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

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

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

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

The Special Theory of
Relativity

Scilab code Exa 1.2 Relativistic velocity addition

1 // Ex1 2 : Page : 1 0 ( 2 0 1 4 )
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 , m/ s

4 v = 0.6*c; // Speed o f f i r s t r o c k e t w . r . t . the
ear th , m/ s

5 u_prime = 0.9*c; // Speed o f second r o c k e t w . r . t .
the f i r s t , m/ s

6 // Case 1 : F i r i n g i n the same d i r e c t i o n as tha t o f
the f i r s t

7 u = (u_prime + v)/(1 + u_prime*v/c^2); // Speed o f
2nd r o c k e t w . r . t . e a r t h from V e l o c i t y Add i t i on
Rule

8 printf(”\nThe speed o f s econd r o c k e t w . r . t . e a r t h
f i r e d i n the same d i r e c t i o n = %5 . 3 f c ”, u);

9 // Case 2 : F i r i n g i n the o p p o s i t e d i r e c t i o n as tha t
o f the f i r s t

10 u = (-u_prime + v)/(1 - u_prime*v/c^2); // Speed o f
2nd r o c k e t w . r . t . e a r t h from V e l o c i t y Add i t i on
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Rule
11 printf(”\nThe speed o f s econd r o c k e t w . r . t . e a r t h

f i r e d i n the o p p o s i t e d i r e c t i o n = %5 . 3 f c ”, u);

12

13 // R e s u l t
14 // The speed o f s econd r o c k e t w . r . t . e a r t h f i r e d i n

the same d i r e c t i o n = 0 . 9 7 4 c
15 // The speed o f s econd r o c k e t w . r . t . e a r t h f i r e d i n

the o p p o s i t e d i r e c t i o n = −0.652 c

Scilab code Exa 1.3 Length contraction

1 // Ex1 3 Page : 1 2 ( 2 0 1 4 )
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 , m/ s

4 L0 = 1; // For s i m p l i c i t y assume the c l a s s i c a l
l e n g t h o f the rod to be uni ty , m

5 d = 1; // Pe r c en tage d i f f e r e n c e o f r e l a t i v i s t i c
l e n g t h from the c l a s s i c a l l e n g t h

6 L = (1 - d/100)*L0; // R e l a t i v i s t i c l eng th , m
7 v = poly(0, ”v”); // D e c l a r e speed v a r i a b l e
8 v = roots (1 - v^2 - (L/L0)^2); // R e l a t i v i s t i c

speed o f the moving o b j e c t
9 printf(”\nThe speed at which the r e l a t i v i s t i c v a l u e

f o r l e n g t h d i f f e r from the c l a s s i c a l v a l u e by one
p e r c e n t = %5 . 3 f c ”, v(1));

10

11 // R e s u l t
12 // The speed at which the r e l a t i v i s t i c v a l u e f o r

l e n g t h d i f f e r from the c l a s s i c a l v a l u e by one
p e r c e n t = 0 . 1 4 1 c
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Scilab code Exa 1.4 Speed of an unstable particle

1 // Ex1 4 Page : 1 2 ( 2 0 1 4 )
2 clc; clear;

3 c = 3e+08; // Speed o f l i g h t i n vacuum , m/ s
4 delta_tau = 2.6e-08; // Mean l i f e t i m e o f an

u n s t a b l e p a r t i c l e at r e s t , s
5 d = 20; // D i s t a n c e t r a v e l l e d by the u n s t a b l e

p a r t i c l e b e f o r e i t decays , m
6 v = poly(0, ”v”); // D e c l a r e the speed v a r i a b l e
7 v = 1/sqrt(roots(d^2*v - (d/c)^2 - delta_tau ^2));

// Speed o f the p a r t i c l e i n Lab frame from Time
D i l a t i o n r e l a t i o n , m/ s

8 printf(”\nThe speed at which the u n s t a b l e p a r t i c l e
20 m d i s t a n c e b e f o r e de cay ing = %3 . 1 e m/ s ”, v);

9

10 // R e s u l t
11 // The speed at which the u n s t a b l e p a r t i c l e 20 m

d i s t a n c e b e f o r e de cay ing = 2 . 8 e+08 m/ s

Scilab code Exa 1.5 Proper lifetime of the particles

1 // Ex1 5 Page : 1 3 ( 2 0 1 4 )
2 clc; clear;

3 c = 3e+08; // Speed o f l i g h t i n vacuum , m/ s
4 v = 0.9*c; // Speed o f beam o f p a r t i c l e s , m/ s
5 delta_t = 5e-06; // Mean l i f e t i m e o f p a r t i c l e s as

measured i n the Lab frame , s
6 delta_tau = delta_t*sqrt(1-(v/c)^2); // The

prope r l i f e t i m e o f the p a r t i c l e s from Time
D i l a t i o n Re l a t i on , s

7 printf(”\nThe prope r l i f e t i m e o f the p a r t i c l e s = %4
. 2 e s ”, delta_tau);

8

9 // R e s u l t
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10 // The prope r l i f e t i m e o f the p a r t i c l e s = 2 . 1 8 e−06 s

Scilab code Exa 1.6 Relativistic variation of mass with velocity

1 // Ex1 6 Page : 1 5 ( 2 0 1 4 )
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 , m/ s

4 m0 = 1; // For s i m p l i c i t y assume the r e s t mass , kg
5 d = 1; // Pe r c en tage d i f f e r e n c e o f r e l a t i v i s t i c

mass from the r e s t mass , kg
6 m = m0 *(1+20/100); // E f f e c t i v e mass o f the body

w h i l e moving , kg
7 v = poly(0, ”v”); // D e c l a r e speed v a r i a b l e
8 v = roots (1 - (v/c)^2 - (m0/m)^2); //

R e l a t i v i s t i c speed o f the moving body
9 printf(”\nThe r e l a t i v i s t i c speed o f the moving body

= %5 . 3 f c ”, v(1));

10

11 // R e s u l t
12 // The r e l a t i v i s t i c speed o f the moving body = 0 . 5 5 3

c

Scilab code Exa 1.7 Rate of decrease of mass

1 // Ex1 7 Page : 1 7 ( 2 0 1 4 )
2 clc; clear;

3 c = 3e+08; // Speed o f l i g h t i n vacuum , m/ s
4 delta_E = 4e+026; // Rate o f r a d i a t i o n o f ene rgy

from the sun , J/ s
5 delta_m = delta_E/c^2; // The d e c r e a s e i n mass , kg
6 printf(”\nThe d e c r e a s e i n mass = %4 . 2 e kg ”, delta_m)

;
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7

8 // R e s u l t
9 // The d e c r e a s e i n mass = 4 . 4 4 e+09 kg

Scilab code Exa 1.8 Momentum and velocity of an electron

1 // Ex1 8 Page : 1 8 ( 2 0 1 4 )
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 , m/ s

4 m_e = 0.512; // The r e s t ene rgy o f an e l e c t r o n , MeV
5 T = 10; // The k i n e t i c ene rgy o f the e l e c t r o n , MeV
6 E = T + m_e; // Tota l ene rgy o f the e l e c t r o n , MeV
7 p = sqrt(E^2 - m_e^2)/c; // Momentum o f the

e l e c t r o n from R e l a t i v i s t i c Energy Re l a t i on , MeV
8 v = poly(0, ”v”); // D e c l a r e speed v a r i a b l e
9 v = roots (1 - (v/c)^2 - (m_e/E)^2); // Speed o f

the e l e c t r o n from R e l a t i v i s t i c Energy V a r i a t i o n
formula , m/ s

10 printf(”\nThe momentum o f the e l e c t r o n = %4 . 1 f MeV/ c
”, p);

11 printf(”\nThe speed o f the e l e c t r o n = %6 . 4 f c ”, v(1))

;

12

13 // R e s u l t
14 // The momentum o f the e l e c t r o n = 1 0 . 5 MeV/ c
15 // The speed o f the e l e c t r o n = 0 . 9 9 8 8 c
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Chapter 2

Particle Nature of Radiation

Scilab code Exa 2.1 Number of photons emitted per second

1 // Ex2 1 Page : 2 8 ( 2 0 1 4 )
2 clc; clear;

3 h = 6.626e -034; // Planck ’ s cons tant , Js
4 nu = 100e+06; // O p e r a t i o n a l f r e q u e n c y o f the

source , Hz
5 P = 100e+03; // Power r a d i a t e d by the source , W
6 E = h*nu; // Energy r a d i a t e d by the source , J
7 n = P/E; // Number o f quanta o f ene rgy per second
8 printf(”\nThe number o f photons emi t t ed per second =

%5 . 3 e photons / s ”, n);

9

10 // R e s u l t
11 // The number o f photons emi t t ed per second = 1 . 5 0 9 e

+30 photons / s

Scilab code Exa 2.2 Maximum kinetic energy and speed of photoelectrons

1 // Ex2 2 Page : 3 1 ( 2 0 1 4 )
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2 clc; clear;

3 h = 6.626e -034; // Planck ’ s cons tant , Js
4 c = 3e+08; // Speed o f l i g h t , m/ s
5 e = 1.6e -019; // Energy e q u i v a l e n t o f 1 eV , J
6 m = 9.1e -031; // Mass o f an e l e c t r o n , kg
7 w0 = 2.28; // Work f u n c t i o n o f sodium , eV
8 lambda = 400e-09; // Wavelength o f l i g h t , m
9 nu = c/lambda; // Frequency o f l i g h t , Hz

10 KE_max = h*nu/e - w0; // Maximum k i n e t i c ene rgy o f
p h o t o e l e c t r o n s , eV

11 v = sqrt (2* KE_max*e/m); // Speed o f p h o t o e l e c t r o n s
, m/ s

12 printf(”\nThe maximum k i n e t i c ene rgy o f
p h o t o e l e c t r o n s = %5 . 3 f eV”, KE_max);

13 printf(”\nThe speed o f p h o t o e l e c t r o n s = %4 . 2 e m/ s ”,
v);

14

15 // R e s u l t
16 // The maximum k i n e t i c ene rgy o f p h o t o e l e c t r o n s =

0 . 8 2 6 eV
17 // The speed o f p h o t o e l e c t r o n s = 5 . 3 9 e+05 m/ s

Scilab code Exa 2.3 Cutoff wavelength and stopping potential of Al

1 // Ex2 3 Page : 3 1 ( 2 0 1 4 )
2 clc; clear;

3 h = 6.626e -034; // Planck ’ s cons tant , Js
4 c = 3e+08; // Speed o f l i g h t , m/ s
5 e = 1.6e -019; // Energy e q u i v a l e n t o f 1 eV , J
6 w0 = 4.2; // Work f u n c t i o n o f aluminium , eV
7 lambda = 2000e-10; // Wavelength o f i n c i d e n t l i g h t

, m
8 lambda0 = h*c/(w0*e); // The cut−o f f wave l ength f o r

aluminium , m
9 E = h*c/( lambda*e); // Energy o f 2000 angstrom
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photon , eV
10 KE = E - w0; // K i n e t i c ene rgy o f f a s t e s t

e l e c t r o n , eV
11 printf(”\nThe cut−o f f wave l ength f o r aluminium = %4d

angstrom ”, lambda0 /1e -010);

12 printf(”\nThe s t o p p i n g p o t e n t i a l = %4 . 2 f V”, KE);

13

14 // R e s u l t
15 // The cut−o f f wave l ength f o r aluminium = 2958

angstrom
16 // The s t o p p i n g p o t e n t i a l = 2 . 0 1 V

Scilab code Exa 2.4 Momentum and effective mass of a photon

1 // Ex2 4 Page : 3 3 ( 2 0 1 4 )
2 clc; clear;

3 h = 6.626e -034; // Planck ’ s cons tant , Js
4 c = 3e+08; // Speed o f l i g h t , m/ s
5 lambda = 0.2e-09; // Wavelength o f photon , m
6 p = h/lambda; // Momentum o f the photon , kgm/ s
7 m = p/c; // E f f e c t i v e mass o f photon , kg
8 printf(”\nThe momentum o f the photon = %3 . 1 e kg−m/ s ”

, p);

9 printf(”\nThe e f f e c t i v e mass o f photon = %3 . 1 e kg ”,
m);

10

11 // R e s u l t
12 // The momentum o f the photon = 3 . 3 e−24 kg−m/ s
13 // The e f f e c t i v e mass o f photon = 1 . 1 e−32 kg

Scilab code Exa 2.5 Wavelength of scattered X rays at different angles

1 // Ex2 5 Page : 3 5 ( 2 0 1 4 )
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2 clc; clear;

3 h = 6.626e -034; // Planck ’ s cons tant , Js
4 c = 3e+08; // Speed o f l i g h t , m/ s
5 m0 = 9.1e-031; // Mass o f the e l e c t r o n , kg
6 lambda = 0.15e-09; // Wavelength o f the i n c i d e n t X−

rays , m
7 theta = zeros (3); // D e c l a r e a row matr ix f o r

t h e t a
8 theta = [0, 90, 180]; // S c a t t e r i n g a n g l e s o f

photons , d e g r e e
9 for i = 1:3

10 lambda_prime = lambda + h/(m0*c)*(1 - cosd(theta

(i))); // New wave l ength due to Compton
S h i f t , m

11 printf(”\nThe wave l ength o f X−r a y s s c a t t e r e d at
%d d e g r e e s = %5 . 3 f nm”, theta(i),

lambda_prime /1e-09);

12 end

13

14 // R e s u l t
15 // The wave l ength o f X−r a y s s c a t t e r e d at 0 d e g r e e s =

0 . 1 5 0 nm
16 // The wave l ength o f X−r a y s s c a t t e r e d at 90 d e g r e e s

= 0 . 1 5 2 nm
17 // The wave l ength o f X−r a y s s c a t t e r e d at 180 d e g r e e s

