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Exa Example (Solved example)

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

The Special Theory of
Relativity

Scilab code Exa 1.1.3 Ex 3

1 // v a r i a b l e i n i t i a l i z a t i o n
2 x=50,y=20,z=10 //x , y , z

c o r d i n a t e s i n mete r s ( f rame s )
3 t=5*10^( -8); // t ime in

s e cond s ( f rame s )
4 velocity =0.6*3*10^8; // v e l o c i t y

o f o b s e r v e r i n s ’ f rame r e l a t i v e to s i n meter /
second

5 c=3*10^8; // speed o f
l i g h t i n meter / second

6 Beta =0.6;

7 Gamma =1/((1 - Beta ^2) ^(1/2));

8

9 // c a l c u l a t i o n o f c o r d i n a t e s i n s ’ f rame
10 xdash=Gamma *(x-( velocity*t)); // va lu e o f

x c o r d i n a t e i n frame s ’ i n mete r s
11 ydash=y; // va lu e o f

y c o r d i n a t e i n frame s ’ i n mete r s
12 zdash=z; // va lu e o f

8



z c o r d i n a t e i n frame s ’ i n mete r s
13 tdash=Gamma *(t-(( velocity*x)/(c^2))); // va lu e o f

t i n frame s ’ i n s e cond s
14

15 printf(”\nValue o f space t ime c o r d i n a t e s i n frame s
‘ : \ n\ t x ‘=%. 2 f meter \n\ t y ‘=%. 0 f meter \n\ t z ‘=%. 0
f meter \n\ t t ‘=%. 2 e second ”,xdash ,ydash ,zdash ,
tdash);

Scilab code Exa 1.1.4 Ex 4

1 // v a r i a b l e i n i t i a l i z a t i o n
2 x1=20 //

p o s i t i o n o f event 1 i n meter s ( f rame s )
3 t1=2*10^( -8); // t ime

o f event 1 i n s e cond s ( f rame s )
4 x2=60 //

p o s i t i o n o f event 2 i n meter s ( f rame s )
5 t2=3*10^( -8); // t ime

o f event 2 i n s e cond s ( f rame s )
6 c=3*10^8; // speed

o f l i g h t i n meter / second
7 v=0.6*c; // speed

o f f rame s ’ r e l a t i v e to frame s ( meter / second )
8 Beta =0.6

9 Gamma =1/((1 - Beta ^2) ^(1/2));

10

11 // pa r t ( i ) : s p a t i a l s e p a r a t i o n o f the e v en t s i n frame
s ’

12 separation=Gamma *((x2-x1)-v*(t2-t1)); //
s p a t i a l s e p a r a t i o n o f the e v en t s i n frame s ’ (
meter )

13

14 // pa r t ( i i ) : t ime i n t e r v a l between the two ev en t s i n
frame s ’
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15 interval=Gamma *((t2-t1)-(v*(x2-x1))/(c^2)); // t ime
i n t e r v a l between the two ev en t s i n frame s ’ (
s econd )

16

17 printf(”\nIn frame s ‘ : \ n\ t ( i ) s p a t i a l s e p a r a t i o n=%. 2
f meter \n\ t ( i i ) t ime i n t e r v a l=%. 2 e second ”,
separation ,interval);

Scilab code Exa 1.1.5 Ex 5

1 // v a r i a b l e i n i t i a l i z a t i o n
2 x1=24 //

p o s i t i o n o f event 1 i n meter s ( f rame s )
3 t1=8*10^( -8); // t ime

o f event 1 i n s e cond s ( f rame s )
4 x2=48 //

p o s i t i o n o f event 2 i n meter s ( f rame s )
5 t2=4*10^( -8); // t ime

o f event 2 i n s e cond s ( f rame s )
6 c=3*10^8; //

speed o f l i g h t i n meter / second
7

8 // c a l c u l a t i o n o f v e l o c i t y o f the frame s ’ so tha t
both the ev en t s o c cu r s imu l t a n e o u s l y

9 v=((c^2)*(t2-t1))/(x2-x1); //
v e l o c i t y o f the frame s ’ ( meter / second )

10

11 printf(”\ n v e l o c i t y o f the frame s ‘ = %. 1 e meter /
second ”,v);

Scilab code Exa 1.1.6 Ex 6

1 // v a r i a b l e i n i t i a l i z a t i o n
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2 interval_s =1

//
t ime d i f f e r e n c e between two ev en t s i n frame s (
second )

3 interval_sdash =4

// t ime
d i f f e r e n c e between two ev en t s i n frame s ’ ( s econd
)

4 separation_s =0

//
s p a t i a l s e p a r a t i o n o f two ev en t s i n frame s (
meter )

5 c=3*10^8;

//
speed o f l i g h t ( meter / second )

6 v=rand();

// a s s i g n a random va lu e to unknown v e l o c i t y ( meter
/ second )

7

8 // c a l c u l a t i o n o f s p a t i a l s e p a r a t i o n o f the e v en t s i n
frame s ’ :

9 Gamma=interval_sdash /(interval_s -(v*( separation_s))

/(c^2)); // c a l c u l a t i n g gamma
10

11 separation = -2*((( Gamma ^2) -1)^(1/2))*c;

// s p a t i a l s e p a r a t i o n i n s ’ (
meter )

12

13 printf(”\ n s p a t i a l s e p a r a t i o n o f the e v en t s i n frame
s ‘ = %. 2 e meter ”,separation);

Scilab code Exa 1.1.7 Ex 7

1 // v a r i a b l e i n i t i a l i z a t i o n
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2 interval_s =0

// t ime d i f f e r e n c e between two ev en t s i n frame s (
second )

3 separation_s =1;

//
s p a t i a l s e p a r a t i o n o f two ev en t s i n frame s (
meter )

4 separation_sdash =2;

//
s p a t i a l s e p a r a t i o n o f two ev en t s i n frame s ’ (
meter )

5 c=3*10^8;

// speed o f l i g h t ( meter / second )
6 v=rand();

// a s s i g n a random va lu e to unknown v e l o c i t y o f
f rame s ’ with r e s p e c t to frame s ( meter / second )

7

8 // c a l c u l a t i o n o f t ime i n t e r v a l between the ev en t s i n
frame s ’

9 Gamma=separation_sdash /( separation_s -(v*interval_s))

; // c a l c u l a t i n g va lu e o f Gamma
10 Beta =(1 -1/( Gamma ^2))^(1/2);

// c a l c u l a t i n g
va lu e o f Beta

11 v=Beta*c;

// v e l o c i t y o f s ’ with r e s p e c t to s ( meter / second )
12 interval_sdash=Gamma *( interval_s -((v*separation_s)/(

c^2))); // t ime i n t e r v a l between the ev en t s i n
frame s ’ ( s econd )

13

14 printf(”\nThe t ime i n t e r v a l between the ev en t s i n
frame s ‘ = %. 2 e X0”,interval_sdash);
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Scilab code Exa 1.1.8 Ex 8

1 // v a r i a b l e i n i t i a l i z a t i o n
2 IbyI_not =.99 // r a t i o o f moving

l e n g t h and r e s t l e n g t h
3 c=3*10^8; // speed o f l i g h t

( meter / second )
4

5 // c a l c u l a t i o n o f v e l o c i t y o f r o c k e t s h i p
6 Beta=(1- IbyI_not ^2) ^(1/2); // c a l c u l a t i n g

va lu e o f Beta
7 v=Beta*c; // v e l o c i t y o f

r o c k e t s h i p ( meter / second )
8

9 printf(”\nThe v e l o c i t y o f the r o c k e t s h i p = %. 2 e
meter / second ”,v);

Scilab code Exa 1.1.9 Ex 9

1 // v a r i a b l e i n i t i a l i z a t i o n
2 l_dash =1

// l e n g t h o f the rod i n frame s ’ ( meter )
3 Theta_dash_degree =45

// ang l e o f the rod with x−a x i s i n frame s ’ (
d eg r e e )

4 Beta =1/2

// va lu e o f Beta
5
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6 // c a l c u l a t i o n o f the l e n g t h o f the rod and i t s
i n c l i n a t i o n with x−a x i s i n the frame s

7 Theta_dash_radian=Theta_dash_degree *(%pi /180);

// c onv e r s i o n o f ang l e Theta i n r ad i an from deg r e e
( r ad i an )

