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above book.

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)
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Chapter 1

Relativistic Mechanics

Scilab code Exa 1.2 Lorentz transformations for space and time

1 // S c i l a b Code Ex1 . 2 : Page : 2 6 ( 2 0 1 1 )
2 clc;clear;

3 c = 3e+008; // Speed o f l i g h t i n vacuum , m/ s
4 delta_x = 2.45e+03; // Space d i f f e r e n c e , m
5 delta_t = 5.35e-06; // Time d i f f e r e n c e , s
6 v = 0.855*c; // Speed o f f rame S prime , m/ s
7 delta_x_prime = 1/sqrt(1-v^2/c^2)*( delta_x - v*(

delta_t))*1e-03; // D i s t a n c e between two
f l a s h e s as measured i n S pr ime frame , km

8 delta_t_prime = 1/sqrt(1-v^2/c^2)*( delta_t - v/c^2*

delta_x)*1e+006; // Time between two f l a s h e s
as measured i n S pr ime

9 printf(”\nThe d i s t a n c e between two f l a s h e s as
measured i n S pr ime frame = %4 . 2 f km”,
delta_x_prime);

10 printf(”\nThe t ime between two f l a s h e s as measured
i n S pr ime frame = %4 . 2 f micro−s econd ”,
delta_t_prime);

11

12 // R e s u l t
13 // The d i s t a n c e between two f l a s h e s as measured i n
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S pr ime frame = 2 . 0 8 km
14 // The t ime between two f l a s h e s as measured i n

S pr ime frame = −3.15 micro−s econd

Scilab code Exa 1.4 Relative speed of one photon with respect to another

1 // S c i l a b Code Ex1 . 4 : Page : 2 7 ( 2 0 1 1 )
2 clc;clear;

3 c = 1;.... // Speed o f l i g h t i n vacuum , m/ s
4 u_x_prime = c; // V e l o c i t y o f photon as measured

i n S pr ime frame , m/ s
5 v = c; // V e l o c i t y o f f rame S pr ime r e l a t i v e to S

frame , m/ s
6 u_x = (u_x_prime + v)/(1+v*u_x_prime/c^2);

7 if u_x == 1 then

8 ux = ’ c ’ ;
9 else

10 ux = string(u_x)+ ’ c ’ ;
11 end

12 printf(”\nThe speed o f one photon as ob s e rv ed by the
o t h e r i s %c”, ux);

13

14 // R e s u l t
15 // The speed o f one photon as ob s e rved by the o t h e r

i s c

Scilab code Exa 1.6 Areal contraction of moving circular lamina

1 // S c i l a b Code Ex1 . 6 : Page : 2 8 ( 2 0 1 1 )
2 clc;clear;

3 a = 1; // For s i m p l i c i t y assume l e n g t h o f semi
minor a x i s to be uni ty , m

4 c = 3e+08; // Speed o f l i g h t , m/ s
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5 v = poly(0, ’ v ’ ); // D e c l a r e v e l o c i t y v a r i a b l e , m
/ s

6 // As b = a∗ s q r t (1−v ˆ2/ c ˆ2) , l e n g t h o f semi−major
a x i s

7 // Also A c = %pi∗a ˆ2 , a r ea o f the lamina i n i t s own
frame and

8 // A e = %pi∗a∗b , a r ea o f the lamina i n s t a t i o n a r y
frame S , so with A c = A e

9 v = roots(1-v^2/c^2 - 1/4); // V e l o c i t y at which
s u r f a c e a r ea o f lamina r e d u c e s to h a l f i n S−frame
, m/ s

10 printf(”\nThe v e l o c i t y at which s u r f a c e a r ea o f
lamina r e d u c e s to h a l f i n S−f rame = %4 . 2 e ”, v(1))

;

11

12 // R e s u l t
13 // The v e l o c i t y at which s u r f a c e a r ea o f lamina

r e d u c e s to h a l f i n S−f rame = 2 . 6 0 e +008

Scilab code Exa 1.7 Length of a one metre stick moving parallel to its length

1 // S c i l a b Code Ex1 . 7 : Page : 2 9 ( 2 0 1 1 )
2 clc;clear;

3 m0 = 1; // For s i m p l i c i t y assume the r e s t mass o f
s t i c k to be uni ty , kg

4 m = 1.5*m0; // Mass o f the moving s t i c k , kg
5 L0 = 1; // Assume r e s t i n g l e n g t h o f the s t i c k to

be uni ty , m
6 // As m = m0/ s q r t (1−v ˆ2/ c ˆ2) = m0∗gama , s o l v i n g f o r

gama
7 gama = m/m0; // R e l a t i v i s t i c f a c t o r
8 L = L0/gama; // Contrac ted l e n g t h o f the metre

s t i c k , m
9 printf(”\nThe c o n t r a c t e d l e n g t h o f the metre s t i c k =

%4 . 2 f m”, L);
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10

11 // R e s u l t
12 // The c o n t r a c t e d l e n g t h o f the metre s t i c k = 0 . 6 7 m

Scilab code Exa 1.8 Mean lifetime of meson in motion

1 // S c i l a b Code Ex1 . 8 : Page : 2 9 ( 2 0 1 1 )
2 clc;clear;

3 c = 3e+008; // Speed o f l i g h t i n vacuum , m/ s
4 tau0 = 2e -008; // Mean l i f e t i m e o f meson at r e s t ,

m/ s
5 v = 0.8*c; // V e l o c i t y o f moving meason , m/ s
6 tau = tau0/sqrt(1-v^2/c^2); // Mean l i f e t i m e o f

meson i n motion , m/ s
7 printf(”\nThe mean l i f e t i m e o f meson i n motion = %4

. 2 e s ”, tau);

8

9 // R e s u l t
10 // The mean l i f e t i m e o f meson i n motion = 3 . 3 3 e−008

s

Scilab code Exa 1.9 Speed at which a moving clock ticks slow

1 // S c i l a b Code Ex1 . 9 : Page : 3 0 ( 2 0 1 1 )
2 clc;clear;

3 c = 3e+008; // Speed o f l i g h t i n vacuum , m/ s
4 delta_t0 = 59; // Reading o f the moving c l o c k f o r

each hour , min
5 delta_t = 60; // Reading o f the s t a t i o n a r y c l o c k

f o r each hour , min
6 // As from Time D i l a t i o n , d e l t a t = d e l t a t 0 / s q r t (1−

v ˆ2/ c ˆ2) , s o l v i n g f o r v
7 v = c*sqrt(1-( delta_t0/delta_t)^2);
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8 printf(”\nThe speed at which the moving c l o c k t i c k s
s low = %4 . 2 e m/ s ”, v);

9

10 // R e s u l t
11 // The speed at which the moving c l o c k t i c k s s low =

5 . 4 5 e +007 m/ s

Scilab code Exa 1.10 Distance that the meson beam can travel before reduction in its flux

1 // S c i l a b Code Ex1 . 1 0 : Page : 3 0 ( 2 0 1 1 )
2 clc;clear;

3 c = 3e+008; // Speed o f l i g h t i n vacuum , m/ s
4 tau0 = 2.5e -008; // Mean l i f e t i m e o f meson at

r e s t , m/ s
5 v = 0.8*c; // V e l o c i t y o f moving meason , m/ s
6 tau = tau0/sqrt(1-v^2/c^2); // Mean l i f e t i m e o f

meson i n motion , m/ s
7 N0 = 1; // Assume i n i t i a l f l u x o f meson beam to

be uni ty , watt /Sq .m
8 N = N0*%e^(-2); // Meson f l u x a f t e r t ime t , watt /

Sq .m
9 // As N = N0∗ eˆ(− t / tau ) , which on comparing g i v e s

10 t = 2*tau; // Time dur ing which the meson beam
f l u x reduce s , s

11 d = 0.8*c*t; // The d i s t a n c e tha t the meson beam
can t r a v e l b e f o r e r e d u c t i o n i n i t s f l u x , m

12 printf(”\nThe d i s t a n c e tha t the meson beam can
t r a v e l b e f o r e r e d u c t i o n i n i t s f l u x = %2d m”, d);

13

14 // R e s u l t
15 // The d i s t a n c e tha t the meson beam can t r a v e l

b e f o r e r e d u c t i o n i n i t s f l u x = 20 m
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Scilab code Exa 1.11 Velocity of the particle when its total energy is thrice its rest energy

1 // S c i l a b Code Ex1 . 1 1 : Page : 3 1 ( 2 0 1 1 )
2 clc;clear;

3 c = 3e+008; // Speed o f l i g h t i n vacuum , m/ s
4 E0 = 1; // Rest ene rgy o f p a r t i c l e , u n i t
5 E = 3*E0; // Energy o f r e l a t i v i s t i c a l l y moving

p a r t i c l e , u n i t
6 // E = m∗ c ˆ2 and E0 = m0∗ c ˆ2
7 // With m = m0/ s q r t (1−v ˆ2/ c ˆ2) , we have
8 v = c*sqrt(1-(E0/E)^2); // V e l o c i t y o f the moving

p a r t i c l e , m/ s
9 printf(”\nThe v e l o c i t y o f the moving p a r t i c l e = %4 . 2

e m/ s ”, v);

10

11 // R e s u l t
12 // The v e l o c i t y o f the moving p a r t i c l e = 2 . 8 3 e +008 m

/ s

Scilab code Exa 1.12 Kinetic energy and momentum of moving electron

1 // S c i l a b Code Ex1 . 1 2 : Page : 3 2 ( 2 0 1 1 )
2 clc;clear;

3 c = 3e+008; // Speed o f l i g h t i n vacuum , m/ s
4 m0 = 9.1e-031; // Rest mass o f e l e c t r o n , kg
5 m = 11*m0; // Mass o f r e l a t i v i s t i c a l l y moving

e l e c t r o n , kg
6 E_k = (m-m0)*c^2/(1.6e -019*1e+06); // K i n e t i c

ene rgy o f moving e l e c t r o n , MeV
7 // As m = m0/ s q r t (1−v ˆ2/ c ˆ2) , s o l v i n g f o r v
8 v = c*sqrt(1-(m0/m)^2); // The v e l o c i t y o f the

moving e l e c t r o n , m/ s
9 p = m*v; // Momentum o f moving e l e c t r o n , kg−m/ s

10 printf(”\nThe k i n e t i c ene rgy o f moving e l e c t r o n = %4
. 2 f MeV”, E_k);

20



11 printf(”\nThe momentum o f moving e l e c t r o n = %4 . 2 e kg
−m/ s ”, p);

12

13 // R e s u l t
14 // The k i n e t i c ene rgy o f moving e l e c t r o n = 5 . 1 2 MeV
15 // The momentum o f moving e l e c t r o n = 2 . 9 9 e−021 kg−m/

s

Scilab code Exa 1.13 Amount of work to be done to increase the speed of an electron

1 // S c i l a b Code Ex1 . 1 3 : Page : 3 2 ( 2 0 1 1 )
2 clc;clear;

3 c = 3e+008; // Speed o f l i g h t i n vacuum , m/ s
4 E0 = 0.5; // Rest ene rgy o f the e l e c t r o n , MeV
5 v1 = 0.6*c; // I n i t i a l v e l o c i t y o f the e l e c t r o n ,

m/ s
6 v2 = 0.8*c; // F i n a l v e l o c i t y o f the e l e c t r o n , m/

s
7 W = (1/ sqrt(1-v2^2/c^2) -1/sqrt(1-v1^2/c^2))*E0;

// The amount o f work to be done to i n c r e a s e the
speed o f the e l e c t r o n , MeV

8 printf(”\nThe amount o f work to be done to i n c r e a s e
the speed o f an e l e c t r o n = %4 . 2 e J”, W*1e+06*1.6e

-019);

9

10 // R e s u l t
11 // The amount o f work to be done to i n c r e a s e the

speed o f an e l e c t r o n = 3 . 3 3 e−014 J

Scilab code Exa 1.14 Particle moving with relativistic speed

1 // S c i l a b Code Ex1 . 1 4 : Page : 3 3 ( 2 0 1 1 )
2 clc;clear;
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3 c = 1; // Assume speed o f l i g h t i n vacuum to be
uni ty , u n i t

4 m0 = 1; // For s i m p l i c i t y assume r e s t mass o f the
p a r t i c l e to be uni ty , u n i t

5 v = c/sqrt (2); // Given speed o f the p a r t i c l e , m/
s

6 gama = 1/sqrt(1-v^2/c^2); // R e l a t i v i s t i c f a c t o r
7 m = gama*m0; // The r e l a t i v i s t i c mass o f the

p a r t i c l e , u n i t
8 p = m*v; // The r e l a t i v i s t i c momentum o f the

p a r t i c l e , u n i t
9 E = m*c^2; // The r e l a t i v i s t i c t o t a l ene ryg o f

the p a r t i c l e , u n i t
10 E_k = (m-m0)*c^2; // The r e l a t i v i s t i c k i n e t i c

ene rgy o f the p a r t i c l e , u n i t
11 printf(”\nThe r e l a t i v i s t i c mass o f the p a r t i c l e = %5

. 3 fm0”, m);

12 printf(”\nThe r e l a t i v i s t i c momentum o f the p a r t i c l e
= %1 . 0 gm0c”, p);

13 printf(”\nThe r e l a t i v i s t i c t o t a l ene rgy o f the
p a r t i c l e = %5 . 3 fm0c ˆ2 ”, E);

14 printf(”\nThe r e l a t i v i s t i c k i n e t i c ene rgy o f the
p a r t i c l e = %5 . 3 fm0c ˆ2 ”, E_k);

15

16 // R e s u l t
17 // The r e l a t i v i s t i c mass o f the p a r t i c l e = 1 . 4 1 4m0
18 // The r e l a t i v i s t i c momentum o f the p a r t i c l e = 1m0c
19 // The r e l a t i v i s t i c t o t a l ene rgy o f the p a r t i c l e =

1 . 4 1 4 m0cˆ2
20 // The r e l a t i v i s t i c k i n e t i c ene rgy o f the p a r t i c l e =

0 . 4 1 4 m0cˆ2

Scilab code Exa 1.15 Speed of the electron in order to have its mass equal to mass of a proton

1 // S c i l a b Code Ex1 . 1 5 : Page : 3 4 ( 2 0 1 1 )
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2 clc;clear;

3 c = 3e+008; // Speed o f l i g h t i n vacuum , u n i t
4 m0 = 9.1e-031; // Rest mass o f the e l e c t r o n , kg
5 m = 1.67e -027; // Rest mass o f the proton , kg
6 // As m = m0/ s q r t (1−v ˆ2/ c ˆ2) , s o l v i n g f o r v
7 v = c*sqrt(1-(m0/m)^2); // V e l o c i t y o f the

e l e c t r o n , m/ s
8 printf(”\nThe v e l o c i t y o f the e l e c t r o n to have i t s

mass e q u a l to mass o f the proton = %5 . 3 e m/ s ”, v)

;

9

10 // R e s u l t
11 // The v e l o c i t y o f the e l e c t r o n to have i t s mass

e q u a l to mass o f the proton = 3 . 0 0 0 e +008 m/ s

Scilab code Exa 1.17 Classical and relativistic speed of an electron of given kinetic energy

1 // S c i l a b Code Ex1 . 1 7 : Page : 3 5 ( 2 0 1 1 )
2 clc;clear;

3 c = 3e+008; // Speed o f l i g h t i n vacuum , u n i t
4 m0 = 9.1e-031; // Rest mass o f the e l e c t r o n , kg
5 E_k = 0.1*1e+006*1.6e -019; // K i n e t i c ene rgy o f

the e l e c t r o n , J
6 v = sqrt (2*E_k/m0); // C l a s s i c a l speed o f the

e l e c t r o n , m/ s
7 printf(”\nThe c l a s s i c a l speed o f the e l e c t r o n = %5 . 3

e m/ s ”, v);

8 // As E k = (m−m0) ∗ c ˆ2 = (1/ s q r t (1−v ˆ2/ c ˆ2)−1)∗m0∗ c
ˆ2 , s o l v i n g f o r v

9 v = c*sqrt(1-(m0*c^2/( E_k+m0*c^2))^2); //
R e l a t i v i s t i c speed o f the e l e c t r o n , m/ s

10 printf(”\nThe r e l a t i v i s t i c speed o f the e l e c t r o n =
%5 . 3 e m/ s ”, v);

11

12 // R e s u l t
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13 // The c l a s s i c a l speed o f the e l e c t r o n = 1 . 8 7 5 e +008
m/ s

14 // The r e l a t i v i s t i c speed o f the e l e c t r o n = 1 . 6 4 4 e
+008 m/ s
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Chapter 2

Quantum Mechanics

Scilab code Exa 2.1 de broglie wavelength of an electron

1 // S c i l a b Code Ex2 . 1 : Page : 7 9 ( 2 0 1 1 )
2 clc;clear;

3 V = 50;.... // Given p o t e n t i a l d i f f e r e n c e , V
4 lambda = 12.24/ sqrt(V);.... // Wavelength o f the

l i g h t , angstrom
5 printf(”\nThe de−b r o g l i e wave l ength o f e l e c t r o n = %4

. 2 f angstrom ”, lambda);

6

7 // R e s u l t
8 // The de−b r o g l i e wave l ength o f e l e c t r o n = 1 . 7 3

angstrom

Scilab code Exa 2.2 de broglie wavelength associated with a proton

1 // S c i l a b Code Ex2 . 2 : Page : 7 9 ( 2 0 1 1 )
2 clc;clear;

3 h = 6.62e-34; // Planck ’ s cons tant , J−s
4 m0 = 1.6e-27; // Rest mass o f proton , kg
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5 c = 3e+8; // Speed o f l i g h t , i n m/ s
6 v = c/20; // V e l o c i t y o f the proton , i n m/ s
7 lambda = (h*sqrt(1-v^2/c^2))/(m0*v);

8 printf(”\nThe de b r o g l i e wave l ength a s s o c i a t e d with
the proton = %4 . 2 e m”,lambda);

9

10 // R e s u l t
11 // The de b r o g l i e wave l ength a s s o c i a t e d with the

proton = 2 . 7 5 e−14 m

Scilab code Exa 2.3 Wavelength of the matter wave associated with a proton

1 // S c i l a b Code Ex2 . 3 : Page : 7 9 ( 2 0 1 1 )
2 clc;clear;

3 c = 3e+8;.... // Speed o f l i g h t , m/ s
4 v = 2e+8;.... // V e l o c i t y o f the proton , m/ s
5 m0 = 1.6e -27;.... // Rest mass o f proton , kg
6 h = 6.62e -34;.... // Plancks cons tant , J−s
7 lambda = (h*sqrt(1-v^2/c^2))/(m0*v);

8 printf(”\nThe wave l ength o f matter wave a s s o c i a t e d
with the proton = %5 . 3 e m”, lambda);

9

10 // R e s u l t
11 // The wave l ength o f matter wave a s s o c i a t e d with

the proton = 1 . 5 4 2 e−15 m

Scilab code Exa 2.5 Uncertainity in determining the position of the electron

1 // S c i l a b Code Ex2 . 5 : Page : 8 0 ( 2 0 1 1 )
2 clc;clear;

3 a = 0.003;.... // Accuracy o f the e l e c t r o n , i n p e r c e n t
4 s = 5e+03;.... // Speed o f the e l e c t r o n , i n m/ s
5 del_v = (a/100)*s;.... // Change i n v e l o c i t y , i n m/ s
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6 m0 = 9.1e -31;.... // Rest mass o f the e l e c t r o n , i n kg
7 hcut = 1.054e -34;.... // Plancks cons tant , J−s
8 del_x = hcut /(2* del_v*m0);

9 printf(”\nThe u n c e r t a i n i t y i n the p o s i t i o n o f the
e l e c t r o n = %4 . 2 e m”, del_x);

10

11 // R e s u l t
12 // The u n c e r t a i n i t y i n the p o s i t i o n o f the e l e c t r o n

= 3 . 8 6 e−004 m

Scilab code Exa 2.6 Minimum error in measurement of lifetime of excited state of hydrogen atom

1 // S c i l a b Code Ex2 . 6 : Page : 8 1 ( 2 0 1 1 )
2 clc;clear;

3 del_t = 2.5e -14;.... // L i f e t i m e o f the hydrogen atom
i n e x c i t e d s t a t e

4 hcut = 1.054e -34;.... // Planck ’ s cons tant , i n J−s
5 e = 1.6e -19;.... // Charge on e l e c t r o n , i n C
6 del_E = hcut /(2* del_t*e);.... // Energy o f the s t a t e ,

i n eV
7 printf(”\nThe minimum e r r o r i n measurement o f

l i f e t i m e o f e x c i t e d s t a t e o f hydrogen atom = %6. 4
f eV”,del_E);

8

9 // R e s u l t
10 // The minimum e r r o r i n measurement o f l i f e t i m e o f

e x c i t e d s t a t e o f hydrogen atom = 0 . 0 1 3 2 eV

Scilab code Exa 2.7 Uncertainity in the velocity of an electron

1 // S c i l a b Code Ex2 . 7 : Page : 8 1 ( 2 0 1 1 )
2 clc;clear;
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3 del_x = 1e-09; // U n c e r t a i n t y i n p o s i t i o n o f the
e l e c t r o n , m

4 m0 = 9.1e -031;.... // Rest mass o f an e l e c t r o n , kg
5 hcut = 1.054e -034;.... // Planck ’ s cons tant , i n J−s
6 del_v = hcut /(2* del_x*m0);.... // U n c e r t a i n i t y i n

v e l o c i t y o f the e l e c t r o n
7 printf(”\nThe u n c e r t a i n i t y i n the v e l o c i t y o f an

e l e c t r o n = %4 . 2 e m/ s ”,del_v);
8

9 // R e s u l t
10 // The u n c e r t a i n i t y i n the v e l o c i t y o f an e l e c t r o n =

5 . 7 9 e+04 m/ s

Scilab code Exa 2.8 Smallest possible uncertainity in position of an electron

1 // S c i l a b Code Ex2 . 8 : Page : 8 1 ( 2 0 1 1 )
2 clc;clear;

3 hcut = 1.054e-34; // Reduced Planck ’ s cons tant , Js
4 v = 3e+07;.... // V e l o c i t y o f the e l e c t r o n , m/ s
5 c = 3e+08;.... // Speed o f l i g h t i n vacuum , m/ s
6 m0 = 9.1e -31;.... // Rest mass o f an e l e c t r o n , kg
7 del_v = 3e+08;.... // U n c e r t a i n t y i n v e l o c i t y o f the

e l e c t r o n , m/ s
8 del_x = (hcut*sqrt(1-v^2/c^2))/(2*m0*del_v);

9 printf(”\nThe s m a l l e s t p o s s i b l e u n c e r t a i n i t y i n
p o s i t i o n o f the e l e c t r o n = %6 . 4 f angstrom ”, del_x

/1e -010);

10

11 // R e s u l t
12 // The s m a l l e s t p o s s i b l e u n c e r t a i n i t y i n p o s i t i o n o f

the e l e c t r o n = 0 . 0 0 1 9 angstrom

Scilab code Exa 2.9 Energy of an electron moving in 1D infinetly high potential box
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1 // S c i l a b Code Ex2 . 9 : Page : 8 2 ( 2 0 1 1 )
2 clc;clear;

3 n = 1;

4 m0 = 9.1e -031;.... // Mass o f the e l e c t r o n , kg
5 a = 1e -10;.... // Width o f the box , m
6 h = 6.63e -034;.... // Planck ’ s cons tant , J−s
7 E = n^2*h^2/(8* m0*a^2);

8 printf(”\n The ene rgy o f the e l e c t r o n moving i n 1D
i n f i n e t l y h igh p o t e n t i a l box = %5 . 2 e J”, E);

9

10 // R e s u l t
11 // The ene rgy o f the e l e c t r o n moving i n 1D

i n f i n e t l y h igh p o t e n t i a l box = 6 . 0 4 e−18 J

Scilab code Exa 2.10 Lowest two permitted energy values of an electron

1 // S c i l a b Code Ex2 . 1 0 : Page : 8 3 ( 2 0 1 1 )
2 clc;clear;

3 n = [1 ,2];.... // S h e l l numbers f o r two l o w e s t
p e r m i t t e d ene rgy o f the e l e c t r o n

4 m0 = 9.1e -31;.... // Mass o f the e l e c t r o n , kg
5 a = 2.5e -10;.... // Width o f the box , m
6 h = 6.63e -34;.... // Planck ’ s cons tant , J−s
7 e = 1.6e -19;.... // Charge on e l e c t r o n , C
8 E = (n^2*h^2) /(8*m0*a^2*e);

9 printf(”\nThe l o w e s t two p e r m i t t e d ene rgy v a l u e s o f
an e l e c t r o n a r e ”);

10 printf(” %d eV and %d eV r e s p e c t i v e l y ”, E(1), E(2));

11

12 // R e s u l t
13 // The l o w e s t two p e r m i t t ed ene rgy v a l u e s o f an

e l e c t r o n a r e 6 eV and 24 eV r e s p e c t i v e l y
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Scilab code Exa 2.11 Lowest energy of the neutron confined to the nucleus

1 // S c i l a b Code Ex2 . 1 1 : Page : 8 3 ( 2 0 1 1 )
2 clc;clear;

3 m0 = 1.67e -27;.... // Rest mass , i n kg
4 a = 1e -14;.... // S i z e o f the box
5 h = 6.63e -34;.... // Planck ’ s cons tant , i n J−s
6 n = 1; // Quantum number f o r l o w e s t ene rgy s t a t e
7 E_n = n^2*h^2/(8* m0*a^2);

8 printf(”\nThe l o w e s t ene rgy o f the neut ron c o n f i n e d
to the n u c l e u s = %4 . 2 e J”, E_n);

9

10 // R e s u l t
11 // The l o w e s t ene rgy o f the neut ron c o n f i n e d to the

n u c l e u s = 3 . 2 9 e−13 J

Scilab code Exa 2.12 Energy difference between the ground state and the first excited state for an electron in 1D box

1 // S c i l a b Code Ex2 . 1 2 : Page : 8 3 ( 2 0 1 1 )
2 clc;clear;

3 m0 = 9.1e -31;.... // Rest mass , kg
4 a = 1e -10;.... // Length o f the box , m
5 h = 6.62e -34;.... // Planck ’ s c on s ta t , J−s
6 n1 = 1;.... // Ground s t a t e
7 n2 = 2;.... // F i r s t e x c i t e d s t a t e
8 e = 1.6e -19;.... // Charge on e l e c t r o n , C
9 E1 = (n1^2*h^2) /(8*m0*a^2*e);

10 E2 = (n2^2*h^2) /(8*m0*a^2*e);

11 del_E = E2-E1;

12 printf(”\nThe ene rgy d i f f e r e n c e between the ground
s t a t e and the f i r s t e x c i t e d s t a t e = %5 . 1 f eV”,
del_E);

13

14 // R e s u l t
15 // The ene rgy d i f f e r e n c e between the ground s t a t e
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and the f i r s t e x c i t e d s t a t e = 1 1 2 . 9 eV
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Chapter 3

Statistical Mechanics

Scilab code Exa 3.1 Probability of existence of oxygen molecules within the given velocity range

1 // S c i l a b Code Ex3 . 1 : Page : 1 3 2 ( 2 0 1 1 )
2 clc;clear;

3 m = 5.32e-26; // Mass o f one oxygen molecu l e , kg
4 k_B = 1.38e-23; // Boltzmann cons tant , J/K
5 T = 200; // Temperature o f the system , K
6 v = 100; // Speed o f the oxygen mo l e cu l e s , m/ s
7 dv = 1; // I n c r e a s e i n speed o f the oxygen

mo l e cu l e s , m/ s
8 P = 4*%pi*(m/(2* %pi*k_B*T))^(3/2)*exp(-m*v^2/(2* k_B*

T))*v^2*dv;

9 printf(”\nThe p r o b a b i l i t y tha t the speed o f oxygen
m o l e c u l e i s %4 . 2 e ”, P) ;

10

11 // R e s u l t
12 // The p r o b a b i l i t y tha t the speed o f oxygen m o l e c u l e

i s 6 . 1 3 e−04

Scilab code Exa 3.2 Probability that the speed of oxygen molecules
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1 // S c i l a b Code Ex3 . 2 : Page : 1 3 2 ( 2 0 1 1 )
2 clc;clear;

3 A = 32; // Gram atomic mass o f oxygen , g/mol
4 N_A = 6.023e+026; // Avogadro ’ s number , per kmol
5 m = A/N_A ;.... // mass o f the molecu l e , kg
6 k_B = 1.38e -23;.... // Boltzmann cons tant , J/K
7 T = 273;.... // Temperature o f the gas , K
8 v_av = 1.59* sqrt(k_B*T/m);.... // Average speed o f

oxygen molecu l e , m/ s
9 printf(”\nThe ave rage speed o f oxygen m o l e c u l e i s =

%3d m/ s ”, v_av);

10 v_rms = 1.73* sqrt(k_B*T/m);.... // The mean sq ua r e
speed o f oxygen molecu l e , m/ s

11 printf(”\nThe r o o t mean squa r e speed o f oxygen gas
m o l e c u l e i s = %3d m/ s ”, ceil(v_rms))

12 v_mp = 1.41* sqrt(k_B*T/m);.... // The most p r o b a b l e
speed o f oxygen molecu l e , m/ s

13 printf(”\nThe most p r o b a b l e speed o f oxygen m o l e c u l e
i s = %3d m/ s ”, ceil(v_mp));

14

15 // R e s u l t
16 // The ave rage speed o f oxygen m o l e c u l e i s = 423 m/ s
17 // The r o o t mean squa r e speed o f oxygen gas m o l e c u l e

i s = 461 m/ s
18 // The most p r o b a b l e speed o f oxygen m o l e c u l e i s =

376 m/ s

Scilab code Exa 3.3 Temperature to produce invariant average speed of hydrogen molecule

1 // S c i l a b Code Ex3 . 3 : Page : 1 3 3 ( 2 0 1 1 )
2 clc;clear;

3 m_H = 2; // Gram m o l e c u l a r mass o f hydrogen , g
4 m_O = 32; // Gram m o l e c u l a r mass o f oxygen , g
5 k_B = 1.38e -23;.... // Boltzmann cons tant , J/K
6 v_avO = 1;.... // For s i m p l i c i t y ave rage speed o f
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oxygen gas m o l e c u l e i s assumed to be uni ty , m/ s
7 v_avH = 2*v_avO ;.... // The ave rage speed o f

hydrrogen gas molecu l e , m/ s
8 T_O = 300; // Temperature o f oxygen gas , K
9 // As v avO / v av H = s q r t (T O/T H) ∗ s q r t (m H/m O) ,

s o l v i n g f o r T H
10 T_H = (v_avH/v_avO*sqrt(m_H/m_O)*sqrt(T_O))^2; //

Temperature at which the ave rage speed o f
hydrogen gas m o l e c u l e s i s the same as tha t o f
oxygen gas mo l e cu l e s , K

11 printf(”\nTemperature at which the ave rage speed o f
hydrogen gas m o l e c u l e s i s the same as tha t o f
oxygen gas m o l e c u l e s at 300 K = %2d”, T_H);

12

13 // R e s u l t
14 // Temperature at which the ave rage speed o f

hydrogen gas m o l e c u l e s i s the same as tha t o f
oxygen gas m o l e c u l e s at 300 K = 75

Scilab code Exa 3.4 Fraction of oxygen gas molecules within one percent of most probable speed

1 // S c i l a b Code Ex3 . 4 : Page : 1 3 3 ( 2 0 1 1 )
2 clc;clear;

3 v_mp = 1; // Most p r o b a b l e speed o f gas mo l e cu l e s ,
m/ s

4 dv = 1.01*v_mp -0.99* v_mp; // Change i n most
p r o b a b l e speed , m/ s

5 v = v_mp; // Speed o f the gas mo l e cu l e s , m/ s
6 Frac = 4/sqrt(%pi)*1/ v_mp ^3*exp(-v^2/ v_mp ^2)*v^2*dv;

7 printf(”\nThe f r a c t i o n o f oxygen gas m o l e c u l e s
w i t h i n one p e r c e n t o f most p r o b a b l e speed = %5 . 3 f
”, Frac);

8

9 // R e s u l t
10 // The f r a c t i o n o f oxygen gas m o l e c u l e s w i t h i n one
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p e r c e n t o f most p r o b a b l e speed = 0 . 0 1 7

Scilab code Exa 3.5 Most probable distribution of 5 distinguishable particles among 3 cells

1 // S c i l a b Code Ex3 . 5 : Page : 1 3 4 ( 2 0 1 1 )
2 clc;clear;

3 n = 5; // Number o f d i s t i n g u i s h a b l e p a r t i c l e s which
a r e to be d i s t r i b u t e d among c e l l s

4 n1 = [5 4 3 3 2]; // P o s s i b l e occupancy o f
p a r t i c l e s i n f i r s t c e l l

5 n2 = [0 1 2 1 2]; // P o s s i b l e occupancy o f
p a r t i c l e s i n second c e l l

6 n3 = [0 0 0 1 1]; // P o s s i b l e occupancy o f
p a r t i c l e s i n t h i r d c e l l

7 BIG_W = 0;

8 printf(”\ n ”);
9 printf(”\nn1 n2 n3 5/( n1 ! n2 ! n3 ! ) ”);
10 printf(”\ n ”);
11 for i = 1:1:5

12 W = factorial(n)/( factorial(n1(i))*factorial(n2(i))*

factorial(n3(i)));

13 if BIG_W < W then

14 BIG_W = W;

15 ms = [n1(i) n2(i) n3(i)];

16 end

17 printf(”\n%d %d %d %d”, n1(i), n2

(i), n3(i), W);

18 end

19 printf(”\ n ”);
20 printf(”\nThe m a c r o s t a t e s o f most p r o b a b l e

d i s t r i b u t i o n with thermodynamic p r o b a b i l i t y %d
a r e : ”, BIG_W);

21 printf(”\n (%d, %d, %d) , (%d, %d, %d) and (%d, %d, %d
) ”, ms(1), ms(2), ms(3), ms(2), ms(3), ms(1),ms

(3), ms(1), ms(2));
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22

23 // R e s u l t
24 //
25 // n1 n2 n3 5/( n1 ! n2 ! n3 ! )
26 //
27 // 5 0 0 1
28 // 4 1 0 5
29 // 3 2 0 10
30 // 3 1 1 20
31 // 2 2 1 30
32 //
33 // The m a c r o s t a t e s o f most p r o b a b l e d i s t r i b u t i o n

with thermodynamic p r o b a b i l i t y 30 a r e :
34 // ( 2 , 2 , 1 ) , ( 2 , 1 , 2 ) and ( 1 , 2 , 2 )

Scilab code Exa 3.6 Thermodynamic probability of the macrostate of distributing 8 distinguishable particles in 2 compartments

1 // S c i l a b Code Ex3 . 6 : Page : 1 3 5 ( 2 0 1 1 )
2 clc;clear;

3 g1 = 4; // I n t r i n s i c p r o b a b i l i t y o f f i r s t c e l l
4 g2 = 2; // I n t r i n s i c p r o b a b i l i t y o f s econd c e l l
5 k = 2; // Number o f c e l l s
6 n = 8; // Number o f d i s t i n g u i s h a b l e p a r t i c l e s
7 n1 = 8; // Number o f c e l l s i n f i r s t compartment
8 n2 = n - n1; // Number o f c e l l s i n second

compartment
9 W = factorial(n)*1/ factorial(n1)*1/ factorial(n2)*(g1

)^n1*(g2)^n2;

10 printf(”\nThe thermodynamic p r o b a b i l i t y o f the
mac ro s t a t e ( 8 , 0 ) = %5d”, W);

11

12 // R e s u l t
13 // The thermodynamic p r o b a b i l i t y o f the mac ro s t a t e

( 8 , 0 ) = 65536
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Scilab code Exa 3.7 Three particles obeying Bose Einstein statistics distributed in three cells

1 // S c i l a b Code Ex3 . 7 : Page : 1 3 5 ( 2 0 1 1 )
2 clc;clear;

3 function str = st(val)

4 str = emptystr ();

5 if val == 3 then

6 str = ’ aaa ’ ;
7 elseif val == 2 then

8 str = ’ aa ’ ;
9 elseif val == 1 then

10 str = ’ a ’ ;
11 elseif val == 0 then

12 str = ’ 0 ’ ;
13 end

14 endfunction

15

16 g = 3; // Number o f c e l l s i n f i r s t compartment
17 n = 3; // Number o f bosons
18 p = 3;

19 r = 1; // Index f o r number o f rows
20 clc;

21 printf(”\ nAl l p o s s i b l e mean ing fu l a r rangements o f
t h r e e p a r t i c l e s i n t h r e e c e l l s a r e : ”)