= 0 . 1 5 5 nm

Scilab code Exa 2.6 Wavelength of a photon for pair production

1 // Ex2 6 Page : 3 6 ( 2 0 1 4 )
2 clc; clear;

3 h = 6.626e -034; // Planck ’ s cons tant , Js
4 c = 3e+08; // Speed o f l i g h t i n vacuum , m/ s
5 E0 = 0.511; // Rest ene rgy o f an e l e c t r o n , MeV
6 e = 1.6e -019; // Energy e q u i v a l e n t o f 1 eV , J

17



7 E = 2*E0*e*1e+06; // Rest ene rgy o f e l e c t r o n −
p o s i t r o n pa i r , J

8 lambda = h*c/E; // Wavelength o f photon to b r i n g
p a i r p roduc t i on , m

9 printf(”\nWavelength o f a photon tha t can produce an
e l e c t r o n −p o s i t r o n p a i r = %4 . 2 e m”, lambda);

10

11 // R e s u l t
12 // Wavelength o f a photon tha t can produce an

e l e c t r o n −p o s i t r o n p a i r = 1 . 2 2 e−12 m
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Chapter 3

Atomic Models

Scilab code Exa 3.1 Alpha particle scattering from gold foil

1 // Ex3 1 Page : 4 5 ( 2 0 1 4 )
2 clc; clear;

3 t = 2e-06; // Th i ckne s s o f go ld f o i l , m
4 T = 8; // K i n e t i c ene rgy o f alpha−p a r t i c l e s , MeV
5 rho = 19.3; // Dens i ty o f go ld f o i l , g/cm−cube
6 k = 8.984e+09; // Coulomb ’ s cons tant , N−Sq .m/Sq .C
7 Z = 79; // Atomic number o f go ld
8 Z_prime = 2; // Atomic number o f He n u c l e u s
9 e = 1.6e -019; // Charge on an e l e c t r o n , C

10 A = 197; // Atomic we ight o f go ld
11 N = 6.02e+023; // Avogadro ’ s number , atoms /mol
12 n = N*rho*1e+06/A; // Number d e n s i t y o f atoms ,

atoms / metre−cube
13 b = k*Z*Z_prime*e^2/(2*T*1e+06*e); // Impact

parameter f o r a lpha p a r t i c l e , m
14 f = %pi*b^2*n*t; // F r a c t i o n o f a lpha−p a r t i c l e s

s c a t t e r e d at a n g l e s g r e a t e r than 90 d e g r e e s
15 printf(”\ n F r a c t i o n o f a lpha−p a r t i c l e s s c a t t e r e d at

a n g l e s g r e a t e r than 90 d e g r e e s = %3 . 1 e ”, f);

16

17 // R e s u l t
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18 // F r a c t i o n o f a lpha−p a r t i c l e s s c a t t e r e d at a n g l e s
g r e a t e r than 90 d e g r e e s = 7 . 5 e−05

Scilab code Exa 3.3 Wavelength of photon for ionizing an H atom

1 // Ex3 3 Page : 4 8 ( 2 0 1 4 )
2 clc; clear;

3 h = 6.626e -034; // Planck ’ s cons tant , Js
4 c = 3e+08; // Speed o f l i g h t i n vacuum , m/ s
5 e = 1.6e -019; // Charge on an e l e c t r o n , C
6 T = 10.5; // K i n e t i c ene rgy o f e j e c t e d e l e c t r o n ,

eV
7 E = 13.6 + T; // Energy o f the photon , eV
8 lambda = h*c/(E*e); // Wavelength o f i n c i d e n t photon

from Planck ’ s Quantum r e l a t i o n , m
9 printf(”\nWavelength o f the photon tha t would i o n i z e

a hydrogen atom = %5. 2 f nm”, lambda /1e-09);

10

11 // R e s u l t
12 // Wavelength o f the photon tha t would i o n i z e a

hydrogen atom = 5 1 . 5 5 nm

Scilab code Exa 3.6 Wavelength of H alpha line for deuterium

1 // Ex3 6 Page : 5 1 ( 2 0 1 4 )
2 clc; clear;

3 M = 1; // For s i m p l i c i t y assume mass o f a proton
to be uni ty , amu

4 m_e = 1/1836; // Mass o f an e l e c t r o n , amu
5 m_d = 2*M; // Mass o f a deuter ium , amu
6 lambda = 6562.8; // Wavelength o f H alpha l i n e o f

hydrogen , angstrom
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7 mu = M/(1 + M/m_e); // Reduced mass o f an e l e c t r o n−
proton system , amu

8 mu_prime = m_d /(1 + m_d/m_e); // Reduced mass o f
an e l e c t r o n−deuter ium system , amu

9 lambda_prime = lambda*mu/mu_prime; // Wavelength o f
H alpha l i n e o f deuter ium , angstrom

10 printf(”\nThe wave l ength o f H alpha l i n e o f
deuter ium = %4d angstrom ”, lambda_prime);

11

12 // R e s u l t
13 // The wave l ength o f H alpha l i n e o f deuter ium =

6561 angstrom
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Chapter 4

Wave Mechanical Concepts

Scilab code Exa 4.2 de Broglie wavelength of an electron

1 // Ex4 2 Page : 5 9 ( 2 0 1 4 )
2 clc;clear;

3 e = 1.6e -019; // Energy c o n v e r s i o n f a c t o r , J/eV
4 m = 9.1e -031; // Mass o f an e l e c t r o n , kg
5 h = 6.626e -034; // Planck ’ s cons tant , Js
6 c = 3e+08; // Speed o f l i g h t i n vacuum , m/ s
7 // Non− r e l a t i v i s t i c c a s e :
8 E = 1; // K i n e t i c ene rgy o f an e l e c t r o n , eV
9 p = sqrt (2*m*E*e); // Momentum o f the e l e c t r o n ,

kg−m/ s
10 lambda = h/p*1e+09; // de−B r o g l i e wave l ength o f

e l e c t r o n , nm
11 printf(”\nNon− r e l a t i v i s t i c Case : \ nThe de−B r o g l i e

wave l ength o f e l e c t r o n = %3 . 1 f nm”, lambda);

12 // R e l a t i v i s t i c c a s e :
13 KE = 100; // K i n e t i c ene rgy o f an e l e c t r o n , MeV
14 p = KE*e/c*1e+06; // R e l a t i v i s t i c momentum o f the

e l e c t r o n , kg−m/ s
15 lambda = h/p; // de−B r o g l i e wave l ength o f

e l e c t r o n , m
16 printf(”\ n R e l a t i v i s t i c c a s e : \ nThe de−B r o g l i e
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wave l ength o f e l e c t r o n = %5 . 3 e m”, lambda);

17

18

19 // R e s u l t
20 // Non− r e l a t i v i s t i c Case :
21 // The de−B r o g l i e wave l ength o f e l e c t r o n = 1 . 2 nm
22 // R e l a t i v i s t i c c a s e :
23 // The de−B r o g l i e wave l ength o f e l e c t r o n = 1 . 2 4 2 e−14

m

Scilab code Exa 4.3 Uncertainty in position of an electron

1 // Ex4 3 Page : 6 4 ( 2 0 1 4 )
2 clc;clear;

3 m = 9.1e -031; // Mass o f an e l e c t r o n , kg
4 h_cross = 1.05e-034; // Reduced Planck ’ s cons tant ,

Js
5 v = 4e+06; // Speed o f the e l e c t r o n , m/ s
6 p = m*v; // Momentum o f the e l e c t r o n , kg−m/ s
7 delta_p = p/100; // U n c e r t a i n t y i n momentum o f

the e l e c t r o n , kg−m/ s
8 delta_x = h_cross *1e+09/(2* delta_p); //

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 , nm
9 printf(”\nThe 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 = %4 . 2 f nm”, delta_x);

10

11 // R e s u l t
12 // The 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 =

1 . 4 4 nm

Scilab code Exa 4.4 Width of the spectral line

1 // Ex4 4 Page : 6 4 ( 2 0 1 4 )

23



2 clc;clear;

3 c = 3e+08; // Speed o f the e l e c t r o n , m/ s
4 lambda = 4000e-010; // Wavelength o f the s p e c t r a l

l i n e , m
5 delta_t = 1e-08; // Average l i f e t i m e o f an

e x c i t e d atomic s t a t e , s
6 delta_lambda = lambda ^2/(4* %pi*c*delta_t); //

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

%4 . 2 e m”, delta_lambda);

8

9 // R e s u l t
10 // The n a t u r a l width o f the s p e c t r a l l i n e = 4 . 2 4 e

−015 m
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Chapter 6

Quantum Mechanics of Simple
Systems

Scilab code Exa 6.1 Probability of finding an electron in a square well

1 // Ex6 1 Page : 9 0 ( 2 0 1 4 )
2 clc;clear;

3 a = 2e-010; // Length o f the squa r e we l l , m
4 x1 = 0; // Lower l i m i t o f p o s i t i o n , m
5 x2 = 0.25e-010; // Upper l i m i t o f p o s i t i o n , m
6 P = integrate( ’ ( s q r t (2/ a ) ∗ s i n ( %pi∗x/a ) ) ˆ2 ’ , ’ x ’ , x1,

x2); // P r o b a b i l i t i y o f f i n d i n g the e l e c t r o n i n
the g i v e n r e g i o n

7 printf(”\nThe p r o b a b i l i t i y o f f i n d i n g the e l e c t r o n
i n the r e g i o n x = 0 to 0 . 2 5 e−010 = %6 . 4 f ”, P);

8

9 // R e s u l t
10 // The p r o b a b i l i t i y o f f i n d i n g the e l e c t r o n i n the

r e g i o n x = 0 to 0 . 2 5 e−010 = 0 . 0 1 2 5

Scilab code Exa 6.2 Zero point energy and force constant of a CO molecule
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1 // Ex6 2 Page : 9 6 ( 2 0 1 4 )
2 clc;clear;

3 v0 = 6.43e+013; // The v i b r a t i o n a l f r e q u e c y o f CO
molecu l e , Hz

4 e = 1.6e -019; // Energy c o n v e r s i o n f a c t o r , J/eV
5 mu = 1.1385e-026; // The reduced mass o f CO

molecu l e , kg
6 h = 6.626e -034; // Planck ’ s cons tant , Js
7 E0 = 1/(2*e)*h*v0; // Zero p o i n t energy , eV
8 k = 4*(22/7* v0)^2*mu; // Force c o n s t a n t o f the CO

bond , N/m
9 printf(”\nThe z e r o p o i n t ene rgy o f the CO bond = %5

. 3 f eV”, E0);

10 printf(”\nThe f o r c e c o n s t a n t o f the CO bond = %4d N/
m”, k);

11

12 // R e s u l t
13 // The z e r o p o i n t ene rgy o f the CO bond = 0 . 1 3 3 eV
14 // The f o r c e c o n s t a n t o f the CO bond = 1859 N/m

Scilab code Exa 6.6 Energy difference between the first two rotational levels of CO molecule

1 // Ex6 6 Page : 1 0 4 ( 2 0 1 4 )
2 clc;clear;

3 e = 1.6e -019; // Energy c o n v e r s i o n f a c t o r , J/eV
4 h_cross = 1.054e-034; // reduced Planck ’ s

cons tant , Js
5 r = 1.131e -010; // I n t e r m o l e c u l a r s e p a r a t i o n o f

CO molecu l e , m
6 m_Carbon = 19.9217e -027; // Mass o f carbon atom ,

kg
7 m_Oxygen = 26.5614e -027; // Mass o f oxygen atom ,

kg
8 mu = m_Carbon*m_Oxygen /( m_Carbon+m_Oxygen); //

Reduced mass o f CO molecu l e , kg
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9 I = mu*r^2; // Moment o f i n e r t i a o f CO molecu l e ,
kg−Sq .m

10 delta_E = h_cross ^2/(I*e); // Energy d i f f e r e n c e
between the f i r s t two r o t a t i o n a l ene rgy l e v e l s o f
CO molecu l e , eV

11 printf(”\nThe ene rgy d i f f e r e n c e between the f i r s t
two r o t a t i o n a l ene rgy l e v e l s o f CO m o l e c u l e = %4
. 2 e eV”, delta_E);

12

13 // R e s u l t
14 // The ene rgy d i f f e r e n c e between the f i r s t two

r o t a t i o n a l ene rgy l e v e l s o f CO m o l e c u l e = 4 . 7 7 e
−004 eV

Scilab code Exa 6.7 Orbital angular momentum

1 // Ex6 7 Page : 1 0 5 ( 2 0 1 4 )
2 clc;clear;

3 l = 1; // O r b i t a l a n g u l a r momentum quantum number
4 m = [1, 0, -1]; // The p o s s i b l e z−components o f l
5 printf(”\nThe p o s s i b l e o r i e n t a t i o n s o f v e c t o r L with

r e s p e c t to the z−a x i s a r e : ”);
6 for i = 1:3

7 theta = acosd(m(i)/sqrt(l*(l+1)));

8 printf(”\ nthe ta = %d d e g r e e (m = %d) ”, theta , m(

i));

9 end

10

11 // R e s u l t
12 // The p o s s i b l e o r i e n t a t i o n s o f v e c t o r L with

r e s p e c t to the z−a x i s a r e :
13 // t h e t a = 45 d e g r e e (m = 1)
14 // t h e t a = 90 d e g r e e (m = 0)
15 // t h e t a = 135 d e g r e e (m = −1)
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Chapter 7

Atomic Physics

Scilab code Exa 7.1 Energy difference between 2p states of hydrogen atom

1 // Ex7 1 Page : 1 1 3 ( 2 0 1 4 )
2 clc;clear;