8 l=(( l_dash ^2) *((sin(Theta_dash_radian))^2+((1 -( Beta

^2))*((cos(Theta_dash_radian))^2))))^(1/2);

// l e n g t h o f the rod i n frame s ( meter )
9 tan_theta=tan(Theta_dash_radian)/((1- Beta ^2) ^(1/2));

// tan o f ang l e o f rod with x−a x i s i n frame s
10 theta=atand(tan_theta);

// ang l e o f rod with x−a x i s i n frame s ( d eg r e e )
11

12 printf(”\n\ t The l e n g t h o f the rod = %f meter \n\ t
I n c l i n a t i o n o f rod with x−a x i s = %f deg r e e ”,l,
theta);

Scilab code Exa 1.1.10 Ex 10

1 // v a r i a b l e i n i t i a l i z a t i o n
2 c=3*10^8; // speed

o f l i g h t ( meter / second )
3

4 // c a l c u l a t i o n o f v e l o c i t y o f the r e f e r e n c e frame s ’
5 Beta =(1 -((1/1.25) ^2))^(1/2); //

c a l c u l a t i n g Beta ( 1 . 2 5 comes from the f a c t tha t
i n frame s ’ d e n s i t y o f b l o c i s 25% g r e a t e r than
frame s )

6 v=Beta*c; //
v e l o c i t y o f the r e f e r e n c e frame s ’

7
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8 printf(”\nBeta = %. 1 e\nThe v e l o c i t y o f the frame s ‘
= %. 1 e meter / second ”,Beta ,v);

Scilab code Exa 1.1.11 Ex 11

1 // Va r i a b l e i n i t i a l i z a t i o n
2 E=0.25

// Energy o f photon (MeV)
3 Theta =(120* %pi)/180;

// S c a t t e r i n g ang l e o f photon ( r ad i an )
4 a=0.51

// Value o f m0∗ c ˆ2 (Mev)
5

6 // Ca l c u l a t i o n o f ene rgy o f the photon
7 E_dash=E/(1+(E/a)*(1-cos(Theta)));

//
Energy o f the s c a t t e r e d photon (MeV)

8

9 printf(”\nEnergy o f the s c a t t e r e d photon = %. 3 f Mev”
,E_dash);

Scilab code Exa 1.1.12 Ex 12

1 // v a r i a b l e i n i t i a l i z a t i o n
2 deltaTow =1*10^( -6); //mean

prope r l i f e t i m e o f p a r t i c l e ( s econd )
3 Beta =0.9 // va lu e

o f Beta
4 v=2.7*10^8; //

v e l o c i t y o f p a r t i c l e ( meter / second )
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5

6 // pa r t ( i ) : l i f e t i m e o f the p a r t i c l e i n the l a b o r a t o r y
frame

7 deltaT=deltaTow /((1- Beta ^2) ^(1/2)); //
l i f e t i m e o f the p a r t i c l e i n the l a b o r a t o r y frame
( second )

8

9 // pa r t ( i i ) : d i s t a n c e t r a v e r s e d by the p a r t i c l e i n the
l a b o r a t o r y frame

10 d=v*deltaT; //
d i s t a n c e t r a v e r s e d by the p a r t i c l e i n the
l a b o r a t o r y b e f o r e d i s i n t e g r a t i o n ( meter )

11

12 printf(”\nIn l a b o r a t o r y frame : \ n\ t l i f e t i m e o f the
p a r t i c l e = %. 2 e second \n\ t d i s t a n c e t r a v e r s e d by
the p a r t i c l e = %. 1 e meter ”,deltaT ,d);

Scilab code Exa 1.1.13 Ex 13

1 // v a r i a b l e i n i t i a l i z a t i o n
2 Theta =120

// S c a t t e r i n g ang l e o f photon ( d eg r e e )
3 T=0.45

// K i n e t i c ene rgy o f e l e c t r o n (MeV)
4 a=0.51

// Value o f m0∗ c ˆ2 (Mev)
5

6 // Ca l c u l a t i o n o f the ene rgy o f the i n c i d e n t photon
7 E=0.5*T*(1+(1+(2*a)/(T*(sind(Theta /2))^2))^(1/2));

// Energy o f the
i n c i d e n t photon (MeV)

8
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9 printf(”\nEnergy o f the i n c i d e n t photon = %. 2 f Mev”,
E);

Scilab code Exa 1.1.14 Ex 14

1 // v a r i a b l e i n i t i a l i z a t i o n
2 c=3*10^8; // speed o f

l i g h t ( meter / second )
3 u1=0.6*c; // speed o f

Beta p a r t i c l e 1 i n l ab frame ( meter / second )
4 u2= -0.8*c; // speed o f

Beta p a r t i c l e 2 i n l ab frame ( meter / second )
5 v=u1; // v e l o c i t y

o f f rame s ’ where frame s ’ i s a t t a ched to the
f i r s t Beta p a r t i c l e ( meter / second )

6

7 // v e l o c i t y o f 2nd Beta p a r t i c l e r e l a t i v e to the 1 s t
Beta p a r t i c l e ( assuming frame s ’ i s a t t a ched to
the f i r s t Beta p a r t i c l e )

8 u2_dash =(u2-v)/(1-((u2*v)/c^2)); // v e l o c i t y
o f 2nd Beta p a r t i c l e r e l a t i v e to the 1 s t Beta

p a r t i c l e ( meter / second )
9

10 printf(”\n\ tThe v e l o c i t y o f 2nd Beta p a r t i c l e
r e l a t i v e to the 1 s t Beta p a r t i c l e = %. 2 e meter /
second ”,u2_dash);

Scilab code Exa 1.1.15 Ex 15

1 // v a r i a b l e i n i t i a l i z a t i o n
2 m0=1 // l e t r e s t

mass o f p a r t i c l e to be 1 ( kg )
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3 m=3*m0; //moving
mass o f p a r t i c l e ( kg )

4 c=3*10^8; // speed o f
l i g h t ( meter / second )

5

6 // c a l c u l a t i o n o f speed o f p a r t i c l e
7 Beta =(1-(m0/m)^2) ^(1/2); //

Ca l c u l a t i o n f o Beta
8 v=Beta*c; // speed o f

p a r t i c l e ( meter / second )
9

10 printf(”\n\ tThe speed o f The p a r t i c l e = %. 2 e meter /
second ”,v);

Scilab code Exa 1.1.23 Ex 23

1 // v a r i a b l e i n i t i a l i z a t i o n
2 RestEnergy =0.51 // ene rgy

o f e l e c t r o n i f the e l e c t r o n i s at r e s t (Mev)
3 KineticEnergy =2 // k i n e t i c

ene rgy o f e l e c t r o n ( Bev )
4 c=3*10^8; // speed

o f l i g h t ( meter / second )
5

6 // c a l c u l a t i o n o f momentum o f e l e c t r o n
7 p=( KineticEnergy *10^9)/c; //

momentum o f e l e c t r o n n e g l e c t i n g r e s t ene rgy
r e l a t i v e to k i n e t i c ene rgy ( Bev∗ s econd /meter )

8

9 printf(”\n\ tThe momentum o f the e l e c t r o n = %. 2 f ev ∗
s econd /meter ”,p);

Scilab code Exa 1.1.24 Ex 24
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1 // v a r i a b l e i n i t i a l i z a t i o n
2 n=0.01 // f r a c t i o n a l

i n c r e a s e i n momentum
3 c=3*10^8; // speed o f l i g h t (

meter / second )
4

5 // c a l c u l a t i o n o f v e l o c i t y o f p a r t i c l e
6 Beta=(n*(2-n))^(1/2); // c a l c u l a t i o n o f

Beta
7 v=Beta*c; // v e l o c i t y o f

p a r t i c l e ( meter / second )
8

9 printf(”\nBeta = %. 1 e\nThe v e l o c i t y o f the p a r t i c l e
= %. 2 e meter / second ”,Beta ,v);