22 printf(”\ n ”);
23 printf(”\ n C e l l 1 C e l l 2 C e l l 3”);
24 printf(”\ n ”);
25 for i = 0:1:g

26 for j = 0:1:n

27 for k = 0:1:p

28 if (i+j+k == 3) then

29 printf(”\n%4s %4s %4s”, st(i), st(j),

st(k));

30 end
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31 end

32 end

33 end

34 printf(”\ n ”);
35

36 // R e s u l t
37 // A l l p o s s i b l e mean ing fu l a r rangements o f t h r e e

p a r t i c l e s i n t h r e e c e l l s a r e :
38 //
39 // C e l l 1 C e l l 2 C e l l 3
40 //
41 // 0 0 aaa
42 // 0 a aa
43 // 0 aa a
44 // 0 aaa 0
45 // a 0 aa
46 // a a a
47 // a aa 0
48 // aa 0 a
49 // aa a 0
50 // aaa 0 0
51 //

Scilab code Exa 3.8 Probability of macrostate

1 // S c i l a b Code Ex3 . 8 : Page : 1 3 6 ( 2 0 1 1 )
2 clc;clear;

3 g1 = 3; // Number o f c e l l s i n f i r s t compartment
4 g2 = 4; // Number o f c e l l s i n second compartment
5 k = 2; // Number o f compartments
6 n1 = 5; // Number o f bosons
7 n2 = 0; // Number o f with no bosons
8 W_50 = factorial(g1+n1 -1)*factorial(g2+n2 -1)/(

factorial(n1)*factorial(g1 -1)*factorial(n2)*

factorial(g2 -1));
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9 printf(”\nThe p r o b a b i l i t y f o r the mac ro s t a t e ( 5 , 0 )
i s = %2d”, W_50);

10

11 // R e s u l t
12 // The p r o b a b i l i t y f o r the mac ro s t a t e ( 5 , 0 ) i s = 21

Scilab code Exa 3.11 Fermi energy of the Na at absolute zero

1 // S c i l a b Code Ex3 . 1 1 : Page : 1 3 8 ( 2 0 1 1 )
2 clc;clear;

3 r = 1.86e -10;.... // Radius o f Na , angstrom
4 m = 9.1e -31;.... // Mass o f e l e c t r o n , i n kg
5 h = 6.62e -34;.... // Planck ’ s cons tant , J−s
6 N = 2;.... // Number o f f r e e e l e c t r o n s i n a u n i t c e l l

o f Na
7 a = 4*r/sqrt (3) ;.... // Volume o f Na , m
8 V = a^3;.... // Volume o f the u n i t c e l l o f Na , meter

cube
9 E = h^2/(2*m)*(3*N/(8* %pi*V))^(2/3);

10 printf(”\nThe f e r m i ene rgy o f the Na at a b s o l u t e
z e r o i s = %4 . 2 e J”, E);

11

12 // R e s u l t
13 // The f e r m i ene rgy o f the Na at a b s o l u t e z e r o =

5 . 0 2 e−019 J

Scilab code Exa 3.12 Fermi energy of silver in metallic state

1 // S c i l a b Code Ex3 . 1 2 : Page−139 ( 2 0 1 1 )
2 clc;clear;

3 m = 9.1e -31;.... // mass o f e l e c t r o n , kg
4 h = 6.62e -34;.... // Planck ’ s cons tant , J−s
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5 V = 108/10.5*1e -06;.... // Volume o f 1 gm mole o f
s i l v e r , metre−cube

6 N = 6.023e+023; // Avogadro ’ s number
7 E_F = h^2/(2*m)*(3*N/(8* %pi*V))^(2/3); // Fermi

ene rgy at a b s o l u t e zero , J
8 printf(”\nThe f e r m i ene rgy o f the s i l v e r at a b s o l u t e

z e r o = %4 . 2 e J”,E_F);
9

10 // R e s u l t
11 // The f e r m i ene rgy o f the s i l v e r at a b s o l u t e z e r o =

8 . 8 0 e−019 J

Scilab code Exa 3.13 Fermi energy of free electrons in cesium

1 // S c i l a b Code Ex3 . 1 4 : E l e c t r o n d e n s i t y i n l i t h i u m
at a b s o l u t e z e r o : Page : 1 4 0 ( 2 0 1 1 )

2 clc;clear;

3 e = 1.6e -019; // Energy e q u i v a l e n t o f 1 eV , J/eV
4 m = 9.1e -31;.... // Mass o f the e l e c r o n , kg
5 h = 6.63e-34; // Planck ’ s cons tant , Js
6 EF = 4.72*e;.... // Fermi ene rgy o f f r e e e l e c t r o n s i n

Li , J
7 rho = 8*%pi /3*(2*m*EF/h^2) ^(3/2); // E l e c t r o n

d e n s i t y at a b s o l u t e zero , e l e c t r o n s / metre−cube
8 printf(”\nThe e l e c t r o n d e n s i t y i n l i t h i u m at

a b s o l u t e z e r o = %4 . 2 e e l e c t r o n s / metre−cube ”, rho)

;

9

10 // R e s u l t
11 // The e l e c t r o n d e n s i t y i n l i t h i u m at a b s o l u t e z e r o

= 4 . 6 3 e +028 e l e c t r o n s / metre−cube

Scilab code Exa 3.15 Temperature at which the level above the fermi level is occupied by the electron
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1 // S c i l a b Code Ex3 . 1 5 : Page : 1 4 0 ( 2 0 1 1 )
2 clc;clear;

3 e = 1.6e -019; // Energy e q u i v a l e n t o f 1 eV , J/eV
4 k_B = 1.38e -023; // Boltzmann cons tant , J/K
5 f_E = 0.01;.... // P r o b a b i l i t y tha t a s t a t e with

ene rgy 0 . 5 eV above the Fermi ene rgy i s o c c u p i e d
by an e l e c t r o n , eV

6 delta_E = 0.5; // Energy d i f f e r e n c e (E−Ef ) o f
f e r m i energy , eV

7 // S i n c e f E = 1/( exp ( ( E−Ef ) /( k B∗T) ) +1) , s o l v i n f
f o r T

8 T = delta_E /(log((1-f_E)/f_E)*k_B/e); //
Temperature at which the l e v e l above the f e r m i
l e v e l i s o c c u p i e d by the e l e c t r o n , K

9

10 printf(”\nThe tempera tu re at which the l e v e l above
the f e r m i l e v e l i s o c c u p i e d by the e l e c t r o n = %4d
K”, ceil(T));

11

12 // R e s u l t
13 // The tempera tu r e at which the l e v e l above the

f e r m i l e v e l i s o c c u p i e d by the e l e c t r o n = 1262 K
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Chapter 4

Geometrical Optics

Scilab code Exa 4.1 Actual path of light using Fermat principle

1 // S c i l a b Code Ex4 . 1 : Page : 1 8 9 ( 2 0 1 1 )
2 clc;clear;

3 // D e c l a r e c o s i n e f u n c t i o n
4 function r = cosine(t)

5 t = poly(0,t);

6 r = 1-t^2/ factorial (2)+t^4/ factorial (4)-t^6/

factorial (6)+t^8/ factorial (8)-t^10/ factorial

(10)+t^12/ factorial (12)-t^14/ factorial (14);

7 endfunction

8

9 // D e c l a r e s i n e f u n c t i o n
10 function r = sine(t)

11 t = poly(0,t);

12 r = t-t^3/ factorial (3)+t^5/ factorial (5)-t^7/

factorial (7)+t^9/ factorial (9)-t^11/ factorial

(11)+t^13/ factorial (13)-t^15/ factorial (15);

13 endfunction

14

15 r = 1; // For c o n v e n i e n c e assume r a d i u s o f the
c i r c l e to be uni ty , u n i t

16 thet = poly(0, ’ t h e t ’ ); // D e c l a r e a v a r i a b l e
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17 l = 2*r*( cosine( ’ t h e t ’ )+sine( ’ t h e t ’ )); // Length o f
a c t u a l path , u n i t

18 theta = 45* %pi /180; // Angle which the chord PQ
makes with the d iameter , r a d i a n

19 d_diff = derivat(derivat(l)); // Double d e r i v a t i v e
o f ’ l ’ w . r . t . t h e t a

20 printf(”\ n l = %5 . 3 f r ”, horner(l,theta));

21 printf(”\ n D o u b l e d i f f o f l a t t h e t a = 45 d e g r e e s =
%5 . 3 f r \nwhich i s n e g a t i v e , so the a c t u a l path i s

maximum”, horner(d_diff , theta));

22

23 // R e s u l t
24 // l = 2 . 8 2 8 r
25 // D o u b l e d i f f o f l a t t h e t a = 45 d e g r e e s = −2.828 r
26 // which i s n e g a t i v e , so the a c t u a l path i s maximum

Scilab code Exa 4.2 Light reflected from the inner surface of spherical shell

1 // S c i l a b Code Ex4 . 2 : Page : 1 9 1 ( 2 0 1 1 )
2 clc;clear;

3 r = 1; // For c o n v e n i e n c e assume r a d i u s o f the
c i r c l e to be uni ty , u n i t

4 alpha = 0.8*r; // D i s t a n c e o f l i g h t s o u r c e from the
c e n t r e o f the s p h e r i c a l s h e l l , u n i t

5 cos_phi_by_2 = sqrt((alpha +1) /(4* alpha));

6 printf(”\ ncos ( ph i /2) = %d/4 ”, cos_phi_by_2 *4);

7

8 // R e s u l t
9 // a lpha ˆ2+1−2∗ a lpha ∗ c o s i n e ( ’ phi ’ )

Scilab code Exa 4.3 Equivalent focal length of the combinations of lenses

1 // S c i l a b Code Ex4 . 3 : Page : 1 9 3 ( 2 0 1 1 )
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2 clc;clear;

3 f1 = 5;.... // Foca l l e n g t h o f t h i n convex l e n s , cm
4 f2 = 3;.... // Foca l l e n g t h o f t h i n convex l e n s , cm
5 d = 2;.... // S e p a r a t i o n between the l e n s e s , cm
6 F = f1*f2/(f1+f2 -d);.... // E q u i v a l e n t f o c a l l e n g t h

o f a combinat ion o f the two l e n s e s , cm
7 printf(”\nThe e q u i v a l e n t f o c a l l e n g t h o f the

combinat i on o f l e n s e s = %3 . 1 f cm”, F)

8

9 // R e s u l t
10 // The e q u i v a l e n t f o c a l l e n g t h o f the combinat ion o f

l e n s e s = 2 . 5 cm

Scilab code Exa 4.4 Focal length of the combination of lenses of given powers

1 // S c i l a b Code Ex4 . 4 : Page : 1 9 4 ( 2 0 1 1 )
2 clc;clear;

3 P1 = 5;.... // Power o f f i r s t c o n v e r g i n g l e n s ,
d i o p t e r

4 P2 = 4;.... // Power o f s econd c o n v e r g i n g l e n s ,
d i o p t e r

5 d = 0.1;.... // S e p a r a t i o n d i s t a n c e between two
l e n s e s , cm

6 P = P1+P2-d*P1*P2;

7 f = 1/P*100;.... // The c o r r e s p o n d i n g v a l u e o f the
f o c a l l e n g t h o f the l e n s combinat ion , cm

8 printf(”\nThe f o c a l l e n g t h o f the combinat ion o f
l e n s e s o f g i v e n powers = %5 . 2 f cm”, f);

9

10 // R e s u l t
11 // The f o c a l l e n g t h o f the combinat ion o f l e n s e s o f

g i v e n powers = 1 4 . 2 9 cm
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Scilab code Exa 4.5 Focal length of the combination of coaxially placed thi convex lenses

1 // S c i l a b Code Ex4 . 5 : Page : 1 9 4 ( 2 0 1 1 )
2 clc;clear;

3 f1 = 30;.... // Foca l l e n g t h f i r s t convex l e n s , cm
4 f2 = -50;.... // Foca l l e n g t h o f s econd convex l e n s ,

cm
5 d = 20;.... // S e p a r a t i o n d i s t a n c e between l e n s e s , cm
6 F = f1*f2/(f1+f2 -d);.... // E q u i v a l e n t f o c a l l e n g t h

o f a combinat ion o f the two l e n s e s , cm
7 printf(”\nThe e q u i v a l e n t f o c a l l e n g t h o f the

combinat i on = %4 . 1 f cm”, F);

8

9 // R e s u l t
10 // The e q u i v a l e n t f o c a l l e n g t h o f the combinat ion =

3 7 . 5 cm

Scilab code Exa 4.7 Locations of principal points and focal points

1 // S c i l a b Code Ex4 . 7 : Page−195
2 clc;clear;

3 f1 = 4;.... // Foca l l e n g t h o f t h i n convex l e n s , cm
4 f2 = 12;.... // Foca l l e n g t h o f t h i n convex l e n s , cm
5 d = 8;.... // S e p a r a t i o n d i s t a n c e between the l e n s e s ,

cm
6 F = f1*f2/(f1+f2 -d);.... // E q u i v a l e n t f o c a l l e n g t h

o f the combinat ion , cm
7 L1H1 = d*F/f2; // D i s t a n c e o f f i r s t p r i n c i p a l

p o i n t H1 from f i r s t l e n s , cm
8 printf(”\nThe d i s t a n c e o f the f i r s t p r i n c i p a l p o i n t

H1 from the f i r s t l e n s = %d cm”, L1H1);

9 L2H2 = -d*F/f1; // D i s t a n c e o f f i r s t p r i n c i p a l
p o i n t H2 from second l e n s , cm

10 printf(”\nThe d i s t a n c e o f the second p r i n c i p a l p o i n t
H2 from the second l e n s = %d cm”, L2H2);
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11 L1F1 = -F*(1-d/f2); // D i s t a n c e o f f i r s t f o c a l
p o i n t F1 from f i r s t l e n s , cm

12 printf(”\nThe d i s t a n c e o f the f i r s t f o c a l p o i n t F1
from the f i r s t l e n s = %d cm”, L1F1);

13 L2F2 = F*(1-d/f1); // D i s t a n c e o f s econd f o c a l
p o i n t F2 from f i r s t l e n s , cm

14 printf(”\nThe d i s t a n c e o f the second f o c a l p o i n t F2
from the second l e n s= %d cm”, L2F2);

15

16 // R e s u l t
17 // The d i s t a n c e o f the f i r s t p r i n c i p a l p o i n t H1 from

the f i r s t l e n s = 4 cm
18 // The d i s t a n c e o f the second p r i n c i p a l p o i n t H2

from the second l e n s = −12 cm
19 // The d i s t a n c e o f the f i r s t f o c a l p o i n t F1 from the

f i r s t l e n s = −2 cm
20 // The d i s t a n c e o f the second f o c a l p o i n t F2 from

the second l e n s= −6 cm

Scilab code Exa 4.8 Position of principal points and focal points for two coaxially placed lenses

1 // S c i l a b Code Ex4 . 8 : Page−195 ( 2 0 1 1 )
2 clc;clear;

3 f1 = 25;.... // Foca l l e n g t h o f t h i n convex l e n s , cm
4 f2 = -15;.... // Foca l l e n g t h o f t h i n concave l e n s ,

cm
5 d = 15;.... // S e p a r a t i o n d i s t a n c e between the l e n s e s

, cm
6 // We know that , F = f 1 ∗ f 2 / f 1+f2−d then
7 F = f1*f2/(f1+f2 -d);.... // The e q u i v a l e n t f o c a l

l e n g t h o f the combinat ion
8 L1H1 = d*F/f2; // The d i s t a n c e o f the f i r s t

p r i n c i p a l p o i n t H1 from the f i r s t l e n s , cm
9 printf(”\nThe d i s t a n c e o f the f i r s t p r i n c i p a l p o i n t

H1 from the f i r s t l e n s = %d cm”, L1H1);
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10 L2H2 = -d*F/f1; // The d i s t a n c e o f the second
p r i n c i p a l p o i n t H2 from the f i r s t l e n s , cm

11 printf(”\nThe d i s t a n c e o f the second p r i n c i p a l p o i n t
H2 from the second l e n s = %d cm”, L2H2);

12 L1F1 = -F*(1-d/f2); // The d i s t a n c e o f the f i r s t
f o c a l p o i n t F1 from the f i r s t l e n s , cm

13 printf(”\nThe d i s t a n c e o f the f i r s t f o c a l p o i n t H1
from the f i r s t l e n s = %d cm”, L1F1);

14 L2F2 = F*(1-d/f1); // The d i s t a n c e o f the second
p r i n c i p a l p o i n t F2 from the f i r s t l e n s , cm

15 printf(”\nThe d i s t a n c e o f the second f o c a l p o i n t H2
from the second l e n s= %d cm”, L2F2);

16

17 // R e s u l t
18 // The d i s t a n c e o f the f i r s t p r i n c i p a l p o i n t H1 from

the f i r s t l e n s = −75 cm
19 // The d i s t a n c e o f the second p r i n c i p a l p o i n t H2

from the second l e n s = −45 cm
20 // The d i s t a n c e o f the f i r s t f o c a l p o i n t H1 from the

f i r s t l e n s = −150 cm
21 // The d i s t a n c e o f the second f o c a l p o i n t H2 from

the second l e n s= 30 cm

Scilab code Exa 4.9 Focal lengths from dispersive powers of achromatic combination of lenses

1 // S c i l a b Code Ex4 . 9 : Page−196
2 clc;clear;

3 w1 = 0.024;.... // Magnitude o f the d i s p e r s i v e power
o f f i r s t l e n s

4 w2 = 0.036;.... // Magnitude o f the d i s p e r s i v e power
o f s econd l e n s

5 // Let 1/ f 1 = x and 1/ f 2 = y , then
6 // The c o n d i t i o n f o r achromat i c combinat i on o f two

l e n s e s , w1/ f 1 + w2/ f 2 = 0 => w1∗x + w2∗y = 0
−−− ( I )
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7 F = 90;.... // Given f o c a l l eng th , cm
8 // Also F = 1/ f 1 + 1/ f 2 => F = x + y −−−− ( I I )
9 A = [w1 w2; 1 1]; // Square matr ix
10 B = [0;1/F]; // Column v e c t o r
11 X = inv(A)*B; // C h a r a c t e r i s t i c r o o t s o f the

s i m u l t a n e o u s eq ua t i on s , cm
12 f1 = 1/X(1); // Foca l l e n g t h o f convex l e n s , cm
13 f2 = 1/X(2); // Foca l l e n g t h o f concave l e n s , cm
14

15 printf(”\nThe f o c a l l e n g t h o f convex l e n s = %2d cm”,
ceil(f1));

16 printf(”\nThe f o c a l l e n g t h o f concave l e n s = %2d cm”
, ceil(f2));

17

18 // R e s u l t
19 // The f o c a l l e n g t h o f convex l e n s = 30 cm
20 // The f o c a l l e n g t h o f concave l e n s = −44 cm

Scilab code Exa 4.10 Focal length of the two component lens of an achromatic doublet

1 // S c i l a b Code Ex4 . 1 0 : Page−197
2 clc;clear;

3 w1 = 0.02;.... // Magnitude o f the d i s p e r s i v e power
o f f i r s t l e n s

4 w2 = 0.04;.... // Magnitude o f the d i s p e r s i v e power
o f s econd l e n s

5 // Let 1/ f 1 = x and 1/ f 2 = y , then
6 // The c o n d i t i o n f o r achromat i c combinat i on o f two

l e n s e s , w1/ f 1 + w2/ f 2 = 0 => w1∗x + w2∗y = 0
−−− ( I )

7 F = 20;.... // Given f o c a l l e n g t h o f ach romat i c
doub le t , cm

8 // Also F = 1/ f 1 + 1/ f 2 => F = x + y −−−− ( I I )
9 A = [w1 w2; 1 1]; // Square matr ix
10 B = [0;1/F]; // Column v e c t o r
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11 X = inv(A)*B; // C h a r a c t e r i s t i c r o o t s o f the
s i m u l t a n e o u s eq ua t i on s , cm

12 f1 = 1/X(1); // Foca l l e n g t h o f convex l e n s , cm
13 f2 = 1/X(2); // Foca l l e n g t h o f concave l e n s , cm
14

15 printf(”\nThe f o c a l l e n g t h o f convex l e n s = %2d cm”,
ceil(f1));

16 printf(”\nThe f o c a l l e n g t h o f concave l e n s = %2d cm”
, ceil(f2));

17

18 // R e s u l t
19 // The f o c a l l e n g t h o f convex l e n s = 10 cm
20 // The f o c a l l e n g t h o f concave l e n s = −20 cm

Scilab code Exa 4.11 Radii of curvature of the second surface of each of the lens of achromatic doublet

1 // S c i l a b Code Ex4 . 1 1 : Page−197
2 clc;clear;

3 w1 = 0.017;.... // Magnitude o f the d i s p e r s i v e power
o f f i r s t l e n s

4 w2 = 0.034;.... // Magnitude o f the d i s p e r s i v e power
o f s econd l e n s

5 // Let 1/ f 1 = x and 1/ f 2 = y , then
6 // The c o n d i t i o n f o r achromat i c combinat i on o f two

l e n s e s , w1/ f 1 + w2/ f 2 = 0 => w1∗x + w2∗y = 0
−−− ( I )

7 F = 40;.... // Given f o c a l l e n g t h o f ach romat i c
doub le t , cm

8 // Also F = 1/ f 1 + 1/ f 2 => F = x + y −−−− ( I I )
9 A = [w1 w2; 1 1]; // Square matr ix
10 B = [0;1/F]; // Column v e c t o r
11 X = inv(A)*B; // C h a r a c t e r i s t i c r o o t s o f the

s i m u l t a n e o u s equ a t i on s , cm
12 f1 = 1/X(1); // Foca l l e n g t h o f convex l e n s , cm
13 f2 = 1/X(2); // Foca l l e n g t h o f concave l e n s , cm
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14 // For the convex l e n s
15 R2 = -25; // Radius o f c u r v a t u r e o f the c o n t a c t

s u r f a c e , cm
16 mu = 1.5; // Mean r e f r a c t i v e index o f crown g l a s s
17 // From the Lens Maker formula , 1/ f = (mu − 1) ∗ (1/R1

−1/R2) , s o l v i n g f o r R1
18 f = f1;

19 R1 = 1/(1/(f*(mu -1))+1/R2); // Radius o f
c u r v a t u r e o f s econd s u r f a c e o f f i r s t l e n s , cm

20 printf(”\nThe r a d i u s o f c u r v a t u r e o f s econd s u r f a c e
o f f i r s t l e n s = %5 . 2 f cm”, R1);

21 // For the concave l e n s
22 R1 = -25; // Radius o f c u r v a t u r e o f the c o n t a c t

s u r f a c e , cm
23 mu = 1.7; // Mean r e f r a c t i v e index o f f l i n t g l a s s
24 // From the Lens Maker formula , 1/ f = (mu − 1) ∗ (1/R1

−1/R2) , s o l v i n g f o r R1
25 f = f2;

26 R2 = 1/(1/R1 -1/(f*(mu -1))); // Radius o f
c u r v a t u r e o f s econd s u r f a c e o f s econd l e n s , cm

27 printf(”\nThe r a d i u s o f c u r v a t u r e o f s econd s u r f a c e
o f s econd l e n s = %5 . 2 f cm”, R2);

28

29 // R e s u l t
30 // The r a d i u s o f c u r v a t u r e o f s econd s u r f a c e o f

f i r s t l e n s = 1 6 . 6 7 cm
31 // The r a d i u s o f c u r v a t u r e o f s econd s u r f a c e o f

s econd l e n s = −233.33 cm

Scilab code Exa 4.12 Focal length of the convergent lens for C line

1 // S c i l a b Code Ex4 . 1 2 : Page−199
2 clc;clear;

3 // For f l i n t g l a s s
4 mu_C = 1.665; // R e f r a c t i v e index o f f l i n t g l a s s
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f o r C l i n e
5 mu_F = 1.700; // R e f r a c t i v e index o f f l i n t g l a s s

f o r F l i n e
6 mu_D = (mu_F+mu_C)/2; // R e f r a c t i v e index o f

f l i n t g l a s s f o r D l i n e
7 w2 = (mu_F -mu_C)/(mu_D -1) ;.... // Magnitude o f the

d i s p e r s i v e power o f s econd l e n s o f f l i n t g l a s s
8 // For crown g l a s s
9 mu_C = 1.510; // R e f r a c t i v e index o f crown g l a s s

f o r C l i n e
10 mu_F = 1.536; // R e f r a c t i v e index o f crown g l a s s

f o r F l i n e
11 mu_D = (mu_F+mu_C)/2; // R e f r a c t i v e index o f

f l i n t g l a s s f o r D l i n e
12 w1 = (mu_F -mu_C)/(mu_D -1) ;.... // Magnitude o f the

d i s p e r s i v e power o f s econd l e n s o f crown g l a s s
13 f = 50; // Foca l l e n g t h o f a c r o m at i c doub le t , cm
14 FD = f*(w2-w1)/w2; // Foca l l e n g t h o f D l i n e o f

the Fraunho f e r spectrum due to convex l e n s o f
crown g l a s s

15 FC = FD*(mu_D - 1)/(mu_C - 1); // Foca l l e n g t h o f
C component o f c o n v e r g i n g l e n s , cm

16 printf(”\nThe f o c a l l e n g t h o f C component o f
c o n v e r g i n g l e n s = %4 . 2 f cm”, FC);

17

18 // R e s u l t
19 // The f o c a l l e n g t h o f C component o f c o n v e r g i n g

l e n s = 1 . 5 7 cm

Scilab code Exa 4.13 Focal length of two lenses with no aberration

1 // S c i l a b Code Ex4 . 1 3 Page−200
2 clc;clear;

3 F = 50;.... // E q u i v a l e n t f o c a l l e n g t h o f combinat ion
o f two l e n s e s , cm
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4 //d = f 1+f 2 /2 , c o n d i t i o n f o r no chromat i c a b e r r a t i o n
. . . . ( 1 )

5 //d = f2−f1 , c o n d i t i o n f o r minimum s p h e r i c a l
a b e r r a t i o n . . . . ( 2 )

6 // From ( 1 ) and ( 2 ) , f 1 = 3∗d /2 , f 2 = d/2
7 // As 1/F = 1/ f 1 + 1/ f 2 − d /( f 1 ∗ f 2 ) , s o l v i n g f o r d
8 d = 4/3*50; // D i s t a n c e o f s e p a r a t i o n betwen two

l e n s e s , cm
9 f1 = 3*d/2, f2 = d/2;

10 printf(”\ n f1 = %3d cm , f 2 = %5 . 2 f cm”, ceil(f1), f2)

;

11

12 // R e s u l t
13 // f 1 = 100 cm , f 2 = 3 3 . 3 3 cm

Scilab code Exa 4.14 Longitudinal chromatic aberration for an object at infinity

1 // S c i l a b Code Ex4 . 1 4 : Page−200 ( 2 0 1 1 )
2 clc;clear;

3 mu_R = 1.5230; // R e f r a c t i v e index f o r red
wave l ength

4 mu_V = 1.5145; // R e f r a c t i v e index f o r v i o l e t
wave l ength

5 R1 = 40; // Radius o f c u r v a t u r e f o r red
wave length , cm

6 R2 = -10; // Radius o f c u r v a t u r e f o r v i o l e t
wave length , cm

7 // As 1/ f = (mu − 1) ∗ (1/R1 − 1/R2) , s o l v i n g f o r fV
and fR

8 fV = 1/((mu_V -1) *(1/R1 -1/R2)); // Foca l l e n g t h
f o r v i o l e t wave length , cm

9 fR = 1/((mu_R -1) *(1/R1 -1/R2)); // Foca l l e n g t h
f o r v i o l e t wave length , cm

10 l = fR - fV; // L o n g i t u d i n a l ch romat i c a b e r r a t i o n
, cm

52



11 printf(”\nThe l o n g i t u d i n a l ch romat i c a b e r r a t i o n = %5
. 3 f cm”, abs(l));

12

13 // R e s u l t
14 // The l o n g i t u d i n a l ch romat i c a b e r r a t i o n = 0 . 2 5 3 cm

Scilab code Exa 4.15 Focal length of component lenses of a convergent doublet

1 // S c i l a b Code Ex4 . 1 5 : Page−202 ( 2 0 1 1 )
2 clc;clear;

3 F = 10;.... // E q u i v a l e n t f o c a l l e n g t h o f a
combinat i on o f two l e n s e s , cm

4 d = 2;.... // S e p a r a t i o n d i s t a n c e between two l e n s e s ,
cm

5 // As d = f1−f2 , c o n d i t i o n f o r minimum s p h e r i c a l
a b e r r a t i o n => f 1 = d+f 2

6 // and F = f 1 ∗ f 2 /( f 1+f2−d ) , so s o l v i n g f o r f 2
7 f2 = 2*F-d; // Foca l l e n g t h o f s econd l e n s , cm
8 f1 = d+f2; // Foca l l e n g t h o f f i r s t l e n s , cm
9 printf(”\ n f1 = %2d cm , f 2 = %2d cm”, f1, f2);

10

11 // R e s u l t
12 // f 1 = 20 cm , f 2 = 18 cm

Scilab code Exa 4.16 Radii of Aplanatic surfaces and lateral magnification of the image

1 // S c i l a b Code Ex4 . 1 6 : Page−202 ( 2 0 1 1 )
2 clc;clear;

3 mu = 1.6;.... // R e f r a c t i v e index o f a p l a n a t i c
s u r f a c e

4 R = 3.2;.... // Radius o f cu rva tu r e , cm
5 R1 = R/mu;.... // F i r s t r a d i u s o f the a p l a n a t i c

s u r f a c e , cm
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6 printf(”\nR1 = %3 . 1 f cm”, R1);

7 R2 = R*mu;.... // Second r a d i u s o f the a p l a n a t i c
s u r f a c e , cm

8 printf(”\nR2 = %4 . 2 f cm”, R2);

9 // S i n c e the image o f an o b j e c t at one a p l a n a t i c
p o i n t w i l l be formed by the s p h e r e at the o t h e r
a p l a n t i c po int , so the i s

10 m = mu^2; // The l a t e r a l m a g n i f i c a t i o n o f the
image

11 printf(”\nThe l a t e r a l m a g n i f i c a t i o n o f the image =
%4 . 2 f ”, m);

12

13 // R e s u l t
14 // R1 = 2 . 0 cm
15 // R2 = 5 . 1 2 cm
16 // The l a t e r a l m a g n i f i c a t i o n o f the image = 2 . 5 6

Scilab code Exa 4.17 Aplanatic surface

1 // S c i l a b Code Ex4 . 1 7 : Page−203 ( 2 0 1 1 )
2 clc;clear;

3 mu = 1.52;.... // R e f r a c t i v e index o f a p l a n a t i c
s u r f a c e

4 R = 30;.... // Radius o f cu rva tu r e , cm
5 R1 = R/mu;.... // F i r s t r a d i u s o f the a p l a n a t i c

s u r f a c e , cm
6 printf(”\nR1 = %5 . 2 f cm”, R1);

7 R2 = R*mu;.... // Second r a d i u s o f the a p l a n a t i c
s u r f a c e , cm

8 printf(”\nR2 = %4 . 1 f cm”, R2);

9 // S i n c e the image o f an o b j e c t at one a p l a n a t i c
p o i n t w i l l be formed by the s p h e r e at the o t h e r
a p l a n t i c po int , so the i s

10 m = mu^2; // The l a t e r a l m a g n i f i c a t i o n o f the
image
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11 printf(”\nThe l a t e r a l m a g n i f i c a t i o n o f the image =
%4 . 2 f ”, m);

12

13 // R e s u l t
14 // R1 = 1 9 . 7 4 cm
15 // R2 = 4 5 . 6 cm
16 // The l a t e r a l m a g n i f i c a t i o n o f the image = 2 . 3 1

Scilab code Exa 4.18 Focal length of the field lens

1 // S c i l a b Code Ex4 . 1 8 : Page−203 ( 2 0 1 1 )
2 clc;clear;

3 F = 5;.... // E q u i v a l e n t f o c a l l e n g t h o f Huygens
e y e p i e c e , cm

4 // as f 1 = 3∗ f , f 2 = f and d = 2∗ f , t h e r e f o r e
5 f = 2/3*F; // Foca l l e n g t h o f base l e n s , cm
6 f1 = 3*f; // Foca l l e n g t h o f f i e l d l e n s , cm
7 printf(”\nThe f o c a l l e n g t h o f the f i e l d l e n s = %2d

cm”, f1);

8

9 // R e s u l t
10 // The f o c a l l e n g t h o f the f i e l d l e n s = 10 cm

Scilab code Exa 4.19 Equivalent focal length of a Ramsden eyepiece

1 // S c i l a b Code Ex4 . 1 9 : Page−204 ( 2 0 1 1 )
2 clc;clear;

3 f = 10;.... // Given f o c a l l e n g t h o f each l e n s , cm
4 f1 = f; // Foca l l e n g t h o f f i r s t l e n s , cm
5 f2 = f; // Foca l l e n g t h o f s econd l e n s , cm
6 d = 2/3*f; // S e p a r a t i o n d i s t a n c e between two

l e n s e s , cm
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7 F = f1*f2/(f1+f2 -d); // E q u i v a l e n t f o c a l l e n g t h
o f Ramsden e y e p i e c e , cm

8 printf(”\nThe e q u i v a l e n t f o c a l l e n g t h o f the f i e l d
l e n s e s i s = %3 . 1 f cm”, F);

9

10 // R e s u l t
11 // The e q u i v a l e n t f o c a l l e n g t h o f the f i e l d l e n s e s

i s = 7 . 5 cm

Scilab code Exa 4.20 Focal lengths of the lenses and the eyepiece

1 // S c i l a b Code Ex4 . 2 0 : Page−204 ( 2 0 1 1 )
2 clc;clear;

3 d = 10;.... // D i s t a n c e between the two t h i n p lano
convex l e n s e s i n the Huygens e y e p i e c e ,

4 f = d/2; // Base f o c a l l e n g t h
5 f1 = 3*f; // Foca l l e n g t h o f the f i r s t component

l e n s , cm
6 printf(”\ n f1 = %d cm”, f1);

7 f2 = f; // Foca l l e n g t h o f the second component
l e n s , cm

8 printf(”\ n f2 = %d cm”, f2);

9 F = 3/2*f; // E q u i v a l e n t f o c a l l e n g t h o f the l e n s ,
cm

10 printf(”\nF = %3 . 1 f cm”, F);

11

12 // R e s u l t
13 // f 1 = 15 cm
14 // f 2 = 5 cm
15 // F = 7 . 5 cm

Scilab code Exa 4.21 Focal length of the component lenses and the sepration between them
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1 // S c i l a b Code Ex4 . 2 1 : Page−204 ( 2 0 1 1 )
2 clc;clear;

3 F = 4.2;.... // E q u i v a l e n t f o c a l l e n g t h o f Ramsden
e y e p i e c e , cm

4 //F = 3/4∗ f , E q u i v a l e n t f o c a l l e n g t h o f Ramsden
e y e p i e c e ,

5 f = 5.6;.... // f o c a l l eng th , i n cm
6 f1 = f;

7 f2 = f;

8 printf(”\ n f1 = %3 . 1 f cm”, f1);

9 printf(”\ n f2 = %3 . 1 f cm”, f2);

10 d = 2/3*f;

11 printf(”\nd = %4 . 2 f cm”, d);

12

13 // R e s u l t
14 // f 1 = 5 . 6 cm
15 // f 2 = 5 . 6 cm
16 // d = 3 . 7 3 cm
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Chapter 5

Physical Optics

Scilab code Exa 5.1 Order of interference maximum with different wavelength

1 // S c i l a b Code Ex5 . 1 : Page : 2 9 7 ( 2 0 1 1 )
2 clc;clear;

3 n1 = 10;.... // Order o f i n t e r f e r e n c e maximum f o r
lambda = 7000 angstrom

4 lambda1 = 7000;.... // Wavelength o f the l i g h t ,
angstrom

5 lambda2 = 5000;.... // Wavelength o f the l i g h t ,
angstrom

6 // As W = D∗ lambda /(2∗d ) then , x = n1∗D∗ lambda1 /(2∗d
) = n2∗D∗ lambda2 /(2∗d ) , s o l v i n g f o r n2

7 n2 = n1*lambda1/lambda2; // Order o f i n t e r f e r e n c e
maximum f o r lambda = 5000 angstrom

8 printf(”\nThe o r d e r o f i n t e r f e r e n c e maximum f o r
wave l ength o f 5000 angstrom = %2d ”, n2);