3 e = 1.6e -019; // Energy c o n v e r s i o n f a c t o r , J/eV
4 mu_B = 9.27e-024; // Bohr magneton , J/T
5 B = 3; // Magnet ic f i e l d , T
6 m_l = [-1, 1]; // O r b i t a l magnet i c quantum number
7 dE = mu_B*B*(m_l(2)-m_l (1))/e; // Energy

d i f f e r e n c e between m l = −1 and m l = +1 , eV
8 printf(”\nThe ene rgy d i f f e r e n c e between m l = −1 and

m l = +1 components i n 2p s t a t e = %4 . 2 e eV”, dE)

;

9

10 // R e s u l t
11 // The ene rgy d i f f e r e n c e between m l = −1 and m l =

+1 components i n 2p s t a t e = 3 . 4 8 e−004 eV

Scilab code Exa 7.3 d electron of a H atom subjected to the vector atom model
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1 // Ex7 3 Page : 1 1 8 ( 2 0 1 4 )
2 clc;clear;

3 l = 2; // O r b i t a l a n g u l a r momentum quantum number
4 s = 0.5; // Spin quantum number
5 state = [”D( 5 / 2 ) ”, ”D( 3 / 2 ) ”]; // S t a t e s o f the d−

e l e c t r o n
6 j = [l + s, l - s]; // Tota l a n g u l a r momentum

quantum number
7 for i = 1:2

8 theta(i) = acosd ((j(i)*(j(i)+1) - l*(l+1) - s*(s

+1))/(2* sqrt(l*(l+1))*sqrt(s*(s+1))));

9 printf(”\nThe a n g l e between L and S f o r %s s t a t e
= %5 . 2 f d e g r e e ”, state(i), theta(i));

10 end

11

12 // R e s u l t
13 // The a n g l e between L and S f o r D( 5 / 2 ) s t a t e =

6 1 . 8 7 d e g r e e
14 // The a n g l e between L and S f o r D( 3 / 2 ) s t a t e =

1 3 5 . 0 0 d e g r e e

Scilab code Exa 7.6 LS coupling of electrons in 4p and 4d subshells

1 // Ex7 6 Page : 1 2 6 ( 2 0 1 4 )
2 clc;clear;

3 l1 = 1; // O r b i t a l a n g u l a r momentum quantum
number o f f i r s t e l e c t r o n

4 l2 = 2; // O r b i t a l a n g u l a r momentum quantum
number o f s econd e l e c t r o n

5 s1 = 0.5; // Spin quantum number o f f i r s t
e l e c t r o n

6 s2 = 0.5; // Spin quantum number o f s econd
e l e c t r o n

7 L_max = l1 + l2;

8 L_min = l2 - l1;
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9 S_max = s1 + s2;

10 S_min = s1 - s2;

11 printf(”\nThe p o s s i b l e v a l u e s o f L , S and J a r e : ”);
12 for L = L_max:-1: L_min

13 for S = S_max:-1: S_min

14 J_max = L + S; J_min = L - S;

15 printf(”\nL = %d, S = %d, J = ”, L, S);

16 for J = J_max:-1: J_min

17 if (J <> J_min) then

18 printf(”%d, ”, J);

19 else

20 printf(”%d”, J);

21 end

22 end

23 end

24 end

25

26 // R e s u l t
27 // The p o s s i b l e v a l u e s o f L , S and J a r e :
28 // L = 3 , S = 1 , J = 4 , 3 , 2
29 // L = 3 , S = 0 , J = 3
30 // L = 2 , S = 1 , J = 3 , 2 , 1
31 // L = 2 , S = 0 , J = 2
32 // L = 1 , S = 1 , J = 2 , 1 , 0
33 // L = 1 , S = 0 , J = 1

Scilab code Exa 7.10 Lande g factor for various states

1 // Ex7 10 Page : 1 3 6 ( 2 0 1 4 )
2 clc;clear;

3 // Case 1 : For pure o r b i t a l a n g u l a r momentum
4 S = poly(0, ’ S ’ ); // Tota l s p i n a n g u l a r momentum

v a r i a b l e
5 S = 0; // S v a l u e f o r pure o r b i t a l a n g u l a r

momentum
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6 L = poly(0, ’L ’ ); // Tota l o r b i t a l a n g u l a r
momentum v a r i a b l e

7 J = L + S; // J v a l u e f o r pure o r b i t a l a n g u l a r
momentum

8 g = horner (1 + (J*(J + 1) + S*(S + 1) - L*(L + 1))

/(2*J*(J + 1)), 0); // Lande ’ s g− f a c t o r
9 printf(”\nFor pure o r b i t a l a n g u l a r momentum , g = %d”

, g);

10 // Case 2 : For pure s p i n a n g u l a r momentum
11 S = poly(0, ’ S ’ ); // Tota l s p i n a n g u l a r momentum

v a r i a b l e
12 L = 0; // L v a l u e f o r pure s p i n a n g u l a r momentum
13 J = L + S; // J v a l u e f o r pure s p i n a n g u l a r

momentum
14 g = horner (1 + (J*(J + 1) + S*(S + 1) - L*(L + 1))

/(2*J*(J + 1)), 0); // Lande ’ s g− f a c t o r
15 printf(”\nFor pure s p i n a n g u l a r momentum , g = %d”, g

);

16 // Case 3 : For s t a t e 3P1
17 S = 1; // S v a l u e f o r pure s p i n a n g u l a r momentum
18 L = 1; // L v a l u e f o r pure s p i n a n g u l a r momentum
19 J = L + S; // J v a l u e f o r pure s p i n a n g u l a r

momentum
20 g = horner (1 + (J*(J + 1) + S*(S + 1) - L*(L + 1))

/(2*J*(J + 1)), 0); // Lande ’ s g− f a c t o r
21 printf(”\nFor 3P1 s t a t e , g = %d/2 ”, 2*g);

22

23 // R e s u l t
24 // For pure o r b i t a l a n g u l a r momentum , g = 1
25 // For pure s p i n a n g u l a r momentum , g = 2
26 // For 3P1 s t a t e , g = 3/2

Scilab code Exa 7.12 L alpha X rays and L electrons from silver

1 // Ex7 12 Page : 1 4 1 ( 2 0 1 4 )
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2 clc;clear;

3 E_K_alpha = 21.99; // The ene rgy i n s i l v e r f o r
K alpha X−ray , keV

4 E_K_beta = 25.145; // The ene rgy i n s i l v e r f o r
K beta X−ray , keV

5 EB_K = 25.514; // The b i n d i n g ene rgy o f K
e l e c t r o n i n s i l v e r , keV

6 E_L_alpha = E_K_beta - E_K_alpha; // The ene rgy
i n s i l v e r f o r L a lpha X−ray , keV

7 EB_L = -EB_K + E_K_alpha; // The b i n d i n g ene rgy
o f L e l e c t r o n i n s i l v e r , keV

8 printf(”\nThe ene rgy o f the L a lpha X−ray = %5 . 3 f
keV”, E_L_alpha);

9 printf(”\nThe b i n d i n g ene rgy o f the L e l e c t r o n = %5
. 3 f keV”, EB_L);

10

11 // R e s u l t
12 // The ene rgy o f the L a lpha X−ray = 3 . 1 5 5 keV
13 // The b i n d i n g ene rgy o f the L e l e c t r o n = −3.524 keV

Scilab code Exa 7.13 Energy of K alpha X rays of sodium

1 // Ex7 13 Page : 1 4 1 ( 2 0 1 4 )
2 clc;clear;

3 Z = 11; // Atomic number o f sodium
4 h = 6.626e -034; // Planck ’ s cons tant , Js
5 e = 1.6e -019; // Energy c o n v e r s i o n f a c t o r , J/eV
6 c = 3e+08; // Speed o f l i g h t i n vacuum , m/ s
7 R_inf = 1.097e+07; // Rydberg cons tant , per metre
8 E_K_alpha = (3*h*c*R_inf*(Z - 1)^2) /(4*e*1e+03);

// The ene rgy o f the K alpha X−ray o f sodium , keV
9 printf(”\nThe ene rgy o f the K alpha X−ray o f sodium

= %4 . 2 f keV”, E_K_alpha);

10

11 // R e s u l t
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12 // The ene rgy o f the K alpha X−ray o f sodium = 1 . 0 2
keV
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Chapter 8

Statistical Physics

Scilab code Exa 8.2 Silver as a Fermi Dirac system

1 // Ex8 2 Page : 1 6 4 ( 2 0 1 4 )
2 clc;clear;

3 h = 6.626e -034; // Planck ’ s cons tant , Js
4 m = 9.1e -031; // Mass o f an e l e c t r o n , kg
5 e = 1.6e -019; // Energy c o n v e r s i o n f a c t o r , J/eV
6 rho = 10.5; // Dens i ty o f s i l v e r , g/ cc
7 M = 108; // Atomic we ight o f s i l v e r , g/mol
8 N_A = 6.02e+023 // Avogadro ’ s number , atoms /mol
9 n = rho*N_A/(M*1e-06); // Number d e n s i t y o f

c onduc t i o n e l e c t r o n s , per / metre−cube
10 E_F = h^2/(8*m*e)*(3/ %pi*n)^(2/3); // Fermi

energy , eV
11 E_bar = 3/5* E_F; // Mean ene rgy o f e l e c t r o n at 0

K, eV
12 printf(”\nThe number d e n s i t y o f c onduc t i on e l e c t r o n s

= %4 . 2 e per metre−cube ”, n);

13 printf(”\nThe Fermi ene rgy f o r s i l v e r = %4 . 2 f eV”,
E_F);

14 printf(”\nThe mean ene rgy o f the e l e c t r o n at 0 K =
%4 . 2 f eV”, E_bar);

15
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16 // R e s u l t
17 // The number d e n s i t y o f c onduc t i on e l e c t r o n s = 5 . 8 5

e +028 per metre−cube
18 // The Fermi ene rgy f o r s i l v e r = 5 . 5 1 eV
19 // The mean ene rgy o f the e l e c t r o n at 0 K = 3 . 3 1 eV

Scilab code Exa 8.3 Electronic contribution to the molar heat capacity of silver

1 // Ex8 3 Page : 1 6 4 ( 2 0 1 4 )
2 clc;clear;

3 T = 300; // Room temperature , K
4 E_F = 5.49; // Fermi energy , eV
5 k = 1.38e -023; // Boltzmann cons tant , J/K
6 e = 1.602e -019; // Energy c o n v e r s i o n f a c t o r , J/eV
7 C_v = %pi^2*k*T/(2* E_F*e); // Molar heat c a p a c i t y

, J/mol/K
8 printf(”\nThe molar heat c a p a c i t y = %6 . 4 f R”, C_v);

9

10 // R e s u l t
11 // The molar heat c a p a c i t y = 0 . 0 2 3 2 R
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Chapter 9

Molecular Spectra

Scilab code Exa 9.1 Bond length of CO molecule

1 // Ex9 1 Page : 1 7 2 ( 2 0 1 4 )
2 clc;clear;

3 d = 3.8626; // The ave rage s p a c i n g between
a d j a c e n t r o t a t i o n a l l i n e s o f CO molecu l e , pe r cm

4 B = d/2*100; // R o t a t i o n a l cons tant , per m
5 h = 6.626e -034; // Planck ’ s cons tant , Js
6 c = 3e+08; // Speed o f l i g h t i n vacuum , m/ s
7 I = h/(8* %pi ^2*B*c); // Moment o f i n e r t i a o f the

CO molecu l e , kg /Sq .m
8 N_A = 6.022e+023; // Avogadro ’ s number , atoms /mol
9 M_C = 0.012; // I s o t o p i c masses o f C−12 atom , kg /

mol
10 M_O = 0.016; // I s o t o p i c masses o f Om−16 atom , kg

/mol
11 mu = M_C*M_O /((M_C + M_O)*N_A); // Reduced mass

o f CO molecu l e , kg
12 r = sqrt(I/mu); // Bond l e n g t h o f CO, m
13 printf(”\nThe bond l e n g t h o f CO = %5. 3 e m”, r);

14

15 // R e s u l t
16 // The bond l e n g t h o f CO = 1 . 1 2 8 e−010 m
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Scilab code Exa 9.3 Vibrational energy states of NO molecule

1 // Ex9 3 Page : 1 7 5 ( 2 0 1 4 )
2 clc;clear;

3 f0 = 1876.06; // Fundamental f r e q u a n c y o f NO
molecu l e , pe r cm

4 f1 = 3724.2; // F i r s t o v e r t o n e f r e q u e n c y o f NO
molecu l e , pe r cm

5 A = [f0 2; f1/2 3]; // D e c l a r e the 2 X 2 matr ix
f o r m u l t i p l i c a t i o n

6 I = [1;1]; // Unity column matr ix
7 X = inv(A)*I; // Eigen v a l u e matr ix
8 nu_e_bar = 1/X(1); // E q u i l i b r i u m v i b r a t i o n a l

f r equency , per cm
9 x_e = X(2); // Anharmonic i ty c o n s t a n t

10 E0 = 1/2* nu_e_bar; // Zero p o i n t ene rgy o f the
molecu l e , pe r cm

11 printf(”\nThe e q u i l i b r i u m v i b r a t i o n a l f r e q u e n c y = %7
. 2 f per cm”, nu_e_bar);

12 printf(”\nThe anharmon i c i ty c o n s t a n t = %4 . 2 e ”, x_e);

13 printf(”\nThe z e r o p o i n t ene rgy o f the m o l e c u l e =
%3d per cm”, ceil(E0));

14

15 // R e s u l t
16 // The e q u i l i b r i u m v i b r a t i o n a l f r e q u e n c y = 1 9 0 3 . 9 8

per cm
17 // The anharmon i c i ty c o n s t a n t = 7 . 3 3 e−003
18 // The z e r o p o i n t ene rgy o f the m o l e c u l e = 952 per

cm

Scilab code Exa 9.4 Force constant of the HCl bond
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1 // Ex9 4 Page : 1 7 5 ( 2 0 1 4 )
2 clc;clear;