Scilab code Exa 1.1.26 Ex 26

1 // v a r i a b l e i n i t i a l i z a t i o n
2 RestEnergy =0.51 //

r e s t ene rgy o f e l e c t r o n (Mev)
3 T=1 //

p o t e n t i a l d i f f e r e n c e i . e . k i n e t i c ene rgy (Mev)
4 c=3*10^8; //

speed o f l i g h t ( meter / second )
5

6 // c a l c u l a t i o n o f speed o f e l e c t r o n
7 Beta =(1-( RestEnergy /(T+RestEnergy))^2) ^(1/2); //

c a l c u l a t i o n o f Beta
8 v=Beta*c; //

speed o f e l e c t r o n ( meter / second )
9

10 printf(”\n\ tThe speed o f the e l e c t r o n = %. 2 e meter /
second ”,v);

11

12 //Note : In the book answer o f Beta i s s l i g h t l y wrong
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Scilab code Exa 1.1.27 Ex 27

1 // v a r i a b l e i n i t i a l i z a t i o n
2 RestEnergy =0.51 //

r e s t ene rgy o f e l e c t r o n (Mev)
3 T=2000 //

p o t e n t i a l d i f f e r e n c e i . e . k i n e t i c ene rgy (Mev)
4

5 // pa r t ( i ) e f f e c t i v e mass o f e l e c t r o n i n terms o f i t s
r e s t mass

6 EffectiveMass =1+(T/RestEnergy); //
r a t i o o f e f f e c t i v e mass o f e l e c t r o n and r e s t mass

7

8 // pa r t ( i i ) speed o f e l e c t r o n i n terms o f the speed o f
l i g h t

9 Beta =(1 -(1/ EffectiveMass)^2) ^(1/2); //
C a l c u l a t i o o f Beta

10

11 printf(”\n\ t The e f f e c t i v e mass o f e l e c t r o n = %. 2 f ∗
mo ;mo i s r e s t mass o f e l e c t r o n \n\ t The speed
o f e l e c t r o n = %. 1 0 f ∗ c ; c i s speed o f l i g h t ”,
EffectiveMass ,Beta);

12

13 //Note : In the book answer o f m/mo i s s l i g h t l y wrong

Scilab code Exa 1.1.28 Ex 28

1 // v a r i a b l e i n i t i a l i z a t i o n
2 c=3*10^8;

// speed o f l i g h t ( meter / second )
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3 v1=0.6*c;

// i n i t i a l v e l o c i t y o f p a r t i c l e ( meter / second )
4 v2=0.8*c;

// f i n a l v e l o c i t y o f p a r t i c l e ( meter / second )
5

6 // Ca l c u l a t i o n o f work r e q u i r e d to i n c r e a s e the
v e l o c i t y from v1 to v2 :

7

8 // C l a s s i c a l l y
9 W_Classic =0.5*(( v2/c)^2-(v1/c)^2);

// r a t i o o f work
and m0∗ c ˆ2 (mo i s the r e s t mass o f p a r t i c l e and c
i s the speed o f l i g h t )

10

11 // R e l a t i v i s t i c a l l y
12 W_Relative =(1/(1 -(v2/c)^2) ^(1/2)) -(1/(1-(v1/c)^2)

^(1/2)); // r a t i o o f work and m0∗ c ˆ2 (mo
i s the r e s t mass o f p a r t i c l e and c i s the speed
o f l i g h t )

13

14 printf(”\nWork r e q u i r e d : \ n\ t C l a s s i c a l l y : Work = %. 2
f ∗m0∗ c ˆ2\n\ t R e l a t i v i s t i c a l l y : Work = %. 3 f ∗m0∗ c
ˆ2\nWhere m0 : r e s t mass o f p a r t i c l e & c : speed o f
l i g h t ”,W_Classic ,W_Relative);

Scilab code Exa 1.1.29 Ex 29

1 // v a r i a b l e i n i t i a l i z a t i o n
2 h=6.63*10^ -34 //

planck ’ s c on s t an t ( j o u l e ∗ s econd )
3 c=3*10^8 //

speed o f l i g h t ( meter / second )
4 lambda1 =5000*10^ -10 //
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wave l ength ( meter )
5 lambda2 =0.1*10^ -10 //

wave l ength ( meter )
6

7 // Ca l c u l a t i o n o f e f f e c t i v e mass o f photon :
8

9 // pa r t ( i ) : wave l ength=5000
10 m1=h/( lambda1*c); //

e f f e c t i v e mass o f photon o f wave l ength 5000
11

12 // pa r t ( i i ) : wave l ength =0.1
13 m2=h/( lambda2*c); //

e f f e c t i v e mass o f photon o f wave l ength 0 . 1
14

15 printf(”\ n e f f e c t i v e mass o f photon : \ n\ t ( i ) mass = %
. 2 e kg\n\ t ( i i ) mass = %. 2 e kg”,m1 ,m2);

Scilab code Exa 1.1.30 Ex 30

1 // v a r i a b l e i n i t i a l i z a t i o n
2 RestEnergy =0.51 //

r e s t ene rgy o f e l e c t r o n (Mev)
3

4 // c a l c u l a t i o n o f minimum energy o f a gamma ray
photon which i s r e q u i r e d to produce an e l e c t r o n
p o s i t r o n p a i r

5 E=2* RestEnergy; //
minimum energy o f gamma ray photon (Mev)

6

7 printf(”\nMinimum energy r e q u i r e d = %. 2 f Mev”,E);

Scilab code Exa 1.1.33 Ex 33
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1 // v a r i a b l e i n i t i a l i z a t i o n
2 c=3*10^8; //

Speed o f sound ( meter / second )
3 M=1.97*10^30; //

Mass o f sun ( kg )
4 R=1.5*10^11; //

Mean r a d i u s o f the e a r t h o r b i t ( meter )
5 sigma =1.4*10^3; //

S o l a r ene rgy r e c e i v e d by the e a r t h ( j o u l e /meter
ˆ2∗ s econd )

6

7 // c a l c u l a t i o n o f the f r a c t i o n a l l o s s o f mass o f the
sun per second

8 loss =(4* %pi*R^2* sigma)/(M*c^2); //
F r a c t i o n a l l o s s o f mass o f the sun per second

9

10 printf(”\nThe f r a c t i o n a l l o s s o f mass o f the sun per
second = %. 0 e ”,loss);
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Chapter 2

Origin of Quantum Concepts

Scilab code Exa 2.1.1 Ex 1

1 // v a r i a b l e i n i t i a l i z a t i o n
2 c1=0.01

3 c2=0.1

4 c3=1

5 c4=10

6 b=2.898*10^ -3;

//Wien ’ s c on s t an t ( meter−k e l v i n )
7 h=(6.625*10^ -34) /(2* %pi);

// Planck ’ s c on s t an t ( j o u l e−s econd )
8 c=3*10^8;

// speed o f l i g h t ( meter / second )
9 k=1.38*10^ -23;

//Boltzmann con s t an t ( j o u l e / k e l v i n )
10 T=3000

// Temperature o f b l a ck body ( k e l v i n )
11 Delta_lembda =1*10^ -9;
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// wave l ength i n t e r v a l ( meter )
12

13 // ( a ) Average ene rgy o f Planck ’ s o s c i l l a t o r :
14 E1=c1/(%e^c1 -1);

// Average ene rgy o f Planck ’ s o s c i l l a t o r
15 E2=c2/(%e^c2 -1);

// Average ene rgy o f Planck ’ s o s c i l l a t o r
16 E3=c3/(%e^c3 -1);

// Average ene rgy o f Planck ’ s o s c i l l a t o r
17 E4=c4/(%e^c4 -1);

// Average ene rgy o f Planck ’ s o s c i l l a t o r
18

19 // ( b ) Power r a d i a t e d by a un i t a r ea o f a b l a ck body
20 P=(4* %pi^2*h*c^2*T^5* Delta_lembda)/(b^5*((%e^((2* %pi

*h*c)/(b*k))) -1)); //The power r a d i a t e d
per un i t a r ea ( watt /meter ˆ2)

21

22 printf(”\n ( a ) The ave rage ene rgy o f Planck ‘ s
o s c i l l a t o r : \ n\ t ( i ) Energy = %. 3 f kT\n\ t ( i i )
Energy = %. 2 f kT\n\ t ( i i i ) Energy = %. 2 f kT\n\ t (
i v ) Energy = %. 5 f kT\n\ t k : Boltzmann con s t an t =
%. 2 e j o u l e / k e l v i n T : Temperature \n ( b ) The
power r a d i a t e d per un i t a r ea = %. 2 f watt /meter ˆ2 ”
,E1 ,E2,E3,E4 ,k,P);

