2 clear;

3 // Given :
4 deltaIE = 2; // i n mA
5 deltaIB = 5; // i n mA
6 Rl = 200*10^3; // l oad r e s i s t a n c e i n ohm
7 ri = 200; // input r e s i s t a n c e i n ohm
8 // IE= IB + IC , 1 muA = 1.0∗10ˆ−3 mA
9 deltaIC = deltaIE - deltaIB *10^ -3 ;// i n mA
10 alpha = deltaIC/deltaIE;

11 A = alpha*(Rl/ri);

12 printf(” Vo l tage ga in = %. 1 f ”,A);
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Chapter 13

Charged Particles in Electric
and Magnetic Fields

Scilab code Exa 13.1 Electron in an electric field

1 clc();

2 clear;

3 // Given :
4 // E = 2∗10ˆ9∗ t V/m
5 // a x = e ∗E/m , where e = 1.6∗10ˆ−19 C , m = 9 . 1 2

10ˆ−31 kg
6 // a x = 3 .52∗10ˆ20∗ t m/ s ˆ2
7 // v x = i n t e g r a l o f a x dt
8 // ( a )
9 function a_x = f(t),a_x = 3.530*10^20*t,endfunction

10 v_x = intg (0 ,50*10^-9 ,f); // e l e c t r o n speed i n m/ s
at t ime = 50 ns

11 printf(” v x = %. 1 f x 10ˆ5 m/ s \n”,v_x *10^ -5);
12 // ( b )
13 // v x = 1 .76∗10ˆ20∗ t ˆ2 m/ s
14 function vx = v(t),vx = 1.76*10^20*t^2 ,endfunction

15 x = intg (0 ,50*10^-9 ,v);// d i s t a n c e cove r ed i n m i n
50 ns

16 printf(”x = %. 2 f mm\n”,x*10^3);
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17 // ( c )
18 //x = 5 .87∗10ˆ19∗ t ˆ3 m
19 X = 5*10^ -2; // d i s t a n c e between p l a t e s i n m
20 t = (X/(5.87*10^19))^(1/3); // t ime r e q u i r e d i n s
21 printf(” t = %. 2 f x 10ˆ−7 s ”,t*10^7);

Scilab code Exa 13.5 Projected electron

1 clc();

2 clear;

3 // Given :
4 u = 5*10^5; // h o r i z o n t a l v e l o c i t y i n m/ s
5 alpha = 35; // i n d e g r e e s
6 E = 200 ;// E l e c t r i c f i e l d i n V/m
7 e = 1.6*10^ -19; // e l e c t r o n cha rge i n C
8 m = 9.12*10^ -31; // e l e c t r o n mass i n kg
9 a = (-e*E)/m; // h o r i z o n t a l range i n m/ s ˆ2

10 // ( a ) ;
11 z_max = (-(u^2)*(sind(alpha))^2) /(2*a); // maximum

p e n e t r a t i o n i n m
12 // ( b )
13 T = (-2*u*sind(alpha))/a; // Time o f f l i g h t i n s
14 // ( c )
15 H = (-(u^2)*(sind (2* alpha)))/a; // h o r i z o n t a l range

i n m
16 printf(” z max = %. 1 f mm \n”,z_max *10^3);
17 printf(”T = %. 2 f x 10ˆ−8 s \n”,T*10^8);
18 printf(”H = %. 1 f mm”,H*10^3);
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Scilab code Exa 13.7 Helical path of an electron

1 clc();

2 clear;

3 // Given :
4 m = 9.12*10^ -31; // e l e c t r o n mass i n kg
5 e = 1.6*10^ -19; // e l e c t r o n cha rge i n C
6 u = 5*10^7; // e l e c t r o n speed i n m/ s
7 alpha = 30; // a n g l e i n d e g r e e s
8 d = 0.5; // d iamete r i n m
9 // ( a )