3 PI = 3.14;

4 u = 1.67e -027; // Mass e q u i v a l e n t o f 1 amu , kg /
amu

5 c = 3e+008; // Speed o f l i g h t i n vacuum , m/ s
6 lambda0 = 3.465e-006; // Wavelength o f

v i b r a t i o n a l a b s o r p t i o n l i n e o f HCl molecu l e , m
7 m1 = 1.0087; // Mass o f H atom , amu
8 m2 = 35.453; // Mass o f Cl atom , amu
9 mu = m1*m2/(m1 + m2)*u; // Reduced mass o f HCl

molecu l e , kg
10 k = 4*PI^2*mu*(c/lambda0)^2; // Force c o n s t a n t o f

H−Cl bond , N/m
11 printf(”\ nForce c o n s t a n t o f the H−Cl bond = %5 . 1 f N/

m”, k);

12

13 // R e s u l t
14 // Force c o n s t a n t o f the H−Cl bond = 4 8 4 . 2 N/m

Scilab code Exa 9.5 Vibrational frequency for Raman shift

1 // Ex9 5 Page : 1 8 7 ( 2 0 1 4 )
2 clc;clear;

3 lambda_ex = 4358.3; // Wavelength o f the e x c i t i n g
r a d i a t i o n , angstrom

4 lambda_R = 4768.5; // Wavelength o f the Raman
l i n e , angstrom

5 nu_prime = 1/ lambda_ex *1e+08; // Wave number o f
the e x c i t i n g r a d i a t i o n , per cm

6 nu_prime_R = 1/ lambda_R *1e+08; // Wave number o f
the Raman l i n e , per cm

7 nu = nu_prime - nu_prime_R; // V i b r a t i o n a l
f r e q u e n c y o f the sample , per cm

8 printf(”\nThe v i b r a t i o n a l f r e q u e n c y o f the sample =
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%4d per cm”, ceil(nu));

9

10 // R e s u l t
11 // The v i b r a t i o n a l f r e q u e n c y o f the sample = 1974

per cm

Scilab code Exa 9.6 Bond length of hydrogen molecule

1 // Ex9 6 Page : 1 8 8 ( 2 0 1 4 )
2 clc;clear;

3 h = 6.626e -034; // Planck ’ s cons tant , Js
4 c = 3e+08; // Speed o f l i g h t i n vacuum , m/ s
5 m = 1.673e -027; // Mass o f protium , kg
6 m1 = m; // Mass o f f i r s t hydrogen atom , kg
7 m2 = m; // Mass o f s econd hydrogen atom , kg
8 nu_prime = 346; // Wave number o f the f i r s t

r o t a t i o n a l Raman l i n e o f hydrogen , per cm
9 B = nu_prime *1e+02/6; // R o t a t i o n a l c o n s t a n t o f a

hydrogen molecu l e , pe r m
10 I = h/(8* %pi ^2*B*c); // Moment o f i n e r t i a o f

hydrogen molecu l e , kg Sq .m
11 mu = m1*m2/(m1 + m2); // Reduced mass o f hydrogen

molecu l e , kg
12 r = sqrt(I/mu); // Bond l e n g t h o f hydrogen

molecu l e , m
13 printf(”\nThe bond l e n g t h o f hydrogen m o l e c u l e = %4

. 2 e m”, r);

14

15 // R e s u l t
16 // The bond l e n g t h o f hydrogen m o l e c u l e = 7 . 6 2 e−011

m

Scilab code Exa 9.7 Magnetic field strength to observe an NMR spectrum
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1 // Ex9 7 Page : 1 9 3 ( 2 0 1 4 )
2 clc;clear;

3 h = 6.626e -034; // Planck ’ s cons tant , Js
4 nu = 120e+06; // Operat ing f r equency , Hz
5 g_N = 5.585; // Nuc l ea r g− f a c t o r
6 mu_N = 5.0508e-027; // Nuc l ea r magneton , J/T
7 B0 = h*nu/(g_N*mu_N); // Magnet ic f i e l d s t r e n g t h

r e q u i r e d to o b s e r v e the NMR spectrum , T
8 printf(”\nThe magnet i c f i e l d s t r e n g t h r e q u i r e d to

o b s e r v e the NMR spectrum = %5 . 3 f T”, B0);

9

10 // R e s u l t
11 // The magnet i c f i e l d s t r e n g t h r e q u i r e d to o b s e r v e

the NMR spectrum = 2 . 8 1 9 T

Scilab code Exa 9.8 Chemical shift in benzene and TMS

1 // Ex9 8 Page : 1 9 4 ( 2 0 1 4 )
2 clc;clear;

3 h = 6.626e -034; // Planck ’ s cons tant , Js
4 B0 = 1.65; // Magnet ic f i e l d s t r e n g t h r e q u i r e d to

o b s e r v e the NMR spectrum , T
5 g_N = 5.585; // Nuc l ea r g− f a c t o r
6 mu_N = 5.0508e-027; // Nuc l ea r magneton , J/T
7 nu = g_N*mu_N*B0/h; // Operat ing f r equency , Hz
8 d_nu = 510e+06; // Frequency s e p a r a t i o n between

p r o t o n s i n benzene and TMS, Hz
9 delta = d_nu/nu; // Chemical s h i f t i n NMR

spectrum , ppm
10 printf(”\nChemical s h i f t i n NMR spectrum = %4. 2 f ppm

”, delta);

11

12 // R e s u l t
13 // Chemical s h i f t i n NMR spectrum = 7 . 2 6 ppm
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Scilab code Exa 9.10 Electron g factor in ESR resonance

1 // Ex9 10 Page : 1 9 8 ( 2 0 1 4 )
2 clc;clear;

3 h = 6.626e -034; // Planck ’ s cons tant , Js
4 B0 = 1.3; // E x t e r n a l magnet i c f i e l d , T
5 mu_B = 9.27e-024; // Bohr ’ s magneton , J/T
6 nu = 35e+009; // Operat ing f r equency , Hz
7 g = h*nu/(mu_B*B0); // E l e c t r o n g− f a c t o r
8 printf(”\nThe e l e c t r o n g− f a c t o r f o r the unpa i r ed

e l e c t r o n = %5 . 3 f ”, g);

9

10 // R e s u l t
11 // The e l e c t r o n g− f a c t o r f o r the unpa i r ed e l e c t r o n =

1 . 9 2 4
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Chapter 10

Crystal Structure and Bonding

Scilab code Exa 10.1 Miller indices of the plane

1 // Ex10 1 Page : 2 1 1 ( 2 0 1 4 )
2 clc;clear;

3 m = 2; n = 3; p = 1; // 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 the c r y s t a l l o g r a p h i c axe s

4 m_inv = 1/m; // R e c i p r o c a l o f the f i r s t
c o e f f i c i e n t

5 n_inv = 1/n; // R e c i p r o c a l the second
c o e f f i c i e n t

6 p_inv = 1/p; // R e c i p r o c a l the t h i r d
c o e f f i c i e n t

7 mul_fact = double(lcm(int32 ([m,n,p]))); // LCM o f m,
n and p

8 i1 = m_inv*mul_fact; // C l ea r the f i r s t f r a c t i o n
9 i2 = n_inv*mul_fact; // C l ea r the second f r a c t i o n

10 i3 = p_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 p l ane a r e (%d %d

%d) ”, i1, i2, i3);

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 p l ane a r e (3 2 6)
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Scilab code Exa 10.2 Miller indices of the plane parallel to z axis

1 // Ex10 2 Page : 2 1 1 ( 2 0 1 4 )
2 clc;clear;

3 p = 2; q = 3/2; 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 the x− , y− and z−axes

4 inv_p = 1/p; // R e c i p r o c a l o f the f i r s t
c o e f f i c i e n t

5 inv_q = 1/q; // R e c i p r o c a l the second
c o e f f i c i e n t

6 inv_r = 1/r; // R e c i p r o c a l 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*2]))); // LCM o f p
and t w i c e o f q

8 m1 = inv_p*mul_fact; // C l ea r the f i r s t f r a c t i o n
9 m2 = inv_q*mul_fact; // C l ea r the second f r a c t i o n

10 m3 = inv_r*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 p l ane p a r a l l e l

to z−a x i 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 p l ane p a r a l l e l to z−

a x i s a r e (3 4 0)

Scilab code Exa 10.6 Interplanar spacing of silver planes

1 // Ex10 6 Page : 2 1 3 ( 2 0 1 4 )
2 clc;clear;

3 r = 0.152e-09; // Atomic r a d i u s o f s i l v e r , m
4 a = 4*r/sqrt (2); // L a t t i c e parameter f o r s i l v e r ,

m
5 // Case−I
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6 h = 2; k = 3; l = 1; // M i l l e r I n d i c e s f o r f i r s t s e t
o f p l a n e s

7 d_231 = 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 o f (2 3 1) p lane s , m

8 printf(”\nThe i n t e r p l a n a r s p a c i n g o f (2 3 1) p l a n e s
= %6 . 4 f nm”, d_231/1e-09);

9 // Case−I I
10 h = 1; k = 1; l = 0; // M i l l e r I n d i c e s f o r s econd

s e t o f p l a n e s
11 d_110 = 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 o f (1 1 0) p lane s , m
12 printf(”\nThe i n t e r p l a n a r s p a c i n g o f (1 1 0) p l a n e s

= %5 . 3 f nm”, d_110/1e-09);

13

14 // R e s u l t
15 // The i n t e r p l a n a r s p a c i n g o f (2 3 1) p l a n e s =

0 . 1 1 4 9 nm
16 // The i n t e r p l a n a r s p a c i n g o f (1 1 0) p l a n e s = 0 . 3 0 4

nm

Scilab code Exa 10.7 Miller indices of the plane in a cubic crystal

1 // Ex10 7 Page : 2 1 3 ( 2 0 1 4 )
2 clc;clear;

3 a = 0.424e-09; // L a t t i c e parameter o f c u b i c
c r y s t a l , m

4 p = 2; q = %inf; r = 1; // 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 the x− , y− and z−axes

5 inv_p = 1/p; // R e c i p r o c a l o f the f i r s t
c o e f f i c i e n t

6 inv_q = 1/q; // R e c i p r o c a l the second
c o e f f i c i e n t

7 inv_r = 1/r; // R e c i p r o c a l the t h i r d
c o e f f i c i e n t

8 mul_fact = double(lcm(int32 ([p, r]))); // LCM o f p
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and r
9 h = inv_p*mul_fact; // C l ea r the f i r s t f r a c t i o n
10 k = inv_q*mul_fact; // C l ea r the second f r a c t i o n
11 l = inv_r*mul_fact; // C l ea r the t h i r d f r a c t i o n
12 d_102 = 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 o f (1 0 2) p lane s , m
13 printf(”\nThe M i l l e r i n d i c e s a r e (%d %d %d) ”, h, k,

l);

14 printf(”\nThe i n t e r p l a n a r s p a c i n g = %6 . 4 f nm”, d_102

/1e-09);

15

16 // R e s u l t
17 // The M i l l e r i n d i c e s a r e (1 0 2)
18 // The i n t e r p l a n a r s p a c i n g = 0 . 1 8 9 6 nm

Scilab code Exa 10.8 Number of atoms per unit cell of lead

1 // Ex10 8 Page : 2 1 4 ( 2 0 1 4 )
2 clc;clear;

3 a = 3.2e-10; // L a t t i c e parameter f o r l ead , m:
4 M = 207.2; // Atomic we ight o f Pb , gram per

mole
5 rho = 11.36e+03; // Dens i ty o f Pb , kg per metre

cube
6 N = 6.023D+26; // Avogadro ’ s No . , pe r 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∗ rho )
9 // S o l v i n g f o r n

10 n = a^3*rho*N/M; // Number o f atoms per u n i t c e l l
11 printf(”\nThe number 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 l e a d = %d”, n);

12

13 // R e s u l t
14 // The number 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 l e a d = 1
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Scilab code Exa 10.9 Diffraction of X rays from a crystal

1 // Ex10 9 Page : 2 2 0 ( 2 0 1 4 )
2 clc;clear;

3 d = 2.51e -010; // Spac ing between a d j a c e n t p lane s
, m

4 theta = 9; // Glanc ing a n g l e f o r d i f f r a c t i o n ,
d e g r e e

5 n = 1; // Order o f d i f f r a c t i o n
6 lambda = 2*d*sind(theta)/n; // Wavelength o f X−

ray from Bragg ’ s Law , m
7 n = 2; // New o r d e r o f d i f f r a c t i o n
8 theta = asind (2* lambda /(2*d)); // Glanc ing a n g l e

f o r s econd o r d e r d i f f r a c t i o n , d e g r e e
9 printf(”\nThe wave l ength o f X−r a y s = %6 . 4 f angstrom ”

, lambda /1e -010);

10 printf(”\nThe g l a n c i n g a n g l e f o r s econd o r d e r
d i f f r a c t i o n = %2d d e g r e e ”, theta);

11

12 // R e s u l t
13 // The wave l ength o f X−r a y s = 0 . 7 8 5 3 angstrom
14 // The g l a n c i n g a n g l e f o r second o r d e r d i f f r a c t i o n =

18 d e g r e e

Scilab code Exa 10.10 Angle of incidence of X rays on a crystal plane

1 // Ex10 10 Page : 2 2 0 ( 2 0 1 4 )
2 clc;clear;

3 lambda = 1.4e -010; // Wavelength o f X−rays , m
4 a = 5e-010; // L a t t i c e parameter , m
5 h = 1, k = 1, l = 1; // M i l l e r i n d i c e s o f p l a n e s

from which the r e f l e c t i o n o c c u r s
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6 d_111 = a/sqrt (3); // I n t e r p l a n a r s p a c i n g between
(1 1 1) p lane s , m