Scilab code Exa 2.1.2 Ex 2

1 // v a r i a b l e i n i t i a l i z a t i o n
2 v=2*10^ -2;
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// s i d e o f the cube ( meter )
3 lembda =5000*10^ -10;

// wave l ength ( meter )
4 delta_lembda =10*10^ -10;

// range o f wave l ength ( meter )
5 k=1.38*10^ -23;

//Boltzmann con s t an t ( j o u l e / k e l v i n )
6 T=1500

// Temperature o f the c a v i t y ( k e l v i n )
7

8 // ( i )Number o f modes :
9 N=(8* %pi*v^3* delta_lembda)/lembda ^4;

//
number o f modes

10

11 // ( i i ) Tota l r a d i a n t ene rgy i n the c a v i t y :
12 U=N*k*T;

// ene rgy d e n s i t y ( j o u l e )
13

14 printf(”\n ( a ) Number o f modes = %. 3 e \n ( b ) Energy
d e n s i t y = %. 2 e j o u l e ”,N,U);

15

16 //Note : In book the answers o f both the p a r t s a r e
wrong by one o rd e r o f magnitude

Scilab code Exa 2.1.3 Ex 3

1 // v a r i a b l e i n i t i a l i z a t i o n
2 m=0.1
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//mass o f a sp r i ng−mass system ( kg )
3 k=10

// s p r i n g c on s t an t o f a sp r i ng−mass system ( newton
/meter )

4 A=0.1

// Amplitude o f system o s c i l l a t i o n ( meter )
5 h=(6.625*10^ -34) /(2* %pi);

// Planck ’ s c on s t an t ( j o u l e−s econd )
6 delta_n =1

// change i n quantum number
7

8 // ( a ) Quantum number n a s s o c i a t e d with the ene rgy o f
the o s c i l l a t o r

9 f=(k/m)^(1/2);

// f r e qu en cy o f o s c i l l a t o r ( r ad i an / second )
10 E=0.5*f*A^2;

// Energy o f o s c i l l a t o r ( j o u l e )
11 n=E/(h*f);

//Quantum number o f the o s c i l l a t o r
12

13 // ( b ) F r a c t i o n a l change i n ene rgy
14 change_E=delta_n/n;

// f r a c t i o n a l change i n ene rgy
15

16 // ( c ) Conc lu s i on : This example i l l u s t r a t e s tha t the
ene rgy l e v e l s o f mac ro s cop i c o s c i l l a t o r s a r e so
c l o s e t o g e t h e r tha t even most d e l i c a t e
i n s t r umen t s cannot r e v e a l the quan t i z ed na tu r e o f
ene rgy l e v e l s . A l l t h i s i s due to sma l l n e s s o f
P l a n c k s c on s t an t h . In the l i m i t h−>0, the
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ene rgy l e v e l s become con t i nuou s .
17

18 printf(”\n ( a ) Quantum number o f the o s c i l l a t o r = %. 1
e\n ( b ) F r a c t i o n a l change i n ene rgy = %. 1 e\n ( c )
This example i l l u s t r a t e s tha t the ene rgy l e v e l s
o f mac ro s cop i c o s c i l l a t o r s a r e so c l o s e t o g e t h e r
tha t even most d e l i c a t e i n s t r umen t s cannot r e v e a l
the quan t i z ed na tu r e o f ene rgy l e v e l s . A l l t h i s

i s due to sma l l n e s s o f P l a n c k s c on s t an t h . In
the l i m i t h−>0, the ene rgy l e v e l s become
con t i nuou s . ”,n,change_E);

19

20 // The answer g i v en i n the book f o r quantum number
i s j u s t the o rd e r o f i t as i t i s a very l a r g e
number . But the answer g en e r a t ed by the code i s
the exa c t va l u e o f i t .

Scilab code Exa 2.1.4 Ex 4

1 // v a r i a b l e i n i t i a l i z a t i o n
2 e=1.6*10^ -19;

// Charge o f e l e c t r o n ( coulombs )
3 h=(6.625*10^ -34) /(2* %pi);

// Planck ’ s c on s t an t ( j o u l e−s econd )
4 c=3*10^8;

// Speed o f l i g h t ( meter / second )
5

6 // c a l c u l a t i n g ch by u s i n g ch = 2∗ p i ∗h∗ c
7 ch=(2* %pi*h*c*10^9)/e;

// Value o f ch ( eV nm)
8
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9 printf(”\nch = %. 0 f eV nm”,ch);

Scilab code Exa 2.1.5 Ex 5

1 // v a r i a b l e i n i t i a l i z a t i o n
2 h=(6.625*10^ -34) /(2* %pi);

// Planck ’ s c on s t an t ( j o u l e−s econd )
3 c=3*10^8;

// speed o f l i g h t ( meter / second )
4 lembda =2000;

//Wavelength o f the l i g h t ( )
5 phi =4.2

//work f u n c t i o n o f aluminium s u r f a c e ( eV)
6 ch =12400

// c on s t an t ( eV )
7

8 // ( a ) 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
9 Tmax=(ch/lembda)-phi;

//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)
10

11 // ( b ) minimum 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
12 Tmin=0

13

14 // ( c ) cut−o f f wave l ength
15 lembda_cut=ch/phi;

// cut−o f f wave l ength ( )
16

17 // ( d ) s t opp i ng p o t e n t i a l
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18 v=2

// s t opp i ng p o t e n t i a l ( v o l t )
19

20 printf(”\n ( a ) 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 f eV\n ( b ) Minimum 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 f \n ( c ) Cut−o f f
wave l ength = %. 0 f \n ( d ) Stopp ing p o t e n t i a l = %
. 0 f v o l t ”,Tmax ,Tmin ,lembda_cut ,v);

21

22 //Note : In book answer o f c u t o f f wave l ength i s
wrong

Scilab code Exa 2.1.6 Ex 6

1 // v a r i a b l e i n i t i a l i z a t i o n
2 lembda1 =4000

// wave l ength o f l i g h t ( )
3 V1=2

// s t opp i ng p o t e n t i a l ( v o l t )
4 lembda2 =6000

// wave l ength o f l i g h t ( )
5 V2=1

// s t opp i ng p o t e n t i a l ( v o l t )
6 e=1.6*10^ -19;

// Charge o f e l e c t r o n ( coulombs )
7 c=3*10^8;

// speed o f l i g h t ( meter / second )
8 ch =12400
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// c on s t an t ( eV )
9 // ( i ) Planck ’ s c on s t an t
10 h=(e*(V1-V2)*lembda1 *10^ -10* lembda2 *10^ -10)/(c*((

lembda2 *10^ -10) -(lembda1 *10^ -10))); // Planck ’ s
c on s t an t ( j o u l e−s econd )

11

12 // ( i i ) Work f u n c t i o n
13 phi=(ch/lembda1)-V1;

//work f u n c t i o n o f the ma t e r i a l ( eV)
14

15 printf(”\n ( i ) Planck ‘ s c on s t an t = h = %. 1 e j o u l e−
s econd \n ( i i ) Work f u n c t i o n o f the ma t e r i a l = %. 1 f
eV”,h,phi);

Scilab code Exa 2.1.7 Ex 7

1 // v a r i a b l e i n i t i a l i z a t i o n
2 ch =12400

// c on s t an t ( eV )
3 phi_Tantalum =4.2

//work f u n c t i o n o f Tantalum (eV)
4 phi_Tungsten =4.5

//work f u n c t i o n o f Tungsten ( eV)
5 phi_Aluminium =4.2

//work f u n c t i o n o f Aluminium (eV)
6 phi_Barium =2.5

//work f u n c t i o n o f Barium (eV)
7 phi_Lithium =2.3
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//work f u n c t i o n o f Lithium (eV)
8

9 // Ca l c u l a t i o n
10 lembda_Tantalum=ch/phi_Tantalum;

//
Thresho ld wave l ength o f Tantalum ( )

11 lembda_Tungsten=ch/phi_Tungsten;

//
Thresho ld wave l ength o f Tungsten ( )

12 lembda_Aluminium=ch/phi_Aluminium;

//
Thresho ld wave l ength o f Aluminium ( )

13 lembda_Barium=ch/phi_Barium;