10 // h e l i x r a d i u s = (m∗u∗ s i n ( a lpha ) ) /B∗ e
11 r = d/2; // r a d i u s i n m
12 B = (m*u*sind(alpha))/(r*e); // magnet i c f l u x

d e n s i t y i n Wb/mˆ2
13 // ( b )
14 T = (2*%pi*m)/(B*e);// t ime i n s
15 // ( c )
16 p = T*u*cosd(alpha); // p i t c h i n m
17 printf(”B = %. 2 f x 10ˆ−3 Wb/mˆ2 \n”,B*10^3);
18 printf(”T = %. 2 f x 10ˆ−8 s \n”,T*10^8);
19 printf(”p = %. 2 f m”,p);

Scilab code Exa 13.9 Electrons orbit in magnetic field

1 clc();

2 clear;

3 // Given :
4 m = 9.109*10^ -31; // e l e t c r o n mass i n kg
5 e = 1.6*10^ -19; // e l e c t r o n cha rge i n C
6 //T = (2∗ p i ∗m) /(B∗ e ) , h e r e B i s not g i v e n
7 T = (2*%pi*m)/e;// t ime i n s
8 printf(”T = %. 2 f x 10ˆ−11 / B ”,T*10^11);
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Scilab code Exa 13.11 Angle of refraction

1 clc();

2 clear;

3 // Given :
4 V1 = 250; // p o t e n t i a l i n V
5 V2 = 500; // p o t e n t i a l i n V
6 theta1 = 45; // a n g l e i n d e g r e e s
7 //Law o f e l e c t r o n r e f r a c t i o n = s i n ( t h e t a 1 ) / s i n (

t h e t a 2 ) = (V2/V1) ˆ 0 . 5
8 theta2 = asind (((V1/V2)^(1/2))*sind (45));

9 printf(” t h e t a 2 = %d d e g r e e s ”,theta2);

Scilab code Exa 13.12 Bainbridge mass spectograph

1 clc();

2 clear;

3 // Given :
4 M1 = 20; // neon i s o t o p e mass i n amu
5 M2 = 22; // neon i s o t o p e mass i n amu
6 E = 7*10^4; // E l e c t r i c f i e l d i n V/m
7 e = 1.6*10^ -19; // e l e c t r o n cha rge i n C
8 B = 0.5; // Magnet ic f i e l d i n Wb/mˆ2
9 B1 = 0.75; // Magnet ic f i e l d i n Wb/mˆ2

10 // L i n e a r s e p e r a t i o n = S2 − S1 = (2∗E∗ (M2−M1) ) /(B∗
B1∗ e )

11 // 1 amu = 1.66∗10ˆ−27 kg
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12 S2_S1 = (2*E*(M2 -M1)*1.66*10^ -27) /(B*B1*e) ; //
l i n e a r s e p e r a t i o n i n m

13 printf(”S2−S1 = %. 0 f mm”,S2_S1 *10^3);

Scilab code Exa 13.13 Deuteron motion in a cyclotron

1 clc();

2 clear;

3 // Given :
4 m = 2.01*1.66*10^ -27; // deute ron mass i n kg
5 q = 1.6*10^ -19; // deute ron cha rge i n C
6 //We know , 1/2(m∗v ˆ2) = q∗V
7 // f o r a 5 MeV deute ron
8 // 1 MeV = 10ˆ6∗1.6∗10ˆ−19 J
9 v =((2*5*10^6*1.6*10^ -19)/m)^(1/2) ; // v e l o c i t y i n

m/ s
10 // ( a )
11 R = 15; // i n c h e s
12 // 1 in ch = 2.54∗10ˆ−2 m
13 B = (m*v)/(q*R*2.54*10^ -2);// magnet i c f i e l d

i n t e n s i t y i n Wb/mˆ2
14 // ( b )
15 f = (q*B)/(2* %pi*m); // f r e q u e n c y i n Hz
16 // ( c )
17 t = 50/f; // t ime i n s
18 printf(”B = %. 1 f Wb/mˆ2 \n”,B);
19 printf(” f = %. 2 f MHz \n”,f*10^ -6);
20 printf(” t = %. 2 f mu s ”,t*10^6);
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Chapter 14

Lasers

Scilab code Exa 14.2 Thermal pumping

1 clc();

2 clear;