7 n = 1; // Order o f d i f f r a c t i o n
8 theta_111 = asind(n*lambda /(2* d_111)); // Angle

at which the X−ray i s i n c i d e n t on (1 1 1) p l ane
o f the c r y s t a l , d e g r e e

9 printf(”\nThe a n g l e at which the X−ray i s i n c i d e n t
on (1 1 1) p l ane = %2d d e g r e e ”, theta_111);

10

11 // R e s u l t
12 // The a n g l e at which the X−ray i s i n c i d e n t on (1 1

1) p l ane = 14 d e g r e e

Scilab code Exa 10.11 Lattice parameters of an fcc crystal

1 // Ex10 11 Page : 2 2 1 ( 2 0 1 4 )
2 clc;clear;

3 h = 6.626e -034; // Planck ’ s cons tant , Js
4 e = 1.6e -019; // Charge on an e l e c t r o n , C
5 m = 9.1e -031; // Mass o f an e l e c t r o n , kg
6 V = 120; // A c c e l e r a t i n g p o t e n t i a l , v o l t
7 theta = 22; // The a n g l e at which the r e f l e c t i o n

maximum i s observed , d e g r e e
8 lambda = h/sqrt (2*m*e*V); // Wavelength o f a

moving e l e c t r o n , m
9 h = 1, k = 1, l = 1; // M i l l e r i n d i c e s o f p l a n e s

from which the r e f l e c t i o n o c c u r s
10 n = 1; // Order o f d i f f r a c t i o n
11 d_111 = n*lambda /(2* sind(theta)*1e-010); //

I n t e r p l a n a r s p a c i n g between (1 1 1) p lane s , m
12 a = sqrt (3)*d_111; // L a t t i c e parameter , m
13 printf(”\nThe l a t t i c e parameter = %5 . 3 f angstrom ”, a

);

14

15 // R e s u l t
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16 // The l a t t i c e parameter = 2 . 5 9 1 angstrom
17 // The answers vary due to round o f f e r r o r

Scilab code Exa 10.12 Potential energy of KCl system

1 // Ex10 12 Page : 2 2 4 ( 2 0 1 4 )
2 clc;clear;

3 e = 1.6e -019; // Charge on an e l e c t r o n , C
4 epsilon_0 = 8.85e -012; // Abso lu te 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 , coulomb−s qua r e /N/Sq .m
5 r_0 = 0.32e -009; // I n t e r− i o n i c d i s t a n c e o f KCl ,

m
6 V = -e/(4*3.14* epsilon_0*r_0); // P o t e n t i a l

ene rgy o f K+ and Cl− i on s , eV
7 printf(”\nThe p o t e n t i a l ene rgy o f K+ and Cl− i o n s =

%5 . 3 f eV”, V);

8

9 // R e s u l t
10 // The p o t e n t i a l ene rgy o f K+ and Cl− i o n s = −4.498

eV

Scilab code Exa 10.13 Cohesive energy of NaCl

1 // Ex10 13 Page : 2 2 4 ( 2 0 1 4 )
2 clc;clear;

3 e = 1.6e -019; // Charge on an e l e c t r o n , C
4 epsilon_0 = 8.85e -012; // Abso lu te 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 , coulomb−s qua r e /N/Sq .m
5 r_0 = 0.31e -009; // E q u i l i b r i u m s e p a r a t i o n o f Na+

and Cl− i on s , m
6 alpha = 1.748; // Madelung c o n s t a n t
7 n = 9; // R e p u l s i v e exponent
8 E_ion = 5; // I o n i z a t i o n ene rgy o f NaCl , eV
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9 V = -1*alpha*e^2/(4*3.14* epsilon_0*r_0*e)*(1 -1/n);

// P o t e n t i a l ene rgy o f Na+ and Cl− i on s , eV
10 E_ele = 1/2*V; // E l e c t r o n a f f i n i t y , eV
11 E_trans = E_ion + E_ele; // E l e c t r o n t r a n s f e r

energy , eV
12 delta_E = E_trans /2; // C o n t r i b u t i o n per i o n to

the c o h e s i v e energy , eV
13 E_cohesive = E_ele + delta_E; // Cohes ive ene rgy

per NaCl atom , eV
14 printf(”\nThe c o h e s i v e ene rgy per NaCl atom = %5. 3 f

eV”, E_cohesive);

15

16 // R e s u l t
17 // The c o h e s i v e ene rgy per NaCl atom = −2.911 eV
18 // The answers vary due to round o f f e r r o r

49



Chapter 11

Lattice Dynamics

Scilab code Exa 11.1 Highest possible frequency of Cu and Si

1 // Ex11 1 Page : 2 3 8 ( 2 0 1 4 )
2 clc;clear;

3 h = 6.626e -034; // Planck ’ s cons tant , Js
4 k = 1.38e -023; // Boltzmann cons tant , J/K
5 // Case−I : For Cu
6 theta_D = 350; // Debye t empera tu r e f o r Cu , K
7 nu_D = k*theta_D/h; // The h i g h e s t p o s s i b l e

f r e q u e n c y f o r Cu , per s e c
8 printf(”\nThe h i g h e s t p o s s i b l e f r e q u e n c y f o r Cu = %6

. 3 f e +011 per s e c ”, nu_D/1e+011);

9 // Case−I I : For S i
10 theta_D = 550; // Debye t empera tu r e f o r Si , K
11 nu_D = k*theta_D/h; // The h i g h e s t p o s s i b l e

f r e q u e n c y f o r Si , pe r s e c
12 printf(”\nThe h i g h e s t p o s s i b l e f r e q u e n c y f o r S i = %6

. 2 f e +011 per s e c ”, nu_D/1e+011);

13

14 // R e s u l t
15 // The h i g h e s t p o s s i b l e f r e q u e n c y f o r Cu = 7 2 . 8 9 5 e

+011 per s e c
16 // The h i g h e s t p o s s i b l e f r e q u e n c y f o r S i = 1 1 4 . 5 5 e
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+011 per s e c

Scilab code Exa 11.2 Specific heat and highest frequency in lead

1 // Ex11 2 Page : 2 3 8 ( 2 0 1 4 )
2 clc;clear;

3 h = 6.626e -034; // Planck ’ s cons tant , Js
4 N = 6.02e+026; // Avogadro ’ s number , per k−mol
5 k = 1.38e -023; // Boltzmann cons tant , J/K
6 T = 10; // Temperature o f Lead , K
7 theta_D = 105; // Debye t empera tu r e o f l ead , K
8 C = 12/5*3.14^4*N*k*(T/theta_D)^3; // S p e c i f i c

heat o f Pb from Debye T−cube law , J/K/k−mol
9 printf(”\nThe s p e c i f i c heat o f Pb = %6 . 1 f J/K/k−mol”

, C);

10 nu_D = k*theta_D/h; // The h i g h e s t p o s s i b l e
f r e q u e n c y f o r Cu , per s e c

11 printf(”\nThe h i g h e s t f r e q u e n c y f o r l e a d = %5 . 2 f e
+011 per s e c ”, nu_D/1e+011);

12

13 // R e s u l t
14 // The s p e c i f i c heat o f Pb = 1 6 7 4 . 3 J/K/k−mol
15 // The h i g h e s t f r e q u e n c y f o r l e a d = 2 1 . 8 7 e +011 per

s e c
16 // The answers vary due to round o f f e r r o r
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Chapter 12

Band Theory of Solids

Scilab code Exa 12.1 Speed of the electron at its mean energy at 0K

1 // Ex12 1 Page : 2 4 3 ( 2 0 1 4 )
2 clc; clear;

3 E_F = 8; // Fermi energy , eV
4 E0_bar = 3/5* E_F; // Average k i n e t i c ene rgy o f a

f r e e e l e c t r o n gas at 0K
5 e = 1.6E -019; // Energy e q u i v a l e n t o f 1 eV , J
6 m = 9.1E -031; // Mass o f an e l e c t r o n , kg
7 v = sqrt (2* E0_bar*e/m); // Speed o f the e l e c t r o n , m/

s
8 printf(”\nThe speed o f the e l e c t r o n at i t s mean

ene rgy at 0K = %3 . 1 e m/ s ”, v);

9

10 // R e s u l t
11 // The speed o f the e l e c t r o n at i t s mean ene rgy at 0

K = 1 . 3 e+06 m/ s

Scilab code Exa 12.2 Current density and resistivity of Cu
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1 // Ex12 2 Page : 2 4 4 ( 2 0 1 4 )
2 clc; clear;

3 I = 8; // Current through the copper wire , A
4 d = 18e-03; // Diameter o f the copper wire , m
5 V = 5; // 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 wire ,

V
6 L = 1; // Length o f the copper wire , m
7 A = %pi*(d/2) ^2; // Area o f c r o s s−s e c t i o n o f the

wire , Sq .m
8 J = I/A; // Current d e n s i t y i n the wire , A/Sq .m
9 E = V/L; // E l e c t r i c f i e l d a c r o s s the wire , V/m

10 rho = E/J; // R e s i s t i v i t y o f the m a t e r i a l , ohm−m
11 printf(”\nThe c u r r e n t d e n s i t y i n the copper w i r e =

%4 . 2 e A/Sq .m”, J);

12 printf(”\nThe r e s i s t i v i t y o f the m a t e r i a l = %4 . 2 e
ohm−m”, rho);

13

14 // R e s u l t
15 // The c u r r e n t d e n s i t y i n the copper w i r e = 3 . 1 4 e+04

A/Sq .m
16 // The r e s i s t i v i t y o f the m a t e r i a l = 1 . 5 9 e−04 ohm−m
17 // The answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 12.3 Conductivity and resistivity of Cu

1 // Ex12 3 Page : 2 4 5 ( 2 0 1 4 )
2 clc; clear;

3 tau = 1e-015; // Average c o l l i s i o n t ime o f an
e l e c t r o n , s

4 a = 4e-010; // L a t t i c e parameter o f c u b i c s t r u c t u r e ,
m

5 n = 1; // Number o f e l e c t r o n s atoms per u n i t c e l l
6 e = 1.6e -019; // Charge on an e l e c t r o n , C
7 m = 9.1e -031; // Mass o f an e l e c t r o n , kg
8 N = n/a^3; // Number o f e l e c t r o n s per u n i t volume ,
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per metre−cube
9 sigma = N*e^2*tau/m; // C o n d u c t i v i t y o f copper , mho

/m
10 rho = 1/sigma; // R e s i s t i v i t y o f copper , ohm−m
11 printf(”\nThe c o n d u c t i v i t y o f copper = %4 . 2 e mho/m”,

sigma);

12 printf(”\nThe r e s i s t i v i t y o f copper = %4 . 2 e ohm−m”,
rho);

13

14 // R e s u l t
15 // The c o n d u c t i v i t y o f copper = 4 . 4 0 e+05 mho/m
16 // The r e s i s t i v i t y o f copper = 2 . 2 8 e−06 ohm−m

Scilab code Exa 12.4 Electronic specific heat of potassium

1 // Ex12 4 Page : 2 4 7 ( 2 0 1 4 )
2 clc; clear;

3 e = 1.6e -019; // Energy e q u i v a l e n t o f 1 eV , J
4 k = 1.38e -023; // Boltzmann cons tant , J/K
5 N_A = 6.023e+026; // Avogadro ’ s number/k−mol
6 T = 27+273; // Room temperature , K
7 E_F = 2; // Fermi ene rgy
8 C = (%pi^2*k^2* N_A*T)/(2* E_F*e); // E l e c t r o n i c

s p e c i f i c heat o f potass ium , J/k−mol/K
9 printf(”\nThe e l e c t r o n i c s p e c i f i c heat o f potas s ium

= %3d J/k−mol/K”, C);

10

11 // R e s u l t
12 // The e l e c t r o n i c s p e c i f i c heat o f potas s ium = 530 J

/k−mol/K

Scilab code Exa 12.5 Lorentz number of zinc
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1 // Ex12 5 Page : 2 4 7 ( 2 0 1 4 )
2 clc; clear;

3 e = 1.6e -019; // Charge on an e l e c t r o n , C
4 m = 9.1e -031; // Mass o f an e l e c t r o n , kg
5 K = 327; // Thermal c o n d u c t i v i t y o f Zn , W/m/K
6 N_A = 6.023e+026; // Avogadro ’ s number/k−mol
7 T = 300; // Room temperature , K
8 tau = 2.5e -014; // R e l a x a t i o n t ime o f e l e c t r o n s i n

d i v a l e n t Zn , s
9 d = 7.13e+03; // Dens i ty o f Zn , kg / metre−cube

10 A = 65.38; // Atomic we ight o f Zn , g/mol
11 N = 2*d*N_A/A; // Number o f e l e c t r o n s per u n i t

volume , per metre−cube
12 sigma = N*e^2*tau/m; // E l e c t r i c a l c o n d u c t i v i t y

o f Zn , mho/m
13 L = K/(sigma*T); // Lorent z number f o r Zn , W−ohm/

Sq .K
14 printf(”\ nLorentz number f o r Zn = %5 . 3 e W−ohm/Sq .K”,

L);

15

16 // R e s u l t
17 // Lorent z number f o r Zn = 1 . 1 8 0 e−08 W−ohm/Sq .K

Scilab code Exa 12.6 Hall coefficient of Cu

1 // Ex12 6 Page : 2 4 8 ( 2 0 1 4 )
2 clc; clear;

3 e = 1.6e -019; // Charge on an e l e c t r o n , C
4 n = 5e+028; // Number o f atoms per u n i t volume o f Cu

, per metre−cube
5 R_H = -1/(n*e); // H a l l c o e f f i c i e n t , metre−cube /C
6 printf(”\nThe H a l l c o e f f i c i e n t f o r Cu = %4 . 2 e metre−

cube /C”, R_H);