// Thresho ld wave l ength o f Barium ( )
14 lembda_Lithium=ch/phi_Lithium;

// Thresho ld wave l ength o f Lith ium ( )
15

16 if(lembda_Tantalum < 8000 & lembda_Tantalum > 4000)

// Checking whether
Thre sho ld wave l ength o f Tantalum l i e s i n v i s i b l e
range or not

17 disp(”Tantalum can be used f o r d e s i g n i n g
p h o t o c e l l ”)

18 end

19

20 if(lembda_Tungsten < 8000 & lembda_Tungsten > 4000)

// Checking whether
Thre sho ld wave l ength o f Tungsten l i e s i n v i s i b l e
range or not

21 disp(”Tungsten can be used f o r d e s i g n i n g
p h o t o c e l l ”)

22 end

23

24 if(lembda_Aluminium < 8000 & lembda_Aluminium >

4000) // Checking
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whether Thresho ld wave l ength o f Aluminium l i e s i n
v i s i b l e range or not

25 disp(”Aluminium can be used f o r d e s i g n i n g
p h o t o c e l l ”)

26 end

27

28 if(lembda_Barium < 8000 & lembda_Barium > 4000)

// Checking
whether Thresho ld wave l ength o f Barium l i e s i n
v i s i b l e range or not

29 disp(”Barium can be used f o r d e s i g n i n g p h o t o c e l l
”)

30 end

31

32 if(lembda_Lithium < 8000 & lembda_Lithium > 4000)

// Checking
whether Thresho ld wave l ength o f Lithium l i e s i n
v i s i b l e range or not

33 disp(” Lithium can be used f o r d e s i g n i n g
p h o t o c e l l ”)

34 end

Scilab code Exa 2.1.8 Ex 8

1 // v a r i a b l e i n i t i a l i z a t i o n
2 lembda_c =0.024

//Compton wave l ength o f e l e c t r o n ( )
3 lembda =1

//Wavelength o f X−r ay s ( )
4 Theta1 =(60* %pi)/180;

// ang l e ( r ad i an )
5 Theta2 =(90* %pi)/180;
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// ang l e ( r ad i an )
6 Theta3 =(180* %pi)/180;

// ang l e ( r ad i an )
7 ch =12400

// c on s t an t ( eV )
8

9 // ( a ) Compton s h i f t
10 shift1=lembda_c *(1-cos(Theta1));

//
Compton s h i f t ( )

11 shift2=lembda_c *(1-cos(Theta2));

//
Compton s h i f t ( )

12 shift3=lembda_c *(1-cos(Theta3));

//
Compton s h i f t ( )

13

14 // ( b ) K i n e t i c ene rgy imparted to the r e c o i l e l e c t r o n
15 T1=(ch*shift1)/( lembda *( lembda+shift1));

// K i n e t i c
ene rgy imparted to the e l e c t r o n ( eV)

16 T2=(ch*shift2)/( lembda *( lembda+shift2));

// K i n e t i c
ene rgy imparted to the e l e c t r o n ( eV)

17 T3=(ch*shift3)/( lembda *( lembda+shift3));

// K i n e t i c
ene rgy imparted to the e l e c t r o n ( eV)

18

19 printf(”\n ( a ) Compton s h i f t : \ n\ t ( i ) %. 3 f \n\ t ( i i
) %. 3 f \n\ t ( i i i ) %. 3 f \n ( b ) K i n e t i c ene rgy
imparted to the r e c o i l e l e c t r o n : \ n\ t ( i ) %. 0 f eV\
n\ t ( i i ) %. 0 f eV\n\ t ( i i i ) %. 0 f eV”,shift1 ,shift2
,shift3 ,T1,T2 ,T3);
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Scilab code Exa 2.1.9 Ex 9

1 // v a r i a b l e i n i t i a l i z a t i o n
2 lembda_c =0.024

//Compton wave l ength o f e l e c t r o n ( )
3 Theta =(45* %pi)/180;

// S c a t t e r i n g ang l e ( r ad i an )
4

5 // Ca l c u l a t i o n o f wave l ength o f i n c i d e n t photon
6 lembda=lembda_c *(1-cos(Theta));

//Wavelength o f i n c i d e n t photon ( )
7

8 printf(”\n ( a ) Wavelength o f i n c i d e n t photon = %. 4 f
\n ( b ) Photon l i e s i n the gamma ray spectrum ”,

lembda);

Scilab code Exa 2.1.10 Ex 10

1 // v a r i a b l e i n i t i a l i z a t i o n
2 E=1

// Energy o f photon (MeV)
3 eta =0.25

// R e l a t i v e change i n photon ’ s wave l ength
4

5 // Ca l c u l a t i o n o f k i n e t i c ene rgy o f e l e c t r o n
6 T=(E*eta)/(1+ eta);
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// K i n e t i c ene rgy o f r e c o i l e l e c t r o n (MeV)
7

8 printf(”\nThe k i n e t i c ene rgy o f r e c o i l e l e c t r o n = %
. 1 f MeV”,T);

Scilab code Exa 2.1.11 Ex 11

1 // Va r i a b l e i n i t i a l i z a t i o n
2 E=0.25

// Energy o f photon (MeV)
3 Theta =(120* %pi)/180;

// S c a t t e r i n g ang l e o f photon ( r ad i an )
4 a=0.51

// Value o f m0∗ c ˆ2 (Mev)
5

6 // Ca l c u l a t i o n o f ene rgy o f the photon
7 E_das=E/(1+(E/a)*(1-cos(Theta)));

//
Energy o f the s c a t t e r e d photon (MeV)

8

9 printf(”\nEnergy o f the s c a t t e r e d photon = %. 3 f Mev”
,E_das);

Scilab code Exa 2.1.12 Ex 12

1 // v a r i a b l e i n i t i a l i z a t i o n
2 p=1.02

//momentum o f the photon (MeV/ c )
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3 p_dash =0.255

//momentum o f the photon a f t e r s c a t t e r i n g (MeV/ c )
4 a=0.51

// Value o f m0∗ c ˆ2 (Mev)
5

6 // Ca l c u l a t i o n o f the ang l e o f the photon a f t e r
s c a t t e r i n g

7 Theta =2* asind (((0.5*a*(p-p_dash))/(p*p_dash))^(1/2))

; // Angle o f the photon
a f t e r s c a t t e r i n g ( d eg r e e )

8

9 printf(”\nAngle o f the photon a f t e r s c a t t e r i n g = %. 0
f d eg r e e ”,Theta);

Scilab code Exa 2.1.13 Ex 13

1 // v a r i a b l e i n i t i a l i z a t i o n
2 Theta =120

// S c a t t e r i n g ang l e o f photon ( d eg r e e )
3 T=0.45

// K i n e t i c ene rgy o f e l e c t r o n (MeV)
4 a=0.51

// Value o f m0∗ c ˆ2 (Mev)
5

6 // Ca l c u l a t i o n o f the ene rgy o f the i n c i d e n t photon
7 E=0.5*T*(1+(1+(2*a)/(T*(sind(Theta /2))^2))^(1/2));

// Energy o f the
i n c i d e n t photon (MeV)

8

9 printf(”\nEnergy o f the i n c i d e n t photon = %. 2 f Mev”,
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E);

Scilab code Exa 2.1.14 Ex 14

1 // v a r i a b l e i n i t i a l i z a t i o n
2 lembda0 =2536*10^ -10;

// wave l ength o f e x c i t i n g l i n e ( meter )
3 lembda =2612*10^ -10;

// wave l ength o f Raman l i n e ( meter )
4

5 // Ca l c u l a t i o n o f the Raman s h i f t
6 v0=1/ lembda0;

//wave number o f e x c i t i n g l i n e (1/ meter )
7 v=1/ lembda;

//wave number o f Raman l i n e (1/ meter )
8 shift=v0-v;

// the Raman s h i f t (1/ meter )
9

10 printf(”\nThe Raman s h i f t = %. 0 f m−1”,shift);
11

12 //Note : Answer g i v en i n the book i s an approx imate
answer

Scilab code Exa 2.1.15 Ex 15

1 // v a r i a b l e i n i t i a l i z a t i o n
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2 lembda0 =5000*10^ -10;

//Wavelength o f r a d i a t i o n ( meter )
3 lembda =5050.5*10^ -10;