3 // Given :
4 lambda = 6000; // wave l ength i n A
5 E2_E1 = 12422/ lambda; // ene rgy i n eV
6 k = 8.62*10^ -5; // i n eV/K
7 T = 300; // Temperature i n K
8 // E q u i l i b r i u m r a t i o = N2/N1 = exp [−(E2−E1 ) /k∗T]
9 // ( a )

10 Ratio = exp(-E2_E1/(k*T));

11 // ( b )
12 T1 = (E2_E1)/(k*log(2)); // Temperature i n K
13 printf(” Rat io = %. 2 f x 10ˆ−35 \n”,Ratio *10^35);
14 printf(”T = %d K”,T1);
15 // Resuts o b t a i n e d d i f f e r from t h o s e i n texbook ,

because approx imate v a l u e o f k∗T was c o n s i d e r e d
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Scilab code Exa 14.3 Calculating wavelength difference

1 clc();

2 clear;

3 // Given :
4 L =8; // i n cm
5 lambda = 5330; // wave l ength i n A
6 // lambda = 2∗L/n
7 // 1 A = 1.0∗10ˆ−8 cm
8 n= (2*L)/( lambda *10^ -8); // a l l o w e d modes
9 // a d j a c e n t mode
10 n1 = round(n+1);

11 // 1 cm = 1 .0∗1 0ˆ 8 A
12 lambda1 = ((2*L)/n1)*10^8; // wave l ength i n A
13 D = lambda -lambda1; // d i f f e r e n c e i n wave l eng th s i n

A
14 printf(” D i f f e r e n c e = %. 3 f A”,D);

Scilab code Exa 14.5 deltalambda by lambda

1 clc();

2 clear;

3 // Given :
4 tau_c = 10^ -5; // l i f e t i m e o f l a s i n g ene rgy i n s
5 tau_c1 = 10^-8; // c o h e r e n c e t ime i n s
6 lambda = 5000; // wave l ength i n A
7 c = 3*10^8; // l i g h t speed i n m/ s
8 // Rat io = d e l t a l a m b d a / lambda = lambda /( c∗ t a u c )
9 // 1 A = 1.0∗10ˆ−10 m
10 // ( a ) Lase r s o u r c e
11 Ratio = (lambda *10^ -10)/(c*tau_c);

12 // ( b ) Ordinary s o u r c e
13 Ratio1 = (lambda *10^ -10)/(c*tau_c1);
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14 printf(” Lase r s o u r c e = %. 2 f x 10ˆ−10 \n”,Ratio
*10^10);

15 printf(” Ordinary s o u r c e = %. 2 f x 10ˆ−7 \n”,Ratio1
*10^7);

16 // R e s u l t s o b t a i n e d d i f f e r from t h o s e i n textbook ,
beacus e on ly o r d e r o f 10 was c o n s i d e r e d i n the
r e s u l t .

Scilab code Exa 14.6 Intensity of a laser beam

1 clc();

2 clear;

3 // Given :
4 P = 10; // Power i n W
5 lambda =5000; // wave l ength i n A
6 SI = 7*10^3; // Sun ’ s r a d i a t i o n i n t e n s i t y i n W/cmˆ2
7 // 1 A = 1.0∗10ˆ−8 cm
8 I = P/( lambda *10^ -8) ^2; // I n t e n s i t y i n W/cmˆ2
9 Ratio = (I)/SI;

10 printf(” I n t e n s i t y = %. 0 f x 10ˆ6 kW/cmˆ2 \n”,I
*10^ -9);

11 printf(” I n t e n s i t y o f t h i s l a s e r s o u r c e i s %. 1 f x
10ˆ6 t imes the i n t e n s i t y o f Sun r a d i a t i o n ”,Ratio
*10^ -6);

12 // Textbook : Only o r d e r o f 10 i s c o n s i d e r e d i n the
r e s u l t

Scilab code Exa 14.7 Information capacity of laser
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1 clc();

2 clear;