7

8 // R e s u l t

55



9 // The H a l l c o e f f i c i e n t f o r Cu = −1.25 e−10 metre−
cube /C
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Chapter 13

Magnetic Properties of Solids

Scilab code Exa 13.1 Magnetism in Si

1 // Ex13 1 Page : 2 5 6 ( 2 0 1 4 )
2 clc;clear;

3 H = 1.2e+05; // Magnet ic f i e l d i n s i l i c o n , A/m
4 chi = -4.2e -006; // Magnet ic s u s c e p t i b i l i t y
5 mu_0 = 4*%pi*1e-007; // Magnet ic p e r m e a b i l i t y , T−

m/A
6 M = chi*H; // M agne t i z a t i o n o f Si , A/m
7 B = mu_0 *(H + M); // Magnet ic f l u x d e n s i t y i n Si

, T
8 mu_r = M/H + 1; // 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
9 printf(”\nThe m a g n e t i z a t i o n o f S i = %5 . 3 f A/m”, M);

10 printf(”\nThe magnet i c f l u x d e n s i t y i n S i = %5 . 3 f T”
, B);

11 printf(”\nThe 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
= %f”, mu_r);

12

13 // R e s u l t
14 // The m a g n e t i z a t i o n o f S i = −0.504 A/m
15 // The magnet i c f l u x d e n s i t y i n S i = 0 . 1 5 1 T
16 // The 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 =
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0 . 9 9 9 9 9 6

Scilab code Exa 13.2 Diamagnetic susceptibility of He

1 // Ex13 2 Page : 2 5 8 ( 2 0 1 4 )
2 clc;clear;

3 mu_0 = 4*%pi*1e-007; // Magnet ic p e r m e a b i l i t y , T−
m/A

4 e = 1.6e -019; // Charge on an e l e c t r o n , C
5 m = 9.1e -031; // Mass o f an e l e c t r o n , kg
6 Z = 2; // Atomic number o f He
7 N = 28e+026; // Number o f He atoms per u n i t

volume o f the sample , per metre−cube
8 r_bar = 0.6e-010; // Mean r a d i u s o f He atom , m
9 chi_dia = -mu_0*Z*e^2*N*r_bar ^2/(6*m); //

Diamagnet ic s u s c e p t i b i l i t y o f He
10 printf(”\nThe d i amagne t i c s u s c e p t i b i l i t y o f He = %5

. 3 e ”, chi_dia);

11

12 // R e s u l t
13 // The d i amagne t i c s u s c e p t i b i l i t y o f He = −1.188 e

−007

Scilab code Exa 13.3 Radius of an atom of a diamagnetic material

1 // Ex13 3 Page : 2 5 9 ( 2 0 1 4 )
2 clc;clear;

3 mu_0 = 4*%pi*1e-007; // Magnet ic p e r m e a b i l i t y , H/
m

4 e = 1.6e -019; // Charge on an e l e c t r o n , C
5 m = 9.1e -031; // Mass o f an e l e c t r o n , kg
6 Z = 1; // Atomic number o f the m a t e r i a l
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7 a = 2.55e -010; // L a t t i c e c o n s t a n t o f c u b i c
s t r u c t u r e , m

8 chi_dia = -5.6e-006; // Diamagnet ic
s u s c e p t i b i l i t y o f the m a t e r i a l

9 N = 2/a^3; // Number o f atoms per u n i t volume o f
the m a t e r i a l , pe r metre−cube

10 r_bar = sqrt(abs(chi_dia)*6*m/(mu_0*Z*e^2*N)); //
Radius o f an atom o f the m a t e r i a l , m

11 printf(”\nThe r a d i u s o f an atom o f the m a t e r i a l = %5
. 3 f angstrom ”, r_bar/1e -010);

12

13 // R e s u l t
14 // The r a d i u s o f an atom o f the m a t e r i a l = 0 . 8 8 8

angstrom

Scilab code Exa 13.4 Susceptibility of a paramagnetic salt at 300 K

1 // Ex13 4 Page : 2 6 0 ( 2 0 1 4 )
2 clc;clear;

3 mu_0 = 4*%pi*1e-007; // Magnet ic p e r m e a b i l i t y , H/
m

4 N = 6.5e+025; // Number o f atoms per u n i t volume
o f the s a l t , pe r metre−cube

5 mu = 9.27e-024; // Bohr magneton , A−Sq .m
6 k = 1.38e -023; // Boltzmann cons tant , J/K
7 T = 300; // Abso lu te t empera tu r e o f the specimen ,

K
8 chi_para = mu_0*N*mu ^2/(3*k*T); // S u s c e p t i b i l i t y

o f paramagnet i c s a l t
9 printf(”\nThe s u s c e p t i b i l i t y o f paramagnet i c s a l t =

%4 . 2 e ”, chi_para);

10

11 // R e s u l t
12 // The s u s c e p t i b i l i t y o f paramagnet i c s a l t = 5 . 6 5 e

−007
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Scilab code Exa 13.5 Susceptibity and magnetization produced in paramagnetic salt

1 // Ex13 5 Page : 2 6 0 ( 2 0 1 4 )
2 clc;clear;

3 mu_0 = 4*3.14*1e-007; // Magnet ic p e r m e a b i l i t y , H
/m

4 mu = 9.27e-024; // Bohr magneton , A−Sq .m
5 k = 1.38e -023; // Boltzmann cons tant , J/K
6 T = 300; // Abso lu te t empera tu r e o f the specimen ,

K
7 H = 2e+005; // Magnet ic f i e l d to which

paramagnet i c s a l t i s s u b j e c t e d , A/m
8 rho = 4370; // Dens i ty o f paramagnet i c s a l t , kg /

metre−cube
9 N_A = 6.021e+026; // Avogadro ’ s number , per k−mol

10 M = 168.5; // Mo l e cu l a r we ight o f paramagnet i c
s a l t , kg /k−mol

11 N = rho*N_A/M; // Number o f atoms per u n i t volume
o f the s a l t , pe r metre−cube

12 chi_para = mu_0*N*(2*mu)^2/(3*k*T); //
S u s c e p t i b i l i t y o f paramagnet i c s a l t

13 M = chi_para*H; // M agne t i z a t i o n produced i n
paramagnet i c s a l t , A/m

14 printf(”\nThe s u s c e p t i b i l i t y o f paramagnet i c s a l t =
%5 . 3 e ”, chi_para);

15 printf(”\nThe m a g n e t i z a t i o n produced i n paramagnet i c
s a l t = %6 . 2 f A/m”, M);

16

17 // R e s u l t
18 // The s u s c e p t i b i l i t y o f paramagnet i c s a l t = 5 . 4 2 8 e

−004
19 // The m a g n e t i z a t i o n produced i n paramagnet i c s a l t =

1 0 8 . 5 6 A/m
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Chapter 14

Superconductivity

Scilab code Exa 14.1 Current through a tin wire at 2 K

1 // Ex14 1 Page : 2 7 2 ( 2 0 1 4 )
2 clc;clear;

3 mu_0 = 4*%pi*1e-007; // Abso lu te magnet i c
p e r m e a b i l i t y o f f r e e space , N/Sq .A

4 r = 2e-003; // Radius o f t i n wire , m
5 T = 2; // Temperature o f t i n wire , K
6 T_c = 3.722; // C r i t i c a l t empera tu r e o f t i n , K
7 B_c0 = 0.0305; // C r i t i c a l f i e l d at 0 K, T
8 B_cT = B_c0 *(1-(T/T_c)^2); // C r i t i c a l f i e l d at T

K, T
9 I_c = 2*%pi*r*B_cT/mu_0; // C r i t i c a l c u r r e n t

through the t i n w i r e from Ampere ’ s Law , A
10 printf(”\nThe c r i t i c a l c u r r e n t through the t i n w i r e

= %5 . 1 f A”, I_c);

11

12 // R e s u l t
13 // The c r i t i c a l c u r r e n t through the t i n w i r e = 2 1 6 . 9

A
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Scilab code Exa 14.2 Penetration depth of lead below room temperature

1 // Ex14 2 Page : 2 7 4 ( 2 0 1 4 )
2 clc;clear;

3 T = 5.2; // Temperature o f l ead , K
4 T_c = 7.193; // C r i t i c a l t empera tu r e o f l ead , K
5 lambda_0 = 37; // London p e n e t r a t i o n depth at 0 K

, nm
6 lambda_T = lambda_0 *(1-(T/T_c)^4) ^( -1/2); //

P e n e t r a t i o n depth o f l e a d at T K, nm
7 printf(”\nThe p e n e t r a t i o n depth o f l e a d at %3 . 1 f K =

%5 . 2 f nm”, T, lambda_T);

8

9 // R e s u l t
10 // The p e n e t r a t i o n depth o f l e a d at 5 . 2 K = 4 3 . 4 0 nm
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Chapter 15

Lasers

Scilab code Exa 15.2 Energy and number of photons per pulse of a laser

1 // Ex15 2 Page : 2 9 8 ( 2 0 1 4 )
2 clc;clear;

3 h = 6.626e -034; // Planck ’ s cons tant , Js
4 c = 3e+008; // Speed o f l i g h t i n vacuum , m/ s
5 t = 30e-003; // Pu l s e width o f l a s e r , s
6 P = 0.6; // Output power o f l a s e r per pu l s e , W
7 lambda = 640e-009; // Wavelength o f l a s e r l i g h t ,

m
8 E = P*t; // Energy d e p o s i t e d per l a s e r pu l s e , J
9 n = E*lambda /(h*c); // Number o f photons i n each

l a s e r p u l s e
10 printf(”\nThe ene rgy d e p o s i t e d per l a s e r p u l s e = %5

. 3 f J”, E);

11 printf(”\nThe number o f photons i n each p u l s e = %3 . 1
e ”, n);

12

13 // R e s u l t
14 // The ene rgy d e p o s i t e d per l a s e r p u l s e = 0 . 0 1 8 J
15 // The number o f photons i n each p u l s e = 5 . 8 e +016
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Scilab code Exa 15.3 Area and intensity of the image

1 // Ex15 3 Page : 2 9 8 ( 2 0 1 4 )
2 clc;clear;

3 P = 2.5e -003; // Output power o f l a s e r source , W
4 d = 1.8e-02; // Diameter o f the ape r tu r e , m
5 a = d/2; // Radius o f the beam , m
6 lambda = 5000e-010; // Wavelength o f l a s e r l i g h t ,

m
7 f = 20e-002; // Foca l l e n g t h o f the l e n s , m
8 A = %pi*( lambda*f/a)^2; // Area o f the spo t at

the f o c a l p lane , Sq .m
9 I = P*(a/( lambda*f))^2/ %pi; // I n t e n s i t y o f the

image , W/Sq .m
10 printf(”\nThe a r ea o f the spo t at the f o c a l p l ane =

%4 . 2 e Sq .m”, A);

11 printf(”\nThe i n t e n s i t y o f the image = %4 . 2 e W/Sq .m”
, I);

12

13 // R e s u l t
14 // The a r ea o f the spo t at the f o c a l p l ane = 3 . 8 8 e

−010 Sq .m
15 // The i n t e n s i t y o f the image = 6 . 4 5 e +006 W/Sq .m

Scilab code Exa 15.4 Spread of laser beam

1 // Ex15 4 Page : 2 9 8 ( 2 0 1 4 )
2 clc;clear;

3 lambda = 693e -009; // Wavelength o f l a s e r beam , m
4 D = 3e-003; // Diameter o f the mir ro r , m
5 d = 300e+003; // He ight o f s a t e l l i t e above the

s u r f a c e o f ear th , m
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6 delta_theta = 1.22* lambda/D; // Angular sp r ead o f
the l a s e r beam , rad

7 a = delta_theta*d; // Diameter o f the l a s e r beam
on the s a t e l l i t e , m

8 printf(”\nThe a n g u l a r sp r ead o f the l a s e r beam = %4
. 2 e rad ”, delta_theta);

9 printf(”\nThe d iamete r o f l a s e r beam on the
s a t e l l i t e = %4 . 1 f m”, a);

10

11 // R e s u l t
12 // The a n g u l a r sp r ead o f the l a s e r beam = 2 . 8 2 e−004

rad
13 // The d iamete r o f l a s e r beam on the s a t e l l i t e =

8 4 . 5 m
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Chapter 16

Fibre Optics and Holography

Scilab code Exa 16.1 Parameters of a step index fibre

1 // Ex16 1 Page : 3 0 6 ( 2 0 1 4 )
2 clc;clear;

3 n1 = 1.43; // R e f r a c t i v e index o f c o r e
4 n2 = 1.40; // R e f r a c t i v e index o f c l a d d i n g
5 theta_c = acosd(n2/n1); // Propagat i on ang le ,

d e g r e e
6 NA = sqrt(n1^2 - n2^2); // Numer ica l a p e r t u r e
7 theta_a = asind(NA); // Acceptance ang le , d e g r e e
8 printf(”\ nPropagat ion a n g l e = %4 . 1 f d e g r e e ”, theta_c

);

9 printf(”\ nNumer ica l a p e r t u r e = %6 . 4 f ”, NA);

10 printf(”\ nAcceptance a n g l e = %5 . 2 f d e g r e e ”, 2*

theta_a);

11

12 // R e s u l t
13 // Propagat i on a n g l e = 1 1 . 8 d e g r e e
14 // Numer ica l a p e r t u r e = 0 . 2 9 1 4
15 // Acceptance a n g l e = 3 3 . 8 8 d e g r e e
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Scilab code Exa 16.3 Output power from an optical fibre

1 // Ex16 3 Page : 3 1 1 ( 2 0 1 4 )
2 clc;clear;