//Wavelength o f Raman l i n e ( meter )
4

5 // ( a ) Raman f r e qu en cy
6 v0=1/ lembda0;

//Wave number o f r a d i a t i o n (1/ meter )
7 v=1/ lembda;

//Wave number o f Raman l i n e (1/ meter )
8 shift=v0-v;

//Raman s h i f t (1/ meter )
9 va=v0+shift;

// Frequency o f a n t i s t o k e ’ s l i n e (1/ meter )
10

11 // ( b ) P o s i t i o n o f the a n t i s t o k e s ’ l i n e
12 lembdaa =10^10/ va;

//Wavelength o f a n t i s t o k e ’ s l i n e ( )
13

14 printf(”\n ( a ) Raman f r e qu en cy = %. 2 e m−1\n ( b )
Wavelength o f a n t i s t o k e ‘ s l i n e = %. 2 f ”,va ,
lembdaa);
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Chapter 3

Wave Nature of Material
Particles

Scilab code Exa 2.2.1 Ex 1

1 // v a r i a b l e i n i t i a l i z a t i o n
2 m=9.1*10^ -31;

//mass o f e l e c t r o n ( kg )
3 h=6.6*10^ -34;

// planck ’ s c on s t an t ( j o u l e−s econd )
4 e=1.6*10^ -19;

// cha rge o f e l e c t r o n ( coulomb )
5

6 // c a l c u l a t i o n o f wave l ength o f e l e c t r o n
7 a=(h*10^10) /(2*m*e)^(1/2);

// wave l ength o f e l e c t r o n = h/(2∗m∗ e∗v ) ˆ ( 1/2 ) ( )
8

9 printf(”\n Wavelength o f e l e c t r o n a c c e l e r a t e d
through a p o t e n t i a l d i f f e r e n c e V = %. 1 f /Vˆ0 . 5 ”
,a);
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Scilab code Exa 2.2.3 Ex 3

1 // v a r i a b l e i n i t i a l i z a t i o n
2 m_e =9.1*10^ -31;

//mass o f e l e c t r o n ( kg )
3 m=100*10^ -3;

//mass o f o b j e c t ( kg )
4 v=1000

// v e l o c i t y o f e l e c t r o n and o b j e c t ( meter / second )
5 h=6.63*10^ -34;

// planck ’ s c on s t an t ( j o u l e−s econd )
6 // ( i ) de B r o g l i e wave l ength o f e l e c t r o n
7 lembda_e=h/(m_e*v);

// de B r o g l i e wave l ength o f e l e c t r o n
8

9 // ( i i ) de B r o g l i e wave l ength o f o b j e c t
10 lembda=h/(m*v);

// de B r o g l i e wave l ength o f o b j e c t
11

12 printf(”\n ( i ) de B r o g l i e wave l ength o f e l e c t r o n = %
. 3 e meter \n ( i i ) de B r o g l i e wave l ength o f o b j e c t =
%. 2 e meter \nOwing to ex t r eme ly s h o r t wave l ength
o f the o b j e c t i t s wave behav i o r cannot be
demonst rated . ”,lembda_e ,lembda);

13

14 //Note : In the book the answer o f pa r t ( i i ) i s wrong
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Scilab code Exa 2.2.4 Ex 4

1 // v a r i a b l e i n i t i a l i z a t i o n
2 e=1.6*10^ -19;

// cha rge o f e l e c t r o n ( coulomb )
3 T=100*e;

// k i n e t i c ene rgy ( j o u l e )
4 m_e =9.1*10^ -31;

//mass o f e l e c t r o n ( kg )
5 m_p =1.67*10^ -27;

//mass o f proton ( kg )
6 m_alpha =4*m_p;

//mass o f a lpha p a r t i c l e ( kg )
7 h=6.63*10^ -34;

// planck ’ s c on s t an t ( j o u l e−s econd )
8

9 // c a l c u l a t i o n o f de B r o g l i e wave l eng th s
10 lembda_e =(h*10^10) /(2* m_e*T)^(1/2);

// de
B r o g l i e wave l ength o f e l e c t r o n ( )

11 lembda_p =(h*10^10) /(2* m_p*T)^(1/2);

// de
B r o g l i e wave l ength o f proton ( )

12 lembda_alpha =(h*10^10) /(2* m_alpha*T)^(1/2);

// de B r o g l i e
wave l ength o f a lpha p a r t i c l e ( )

13

14 printf(”\nde B r o g l i e wave l ength o f e l e c t r o n = %. 2 f
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\nde B r o g l i e wave l ength o f proton = %. 3 f \nde
B r o g l i e wave l ength o f a lpha p a r t i c l e = %. 3 f ”,

lembda_e ,lembda_p ,lembda_alpha);

Scilab code Exa 2.2.5 Ex 5

1 // v a r i a b l e i n i t i a l i z a t i o n
2 h=6.63*10^ -34;

// planck ’ s c on s t an t ( j o u l e−s econd )
3 m=9.1*10^ -31;

//mass o f e l e c t r o n ( kg )
4 lembda =5896*10^ -10;

// wave l ength o f y e l l ow s p e c t r a l l i n e o f sodium (
meter )

5 e=1.6*10^ -19;

// cha rge o f e l e c t r o n ( coulomb )
6

7 // c a l c u l a t i o n o f k i n e t i c ene rgy o f e l e c t r o n
8 T_j=h^2/(2*m*lembda ^2);

// k i n e t i c ene rgy o f the e l e c t r o n ( j o u l e )
9 T_eV=T_j/e;

// k i n e t i c ene rgy o f the e l e c t r o n ( eV)
10

11 printf(”\n k i n e t i c ene rgy o f e l e c t r o n = %. 2 e j o u l e =
%. 1 e eV”,T_j ,T_eV);

Scilab code Exa 2.2.6 Ex 6

43



1 // v a r i a b l e i n i t i a l i z a t i o n
2 h=6.63*10^ -34;

// planck ’ s c on s t an t ( j o u l e−s econd )
3 m_n =1.67*10^ -27;

//mass o f neut ron ( kg )
4 T=300

// Temperature ( k e l v i n )
5 k=1.38*10^ -23;

//Boltzmann con s t an t ( j o u l e / k e l v i n )
6

7 // c a l c u l a t i o n o f the wave l ength o f the rma l neut ron
8 E=(3*k*T)/2;

// K i n e t i c ene rgy o f the rma l neut ron ( j o u l e )
9 lembda =(h*10^10) /(2* m_n*E)^(1/2);

//
Wavelength o f the rma l neut ron ( )

10

11 printf(”\nThe wave l ength o f the rma l neut ron = %. 2 f
”,lembda);

Scilab code Exa 2.2.7 Ex 7

1 // v a r i a b l e i n i t i a l i z a t i o n
2 h=6.63*10^ -34;

// planck ’ s c on s t an t ( j o u l e−s econd )
3 m_H2 =2*1.67*10^ -27;

//mass o f hydrogen mo l e cu l e ( kg )
4 T=27+273;

44



// room tempera tu re ( k e l v i n )
5 k=1.38*10^ -23;

//Boltzmann con s t an t ( j o u l e / k e l v i n )
6

7 // c a l c u l a t i o n o f de B r o g l i e wave l ength o f hydrogen
mo l e cu l e

8 lembda =(h*10^10) /(2* m_H2*k*T)^(1/2);

// de
B r o g l i e wave l ength o f hydrogen mo l e cu l e ( )

9

10 printf(”\nThe de B r o g l i e wave l ength o f hydrogen
mo l e c u l e s at t h e i r most p robab l e speed = %. 2 f ”
,lembda);

Scilab code Exa 2.2.8 Ex 8

1 // v a r i a b l e i n i t i a l i z a t i o n
2 a=0.51

// Value o f m0∗ c ˆ2 (Mev)
3

4 // Ca l c u l a t i o n o f k i n e t i c ene rgy o f e l e c t r o n
5 T=a*(sqrt (2) -1);

// K i n e t i c ene rgy (MeV)
6

7 printf(”\n K i n e t i c ene rgy o f e l e c t r o n = %. 2 f MeV”,T)
;

Scilab code Exa 2.2.9 Ex 9
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1 // v a r i a b l e i n i t i a l i z a t i o n
2 a=0.51