9

10 // R e s u l t
11 // The o r d e r o f i n t e r f e r e n c e maximum f o r wave l ength

o f 5000 angstrom = 14

58



Scilab code Exa 5.2 Angle of the biprism

1 // S c i l a b Code Ex5 . 2 : Page : 2 9 7 ( 2 0 1 1 )
2 clc;clear;

3 D = 1.6;.... // D i s t a n c e between the s l i t and the
s c r e en , m

4 a = 0.4;.... // D i s t a n c e between the s l i t and the
b ipr i sm , m

5 mu = 1.52;.... // R e f r a c t i v e index o f the m a t e r i a l o f
b i p r i s m

6 W = 1e-004; // Fr inge width , m
7 lambda = 5.893e -007;.... // Wavelength o f l i g h t used ,

m
8 // As W = lambda∗D/(2∗ a (mu−1)∗ a lpha then
9 alpha = (( lambda*D)/(2*a*(mu -1)*W))*180/ %pi; //

Angle o f b ipr i sm , d e g r e e s
10 printf(”\nThe a n g l e o f the b i p r i s m = %3 . 1 f d e g r e e s ”,

alpha);

11

12 // R e s u l t
13 // The a n g l e o f the b i p r i s m = 1 . 3 d e g r e e s

Scilab code Exa 5.3 Thickness of the mica sheet

1 // S c i l a b Code Ex5 . 3 : Page : 2 9 8 ( 2 0 1 1 )
2 clc;clear;

3 lambda = 5.890e -7;.... // Wavelength o f s o u r c e o f
l i g h t , m

4 mu = 1.6;.... // r e f r a c t i v e index o f the mica s h e e t
5 // As d e l x = W∗ (mu−1)∗ t / lambda , where d e l x = 3∗W,

s o l v i n g f o r t
6 t = 3* lambda /(mu -1); // Th i ckne s s o f the mica

shee t , m
7 printf(”\nThe t h i c k n e s s o f the mica s h e e t = %5 . 3 e cm

”, t/1e-02);
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8

9 // R e s u l t
10 // The t h i c k n e s s o f the mica p l a t e i s = 2 . 9 4 5 e−004

cm

Scilab code Exa 5.4 Distance between the two coherent sources

1 // S c i l a b Code Ex5 . 4 : Page : 2 9 8 ( 2 0 1 1 )
2 clc;clear;

3 lambda = 6.0e -7;.... // Wavelength o f the
monochromatic l i g h t , m

4 D = 1;.... // D i s t a n c e between the s c r e e n and the two
c o h e r e n t s o u r c e s , m

5 W = 5e -004;.... // Fr inge width , m
6 d = lambda*D/(W*1e-03); // D i s t a n c e between two

c o h e r e n t s o u r c e s , mm
7 printf(”\nThe d i s t a n c e between the two c o h e r e n t

s o u r c e s = %3 . 1 f mm”, d);

8

9 // R e s u l t
10 // The d i s t a n c e between the two c o h e r e n t s o u r c e s =

1 . 2 mm

Scilab code Exa 5.5 Wavelength of light used in a biprism experiment

1 // S c i l a b Code Ex5 . 5 : Page : 2 9 8 ( 2 0 1 1 )
2 clc;clear;

3 D = 1;.... // D i s t a n c e between s l i t s and the s c r e en ,
m

4 mu = 1.5; // R e f r a c t i v e index o f the m a t e r i a l o f
b i p r i s m

5 a = 0.5;.... // The d i s t a n c e between the s l i t and the
b ipr i sm , m
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6 W = 1.35e -004;.... // Width o f the f r i n g e s , m
7 alpha = (180 -179) /2* %pi /180; // Acute a n g l e o f

b ipr i sm , r a d i a n
8 lambda = 2*a*(mu -1)*alpha*W/D; // Wavelength o f

l i g h t used , m
9 printf(”\nThe wave l ength o f l i g h t used = %4d

angstrom ”, lambda /1e-10);

10

11 // R e s u l t
12 // The wave l ength o f l i g h t used = 5890 angstrom

Scilab code Exa 5.6 Distance between the slits

1 // S c i l a b Code Ex5 . 6 : Page : 2 9 9 ( 2 0 1 1 )
2 clc;clear;

3 lambda = 6.328e -007;.... // Wavelength o f the
monochromatic l i g h t , m

4 D = 40;.... // D i s t a n c e between the s l i t s and the
s c r e en , m

5 W = 0.1;.... // D i s t a n c e between the i n t e r f e r e n c e
maxima , m

6 d = lambda*D/W; // D i s t a n c e between the s l i t s , m
7 printf(”\nThe d i s t a n c e between the s l i t s = %6 . 4 f mm”

,d/1e-03);

8

9 // R e s u l t
10 // The d i s t a n c e between the s l i t s = 0 . 2 5 3 1 mm

Scilab code Exa 5.7 Lateral shift of central maximum

1 // S c i l a b Code Ex5 . 7 : Page : 2 9 9 ( 2 0 1 1 )
2 clc;clear;
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3 lambda = 5.0e -007;.... // Wavelength o f the
monochromatic l i g h t , m

4 D = 1;.... // D i s t a n c e between the s i l t s and the
s c r e en , m

5 d = 5e -004/2;.... // Ha l f o f the d i s t a n c e between the
two s l i t s , m

6 mu = 1.5;.... // R e f r a c t i v e index o f g l a s s
7 t = 1.5e -006;.... // Th i ckne s s o f t h i n g l a s s p l a t e , m
8 del_x = D*(mu -1)*t/(2*d);

9 printf(”\nThe l a t e r a l s h i f t o f c e n t r a l maximum = %3
. 1 f m”, del_x/1e-03);

10

11 // R e s u l t
12 // The l a t e r a l s h i f t o f c e n t r a l maximum = 1 . 5 m

Scilab code Exa 5.8 Thickness of a soap bubble film

1 // S c i l a b Code Ex5 . 8 : Page : 3 0 0 ( 2 0 1 1 )
2 clc;clear;

3 lambda = 6.0e -007;.... // Wavelength o f the l i g h t , m
4 mu = 1.463;.... // R e f r c t i v e index o f a soap bubble

f i l m
5 n = 0; // Value o f n f o r s m a l l e s t t h i c k n e s s
6 r = 0; // Angle o f r e f r a c t i o n f o r normal

i n c i d e n c e
7 // As 2∗mu∗ t ∗ co s ( r ) = (2∗n+1)∗ lambda /2 , s o l v i n g f o r

t
8 t = (2*n+1)*lambda /(4*mu*cos(r)); // The

t h i c k n e s s o f a soap bubble f i lm , m
9 printf(”\nThe t h i c k n e s s o f a soap bubble f i l m = %5 . 1

f angstrom ”, t/1e-010);

10

11 // R e s u l t
12 // The t h i c k n e s s o f a soap bubble f i l m = 1 0 2 5 . 3

angstrom
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Scilab code Exa 5.9 Wavelength of the light used in Newton rings experiment

1 // S c i l a b Code Ex5 . 9 : Page : 3 0 0 ( 2 0 1 1 )
2 clc;clear;

3 D5 = 3.36e -003;.... // Diameter o f Newton ’ s 5 th r ing ,
m

4 D15 = 5.90e -003;.... // Diameter o f Newton ’ s 15 th
r ing , m

5 m = 10; // Number o f r i n g
6 R = 1;.... // Radius o f the plano−convex l e n s , m
7 lambda = (D15^2-D5^2) /(4*m*R);

8 printf(”\nThe wave l ength o f the l i g h t used = %4d
angstrom ”, lambda /1e -010);

9

10 // R e s u l t
11 // The wave l ength o f the l i g h t used = 5880 angstrom

Scilab code Exa 5.10 Radius of the curvature of the lens and the thickness of the air film

1 // S c i l a b Code Ex5 . 1 0 : Page : 3 0 1 ( 2 0 1 1 )
2 clc;clear;

3 D10 = 0.005;.... // Diameter o f Newton ’ s 5 th r ing , m
4 n = 10;.... // Order o f the r i n g
5 lambda = 6.0e -007;.... // Wavelength o f the l i g h t

used , m
6 R = (D10^2) /(4*n*lambda); // Radius o f the

c u r v a t u r e o f the l e n s , m
7 printf(”\nThe r a d i u s o f the c u r v a t u r e o f the l e n s =

%6 . 4 f m”, R);

8 t = D10 ^2/(8*R);

9 printf(”\nThe t h i c k n e s s o f the c o r r e s p o n d i n g a i r
f i l m = %3 . 1 e m”,t);
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10

11 // R e s u l t
12 // The r a d i u s o f the c u r v a t u r e o f the l e n s = 1 . 0 4 1 7

m
13 // The t h i c k n e s s o f the c o r r e s p o n d i n g a i r f i l m = 3 . 0

e−006 m m

Scilab code Exa 5.11 Thickness of the soap film

1 // S c i l a b Code Ex5 . 1 1 : Page−301 ( 2 0 1 1 )
2 clc;clear;

3 mu = 1.43;.... // R e f r a c t i v e index o f the soap f i l m
4 n = 0; // Order o f f r i n g e s f o r s m a l l e s t t h i c k n e s s
5 i = 30; // Angle o f i n c i d e n c e , d e g r e e s
6 // As s i n ( i ) / s i n ( r ) = mu, co s ( r )
7 cosr = sqrt(1-(sind(i)/mu)^2); // Cos ine o f a n g l e

r
8 lambda = 6.0e -007;.... // Wavelength o f the l i g h t , m
9 t = (2*n+1)*lambda /(4*mu*cosr);.... // Th i ckne s s o f

the soap f i lm , m
10 printf(”\nThe t h i c k n e s s o f the soap f i l m = %4 . 2 e m”,

t);

11

12 // R e s u l t
13 // The t h i c k n e s s o f the soap f i l m = 1 . 1 2 e−007 m

Scilab code Exa 5.12 Least thickness of the soap film that will appear bright dark

1 // S c i l a b Code Ex5 . 1 2 : Page : 3 0 1 ( 2 0 1 1 )
2 clc;clear;

3 lambda = 5.893e -007;.... // Wavelength o f the sodium
l i g h t , m

4 mu = 1.42;.... // R e f r a c t i v e index o f the soap f i l m
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5 r = 0; // Angle o f r e f r a c t i o n , d e g r e e s
6 n = 0; // Order o f d i f f r a c t i o n f o r l e a s t

t h i c k n e s s o f dark f i l m
7 t = (2*n+1)*lambda /(4*mu*cosd(r)); // Leas t

t h i c k n e s s o f the f i l m tha t w i l l apear b r i g h t , m
8 printf(”\nThe l e a s t t h i c k n e s s o f the f i l m tha t w i l l

appear b r i g h t = %5 . 1 f m”, t/1e-010);

9 n = 1; // Order o f d i f f r a c t i o n f o r l e a s t
t h i c k n e s s o f b r i g h t f i l m

10 t = n*lambda /(2*mu*cosd(r)); // Leas t t h i c k n e s s
o f the f i l m tha t w i l l apear dark , m

11 printf(”\nThe l e a s t t h i c k n e s s o f the f i l m tha t w i l l
appear dark = %6 . 2 f m”,t/1e -010);

12

13 // R e s u l t
14 // The l e a s t t h i c k n e s s o f the f i l m tha t w i l l appear

b r i g h t = 1 0 3 7 . 5 m
15 // The l e a s t t h i c k n e s s o f the f i l m tha t w i l l appear

dark = 2 0 7 5 . 0 0 m

Scilab code Exa 5.13 Thickness of the wire separating edges of two plane glass surfaces

1 // S c i l a b Code Ex5 . 1 3 : Page : 3 0 2 ( 2 0 1 1 )
2 clc;clear;

3 lambda = 5.893e -007;.... // Wavelength o f the sodium
l i g h t , m

4 // As f r i n g e width o f the t h i n wedge−shaped a i r f i l m
i s

5 // W = lambda /(2∗ t /20∗W) , s o l v i n g f o r t
6 t = (10* lambda); // Th i ckne s s o f the w i r e

s e p a r a t i n g edge s o f two p l ane g l a s s s u r f a c e s , m
7 printf(”\nThe t h i c k n e s s o f the w i r e = %5 . 3 e m”, t);

8

9 // R e s u l t
10 // The t h i c k n e s s o f the w i r e = 5 . 8 9 3 e−006 m
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Scilab code Exa 5.14 Radius of curvature of the lens and the thickness of the corresponding air film

1 // S c i l a b Code Ex5 . 1 4 : Page : 3 0 3 ( 2 0 1 1 )
2 clc;clear;

3 lambda = 5.9e -007;.... // Wavelength o f the r e f l e c t e d
l i g h t , m

4 n = 10;.... // Order o f the r i n g
5 D10 = 0.005;.... // Diameter o f the 10 th r ing , i n m
6 R = (D10^2) /(4*n*lambda); // Radius o f c u r v a t u r e

o f the l e n s , m
7 printf(”\nThe r a d i u s o f c u r v a t u r e o f the l e n s = %6 . 4

f m”, R);

8 t = (D10^2) /(8*R); // Th i ckne s s o f the
c o r r e s p o n d i n g a i r f i lm , m

9 printf(”\nThe t h i c k n e s s o f the c o r r e s p o n d i n g a i r
f i l m = %4 . 2 e m”,t);

10

11 // R e s u l t
12 // The r a d i u s o f c u r v a t u r e o f the l e n s = 1 . 0 5 9 3 m
13 // The t h i c k n e s s o f the c o r r e s p o n d i n g a i r f i l m =

2 . 9 5 e−006 m

Scilab code Exa 5.16 Angles at which first and second order maxima can be observed

1 // S c i l a b Code Ex5 . 1 6 : Page : 3 0 4 ( 2 0 1 1 )
2 clc;clear;

3 lambda = 6.328e -007;.... // Wavelength o f
monochromatic l i g h t from He l a s e r , m

4 n1 = 1;.... // F i r s t o r d e r
5 n2 = 2;.... // Second o r d e r
6 l = 6000;.... // L i n e s /cm o f the d i f f r a c t i o n g r a t i n g
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7 A= 1.66e-6;

8 theta = asind(n1*lambda/A);

9 printf(”\n The f i r s t o r d e r maximum a n g l e = %4 . 1 f
d e g r e e s ”,theta);

10 theta = asind(n2*lambda/A);

11 printf(”\n The second o r d e r maximum a n g l e = %4 . 1 f
d e g r e e s ”,theta);

12

13 // R e s u l t
14 // The f i r s t o r d e r maximum a n g l e = 2 2 . 4 d e g r e e s
15 // The second o r d e r maximum a n g l e = 4 9 . 7 d e g r e e s

Scilab code Exa 5.17 Relation between two wavelengths illuminating a single slit due to Fraunhofer diffraction

1 // S c i l a b Code Ex5 . 1 7 : Page : 3 0 5 ( 2 0 1 1 )
2 clc;clear;

3 a = 1; // For s i m p l i c i t y assume s l i t width to be
uni ty , u n i t

4 theta = 1; // For s i m p l i c i t y assume d i f f r a c t i o n
a n g l e to be uni ty , u n i t

5 // As a∗ s i n ( t h e t a ) = m∗ lambda , s o l v i n g f o r lambdas
6 lambda1 = a*sin(theta); // F i r s t wave length ,

angstrom
7 lambda2 = a*sin(theta)/2; // F i r s t wave length ,

angstrom
8 printf(”\nlambda1 = %d∗ lambda2 ”, lambda1/lambda2);

9

10 // R e s u l t
11 // lambda1 = 2∗ lambda2

Scilab code Exa 5.18 Angular position of the first two minima on either side of a central maxima

1 // S c i l a b Code Ex5 . 1 8 : Page : 3 0 5 ( 2 0 1 1 )
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2 clc;clear;

3 function [deg , minute] = deg2degmin(theta)

4 deg = int(theta);

5 minute = (theta - deg)*60;

6 endfunction

7

8 lambda = 5.5e -007;.... // Wavelength o f l i g h t , m
9 a = 2.2e -006;.... // Width o f the s l i t , m

10 l = 6000;.... // L i n e s /cm o f the d i f f r a c t i o n g r a t i n g
11 // In a s i n g l e s l i t d i f f r a c t i o n p a t t e r n the

d i r e c t i o n s o f minimum i n t e n s i t y a r e g i v e n by a∗
s i n t h e t a = m∗ lambda where m = 1 , 2 , 3 . . . .

12 // For m = 1
13 m = 1;.... // F i r s t o r d e r
14 theta = asind(m*lambda/a); // Angular p o s i t i o n o f

f i r s t minima on e i t h e r s i d e o f the c e n t r a l
maxima , d e g r e e s

15 [deg , minute] = deg2degmin(theta); // Degree to
deg−min c o n v e r s i o n

16 printf(”\nThe a n g u l a r p o s i t i o n o f f i r s t minima on
e i t h e r s i d e o f the c e n t r a l maxima = %2d d e g r e e s
%2d minutes ”, deg , minute);

17 // For m = 2
18 m = 2;.... // Second o r d e r
19 theta = asind(m*lambda/a);

20 [deg , minute] = deg2degmin(theta); // Degree to
deg−min c o n v e r s i o n

21 printf(”\nThe a n g u l a r p o s i t i o n o f s econd minima on
e i t h e r s i d e o f the c e n t r a l maxima = %2d d e g r e e s
%2d minutes ”, deg , minute);

22

23 // R e s u l t
24 //

Scilab code Exa 5.19 Wavelength of light and the missing order of Fraunhofer diffraction
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1 // S c i l a b Code Ex5 . 1 9 : Page : 3 0 6 ( 2 0 1 1 )
2 clc;clear;

3 D = 1.7;.... // D i s t a n c e between the s l i t and the
s c r e en , m

4 W = 2.5e -003;.... // Given f r i n g e width , m
5 a = 8e -005;.... // Width o f the f i r s t s l i t , m
6 b = 4e -004;.... // Width o f the second s l i t , m
7 n = b; //
8 p = [1 2 3 4 5 6];

9 // In a doub le s l i t expe r iment F r a u n h o f f e r
d i f f r a c t i o n pat t e rn , the f r i n g e width i s g i v e n by

W = lambda∗D/n
10 lambda = b*W/D; // Wavelength o f the l i g h t used ,

m
11 printf(”\nThe wave l ength o f l i g h t = %4d angstrom ”,

lambda /1e -010);

12 printf(”\nThe m i s s i n g o r d e r s a r e : \ n”);
13 for i = 1:1:6

14 s = [(a+b)/a]*p(i);

15 printf(”\t%d”, s);

16 end

17 printf(” e t c . ”)
18 // R e s u l t
19 // The wave l ength o f l i g h t = 5882 angstrom
20 // The m i s s i n g o r d e r s a r e :
21 // 6 12 18 24 30 36 e t c .

Scilab code Exa 5.20 Deduction of wavelength of the light from given data

1 // S c i l a b Code Ex5 . 2 0 : Page−306 ( 2 0 1 1 )
2 clc;clear;

3 D = 2;.... // D i s t a n c e o f the s c r e e n from the s l i t , m
4 x = 1.6e -02;.... // P o s i t i o n o f c e n t r e o f the second

dark band , m
5 m = 2; // Order o f d i f f r a c t i o n
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6 a = 1.4e -04;.... // Width o f the s l i t , m
7 lambda = a*x/(m*D); // Wavelength o f l i g h t , m
8 printf(”\n The wave l ength o f the l i g h t = %4d

angstrom ”, ceil(lambda /1e-010));

9

10 // R e s u l t
11 // The wave l ength o f the l i g h t = 5600 angstrom

Scilab code Exa 5.21 Minimum number of lines in a grating

1 // S c i l a b Code Ex5 . 2 1 : Page : 3 0 7 ( 2 0 1 1 )
2 clc;clear;

3 lambda1 = 5890;.... // Wavelength o f the l i n e ,
angstrom

4 lambda2 = 5896;.... // Wavelength o f the l i n e ,
angstrom

5 d_lambda = lambda2 - lambda1 ;.... // Wavelength
d i f f e r e n c e , angstrom

6 n = 2;.... // Order o f d i f f r a c t i o n
7 N = lambda2 /(n*d_lambda); // Minimum no . o f l i n e s

i n a g r a t i n g
8 printf(”\nThe minimum number o f l i n e s i n the g r a t i n g

= %3d l i n e s ”, N);

9

10 // R e s u l t
11 // The minimum number o f l i n e s i n the g r a t i n g = 491

l i n e s

Scilab code Exa 5.22 Maximum number of visible orders

1 // S c i l a b Code 5 . 2 2 : Page : 3 0 7 ( 2 0 1 1 )
2 clc;clear;
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3 lambda = 5.0e -07;.... // Wavelength o f the r a d i a t i o n ,
m

4 a_plus_b = 2.54e -02/2620;.... // The g r a t i n g e lement ,
m

5 theta_max = 90; // Maximum v a l u e o f a n g l e o f
d i f f r a c t i o n , d e g r e e s

6 n_max = a_plus_b/lambda*sind(theta_max); //
Maximum number o f v i s i b l e o r d e r s

7 printf(”\nThe number o f v i s i b l e o r d e r s = %2d ”,
n_max);

8

9 // R e s u l t
10 // The number o f v i s i b l e o r d e r s = 19

Scilab code Exa 5.23 Grating element of diffraction grating

1 // S c i l a b Code 5 . 2 3 : Page : 3 0 7 ( 2 0 1 1 )
2 clc;clear;

3 lambda1 = 6000;.... // Wavelength o f y e l l o w l i n e ,
angstrom

4 lambda2 = 4800;.... // Wavelength o f b lu e l i n e ,
angstrom

5 theta = asin (3/4); // Angle o f d i f f r a c t i o n ,
r a d i a n

6 // As a p l u s b ∗ s i n t h e t a ) = n∗ lambda , so n∗ lambda1 =
( n+1)∗ lambda2 , s o l v i n g f o r n

7 n = poly(0, ’ n ’ );
8 n = roots(n*6000 - (n+1) *4800); // Order o f

d i f f r a c t i o n
9 a_plus_b = n*6000/ sin(theta); // Grat ing e l ement

o f d i f f r a c t i o n g r a t i n g , m
10 printf(”\nThe Grat ing e l ement o f d i f f r a c t i o n g r a t i n g

= %3 . 1 e m”, a_plus_b *1e -010);

11

12 // R e s u l t
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13 // The Grat ing e l ement o f d i f f r a c t i o n g r a t i n g = 3 . 2 e
−006 m

Scilab code Exa 5.26 Coinciding spectral lines

1 // S c i l a b Code Ex5 . 2 6 : Page : 3 1 0 ( 2 0 1 1 )
2 clc;clear;

3 n = 5;.... // Order f o r g i v e n wave l ength
4 m = [4 5 6 7 8]; // Orders o f s p e c t r a l l i n e s i n

the v i s i b l e range
5 lambda1 = 6000;.... // Wavelength o f the s p e c t r a l

l i n e i n v i s i b l e range , angstrom
6 lambda2 = zeros (5);

7 printf(”\n The s p e c t r a l l i n e s i n v i s i b l e r a n g e s a r e
: \ n”);

8 for i=1:1:5

9 l2 = (n*lambda1)/m(i);

10 lambda2(i) = l2; // P r e s e r v e the lambda v a l u e
11 printf(”%4d angstrom \n”, ceil(l2));

12 end

13 printf(”\nThe o t h e r s p e c t r a l l i n e s i n the v i s i b l e
range 4000A to 7000A a r e ”);

14 for i=1:1:5

15 if lambda2(i) < 7000 & lambda2(i) > 4000 then

16 if lambda2(i) == 6000 then

17 continue

18 end

19 printf(”\n%4dA”, ceil(lambda2(i)));

20 end

21 end

22

23 // R e s u l t
24 // The s p e c t r a l l i n e s i n v i s i b l e r a n g e s a r e :
25 // 7500 angstrom
26 // 6000 angstrom

72



27 // 5000 angstrom
28 // 4285 angstrom
29 // 3750 angstrom
30

31 // The o t h e r s p e c t r a l l i n e s i n the v i s i b l e range
4000A to 7000A ar e

32 // 5000A
33 // 4286A

Scilab code Exa 5.27 Resolution of D1 and D2 lines of sodium

1 // S c i l a b Code Ex5 . 2 7 : Page : 3 1 0 ( 2 0 1 1 )
2 clc;clear;

3 N = 4500;.... // Number o f l i n e s i n g r a t i n g
4 n = 2;.... // Order o f d i f f r a c t i o n
5 lambda1 = 5890;.... // Wavelength , angstrom
6 lambda2 = 5896;.... // Wavelength , angstrom
7 RP2 = n*N; // R e s o l v i n g power o f g r a t i n g i n the

second o r d e r
8 lambda = (lambda1+lambda2)/2; // Mean wave l ength

o f sodium l i g h t , angstrom
9 d_lambda = lambda2 - lambda1; // Wavelength

d i f f e r e n c e , angstrom
10 RP = lambda/d_lambda; // C a l c u l a t e d r e s o l v i n g

power o f g r a t i n g
11 if RP2 <> RP then

12 printf(”\nThe D1 and D2 l i n e s o f Na l i g h t cannot
be r e s o l v e d i n second o r d e r ”);

13 end

14

15 // R e s u l t
16 // The D1 and D2 l i n e s o f Na l i g h t cannot be

r e s o l v e d i n second o r d e r
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Scilab code Exa 5.28 Distance between two stars which are just resolved

1 // S c i l a b Code Ex5 . 2 8 : Page : 3 1 1 ( 2 0 1 1 )
2 clc;clear;

3 lambda = 5.5e -07;.... // Wavelength o f l i g h t used , m
4 f = 3.0;.... // Foca l l e n g t h o f t e l e s c o p e o b j e c t i v e ,

m
5 a = 0.01;.... // Diameter o f the t e l e s c o p e o b j e c t i v e ,

m
6 // As x/ f = 1 . 2 2∗ lambda /a , the Ray l e i gh c r i t e r i a n

f o r r e s o l u t i o n , s o l v i n g f o r x
7 x = 1.22*f*lambda/a; // D i s t a n c e between two

s t a r s j u s t s e en as s e p a r a t e , m
8 printf(”\nThe d i s t a n c e between two s t a r s j u s t s e en

as s e p a r a t e = %3 . 1 e m ”, x);

9

10 // R e s u l t
11 // The d i s t a n c e between two s t a r s j u s t s e en as

s e p a r a t e = 2 . 0 e−004 m

Scilab code Exa 5.29 Numerical aperature of the objective of microscope

1 // S c i l a b Code Ex5 . 2 9 : Page : 3 1 1 ( 2 0 1 1 )
2 clc;clear;

3 lambda = 5.461e -07;.... // Wavelength o f l i g h t used ,
m

4 d = 4.0e -07;.... // D i s t a n c e between the two luminous
o b j e c t s , m

5 // As d = 1 . 2 2∗ lambda /(2∗mu∗ s i n ( a lpha ) ) = 1 . 2 2∗
lambda /(2∗NA) , s o l v i n g f o r NA

6 NA = 1.22* lambda /(2*d); // Numer ica l a p e r a t u r e
o f the o b j e c t i v e o f m i c r o s cope
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7 printf(”\nThe n u m e r i c a l a p e r a t u r e o f the o b j e c t i v e
o f m i c r o s cope = %5 . 3 f ”, NA);

8

9 // R e s u l t
10 // The nu m e r i c a l a p e r a t u r e o f the o b j e c t i v e o f

m i c r o s cope = 0 . 8 3 3

Scilab code Exa 5.30 Aperture of the objective of a telescope

1 // S c i l a b Code Ex5 . 3 0 : Page : 3 1 2 ( 2 0 1 1 )
2 clc;clear;

3 lambda = 6.0e -07;.... // Wavelength o f l i g h t used , m
4 d_theta = 2.44e -06;.... // Angular s e p a r a t i o n between

the two s t a r s , r a d i a n
5 a = 1.22* lambda/d_theta; // Aperature o f the

o b j e c t i v e o f a t e l e s c o p e from Ray l e i gh c r i t e r i a n ,
m

6 printf(”\nThe a p e r a t u r e o f the o b j e c t i v e o f the
t e l e s c o p e = %3 . 1 f m ”, a)

7

8 // R e s u l t
9 // The a p e r a t u r e o f the o b j e c t i v e o f the t e l e s c o p e =

0 . 3 m

Scilab code Exa 5.31 Minimum distance from the telescope at which the the pinhole can be resolved

1 // S c i l a b Code Ex5 . 3 1 : Page : 3 1 2 ( 2 0 1 1 )
2 clc;clear;

3 lambda = 5.5e -007;.... // Wavelength o f l i g h t used , m
4 x = 1.5e -003;.... // D i s t a n c e between the two

p i n h o l e s , m
5 a = 4.0e -003;.... // Diameter o f o b j e c t i v e , m
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6 D = a*x/(1.22* lambda); // Minimum d i s t a n c e from
the t e l e s c o p e at which the the p i n h o l e can be
r e s o l v e d from Ray l e i gh c r i t e r i a n , m

7 printf(”\nThe minimum d i s t a n c e from the t e l e s c o p e at
which the the p i n h o l e can be r e s o l v e d = %4 . 2 f m

”, D);

8

9 // R e s u l t
10 // The minimum d i s t a n c e from the t e l e s c o p e at which

the the p i n h o l e can be r e s o l v e d = 8 . 9

Scilab code Exa 5.32 Numerical aperature of the objective of microscope for given wavelength of light

1 // S c i l a b Code Ex5 . 3 2 : Page : 3 1 2 ( 2 0 1 1 )
2 clc;clear;

3 lambda = 5.461e -07;.... // Wavelength o f l i g h t used ,
m

4 d = 5.55e -07;.... // D i s t a n c e between the two
luminous o b j e c t s , m

5 // As d = 1 . 2 2∗ lambda /(2∗mu∗ s i n ( a lpha ) ) = 1 . 2 2∗
lambda /(2∗NA) , s o l v i n g f o r NA

6 NA = 1.22* lambda /(2*d); // Numer ica l a p e r a t u r e
o f the o b j e c t i v e o f m i c r o s cope

7 printf(”\nThe n u m e r i c a l a p e r a t u r e o f the o b j e c t i v e
o f m i c r o s cope = %4 . 2 f ”, NA);

8

9 // R e s u l t
10 // The nu m e r i c a l a p e r a t u r e o f the o b j e c t i v e o f

m i c r o s cope = 0 . 6 0

Scilab code Exa 5.33 Angle of minimum deviation for green light for its passage through a prism

1 // S c i l a b Code Ex5 . 3 3 : Page : 3 1 3 ( 2 0 1 1 )
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2 clc;clear;

3 i = 60; // Angle o f i n c i d e n c e , d e g r e e s
4 mu = tand(i); // Brewester ’ s Law to c a l c u l a t e

r e f r a c t i v e index
5 A = 60;.... // Angle o f prism , d e g r e e s
6 // As mu = s i n d ( (A+de l ta m ) /2) / s i n d (A/2) , s o l v i n g

f o r de l ta m
7 delta_m = 2* asind(mu*sind(A/2))-A; // Angle o f

minimum d e v i a t i o n f o r g r e en l i g h t f o r i t s p a s s a g e
through a prism , d e g r e e s

8 printf(”\nThe a n g l e o f minimum d e v i a t i o n f o r g r e en
l i g h t f o r i t s p a s s a g e through a pr i sm = %2d
d e g r e e s ”, ceil(delta_m));

9

10 // R e s u l t
11 // The a n g l e o f minimum d e v i a t i o n f o r g r e en l i g h t

f o r i t s p a s s a g e through a pr i sm = 60 de

Scilab code Exa 5.34 Thicknass of quarter wave plate

1 // S c i l a b Code Ex5 . 3 4 : Page : 3 1 3 ( 2 0 1 1 )
2 clc;clear;

3 lambda = 5.89e -07;.... // Wavelength o f l i g h t used , m
4 mu_O = 1.55; // R e f r a c t i v e index o f o r d i n a r y

l i g h t
5 mu_E = 1.54; // R e f r a c t i v e index o f e x t r a o r d i n a r y

l i g h t
6 tQ = lambda /(4*( mu_O -mu_E)); // The t h i c k n e s s o f

the q u a r t e r wave p l a t e , m
7 printf(”\nThe t h i c k n e s s o f the q u a r t e r p l a t e i s = %6

. 4 e m”, tQ);

8

9 // R e s u l t
10 // The t h i c k n e s s o f the q u a r t e r p l a t e i s = 1 . 4 7 2 5 e

−005 m
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Scilab code Exa 5.35 Percentage purity of the sugar sample

1 // S c i l a b Code Ex5 . 3 5 : Page : 3 1 3 ( 2 0 1 1 )
2 clc;clear;

3 theta = 9.9;.... // O p t i c a l r o t a t i o n o f s o l u t i o n ,
d e g r e e s

4 l = 20;.... // Length o f the tube , cm
5 S = 66;.... // S p e c i f i c r o t a t i o n o f pure suga r

s o l u t i o n , d e g r e e per dm−(g/ cc )
6 // As the s p e c i f i c r o t a t i o n , S = 10∗ t h e t a / l ∗c ,

s o l v i n g f o r c
7 c = 10* theta/(l*S); // C o n c e n t r a t i o n o f s o l u t i o n

f o r pure sugar , g/ cc
8 c_prime = 0.080; // C o n c e n t r a t i o n o f s o l u t i o n f o r

impure sugar , g/ cc
9 Percentage_purity = c*100/ c_prime; // Pe r c en tage

p u r i t y o f suga r sample
10 printf(”\nThe p e r c e n t a g e p u r i t y o f the suga r sample

= %5 . 2 f p e r c e n t ”, Percentage_purity);

11

12 // R e s u l t
13 // The p e r c e n t a g e p u r i t y o f the suga r sample = 9 3 . 7 5

p e r c e n t

Scilab code Exa 5.36 Specific rotation of sugar solution for given plane of polarization

1 // S c i l a b Code Ex5 . 3 6 : Page : 3 1 4 ( 2 0 1 1 )
2 clc;clear;

3 theta = 26.4;.... // O p t i c a l r o t a t i o n o f suga r
s o l u t i o n , d e g r e e s

4 l = 20;.... // Length o f the tube , cm
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5 c = 0.20;.... // C o n c e n t r a t i o n o f the s o l u t i o n , g/ cc
6 S = 10* theta/(l*c); // The s p e c i f i c r o t a t i o n o f

the suga r s o l u t i o n , d e g r e e per dm per ( g/ cc )
7 printf(”\nThe s p e c i f i c r o t a t i o n o f the suga r

s o l u t i o n = %2d d e g r e e s ”,S);
8

9 // R e s u l t
10 // The s p e c i f i c r o t a t i o n o f the suga r s o l u t i o n = 66

d e g r e e s

Scilab code Exa 5.37 Angle of rotation produced by quartz plate

1 // S c i l a b Code Ex5 . 3 7 : Page : 3 1 5 ( 2 0 1 1 )
2 clc;clear;

3 // Funct ion to c o n v e r t d e g r e e s to deg−min
4 function [d,m] = deg2degmin(deg)

5 d = int(deg);

6 m = (deg -d)*60;

7 endfunction

8

9 lambda = 7.62e -07;.... // Wavelength o f the p o l a r i z e d
l i g h t , m

10 mu_R = 1.53914; // R e f r a c t i v e index o f q ua r t z f o r
r i g h t−handed c i r c u l a r l y p o l a r i z e d l i g h t

11 mu_L = 1.53920; // R e f r a c t i v e index o f q ua r t z f o r
l e f t −handed c i r c u l a r l y p o l a r i z e d l i g h t

12 t = 5.0e -004;.... // Th i ckne s s o f the p l a t e , m
13 theta = %pi*t*(mu_L -mu_R)/lambda; // The a n g l e

o f o p t i c a l r o t a t i o n , r a d i a n
14 [d,m] = deg2degmin(theta *180/ %pi); // C a l l the

c o n v e r s i o n f u n c t i o n
15 printf(”\nThe a n g l e o f r o t a t i o n produced by i t s

p l a t e = %6 . 4 f r a d i a n s = %d d e g r e e s %d minutes ”,
theta , d, m);

16
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17 // R e s u l t
18 // The a n g l e o f r o t a t i o n produced by i t s p l a t e =

0 . 1 2 3 7 r a d i a n s = 7 d e g r e e s 5 minutes

Scilab code Exa 5.38 Optical rotation produced by new length of sugar solution

1 // S c i l a b Code Ex5 . 3 8 : Page : 3 1 5 ( 2 0 1 1 )
2 clc;clear;

3 theta = 13;.... // O p t i c a l r o t a t i o n o f the s o l u t i o n ,
d e g r e e s