3 // Given :
4 c = 3*10^8; // l i g h t speed i n m/ s
5 // V i s i b l e range = 4000 A − 7000 A
6 lambda1 = 4000; // wave l ength i n A
7 lambda2 = 7000; // wave l ength i n A
8 // 1 A = 1.0∗10ˆ−10 m
9 nu1 = c/( lambda1 *10^ -10); // f r e q u e n c y i n Hz
10 nu2 = c/( lambda2 *10^ -10);// f r e q u e n c y i n Hz
11 deltanu = nu1 -nu2; // i n Hz
12 // ( a ) Telephone c o n v e r s a t i o n s
13 f1 = 10^3; // f r e q u e n c y i n Hz
14 n1 = deltanu/f1;

15 // ( b ) T e l e v i s i o n programmes
16 f2 = 10^7; // f r e q u e n c y i n Hz
17 n2 = deltanu/f2;

18 printf(” Number o f Te lephone c o n v e r s a t i o n s = %. 1 f x
10ˆ11 \n”,n1*10^ -11);

19 printf(” Number o f T e l e v i s i o n programmes = %. 1 f x
10ˆ7 \n”,n2*10^ -7);
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Chapter 15

Fibre Optics

Scilab code Exa 15.1 Importance of cladding material

1 clc();

2 clear;

3 // Given :
4 n0 = 1; // r e f r a c t i v e index o f o u t e r medium
5 n1 = 1.5025; // r e f r a c t i v e index o f c o r e
6 n2 = 1.4975; // r e f r a c t i v e index o f c l a d d i n g
7 NA = sqrt(n1^2 - n2^2); // Numer ica l a p e r t u r e with

c l a d d i n g
8 alpha_c = asind(NA/n0); // a c c e p t a n c e a n g l e i n

d e g r e e s
9 NA1 = sqrt(n1^2 - n0^2);// Numer ica l a p e r t u r e

wi thout c l a d d i n g
10 printf(”With c l a d d i n g , NA and Acceptance a n g l e = %

. 4 f and %. 3 f d e g r e e s \n ”,NA ,alpha_c);
11 printf(” Without c l a d d i n g , NA = %. 4 f ”,NA1);

Scilab code Exa 15.2 Number of reflections
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1 clc();

2 clear;

3 // Given :
4 n1 = 1.5025; // r e f r a c t i v e index o f c o r e
5 delta = 0.0033; //
6 a = 50; // c o r e r a d i u s i n mu m
7 Ls = a*sqrt (2/ delta);// s k i p d i s t a n c e i n mu m
8 // 1 mu m = 1.0∗10ˆ−6 m
9 R = 1/(Ls*10^ -6);// r e f l e c t i o n s per m

10 printf(” Ls = %. 1 f mu m \n”,Ls);
11 printf(” R e f l e c t i o n s per m = %d”,R);

Scilab code Exa 15.3 Determining Limiting Diameter

1 clc();

2 clear;

3 // Given :
4 lambda = 1.25; // wave l ength i n mu m
5 n1 = 1.462; // r e f r a c t i v e index o f c o r e
6 n2 = 1.457; // r e f r a c t i v e index o f c l a d d i n g
7 // S i n g l e mode p r o p o g a t i o n : (2∗ p i ∗a∗ s q r t ( n1 ˆ2 − n2

ˆ2) ) / lambda < 2 . 4 0 5
8 a = (2.405* lambda)/(2* %pi*sqrt(n1^2 - n2^2)); //

r a d i u s i n mu m
9 d = a*2; // d iamete r i n mu m
10 printf(” L i m i t i n g d i amete r = %. 2 f mu m”,d);

Scilab code Exa 15.4 Calculation of attenuation
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1 clc();

2 clear;

3 // Given :
4 n1 = 1.525; // r e f r a c t i v e index o f c o r e
5 n2 = 1.500; // r e f r a c t i v e index o f c l a d d i n g
6 d = 30; // c o r e d i amete r i n mu m
7 a = d/2; // c o r e r a d i u s i n mu m
8 ab = 0.00001/100; // p e r c e n t a g e absorbed
9 delta = (n1 -n2)/n1;