// Value o f m0∗ c ˆ2 (MeV)
3 b=0.0124

// Value o f h∗ c (MeV )
4 lembda_X =0.1

// Shor t wave l ength l i m i t o f c on t i nuou s X−ray
spectrum ( )

5

6 // c a l c u l a t i o n o f de B r o g l i e wave l ength o f e l e c t r o n
7 lembda=lembda_X /(1+(2*a*lembda_X)/b)^(1/2);

// de
B r o g l i e wave l ength o f r e l a t i v i s t i c e l e c t r o n s

8

9 printf(”de B r o g l i e wave l ength o f r e l a t i v i s t i c
e l e c t r o n s = %. 3 f ”,lembda);

Scilab code Exa 2.2.10 Ex 10

1 // v a r i a b l e i n i t i a l i z a t i o n
2 r=0.53

// Radius o f the f i r s t Bohr o r b i t i n hydrogen atom
( )

3

4 // c a l c u l a t i o n o f de B r o g l i e wave l ength o f e l e c t r o n
5 lembda =2*%pi*r;

// de B r o g l i e wave l ength o f e l e c t r o n i n f i r s t Bohr
o r b i t i n hydrogen atom

6

7 printf(”\nde B r o g l i e wave l ength o f e l e c t r o n i n f i r s t
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Bohr o r b i t i n hydrogen atom = %. 1 f ”,lembda);

Scilab code Exa 2.2.12 Ex 12

1 // v a r i a b l e i n i t i a l i z a t i o n
2 v=10000

// speed o f o b j e c t ( meter / second )
3 accu_v =0.0001

// ac cu racy o f speed o f o b j e c t
4 m_b =0.05

//mass o f the b u l l e t ( kg )
5 h=1.054*10^ -34;

// planck ’ s c on s t an t ( j o u l e−s econd )
6 m_e =9.1*10^ -31;

//mass o f e l e c t r o n ( kg )
7

8 // ( a ) fundamenta l a c cu ra cy o f p o s i t i o n f o r b u l l e t
9 p_b=m_b*v;

//momentum o f b u l l e t ( kg m/ s )
10 p_uncer_b=p_b*accu_v;

// un c e r t a i n t y i n momentum o f b u l l e t ( kg m/ s )
11 x_uncer_b=h/p_uncer_b;

//minimum un c e r t a i n t y i n p o s i t i o n o f b u l l e t (
meter )

12

13 // ( b ) fundamenta l a c cu ra cy o f p o s i t i o n f o r e l e c t r o n
14 p_e=m_e*v;
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//momentum o f e l e c t r o n ( kg m/ s )
15 p_uncer_e=p_e*accu_v;

// un c e r t a i n t y i n momentum o f e l e c t r o n ( kg m/ s )
16 x_uncer_e=h/p_uncer_e;

// un c e r t a i n t y i n p o s i t i o n o f e l e c t r o n ( meter )
17

18 printf(”\n ( a ) u n c e r t a i n t y i n p o s i t i o n o f b u l l e t = %
. 1 e meter \n ( b ) u n c e r t a i n t y i n p o s i t i o n o f
e l e c t r o n = %. 6 f meter \n The un c e r t a i n t y i n
b u l l e t s p o s i t i o n i s so sma l l tha t i t i s f a r
beyond the p o s s i b i l i t y o f measurement . ”,x_uncer_b
,x_uncer_e);

19

20 //Note : The answers g i v en i n the book a r e wrong . Also
i n the s o l u t i o n they have used speed=1000 wh i l e

i n the qu e s t i o n i t i s g i v en to be equa l to 10000 .

Scilab code Exa 2.2.13 Ex 13

1 // v a r i a b l e i n i t i a l i z a t i o n
2 h=1.054*10^ -34;

// planck ’ s c on s t an t ( j o u l e−s econd )
3 m=9.1*10^ -31;

//mass o f e l e c t r o n ( kg )
4 x_uncer =1*10^ -10;

// un c e r t a i n t y i n the p o s i t i o n o f e l c t r o n s ( meter )
5 e=1.6*10^ -19;

// cha rge o f e l e c t r o n ( coulomb )
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6

7 // ( i ) u n c e r t a i n t y i n the momentum o f e l e c t r o n
8 p_uncer=h/x_uncer;

//The un c e r t a i n t y i n the momentum o f e l e c t r o n ( kg
m/ s )

9

10 // ( i i ) k i n e t i c ene rgy o f e l e c t r o n
11 T=p_uncer ^2/(2*m*e);

// k i n e t i c ene rgy o f e l e c t r o n ( eV)
12

13 printf(”\n ( i ) The un c e r t a i n t y i n the momentum o f
e l e c t r o n = %. 3 e kg m/ s \n ( i i ) K i n e t i c ene rgy o f
e l e c t r o n = %. 1 f eV\n The i o n i z a t i o n p o t e n t i a l
o f atoms i s o f t h i s o r d e r and hence the
un c e r t a i n t y i n momentum i s c o n s i s t e n c e with the
b ind i ng ene rgy o f e l e c t r o n s i n atoms . ”,p_uncer ,T)
;

Scilab code Exa 2.2.14 Ex 14

1 // v a r i a b l e i n i t i a l i z a t i o n
2 h=1.054*10^ -34;

// planck ’ s c on s t an t ( j o u l e−s econd )
3 x=10^ -14;

// d imens ion o f the nu c l e u s ( meter )
4 c=3*10^8;

// speed o f l i g h t ( meter / second )
5 e=1.6*10^ -19;

// cha rge o f e l e c t r o n ( coulomb )
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6

7 // ( i ) Unc e r t a i n t y i n the momentum o f e l e c t r o n
8 p_uncer=h/x;

//The un c e r t a i n t y i n the momentum o f e l e c t r o n ( kg
m/ s )

9

10 // ( i i ) k i n e t i c ene rgy o f e l e c t r o n
11 T=( p_uncer*c)/(e*10^6);

// k i n e t i c ene rgy o f e l e c t r o n (MeV)
12

13 printf(”\n ( i ) The un c e r t a i n t y i n the momentum o f
e l e c t r o n = %. 3 e kg m/ s \n ( i i ) K i n e t i c ene rgy o f
e l e c t r o n = %. 0 f MeV\n Exper iments show tha t
ene rgy o f e l e c t r o n s i n nu c l e a r d i s i n t e g r a t i o n (
beta decay ) i s ve ry much l e s s than %. 0 f MeV.
Hence the un c e r t a i n t y p r i n c i p l e r u l e s out the
p o s s i b i l i t y o f e l e c t r o n s be ing a nu c l e a r
c o n s t i t u e n t . ”,p_uncer ,T,T);

Scilab code Exa 2.2.15 Ex 15

1 // v a r i a b l e i n i t i a l i z a t i o n
2 h=1.054*10^ -34;

// planck ’ s c on s t an t ( j o u l e−s econd )
3 x=10^ -14;

// d imens ion o f the nu c l e u s ( meter )
4 e=1.6*10^ -19;

// cha rge o f e l e c t r o n ( coulomb )
5 m=1.67*10^ -27;

50



//mass o f proton ( kg )
6

7 // ( i ) Unc e r t a i n t y i n the momentum o f e l e c t r o n
8 p_uncer=h/x;

//The un c e r t a i n t y i n the momentum o f e l e c t r o n ( kg
m/ s )

9

10 // ( i i ) k i n e t i c ene rgy o f proton
11 T=( p_uncer ^2) /(2*m*e*10^6);

// k i n e t i c ene rgy o f proton (MeV)
12

13 printf(”\n ( i ) The un c e r t a i n t y i n the momentum o f
e l e c t r o n = %. 3 e kg m/ s \n ( i i ) K i n e t i c ene rgy o f
pro ton = %. 2 f MeV\n The b ind ing e n e r g i e s o f
n u c l e i a r e o f t h i s o r d e r . ”,p_uncer ,T);

Scilab code Exa 2.2.17 Ex 17

1 // v a r i a b l e i n i t i a l i z a t i o n
2 h=1.054*10^ -34;

// planck ’ s c on s t an t ( j o u l e−s econd )
3 delta_t =10^ -12;

// t ime f o r which nu c l e u s rema ins i n e x c i t e d s t a t e
( second )