3 z = 30; // Length o f the o p t i c a l f i b r e , km
4 alpha = 0.8; // F ib r e l o s s , dB/km
5 P_i = 200; // Power input to the o p t i c a l f i b r e ,

micro−watt
6 P_o = P_i /10^( alpha*z/10); // Output power o f the

o p t i c a l f i b r e , micro−watt
7 printf(”\nThe output power from the o p t i c a l f i b r e =

%5 . 3 f micro−watt ”, P_o);

8

9 // R e s u l t
10 // The output power from the o p t i c a l f i b r e = 0 . 7 9 6

micro−watt
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Chapter 17

Nuclear Properties

Scilab code Exa 17.1 Density of a nucleus

1 // Ex17 1 Page : 3 2 4 ( 2 0 1 4 )
2 clc;clear;

3 A = poly (0, ’A ’ ); // D e c l a r e the mass number
v a r i a b l e

4 m_n = 1.67e -027; // Nucleon mass , kg
5 R0 = 1.2e-015; // Nuc l ea r cons tant , m
6 d = m_n*A/(4/3* %pi*R0^3*A);

7 printf(”\ nDens i ty o f the n u c l e u s = %3 . 1 e km/ metre−
cube ”, horner(d,0));

8

9 // R e s u l t
10 // Dens i ty o f the n u c l e u s = 2 . 3 e +017 km/ metre−cube

Scilab code Exa 17.2 Kinetic energy of the alpha particle

1 // Ex17 2 Page : 3 2 4 ( 2 0 1 4 )
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
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4 R0 = 1.2e-015; // Nuc l ea r cons tant , m
5 k = 9e+09; // Coulomb ’ s cons tant , N−Sq .m/Sq .C
6 q1 = 2*1.6e-019; // Charge on a lpha p a r t i c l e , C
7 q2 = 90*1.6e-019; // Charge on thor ium nuc l eu s , C
8 A_alpha = 4; // Mass number o f he l ium n u c l e u s
9 A_Th = 228; // Mass number o f thor ium
10 r = R0*( A_alpha ^(1/3) + A_Th ^(1/3)); // D i s t a n c e

between He and Th , m
11 PE = k*q1*q2/(r*e)*1e-006; // P o t e n t i a l ene rgy o f

the system , MeV
12 printf(”\nThe k i n e t i c ene rgy o f the a lpha p a r t i c l e

when i t i s f a r away = %4 . 1 f MeV”, PE);

13

14 // R e s u l t
15 // The k i n e t i c ene rgy o f the a lpha p a r t i c l e when i t

i s f a r away = 2 8 . 1 MeV

Scilab code Exa 17.3 Separation between spectral lines in a mass spectrograph

1 // Ex17 3 Page : 3 2 6 ( 2 0 1 4 )
2 clc;clear;

3 e = 1.6e -019; // Charge on an e l e c t r o n , C
4 E = 2.48e+004; // Appl i ed e l e c t r i c f i e l d , N/C
5 B = 0.75; // Appl i ed magnet i c f i e l d , T
6 R0 = 1.2e-015; // Nuc l ea r cons tant , m
7 m1 = 12*1.6605e-027; // Mass o f the C−12 i on
8 m2 = 13*1.6605e-027; // Mass o f the C−13 i on
9 m3 = 14*1.6605e-027; // Mass o f the C−14 i on

10 r1 = E*m1/(e*B^2*1e -003); // Radius o f o r b i t o f C
−12 ion , mm

11 r2 = E*m2/(e*B^2*1e -003); // Radius o f o r b i t o f C
−13 ion , mm

12 r3 = E*m3/(e*B^2*1e -003); // Radius o f o r b i t o f C
−14 ion , mm

13 d1 = 2*r2 - 2*r1; // D i s t a n c e between the l i n e s
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o f C−12 and C−13 , mm
14 d2 = 2*r3 - 2*r2; // D i s t a n c e between the l i n e s

o f C−13 and C−14 , mm
15 d = d1/2; // S e p a r a t i o n s between the l i n e s when

the i o n s a r e doubly charged , mm
16 printf(”\nThe d i s t a n c e between the l i n e s o f C−12 and

C−13 = %4 . 2 f mm”, d1);

17 printf(”\nThe d i s t a n c e between the l i n e s o f C−13 and
C−14 = %4 . 2 f mm”, d2);

18 printf(”\nThe s e p a r a t i o n between the l i n e s when the
i o n s a r e doubly charged = %4 . 2 f mm”, d);

19

20 // R e s u l t
21 // The d i s t a n c e between the l i n e s o f C−12 and C−13 =

0 . 9 2 mm
22 // The d i s t a n c e between the l i n e s o f C−13 and C−14 =

0 . 9 2 mm
23 // The s e p a r a t i o n between the l i n e s when the i o n s

a r e doubly charged = 0 . 4 6 mm

Scilab code Exa 17.4 Binding energy and average binding energy per nucleon of C12

1 // Ex17 4 Page : 3 2 7 ( 2 0 1 4 )
2 clc;clear;

3 m_n = 1.008665; // Mass o f a neutron , amu
4 m_p = 1.007825; // Mass o f a proton , amu
5 A = 12; // Mass number o f carbon , amu
6 Z = 6; // Atomic number o f carbon , amu
7 N = A - Z; // Neutron number o f carbon , amu
8 M_C12 = 12.0; // Mass o f C−12 atom , amu
9 M = Z*m_p + N*m_n; // Tota l mass o f c o n s t i t u e n t s ,

amu
10 delta_m = M - M_C12; // Mass d e f i c i e n c y , amu
11 E_B = delta_m * 931.5; // Bind ing energy , MeV
12 E_B_avg = E_B/A; // Average b i n d i n g ene ryg per
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nuc leon , MeV
13 printf(”\nThe b i n d i n g ene rgy o f C( 1 2 , 6 ) = %5 . 2 f MeV”

, E_B);

14 printf(”\nThe ave rage b i n d i n g ene rgy per nuc l eon o f
C( 1 2 , 6 ) = %3 . 2 f MeV”, E_B_avg);

15

16 // R e s u l t
17 // The b i n d i n g ene rgy o f C( 1 2 , 6 ) = 9 2 . 1 6 MeV
18 // The ave rage b i n d i n g ene rgy per nuc l eon o f C( 1 2 , 6 )

= 7 . 6 8 MeV

Scilab code Exa 17.6 Binding energy of the last neutron in Na

1 // Ex17 6 Page : 3 3 5 ( 2 0 1 4 )
2 clc;clear;

3 m_n = 1.008665; // Mass o f a neutron , amu
4 M_Na22 = 21.9944; // Mass o f Na−22 atom , amu
5 M_Na23 = 22.989767; // Mass o f Na−23 atom , amu
6 delta_m = M_Na22 + m_n - M_Na23; // Mass

d e f i c i e n c y with Na−23 , amu
7 E_B = delta_m *931.5; // Energy e q u i v a l e n t o f mass

d e f i c i e n c y , MeV
8 printf(”\nThe b i n d i n g ene rgy o f the l a s t neut ron i n

Na−23 = %4 . 1 f MeV”, E_B);

9

10 // R e s u l t
11 // The b i n d i n g ene rgy o f the l a s t neut ron i n Na−23 =

1 2 . 4 MeV

Scilab code Exa 17.7 Range of nuclear force

1 // Ex17 7 Page : 3 4 1 ( 2 0 1 4 )
2 clc;clear;

71



3 h_cross = 1.05e-034; // Reduced Planck ’ s cons tant
, Js

4 e = 1.6e -019; // Charge on an e l e c t r o n , C
5 m_pi = 140e+006; // Mass o f pi meson , eV/Sq . c
6 c = 3e+008; // Speed o f l i g h t i n vacuum , m/ s
7 r = h_cross*c/(m_pi*e); // Range o f the n u c l e a r

f o r c e , m
8 printf(”\nThe range o f the n u c l e a r f o r c e = %3 . 1 f fm”

, r/1e-015);

9

10 // R e s u l t
11 // The range o f the n u c l e a r f o r c e = 1 . 4 fm
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Chapter 18

Radioactive Decay

Scilab code Exa 18.1 Fraction of samples remained after various half lives

1 // Ex18 1 Page : 3 4 7 ( 2 0 1 4 )
2 clc;clear;

3 N0 = poly(0, ’N0 ’ ); // D e c l a r e the o r i g i n a l
number o f n u c l i d e s

4 HL = [2 5 10]; // Ha l f l i v e s , t ime u n i t s
5 for i = 1:3

6 printf(”\ nAf t e r %d h a l f l i v e s , the f r a c t i o n rema ins
= 1/%d”, HL(i), 2^HL(i));

7 end

8

9 // R e s u l t
10 // A f t e r 2 h a l f l i v e s , the f r a c t i o n rema ins = 1/4
11 // A f t e r 5 h a l f l i v e s , the f r a c t i o n rema ins = 1/32
12 // A f t e r 10 h a l f l i v e s , the f r a c t i o n rema ins =

1/1024

Scilab code Exa 18.2 Radioactivity of gold
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1 // Ex18 2 Page : 3 4 8 ( 2 0 1 4 )
2 clc;clear;

3 t_half = 2.7*24*60*60; // Ha l f l i f e o f Au−198 , s
4 lambda = 0.693/ t_half; // Decay c o n s t a n t o f Au

−198 , per s e c
5 M = 198; // Molar mass o f Au−198 , g
6 m = 1e-006; // Mass o f Au−198 sample , g
7 N_A = 6.023e+023; // Avogadro number , atoms /mol
8 t = 8*24*60*60; // Age o f the sample , s
9 N = m*N_A/M; // Number o f n u c l e i i n the sample

10 A0 = lambda*N; // A c t i v i t y o f Au−198 , Ci
11 A = A0*exp(-lambda*t); // A c t i v i t y o f the 8 days

o ld sample , decays per s e c
12 printf(”\nThe decay c o n s t a n t o f Au−198 = %4 . 2 e per

s e c ”, lambda);

13 printf(”\nThe a c t i v i t y o f Au−198 = %5 . 3 f Ci ”, A0/3.7

e+010);

14 printf(”\nThe a c t i v i t y o f the 8 days o l d sample o f
Au−198 = %4 . 2 e decays per s e c ”, A);

15

16 // R e s u l t
17 // The decay c o n s t a n t o f Au−198 = 2 . 9 7 e−006 per s e c
18 // The a c t i v i t y o f Au−198 = 0 . 2 4 4 Ci
19 // The a c t i v i t y o f the 8 days o ld sample o f Au−198 =

1 . 1 6 e +009 decays per s e c

Scilab code Exa 18.3 Mass of 2 mCi of radioactive C14

1 // Ex18 3 Page : 3 4 8 ( 2 0 1 4 )
2 clc;clear;

3 N_A = 6.02e+023; // Avogadro number , atoms /mol
4 M = 14; // Gram atomic mass o f C−14 , g
5 t_half = 5570*365*24*60*60; // Ha l f l i f e o f C−14 ,

s
6 lambda = 0.693/ t_half; // Decay c o n s t a n t o f Au
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−198 , per s e c
7 A = 2e -003*3.7e+010; // A c t i v i t y o f C−14 , decays

per s e c
8 N = 1/ lambda*A; // The number o f n u c l e i i n the C

−14 sample
9 m = N*M/N_A; // Mass o f N atoms o f C−14 , g
10 printf(”\nThe mass o f 2 mCi o f r a d i o a c t i v e C−14 = %4

. 2 e g”, m);

11

12 // R e s u l t
13 // The mass o f 2 mCi o f r a d i o a c t i v e C−14 = 4 . 3 6 e−004

g

Scilab code Exa 18.5 Age of the rock on moon

1 // Ex18 5 Page : 3 5 3 ( 2 0 1 4 )
2 clc;clear;

3 N1 = 1; // Assume the number o f p r e s e n t atoms o f
K−40

4 N2 = 10.2; // No . o f atoms o f Ar−40 r e l a t i v e to K
−40

5 t_half = 1.25e+009; // Hal f− l i f e o f K−40 , y e a r s
6 lambda = 0.693/ t_half; // Decay cons tant , per s e c
7 t = log(1 + N2/N1)/lambda; // Age o f the rock on

moon , y e a r s
8 printf(”\nThe age o f the rock on moon = %4 . 2 e yr ”, t

);

9

10 // R e s u l t
11 // The age o f the rock on moon = 4 . 3 6 e +009 yr

Scilab code Exa 18.6 Atomic mass of Th 228
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1 // Ex18 6 Page : 3 5 6 ( 2 0 1 4 )
2 clc;clear;

3 m_U232 = 232.037131; // Atomic mass o f U−232 , u
4 m_He4 = 4.002603; // Atomic mass o f He−4 , u
5 KE_alpha = 5.32; // K i n e t i c ene rgy o f alpha−

p a r t i c l e , MeV
6 m_Th228 = m_U232 - m_He4 - KE_alpha /931.5; //

Atomic mass o f Th−228 , u
7 printf(”\nThe atomic mass o f Th−228 = %10 . 6 f u”,

m_Th228);

8

9 // R e s u l t
10 // The atomic mass o f Th−228 = 228 . 028817 u
11 // The answers vary due to round o f f e r r o r

Scilab code Exa 18.7 Maximum and minimum energy of neutrino in C11 decay

1 // Ex18 7 Page : 3 5 9 ( 2 0 1 4 )
2 clc;clear;

3 m_AX = 11.011433; // Mass o f pa r en t nuc l eus , MeV
4 m_AX_prime = 11.009305; // Mass o f daughte r

nuc l eu s , MeV
5 m_e = 0.511; // Mass o f an e l e c t r o n , MeV
6 Q_min = 0;

7 Q = (m_AX - m_AX_prime)*931.5 - 2*m_e; // Q
v a l u e f o r the decay , MeV

8 printf(”\nThe maximum energy o f the n e u t r i n o = %4 . 2 f
MeV”, Q);