4 l = 20;.... // Length o f the tube , cm
5 l_prime = 30;.... // New l e n g t h o f the tube , cm
6 c = 1; // For s i m p l i c i t y assume c o n c e n t r a t i o n o f

suga r s o l u t i o n to be uni ty , g/ cc
7 c_prime = c/3; // New c o n c e n t r a t i o n o f suga r

s o l u t i o n , g/ cc
8 // As , S = 10∗ t h e t a /( l ∗ c ) so 10∗ t h e t a /( l ∗ c ) = 10∗

t h e t a p r i m e /( l p r i m e ∗ c p r ime )
9 // S o l v i n g f o r t h e t a p r i m e
10 theta_prime = theta /(l*c)*l_prime*c_prime; // The

o p t i c a l r o t a t i o n produced by new l e n g t h o f suga r
s o l u t i o n , d e g r e e s

11 printf(”\nThe o p t i c a l r o t a t i o n o f %d cm l e n g t h o f
suga r s o l u t i o n = %3 . 1 f d e g r e e s ”, l_prime ,

theta_prime);

12

13 // R e s u l t
14 // The o p t i c a l r o t a t i o n o f 30 cm l e n g t h o f suga r

s o l u t i o n = 6 . 5 d e g r e e s

Scilab code Exa 5.39 Strength of the solution

1 // S c i l a b Code Ex5 . 3 9 : Page : 3 1 5 ( 2 0 1 1 )
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2 clc;clear;

3 theta = 11;.... // O p t i c a l r o t a t i o n o f suga r s o l u t i o n
, d e g r e e s

4 l = 20;.... // Length o f the tube , cm
5 S = 66;.... // S p e c i f i c r o t a t i o n o f suga r s o l u t i o n ,

d e g r e e s
6 c = theta *10/(l*S); // The c o n c e n t r a t i o n o f suga r

s o l u t i o n , g/ cc
7 printf(”\nThe s t r e n g t h o f the s o l u t i o n = %6 . 4 f g/ cc ”

, c);

8

9 // R e s u l t
10 // The s t r e n g t h o f the s o l u t i o n = 0 . 0 8 3 3 g/ cc

Scilab code Exa 5.40 Length of sugar solution for given concentration and optical rotation

1 // S c i l a b Code Ex5 . 4 0 : Page : 3 1 6 ( 2 0 1 1 )
2 clc;clear;

3 theta = 20;.... // O p t i c a l r o t a t i o n o f suga r s o l u t i o n
, d e g r e e s

4 theta_prime = 35;.... // New o p t i c a l r o t a t i o n o f
suga r s o l u t i o n , d e g r e e s

5 c = 5;.... // Pe r c en tage c o n c e n t r a t i o n o f the
s o l u t i o n

6 c_prime = 10; // New p e r c e n t a g e c o n c e n t r a t i o n o f
the s o l u t i o n

7 l = 1; // For s i m p l i c i t y assume l e n g t h o f the
suga r s o l u t i o n to be u n i t y

8 l_prime = theta_prime*l*c/( c_prime*theta);

9 printf(”\nThe l e n g t h o f suga r s o l u t i o n f o r %d
p e r c e n t c o n c e n t r a t i o n and %d d e g r e e s o p t i c a l
r o t a t i o n = %5 . 3 f ∗ l ”, c_prime , theta_prime ,

l_prime);

10

11 // R e s u l t
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12 // The l e n g t h o f suga r s o l u t i o n f o r 10 p e r c e n t
c o n c e n t r a t i o n and 35 d e g r e e s o p t i c a l r o t a t i o n =
0 . 8 7 5∗ l
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Chapter 6

X Rays

Scilab code Exa 6.1 Electrons striking the target in X ray coolidge tube

1 // S c i l a b Code Ex6 . 1 : Page−369 ( 2 0 1 1 )
2 clc;clear;

3 i = 2e -003;.... // Current through X−ray tube , A
4 e = 1.6e -019;.... // Charge on an e l e c t r o n , C
5 V = 12.4e+003;.... // P o t e n t i a l d i f f e r e n c e a p p l i e d

a c r o s s X−ray tube , V
6 m0 = 9.1e -031;.... // Rest mass o f the e l e c t r o n , Kg
7 n = i/e; // Number o f e l e c t r o n s s t r i k i n g the

t a r g e t per second
8 printf(”\nThe number o f e l e c t r o n s s t r i k i n g the

t a r g e t per s e c = %4 . 2 e e l e c t r o n s ”, n);

9 v = sqrt (2*e*V/m0);.... // V e l o c i t y o f the e l e c t r o n s ,
m/ s

10 printf(”\nThe speed with which e l e c t r o n s s t r i k e the
t a r g e t = %4 . 2 e m/ s ”, v);

11

12 // R e s u l t
13 // The number o f e l e c t r o n s s t r i k i n g the t a r g e t per

s e c = 1 . 2 5 e +016 e l e c t r o n s
14 // The speed with which e l e c t r o n s s t r i k e the t a r g e t

= 6 . 6 0 e +007 m/ s
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Scilab code Exa 6.2 Maximum speed of the electron striking the target

1 // S c i l a b Code Ex6 . 2 : Page−370 ( 2 0 1 1 )
2 clc;clear;

3 e = 1.6e -019;.... // Charge on an e l e c t r o n , C
4 V = 13.6e+003;.... // P o t e n t i a l d i f f e r e n c e a p p l i e d

a c r o s s X−ray tube , V
5 m0 = 9.1e -031;.... // Rest mass o f the e l e c t r o n , Kg
6 v = sqrt (2*e*V/m0);.... // V e l o c i t y o f the e l e c t r o n ,

m/ s
7 printf(”\nThe maximum speed with which the e l e c t r o n s

s t r i k e the t a r g e t = %4 . 2 e m/ s ”, v);

8

9 // R e s u l t
10 // The maximum speed with which the e l e c t r o n s s t r i k e

the t a r g e t = 6 . 9 2 e +007 m/ s

Scilab code Exa 6.3 Longest wavelength that can be analysed by a rock salt crystal

1 // S c i l a b Code Ex6 . 3 : Page−370 ( 2 0 1 1 )
2 clc;clear;

3 d = 2.82e -010;.... // Spac ing o f the rock−s a l t , m
4 n = 2;.... // Order o f d i f f r a c t i o n
5 theta = %pi /2; // Angle o f d i f f r a c t i o n , r a d i a n
6 // Braggs e q u a t i o n f o r X−r a y s o f wave l ength lambda

i s n∗ lambda = 2∗d∗ s i n ( t h e t a ) , s o l v i n g f o r lambda
7 lambda = 2*d*sin(theta)/n; // Wavelength o f X−ray

u s i n g Bragg ’ s law , m
8 printf(”\nThe l o n g e s t wave l ength tha t can be

a n a l y s e d by a rock−s a l t c r y s t a l = %4 . 2 f angstrom ”
, lambda /1e -010);
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9

10 // R e s u l t
11 // The l o n g e s t wave l ength tha t can be a n a l y s e d by a

rock−s a l t c r y s t a l = 2 . 8 2 angstrom

Scilab code Exa 6.4 Angles at which the second and the third Bragg diffraction maxima are observed

1 // S c i l a b Code Ex6 . 4 : Page−371 ( 2 0 1 1 )
2 clc;clear;

3 lambda = 3e -011;.... // Wavelength o f the X−ray , m
4 d = 5e -011;.... // L a t t i c e spac ing , m
5 n = [2 3];.... // Orders o f d i f f r a c t i o n
6 // Bragg ’ s e q u a t i o n f o r X−r a y s o f wave l ength lambda

i s n∗ lambda = 2∗d∗ s i n ( t h e t a ) , s o l v i n g f o r t h e t a s
7 for i = 1:1:2

8 theta = asind(n(i)*lambda /(2*d));

9 printf(”\nFor n = %d, t h e t a = %4 . 1 f d e g r e e s ”, n(i),

theta);

10 end

11

12 // R e s u l t
13 // For n = 2 , t h e t a = 3 6 . 9 d e g r e e s
14 // For n = 3 , t h e t a = 6 4 . 2 d e g r e e s

Scilab code Exa 6.5 Interplanar sepration of atomic planes in the crystal

1 // S c i l a b Code Ex6 . 5 : Page−371 ( 2 0 1 1 )
2 clc;clear;

3 lambda = 3.6e -011;.... // Wavelength o f X−rays , m
4 n = 1; // Order o f d i f f r a c t i o n
5 theta = 4.8; // Angle o f d i f f r a c t i o n , d e g r e e s
6 // Braggs e q u a t i o n f o r X−r a y s i s n∗ lambda = 2∗d∗ s i n (

t h e t a ) , s o l v i n g f o r d
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7 d = n*lambda /(2* sind(theta)); // I n t e r p l a n a r
spac ing , m

8 printf(”\nThe i n t e r p l a n a r s e p a r a t i o n o f atomic
p l a n e s i n the c r y s t a l = %4 . 2 f angstrom ”, d/1e

-010);

9

10 // R e s u l t
11 // The i n t e r p l a n a r s e p a r a t i o n o f atomic p l a n e s i n

the c r y s t a l = 2 . 1 5 angstrom

Scilab code Exa 6.6 Wavelength of K alpha radiation in copper for its given value in Mo

1 // S c i l a b Code Ex6 . 6 : Page−371 ( 2 0 1 1 )
2 clc;clear;

3 lambda1 = 0.71;.... // Wavelength o f k a lpha l i n e i n
molybdenum , angstrom

4 Z1 = 42; // Atomic number o f Mo
5 Z2 = 29; // Atomic number o f Cu
6 // Wavelength o f c h a r a c t e r i s t i c X−ray f o r K−a lpha

s p e c t r a l l i n e i s g i v e n by
7 // 1/ lambda = 3/4∗R∗ (Z−1)ˆ2 then
8 lambda2 = lambda1 *(Z1 -1) ^2/(Z2 -1)^2; // The

wave l ength o f K a lpha r a d i a t i o n i n copper , m
9 printf(”\nThe wave l ength o f K−a lpha r a d i a t i o n i n

copper = %4 . 2 f angstrom ”, lambda2);

10

11 // R e s u l t
12 // The wave l ength o f K−a lpha r a d i a t i o n i n copper =

1 . 5 2 angstrom

Scilab code Exa 6.7 Wavelength of gamma radiation at 90 degree

1 // S c i l a b Code Ex6 . 7 : Page−372 ( 2 0 1 1 )
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2 clc;clear;

3 phi = %pi/2; // S c a t t e r i n g ang le , d e g r e e s
4 m0 = 9.1e -031;.... // Rest mass o f an e l e c t r o n , kg
5 h = 6.62e -034;.... // Planck ’ s cons tant , J−s
6 c = 3e+008;.... // Speed o f l i g h t i n vacuum , m/ s
7 E = 8.16e -014;.... // Energy o f gamma r a d i a t i o n , J
8 lambda = h*c/(E*1e-010); // Wavelength o f

i n c i d e n t photon , angstrom
9 lambda_prime = lambda+h*(1-cos(phi))/(m0*c*1e -010);

// Wavelength o f s c a t t e r e d photon , angstrom
10 printf(”\nThe wave l ength o f r a d i a t i o n at 90 d e g r e e s

= %6 . 4 f angstrom ”, lambda_prime);

11

12 // R e s u l t
13 // The wave l ength o f r a d i a t i o n at 90 d e g r e e s =

0 . 0 4 8 6 angstrom

Scilab code Exa 6.8 Compton shift from a carbon block

1 // S c i l a b Code Ex6 . 8 : Page−372 ( 2 0 1 1 )
2 clc;clear;

3 phi = %pi/2; // S c a t t e r i n g ang le , r a d i a n
4 m0 = 9.1e -031;.... // Rest mass o f the e l e c t r o n , kg
5 h = 6.62e -034;.... // Planck ’ s cons tant , J−s
6 c = 3e+008;.... // Speed o f l i g h t i n vacuum , m/ s
7 lambda = 1.00 ;.... // Wavelength o f i n c i d e n t photon ,

i n angstrom
8 del_lambda = h*(1-cos(phi))/(m0*c*1e-010); //

Compton s h i f t , angstrom
9 printf(”\nThe Compton s h i f t = %6 . 4 f angstrom ”,

del_lambda);

10

11 // R e s u l t
12 // The Compton s h i f t = 0 . 0 2 4 2 angstrom
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Scilab code Exa 6.9 Wavelength of incident photon

1 // S c i l a b Code Ex6 . 9 : Page−373 ( 2 0 1 1 )
2 clc;clear;

3 phi = %pi/2; // S c a t t e r i n g ang le , r a d i a n
4 m0 = 9.1e -031;.... // Rest mass o f the e l e c t r o n , kg
5 h = 6.62e -034;.... // Planck ’ s cons tant , J−s
6 c = 3e+008;.... // Speed o f l i g h t i n vacuum , m/ s
7 // As Compton s h i f t = de l l ambda = lambda , so
8 lambda = h*(1-cos(phi))/(m0*c*1e -010); //

Wavelength o f i n c i d e n t photon , angstrom
9 printf(”\nThe wave l ength o f i n c i d e n t r a d i a t i o n = %6

. 4 f angstrom ”, lambda);

10

11 // R e s u l t
12 // The wave l ength o f i n c i d e n t r a d i a t i o n = 0 . 0 2 4 2

angstrom
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Chapter 7

Lasers and Holography

Scilab code Exa 7.1 Energy of the laser pulse

1 // S c i l a b Code Ex 7 . 1 : Page−411 ( 2 0 1 1 )
2 clc;clear;

3 e = 1.6e -019;.... // Charge on an e l e c t r o n , eV
4 h = 6.62e -034;.... // Planck ’ s cons tant , J−s
5 c = 3e+008;.... // Speed o f l i g h t i n vacuum , m/ s
6 n = 2.8e+019;.... // Number o f photons i n l a s e r p u l s e
7 lambda = 7e -007;.... // Wavelength o f the r a d i a t i o n

emited by the l a s e r , m
8 E = h*c/( lambda*e);.... // Energy o f the photon i n

the l a s e r l i g h t , eV
9 del_E = E*n;.... // The ene rgy o f l a s e r p u l s e hav ing

n photons , eV
10 printf(”\nThe ene rgy o f the l a s e r p u l s e = %4 . 2 e eV”,

del_E);

11

12 // R e s u l t
13 // The ene rgy o f the l a s e r p u l s e = 4 . 9 7 e +019 eV

Scilab code Exa 7.2 Coherence length resultant bandwidth and line width of laser beam
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1 // S c i l a b Code Ex7 . 2 : Page−411 ( 2 0 1 1 )
2 clc;clear;

3 c = 3e+008;.... // Speed o f l i g h t i n vacuum , m/ s
4 lambda = 6.5e -007;.... // Wavelength o f the pu l s e , m
5 t = 0.5e -009;.... // Time i n t e r v a l between s u c c e s s i v e

p u l s e s , s
6 L_c = c*t;.... // Coherence l e n g t h o f l a s e r pu l s e , m
7 printf(”\nThe c o h e r e n c e l e n g t h o f the p u l s e = %4 . 2 f

m”, L_c);

8 del_nu = 1/t;.... // R e s u l t a n t bandwidth o f l a s e r
pu l s e , Hz

9 printf(”\nThe bandwidth o f the l a s e r p u l s e = %1 . 0 e
Hz”, del_nu);

10 del_lambda = lambda ^2* del_nu/c;.... // L inewidth o f
l a s e r beam , m

11 printf(”\nThe l i n e w i d t h o f the p u l s e = %5 . 3 f
angstrom ”, del_lambda /1e-010);

12

13 // R e s u l t
14 // The c o h e r e n c e l e n g t h o f the p u l s e = 0 . 1 5 m
15 // The bandwidth o f the l a s e r p u l s e = 2 e +009 Hz
16 // The l i n e w i d t h o f the p u l s e = 0 . 0 2 8 angstrom

Scilab code Exa 7.3 Angular spread and areal spread of laser beam

1 // S c i l a b Code Ex7 . 3 : Page−411 ( 2 0 1 1 )
2 clc;clear;

3 a = 4e -003;.... // Coherence width o f l a s e r source , m
4 lambda = 6e -007;.... // Wavelength o f the pu l s e , m
5 D = 100;.... // D i s t a n c e o f the s u r f a c e from l a s e r

source , m
6 A = 2* lambda/a; // Angular sp r ead o f l a s e r beam ,

r a d i a n
7 printf(”\nThe a n g u l a r sp r ead = %1 . 0 e r a d i a n ”, A);

8 theta = A/2; // Semi ang le , r a d i a n
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9 A_s = %pi*(D*theta)^2;.... // Area l sp r ead o f l a s e r
beam , Sq .m

10 printf(”\nThe a r e a l sp r ead = %1 . 0 e Sq .m”, A_s);

11

12 // R e s u l t
13 // The a n g u l a r sp r ead = 3e−004 r a d i a n
14 // The a r e a l sp r ead = 7e−004 Sq .m
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Chapter 8

Ultrasonics

Scilab code Exa 8.1 Frequency of the fundamental mode of ultrasonic wave

1 // S c i l a b Code Ex8 . 1 : Page−429 ( 2 0 1 1 )
2 clc;clear;

3 d = 8e -004;.... // Th i ckne s s o f the p i e c e o f
p i e z o e l e c t r i c c r y s t a l , m

4 v = 5760;.... // V e l o c i t y o f u l t r a s o n i c waves i n the
p i e c e o f p i e z o e l e c t r i c c r y s t a l , m/ s

5 n = v/(2*d); // The f r e q u e n c y o f the fundamenta l
mode o f u l t r a s o n i c wave , Hz

6 printf(”\nThe f r e q u e n c y o f the fundamenta l mode o f
u l t r a s o n i c wave = %3 . 1 f MHz”, n/1e+006);

7

8 4// R e s u l t
9 // The f r e q u e n c y o f the fundamenta l mode o f

u l t r a s o n i c wave = 3 . 6 MHz

Scilab code Exa 8.2 Fundamental frequency of quarts crystal

1 // S c i l a b Code Ex8 . 2 : Page−430 ( 2 0 1 1 )

92



2 clc;clear;

3 d = 2e -003;.... // Th i ckne s s o f the p i e c e o f q u a r t s
c r y s t a l , m

4 rho = 2650;.... // Dens i ty o f the c r y s t a l , kg / meter−
cube

5 Y = 7.9e+010;.... // Value o f Youngs Modulus , N/ metre
−s qua r e

6 n = 1/(2*d)*sqrt(Y/rho); //The f r e q u e n c y o f the
fundamenta l mode o f v i b r a t i o n , Hz

7 printf(”\nThe f r e q u e n c y o f the fundamenta l mode o f
v i b r a t i o n i n q u a t r z c r y s t a l = %5 . 3 f Hz”, n/1e

+006);

8

9 // R e s u l t
10 // The f r e q u e n c y o f the fundamenta l mode o f

v i b r a t i o n i n q u a t r z c r y s t a l = 1 . 3 6 5 Hz

Scilab code Exa 8.3 Thickness of steel plate using ultrasonic beam

1 // S c i l a b Code Ex8 . 3 : Page−430 ( 2 0 1 1 )
2 clc;clear;

3 v = 5e+003;.... // V e l o c i t y o f u l t r a s o n i c beam i n
s t e e l p l a t e , m/ s

4 n = 25e+003;.... // D i f f e r e n c e between two
n e i g h b o u r i n g harmonic f r e q u e n c i e s (Nm − Nm minus1
) , Hz

5 d = v/(2*n); // The t h i c k n e s s o f s t e e l p l a t e , m
6 printf(”\nThe t h i c k n e s s o f s t e e l p l a t e = %3 . 1 f m”, d

);

7

8 // R e s u l t
9 // The t h i c k n e s s o f s t e e l p l a t e = 0 . 1 m
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Scilab code Exa 8.4 Inductance of an inductor to produce ultrasonic waves

1 // S c i l a b Code Ex8 . 4 : Page−430 ( 2 0 1 1 )
2 clc;clear;

3 n = 1e+006;.... // Frequency o f U l t r a s o n i c waves , Hz
4 C = 2.5e -014;.... // Capc i t ance o f c a p a c i t o r , F
5 // Frequency o f e l e c r i c o s c i l l a t i o n s i s g i v e n by n =

1/(2∗%pi ) ∗ s q r t ( 1 / ( L∗C) ) , s o l v i n g f o r L
6 L = 1/(4* %pi ^2*n^2*C); // The i n d u c t a n c e o f an

i n d u c t o r to produce u l t r a s o n i c waves , henry
7 printf(”\nThe i n d u c t a n c e o f an i n d u c t o r to produce

u l t r a s o n i c waves = %d henry ”, L);

8

9 // R e s u l t
10 // The i n d u c t a n c e o f an i n d u c t o r to produce

u l t r a s o n i c waves = 1 henry

Scilab code Exa 8.5 Position of imperfection and the velocity of pulse inside the rod

1 // S c i l a b Code Ex8 . 5 : Page−431 ( 2 0 1 1 )
2 clc;clear;

3 d = 50e -002;.... // Th i ckne s s o f the m e t a l l i c rod , m
4 t1 = 30e -006;.... // A r r i v a l t ime f o r f i r s t pu l s e , s
5 t2 = 80e -006;.... // A r r i v a l t ime f o r second

pu l s e , s
6 v = 2*d/t2 ;..... // V e l o c i t y o f u l t r a s o n i c waves , m/ s
7 printf(”\nThe v e l o c i t y o f p u l s e i n s i d e the rod = %4

. 2 e m/ s ”, v);

8 x = t1*v/2;

9 printf(”\nThe p o s i t i o n o f p u l s e i n s i d e the rod = %6
. 4 f m”, x);

10

11 // R e s u l t
12 // The v e l o c i t y o f p u l s e i n s i d e the rod = 1 . 2 5 e +004

m/ s
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13 // The p o s i t i o n o f p u l s e i n s i d e the rod = 0 . 1 8 7 5 m

Scilab code Exa 8.6 Maximum acceleration and displacement of a quartz ultrasonic transducer

1 // S c i l a b Code Ex8 . 6 : Page−431 ( 2 0 1 1 )
2 clc;clear;

3 I = 2.5e+004;.... // Sound i n t e n s i t y , W/ meter−s qua r e
4 v = 1480;.... // Sound v e l o c i t y , m/ s
5 rho_w = 1000;.... // Dens i ty o f water , kg / meter−cube
6 rho_c = 2650;.... // Dens i ty o f c r y s t a l o f t r a n s d u c e r

, kg / meter−cube
7 d = 0.001;.... // Th i ckne s s o f the quartz , m
8 f = 20e+003;.... // Frequency o f sound i n water , Hz
9 // As sound i n t e n s i t y , I = p ˆ2/(2∗ rho1 ∗v ) , s o l v i n g

f o r p
10 p = sqrt (2* rho_w*v*I); // P r e s s u r e i n the medium ,

N/ metre−s qua r e
11 a = p/(d*rho_c); // Maximum a c c e l e r a t i o n o f the

q u a r t z u l t r a s o n i c t r a n s d u c e r , metre / second−s qua r e
12 printf(”\nThe maximum a c c e l e r a t i o n produced i n

q u a r t z t r a n s d u c e r = %4 . 2 e metre / second−s qua r e ”, a

);

13 y = a/(2* %pi*f)^2; // Maximum d i s p l a c e m e n t o f the
q u a r t z t r a n s d u c e r , m

14 printf(”\nThe maximum d i s p l a c e m e n t o f q ua r t z
t r a n s d u c e r = %3 . 1 f micron ”, y/1e-006);

15

16 // R e s u l t
17 // The maximum a c c e l e r a t i o n produced i n q ua r t z

t r a n s d u c e r = 1 . 0 3 e +005 metre / second−s qua r e
18 // The maximum d i s p l a c e m e n t o f q u a r t z t r a n s d u c e r =

6 . 5 micron
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Scilab code Exa 8.7 Fundamental frequency of a magnetostrictive hydrophone

1 // S c i l a b Code Ex8 . 7 : Page−432 ( 2 0 1 1 )
2 clc;clear;

3 L = 0.2;.... // Length o f a m a g n e t o s t r i c t i v e
hydrophone , m

4 lambda = 2*L;.... // Wavelength o f u l t r a s o n i c wave , m
5 v = 4900;.... // V e l o c i t y o f u l t r a s o n i c beam i n water

, m/ s
6 f = v/lambda ;.... // Fundamental f r e q u e n c y o f

u l t r a s o n i c , KHz
7 printf(”\nThe fundamenta l f r e q u e n c y o f a

m a g n e t o s t r i c t i v e hydrophone = %4 . 2 f KHz”, f/1e

+03);

8

9 // R e s u l t
10 // The fundamenta l f r e q u e n c y o f a m a g n e t o s t r i c t i v e

hydrophone = 1 2 . 2 5 KHz

Scilab code Exa 8.8 Length of the copper wire used to introduce ultrasonic delay

1 // S c i l a b Code Ex8 . 8 : Page−432 ( 2 0 1 1 )
2 clc;clear;

3 v = 3700;.... // V e l o c i t y o f u l t r a s o n i c beam i n
copper , m/ s

4 t = 1e -006;.... // Delay t ime f o r u l t r a s o n i c beam , s
5 L = v*t; // // Length o f a copper w i r e r e q u i r e d

f o r a de lay , m
6 printf(”\nThe l e n g t h o f a copper w i r e r e q u i r e d f o r a

d e l a y = %6 . 4 f m”, L);

7

8 // R e s u l t
9 // The l e n g t h o f a copper w i r e r e q u i r e d f o r a d e l a y

= 0 . 0 0 3 7 m
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Chapter 9

Fibre Optics

Scilab code Exa 9.1 NA and the acceptance angle of optical fibre

1 // S c i l a b Code Ex9 . 1 : Page−463 ( 2 0 1 1 )
2 clc;clear;

3 mu_1 = 1.55;.... // R e f r a c t i v e index o f the c o r e
4 mu_2 = 1.50;.... // R e f r a c t i v e i n d i c e s o f c l a d d i n g
5 NA = mu_1*sqrt (2*(mu_1 -mu_2)/mu_1);

6 printf(”\nThe NA o f the o p t i c a l f i b r e = %5 . 3 f ”, NA);

7 theta_a = asind(NA); // The a c c e p t a n c e a n g l e o f
o p t i c a l f i b r e , d e g r e e s

8 printf(”\nThe a c c e p t a n c e a n g l e o f the o p t i c a l f i b r e
i s = %4 . 1 f d e g r e e s ”, theta_a);

9

10 // R e s u l t
11 // The NA o f the o p t i c a l f i b r e = 0 . 3 9 4
12 // The a c c e p t a n c e a n g l e o f the o p t i c a l f i b r e i s =

2 3 . 2 d e g r e e s

Scilab code Exa 9.2 NA acceptance angle and the critical angle of optical fibre
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1 // S c i l a b Code Ex9 . 2 : Page−463 ( 2 0 1 1 )
2 clc;clear;

3 mu_1 = 1.50;.... // R e f r a c t i v e index o f the c o r e
4 mu_2 = 1.45;.... // R e f r a c t i v e index c l a d d i n g
5 NA = mu_1*sqrt (2*(mu_1 -mu_2)/mu_1); // Numer ica l

a p e r t u r e o f o p t i c a l f i b r e
6 printf(”\n The NA o f the o p t i c a l f i b r e = %5 . 3 f ”, NA)

;

7 theta_a = asind(NA); // The a c c e p t a n c e a n g l e
o f o p t i c a l f i b r e , d e g r e e s

8 printf(”\n The a c c e p t a n c e a n g l e o f the o p t i c a l f i b r e
= %5 . 2 f d e g r e e s ”, theta_a);

9 theta_c = asind(mu_2/mu_1); // The c r i t i c a l a n g l e o f
the o p t i c a l f i b r e , d e g r e e s

10 printf(”\n The a c c e p t a n c e a n g l e o f the o p t i c a l f i b r e
= %4 . 1 f d e g r e e s ”, theta_c);

11

12 // R e s u l t
13 // The NA o f the o p t i c a l f i b r e = 0 . 3 8 7
14 // The a c c e p t a n c e a n g l e o f the o p t i c a l f i b r e = 2 2 . 8

d e g r e e s
15 // The a c c e p t a n c e a n g l e o f the o p t i c a l f i b r e = 7 5 . 2

d e g r e e s

Scilab code Exa 9.3 Acceptance angle for the optical fibre in water

1 // S c i l a b Code Ex9 . 3 : Page−464 ( 2 0 1 1 )
2 clc;clear;

3 mu0 = 1;.... // R e f a c t i v e index o f f i b r e i n a i r
4 mu2 = 1.59;.... // R e f a c t i v e index o f the c l a d d i n g
5 NA = 0.2;.... // Numeria l a p e r t u r e o f o p t i c a l f i b r e
6 mu1 = sqrt(NA^2+ mu2^2); // R e f r a c t i v e index o f c o r e
7 mu0 = 1.33; // R e f a c t i v e index o f f i b r e i n water
8 NA = sqrt(mu1^2-mu2^2)/mu0; // Numeria l a p e r t u r e

o f o p t i c a l f i b r e i n water
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9 theta_a = asind(NA); // Acceptance a n g l e f o r the
f i b r e i n water

10 printf(”\nThe a c c e p t a n c e a n g l e f o r the o p t i c a l f i b r e
i n water = %3 . 1 f d e g r e e s ”, theta_a);

11

12 // R e s u l t
13 // The a c c e p t a n c e a n g l e f o r the o p t i c a l f i b r e i n

water = 8 . 6 d e g r e e s

Scilab code Exa 9.4 The characteristics of glass clad fibre

1 // S c i l a b Code Ex9 . 4 : Page−464 ( 2 0 1 1 )
2 clc;clear;

3 mu0 = 1; // R e f r a c t i v e index o f a i r
4 mu1 = 1.50;.... // R e f r a c t i v e index o f g l a s s core ‘
5 del = 0.005;.... // F r a c t i o n a l change i n r e f r a c t i v e

index
6 mu2 = mu1*(1-del); // R e f r a c t i v e index o f

c l a d d i n g
7 printf(”\nThe r e f r a c t i v e index o f c l a d d i n g =%6 . 4 f ”,

mu2);

8 theta_c = asind(mu2/mu1); // C r i t i c a l ang le ,
d e g r e e s

9 printf(”\nThe c r i t i c a l a n g l e = %5 . 2 f d e g r e e s ”,
theta_c);

10 theta_a = asind(sqrt(mu1^2-mu2^2)/mu0); //
Acceptance ang le , d e g r e e s

11 printf(”\nThe v a l u e o f a c c e p t a n c e a n g l e i s = %4 . 2 f
d e g r e e s ”, theta_a);

12 NA = mu1*sqrt (2*del); // Numer ica l a p e r t u r e o f
o p t i c a l f i b r e

13 printf(”\nThe NA o f the o p t i c a l f i b r e = %4 . 2 f ”, NA);

14

15 // R e s u l t
16 // The r e f r a c t i v e index o f c l a d d i n g =1.4925
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17 // The c r i t i c a l a n g l e = 8 4 . 2 7 d e g r e e s
18 // The v a l u e o f a c c e p t a n c e a n g l e i s = 8 . 6 2 d e g r e e s
19 // The NA o f the o p t i c a l f i b r e = 0 . 1 5

Scilab code Exa 9.5 Refractive index of core and cladding of an optical fibre

1 // S c i l a b Code Ex9 . 5 : Page−465 ( 2 0 1 1 )
2 clc;clear;

3 NA = 0.22; // Numer ica l a p e r t u r e o f the o p t i c a l
f i b r e

4 del = 0.012;.... // F r a c t i o n a l d i f f e r e n c e between the
r e f r a c t i v e index o f c o r e and c l a d d i n g

5 mu1 = NA/sqrt (2* del); // The r e f r a c t i v e index o f
c o r e o f o p t i c a l f i b r e

6 printf(”\nThe r e f r a c t i v e index o f c o r e = %4 . 2 f ”, mu1

);

7 mu2 = mu1*(1-del); // The r e f r a c t i v e index o f
c l a d d i n g o f o p t i c a l f i b r e

8 printf(”\nThe r e f r a c t i v e index o f c l a d d i n g = %4 . 2 f ”,
mu2);

9

10 // R e s u l t
11 // he r e f r a c t i v e index o f c o r e = 1 . 4 2
12 // The r e f r a c t i v e index o f c l a d d i n g = 1 . 4 0

Scilab code Exa 9.6 NA and the core radius of an optical fibre

1 // S c i l a b Code Ex9 . 6 : Page−466 ( 2 0 1 1 )
2 clc;clear;

3 mu1 = 1.466; // R e f r a c t i v e index o f c o r e
4 mu2 = 1.460; // R e f r a c t i v e index o f c l a d d i n g
5 v = 2.4;.... // Cut−o f f parameter o f the o p t i c a l

f i b r e
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6 lambda = 0.8e -006;.... // Operat ing wavelength , m
7 NA = sqrt(mu1^2-mu2^2);

8 printf(”\nThe NA o f o p t i c a l f i b r e = %4 . 2 f ”, NA) ;

9 // Asthe cut−o f f parameter v o f the o p t i c a l f i b r e , v
= 2∗%pi∗a∗ s q r t (mu1ˆ2−mu2ˆ2) / lambda , s o l v i n g f o r

a
10 a = lambda*v/(2* %pi*sqrt(mu1^2-mu2 ^2));

11 printf(”\nThe c o r e r a d i u s o f the o p t i c a l f i b r e = %4
. 2 e micron ”, a/1e-006);

12

13 // R e s u l t
14 // The NA o f o p t i c a l f i b r e = 0 . 1 3
15 // The c o r e r a d i u s o f the o p t i c a l f i b r e = 2 . 3 1 e+00

micron

Scilab code Exa 9.7 v number and the number of modes supported by the optical fibre

1 // S c i l a b Code Ex9 . 7 : Page−466 ( 2 0 1 1 )
2 clc;clear;

3 mu1 = 1.54; // The r e f r a c t i v e index o f c o r e
4 mu2 = 1.50; // The r e f r a c t i v e index o f c l a d d i n g
5 lambda = 1.3e -006;.... // Operat ing wave l ength o f

o p t i c a l f i b r e , m
6 a = 25e -006;.... // Radius o f f i b r e core , m
7 v = 2*%pi*a*sqrt(mu1^2-mu2^2)/lambda; // V−number

o f o p t i c a l f i b r e
8 printf(”\nThe cut−o f f parameter o f the o p t i c a l f i b r e

= %5 . 2 f ”, v);

9 n = v^2/2; // The number o f modes suppor t ed by
the f i b r e

10 printf(”\nThe number o f modes suppor t ed by the f i b r e
= %3d”, ceil(n));

11

12 // R e s u l t
13 // The cut−o f f parameter o f the o p t i c a l f i b r e =
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4 2 . 1 4
14 // The number o f modes suppor t ed by the f i b r e = 888

Scilab code Exa 9.8 Maximum values of refractive index of cladding and the fractional change in refractive index

1 // S c i l a b Code Ex9 . 8 : Page−466 ( 2 0 1 1 )
2 clc;clear;

3 mu1 = 1.54;.... // R e f r a c t i v e index o f c o r e
4 v = 2.405;.... // Cut−o f f parameter o f o p t i c a l f i b r e
5 lambda = 1.3e -006;.... // Operat ing wave l ength o f

o p t i c a l f i b r e , m
6 a = 1e -006;.... // Radius o f the core ,
7 NA = v*lambda /(2* %pi*a); // Numer ica l a p e r t u r e o f

o p t i c a l f i b r e
8 del = 1/2*( NA/mu1)^2; // F r a c t i o n a l change i n

r e f r a c t i v e index o f c o r e and c l a d d i n g
9 printf(”\nThe f r a c t i o n a l d i f f e r e n c e o f r e f r a c t i v e

i n d i c e s o f c o r e and c l a d d i n g = %7 . 5 f ”, del);

10 mu2 = mu1*(1-del); // Maximum v a l u e o f
r e f r a c t i v e index o f c l a d d i n g

11 printf(”\nThe maximum r e f r a c t i v e index o f c l a d d i n g =
%5 . 3 f ”, mu2);

12

13 // R e s u l t
14 // The f r a c t i o n a l d i f f e r e n c e o f r e f r a c t i v e i n d i c e s

o f c o r e and c l a d d i n g = 0 . 0 5 2 2 0
15 // The maximum r e f r a c t i v e index o f c l a d d i n g = 1 . 4 6 0

Scilab code Exa 9.9 Normalized frequency for the optical fibre

1 // S c i l a b Code Ex9 . 9 : Page−467 ( 2 0 1 1 )
2 clc;clear;