10 Ls = a*sqrt (2/ delta);// s k i p d i s t a n c e i n mu m
11 // 1 mu m = 1.0∗10ˆ−6 m
12 R = 1000/( Ls*10^ -6); // r e f l e c t i o n s per km (1000 m)
13 red_p = 1 - ab; // reduced power f o r each r e f l e c t i o n
14 // Power P1km = P0∗ r e d p ˆ (6∗10ˆ6 )
15 // A = 10∗ l o g 1 0 [ P0/P1km ] , P0 i n the numerator and

denominator w i l l c a n c e l each o t h e r
16 A = 10* log10 (1/( red_p)^(R));

17 printf(” At t enua t i on = %. 1 f dB/km”,A);

Scilab code Exa 15.5 Calculation of maximum delay

1 clc();

2 clear;

3 // Given :
4 n1 = 1.5025; // r e f r a c t i v e index o f c o r e
5 n2 = 1.4975; // r e f r a c t i v e index o f c l a d d i n g
6 L = 1; // l e n g t h i n m
7 F = 2*10^6; // f r e q u e n c y i n Hz
8 c = 3*10^8; // l i g h t speed i n m/ s
9 delta_t = (n1*L/c)*((n1/n2) -1);// maximum d e l a y i n s

;
10 f = 1/(2* delta_t); // bandwidth f o r 1 m p r o p o g a t i o n
11 L1 = 1/(2*F*delta_t); // d i s t a n c e f o r 2MHz bandwidth
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12 printf(”Maximum d e l a y = %. 1 f ps \n”,delta_t *10^12);
13 printf(” Bandwidth o f 2MHz can propoga t e a d i s t a n c e

o f %. 1 f km ”,L1*10^ -3);
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Chapter 16

Acoustics

Scilab code Exa 16.1 Increase in Sound velocity

1 clc();

2 clear;

3 // Given :
4 delta_t = 1; // t empera tu r e i n d e g r e e s
5 t1 = 27; // t empera tu re i n d e g r e e s
6 // Rat io = v2 / v1 = 1+ ( d e l t a t /( t1 +273) )
7 Ratio = 1 + (delta_t /(2*(t1+273)));

8 v1 = 343; // speed o f sound at room tempera tu r e i n m/
s

9 v2 = v1*Ratio; // speed o f sound i n a i r i n m/ s
10 delta_v = v2-v1; // speed i n m/ s
11 printf(” Rat io = %. 4 f \n”,Ratio);
12 printf(” d e l t a v = %. 1 f m/ s ”,delta_v);

Scilab code Exa 16.2 Limits of displacement amplitudes

101



1 clc();

2 clear;

3 // Given :
4 p_rms = 0.0002; // i n mic robar
5 p_rms1 = 20; // i n p a s c a l
6 v = 343; // speed o f sound i n m/ s
7 rho_0 = 1.21; // d e n s i t y o f a i r i n kg /mˆ3
8 f = 1000; // f r e q u e n c y i n Hz
9 // p rms = pm min / ( 2 ) ˆ 0 . 5
10 // 1 mic robar = 0 . 1 N/mˆ2
11 pm_min = sqrt (2)*p_rms *0.1; // i n N/mˆ2
12 // 1 p a s c a l = 1 N/mˆ2
13 pm_max =sqrt (2)*p_rms1 *1; // i n N/mˆ2
14 // sm = pm/( v∗ r h o 0 ∗omega ) ;
15 // omega = 2∗ p i ∗ f
16 sm_min = pm_min /(v*rho_0 *2* %pi*f); // d i s p l a c e m e n t

ampl i tude i n m
17 sm_max = pm_max /(v*rho_0 *2* %pi*f);// d i s p l a c e m e n t

ampl i tude i n m
18 printf(”Minimum d i s p l a c e m e n t ampl i tude = %. 2 f pm \n

”,sm_min *10^12);
19 printf(”Maximum d i s p l a c e m e n t ampl i tude = %. 0 f mu m”,

sm_max *10^6);

Scilab code Exa 16.3 Imax by Imin

1 clc();

2 clear;