9 printf(”\nThe minimum energy o f the n e u t r i n o = %d
MeV”, Q_min);

10

11 // R e s u l t
12 // The maximum energy o f the n e u t r i n o = 0 . 9 6 MeV
13 // The minimum energy o f the n e u t r i n o = 0 MeV

76



Scilab code Exa 18.8 Kinetic energy of the neutrino

1 // Ex18 8 Page : 3 5 9 ( 2 0 1 4 )
2 clc;clear;

3 m_K40 = 39.963999; // Mass K−40 nuc l eus , MeV
4 m_Ar40 = 39.962384; // Mass Ar−40 nuc l eus , MeV
5 Q = (m_K40 - m_Ar40)*931.5; // Q v a l u e f o r the

r e a c t i o n , MeV
6 printf(”\nThe k i n e t i c ene rgy o f the n e u t r i n o = %5 . 3 f

MeV”, Q);

7

8 // R e s u l t
9 // The k i n e t i c ene rgy o f the n e u t r i n o = 1 . 5 0 4 MeV

Scilab code Exa 18.9 Maximum kinetic energy of the beta particle

1 // Ex18 9 Page : 3 6 0 ( 2 0 1 4 )
2 clc;clear;

3 m_N12 = 12.018613; // Mass N−12 nuc l eus , MeV
4 m_C12 = 12; // Mass C−12 nuc l eus , MeV
5 m_e = 0.000549; // Mass o f the e l e c t r o n , MeV
6 E_gamma = 4.43; // Energy o f the emi t t ed gamma

ray . MeV
7 Q = (m_N12 - m_C12 - 2*m_e)*931.5; // Q v a l u e

f o r the r e a c t i o n , MeV
8 E_max = Q - E_gamma; // The maximum k i n e t i c

ene rgy o f the beta p a r t i c l e , MeV
9 printf(”\nThe maximum k i n e t i c ene rgy o f the beta

p a r t i c l e = %5 . 2 f MeV”, E_max);

10

11 // R e s u l t
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12 // The maximum k i n e t i c ene rgy o f the beta p a r t i c l e =
1 1 . 8 9 MeV
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Chapter 19

Nuclear Reactions

Scilab code Exa 19.1 Q value of the reaction and KE of the residual nucleus

1 // Ex19 1 Page : 3 6 8 ( 2 0 1 4 )
2 clc;clear;

3 K_x = 10; // Energy o f i n c i d e n t deut rons , MeV
4 K_y = 15; // Energy o f emi t t ed n e u t r o n s . MeV
5 m_H2 = 2.014102; // Atomic mass o f deutrium , u
6 m_n = 1.008665; // Mass o f a neutron , u
7 m_Cu63 = 62.929599; // Atomic mass o f Cu−63 , u
8 m_Zn64 = 63.929144; // Atomic mass o f Zn−64 , u
9 Q = (m_H2 + m_Cu63 - m_n - m_Zn64)*931.5; // Q−

v a l u e o f the r e a c t i o n , MeV
10 K_Y = Q + K_x - K_y; // The KE o f the r e s i d u a l

nuc l eu s , MeV
11 printf(”\nThe Q−v a l u e o f the r e a c t i o n = %5 . 3 f MeV”,

Q);

12 printf(”\nThe KE o f the r e s i d u a l n u c l e u s = %5 . 3 f MeV
”, K_Y);

13

14 // R e s u l t
15 // The Q−v a l u e o f the r e a c t i o n = 5 . 4 8 8 MeV
16 // The KE o f the r e s i d u a l n u c l e u s = 0 . 4 8 8 MeV
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Scilab code Exa 19.2 Q value and threshold energy of the reaction

1 // Ex19 2 Page : 3 6 8 ( 2 0 1 4 )
2 clc;clear;

3 m_x = 1.008665; // Mass o f a proton , u
4 m_y = 1.007825; // Mass o f a neutron , u
5 M_X = 18.998404; // Atomic mass o f F−19 , u
6 M_Y = 19.003577; // Atomic mass o f O−19 , u
7 Q = (M_X + m_x - m_y - M_Y)*931.5; // Q−v a l u e o f

the r e a c t i o n , MeV
8 K_x_min = (1 + m_x/M_X)*abs(Q); // The t h r e s h o l d

ene rgy f o r the r e a c t i o n , MeV
9 printf(”\nThe Q−v a l u e o f the r e a c t i o n = %6 . 4 f MeV”,

Q);

10 printf(”\nThe t h r e s h o l d ene rgy f o r the r e a c t i o n = %4
. 2 f MeV”, K_x_min);

11

12 // R e s u l t
13 // The Q−v a l u e o f the r e a c t i o n = −4.0362 MeV
14 // The t h r e s h o l d ene rgy f o r the r e a c t i o n = 4 . 2 5 MeV

Scilab code Exa 19.3 Energy released in the fission reaction

1 // Ex19 3 Page : 3 7 3 ( 2 0 1 4 )
2 clc;clear;

3 m_p = 1.007825; // Mass o f a proton , u
4 m_n = 1.008665; // Mass o f a neutron , u
5 m_U235 = 235.043924; // Atomic mass o f U−235 , u
6 m_Ba141 = 140.91440; // Atomic mass o f Ba−141 , u
7 m_Kr92 = 91.92630; // Atomic mass o f Kr−92 , u
8 delta_m = (m_n + m_U235 - m_Ba141 - m_Kr92 - 3*m_n);

// Mass d i f f e r e n c e , u
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9 E = delta_m *931.5; // Energy r e l e a s e d i n the
f i s s i o n r e a c t i o n , MeV

10 printf(”\nThe ene rgy r e l e a s e d i n the f i s s i o n
r e a c t i o n = %5 . 1 f MeV”, E);

11

12 // R e s u l t
13 // The ene rgy r e l e a s e d i n the f i s s i o n r e a c t i o n =

1 7 3 . 2 MeV

Scilab code Exa 19.4 Number of reactions per second in a reactor

1 // Ex19 4 Page : 3 7 3 ( 2 0 1 4 )
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 = 200; // Energy r e l e a s e d per f i s s i o n , MeV
5 P = 300e+006; // Power o f the n u c l e a r r e a c t o r , W
6 n = P/(E*1e+006*e); // Number o f f i s s i o n

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

p l a c e per second = %4 . 2 e ”, n);

8

9 // R e s u l t
10 // The number o f f i s s i o n r e a c t i o n s t a k i n g p l a c e per

second = 9 . 3 8 e +018

Scilab code Exa 19.5 Energy released epr gram of fuel

1 // Ex19 5 Page : 3 7 8 ( 2 0 1 4 )
2 clc;clear;

3 m_D = 1.66e -027; // Mass o f the deutrium , kg
4 m_1H2 = 2.014102; // Mass o f deutrium , u
5 m_1H3 = 3.01609; // Mass o f the t r i t i u m , u
6 m_1H1 = 1.007825; // Mass o f protium , u
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7 Q = (2* m_1H2 - m_1H3 - m_1H1)*931.5; // Energy
r e l e a s e d per f u s i o n , MeV

8 E = 0.001/(2* m_D)*Q/2; // Energy r e l e a s e d per
gram o f f u e l , MeV

9 printf(”\nThe ene rgy r e l e a s e d per gram o f f u e l = %4
. 2 e MeV”, E);

10

11 // R e s u l t
12 // The ene rgy r e l e a s e d per gram o f f u e l = 6 . 0 2 e +023

MeV
13 // The answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 19.6 Energy required for deuterium tritium fusion reaction

1 // Ex19 6 Page : 3 7 9 ( 2 0 1 4 )
2 clc;clear;

3 e = 1.6e -019; // Charge on an e l e c t r o n , C
4 k = 1.38e -023; // Boltzmann cons tant , J/K
5 K = 8.99e+009; // Coulomb ’ s cons tant , N−Sq .m/Sq .C
6 r_d = 1.5e -015; // Radius o f deutr ium nuc l eus , m
7 r_t = 1.7e -015; // Radius o f t r i t i u m nuc l eus , m
8 KE = K*e^2/( r_d + r_t)/2; // K i n e t i c ene rgy f o r

one p a r t i c l e , MeV
9 T = 2*KE/(3*k); // Temperature r e q u i r e d f o r the

deutr ium−t r i t i u m f u s i o n to occur , K
10 printf(”\nThe tempera tu re r e q u i r e d f o r the deutrium−

t r i t i u m f u s i o n to oc cu r = %1 . 0 e K”, T);

11

12 // R e s u l t
13 // The tempera tu r e r e q u i r e d f o r the deutrium−t r i t i u m

f u s i o n to oc cu r = 2 e +009 K
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Chapter 20

Nuclear Radiation Detectors
and Particle Accelerators

Scilab code Exa 20.1 Better particle for studying details of the nucleus

1 // Ex20 1 Page : 3 9 0 ( 2 0 1 4 )
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 = 1.67e -027; // Mass o f a nuc leon , kg
5 h = 6.626e -034; // Planck ’ s cons tant , Js
6 E = 30; // Energy o f a lpha p a r t i c l e , MeV
7 r = 1.2e -015; // Nuc l ea r cons tant , m
8 lambda_p = h/sqrt (2*m*E*1e+006*e); // de−B r o g l i e

wave l ength o f the proton , m
9 lambda_a = h/sqrt (2*4*m*E*1e+006*e); // de−

B r o g l i e wave l ength o f the a lpha p a r t i c l e , m
10 d = 2*r; // s i z e o f the nuc leon , m
11 printf(”\nThe wave l ength o f the proton = %3 . 1 e m”,

lambda_p);

12 printf(”\nThe wave l ength o f the a lpha p a r t i c l e = %3
. 1 e m”, lambda_a);

13 if (( lambda_p - d) < (lambda_a - d)) then

14 printf(”\nThe proton i s b e t t e r f o r s t u d y i n g the
n u c l e a r d e t a i l s . ”)
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15 else

16 printf(”\nThe a lpha p a r t i c l e i s b e t t e r f o r
s t u d y i n g the n u c l e a r d e t a i l s . ”)

17 end

18

19 // R e s u l t
20 // The wave l ength o f the proton = 5 . 2 e−015 m
21 // The wave l ength o f the a lpha p a r t i c l e = 2 . 6 e−015 m
22 // The a lpha p a r t i c l e i s b e t t e r f o r s t u d y i n g the

n u c l e a r d e t a i l s .

Scilab code Exa 20.2 Frequency of alternating voltage and KE of protons in a cyclotron

1 // Ex20 2 Page : 3 9 1 ( 2 0 1 4 )
2 clc;clear;

3 q = 1.6e -019; // Charge on an e l e c t r o n , C
4 e = 1.6e -019; // Energy e q u i v a l e n t o f 1 eV , J/eV
5 m = 1.67e -027; // Mass o f a proton , kg
6 B = 2; // Appl i ed magnet i c f i e l d , T
7 R = 0.25; // Maximum r a d i u s o f c y c l o t r o n , m
8 f = q*B/(2* %pi*m); // Frequency needed f o r

a p p l y i n g a l t e r n a t i n g v o l t a g e , Hz
9 K = (q*B*R)^2/(2*m); // K i n e t i c ene rgy o f p r o t o n s

when they l e a v e the c y c l o t r o n , J
10 printf(”\nThe f r e q u e n c y needed f o r a p p l y i n g

a l t e r n a t i n g v o l t a g e = %4 . 1 f MHz”, f/1e+006);

11 printf(”\nThe k i n e t i c ene rgy o f p r o t o n s when they
l e a v e the c y c l o t r o n = %2d MeV”, ceil(K/(e*1e+006)

));

12

13 // R e s u l t
14 // The f r e q u e n c y needed f o r a p p l y i n g a l t e r n a t i n g

v o l t a g e = 3 0 . 5 MHz
15 // The k i n e t i c ene rgy o f p r o t o n s when they l e a v e the

c y c l o t r o n = 12 MeV
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Chapter 21

Elementary Particles

Scilab code Exa 21.1 Q value of the elementary particle reaction

1 // Ex21 1 Page : 3 9 9 ( 2 0 1 4 )
2 clc;clear;

3 m_pi = 140; // Mass o f a pion , MeV
4 m_p = 938.3; // Mass o f a proton , MeV
5 m_K = 498; // Mass o f a kaon , MeV
6 m_lambda = 1116; // Mass o f lambda hyperon , MeV
7 Q = m_pi + m_p - m_K - m_lambda;

8 printf(”\nThe Q−v a l u e o f the r e a c t i o n = %3d MeV”,
floor(Q));

9

10 // R e s u l t
11 // The Q−v a l u e o f the r e a c t i o n = −536 MeV

Scilab code Exa 21.2 Relativistic mass of neutral pion

1 // Ex21 2 Page : 3 9 9 ( 2 0 1 4 )
2 clc;clear;

3 m_pi_minus = 139.6; // Mass o f a pion , MeV
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4 m_p = 938.3; // Mass o f a proton , MeV
5 m_n = 939.6; // Mass o f a neutron , MeV
6 K_n = 0.6; // The k i n e t i c ene rgy o f the neutron ,

MeV
7 E_pi0 = m_p + m_pi_minus - m_n - K_n; // Mass o f

n e u t r a l pion , MeV
8 E_pi0_r = sqrt(E_pi0 ^2 - (m_n + K_n)^2 + m_n ^2);

// R e l a t i v i s t i c mass o f n e u t r a l pion , MeV
9 printf(”\nThe r e l a t i v i s t i c mass o f n e u t r a l p ion = %5

. 1 f MeV”, E_pi0_r);

10

11 // R e s u l t
12 // The r e l a t i v i s t i c mass o f n e u t r a l p ion = 1 3 3 . 5 MeV
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