3 mu1 = 1.45;.... // Index o f r e f r a c t i o n o f c o r e
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4 NA = 0.16;.... // Numer ica l a p e r t u r e o f s t e p index
f i b r e

5 a = 3e -006;.... // Radius o f the core , m
6 lambda = 0.9e -006;.... // Operat ing wave l ength o f

o p t i c a l f i b r e , m
7 v = 2*%pi*a*NA/lambda; // The no rma l i z ed

f r e q u e n c y or v−number o f o p t i c a l f i b r e
8 printf(”\nThe no rma l i z ed f r e q u e n c y o f the o p t i c a l

f i b r e = %5 . 2 f ”, v);

9

10 // R e s u l t
11 // The no rma l i z ed f r e q u e n c y o f the o p t i c a l f i b r e =

3 . 3 5

Scilab code Exa 9.10 Cut off parameter or v number of modes supported by the fibre

1 // S c i l a b Code Ex9 . 1 0 : Page−467 ( 2 0 1 1 )
2 clc;clear;

3 mu1 = 1.52;.... // R e f r a c t i v e index o f c o r e
4 a = 14.5e -006;.... // Radius o f the f i b r e core , m
5 del = 0.0007;.... // F r a c t i o n a l index d i f f e r e n c e
6 lambda = 1.3e -006;.... // Operat ing wave l ength o f

o p t i c a l f i b r e , m
7 mu2 = mu1*(1-del); // R e f r a c t i v e index o f

c l a d d i n g
8 v = 2*%pi*a*sqrt(mu1^2-mu2^2)/lambda; // Cut−o f f

parameter v o f the o p t i c a l f i b r e
9 printf(”\nThe cut−o f f parameter o f the o p t i c a l f i b r e

= %5 . 3 f ”, v);

10 //The i s number o f modes suppor t ed by the f i b r e
g i v e n by ,

11 n = v^2/2;

12 printf(”\nThe number o f modes suppor t ed by the f i b r e
= %d”, ceil(n));

13
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14 // R e s u l t
15 // The cut−o f f parameter o f the o p t i c a l f i b r e =

3 . 9 8 5
16 // The number o f modes suppor t ed by the f i b r e = 8

Scilab code Exa 9.11 Power output through optical fibre

1 // S c i l a b Code Ex9 . 1 1 : Page−468 ( 2 0 1 1 )
2 clc;clear;

3 alpha = 3.5;.... // At t enua t i on o f the o p t i c a l f i b r e ,
dB/km

4 Pi = 0.5;.... // Input power o f o p t i c a l f i b r e , mW
5 L = 4;.... // D i s t a n c e through the o p t i c a l wave

t r a n s m i t s through the f i b r e , km
6 // As a lpha = 10/L∗ l o g 1 0 ( Pi /Po ) , s o l v i n g f o r Po
7 Po = Pi/exp(alpha*L*2.3026/10); // Output power o f

o p t i c a l f i b r e , mW
8 printf(”\nThe output power o f o p t i c a l f i b r e = %4 . 1 f

micro−watt ”, Po/1e-003);

9

10 // R e s u l t
11 // The output power o f o p t i c a l f i b r e = 1 9 . 9 micro−

watt

Scilab code Exa 9.12 Attenuation of power through optical fibre

1 // S c i l a b Code Ex9 . 1 2 : Page−468 ( 2 0 1 1 )
2 clc;clear;

3 Pi =1;.... // Input power o f o p t i c a l f i b r e , mW
4 Po = 0.85;.... // Outptu power o f o p t i c a l f i b r e , mW
5 L = 0.5;.... //The d i s t a n c e through the o p t i c a l wave

t r a n s m i t s through the f i b r e , km
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6 alpha = (10/L)*log10(Pi/Po); // The a t t e n u a t i o n
o f power through the o p t i c a l f i b r e

7 printf(”\nThe a t t e n u a t i o n o f power through the
o p t i c a l f i b r e = %5 . 3 f dB/km”, alpha);

8

9 // R e s u l t
10 // The a t t e n u a t i o n o f power through the o p t i c a l

f i b r e = 1 . 4 1 2 dB/km

Scilab code Exa 9.13 Minimum optical power input to an optical fibre

1 // S c i l a b Code Ex9 . 1 3 : Page−469 ( 2 0 1 1 )
2 clc;clear;

3 C = 0.8; // Connector l o s s per km, dB
4 F = 1.5; // F ib r e l o s s per km, dB
5 alpha = C + F;.... // At t enua t i on o f power the

o p t i c a l f i b r e , dB/km
6 Po = 0.3e -006;.... // Output power o f o p t i c a l f i b r e ,

W
7 L = 15;.... // The d i s t a n c e through the o p t i c a l wave

t r a n s m i t s through the f i b r e , km
8 //As the a t t e n u a t i o n , a lpha = 10/L∗ l o g ( Pi /Po ) ,

s o l v i n g f o r Pi
9 Pi = Po*exp (2.3026* alpha*L/10); // Input power

o f o p t i c a l f i b r e , mW
10 printf(”\nThe minimum input power to o p t i c a l f i b r e =

%5 . 3 f mW”, Pi/1e-003);

11

12 // R e s u l t
13 // The minimum input power to o p t i c a l f i b r e = 0 . 8 4 6

mW
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Chapter 10

Electrostatics

Scilab code Exa 10.1 Potential difference between the two charged horizontal plates

1 // S c i l a b Code Ex10 . 1 : Page−507 ( 2 0 1 1 )
2 clc;clear;

3 m = 4e -013;.... // Mass o f the p a r t i c l e , kg
4 q = 2.4e -019;.... // Charge on p a r t i c l e , C
5 d = 2e -002;.... // D i s t a n c e between the two

h o r i z o n t a l l y charged p l a t e s , m
6 g = 9.8;.... // ‘ A c c e l e r a t i o n due to g r a v i t y , m/ sec−

s qua r e
7 E = m*g/q ;.... // E l e c t r i c f i e l d s t r e n g t h , N/C
8 V = E*d;..... // P o t e n t i a l d i f f e r e n c e between the two

charged h o r i z o n t a l p l a t e s , V
9 printf(”\nThe p o t e n t i a l d i f f e r e n c e between the two

h o r i z o n t a l l y charged p l a t e s = %3 . 1 e V”, V);

10

11 // R e s u l t
12 // The p o t e n t i a l d i f f e r e n c e between the two

h o r i z o n t a l l y charged p l a t e s = 3 . 3 e +005 V

Scilab code Exa 10.2 Electric potential at a point equidistant from the three corners of a triangle
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1 // S c i l a b Code Ex10 . 2 : Page−507 ( 2 0 1 1 )
2 clc;clear;

3 q1 = 1e -009; // Charge at f i r s t co rne r , C
4 q2 = 2e -009; // Charge at second co rne r , C
5 q3 = 3e -009; // Charge at t h i r d co rne r , C
6 d = 1;.... // S ide o f the e q u i l a t e r a l t r i a n g l e , m
7 theta = 30;.... // Angle at which l i n e j o i n i n g the

o b s e r v a t i o n p o i n t to the s o u r c e cha rge makes with
the s i d e , d e g r e e s

8 r = (d/2)/cosd(theta);.... // D i s t a n c e o f o b s e r v a t i o n
p o i n t from the charge s , m

9 // s i n c e , 1 / 4∗%pi∗%eps = 9 e +009;
10 V = (q1+q2+q3)*(9e+009)/r;..... // E l e c r i c p o t e n t i a l ,

V
11 printf(”\nThe e l e c t r i c p o t e n t i a l a t the p o i n t

e q u i d i s t a n t from the t h r e e c o r n e r s o f the
t r i a n g l e = %4 . 1 f V”, V);

12

13 // R e s u l t
14 // The e l e c t r i c p o t e n t i a l a t the p o i n t e q u i d i s t a n t

from the t h r e e c o r n e r s o f the t r i a n g l e = 9 3 . 5 V

Scilab code Exa 10.3 Electric potential at the centre of a square

1 // S c i l a b Code Ex10 . 3 : Page−507 ( 2 0 1 1 )
2 clc;clear;

3 q = 2e-008;

4 q1 = q; // Charge at f i r s t co rne r , C
5 q2 = -2*q; // Charge at second co rne r , C
6 q3 = 3*q; // Charge at t h i r d co rne r , C
7 q4 = 2*q; // Charge at f o u r t h co rne r , C
8 d = 1;.... // S ide o f the square , m
9 r = d*sin(2* %pi /8) ;.... // D i s t a n c e o f c e n t r e o f the

squa r e from each co rne r , m
10 V = (q1+q2+q3+q4)*(9e+009)/r;..... // E l e c r i c
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p o t e n t i a l a t the c e n t r e o f the square , V
11 printf(”\nThe e l e c t r i c p o t e n t i a l a t the c e n t r e o f

the squa r e = %4d V”, V);

12

13 // R e s u l t
14 // The e l e c t r i c p o t e n t i a l a t the c e n t r e o f s qua r e =

1018 V

Scilab code Exa 10.6 New potential when the two charged drops coalesce to form a bigger drop

1 // S c i l a b Code Ex10 . 6 : Page−512 ( 2 0 1 1 )
2 clc;clear;

3 V = 60;.... // E l e c t r i c p o t e n t i a l o f s m a l l e r drop ,
v o l t

4 r = 1;.... // For s i m p l c i t y assume r a d i u s o f each
s m a l l drop to be uni ty , u n i t

5 q = 1;.... // For s i m p l i c i t y assume cha rge on s m a l l e r
drop to be uni ty , C

6 k = 1;.... // For s i m p l i c i t y assume Coulomb ’ s
c o n s t a n t to be uni ty , u n i t

7 R = 2^(1/3)*r;..... // Radius o f b i g g e r drop , u n i t
8 Q = 2*q;.... // Charge on b i g g e r drop , C
9 V_prime = k*Q/R*V;.... // E l e c t r i c p o t e n t i a l o f

b i g g e r drop , v o l t
10 printf(”\nThe e l e c t r i c p o t e n t i a l o f new drop = %4 . 1 f

V”, V_prime);

11

12 // R e s u l t
13 // The e l e c t r i c p o t e n t i a l o f new drop = 9 5 . 2 V

Scilab code Exa 10.7 Magnitude and the direction of electric field which would balance the weight of an electron placed in it

1 // S c i l a b Code Ex10 . 7 : Page−512 ( 2 0 1 1 )
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2 clc;clear;

3 m = 9.1e -031;.... // Mass o f the e l e c t r o n , kg
4 e = 1.6e -019;.... // Charge on an e l e c t r o n , C
5 g = 9.8;.... // A c c e l e r a t i o n due to g r a v i t y , m/ sec−

s qua r e
6 // E l e c t r i c f o r c e , F = e ∗E , where F = m∗g or e∗E = m

∗g
7 E = m*g/e; // E l e c t r i c f i e l d which would b a l a n c e

the we ight o f an e l e c t r o n p l a c e d i n i t , N/C
8 printf(”\nThe r e q u i r e d e l e c t r i c f i e l d s t r e n g t h = %3

. 1 e N/C”, E);

9 printf(”\ nThis f i e l d a c t s o p p o s i t e to the d i r e c t i o n
o f we ight ”);

10

11 // R e s u l t
12 // The r e q u i r e d e l e c t r i c f i e l d s t r e n g t h = 5 . 6 e−011 N

/C
13 // This f i e l d a c t s o p p o s i t e to the d i r e c t i o n o f

we ight

Scilab code Exa 10.8 Magnitude and the direction of electric field at a point midway between two charges

1 // S c i l a b Code Ex10 . 8 : Page−512 ( 2 0 1 1 )
2 clc;clear;

3 q1 = 8e -007;.... // F i r s t Charge , C
4 q2 = -8e -007;.... // Second Charge , C
5 r = 15e -002;.... // D i s t a n c e between the two charge s ,

m
6 k = 9e+009; // Coulomb ’ s cons tant , N−metre−s qua r e /

coulomb−s qua r e
7 E1 = k*q1/r^2;.... // E l e c t r i c f i e l d s t r e n g t h due to

cha rge 8e−007 C
8 printf(”\nThe e l e c t r i c f i e l d s t r e n g t h at midpo int =

%3 . 1 e N/C”, E1);

9 E2 = abs(k*q2/r^2) ;.... // E l e c t r i c f i e l d s t r e n g t h −8
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e−007 C
10 printf(”\nThe e l e c t r i c f i e l d s t r e n g t h at midpo int =

%3 . 1 e N/C”, E2);

11 // Tota l e l e c t r i c f i e l d s t r e n g t h at the mid−p o i n t i s
12 E = E1+E2; // Net e l e c t r i c f i e l d at mid po int ,

N/C
13 printf(”\nThe net e l e c t r i c f i e l d s t r e n g t h at

midpo int = %3 . 1 e N/C”, E);

14

15 // R e s u l t
16 // The e l e c t r i c f i e l d s t r e n g t h at midpo int = 3 . 2 e+05

N/C
17 // The e l e c t r i c f i e l d s t r e n g t h at midpo int = 3 . 2 e+05

N/C
18 // The net e l e c t r i c f i e l d s t r e n g t h at midpo int = 6 . 4

e+05 N/C

Scilab code Exa 10.9 Electric field strength at a point

1 // S c i l a b Code Ex10 . 9 : Page : 5 1 3 ( 2 0 1 1 )
2 clc;clear;

3 x = poly(0, ’ x ’ );
4 V = 1000/x+1500/x^2+500/x^3; // Given e l e c t r i c

p o t e n t i a l a t a p o i n t ( x , 0 , 0 ) , V
5 E = -1*derivat(V); // E l e c t r i c f i e l d at a p o i n t as

g r a d i e n t o f s c a l a r p o t e n t i a l , N/C
6 E_x = horner(E, 1); // E l e c t r i c f i e l d at the

p o i n t x = 1 , N/C
7 printf(”\nThe e l e c t r i c f i e l d s t r e n g t h at p o i n t x = 1

i s %4di V/m”, E_x);

8

9 // R e s u l t
10 // The e l e c t r i c f i e l d s t r e n g t h at p o i n t x = 1 i s

5500 i V/m
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Scilab code Exa 10.11 Electric field strength due to spherical charge distribution

1 // S c i l a b Code Ex10 . 1 1 : Page : 5 1 4 ( 2 0 1 1 )
2 clc;clear;

3 function e = E(r)

4 a = 1; // For c o n v e n i e n c e assume r a d i u s o f
s p h e r e to be u n i t y

5 r = poly(0, ’ r ’ );
6 e = r/3-r^3/(5*a^2);

7 endfunction

8

9 rho_0 = 1; // For c o n v e n i e n c e assume cha rge
d e n s i t y to be u n i t y

10 epsilon_0 = 1; // For c o n v e n i e n c e assume
p e r m i t t i v i t y to be u n i t y

11 r = poly(0, ’ r ’ );
12 E_int = rho_0/epsilon_0*E( ’ r ’ );
13 delta_E = derivat(E_int);

14 r = roots(delta_E);

15 printf(”\nThe e l e c t r i c f i e l d s t r e n g t h i s maximum at
an i n t e r n a l p o i n t at a d i s t a n c e r = s q r t (%g) a /3
from the c e n t r e ”, (3*r(1))^2);

16

17 // R e s u l t
18 // The e l e c t r i c f i e l d s t r e n g t h i s maximum at an

i n t e r n a l p o i n t at a d i s t a n c e r = s q r t ( 5 ) a /3 from
the c e n t r e

Scilab code Exa 10.12 Maximum electric field strength at an internal point

1 // S c i l a b Code Ex10 . 1 2 : Page : 5 1 7 ( 2 0 1 1 )
2 clc;clear;
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3 function e = E(r)

4 a = 1; // For c o n v e n i e n c e assume r a d i u s o f
s p h e r e to be u n i t y

5 r = poly(0, ’ r ’ );
6 e = r/3-r^2/(4*a);

7 endfunction

8

9 rho_0 = 1; // For c o n v e n i e n c e assume cha rge
d e n s i t y to be u n i t y

10 epsilon_0 = 1; // For c o n v e n i e n c e assume
p e r m i t t i v i t y to be u n i t y

11 r = poly(0, ’ r ’ );
12 E_int = rho_0/epsilon_0*E( ’ r ’ );
13 delta_E = derivat(E_int);

14 r = roots(delta_E);

15 printf(”\nThe e l e c t r i c f i e l d s t r e n g t h i s maximum at
an i n t e r n a l p o i n t at a d i s t a n c e r = %da/3 from
the c e n t r e ”, 3*r);

16

17 // R e s u l t
18 // The e l e c t r i c f i e l d s t r e n g t h i s maximum at an

i n t e r n a l p o i n t at a d i s t a n c e r = 2a /3 from the
c e n t r e
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Chapter 11

Electromagnetic Theory

Scilab code Exa 11.1 Amplitude of field vector E in free space

1 // S c i l a b Code Ex11 . 1 : Page−559 ( 2 0 1 1 )
2 clc;clear;

3 H_0 = 1;.... // Amplitude o f f f i e l d ve c to r , i n A/m
4 mu_0 = 12.56e -7;.... // P e r m e a b i l i t y , i n weber /A−m
5 eps = 8.85e -12;.... // P e r m i t t i v i t y i n f r e e space , i n

C/N−meter−s qua r e
6 // From the r e l a t i o n between the ampl i tude o f the

f i e l d v e c t o r E and v e c t o r H o f an EM wave i n f r e e
space

7 E_0 = H_0*(sqrt(mu_0/eps));

8 printf(”\nThe ampl i tude o f f i e l d v e c t o r E i n f r e e
space = %5 . 1 f V/m”,E_0);

9

10

11 // R e s u l t
12 // The ampl i tude o f f i e l d v e c t o r E i n f r e e space =

3 7 6 . 7 V/m

Scilab code Exa 11.2 Maximum value of magnetic induction vector
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1 // S c i l a b Code Ex11 . 2 : Page−560 ( 2 0 1 1 )
2 clc;clear;

3 E_o = 1e+3;.... // Amplitude f i e l d v e c t o r i n f r e e
space ,N/C

4 c = 3e+8;.... // Speed o f l i g h t , i n m/ s
5 // From the r e l a t i o n between the ampl i tude o f the

f i e l d v e c t o r E and v e c t o r H o f an EM wave i n f r e e
space E o = H o ∗ ( s q r t ( mu o/ eps ) ) and B o = mu o∗

H o , we have
6 B_o = E_o/c;

7 printf(”\nThe maximum v a l u e o f magnet i c i n d u c t i o n
v e c t o r = %4 . 2 e weber /A−m”,B_o);

8

9 // R e s u l t
10 // The maximum v a l u e o f magnet i c i n d u c t i o n v e c t o r =

3 . 3 3 e−006 weber /A−m

Scilab code Exa 11.3 Conduction and displacement current densities in the conducting medium

1 // S c i l a b Code Ex11 . 3 : Page−560 ( 2 0 1 1 )
2 clc;clear;

3 sigma = 5;.... // C o n d u c t i v i t y o f the conduc t i ng
medium , mho/m

4 eps_r = 8.85e -12;.... // R e l a t i v e e l e c t r i c a l
p e r m i t t i v i t y o f medium , F/m

5 eps_0 = 1; // E l e c t r i c a l p e r m i t t i v i t y o f f r e e
space , F/m

6 E0 = 250; // Amplitude o f a p p l i e d e l e c t r i c f i e l d ,
V/m

7 J = sigma*E0; // Amplitude o f c onduc t i on c u r r e n t
d e n s i t y , A/ metre−s qua r e

8 J_D = eps_r*eps_0*E0*1e+010; // Amplitude o f
d i s p l a c e m e n t c u r r e n t d e n s i t y , A/ metre−s qua r e

9 omega = sigma /( eps_0*eps_r); // Frequency at
which J = J D
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10 printf(”\nThe condu c t i on c u r r e n t d e n s i t y = %3dsin
(10ˆ10 t ) A/ metre−quare ”, J);

11 printf(”\nThe d i s p l a c e m e n t c u r r e n t d e n s i t y = %5 . 3
f c o s (10ˆ10 t ) A/ metre−quare ”, J_D);

12 printf(”\nThe f r e q u e n c y at which J = J D i s %3 . 1 e Hz
”, omega);

13

14 // R e s u l t
15 // The conduc t i on c u r r e n t d e n s i t y = 1250 s i n (10ˆ10 t )

A/ metre−quare
16 // The d i s p l a c e m e n t c u r r e n t d e n s i t y = 2 2 . 1 2 5 co s

(10ˆ10 t ) A/ metre−quare
17 // The f r e q u e n c y at which J = J D i s 5 . 6 e+11 Hz

Scilab code Exa 11.8 Average value of the intensity of electric field of radiation

1 // S c i l a b Code Ex11 . 8 : Page−565 ( 2 0 1 1 )
2 clc;clear;

3 P = 1000;.... // Energy r a d i a t e d by the lamp , watt
4 r = 2;.... // D i s t a n c e from the s o u r c e at which the

e l e c t r i c f i e l d i n t e n s i t y i s g iven , m
5 S = P/(4* %pi*r^2); // Magnitude o f Poynt ing

vec to r , W/ metre−s qua r e
6 // As wave imepdence , Z0 = E/H = 377 and H = E/377 ,

so tha t with E∗H = S we have
7 E = poly(0, ’E ’ );
8 E = roots(E*E/377-S);

9 printf(”\nThe ave rage v a l u e o f the i n t e n s i t y o f
e l e c t r i c f i e l d o f r a d i a t i o n = %4 . 1 f V/m”, E(2));

10

11 // R e s u l t
12 // The ave rage v a l u e o f the i n t e n s i t y o f e l e c t r i c

f i e l d o f r a d i a t i o n = 8 6 . 6 V/m

115



Scilab code Exa 11.9 Amplitude of electric and magnetic fields of radiation

1 // S c i l a b Code Ex11 . 9 : Page−566 ( 2 0 1 1 )
2 clc;clear;

3 S = 2*4.186/60*1e+04;.... // S o l a r cons tant , J/ s /
metre−s qua r e

4 // From the poynt ing v e c t o r S = E∗H
5 C = 377;.... // Wave Impedence , ohm
6 E = sqrt(S*C); // E l e c t r i c f i e l d o f r a d i a t i o n ,

V/m
7 H = E/C; // Magnet ic f i e l d o f r a d i a t i o n ,

A/m
8 E0 = E*sqrt (2); // Amplitude o f e l e c t r i c f i e l d

o f r a d i a t i o n , V/m
9 H0 = H*sqrt (2); // Amplitude o f magnet i c f i e l d

o f r a d i a t i o n , A/m
10 printf(”\nThe ampl i tude o f e l e c t r i c f i e l d o f

r a d i a t i o n = %6 . 1 f V/m”, E0);

11 printf(”\nThe ampl i tude o f magnet i c f i e l d o f
r a d i a t i o n = %5 . 3 f V/m”, H0);

12

13

14 // R e s u l t
15 // The ampl i tude o f e l e c t r i c f i e l d o f r a d i a t i o n =

1 0 2 5 . 7 V/m
16 // The ampl i tude o f magnet i c f i e l d o f r a d i a t i o n =

2 . 7 2 1 V/m

Scilab code Exa 11.10 Phase difference between electric and magentic field vectors of an EM wave

1 // S c i l a b Code Ex 1 1 . 1 0 : Page−568 ( 2 0 1 1 )
2 clc;clear;
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3 function s = sine(x)

4 s = x - x^3/ factorial (3) + x^5/ factorial (5) - x

^7/ factorial (7) + x^9/ factorial (9);

5 endfunction

6

7 function s = cosine(x)

8 s = 1 - x^2/ factorial (2) + x^4/ factorial (4) - x

^6/ factorial (6) + x^8/ factorial (8);

9 endfunction

10

11 k = 1; // For s i m p l i c i t y assume c o n s t a n t o f
p r o p o r t i o n a l i t y to be uni ty , u n i t s

12 for theta = 1:1:45

13 alpha = k*cosd(theta);

14 b = k*sind(theta);

15 if alpha == b then

16 phi = atand(b/alpha);

17 break;

18 end

19 end

20 // p r i n t f (”\ nThe phase d i f f e r e n c e between e l e c t r i c
and magent i c f i e l d v e c t o r s = %4 . 2 f rad ” , ph i ) ;

21

22

23 // R e s u l t
24 // The s k i n depth o f an EM−wave i n Al = 0 . 0 0 0 0 1 0 m

Scilab code Exa 11.12 Skin depth of an EM wave in Al

1 // S c i l a b Code Ex11 . 1 2 : Page−569 ( 2 0 1 1 )
2 clc;clear;

3 sigma = 3.54e+007;.... // E l e c t r i c a l c o n d u c t i v i t y o f
Al , mho per metre

4 mu = 12.56e -007;.... // P e r m e a b i l i t y o f the medium ,
weber /A−m
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5 f = 71.6e+06; // Frequency o f the wave , Hz
6 omega = 2*%pi*f;.... // Angular f r e q u e n c y o f the wave

, rad per s e c
7 delta = sqrt (2/( sigma*mu*omega)); // Sk in depth

o f the EM wave i n Al , m
8 printf(”\nThe s k i n depth o f an EM−wave i n Al = %2 . 0 f

micron ”, delta/1e-06);

9

10 // R e s u l t
11 // The s k i n depth o f an EM−wave i n Al = 10 micron

Scilab code Exa 11.14 Skin depth and attenuation constant of sea water

1 // S c i l a b Code Ex11 . 1 4 : Page−571 ( 2 0 1 1 )
2 clc;clear;

3 sigma = 5;.... // E l e c t r i c a l c o n d u c t i v i t y , mho per
metre

4 mu = 12.56e -007;.... // P e r m e a b i l i t y o f the medium ,
weber /A−m

5 eps_0 = 8.85e -012;.... // E l e c t r i c p e r m i t t i v i t y o f
f r e e space , C−s qua r e /N−m−s qua r e

6 eps = 70* eps_0; // E l e c t r i c p e r m i t t i v i t y o f the
medium , C−s qua r e /N−m−s qua r e

7 delta = 2/sigma*sqrt(eps/mu); // The s k i n depth and
a t t e n u a t i o n c o n s t a n t o f s e a water

8 printf(”\nThe s k i n depth o f an EM−wave i n s ea water
= %6 . 4 f m”, delta);

9 Beta = 1/ delta; // The a t t e n u a t i o n c o n s t a n t o f
s e a water , per metre

10 printf(”\nThe a t t e n u a t i o n c o n s t a n t o f the s ea water
= %6 . 2 f m”, Beta);

11

12 // R e s u l t
13 // The s k i n depth o f an EM−wave i n s ea water =

0 . 0 0 8 9 m
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14 // The a t t e n u a t i o n c o n s t a n t o f the s ea water =
1 1 2 . 5 7 m
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Chapter 12

Magnetic Properties of
Materials

Scilab code Exa 12.1 Current through the solenoid

1 // S c i l a b Code Ex12 . 1 Page−603 ( 2 0 1 1 )
2 clc; clear;

3 H = 5e+3;.... // C o e r c i v i t y o f a bar magnet , A/m
4 L = 0.1;.... // Length o f the s o l e n o i d , m
5 N = 50;.... // Turns i n s o l e n o i d
6 n = 500;.... // Turns /m
7 // Using the r e l a t i o n
8 I = H/n;.... // where I i s the c u r r e n t through the

s o l e n o i d
9 printf(”\nThe c u r r e n t through the s o l e n o i d i s = %2d

A”, I);

10

11 // R e s u l t
12 // The c u r r e n t through the s o l e n o i d i s = 10 A

Scilab code Exa 12.2 Magnetic moment of the iron rod
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1 // S c i l a b Code Ex12 . 2 : Page−603 ( 2 0 1 1 )
2 clc; clear;

3 n = 500;.... // Number o f t u r n s wound per metre on
the s o l e n o i d

4 i = 0.5;.... // Current through the s o l e n o i d , A
5 V = 1e -03;.... // Volume o f i r o n rod , per metre cube
6 mu_r = 1200; // R e l a t i v e p e r m e a b i l i t y o f the i r o n
7 H = n*i; // Magnet ic i n t e n s i t y i n s i d e s o l e n o i d ,

ampere−turn per metre
8 // As B = mu o ∗ (H + I ) => I = B/mu o − H
9 // But B = mu o ∗ mu r ∗ H and s o l v i n g f o r I
10 I = (mu_r - 1) * H;

11 printf(”\nThe I n t e n s i t y o f m a g n e t i s a t i o n i n s i d e the
s o l e n o i d , I = %5 . 3 e A/m”, I);

12 M = I * V; // Magnet ic moment o f the rod , ampere
metre s qua r e

13 printf(”\nThe magnet i c moment o f the rod , M = %3d
ampere metre s qua r e ”, M)

14

15 // R e s u l t
16 // The I n t e n s i t y o f m a g n e t i s a t i o n i n s i d e the

s o l e n o i d , I = 2 . 9 9 8 e +005 A/m
17 // The magnet i c moment o f the rod , M = 299 ampere

metre squa r e

Scilab code Exa 12.3 Magnetic moment of the rod placed inside the solenoid

1 // S c i l a b Code Ex12 . 3 : Page−604 ( 2 0 1 1 )
2 clc; clear;

3 n = 300;.... // Number o f t u r n s wound per metre on
the s o l e n o i d

4 i = 0.5;.... // Current through the s o l e n o i d , A
5 V = 1e -03;.... // Volume o f i r o n rod , per metre cube
6 mu_r = 100; // R e l a t i v e p e r m e a b i l i t y o f the i r o n
7 H = n*i; // Magnet ic i n t e n s i t y i n s i d e s o l e n o i d ,
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ampere−turn per metre
8 // As , I = (B−mu o∗ H) /mu o
9 //But , B= mu ∗ H = mu r ∗ mu o ∗ H and I = ( mu r−1)∗

H
10 I = (mu_r -1)*n*i;

11 printf(”\nThe I n t e n s i t y o f m a g n e t i s a t i o n i n s i d e the
s o l e n o i d , I = %5 . 3 e A/m”, I);

12 l = 0.2;.... // l e n g t h o f the rod ,m
13 r = 5e -3;.... // r a d i u s o f the rod ,m
14 V = 1.57e -5;.... //V=%pi∗ r ˆ2∗ l where the volume o f

the rod hav ing r a d i u s r and l eng th ,m
15 M = I * V ; // Magnet ic moment o f the rod ,

ampere metre squa r e
16 printf(”\nThe magnet i c moment o f the rod , M = %5 . 3 f

ampere metre s qua r e ”,M)
17

18 // R e s u l t
19 // The I n t e n s i t y o f m a g n e t i s a t i o n i n s i d e the

s o l e n o i d , I = 1 . 4 8 5 e +004 A/m
20 // The magnet i c moment o f the rod , M = 0 . 2 3 3 ampere

metre squa r e

Scilab code Exa 12.4 Magnetizing force and relative permeability of the material

1 // S c i l a b Code Ex12 . 4 : Page−605 ( 2 0 1 1 )
2 clc; clear;

3 B = 0.0044;.... // Magnet ic f l u x d e n s i t y , weber / meter
squa r e

4 mu_o = 4*%pi*1e -07;.... // R e l a t i v e p e r m e a b i l i t y o f
the m a t e r i a l , henery /m

5 I = 3300;.... // M agne t i z a t i o n o f a magnet i c m a t e r i a l
, A/m

6 //B = mu o ∗ ( I+H) , s o l v i n g f o r H
7 H = (B/mu_o)- I;.... // Magnet i z ing f o r c e ,A/m
8 printf(”\nThe magnet i c i n t e n s i t y ,H = %3d A/m”,H);
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9 // R e l a t i o n between i n t e n s i t y o f m a g n e t i z a t i o n and
r e l a t i v e p e r m e a b i l i t y

10 mu_r = (I/H)+1;.... // s u b s t i t u t e the v a l u e o f I and H
11 printf(”\nThe r e l a t i v e p e r m e a b i l i t y , mu r = %5 . 2 f ”,

mu_r);

12

13 // R e s u l t
14 // The magnet i c i n t e n s i t y ,H = 201 A/m
15 // The r e l a t i v e p e r m e a b i l i t y , mu r = 1 7 . 3 8

Scilab code Exa 12.5 Magnetic flux density and magnetic intensity

1 // S c i l a b Code Ex12 . 5 : Page−605 ( 2 0 1 1 )
2 clc; clear;

3 mu_o = 4*%pi*1e -07;.... // Magnet ic p e r m e a b i l i t y o f
the f r e e space , henery /m

4 mu_r = 600;

5 mu = mu_o*mu_r; // Magnet ic p e r m e a b i l i t y o f the
medium , henery /m

6 n = 500;... // Turns i n a w i r e
7 i = 0.3;.... // Current f l o w s through a r ing , amp
8 r = 12e -02/2;.... // Mean r a d i u s o f a r ing , m
9 B = mu_o*mu_r*n*i/(2* %pi*r);

10 printf(”\nThe magnet i c f l u x d e n s i t y = %2 . 1 f weber /
meter−s qua r e ”, B);

11 H = B/mu; // Magnet ic i n t e n s i t y , ampere−t u r n s /m
12 printf(”\nThe magnet i c i n t e n s i t y = %5 . 1 f ampere−

t u r n s /m”, H);

13 // As B = mu o ∗ ( I + H) => mu o∗ I = B − mu o∗H
14 printf(”\nThe p e r c e n t a g e magnet i c f l u x d e n s i t y due

to e l e c t r o n i c l oop c u r r e n t s = %5 . 2 f p e r c e n t ”, (B

- mu_o*H)/B*100);

15

16 // R e s u l t
17 // The magnet i c f l u x d e n s i t y = 0 . 3 weber / meter−
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s qua r e
18 // The magnet i c i n t e n s i t y = 3 9 7 . 9 ampere−t u r n s /m
19 // The p e r c e n t a g e magnet i c f l u x d e n s i t y due to

e l e c t r o n i c l oop c u r r e n t s = 9 9 . 8 3 p e r c e n t

Scilab code Exa 12.6 Total dipole moment of the sample

1 // S c i l a b Code Ex12 . 6 : Page−606 ( 2 0 1 1 )
2 clc; clear;

3 M_i = 4.5;.... // I n t i a l v a l u e o f t o t a l d i p o l e moment
o f the sample

4 H_i = 0.84;.... // E x t e r n a l magnet i c f i e l d , t e s l a
5 T_i = 4.2;.... // Coo l i ng t emera t u r e o f the sample , K
6 H_f = 0.98;.... // E x t e r n a l magnet i c f i e l d , t e s l a
7 T_f = 2.8;.... // Coo l i ng t emera t u r e o f the sample , K
8 // Accord ing to the c u r i e ’ s law , Mf/Mi = ( Hf/ Hi ) ∗ ( Ti

/ Tf )
9 M_f = M_i*H_f/H_i*T_i/T_f;

10 printf(”\nThe t o t a l d i p o l e moment o f the sample = %5
. 3 f j o u l e / t e s l a ”,M_f);

11

12 // R e s u l t
13 // The t o t a l d i p o l e moment o f the sample = 7 . 8 7 5

j o u l e / t e s l a

Scilab code Exa 12.7 Magnetization and magnetic moment in the bar

1 // S c i l a b Code Ex12 . 7 : Page−606 ( 2 0 1 1 )
2 clc; clear;

3 mu_o = 4*%pi*1e -07;.... // Magnet ic p e r m e a b i l i t y o f
f r e e space , henry /m

4 n = 1e+29;.... // Number d e n s i t y o f atoms o f i r on ,
per metre cube
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5 p_m = 1.8e -23;.... // Magnet ic moment o f each atom ,
ampere−metre s qua r e

6 k_B = 1.38e -23;.... // Boltzmann cons tant , J/K
7 B = 0.1; // Magnet ic f l u x d e n s i t y , weber per

metre s qua r e
8 T = 300;.... // Abso lu te room temperature , K
9 l = 10e-02; // Length o f the i r o n bar , m

10 a = 1e-04; // Area o f c r o s s−s e c t i o n o f the i r o n bar
, metre squ a r e

11 V = l*a; // Voluem o f the i r o n bar , metre cube
12 chi = n*p_m^2* mu_o /(3* k_B*T);

13 printf(”\nThe paramagnet i c s u s c e p t i b i l i t y o f a
m a t e r i a l = %5 . 3 e ”, chi);

14 pm_mean = p_m^2*B/(3* k_B*T); // Mean d i p o l e moment
o f an i r o n atom , ampere metre−s qua r e

15 P_m = n*pm_mean; // D ipo l e moment o f the bar ,
ampere metre−s qua r e

16 I = n*p_m; // M agne t i z a t i o n o f the bar i n one
domain , ampere / metre

17 M = I*V; // Magnet ic moment o f the bar , ampere
metre−s qua r e

18 printf(”\nThe d i p o l e moment o f the bar = %5 . 3 e
ampere metre−s qua r e ”, P_m);