3 // Given :
4 sm_min = 11*10^ -12; // Minimum d i s p l a c e m e n t ampl i tude

i n m
5 sm_max = 11*10^ -6; // Maximum d i s p l a c e m e n t ampl i tude

i n m

102



6 v = 343; // speed o f sound i n m/ s
7 f = 1000; // f r e q u e n c y i n Hz
8 rho_0 = 1.21; // d e n s i t y o f a i r i n kg /mˆ3
9 // Sound i n t e n s i t y = ( r h o 0 ∗v∗omega ˆ2∗smˆ2) /2
10 // omega = 2∗ p i ∗ f
11 I_max = (rho_0*v*((2* %pi*f)^2)*( sm_max ^2))/2; //

Maximum I n t e n s i t y
12 I_min = (rho_0*v*((2* %pi*f)^2)*( sm_min ^2))/2; //

Minimum I n t e n s i t y
13 Ratio = I_max/I_min ;

14 printf(” I max / I min = %. 1 f x 10ˆ12 ”, Ratio *10^ -12);

Scilab code Exa 16.4 Sound intensities

1 clc();

2 clear;

3 // Given :
4 I0 = 10^ -12; // i n W/mˆ2
5 beta1 = 0; // i n dB
6 beta2 = 60; // i n dB
7 beta3 = 120; // i n dB
8 // I n t e n s i t y l e v e l = beta = 10∗ l o g 1 0 ( I / I0 )
9 I1 = 10^( beta1 /10)*I0; // I n t e n s i t y i n W/mˆ2
10 I2 = 10^( beta2 /10)*I0; // I n t e n s i t y i n W/mˆ2
11 I3 = 10^( beta3 /10)*I0; // I n t e n s i t y i n W/mˆ2
12 printf(” Hear ing Thresho ld : %. 1 f x 10ˆ−12 W/mˆ2 \n”,

I1 *10^12);

13 printf(” Speech A c t i v i t y : %. 1 f x 10ˆ−6 W/mˆ2 \n”,I2
*10^6);

14 printf(” Pain Thresho ld : %. 1 f W/mˆ2 ”,I3);
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Scilab code Exa 16.5 Determination of reverberation time

1 clc();

2 clear;

3 // Given :
4 l = 200; // i n f t
5 b = 50; // i n f t
6 h = 30; // i n f t
7 alpha = 0.25; // ave rage a b s o r p t i o n c o e f f i c i e n t
8 V = l*b*h; // Volume i n f t ˆ3
9 S = 2*((l*b)+(l*h)+(b*h)); // t o t a l s u r f a c e a r ea i n

f t ˆ2
10 a = alpha*S;// i n s a b i n s
11 T = (0.049*V)/a; // r e v e r b e r a t i o n t ime i n s
12 // 400 p e o p l e p r e s e n t i n the aud i tor ium , 1 pe r son i s

e q u i v a l e n t to 4 . 5 s a b i n s
13 a1 = a+ 400*4.5; // i n s a b i n s
14 T1 = (0.049*V)/a1;// r e v e r b e r a t i o n t ime i n s
15 printf(” For aud i to r ium : %. 2 f s \n”,T);
16 printf(”When p e o p l e a r e p r e s e n t %. 2 f s ”,T1);

Scilab code Exa 16.6 Determination of unknown absorption coefficient

1 clc();

2 clear;

3 // Given :
4 V = 9*10*11; // Volume i n f t ˆ3
5 T = 4; // r e v e r b e r a t i o n t ime i n s
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6 S = 2*((9*10) +(10*11) +(11*9));// t o t a l s u r f a c e a r ea
i n f t ˆ2

7 //T = ( 0 . 0 4 9 ∗V) /( a lpha ∗S )
8 alpha = (0.049*V)/(S*T);// ave rage a b s o r p t i o n

c o e f f i c i e n t
9 T1 = 1.3; // r e v e r b e r a t i o n t ime i n s
10 S1 = 50; // t o t a l s u r f a c e a r ea i n f t ˆ2
11 alpha_e =(((0.049*V)/S1)*((1/T1) -(1/T))) + alpha ;

// e f f e c t i v e a b s o r p t i o n c o e f f i c i e n t
12 printf(” a lpha = %. 2 f \n”,alpha);
13 printf(” a l p h a e = %. 2 f ”,alpha_e);

Scilab code Exa 16.7 Use of ultrasound by bats

1 clc();

2 clear;

3 // Given :
4 v = 343; // v e l o c i t y o f sound i n m/ s
5 lambda = 1; // wave l ength i n cm
6 // 1 cm = 1.0∗10ˆ−2 m
7 f = v/( lambda *10^ -2); // f r e q u e n c y i n Hz
8 printf(” Frequency i s %. 1 f kHz”,f*10^ -3);

Scilab code Exa 16.8 Ultrasonic generators

1 clc();

2 clear;

3 // Given :
4 E1 = 8.55*10^10; // Modulus o f e l a s t i c i t y i n N/mˆ2
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5 E2 = 21*10^10; // Modulus o f e l a s t i c i t y i n N/mˆ2
6 rho1 = 2650; // d e n s i t y o f Quartz i n kg /mˆ3
7 rho2 = 8800; // d e n s i t y o f N i c k e l i n kg /mˆ3
8 t = 2; // t h i c k n e s s o f c r y s t a l i n mm
9 l = 50; // rod l e n g t h i n mm
10 // P i e z o e l e c t r i c g e n e r a t o r
11 printf(” P i e z o e l e c t r i c g e n e r a t o r \n\n”);
12 for n = 1:3

13 // 1 mm = 1.0∗10ˆ−3 m
14 nu1 = (n/(2*t*10^ -3))*sqrt(E1/rho1);// f r e q u e n c y

i n Hz
15 printf(” For n = %d , Frequency = %. 2 f MHz\n”

,n,nu1 *10^ -6);

16 end

17 // M a g n e t o s t r i c t i o n g e n e r a t o r
18 printf(” M a g n e t o s t r i c t i o n g e n e r a t o r \n\n”);
19 for n1 = 1:3

20 // 1 mm = 1.0∗10ˆ−3 m
21 nu2 = (n1/(2*l*10^ -3))*sqrt(E2/rho2);//

f r e q u e n c y i n Hz
22 printf(” For n = %d , Frequency = %. 1 f kHz\n”

,n1 ,nu2 *10^ -3);

23 end

24 // R e s u l t s d i f f e r from t h o s e i n textbook , because i n
the f o rmu la e ( n /(2∗ t ) ) ∗ s q r t (E/ rho ) and ( n /(2∗ l ) ) ∗
s q r t (E/ rho ) , 2 i s not m u l t i p l i e d with e i t h e r t
or l .

Scilab code Exa 16.9 Noise pollution

1 clc();

2 clear;

3 // Given :
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4 I0 = 10^ -12; // i n W/mˆ2
5 beta1 = 110; // i n dB
6 beta2 = 150; // i n dB
7 beta3 = 180; // i n dB
8 // I n t e n s i t y l e v e l = beta = 10∗ l o g 1 0 ( I / I0 )
9 I1 = 10^( beta1 /10)*I0; // I n t e n s i t y i n W/mˆ2
10 I2 = 10^( beta2 /10)*I0; // I n t e n s i t y i n W/mˆ2
11 I3 = 10^( beta3 /10)*I0; // I n t e n s i t y i n W/mˆ2
12 printf(” A m p l i f i e d Rock Music : %. 2 f W/mˆ2 \n”,I1);
13 printf(” Je t p l ane : %. 1 f x 10ˆ3 W/mˆ2 \n”,I2*10^ -3)

;

14 printf(” Rocket e n g i n e : %. 1 f x 10ˆ6 W/mˆ2 ”,I3*10^ -6)
;

Scilab code Exa 16.10 Determination of sea depth

1 clc();

2 clear;

3 // Given :
4 v = 1500; // v e l o c i t y o f u l t r a s o u n d i n m/ s
5 rt = 0.8; // r e c o r d e d t ime i n s
6 t = rt/2; // t ime i n s
7 // Ul t ra sound v e l o c i t y = D/ t
8 D = v*t; // s ea depth i n m
9 printf(” Depth = %d m”,D);
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