19 printf(”\nThe m a g n e t i z a t i o n o f the bar i n one domain
= %3 . 1 e ampere / metre ”, I);

20 printf(”\nThe magnet i c moment o f the bar = %2d
ampere metre−s qua r e ”, M);

21

22 // R e s u l t
23 // The paramagnet i c s u s c e p t i b i l i t y o f a m a t e r i a l =

3 . 2 7 8 e−03
24 // The d i p o l e moment o f the bar = 2 . 6 0 9 e+02 ampere

metre−s qua r e
25 // The m a g n e t i z a t i o n o f the bar i n one domain = 1 . 8 e

+06 ampere / metre
26 // The magnet i c moment o f the bar = 18 ampere metre−

s qua r e
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Scilab code Exa 12.8 Hysteresis loss of energy per hour in the iron core of the transformer

1 // S c i l a b Code Ex12 . 8 : Page−607 ( 2 0 1 1 )
2 clc; clear;

3 A = 500;.... // Area o f the B−H loop , j o u l e per metre
cube

4 n = 50;.... // Tota l number o f c y c l e s , Hz
5 m = 9;.... // Mass o f the core , kg
6 d = 7.5e+3;.... // Dens i ty o f the core , kg / metre cube
7 t = 3600;.... // Time dur ing which the ene rgy l o s s

t a k e s p l ace , s
8 V = m/d;.... // Volume o f the core , metre cube
9 E = n*V*A*t;.... // H y s t e r s i s l o s s o f ene rgy per hour

, j o u l e
10 printf(”\nThe h y s t e r s i s l o s s per hour = %5 . 2 eJ ”, E);

11

12 // R e s u l t
13 // The h y s t e r s i s l o s s per hour = 1 . 0 8 e +005J

Scilab code Exa 12.9 Hystersis loss from BH loop

1 // S c i l a b Code Ex12 . 9 : Page−607 ( 2 0 1 1 )
2 clc; clear;

3 n = 50;.... // Tota l number o f c y c l e s per sec , Hz
4 V = 1e -03;.... // Volume o f the spec imen , metre cube
5 t = 1;.... // Time dur ing which the l o s s occur s , s
6 A = 0.25e+03;.... // Area o f B−H loop , j o u l e per

metre cube
7 E = n*V*A*t; // Energy l o s s due to h y s t e r e s i s , J/

s
8 printf(”\nThe h y s t e r s i s l o s s = %4 . 1 f J/ s ”, E);

9
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10 // R e s u l t
11 // The h y s t e r s i s l o s s = 1 2 . 5 J/ s

Scilab code Exa 12.10 Change in the magnetic dipole moment of the electron

1 // S c i l a b Code Ex12 . 1 0 : Page−608 ( 2 0 1 1 )
2 clc; clear;

3 e = 1.6e -19;.... // Charge on a n l e c t r o n , C
4 m = 9.1e -31;.... // Mass o f the e l e c t r o n , kg
5 r = 5.1e -11;.... // Radius o f the e l e c t r o n i c o r b i t , m
6 B = 2.0;.... // Appl i ed magnet i c f i e l d , weber per

metre−s qua r e
7 delta_pm = e^2*r^2*B/(4*m);

8 printf(”\nThe change i n the magnet i c d i p o l e moment
o f the e l e c t r o n = %3 . 1 e A−metre s qua r e ”, delta_pm

);

9

10 // R e s u l t
11 // The change i n the magnet i c d i p o l e moment o f the

e l e c t r o n = 3 . 7 e−29 A−metre s qua r e
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Chapter 13

Dielectric Properties of
Materials

Scilab code Exa 13.1 Electric dipole placed in a uniform electric field

1 // S c i l a b Code Ex13 . 1 : Page−648 ( 2 0 1 1 )
2 clc;clear;

3 q = 1e-006; // E l e c t r i c cha rge on e i t h e r s i d e o f
the d i p o l e , C

4 l = 2e-02; // D ipo l e l eng th , m
5 p = q*l;.... // D ipo l e moment f o r the p a i r o f

o p p o s i t e charge s , C−m
6 E = 1e+005;.... // E x t e r n a l e l e c t r i c f i e l d , N/C
7 theta = 90;.... // Angle which the d i p o l e makes with

the e x t e r n a l f i e l d , d e g r e e s
8 tau = p*E*sind(theta);.... // The maximum t o r qu e on

d i p o l e p l a c e d i n e x t e r n a l e l e c t r i c f i e l d , Nm
9 printf(”\nThe maximum to r q u e = %1 . 0 e N−m”, tau);

10 W = integrate( ’ p∗E∗ s i n ( t h e t ) ’ , ’ t h e t ’ , 0, %pi);

// The work done i n r o t a t i n g the d i p o l e d i r e c t i o n
= %1 . 0 e J ” , W

11 printf(”\nThe work done i n r o t a t i n g the d i p o l e
d i r e c t i o n = %1 . 0 e J”, W);

12
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13 // R e s u l t
14 // The maximum t o r qu e = 2e−003 N−m
15 // The work done i n r o t a t i n g the d i p o l e d i r e c t i o n =

4e−003 J

Scilab code Exa 13.2 Force acting on an electric dipole in different orientations relative to the electric field

1 // S c i l a b Code Ex13 . 2 : Page−648 ( 2 0 1 1 )
2 clc;clear;

3 Q = 8e -019;.... // Charge o f the nuc l eu s , C
4 p = 3.2e -029;.... // E l e c t r i c d i p o l e moment , C−m
5 r = 1e-10; // D i s t a n c e o f d i p o l e r e l a t i v e to the

nuc l eu s , m
6 k = 9e+9;.... // Coulomb cons tant , N−meter−s qua r e /C−

s qua r e
7 theta = 0;.... // Angle f o r r a d i a l d i r e c t i o n , r a d i a n
8 F = k*p*Q*sqrt (3*cos(theta ^2)+1)/r^3; // The

f o r c e a c t i n g on the d i p o l e i n the r a d i a l
d i r e c t i o n , N

9 printf(”\nThe f o r c e a c t i n g on the d i p o l e i n the
r a d i a l d i r e c t i o n = %3 . 1 e N”, F);

10 theta = %pi /2;.... // Angle f o r p e r p e n d i c u l a r
d i r e c t i o n , r a d i a n

11 F = k*p*Q*sqrt (3*cos(theta)^2+1)/r^3;

12 printf(”\nThe f o r c e a c t i n g on the d i p o l e i n the
d i r e c t i o n p e r p e n d i c u l a r to r a d i a l d i r e c t i o n = %3
. 1 e N”, F);

13

14 // R e s u l t
15 // The f o r c e a c t i n g on the d i p o l e i n the r a d i a l

d i r e c t i o n = 4 . 6 e−007 N
16 // The f o r c e a c t i n g on the d i p o l e i n the d i r e c t i o n

p e r p e n d i c u l a r to r a d i a l d i r e c t i o n = 2 . 3 e−007 N
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Scilab code Exa 13.3 Dielectric constant and the electric permittivity of the material

1 // S c i l a b Code Ex13 . 3 : Page−649 ( 2 0 1 1 )
2 clc;clear;

3 chi_e = 35.4e -12;.... // S u s c e p t a b i l i t y o f the
m a t e r i a l , C−s qua r e /N−meter−s qua r e

4 eps_0 = 8.85e -12;.... // E l e c t r i c p e r m i t t i v i t y i n
f r e e space , C−s q u r e /N−meter−s qua r e

5 K = 1 + (chi_e/eps_0);

6 printf(”\nThe d i e l e c t r i c c o n s t a n t = %d ”,K);
7 eps = (eps_0*K);

8 printf(”\nThe e l e c t r i c p e r m i t t i v i t y = %5 . 3 e C−
s qua r e /N−meter s qua r e ”,eps);

9

10 // R e s u l t
11 // The d i e l e c t r i c c o n s t a n t = 5
12 // The e l e c t r i c p e r m i t t i v i t y = 4 . 4 2 5 e−011 C−s qua r e /

N−meter s qua r e

Scilab code Exa 13.4 Dielectric constant and the electric susceptability of diamond

1 // S c i l a b Code Ex13 . 4 : Page−649 ( 2 0 1 1 )
2 clc;clear;

3 eps = 1.46e -10;.... // E l e c t r i c p e r m i t t i v i t y , C−
s qua r e /n−meter−s qua r e

4 eps_0 = 8.85e -12;.... // P e r m i t t i v i t y i n f r e e space ,
C−s q u r e /N−meter−s qua r e

5 K = (eps/eps_0);

6 printf(”\nThe d i e l e c t r i c c o n s t a n t = %4 . 1 f ”, K);

7 chi_e = eps_0 *(K-1) ;.... // S u s c e p t a b i l i t y , i n C−
s qua r e /N−meter−s qua r e
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8 printf(”\nThe e l e c t r i c s u s c e p t a b i l i t y = %4 . 2 e C−
s qua r e /N−meter squa r e ”, chi_e);

9

10 // R e s u l t
11 // The d i e l e c t r i c c o n s t a n t = 1 6 . 5
12 // The e l e c t r i c s u s c e p t a b i l i t y = 1 . 3 7 e−010 C−s qua r e /

N−meter s qua r e

Scilab code Exa 13.5 Calculate the values of E D and P

1 // S c i l a b Code Ex13 . 5 Page−650 ( 2 0 1 1 )
2 clc;clear;

3 K = 7.0;.... // D i e l e c t r i c c o n s t a n t o f the s l a b
4 d = 0.01;.... // D i s t a n c e between the two p a r a l l e l

p l a t e s , m
5 V_0 = 100;.... // P o t e n t i a l d i f f e r e n c e a c r o s s the

p l a t e s , V
6 eps_0 = 8.85e -12;.... // E l e c t r i c p e r m a b i l i t y o f the

f r e e space , C−s qua r e /N−meter−s qua r e
7 E_0 = V_0/d;.... // E l e c t r i c i n t e n s i t y i n the absence

o f d i e l e c t r i c s l ab , V/m
8 E = E_0/K; // E l e c t r i c i n t e n s i t y with d i e l e c t r i c

s l a b i n t r o d u c e d between the p l a t e s , V/m
9 printf(”\nThe e l e c t r i c f i e l d i n t e n s i t y i n the

p r e s e n c e o f the d i e l e c t r i c s l a b = %4 . 2 e V/m ”, E)

;

10 D = (eps_0*K*E); // E l e c t r i c d i sp l a c ement , C−
s qua r e /m−s qua r e

11 printf(”\nThe e l e c t r i c d i s p l a c e m e n t i n the
d i e l e c t r i c s l a b = %4 . 2 e C−s qua r e / meter−s qua r e ”,D
);

12 P = eps_0 *(K-1)*E; // E l e c t r i c p o l a r i z a t i o n i n
the d i e l e c t r i c s l ab , C−s qua r e /m−s qua r e

13 printf(”\nThe e l e c t r i c p o l a r i z a t i o n i n the
d i e l e c t r i c s l a b = %3 . 1 e C−s qua r e / meter−s qua r e ”,P
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);

14

15 // R e s u l t
16 // The e l e c t r i c f i e l d i n t e n s i t y i n the p r e s e n c e o f

the d i e l e c t r i c s l a b = 1 . 4 3 e +003 V/m
17 // The e l e c t r i c d i s p l a c e m e n t i n the d i e l e c t r i c s l a b

= 8 . 8 5 e−008 C−s qua r e / meter−s qua r e
18 // The e l e c t r i c p o l a r i z a t i o n i n the d i e l e c t r i c s l a b

= 7 . 6 e−008 C−s qua r e / meter−s qua r e

Scilab code Exa 13.6 Dipole moment induced in He atom

1 // S c i l a b Code Ex13 . 6 : Page−650 ( 2 0 1 1 )
2 clc;clear;

3 K = 1.000074;.... // D i e l e c t r i c c o n s t a n t o f the He
4 n = 2.69e+025;.... // Atomic d e n s i t y o f He , atoms /

meter−cube
5 eps_0 = 8.85e -012;.... // E l e c t r i c p e r m a b i l i t y o f the

f r e e space , C−s qua r e /N−meter−s qua r e
6 E = 1;.... // E l e c t r i c f i e l d s t r e n g t h , V/m
7 p = (eps_0*(K-1)*E)/n; // D ipo l e moment induced

i n He , C−m
8 printf(”\nThe d i p o l e moment induced i n each He atom

= %4 . 2 e C−m ”, p);

9

10 // R e s u l t
11 // The d i p o l e moment induced i n each He atom = 2 . 4 3 e

−041 C−m

Scilab code Exa 13.7 Induced dipole moment and atomic polarizability of neon gas

1 // S c i l a b Code Ex13 . 7 : Page−650 ( 2 0 1 1 )
2 clc;clear;
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3 K = 1.000134;.... // D i e l e c t r i c c o n s t a n t o f the neon
4 n = 2.69e+25;.... // Atomic d e n s i t y o f argon , atoms /

meter−cube
5 eps_0 = 8.85e -12;.... // E l e c t r i c P e r m a b i l i t y i n the

f r e e space , C−s qua r e /N−meter−s qua r e
6 E = 90e+03; // E x t e r n a l e l e c t r i c f i e l d , V/m
7 p = eps_0*(K-1)*E/n; // D ipo l e moment induced i n

each neon atom , C−m
8 alpha = p/E; // Atomic p o l a r i z a b i l i t y o f neon gas

, C−metre−s qua r e /V
9 printf(”\nThe induced d i p o l e moment o f noen atom =

%4 . 2 e C−m”, p) ;

10 printf(”\nThe e l e c t r o n i c p o l a r i z a b i l i t y o f neon gas
= %3 . 1 e C−m−s qua r e /V ”, alpha);

11

12 // R e s u l t
13 // The induced d i p o l e moment o f noen atom = 3 . 9 7 e

−036 C−m
14 // The e l e c t r o n i c p o l a r i z a b i l i t y o f neon gas = 4 . 4 e

−041 C−m−s qua r e /V

Scilab code Exa 13.8 Electronic polarizability of argon atom

1 // S c i l a b Code Ex13 . 8 : Page−651 ( 2 0 1 1 )
2 clc;clear;

3 K = 1.0024;.... // D i e l e c t r i c c o n s t a n t o f the argon
4 n = 2.7e+25;.... // Atomic d e n s i t y o f argon , atoms /

meter−cube
5 eps_0 = 8.85e -12;.... // E l e c t r i c P e r m a b i l i t y i n the

f r e e space , C−s qua r e /N−meter−s qua r e
6 alpha = eps_0 *(K-1)/n;

7 printf(”\nThe e l e c t r o n i c p o l a r i z a b i l i t y o f argon
atom = %4. 1 e C−m−s qua r e /V ”, alpha);

8

9 // R e s u l t
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10 // The e l e c t r o n i c p o l a r i z a b i l i t y o f argon atom = 7 . 9
e−040 C−m−s qua r e /V

Scilab code Exa 13.9 Individual dipole moment of carbon tetrachloride

1 // S c i l a b Code Ex13 . 9 : Page−651 ( 2 0 1 1 )
2 clc;clear;

3 K = 2.24;.... // D i e l e c t r i c c o n s t a n t
4 eps_0 = 8.85e -12;.... // E l e c t r i c p e r m a b i l i t y i n the

f r e e space , C−s qua r e /N−meter−s qua r e
5 rho = 1.6e+003;.... // Dens i ty o f CCl4 , kg / meter−cube
6 M = 156;.... // Mo l e cu l a r we ight o f CCl4
7 E = 1e+007;.... // E x t e r n a l e l e c t r i c f i e l d s t r e n g t h ,

V/m
8 N_A = 6.02e+26; // Avogadro ’ s number , per kmol
9 rho_M = rho*N_A/M; // Mo l e cu l a r d e n s i t y o f CCl4
10 p = eps_0*(K-1)*E/rho_M; // I n d i v i d u a l d i p o l e

moment o f CCL4 molecu l e , C−m
11 printf(”\ n I n d i v i d u a l d i p o l e moment o f CCL4 m o l e c u l e

= %4 . 2 e C−m ”, p);

12

13 // R e s u l t
14 // I n d i v i d u a l d i p o l e moment o f CCL4 m o l e c u l e = 1 . 7 8 e

−032 C−m

Scilab code Exa 13.10 Atomic radius of He

1 // S c i l a b Code Ex13 . 1 0 : Page−652 ( 2 0 1 1 )
2 clc;clear;

3 K = 1.0000684;.... // D i e l e c t r i c c o n s t a n t o f He at 1
atm

4 n = 2.7e+25;.... // Dens i ty o f He at 1 atm and 273 K,
atoms / meter−cube
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5 // The atomic p o l a r i z i b i l i t y , a lpha = e p s 0 ∗ (K−1)/n
6 // In terms o f atomic r a d iu s , a lpha = 4∗%pi∗ e p s 0 ∗R

ˆ3 so , we have
7 R = ((K-1) /(4* %pi*n))^(1/3); // Radius o f He atom

, m
8 printf(”\nThe atomic r a d i u s o f He = %4 . 2 e m ”, R);

9

10 // R e s u l t
11 // The atomic r a d i u s o f He = 5 . 8 6 e−011 m

Scilab code Exa 13.11 Percentage of ionic polarizability in NaCl crystal

1 // S c i l a b Code Ex13 . 1 1 : Page−652 ( 2 0 1 1 )
2 clc;clear;

3 mu = 1.5;.... // O p t i c a l index o f r e f r a c t i o n o f NaCl
c r y s t a l

4 K = 5.6;.... // S t a t i c d i e l e c t r i c c o n s t a n t o f NaCl
c r y s t a l

5 P_IP = (1-((mu^2-1)*(K+2))/((mu ^2+2)*(K-1)))*100;

6 printf(”\nThe p e r c e n t a g e o f i o n i c p o l a r i z i b i l i t y i n
NaCl c r y s t a l = %4 . 1 f p e r c e n t ”, P_IP);

7

8 // R e s u l t
9 // The p e r c e n t a g e o f i o n i c p o l a r i z i b i l i t y i n NaCl

c r y s t a l = 5 1 . 4 p e r c e n t

Scilab code Exa 13.12 Determine the dipole moment

1 // S c i l a b Code Ex13 . 1 2 : Page−653 ( 2 0 1 1 )
2 clc;clear;

3 K_B = 1.38e -23;.... // Boltzmann cons tant , J/mol/K
4 T = 300;.... // Room temperature , K
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5 eps_0 = 8.85e -12;.... // E l e c t r i c p e r m i t t i v i t y o f
f r e e space , F/m

6 N_A = 6.0e+23; // Avogadro ’ s number
7 n2 = N_A *1000; // Number o f m o l e c u l e s o f non−

p o l a r s u b s t a n c e i n 1000 cc volume
8 p_0 = sqrt ((9* K_B*T*eps_0 *0.023)/n2); // D ipo l e

moment o f p o l a r mo l e cu l e s , C−m
9 printf(”\nThe d i p o l e moment o f p o l a r m o l e c u l e s = %5

. 3 e C−m”, p_0);

10

11 // R e s u l t
12 // The d i p o l e moment o f p o l a r m o l e c u l e s = 3 . 5 5 5 e−030

C−m
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Chapter 14

Solid State Electronics

Scilab code Exa 14.1 Density of impurity atoms to N type and P type silicon

1 // S c i l a b code Ex14 . 1 : Pg : 7 1 8 ( 2 0 1 1 )
2 clc;clear;

3 e = 1.6e -019; // Charge on an e l e c t r o n , C
4 mu_h = 0.048; // M o b i l i t y o f h o l e s , metre s qua r e /

vo l t−s
5 mu_e = 0.135; // M o b i l i t y o f e l e c t r o n s , metre

squa r e / vo l t−s
6 // For P−type s emi conduc to r
7 rho_p = 1e-01; // R e s i s t i v i t y o f P type s i l i c o n ,

omh−m
8 // As rho p = 1/( e∗N a∗mu h ) , s o l v i n g f o r N a
9 N_a = 1/(e*rho_p*mu_h); // Dens i ty o f a c c e p t o r atoms

, per metre cube
10 // For N−type s emi conduc to r
11 rho_n = 1e-01; // R e s i s t i v i t y o f N type s i l i c o n ,

omh−m
12 // As rho n = 1/( e∗N d∗mu h ) , s o l v i n g f o r N d
13 N_d = 1/(e*rho_n*mu_e); // Dens i ty o f donor atoms ,

per metre cube
14 printf(”\ nDens i ty o f a c c e p t o r atoms = %4 . 2 e per

metre cube ”, N_a);

137



15 printf(”\ nDens i ty o f donor atoms = %4 . 2 e per metre
cube ”, N_d);

16

17 // R e s u l t
18 // Dens i ty o f a c c e p t o r atoms = 1 . 3 0 e+21 per metre

cube
19 // Dens i ty o f donor atoms = 4 . 6 3 e+20 per metre cube

Scilab code Exa 14.2 Electrical conductivity and resistivity of intrinsic germanium sample

1 // S c i l a b code Ex14 . 2 : Pg : 7 1 8 ( 2 0 1 1 )
2 clc;clear;

3 e = 1.6e -019; // Charge on an e l e c t r o n , C
4 mu_e = 0.36; // M o b i l i t y o f an e l e c t r o n , metre

squa r e /V−s
5 mu_h = 0.17; // M o b i l i t y o f a ho le , metre squa r e /

V−s
6 n_i = 2.5e+018; // I n t r i n s i c c o n c e n t r a t i o n o f Ge

sample , per metre cube
7 sigma = e*n_i*(mu_h+mu_e); // E l e c t r i c a l

c o n d u c t i v i t y o f Ge sample , mho per metre
8 rho = 1/sigma; // E l e c t r i c a l r e s i s t i v i t y o f Ge , ohm

−m
9 printf(”\nThe e l e c t r i c a l c o n d u c t i v i t y o f i n t r i n s i c

germanium sample = %5 . 3 f mho/m”, sigma);

10 printf(”\nThe e l e c t r i c a l r e s i s t i v i t y o f i n t r i n s i c
germanium sample = %3 . 1 f ohm−m”, rho);

11

12 // R e s u l t
13 // The e l e c t r i c a l c o n d u c t i v i t y o f i n t r i n s i c

germanium sample = 0 . 2 1 2 mho/m
14 // The e l e c t r i c a l r e s i s t i v i t y o f i n t r i n s i c germanium

sample = 4 . 7 ohm−m
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Scilab code Exa 14.3 Electrical conductivity of undoped and doped silicon

1 // S c i l a b code Ex14 . 3 : Pg : 7 1 9 ( 2 0 1 1 )
2 clc;clear;

3 e = 1.6e -019; // Charge on an e l e c t r o n , C
4 mu_e = 0.13; // M o b i l i t y o f an e l e c t r o n , metre

squa r e /V−s
5 mu_h = 0.05; // M o b i l i t y o f a ho le , metre squa r e /

V−s
6 n_i = 1.5e+016; // I n t r i n s i c c o n c e n t r a t i o n o f Si ,

pe r metre cube
7 // Pure S i
8 sigma = e*n_i*(mu_h+mu_e); // E l e c t r i c a l

c o n d u c t i v i t y o f Si , mho per metre
9 // Pure S i doped with donor impur i t y

10 n_e = 5e+028/1e+09; // C o n c e n t r a t i o n o f
e l e c t r o n s , per metre cube

11 sigma_n = e*n_e*mu_e; // E l e c t r i c a l c o n d u c t i v i t y
o f S i doped with donor impur i ty , mho per metre

12 // Pure S i doped with a c c e p t o r impur i t y
13 n_h = 5e+028/1e+09; // C o n c e n t r a t i o n o f h o l e s ,

pe r metre cube
14 sigma_p = e*n_h*mu_h; // E l e c t r i c a l c o n d u c t i v i t y

o f S i doped with a c c e p t o r impur i ty , mho per metre
15 printf(”\nThe e l e c t r i c a l c o n d u c t i v i t y o f pure S i =

%4 . 2 e mho/m”, sigma);

16 printf(”\nThe e l e c t r i c a l c o n d u c t i v i t y o f S i doped
with donor impur i t y = %4 . 2 f mho/m”, sigma_n);

17 printf(”\nThe e l e c t r i c a l c o n d u c t i v i t y o f S i doped
with a c c e p t o r impur i t y= %4 . 2 f mho/m”, sigma_p);

18

19 // R e s u l t
20 // The e l e c t r i c a l c o n d u c t i v i t y o f pure S i = 4 . 3 2 e−04

mho/m
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21 // The e l e c t r i c a l c o n d u c t i v i t y o f S i doped with
donor impur i t y = 1 . 0 4 mho/m

22 // The e l e c t r i c a l c o n d u c t i v i t y o f S i doped with
a c c e p t o r impur i t y= 0 . 4 0 mho/m

Scilab code Exa 14.4 Shift in Fermi level due to change in density of donor atoms

1 // S c i l a b code Ex14 . 4 : Pg : 7 2 0 ( 2 0 1 1 )
2 clc;clear;

3 Nd = 1; // For s i m p l i c i t y assume donor
c o n c e n t r a t i o n to be uni ty , per metre cube

4 Nd_prime = 3*Nd; // Thr i c e the donor c o n c e n t r a t i o n
, per metre cube

5 dE_CF1 = 0.5; // Energy d i f f e r e n c e between normal
Fermi l e v e l and conduc t i on l e v e l , eV

6 k_BT = 0.03; // Thermal ene rgy at room
temperature , eV

7 // As Nd prime /Nd = exp ( ( dE CF1 − dE CF2 ) ) /k BT ,
s o l v i n g f o r dE CF2

8 dE_CF2 = dE_CF1 -k_BT*log(Nd_prime/Nd); // Energy
d i f f e r e n c e between new p o s t i o n o f Fermi l e v e l and

conduc t i on l e v e l , eV
9 printf(”\nThe new p o s t i o n o f Fermi l e v e l when donor

c o n c e n t r a t i o n i s t r e b l e d = %5 . 3 f eV”, dE_CF2);

10

11 // R e s u l t
12 // The new p o s t i o n o f Fermi l e v e l when donor

c o n c e n t r a t i o n i s t r e b l e d = 0 . 4 6 7 eV

Scilab code Exa 14.5 Voltage required to cause a forward current density in pn junction diode

1 // S c i l a b code Ex14 . 5 : Pg : 7 2 1 ( 2 0 1 1 )
2 clc;clear;
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3 e = 1.6e -019; // Charge on an e l e c t r o n , C
4 T = 300; // Room temperature , K
5 J0 = 300e-03; // S a t u r a t i o n c u r r e n t d e n s i t y o f the

pn j u n c t i o n diode , A/ metre s qua r e
6 J = 1e+05; // Forward c u r r e n t d e n s i t y o f pn

j u n c t i o n diode , A/ metre squa r e
7 k_B = 1.38e -023; // Boltzmann cons tant , J/K
8 eta = 1; // I d e a l i t y f a c t o r f o r Ge d i ode
9 // As J = J0∗ exp ( e ∗V/( e t a ∗k B∗T) ) , s o l v i n g f o r V
10 V = eta*k_B*T/e*log(J/J0); // Vo l tage r e q u i r e d to

caus e a fo rward c u r r e n t d e n s i t y i n pn j u n c t i o n
diode , v o l t

11 printf(”\nThe v o l t a g e r e q u i r e d to caus e a fo rward
c u r r e n t d e n s i t y i n pn j u n c t i o n d i ode = %5 . 3 f V”,
V);

12

13 // R e s u l t
14 // The v o l t a g e r e q u i r e d to caus e a fo rward c u r r e n t

d e n s i t y i n pn j u n c t i o n d i ode = 0 . 3 2 9 V

Scilab code Exa 14.6 Applied voltage for forward current density

1 // S c i l a b code Ex14 . 6 : Pg : 7 2 1 ( 2 0 1 1 )
2 clc;clear;

3 e = 1.6e -019; // Charge on an e l e c t r o n , C
4 T = 300; // Room temperature , K
5 J0 = 200e-03; // S a t u r a t i o n c u r r e n t d e n s i t y o f the

pn j u n c t i o n diode , A/ metre s qua r e
6 J = 5e+04; // Forward c u r r e n t d e n s i t y o f pn

j u n c t i o n diode , A/ metre squa r e
7 k_B = 1.38e -023; // Boltzmann cons tant , J/K
8 eta = 1; // I d e a l i t y f a c t o r f o r Ge d i ode
9 // As J = J0∗ exp ( e ∗V/( e t a ∗k B∗T) ) , s o l v i n g f o r V
10 V = eta*k_B*T/e*log(J/J0); // Vo l tage r e q u i r e d to

caus e a fo rward c u r r e n t d e n s i t y i n pn j u n c t i o n
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diode , v o l t
11 printf(”\nThe v o l t a g e r e q u i r e d to caus e a fo rward

c u r r e n t d e n s i t y i n pn j u n c t i o n d i ode = %5 . 3 f V”,
V);

12

13 // R e s u l t
14 // The v o l t a g e r e q u i r e d to caus e a fo rward c u r r e n t

d e n s i t y i n pn j u n c t i o n d i ode = 0 . 3 2 2 V

Scilab code Exa 14.7 Forward voltage to increase the current density of Si diode

1 // S c i l a b code Ex14 . 7 : Pg : 7 2 2 ( 2 0 1 1 )
2 clc;clear;

3 e = 1.6e -019; // Charge on an e l e c t r o n , C
4 T = 300; // Room temperature , K
5 J0 = 300e-03; // S a t u r a t i o n c u r r e n t d e n s i t y o f the

pn j u n c t i o n diode , A/ metre s qua r e
6 J = 1e+05; // Forward c u r r e n t d e n s i t y o f pn

j u n c t i o n diode , A/ metre squa r e
7 k_B = 1.38e -023; // Boltzmann cons tant , J/K
8 eta = 2; // I d e a l i t y f a c t o r f o r Ge d i ode
9 // As J = J0∗ exp ( e ∗V/( e t a ∗k B∗T) ) , s o l v i n g f o r V
10 V = eta*k_B*T/e*log(J/J0); // Vo l tage r e q u i r e d to

caus e a fo rward c u r r e n t d e n s i t y i n pn j u n c t i o n
diode , v o l t

11 printf(”\nThe v o l t a g e r e q u i r e d to caus e a fo rward
c u r r e n t d e n s i t y i n S i i o d e = %5 . 3 f V”, V);

12

13 // R e s u l t
14 // The v o l t a g e r e q u i r e d to caus e a fo rward c u r r e n t

d e n s i t y i n S i d i ode = 0 . 6 5 8 V

Scilab code Exa 14.8 Static and dynamic values of diode resistance
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1 // S c i l a b code Ex14 . 8 : Pg : 7 2 3 ( 2 0 1 1 )
2 clc;clear;

3 I = 55e-03; // Forward c u r r e n t through S i d iode ,
A

4 V = 3; // Forward b i a s a c r o s s S i d iode , V
5 eta = 2; // I d e a l i t y f a c t o r f o r S i d i ode
6 R_dc = V/I; // S t a t i c d i ode r e s i s t a n c e , ohm
7 R_ac = 0.026* eta/I; // Dynamic d i ode r e s i s t a n c e ,

ohm
8 printf(”\nThe s t a t i c d i ode r e s i s t a n c e = %4 . 1 f ohm”,

R_dc);

9 printf(”\nThe dynamic d i ode r e s i s t a n c e = %5 . 3 f ohm”,
R_ac);

10

11 // R e s u l t
12 // The s t a t i c d i ode r e s i s t a n c e = 5 4 . 5 ohm
13 // The dynamic d i ode r e s i s t a n c e = 0 . 9 4 5 ohm

Scilab code Exa 14.9 Half wave rectifier parameters

1 // S c i l a b code Ex14 . 9 : Pg : 7 2 3 ( 2 0 1 1 )
2 clc;clear;

3 R_L = 1000; // Load r e s i s t a n c e a c r o s s HWR, ohm
4 V_rms = 200; // Rms v a l u e o f v o l t a g e supply , V
5 V0 = sqrt (2)*V_rms; // Peak v a l u e o f v o l t a g e , V
6 I0 = V0/(R_L*1e-03); // Peak v a l u e o f cu r r en t , mA
7 I_dc = I0/%pi; // Average v a l u e o f cu r r en t , mA
8 I_rms = I0/2; // Rms v a l u e o f cu r r en t , mA
9 V_dc = I_dc*R_L/1e+03; // Dc output v o l t a g e , V

10 PIV = V0; // Peak i n v e r s e v o l t a g e , V
11 printf(”\nThe ave rage v a l u e o f c u r r e n t = %2d mA”,

I_dc);

12 printf(”\nThe rms v a l u e o f c u r r e n t = %5 . 1 f mA”,
I_rms);

13 printf(”\nThe dc output v o l t a g e = %2d V”, V_dc /1);
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14 printf(”\nPIV = %5 . 1 f V”, PIV);

15

16

17 // R e s u l t
18 // The ave rage v a l u e o f c u r r e n t = 90 mA
19 // The rms v a l u e o f c u r r e n t = 1 4 1 . 4 mA
20 // The dc output v o l t a g e = 90 V
21 // PIV = 2 8 2 . 8 V

Scilab code Exa 14.10 Full wave rectifier parameters

1 // S c i l a b code Ex14 . 1 0 : Pg : 7 2 4 ( 2 0 1 1 )
2 clc;clear;

3 R_L = 980; // Load r e s i s t a n c e a c r o s s FWR, ohm
4 R_F = 20; // I n t e r n a l r e s i s t a n c e o f two c r y s t a l

d i o d e s i n FWR, ohm
5 V_rms = 50; // Rms v a l u e o f v o l t a g e supply , V
6 V0 = sqrt (2)*V_rms; // Peak v a l u e o f v o l t a g e , V
7 I0 = V0/(( R_L+R_F)*1e-03); // Peak v a l u e o f

cu r r en t , mA
8 I_dc = 2*I0/%pi; // Average v a l u e o f cu r r en t , mA
9 I_rms = I0/sqrt (2); // Rms v a l u e o f cu r r en t , mA

10 V_dc = I_dc*R_L/1e+03; // Dc output v o l t a g e , V
11 eta = 81.2/(1+ R_F/R_L); // R e c t i f i c a t i o n

e f f i c i e n c y
12 PIV = 2*V0; // Peak i n v e r s e v o l t a g e , V
13 printf(”\nThe ave rage v a l u e o f c u r r e n t = %2d mA”,

I_dc);

14 printf(”\nThe rms v a l u e o f c u r r e n t = %2d mA”, I_rms)

;

15 printf(”\nThe dc output v o l t a g e = %4 . 1 f V”, V_dc /1);

16 printf(”\nThe r e c t i f i c a t i o n e f f i c i e n c y = %4 . 1 f
p e r c e n t ”, eta);

17 printf(”\nPIV = %5 . 1 f V”, PIV);

18
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19

20 // R e s u l t
21 // The ave rage v a l u e o f c u r r e n t = 45 mA
22 // The rms v a l u e o f c u r r e n t = 50 mA
23 // The dc output v o l t a g e = 4 4 . 1 V
24 // The r e c t i f i c a t i o n e f f i c i e n c y = 7 9 . 6 p e r c e n t
25 // PIV = 1 4 1 . 4 V

Scilab code Exa 14.11 Current gains in BJT

1 // S c i l a b code Ex14 . 1 1 : Pg : 7 2 5 ( 2 0 1 1 )
2 clc;clear;

3 delta_IC = 1e-03; // Change i n c o l l e c t o r cu r r en t ,
A

4 delta_IB = 50e-06; // Change i n base cu r r en t , A
5 bta = delta_IC/delta_IB; // Base c u r r e n t

a m p l i f i c a t i o n f a c t o r
6 alpha = bta /(1+ bta); // Emit te r c u r r e n t

a m p l i f i c a t i o n f a c t o r
7 printf(”\nAlpha o f BJT = %4 . 2 f ”, alpha);

8 printf(”\nBeta o f BJT = %2d”, bta);

9

10

11 // R e s u l t
12 // Alpha o f BJT = 0 . 9 5
13 // Beta o f BJT = 20

Scilab code Exa 14.12 Base current of BJT in CB mode

1 // S c i l a b code Ex14 . 1 2 : Pg : 7 2 5 ( 2 0 1 1 )
2 clc;clear;

3 I_E = 2; // Emit te r cu r r en t , mA
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4 alpha = 0.88; // Emit te r c u r r e n t a m p l i f i c a t i o n
f a c t o r

5 I_C = alpha*I_E; // C o l l e c t o r cu r r en t , mA
6 I_B = I_E - I_C; // Base c u r r e n t o f BJT i n CB

mode , mA
7 printf(”\nThe base c u r r e n t o f BJT i n CB mode = %4 . 2 f

mA”, I_B);

8

9

10 // R e s u l t
11 // The base c u r r e n t o f BJT i n CB mode = 0 . 2 4 mA

Scilab code Exa 14.13 Current gain and base current of BJT in CB mode

1 // S c i l a b code Ex14 . 1 3 : Pg : 7 2 5 ( 2 0 1 1 )
2 clc;clear;

3 I_CBO = 12.5e-03; // Rever s e s a t u r a t i o n cu r r en t ,
mA

4 I_E = 2; // Emit te r cu r r en t , mA
5 I_C = 1.97; // C o l l e c t o r cu r r en t , mA
6 // As I C = alpha ∗ I E+I CBO , s o l v i n g f o r a lpha
7 alpha = (I_C - I_CBO)/I_E; // Emit te r c u r r e n t ga in
8 I_B = I_E - I_C; // Base cu r r en t , mA
9 printf(”\nThe e m i t t e r c u r r e n t ga in = %5 . 3 f ”, alpha);

10 printf(”\nThe base c u r r e n t = %4 . 2 f mA”, I_B);

11

12

13 // R e s u l t
14 // The e m i t t e r c u r r e n t ga in = 0 . 9 7 9
15 // The base c u r r e n t = 0 . 0 3 mA

Scilab code Exa 14.14 Current gain and leakage current of BJT in CE mode
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1 // S c i l a b code Ex14 . 1 4 : Pg : 7 2 6 ( 2 0 1 1 )
2 clc;clear;

3 alpha = 0.98; // Emit te r c u r r e n t a m p l i f i c a t i o n
f a c t o r

4 bta = alpha /(1-alpha); // Emit te r c u r r e n t
a m p l i f i c a t i o n f a c t o r

5 I_CBO = 5e-06; // Rever s e s a t u r a t i o n cu r r en t , A
6 I_CEO = 1/(1- alpha)*I_CBO; // Leakage c u r r e n t o f

BJT i n CE mode , mA
7 printf(”\nThe base c u r r e n t ga in = %2g”, bta);

8 printf(”\nThe l e a k a g e c u r r e n t o f BJT i n CE mode = %4
. 2 f mA”, I_CEO/1e-03);

9

10

11 // R e s u l t
12 // The base c u r r e n t ga in = 49
13 // The l e a k a g e c u r r e n t o f BJT i n CE mode = 0 . 2 5 mA

Scilab code Exa 14.15 Voltage and power gain of PNP transistor in CB mode

1 // S c i l a b code Ex14 . 1 5 : Pg : 7 2 6 ( 2 0 1 1 )
2 clc;clear;

3 R_i = 50; // Dynamic input r e s i s t a n c e o f PNP
t r a n s i s t o r , ohm

4 R_L = 5e+03; // Load r e s i s t a n c e i n c o l l e c t o r
c i r c u i t , ohm

5 alpha = 0.96; // Emit te r c u r r e n t a m p l i f i c a t i o n
f a c t o r

6 A_v = alpha*R_L/R_i; // Vo l tage ga in
7 A_p = alpha*A_v; // Power ga in
8 printf(”\nThe v o l t a g e ga in = %2g”, A_v);

9 printf(”\nThe power ga in = %2d”, A_p);

10

11

12 // R e s u l t
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13 // The v o l t a g e ga in = 96
14 // The power ga in = 92
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Chapter 15

Digital Electronics

Scilab code Exa 15.1 Binary equivalent of decimal number

1 // S c i l a b code Ex15 . 1 : Pg : 7 7 1 ( 2 0 1 1 )
2 clc;clear;

3 function [bin]= decimal_binary(n) // Funct ion to
c o n v e r t dec ima l to b i n a r y

4 bin = 0;

5 i = 1;

6 while (n <> 0)

7 rem = n-fix(n./2) .*2;

8 n = int(n/2);

9 bin = bin + rem*i;

10 i = i * 10;

11 end

12 endfunction

13

14 n = 25; // I n i t i a l i z e the dec ima l number
15 printf(” Binary e q u i v a l e n t o f %d = %d”, n,

decimal_binary(n));

16

17 // R e s u l t
18 // Binary e q u i v a l e n t o f 25 = 11001
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Scilab code Exa 15.2 Decimal equivalent of 6 bit binary number

1 // S c i l a b code Ex15 . 2 : Pg : 7 7 1 ( 2 0 1 1 )
2 clc;clear;

3 function [deci]= binary_decimal(ni) // Funct ion to
c o n v e r t b i na r y to dec ima l

4 deci = 0;

5 i = 0;

6 while (ni <> 0)

7 rem = ni -fix(ni./10) .*10;

8 ni = int(ni/10);

9 deci = deci + rem *2.^i;

10 i = i + 1;

11 end

12 endfunction

13

14 function [decf]= binfrac_decifrac(nf) // Funct ion to
c o n v e r t b i na r y f r a c t i o n to dec ima l f r a c t i o n

15 decf = 0;

16 i = -1;

17 while (i >= -3)

18 nf = nf*10;

19 rem = round(nf);

20 nf = nf-rem;

21 decf = decf + rem *2.^i;

22 i = i - 1;

23 end

24 endfunction

25

26 n = 101.101; // I n i t i a l i z e the b i n a r y number
27 n_int = int(n); // Ext ra c t the i n t e g r a l pa r t
28 n_frac = n-n_int; // Ext ra c t the f r a c t i o n a l pa r t
29 printf(” Decimal e q u i v a l e n t o f %7 . 3 f = %5 . 3 f ”, n,

binary_decimal(n_int)+binfrac_decifrac(n_frac));
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30

31 // R e s u l t
32 // Decimal e q u i v a l e n t o f 1 0 1 . 1 0 1 = 5 . 6 2 5

Scilab code Exa 15.3 Decimal equivalent of octal number

1 // S c i l a b code Ex15 . 3 : Pg : 7 7 2 ( 2 0 1 1 )
2 clc;clear;

3 function [dec]= octal_decimal(n) // Funct ion to
c o n v e r t b i na r y to dec ima l

4 dec = 0;

5 i = 0;

6 while (n <> 0)

7 rem = n-fix(n./10) .*10;

8 n = int(n/10);

9 dec = dec + rem *8.^i;

10 i = i + 1;

11 end

12 endfunction

13

14 n = 173; // I n i t i a l i z e the o c t a l number
15 printf(” Decimal e q u i v a l e n t o f %d = %d”, n,

octal_decimal(n));

16

17 // R e s u l t
18 // Decimal e q u i v a l e n t o f 173 = 123

Scilab code Exa 15.4 Octal equivalent of decimal number

1 // S c i l a b code Ex15 . 4 : Pg : 7 7 2 ( 2 0 1 1 )
2 clc;clear;

3 function octal = decimal_octal(n) // Funct ion to
c o n v e r t dec ima l to o c t a l
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4 i=1; octal = 0;

5 while (n<>0)

6 rem = n-fix(n./8) .*8;

7 octal = octal + rem*i;

8 n = int(n/8);

9 i = i*10;

10 end

11 endfunction

12

13 n = 278; // I n i t i a l i z e the o c t a l number
14 printf(”The o c t a l e q u i v a l e n t o f %d = %d”, n,

decimal_octal(n));

15

16 // R e s u l t
17 // The o c t a l e q u i v a l e n t o f 278 = 426

Scilab code Exa 15.5 Hexadecimal equivalent of binary numbers

1 // S c i l a b code Ex15 . 5 : Pg : 7 7 2 ( 2 0 1 1 )
2 clc;clear;

3 function hex = binary_hex(n) // Funct ion to c o n v e r t
dec ima l to hexadec ima l

4 hex = emptystr ();

5 while (n <>0)

6 rem = n-fix(n./10000) .*10000; // D i v i s i o n
Algor i thm

7 if rem == 0 then

8 hex = hex+ ’ 0 ’ ;
9 elseif rem == 1 then

10 hex = hex+ ’ 1 ’ ;
11 elseif rem == 10 then

12 hex = hex+ ’ 2 ’ ;
13 elseif rem == 11 then

14 hex = hex+ ’ 3 ’ ;
15 elseif rem == 100 then
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16 hex = hex+ ’ 4 ’ ;
17 elseif rem == 101 then

18 hex = hex+ ’ 5 ’ ;
19 elseif rem == 110 then

20 hex = hex+ ’ 6 ’ ;
21 elseif rem == 111 then

22 hex = hex+ ’ 7 ’ ;
23 elseif rem == 1000 then

24 hex = hex+ ’ 8 ’ ;
25 elseif rem == 1001 then

26 hex = hex+ ’ 9 ’ ;
27 elseif rem == 1010 then

28 hex=hex+ ’A ’ ;
29 elseif rem == 1011 then

30 hex=hex+ ’B ’ ;
31 elseif rem == 1100 then

32 hex=hex+ ’C ’ ;
33 elseif rem == 1101 then

34 hex=hex+ ’D ’ ;
35 elseif rem == 1110 then

36 hex=hex+ ’E ’ ;
37 elseif rem == 1111 then

38 hex=hex+ ’F ’ ;
39 end // I f s t a t ement ends
40 n = int(n/10000);

41 end // While l oop ends
42 hex = strrev(hex); // Rever s e s t r i n g
43 endfunction

44

45 n = [10001100 , 1011010111]; // I n i t i a l i z e the
b i na r y numbers

46 printf(”\nThe hex e q u i v a l e n t o f %d = %s”, n(1),

binary_hex(n(1)));

47 printf(”\nThe hex e q u i v a l e n t o f %d = %s”, n(2),

binary_hex(n(2)));

48

49 // R e s u l t
50 // The hex e q u i v a l e n t o f 10001100 = 8C
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51 // The hex e q u i v a l e n t o f 1011010111 = 2D7

Scilab code Exa 15.6 Hexadecimal equivalent of decimal numbers

1 // S c i l a b code Ex15 . 6 : Pg : 7 7 2 ( 2 0 1 1 )
2 clc;clear;

3 function hex = decimal_hex(n) // Funct ion to c o n v e r t
dec ima l to hexadec ima l

4 hex = emptystr ();

5 while (n <>0)

6 rem = n-fix(n./16) .*16;

7 if rem == 10 then

8 hex(i)=hex+ ’A ’ ;
9 elseif rem == 11 then

10 hex=hex+ ’B ’ ;
11 elseif rem == 12 then

12 hex=hex+ ’C ’ ;
13 elseif rem == 13 then

14 hex=hex+ ’D ’ ;
15 elseif rem == 14 then

16 hex=hex+ ’E ’ ;
17 elseif rem == 15 then

18 hex=hex+ ’F ’ ;
19 else

20 hex=hex+string(rem);

21 end

22 n = int(n/16);

23 end

24 hex = strrev(hex); // Rever s e s t r i n g
25 endfunction

26

27 n = 72905; // I n i t i a l i z e the b i n a r y numbers
28 printf(”\nThe hex e q u i v a l e n t o f %d = %s”, n,

decimal_hex(n));

29

154



30

31 // R e s u l t
32 // The hex e q u i v a l e n t o f 72905 = 11CC9

Scilab code Exa 15.7 Addition of two binary numbers

1 // S c i l a b code Ex15 . 7 : Pg : 7 7 3 ( 2 0 1 1 )
2 clc;clear;

3 function [bini]= decimal_binary(ni) // Funct ion to
c o n v e r t dec ima l to b i n a r y

4 bini = 0;

5 i = 1;

6 while (ni <> 0)

7 rem = ni -fix(ni./2) .*2;

8 ni = int(ni/2);

9 bini = bini + rem*i;

10 i = i * 10;

11 end

12 endfunction

13

14 function [deci]= binary_decimal(ni) // Funct ion to
c o n v e r t b i na r y to dec ima l

15 deci = 0;

16 i = 0;

17 while (ni <> 0)

18 rem = ni -fix(ni./10) .*10;

19 ni = int(ni/10);

20 deci = deci + rem *2.^i;

21 i = i + 1;

22 end

23 endfunction

24

25 num1 = 11101; // I n i t i a l i z e the f i r s t b i n a r y
number

26 num2 = 10111; // I n i t i a l i z e the second b in a r y
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number
27

28 printf(”%6d + %6d = %7d”, num1 , num2 , decimal_binary

(binary_decimal(num1)+binary_decimal(num2)));

29

30 // R e s u l t
31 // 11101 + 10111 = 110100

Scilab code Exa 15.8 Addition of two binary numbers with fractions

1 // S c i l a b code Ex15 . 8 : Pg : 7 7 3 ( 2 0 1 1 )
2 clc;clear;

3 function [bini]= decimal_binary(ni) // Funct ion to
c o n v e r t dec ima l to b i n a r y

4 bini = 0;

5 i = 1;

6 while (ni <> 0)

7 rem = ni -fix(ni./2) .*2;

8 ni = int(ni/2);

9 bini = bini + rem*i;

10 i = i * 10;

11 end

12 endfunction

13

14 function [binf]= decifrac_binfrac(nf) // Funct ion to
c o n v e r t b i na r y f r a c t i o n to dec ima l f r a c t i o n

15 binf = 0; i = 0.1;

16 while (nf <> 0)

17 nf = nf*2;

18 rem = int(nf);

19 nf = nf-rem;

20 binf = binf + rem*i;

21 i = i/10;

22 end

23 endfunction
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24

25 function [deci]= binary_decimal(ni) // Funct ion to
c o n v e r t b i na r y to dec ima l

26 deci = 0;

27 i = 0;

28 while (ni <> 0)

29 rem = ni -fix(ni./10) .*10;

30 ni = int(ni/10);

31 deci = deci + rem *2.^i;

32 i = i + 1;

33 end

34 endfunction

35

36 function [decf]= binfrac_decifrac(nf) // Funct ion to
c o n v e r t b i na r y f r a c t i o n to dec ima l f r a c t i o n

37 decf = 0;

38 i = -1;

39 while (i >= -3)

40 nf = nf*10;

41 rem = round(nf);

42 nf = nf-rem;

43 decf = decf + rem *2.^i;

44 i = i - 1;

45 end

46 endfunction

47

48 bin1 = 1011.11; // I n i t i a l i z e the f i r s t b i n a r y
b i n b e r

49 bin2 = 1011.01; // I n i t i a l i z e the second b in a r y
b i n b e r

50 bin1_int = int(bin1); // Ext ra c t the i n t e g r a l
pa r t f o r f i r s t

51 bin1_frac = bin1 -bin1_int; // Ext ra c t the
f r a c t i o n a l pa r t f o r second

52 bin2_int = int(bin2); // Ext ra c t the i n t e g r a l
pa r t f o r f i r s t

53 bin2_frac = bin2 -bin2_int; // Ext ra c t the
f r a c t i o n a l pa r t f o r second
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54 dec1 = binary_decimal(bin1_int)+binfrac_decifrac(

bin1_frac);

55 dec2 = binary_decimal(bin2_int)+binfrac_decifrac(

bin2_frac);

56 dec = dec1+dec2;

57 dec_int = int(dec);

58 dec_frac = dec -dec_int;

59 printf(”%7 . 2 f + %7 . 2 f = %8 . 2 f ”, bin1 , bin2 ,

decimal_binary(dec_int)+decifrac_binfrac(dec_frac

));

60

61 // R e s u l t
62 // 1 0 1 1 . 1 1 + 1 0 1 1 . 0 1 = 1 0 1 1 1 . 0 0

Scilab code Exa 15.9 Subtraction of two binary numbers

1 // S c i l a b code Ex15 . 9 : Pg : 7 7 3 ( 2 0 1 1 )
2 clc;clear;

3 function [bini]= decimal_binary(ni) // Funct ion to
c o n v e r t dec ima l to b i n a r y

4 bini = 0;

5 i = 1;

6 while (ni <> 0)

7 rem = ni -fix(ni./2) .*2;

8 ni = int(ni/2);

9 bini = bini + rem*i;

10 i = i * 10;

11 end

12 endfunction

13

14 function [deci]= binary_decimal(ni) // Funct ion to
c o n v e r t b i na r y to dec ima l

15 deci = 0;

16 i = 0;

17 while (ni <> 0)
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18 rem = ni -fix(ni./10) .*10;

19 ni = int(ni/10);

20 deci = deci + rem *2.^i;

21 i = i + 1;

22 end

23 endfunction

24

25 num1 = 1001; // I n i t i a l i z e the f i r s t b i n a r y
number

26 num2 = 0111; // I n i t i a l i z e the second b in a r y
number

27

28 printf(”%4d − 0%3d = 00%2d”, num1 , num2 ,

decimal_binary(binary_decimal(num1)-

binary_decimal(num2)));

29

30 // R e s u l t
31 // 1001 − 0111 = 0010

Scilab code Exa 15.10 Multiplication of two binary numbers

1 // S c i l a b code Ex15 . 1 0 : Pg : 7 7 3 ( 2 0 0 8 )
2 clc;clear;

3 function [bini]= decimal_binary(ni) // Funct ion to
c o n v e r t dec ima l to b i n a r y

4 bini = 0;

5 i = 1;

6 while (ni <> 0)

7 rem = ni -fix(ni./2) .*2;

8 ni = int(ni/2);

9 bini = bini + rem*i;

10 i = i * 10;

11 end

12 endfunction

13
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14 function [deci]= binary_decimal(ni) // Funct ion to
c o n v e r t b i na r y to dec ima l

15 deci = 0;

16 i = 0;

17 while (ni <> 0)

18 rem = ni -fix(ni./10) .*10;

19 ni = int(ni/10);

20 deci = deci + rem *2.^i;

21 i = i + 1;

22 end

23 endfunction

24

25 function binp = bin_product(op1 , op2)

26 binp = decimal_binary(binary_decimal(op1)*

binary_decimal(op2));

27 endfunction

28

29 mul1 = 1101; // I n i t i a l i z e the f i r s t b i n a r y
m u l t i p l i c a n d

30 mul2 = 1100; // I n i t i a l i z e the second b in a r y
m u l t i p l i c a n d

31 product = bin_product(mul1 , mul2);

32

33 printf(”%4d X %4d = %8d”, mul1 , mul2 , product);

34

35 // R e s u l t
36 // 1101 X 1100 = 10011100

Scilab code Exa 15.11 Binary division of two numbers

1 // S c i l a b code Ex15 . 1 1 : Pg : 7 7 4 ( 2 0 0 8 )
2 clc;clear;

3 function [bini]= decimal_binary(ni) // Funct ion to
c o n v e r t dec ima l to b i n a r y

4 bini = 0;
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5 i = 1;

6 while (ni <> 0)

7 rem = ni -fix(ni./2) .*2;

8 ni = int(ni/2);

9 bini = bini + rem*i;

10 i = i * 10;

11 end

12 endfunction

13

14 function [deci]= binary_decimal(ni) // Funct ion to
c o n v e r t b i na r y to dec ima l

15 deci = 0;

16 i = 0;

17 while (ni <> 0)

18 rem = ni -fix(ni./10) .*10;

19 ni = int(ni/10);

20 deci = deci + rem *2.^i;

21 i = i + 1;

22 end

23 endfunction

24

25 function binp = bin_division(op1 , op2)

26 binp = decimal_binary(binary_decimal(op1)/

binary_decimal(op2));

27 endfunction

28

29 dividend = 11001 ; // I n i t i a l i z e the f i r s t b i n a r y
m u l t i p l i c a n d

30 divisor = 101; // I n i t i a l i z e the second b in a r y
m u l t i p l i c a n d

31 product = bin_division(dividend , divisor);

32

33 printf(”%5d d i v i d e d by %3d g i v e s %3d”, dividend ,

divisor , product);

34

35 // R e s u l t
36 // 11001 d i v i d e d by 101 g i v e s 101
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Chapter 16

Crystal Physics

Scilab code Exa 16.1 Miller indices of the crystal plane

1 // S c i l a b Code Ex16 . 1 : Page−820 ( 2 0 1 1 )
2 clc; clear;

3 p = 1; q = 2; r = 3; // C o e f f i c i e n t s o f i n t e r c e p t s
a l ong t h r e e axe s

4 p_inv = 1/p; // R e c i p r o c a t e the f i r s t
c o e f f i c i e n t

5 q_inv = 1/q; // R e c i p r o c a t e the second
c o e f f i c i e n t

6 r_inv = 1/r; // R e c i p r o c a t e the t h i r d
c o e f f i c i e n t

7 mul_fact = double(lcm(int32 ([p,q,r]))); // Find l . c .
m. o f m, n and p

8 m1 = p_inv*mul_fact; // C l ea r the f i r s t f r a c t i o n
9 m2 = q_inv*mul_fact; // C l ea r the second f r a c t i o n

10 m3 = r_inv*mul_fact; // C l ea r the t h i r d f r a c t i o n
11 printf(”\nThe r e q u i r e d m i l l e r i n d i c e s a r e : (%d %d

%d) ”, m1,m2 ,m3);

12

13 // R e s u l t
14 // The r e q u i r e d m i l l e r i n d i c e s a r e : (6 3 2)
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Scilab code Exa 16.2 Miller indices of the lattice plane

1 // S c i l a b Code Ex16 . 2 : Page−820 ( 2 0 1 1 )
2 clc; clear;

3 p = 2; q = 3; r = -4; // C o e f f i c i e n t s o f i n t e r c e p t s
a l ong t h r e e axe s

4 p_inv = 1/p; // R e c i p r o c a t e the f i r s t
c o e f f i c i e n t

5 q_inv = 1/q; // R e c i p r o c a t e the second
c o e f f i c i e n t

6 r_inv = 1/r; // R e c i p r o c a t e the t h i r d
c o e f f i c i e n t

7 mul_fact = double(lcm(int32 ([p,q,abs(r)]))); // Find
l . c .m. o f m, n and p

8 m1 = p_inv*mul_fact; // C l ea r the f i r s t f r a c t i o n
9 m2 = q_inv*mul_fact; // C l ea r the second f r a c t i o n

10 m3 = r_inv*mul_fact; // C l ea r the t h i r d f r a c t i o n
11 printf(”\nThe m i l l e r i n d i c e s o f l a t i c c e p l ane a r e :

(%d %d %d) ”, m1,m2 ,m3);

12

13 // R e s u l t
14 // The m i l l e r i n d i c e s o f l a t i c c e p l ane a r e : (6 4

−3)

Scilab code Exa 16.3 Miller indices of the set of parallel planes

1 // S c i l a b Code Ex16 . 3 : Page−821 ( 2 0 1 1 )
2 clc; clear;

3 p = 3; q = 4; r = %inf; // C o e f f i c i e n t s o f
i n t e r c e p t s a l ong t h r e e axe s

4 p_inv = 1/p; // R e c i p r o c a t e the f i r s t
c o e f f i c i e n t
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5 q_inv = 1/q; // R e c i p r o c a t e the second
c o e f f i c i e n t

6 r_inv = 1/r; // R e c i p r o c a t e the t h i r d
c o e f f i c i e n t

7 mul_fact = double(lcm(int32 ([p,q]))); // Find l . c .m.
o f m, n and p

8 m1 = p_inv*mul_fact; // C l ea r the f i r s t f r a c t i o n
9 m2 = q_inv*mul_fact; // C l ea r the second f r a c t i o n
10 m3 = r_inv*mul_fact; // C l ea r the t h i r d f r a c t i o n
11 printf(”\nThe m i l l e r i n d i c e s o f the g i v e n p l a n e s a r e

: (%d %d %d) ”, m1,m2 ,m3);

12

13 // R e s u l t
14 // The m i l l e r i n d i c e s o f the g i v e n p l a n e s a r e : (4 3

0)

Scilab code Exa 16.4 Length of the intercepts on Y and Z axes

1 // S c i l a b Code Ex16 . 4 : Page−822 ( 2 0 1 1 )
2 clc; clear;

3 p = 1.2; // F i r s t c o e f f i c i e n t o f i n t e r c e p t a l ong X−
ax i s , angstrom

4 a = 1.2, b = 1.8, c = 2.0; // L a t t i c e pa ramete r s
a l ong t h r e e axes , angstrom

5 h = 2, k = 3, l = 1; // M i l l e r i n d i c e s o f l a t t i c e
p l ane

6 // As p : q : r = a/h : b/k : c / l , s o l v i n g f o r q and r
7 q = p*(b/k)/(a/h); // Second c o e f f i c i e n t o f

i n t e r c e p t a l ong X−ax i s , angstrom
8 r = p*(c/l)/(a/h); // Third c o e f f i c i e n t o f i n t e r c e p t

a l ong X−ax i s , angstrom
9 printf(”\nThe l e n g t h s o f the i n t e r c e p t s on Y and Z

axes a r e %3 . 1 f angstrom and %3 . 1 f angstrom
r e s p e c t i v e l y ”, q, r);

10
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11 // R e s u l t
12 // The l e n g t h s o f the i n t e r c e p t s on Y and Z axes a r e

1 . 2 angstrom and 4 . 0 angstrom r e s p e c t i v e l y

Scilab code Exa 16.5 Lattice constant for NaCl crystal

1 // S c i l a b Code Ex16 . 5 : Page−822 ( 2 0 1 1 )
2 clc; clear;

3 M = 58.5; // Mo l e cu l a r we ight o f NaCl , g−mole
4 rho = 2.198e+03; // Dens i ty o f Nacl , kg per metre

cube
5 n = 4; // No . o f atoms per u n i t c e l l f o r an f c c

l a t t i c e o f NaCl c r y s t a l
6 NA = 6.023D+26; // Avogadro ’ s No . , atoms /k−mol
7 // Volume o f the u n i t c e l l i s g i v e n by
8 // a ˆ3 = M∗n /(N∗d )
9 // S o l v i n g f o r a

10 a = (n*M/(rho*NA))^(1/3); // L a t t i c e c o n s t a n t o f
u n i t c e l l o f NaCl

11 printf(”\ n L a t t i c e c o n s t a n t f o r the NaCl c r y s t a l = %4
. 2 f angstrom ”, a/1e-010);

12

13 // R e s u l t
14 // L a t t i c e c o n s t a n t f o r the NaCl c r y s t a l = 5 . 6 1

angstrom

Scilab code Exa 16.6 Lattice constant for KBr crystal

1 // S c i l a b Code Ex16 . 6 : Page−823 ( 2 0 1 1 )
2 clc; clear;

3 M = 119; // Mo l e cu l a r we ight o f KBr , g−mole
4 rho = 2.7; // Dens i ty o f KBr , g per cm−cube
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5 n = 4; // No . o f atoms per u n i t c e l l f o r an f c c
l a t t i c e o f KBr c r y s t a l

6 NA = 6.023D+23; // Avogadro ’ s No . , atoms /mol
7 // Volume o f the u n i t c e l l i s g i v e n by
8 // a ˆ3 = M∗n /(N∗d )
9 // S o l v i n g f o r a
10 a = (n*M/(rho*NA))^(1/3); // L a t t i c e c o n s t a n t o f

u n i t c e l l o f KBr
11 printf(”\ n L a t t i c e c o n s t a n t f o r the KBr c r y s t a l = %4

. 2 f angstrom ”, a/1e-008);

12

13 // R e s u l t
14 // L a t t i c e c o n s t a n t f o r the KBr c r y s t a l = 6 . 6 4

angstrom

Scilab code Exa 16.7 Lattice constant for Cu and distance between the two nearest Cu atoms

1 // S c i l a b Code Ex16 . 7 : Page−823 ( 2 0 1 1 )
2 clc; clear;

3 M = 63.5; // Mo l e cu l a r we ight o f Cu , g−mole
4 rho = 8.96; // Dens i ty o f Cu , g per cm−cube
5 n = 4; // No . o f atoms per u n i t c e l l f o r an f c c

l a t t i c e o f Cu
6 NA = 6.023D+23; // Avogadro ’ s No . , atoms /mol
7 // Volume o f the u n i t c e l l i s g i v e n by
8 // a ˆ3 = M∗n /(N∗d )
9 // S o l v i n g f o r a

10 a = (n*M/(rho*NA))^(1/3); // L a t t i c e c o n s t a n t o f
u n i t c e l l o f Cu

11 d = a/sqrt (2); // D i s t a n c e between the two
n e a r e s t Cu atoms , angstrom

12 printf(”\ n L a t t i c e c o n s t a n t f o r the Cu c r y s t a l = %4 . 2
f angstrom ”, a/1e-008);

13 printf(”\nThe d i s t a n c e between the two n e a r e s t Cu
atoms = %4 . 2 f angstrom ”, d/1e-008);
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14

15 // R e s u l t
16 // L a t t i c e c o n s t a n t f o r the Cu c r y s t a l = 3 . 6 1

angstrom
17 // The d i s t a n c e between the two n e a r e s t Cu atoms =

2 . 5 5 angstrom

Scilab code Exa 16.8 Inter planar spacing for lattice planes

1 // S c i l a b Code Ex16 . 8 : Page−824 ( 2 0 1 1 )
2 clc; clear;

3 a = 1; // For s i m p l i c i t y assume l a t t i c e parameter
o f c u b i c c r y s t a l to be uni ty , u n i t

4 // For ( 0 1 1 ) p l a n e s
5 h = 0; k = 1; l = 1; // M i l l e r I n d i c e s f o r p l a n e s i n

a c u b i c c r y s t a l
6 d_011 = a/(h^2+k^2+l^2) ^(1/2); // The i n t e r p l a n a r

s p a c i n g f o r c u b i c c r y s t a l s , m
7 printf(”\nThe i n t e r p l a n a r s p a c i n g between

c o n s e c u t i v e ( 0 1 1 ) p l a n e s = a/ s q r t (%d) ”, 1/d_011

^2);

8

9 // For ( 1 0 1 ) p l a n e s
10 h = 1; k = 0; l = 1; // M i l l e r I n d i c e s f o r p l a n e s i n

a c u b i c c r y s t a l
11 d_101 = a/(h^2+k^2+l^2) ^(1/2); // The i n t e r p l a n a r

s p a c i n g f o r c u b i c c r y s t a l s , m
12 printf(”\nThe i n t e r p l a n a r s p a c i n g between

c o n s e c u t i v e ( 1 0 1 ) p l a n e s = a/ s q r t (%d) ”, 1/d_101

^2);

13

14 // For ( 1 1 2 ) p l a n e s
15 h = 1; k = 1; l = 2; // M i l l e r I n d i c e s f o r p l a n e s i n

a c u b i c c r y s t a l
16 d_112 = a/(h^2+k^2+l^2) ^(1/2); // The i n t e r p l a n a r
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s p a c i n g f o r c u b i c c r y s t a l s , m
17 printf(”\nThe i n t e r p l a n a r s p a c i n g between

c o n s e c u t i v e ( 1 1 2 ) p l a n e s = a/ s q r t (%d) ”, 1/d_112

^2);

18

19 // R e s u l t
20 // The i n t e r p l a n a r s p a c i n g between c o n s e c u t i v e ( 0 1 1 )

p l a n e s = a/ s q r t ( 2 )
21 // The i n t e r p l a n a r s p a c i n g between c o n s e c u t i v e ( 1 0 1 )

p l a n e s = a/ s q r t ( 2 )
22 // The i n t e r p l a n a r s p a c i n g between c o n s e c u t i v e ( 1 1 2 )

p l a n e s = a/ s q r t ( 5 )

Scilab code Exa 16.9 Interplanar spacing in cubic crystal

1 // S c i l a b Code Ex16 . 9 : Page−824 ( 2 0 1 1 )
2 clc; clear;

3 a = 4.2e -010; // L a t t i c e parameter o f c u b i c
c r y s t a l , m

4 h = 3; k = 2; l = 1; // M i l l e r I n d i c e s f o r p l a n e s i n
a c u b i c c r y s t a l

5 d_321 = a/(h^2+k^2+l^2) ^(1/2); // The i n t e r p l a n a r
s p a c i n g f o r c u b i c c r y s t a l s , m

6 printf(”\nThe i n t e r p l a n a r s p a c i n g between
c o n s e c u t i v e ( 3 2 1 ) p l a n e s = %4 . 2 f angstrom ”, d_321

/1e -010);

7

8 // R e s u l t
9 // The i n t e r p l a n a r s p a c i n g between c o n s e c u t i v e ( 3 2 1 )

p l a n e s = 1 . 1 2 angstrom

Scilab code Exa 16.10 Interplanar spacing in tetragonal crystal lattice
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1 // S c i l a b Code Ex16 . 1 0 : Page−824 ( 2 0 1 1 )
2 clc; clear;

3 a = 2.5, b = 2.5, c = 1.8; // L a t t i c e parameter
o f t e t r a g o n a l c r y s t a l , angstrom

4 h = 1; k = 1; l = 1; // M i l l e r I n d i c e s f o r p l a n e s i n
a t e t r a g o n a l c r y s t a l

5 d_hkl = 1/sqrt((h/a)^2+(k/b)^2+(l/c)^2); // The
i n t e r p l a n a r s p a c i n g f o r t e t r a g o n a l c r y s t a l s , m

6 printf(”\nThe i n t e r p l a n a r s p a c i n g between
c o n s e c u t i v e ( 1 1 1 ) p l a n e s = %4 . 2 f angstrom ”, d_hkl

);

7

8 // R e s u l t
9 // The i n t e r p l a n a r s p a c i n g between c o n s e c u t i v e ( 1 1 1 )

p l a n e s = 1 . 2 6 angstrom
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Chapter 17

Nuclear Physics

Scilab code Exa 17.1 Binding energy per nucleon for the deutron

1 // S c i l a b code Ex17 . 1 : Pg : 8 8 8 ( 2 0 1 1 )
2 clc;clear;

3 e = 1.6e -019; // Energy e q u i v a l e n t o f 1 eV , J/eV
4 m_n = 1.675e -027; // Mass o f the neutron , kg
5 m_p = 1.672e -027; // Mass o f the proton , kg
6 M_D = 3.343e -027; // Mass o f the deutron , kg
7 c = 3e+08; // Speed o f l i g h t , m/ s
8 delta_m = m_n + m_p - M_D; // Mass d e f e c t i n the

f o r m a t i o n o f deuter ium , kg
9 BE = delta_m*c^2; // Bind ing ene rgy o f the

deuter ium , J
10 BE_bar = BE/2; // Bind ing ene rgy per nuc l eon o f

deuter ium , J
11 printf(”\ nBinding ene rgy per nuc l eon f o r the deut ron

= %5 . 3 f MeV”, BE_bar /(e*1e+06));

12

13 // R e s u l t
14 // Bind ing ene rgy per nuc l eon f o r the deut ron =

1 . 1 2 5 MeV
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Scilab code Exa 17.2 Binding energy for an alpha particle

1 // S c i l a b code Ex17 . 2 : Pg : 8 8 9 ( 2 0 1 1 )
2 clc;clear;

3 amu = 931.5; // Energy e q u i v a l e n t o f 1 amu , MeV
4 m_n = 1.008665; // Mass o f the neutron , amu
5 m_p = 1.007825; // Mass o f the proton , amu
6 M_He = 4.002870; // Mass o f the he lu im nuc l eus ,

amu
7 c = 3e+08; // Speed o f l i g h t , m/ s
8 BE = (2*m_n +2*m_p - M_He)*amu; // Bind ing ene rgy

f o r the a lpha p a r t i c l e , MeV
9 printf(”\nThe b i n d i n g ene rgy f o r the a lpha p a r t i c l e

= %2d MeV”, BE);

10

11 // R e s u l t
12 // The b i n d i n g ene rgy f o r the a lpha p a r t i c l e = 28

MeV

Scilab code Exa 17.3 Weizsacker formula for stability of nuclei

1 // S c i l a b code Ex17 . 3 : Pg : 8 8 9 ( 2 0 1 1 )
2 clc;clear;

3 A = 1; // For s i m p l i c i t y assume mass number to be
u n i t y

4 nucleus = cell (4,3);

5 nucleus (1,1).entries = ’ He ’ ;
6 nucleus (1,2).entries = 2;

7 nucleus (1,3).entries = 6;

8 nucleus (2,1).entries = ’ Be ’ ;
9 nucleus (2,2).entries = 4;

10 nucleus (2,3).entries = 6;
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11 nucleus (3,1).entries = ’ L i ’ ;
12 nucleus (3,2).entries = 3;

13 nucleus (3,3).entries = 6;

14 a_c = 0.7053; // Asymmetry ene rgy cons tant , MeV
15 a_a = 23.702; // Coulomb energy cons tant , MeV
16 Z = A/(2+ a_c /(2* a_a)*A^(2/3));

17 for i = 1:1:3

18 if abs(nucleus(i,2).entries/nucleus(i,3).entries

- Z) < 0.005 then

19 printf(”\n%s (%d,%d) i s more s t a b l e than
o t h e r two n u c l e i ”, nucleus(i,1).entries ,

nucleus(i,2).entries , nucleus(i,3).

entries);

20 end

21 end

22

23 // R e s u l t
24 // Li ( 3 , 6 ) i s more s t a b l e than o t h e r two n u c l e i

Scilab code Exa 17.4 Nuclei stability

1 // S c i l a b code Ex17 . 4 : Pg : 8 9 0 ( 2 0 1 1 )
2 clc;clear;

3 nucleus = cell (4,3);

4 // For Li n u c l i d e s
5 nucleus (1,1).entries = ’ L i ’ ;
6 nucleus (1,2).entries = 3;

7 nucleus (1,3).entries = 7;

8 nucleus (2,1).entries = ’ L i ’ ;
9 nucleus (2,2).entries = 3;

10 nucleus (2,3).entries = 8;

11 // For Be n u c l i d e s
12 nucleus (3,1).entries = ’ Be ’ ;
13 nucleus (3,2).entries = 4;

14 nucleus (3,3).entries = 9;
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15 nucleus (4,1).entries = ’ Be ’ ;
16 nucleus (4,2).entries = 4;

17 nucleus (4,3).entries = 10;

18 a_c = 0.7053; // Asymmetry ene rgy cons tant , MeV
19 a_a = 23.702; // Coulomb energy cons tant , MeV
20 for i = 1:1:4

21 Z = nucleus(i,3).entries /(2+ a_c /(2* a_a)*nucleus(

i,3).entries ^(2/3));

22 if abs(Z-int(Z)) < 0.5 then

23 printf(”\n%s (%d,%d) i s more s t a b l e ”, nucleus

(i,1).entries , nucleus(i,2).entries ,

nucleus(i,3).entries);

24 end

25 end

26

27 // R e s u l t
28 // Li ( 3 , 7 ) i s more s t a b l e
29 // Be ( 4 , 9 ) i s more s t a b l e

Scilab code Exa 17.5 Exothermicity and endothermicity of nuclear reactions

1 // S c i l a b code Ex17 . 5 : Pg : 8 9 1 ( 2 0 1 1 )
2 clc;clear;

3 c = 1; // For s i m p l i c i t y assume speed o f l i g h t to
be uni ty , u n i t

4 nucleus = cell (4,4);

5 // For f i r s t r e a c t i o n
6 nucleus (1,1).entries = ’N ’ ;
7 nucleus (1,2).entries = 7;

8 nucleus (1,3).entries = 14;

9 nucleus (1,4).entries = 14.00753;

10 nucleus (2,1).entries = ’ He ’ ;
11 nucleus (2,2).entries = 2;

12 nucleus (2,3).entries = 4;

13 nucleus (2,4).entries = 4.00206;
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14 nucleus (3,1).entries = ’O ’ ;
15 nucleus (3,2).entries = 8;

16 nucleus (3,3).entries = 17;

17 nucleus (3,4).entries = 17.00450;

18 nucleus (4,1).entries = ’H ’ ;
19 nucleus (4,2).entries = 1;

20 nucleus (4,3).entries = 1;

21 nucleus (4,4).entries = 1.00814;

22 Q = (nucleus (1,4).entries + nucleus (2,4).entries)*c

^2 - (nucleus (3,4).entries + nucleus (4,4).entries

)*c^2;

23 if Q < 0 then

24 T_state = ” endothermic ”;
25 elseif Q > 0

26 T_state = ” exo the rmi c ”;
27 end

28 printf(”\nThe r e a c t i o n ”);
29 printf(”\n%s (%d,%d) + %s(%d,%d) −−> %s(%d,%d) + %s(

%d,%d) i s %s”, nucleus (1,1).entries , nucleus (1,2)

.entries , nucleus (1,3).entries , nucleus (2,1).

entries , nucleus (2,2).entries , nucleus (2,3).

entries , nucleus (3,1).entries , nucleus (3,2).

entries , nucleus (3,3).entries , nucleus (4,1).

entries , nucleus (4,2).entries , nucleus (4,3).

entries , T_state);

30 // For second r e a c t i o n
31 nucleus (1,1).entries = ’ L i ’ ;
32 nucleus (1,2).entries = 3;

33 nucleus (1,3).entries = 7;

34 nucleus (1,4).entries = 7.01822;

35 nucleus (2,1).entries = ’H ’ ;
36 nucleus (2,2).entries = 1;

37 nucleus (2,3).entries = 1;

38 nucleus (2,4).entries = 1.00814;

39 nucleus (3,1).entries = ’ He ’ ;
40 nucleus (3,2).entries = 2;

41 nucleus (3,3).entries = 4;

42 nucleus (3,4).entries = 4.00206;
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43 Q = (nucleus (1,4).entries + nucleus (2,4).entries)*c

^2 - (nucleus (3,4).entries + nucleus (3,4).entries

)*c^2;

44 if Q < 0 then

45 T_state = ” endothermic ”;
46 elseif Q > 0

47 T_state = ” exo the rmi c ”;
48 end

49 printf(”\nThe r e a c t i o n ”);
50 printf(”\n%s (%d,%d) + %s(%d,%d) −−> %s(%d,%d) + %s(

%d,%d) i s %s”, nucleus (1,1).entries , nucleus (1,2)

.entries , nucleus (1,3).entries , nucleus (2,1).

entries , nucleus (2,2).entries , nucleus (2,3).

entries , nucleus (3,1).entries , nucleus (3,2).

entries , nucleus (3,3).entries , nucleus (4,1).

entries , nucleus (4,2).entries , nucleus (4,3).

entries , T_state);

51

52 // R e s u l t
53 //
54 // The r e a c t i o n
55 // N( 7 , 1 4 ) + He ( 2 , 4 ) −−> O( 8 , 1 7 ) + H( 1 , 1 ) i s

endothermic
56 // The r e a c t i o n
57 // Li ( 3 , 7 ) + H( 1 , 1 ) −−> He ( 2 , 4 ) + H( 1 , 1 ) i s

exo the rm i c

Scilab code Exa 17.6 Q value of the formation of P30 in ground state

1 // S c i l a b code Ex17 . 6 : Pg : 8 9 1 ( 2 0 1 1 )
2 clc;clear;

3 nucleus = cell (4,3);

4 nucleus (1,1).entries = ’ S i ’ ;
5 nucleus (1,2).entries = 14;

6 nucleus (1,3).entries = 29;
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7 nucleus (2,1).entries = ’H ’ ;
8 nucleus (2,2).entries = 1;

9 nucleus (2,3).entries = 2;

10 nucleus (3,1).entries = ’P ’ ;
11 nucleus (3,2).entries = 15;

12 nucleus (3,3).entries = 30;

13 nucleus (4,1).entries = ’ n ’ ;
14 nucleus (4,2).entries = 0;

15 nucleus (4,3).entries = 1;

16 Q = 2*23.834 -44.359; // Q−v a l u e o f the r e a c t i o n ,
MeV

17 printf(”\nThe r e a c t i o n ”);
18 printf(”\n%s (%d,%d) + %s(%d,%d) −−> %s(%d,%d) + %s(

%d,%d) ”, nucleus (1,1).entries , nucleus (1,2).

entries , nucleus (1,3).entries , nucleus (2,1).

entries , nucleus (2,2).entries , nucleus (2,3).

entries , nucleus (3,1).entries , nucleus (3,2).

entries , nucleus (3,3).entries , nucleus (4,1).

entries , nucleus (4,2).entries , nucleus (4,3).

entries);

19 printf(”\nhas the Q−v a l u e : %5 . 3 f MeV”, Q);

20

21 // R e s u l t
22 // The r e a c t i o n
23 // S i ( 1 4 , 2 9 ) + H( 1 , 2 ) −−> P( 1 5 , 3 0 ) + n ( 0 , 1 )
24 // has the Q−v a l u e : 3 . 3 0 9 MeV

Scilab code Exa 17.7 Threshold energy required to initiate the reaction

1 // S c i l a b code Ex17 . 7 : Pg : 8 9 2 ( 2 0 1 1 )
2 clc;clear;

3 amu = 931.5; // Energy e q u i v a l e n t o f 1 amu , MeV
4 nucleus = cell (4,3);

5 nucleus (1,1).entries = ’P ’ ;
6 nucleus (1,2).entries = 15;
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7 nucleus (1,3).entries = 31;

8 nucleus (1,4).entries = 30.98356;

9 nucleus (2,1).entries = ’ n ’ ;
10 nucleus (2,2).entries = 0;

11 nucleus (2,3).entries = 1;

12 nucleus (2,4).entries = 1.00898;

13 nucleus (3,1).entries = ’ S i ’ ;
14 nucleus (3,2).entries = 14;

15 nucleus (3,3).entries = 31;

16 nucleus (3,4).entries = 30.98515;

17 nucleus (4,1).entries = ’ p ’ ;
18 nucleus (4,2).entries = 1;

19 nucleus (4,3).entries = 1;

20 nucleus (4,4).entries = 1.00814;

21 Q = (( nucleus (1,4).entries + nucleus (2,4).entries)-(

nucleus (3,4).entries + nucleus (4,4).entries))*amu

; // Q−v a l u e o f the r e a c t i o n , MeV
22 E_th = -1*Q*( nucleus (1,4).entries+nucleus (2,4).

entries)/nucleus (1,4).entries;

23 printf(”\nThe t h r e s h o l d ene rgy r e q u i r e d to i n i t i a t e
the r e a c t i o n ”);

24 printf(”\n\ t%s (%d,%d) + %s(%d,%d) −−> %s(%d,%d) + %s
(%d,%d) ”, nucleus (1,1).entries , nucleus (1,2).

entries , nucleus (1,3).entries , nucleus (2,1).

entries , nucleus (2,2).entries , nucleus (2,3).

entries , nucleus (3,1).entries , nucleus (3,2).

entries , nucleus (3,3).entries , nucleus (4,1).

entries , nucleus (4,2).entries , nucleus (4,3).

entries);

25 printf(”\ n i s %5 . 3 f MeV”, E_th);

26

27 // R e s u l t
28 // The t h r e s h o l d ene rgy r e q u i r e d to i n i t i a t e the

r e a c t i o n
29 // P( 1 5 , 3 1 ) + n ( 0 , 1 ) −−> S i ( 1 4 , 3 1 ) + p ( 1 , 1 )
30 // i s 0 . 7 2 1 MeV
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Scilab code Exa 17.8 Kinetic energy of emitted protons and threshold energy

1 // S c i l a b code Ex17 . 8 : Pg : 8 9 2 ( 2 0 1 1 )
2 clc;clear;

3 amu = 931.5; // Energy e q u i v a l e n t o f 1 amu , MeV
4 nucleus = cell (4,3);

5 nucleus (1,1).entries = ’F ’ ;
6 nucleus (1,2).entries = 9;

7 nucleus (1,3).entries = 19;

8 M_P = 19.0457; // Mass o f product nuc l eus , amu
9 nucleus (2,1).entries = ’ n ’ ;
10 nucleus (2,2).entries = 0;

11 nucleus (2,3).entries = 1;

12 m_i = 1.0087; // Mass o f i n c i d e n t p a r t i c l e , amu
13 nucleus (3,1).entries = ’O ’ ;
14 nucleus (3,2).entries = 8;

15 nucleus (3,3).entries = 19;

16 nucleus (4,1).entries = ’H ’ ;
17 nucleus (4,2).entries = 1;

18 nucleus (4,3).entries = 1;

19 m_e = 1.00728; // Mass o f emi t t ed p a r t i c l e , amu
20 K_i = 15; // K i n e t i c ene rgy o f i n c i d e n t neutrons ,

MeV
21 Q = -7.6342; // Q−v a l u e o f the r e a c t i o n , MeV
22 K_e = (Q*M_P -(m_i -M_P)*K_i)/(m_e+M_P); // K i n e t i c

ene rgy o f emi t t ed photon , MeV
23 E_th = -1*Q*(M_P+m_i)/M_P; // Thresho ld ene rgy

r e q u i r e d to i n i t i a t e the r e a c t i o n , MeV
24 printf(”\nThe k i n e t i c ene rgy o f emi t t ed photon = %5

. 3 f MeV”, K_e);

25 printf(”\nThe t h r e s h o l d ene rgy r e q u i r e d to i n i t i a t e
the r e a c t i o n ”);

26 printf(”\n\ t%s (%d,%d) + %s(%d,%d) −−> %s(%d,%d) + %s
(%d,%d) ”, nucleus (1,1).entries , nucleus (1,2).
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entries , nucleus (1,3).entries , nucleus (2,1).

entries , nucleus (2,2).entries , nucleus (2,3).

entries , nucleus (3,1).entries , nucleus (3,2).

entries , nucleus (3,3).entries , nucleus (4,1).

entries , nucleus (4,2).entries , nucleus (4,3).

entries);

27 printf(”\ n i s %5 . 3 f MeV”, E_th);

28

29 // R e s u l t
30 // The k i n e t i c ene rgy o f emi t t ed photon = 6 . 2 4 1 MeV
31 // The t h r e s h o l d ene rgy r e q u i r e d to i n i t i a t e the

r e a c t i o n
32 // F ( 9 , 1 9 ) + n ( 0 , 1 ) −−> O( 8 , 1 9 ) + H( 1 , 1 )
33 // i s 8 . 0 3 9 MeV

Scilab code Exa 17.9 Energy released by the fission of 1 kg of U235

1 // S c i l a b code Ex17 . 9 : Pg : 8 9 3 ( 2 0 1 1 )
2 clc;clear;

3 e = 1.6e -019; // Energy e q u i v a l e n t o f 1 eV , J/eV
4 N_A = 6.023e+023; // Avogadro ’ s number
5 E_f = 200*1e+06*e; // Energy r e l e a s e d per f i s s i o n

, J
6 E_mol = E_f*N_A; // Energy r e l e a s e d by one mole

o f U235 , J
7 E = E_mol *1000/235; // Energy r e l e a s e d by the

f i s s i o n o f 1 kg o f U235 , J
8 printf(”\nThe Energy r e l e a s e d by the f i s s i o n o f 1 kg

o f U235 = %4 . 2 e kWh”, E/(1000*3600));

9

10 // R e s u l t
11 // The Energy r e l e a s e d by the f i s s i o n o f 1 kg o f

U235 = 2 . 2 8 e +007 kWh
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Scilab code Exa 17.10 Rate of fission of U235

1 // S c i l a b code Ex17 . 1 0 : Pg : 8 9 4 ( 2 0 1 1 )
2 clc;clear;

3 e = 1.6e -019; // Energy e q u i v a l e n t o f 1 eV , J/eV
4 E = 3.2e+07; // Energy r e l e a s e d per second by the

r e a c t o r , J
5 E_f = 200*1e+06*e; // Energy r e l e a s e d per f i s s i o n

, J
6 N = E/E_f; // Number o f f i s s i o n s per second o f

U235 , per second
7 printf(”\nThe number o f U235 atoms unde rgo ing

f i s s i o n s per second = %1 . 0 e ”, N);

8

9 // R e s u l t
10 // The number o f U235 atoms unde rgo ing f i s s i o n s per

second = 1 e +018

Scilab code Exa 17.11 Rate of fission and energy released in the complete fissioning of U235

1 // S c i l a b code Ex17 . 1 1 : Pg : 8 9 4 ( 2 0 1 1 )
2 clc;clear;

3 e = 1.6e -019; // Energy e q u i v a l e n t o f 1 eV , J/eV
4 N_A = 6.023e+026; // Avogadro ’ s number , per kmol
5 P = 2; // Power produced by the f i s s i o n o f U235 ,

watt
6 E_f = 200*1e+06*e; // Energy r e l e a s e d per f i s s i o n

, J
7 FR = P/E_f; // F i s s i o n r a t e o f U235 , f i s s i o n / s e c
8 N = 0.5/235* N_A; // Number o f U235 n u c l e i i n 0 . 5

kg o f U235
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9 E = 200*N; // Energy r e l e a s e d i n the comple te
f i s s i o n i n g o f 0 . 5 kg o f U235 , MeV

10 printf(”\nThe f i s s i o n r a t e o f U235 = %4 . 2 e f i s s i o n s /
s e c ”, FR);

11 printf(”\nThe ene rgy r e l e a s e d i n the comple te
f i s s i o n i n g o f 0 . 5 kg o f U235 = %1 . 0 e k c a l ”, E*1e

+06*e/(1000*4.186));

12

13 // R e s u l t
14 // The f i s s i o n r a t e o f U235 = 6 . 2 5 e +010 f i s s i o n s / s e c
15 // The ene rgy r e l e a s e d i n the comple te f i s s i o n i n g o f

0 . 5 kg o f U235 = 1 e +010 k c a l

Scilab code Exa 17.12 Energy and oscillator frequency of some positively charged particles accelerating in a cyclotron

1 // S c i l a b code Ex17 . 1 2 : Pg : 8 9 4 ( 2 0 1 1 )
2 clc;clear;

3 e = 1.6e -019; // Energy e q u i v a l e n t o f 1 eV , J/eV
4 R_max = 0.6; // Radius o f two dee s o f the

c y c l o t r o n , m
5 B = 1.6; // S t r e n g t h o f p o l e p i e c e s o f the

c y c l o t r o n , t e s l a
6 // For proton
7 m = 1.67e -027; // Mass o f the proton , kg
8 q = 1.6e -019; // Charge on a proton , C
9 E = 1/2*q^2* R_max ^2*B^2/(m*e*1e+06); // Energy o f

the proton , MeV
10 f_proton = q*B/(2* %pi*m*1e+06); // Cyc l o t r on

o s c i l l a t o r f r e q u e n c y f o r the proton , MHz
11 printf(”\nEnergy o f the proton = %5 . 2 f MeV”, E);

12 printf(”\ nCyc lo t ron f r e q u e n c y f o r proton = %5 . 2 f MHz
”, f_proton);

13 // For deut e ron
14 m = 2*1.67e-027; // Mass o f the deuteron , kg
15 q = 1.6e -019; // Charge on a deuteron , C
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16 E = 1/2*q^2* R_max ^2*B^2/(m*e*1e+06); // Energy o f
the deuteron , MeV

17 f_deuteron = q*B/(2* %pi*m*1e+06); // Cyc l o t r on
o s c i l l a t o r f r e q u e n c y f o r the deuteron , MHz

18 printf(”\nEnergy o f the deut e ron = %5 . 2 f MeV”, E);

19 printf(”\ nCyc lo t ron f r e q u e n c y f o r deut e ron = %5 . 2 f
MHz”, f_deuteron);

20 // For alpha−p a r t i c l e
21 m = 4*1.67e-027; // Mass o f the alpha−p a r t i c l e ,

kg
22 q = 2*1.6e -019; // Charge on a alpha−p a r t i c l e , C
23 E = 1/2*q^2* R_max ^2*B^2/(m*e*1e+06); // Energy o f

the deuteron , MeV
24 f_alpha = q*B/(2* %pi*m*1e+06); // Cyc l o t r on

o s c i l l a t o r f r e q u e n c y f o r the alpha−p a r t i c l e , MHz
25 printf(”\nEnergy o f the alpha−p a r t i c l e = %5 . 2 f MeV”,

E);

26 printf(”\ nCyc lo t ron f r e q u e n c y f o r alpha−p a r t i c l e =
%5 . 2 f MHz”, f_alpha);

27

28 // R e s u l t
29 // Energy o f the proton = 4 4 . 1 5 MeV
30 // Cyc l o t r on f r e q u e n c y f o r proton = 2 4 . 4 0 MHz
31 // Energy o f the deut e ron = 2 2 . 0 7 MeV
32 // Cyc l o t r on f r e q u e n c y f o r deute ron = 1 2 . 2 0 MHz
33 // Energy o f the alpha−p a r t i c l e = 4 4 . 1 5 MeV
34 // Cyc l o t r on f r e q u e n c y f o r alpha−p a r t i c l e = 1 2 . 2 0

MHz

Scilab code Exa 17.13 Energy of the protons issuing out of the cyclotron

1 // S c i l a b code Ex17 . 1 3 : Pg : 8 9 5 ( 2 0 1 1 )
2 clc;clear;

3 e = 1.6e -019; // Energy e q u i v a l e n t o f 1 eV , J/eV
4 R_max = 0.75; // Radius o f two dee s o f the
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c y c l o t r o n , m
5 f = 15e+06; // Frequency o f a l t e r n a t i n g p o t e n t i a l

, Hz
6 m = 1.67e -027; // Mass o f the proton , kg
7 // As E = 1/2∗q ˆ2∗R maxˆ2∗Bˆ2/(m∗ e ) and f = q∗B/(2∗

%pi∗m) , s o l v i n g f o r E
8 E = 2*%pi^2*m*f^2* R_max ^2/(e*1e+06);

9 disp(E)

10 printf(”\nEnergy o f the p r o t o n s i s s u i n g out o f the
c y c l o t r o n = %6 . 4 f MeV”, E);

11

12 // R e s u l t
13 // Energy o f the p r o t o n s i s s u i n g out o f the

c y c l o t r o n = 2 6 . 0 7 5 4 MeV

Scilab code Exa 17.14 Energy gained per turn and maximum energy of the electron in a betatron

1 // S c i l a b code Ex17 . 1 4 : Pg : 8 9 6 ( 2 0 1 1 )
2 clc;clear;

3 e = 1.6e -019; // Charge on an e l e c t r o n , C
4 c = 3e+08; // Speed o f l i g h t , m/ s
5 B_orbit = 0.5; // Magnet ic f i e l d at the o r b i t o f

the be ta t ron , T
6 f = 60; // Operat ing f r e q u e n c y o f the be ta t ron ,

Hz
7 omega = 2*%pi*f; // Angular f r e q u e n c y o f

o p e r a t i o n , rad / s
8 r = 1.6/2; // Radius o f s t a b l e o r b i t , m
9 K_av = 4* omega*e*r^2* B_orbit /1.6e-019; // Average

ene rgy ga ined by the e l e c t r o n per turn , eV
10 K_max = c*e*r*B_orbit /1.6e -019; // Maximum energy

ga ined by the e e c t r on , eV
11 printf(”\nThe ave rage ene rgy ga ined by the e l e c t r o n

per turn = %5 . 1 f eV”, K_av);

12 printf(”\nThe maximum energy ga ined by the e l e c t r o n
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= %5. 1 e eV”, K_max);

13

14 // R e s u l t
15 // The ave rage ene rgy ga ined by the e l e c t r o n per

turn = 4 8 2 . 5 eV
16 // The maximum energy ga ined by the e l e c t r o n = 1 . 2 e

+008 eV

Scilab code Exa 17.15 Maximum frequency of Dee voltage and gain in energy of the deuteron in a synchrocyclotron

1 // S c i l a b code Ex17 . 1 5 : Pg : 8 9 6 ( 2 0 1 1 )
2 clc;clear;

3 q = 1.6e -019; // Charge on a deuteron , C
4 amu = 931.5; // Energy e q u i v a l e n t o f 1 amu , MeV
5 m0 = 2.0141; // Rest mass o f a deuteron , kg
6 B0 = 1.5; // Magnet ic f i e l d at the c e n t r e o f the

s y n c h r o c y c l o t r o n , T
7 B = 1.431; // Magnet ic f i e l d at the p e r i p h e r y o f

the s y n c h r o c y c l o t r o n , T
8 f0 = q*B0 /(2*3.14* m0*1.67e -027*1e+06); // Maximum

f r e q u e n c y o f Dee v o l t a g e o f s y n h r o c y c l o t r o n , MHz
9 f = 1e+07; // Minimum f r e q u e n c y o f Dee v o l t a g e ,

Hz
10 m = q*B/(2*3.14*f*1.67e-027); // Mass o f deut e ron

at the p e r i p h e r y o f the Dee , amu
11 K = (m-m0)*amu; // Gain i n ene rgy o f the deuteron

, MeV
12 printf(”\nThe maximum f r e q u e n c y o f Dee v o l t a g e = %5

. 2 f MHz”, f0);

13 printf(”\nThe ga in i n ene rgy o f the deut e ron = %6 . 2 f
MeV”, K);

14

15 // R e s u l t
16 // The maximum f r e q u e n c y o f Dee v o l t a g e = 1 1 . 3 6 MHz
17 // The ga in i n ene rgy o f the deut e ron = 1 5 7 . 4 7 MeV
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Scilab code Exa 17.16 Maximum radial field and the life of a GM counter

1 // S c i l a b code Ex17 . 1 6 : Pg : 8 9 7 ( 2 0 1 1 )
2 clc;clear;

3 V = 1000; // Operat ing v o l t a g e o f the GM counter ,
v o l t

4 a = 1e-04’ // Radius o f GM c o u n t e r wire , m
5 b = 2e-02; // Radius o f cathode , m
6 E = V/(2.3026*a*log10(b/a)); // Maximum r a d i a l

f i e l d at the s u r f a c e o f c e n t r a l w i r e o f GM tube ,
V/m

7 tau = 1e+09; // L i f e t ime o f GM tube , count s
8 N = tau /(50*60*60*2000); // L i f e o f the GM

counter , y e a r s
9 printf(”\nThe maximum r a d i a l f i e l d at the s u r f a c e o f

c e n t r a l w i r e o f GM tube = %4 . 2 e V/m”, E);

10 printf(”\nThe l i f e o f the GM c o u n t e r = %4 . 2 f y e a r s ”,
N);

11

12 // R e s u l t
13 // The maximum r a d i a l f i e l d at the s u r f a c e o f

c e n t r a l w i r e o f GM tube = 1 . 8 9 e +006 V/m
14 // The l i f e o f the GM c o u n t e r = 2 . 7 8 y e a r s

Scilab code Exa 17.17 Avalanche voltage in a GM tube

1 // S c i l a b code Ex17 . 1 7 : Pg : 8 9 8 ( 2 0 1 1 )
2 clc;clear;

3 I = 15.7; // I o n i z a t i o n p o t e n t i a l o f argon i n GM
counter , v o l t

4 a = 0.012/2*1e-02; // Radius o f GM c o u n t e r wire ,
m
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5 b = 5/2*1e-02; // Radius o f cathode , m
6 lambda = 7.8e -006; // Mean f r e e path o f argon i n

GM counter , m
7 // As E∗ lambda = I = V∗ lambda / ( 2 . 3 0 2 6∗ a∗ l o g 1 0 ( b/a ) ) ,

s o l v i n g f o r V
8 V = 2.3026*a*I*log10(b/a)/lambda; // Vo l tage tha t

must be a p p l i e d to produce an ava l anche i n GM
tube , v o l t

9 printf(”\nThe v o l t a g e tha t must be a p p l i e d to
produce an ava l anche i n GM tube = %6 . 2 f v o l t ”, V)

;

10

11 // R e s u l t
12 // The v o l t a g e tha t must be a p p l i e d to produce an

ava l anche i n GM tube = 7 2 8 . 5 2 v o l t

Scilab code Exa 17.18 Maximum permissible voltage fluctuation in a GM counter

1 // S c i l a b code Ex17 . 1 8 : Pg : 8 9 8 ( 2 0 1 1 )
2 clc;clear;

3 count_err = 1e-03; // F r a c t i o n a l e r r o r i n
c o u n t i n g

4 m = 3; // P la t eau s l o p e
5 delta_V = count_err *100/m*100; // Maximum

p e r m i s s i b l e v o l t a g e f l u c t u a t i o n i n a GM counter ,
v o l t

6 printf(”\nThe maximum p e r m i s s i b l e v o l t a g e
f l u c t u a t i o n i n a GM c o u n t e r = %3 . 1 f v o l t s ”,
delta_V);

7

8 // R e s u l t
9 // The maximum p e r m i s s i b l e v o l t a g e f l u c t u a t i o n i n a

GM c o u n t e r = 3 . 3 v o l t s
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Chapter 19

Superconductivity

Scilab code Exa 19.1 Critical field for lead at 4 K

1 // S c i l a b Code Ex19 . 1 : Page−959 ( 2 0 1 1 )
2 clc; clear;

3 T_c = 6.2; // C r i t i c a l t empera tu r e o f l e a d i n
s u p e r c o n d u c t i n g s t a t e , K

4 T = 4; // Temperature at which c r i t i c a l f i e l d
o f l e a d i s to be found out , K

5 H_c0 = 0.064; // C r i t i c a l f i e l d f o r l e a d at 0 K,
MA/m

6 H_cT = H_c0 *(1-(T/T_c)^2); // C r i t i c a l f i e l d f o r
l e a d at 4 K, MA/m

7 printf(”\nThe c r i t i c a l f i e l d f o r l e a d at 4 K = %5 . 3 f
MA/m”, H_cT);

8 // R e s u l t
9 // The c r i t i c a l f i e l d f o r l e a d at 4 K = 0 . 0 3 7 MA/m

Scilab code Exa 19.2 Isotopic effect in mercury

1 // S c i l a b Code Ex19 . 2 : Page−959 ( 2 0 1 1 )
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2 clc; clear;

3 T_c1 = 4.153; // C r i t i c a l t empera tu r e o f mercury
f o r i t s one i s o t o p e , K

4 M1 = 200.59; // Mass o f f i r s t i s o t o p e o f mercury ,
amu

5 M2 = 204; // Mass o f s econd i s o t o p e o f mercury
, amu

6 // From i s o t o p i c e f f e c t o f s u p e r c o n d u c t i v i t y ,
7 // T c2 / T c1 = s q r t (M1/M2) , s o l v i n g f o r T c2
8 T_c2 = T_c1*sqrt(M1/M2); // C r i t i c a l t empera tu r e

o f mercury f o r second i s o t o p e , K
9 printf(”\nThe c r i t i c a l t empera tu re o f mercury f o r

i t s i s o t o p e o f mass 204 amu = %5 . 3 f K”, T_c2);

10

11 // R e s u l t
12 // The c r i t i c a l t empera tu r e o f mercury f o r i t s

i s o t o p e o f mass 204 amu = 4 . 1 1 8 K

Scilab code Exa 19.3 Critical current through superconducting aluminium wire

1 // S c i l a b Code Ex19 . 3 : Page−960 ( 2 0 1 1 )
2 clc; clear;

3 d = 1e-003; // Diameter o f aluminium wire , m
4 r = d/2; // Radius o f aluminium wire , m
5 H_c = 7.9e+003; // C r i t i c a l magnet i c f i e l d f o r Al

, A/m
6 I_c = 2*3.14*r*H_c; // C r i t i c a l c u r r e n t through

s u p e r c o n d u c t i n g aluminium wire , A
7 printf(”\nThe c r i t i c a l c u r r e n t through

s u p e r c o n d u c t i n g aluminium wi r e = %6 . 3 f A”, I_c);

8

9 // R e s u l t
10 // The c r i t i c a l c u r r e n t through s u p e r c o n d u c t i n g

aluminium wi r e = 2 4 . 8 0 6 A
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Scilab code Exa 19.4 Critical current density for superconducting wire of lead at different temperatures

1 // S c i l a b Code Ex19 . 4 : Page−960 ( 2 0 1 1 )
2 clc; clear;

3 T_c = 7.18; // C r i t i c a l t empera tu r e o f l e a d i n
s u p e r c o n d u c t i n g s t a t e , K

4 H_c0 = 6.5e+004; // C r i t i c a l f i e l d f o r l e a d at 0
K, A/m

5 // At T = 4 . 2 K
6 T = 4.2; // Temperature at which c r i t i c a l

f i e l d o f l e a d i s to be found out , K
7 H_cT = H_c0 *(1-(T/T_c)^2); // C r i t i c a l f i e l d f o r

l e a d at 4 K, A/m
8 d = 1e-003; // Diameter o f l e a d wire , m
9 r = d/2; // Radius o f l e a d wire , m
10 I_c = 2*3.14*r*H_cT; // C r i t i c a l c u r r e n t through

s u p e r c o n d u c t i n g l e a d wire , A
11 J_c = I_c /(3.14*r^2); // C r i t i c a l c u r r e n t d e n s i t y

f o r s u p e r c o n d u c t i n g l e a d wire , A/Sq . meter
12 printf(”\nThe c r i t i c a l c u r r e n t d e n s i t y at %3 . 1 f K =

%5 . 3 e A/Sq .m”, T, J_c);

13 // At T = 7 K
14 T = 7; // Temperature at which c r i t i c a l f i e l d

o f l e a d i s to be found out , K
15 H_cT = H_c0 *(1-(T/T_c)^2); // C r i t i c a l f i e l d f o r

l e a d at 4 K, A/m
16 d = 1e-003; // Diameter o f l e a d wire , m
17 r = d/2; // Radius o f l e a d wire , m
18 I_c = 2*3.14*r*H_cT; // C r i t i c a l c u r r e n t through

s u p e r c o n d u c t i n g l e a d wire , A
19 J_c = I_c /(3.14*r^2); // C r i t i c a l c u r r e n t d e n s i t y

f o r s u p e r c o n d u c t i n g l e a d wire , A/Sq . meter
20 printf(”\nThe c r i t i c a l c u r r e n t d e n s i t y at %3 . 1 f K =

%4 . 2 e A/Sq .m”, T, J_c);
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21

22 // R e s u l t
23 // The c r i t i c a l c u r r e n t d e n s i t y at 4 . 2 K = 1 . 7 1 0 e

+008 A/Sq .m
24 // The c r i t i c a l c u r r e n t d e n s i t y at 7 . 0 K = 1 . 2 9 e +007

A/Sq .m

Scilab code Exa 19.5 Critical temperature of lead from London penetration depth

1 // S c i l a b Code Ex19 . 5 : Page−961 ( 2 0 1 1 )
2 clc; clear;

3 T1 = 3; // I n i t i a l t empera tu r e o f l e a d wire , K
4 T2 = 7.1; // F i n a l t empera tu r e o f l e a d wire , K
5 lambda1 = 39.6; // I n i t i a l London p e n e t r a t i o n

depth f o r l ead , mm
6 lambda2 = 173; // F i n a l London p e n e t r a t i o n depth

f o r l ead , mm
7 // As lambda T = lambda 0 ∗(1−(T/ T c ) ˆ4) ˆ(−1/2) so
8 // ( lambda1 / lambda2 ) ˆ2 = ( T c ˆ4 − T2ˆ4) /( T c ˆ4 − T1

ˆ4)
9 // S o l v i n g f o r T c
10 T_c = ((T2^4-T1^4*( lambda1/lambda2)^2)/(1-( lambda1/

lambda2)^2))^(1/4);

11 printf(”\nThe c r i t i c a l t empera tu re o f l e a d = %5 . 3 f K
”, T_c);

12

13 // R e s u l t
14 // The c r i t i c a l t empera tu r e o f l e a d = 7 . 1 9 3 K

Scilab code Exa 19.6 Field strength required by lead to lose its superconducting state at 0 K

1 // S c i l a b Code Ex19 . 6 : Page−962 ( 2 0 1 1 )
2 clc; clear;
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3 T_c = 7.2; // C r i t i c a l t empera tu r e o f l e a d i n
s u p e r c o n d u c t i n g s t a t e , K

4 T = 5; // Temperature at which l e a d l o s e s i t s
s u p e r c o n d u c t i n g s t a t e , K

5 H_cT = 3.3e+004; // C r i t i c a l magnet i c f i e l d f o r
s u p e r c o n d u c t i n g l e a d at 5 K, A/m

6 // As H cT = H c0 ∗(1−(T/ T c ) ˆ2) , s o l v i n g f o r H c0
7 H_c0 = H_cT /(1-(T/T_c)^2); // C r i t i c a l f i e l d f o r

l e a d at 0 K, A/m
8 printf(”\nThe c r i t i c a l magnet i c f i e l d f o r l e a d at 0

K = %4 . 2 e A/m”, H_c0);

9

10 // R e s u l t
11 // The c r i t i c a l magnet i c f i e l d f o r l e a d at 0 K =

6 . 3 7 e +004 A/m

Scilab code Exa 19.7 Critical temperature for niobium

1 // S c i l a b Code Ex19 . 7 : Page−962 ( 2 0 1 1 )
2 clc; clear;

3 H_c0 = 2e+005; // C r i t i c a l f i e l d f o r niobium at 0
K, A/m

4 H_cT = 1e+005; // C r i t i c a l magnet i c f i e l d f o r
s u p e r c o n d u c t i n g niobium at 5 K, A/m

5 T = 8; // Temperature at which l e a d l o s e s i t s
s u p e r c o n d u c t i n g s t a t e , K

6 // As H cT = H c0 ∗(1−(T/ T c ) ˆ2) , s o l v i n g f o r T c
7 T_c = T/(1-H_cT/H_c0)^(1/2);

8 printf(”\nThe c r i t i c a l t empera tu re f o r niobium = %6
. 3 f K”, T_c);

9

10 // R e s u l t
11 // The c r i t i c a l t empera tu r e f o r niobium = 1 1 . 3 1 4 K
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