4

5 // c a l c u l a t i o n o f u n c e r t a i n t y i n the ene rgy o f the
gamma ray photon emi t t ed by the nu c l e u s

6 delta_E=h/delta_t;

// un c e r t a i n t y i n the ene rgy o f the gamma ray
photon ( j o u l e )
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7

8 printf(”\nThe un c e r t a i n t y i n the ene rgy o f the gamma
ray photon = %. 3 e j o u l e ”,delta_E);

Scilab code Exa 2.2.18 Ex 18

1 // v a r i a b l e i n i t i a l i z a t i o n
2 delta_t =10^ -8;

// l i f e −t ime o f the ave rage e x c i t e d atom ( second )
3

4 // c a l c u l a t i o n o f the minimum un c e r t a i n t y i n the
f r e qu en cy o f photon

5 delta_f =1/ delta_t;

//minimum un c e r t a i n t y i n the f r e qu en cy o f photon
( r ad i an / second )

6

7 printf(”\nminimum un c e r t a i n t y i n the f r e qu en cy o f
photon = %. 0 e r ad i an / second ”,delta_f);

Scilab code Exa 2.2.19 Ex 19

1 // v a r i a b l e i n i t i a l i z a t i o n
2 h=1.054*10^ -34;

// planck ’ s c on s t an t ( j o u l e−s econd )
3 e=1.6*10^ -19;

// cha rge o f e l e c t r o n ( coulomb )
4 m=9.1*10^ -31;

//mass o f e l e c t r o n ( kg )
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5 E0 =8.8542*10^ -12;

// p e rm i t t i v i t y o f f r e e space (Cˆ2/N∗mˆ2)
6

7 // ( i ) r a d i u s o f ground s t a t e o f hydrogen atom
8 r=(4* %pi*E0*h^2)/(m*e^2);

// r a d i u s o f ground s t a t e o f hydrogen atom ( meter )
9

10 // ( i i ) B ind ing ene rgy o f e l e c t r o n i n hydrogen atom
in the ground s t a t e

11 E=( -0.5*m*e^4) /(4* %pi*E0*h)^2;

// b ind ing ene rgy o f e l e c t r o n i n hydrogen atom in
the ground s t a t e ( j o u l e )

12

13 printf(”\n ( i ) Radius o f ground s t a t e o f hydrogen
atom = %. 3 e meter \n ( i i ) B ind ing ene rgy o f
e l e c t r o n i n ground s t a t e o f hydrogen atom = %. 2 e
j o u l e ”,r,E);
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Chapter 7

Particle in a Box

Scilab code Exa 2.6.1 Ex 1

1 // v a r i a b l e i n i t i a l i z a t i o n
2 x=(1/3) :.01:(2/3);

3 x0=1/3;

4 x1=2/3;

5

6 // c a l c u l a t i o n
7 P=2* integrate( ’ ( s i n (%pi∗x ) ) ˆ2 ’ , ’ x ’ ,x0 ,x1);
8

9 printf(”The r e q u i r e d p r o b a b i l i t y = %. 2 f ”,P);

Scilab code Exa 2.6.2 Ex 2

1 // v a r i a b l e i n i t i a l i z a t i o n
2 x=0:.001:(1/3);

3 y=0:.001:(1/3);

4 x0=0;

5 x1=1/3;

6 y0=0;
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7 y1=1/3;

8

9 p=4* integrate( ’ ( s i n (%pi∗x ) ) ˆ2 ’ , ’ x ’ ,x0 ,x1)*integrate(
’ ( s i n (%pi∗y ) ) ˆ2 ’ , ’ y ’ ,y0 ,y1);

10

11 printf(”The r e q u i r e d p r o b a b i l i t y = %. 2 f ”,p);

Scilab code Exa 2.6.3 Ex 3

1 // v a r i a b l e i n i t i a l i z a t i o n
2 L = 10;

3 n = 2;

4

5 // Ca l c u l a t i o n
6 X = L/2;

7 X_square = ((L^2)/3) -((L^2) /(2*(n^2) *(3.14^2)));

8

9 printf(”\ nExpec ta t i on o f X = %. 2 f ”,X);
10 printf(”\ nExpec ta t i on o f Xˆ2 = %. 2 f ”,X_square);
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Chapter 10

Particle in a Central Force
Field

Scilab code Exa 2.9.2 Ex 2

1 // v a r i a b l e i n i t i a l i z a t i o n
2 x=0:0.1:9999;

3 x0=0;

4 x1 =9999;

5

6 // c a l c u l a t i o n
7 I=integrate( ’ x ˆ2∗ exp(−x ) ’ , ’ x ’ ,x0 ,x1);
8 A=sqrt (1/(I*(%pi/2)));

9 r=(1/4)*integrate( ’ x ˆ3∗ exp(−x ) ’ , ’ x ’ ,x0 ,x1);
10

11 printf(”\n A = %f∗a0 ˆ−1.5\n r = %. 1 f ∗a0 ”,A,r);

Scilab code Exa 2.9.3 Ex 3

1 // v a r i a b l e i n i t i a l i z a t i o n
2 r=0:.01:1;
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3 r0=0;

4 r1=1;

5

6 // c a l c u l a t i o n
7 P=4* integrate( ’ r ˆ2∗ exp (−2∗ r ) ’ , ’ r ’ ,r0 ,r1);
8

9 printf(”\n P r o b a b i l i t y = %. 2 f ”,P);

Scilab code Exa 2.9.4 Ex 4

1 // v a r i a b l e i n i t i a l i z a t i o n
2 r=0:.01:9999;

3 theta =0:.01: %pi;

4 phi =0:.01:2* %pi;

5

6 // c a l c u l a t i o n
7 I1=integrate( ’ r ˆ4∗ exp(− r ) ’ , ’ r ’ ,0,9999);
8 I2=integrate( ’ s i n ( t h e t a ) ∗ ( c o s ( t h e t a ) ) ˆ2 ’ , ’ t h e t a ’ ,0,

%pi);

9 I3=integrate( ’ 1 ’ , ’ ph i ’ ,0,2*%pi);
10 A=sqrt (1/(2* %pi*I1*I2*I3));

11

12 printf(”\n A = %f∗a0 ˆ(−5/2) ”,A);
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Chapter 11

Preliminary Concepts

Scilab code Exa 3.1.1 Ex 1

1 // v a r i a b l e i n i t i a l i z a t i o n
2 N=2

//no . o f p a r t i c l e s
3 n1=2

// o c cupa t i on no . o f p a r t i c l e s
4 g1=3

// degene ra cy o f p a r t i c l e s
5

6 // ( i ) p a r t i c l e s a r e d i s t i n g u i s h a b l e
7 state1 =( factorial(N)*g1^n1)/factorial(n1);

// p o s s i b l e
m i c r o s t a t e s 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

8

9 // ( i i ) p a r t i c l e s a r e i n d i s t i n g u i s h a b l e bosons
10 state2=factorial(n1+g1 -1)/( factorial(n1)*factorial(

g1 -1)); // p o s s i b l e
m i c r o s t a t e s o f i n d i s t i n g u i s h a b l e bosons

11
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12 // ( i i i ) p a r t i c l e s a r e i n d i s t i n g u i s h a b l e f e rm i on s
13 state3=factorial(g1)/( factorial(n1)*factorial(g1 -n1)

); // p o s s i b l e
m i c r o s t a t e s o f i n d i s t i n g u i s h a b l e f e rm i on s

14

15 printf(”\n ( i ) ( d i s t i n g u i s h a b l e ) = %. 0 f \n ( i i ) (
i n d i s t i n g u i s h a b l e bosons ) = %. 0 f \n ( i i i ) (
i n d i s t i n g u i s h a b l e f e rm i on s ) = %. 0 f ”,state1 ,state2
,state3);

Scilab code Exa 3.1.2 Ex 2

1 // v a r i a b l e i n i t i a l i z a t i o n
2 N=4

//no . o f p a r t i c l e s
3 A1=[2 0 0 2];

// p o s s i b l e mac ro s t a t e
4 A2=[1 1 1 1];

// p o s s i b l e mac ro s t a t e
5 A3=[0 3 0 1];

// p o s s i b l e mac ro s t a t e
6 A4=[1 0 3 0];

// p o s s i b l e mac ro s t a t e
7 A5=[0 2 2 0];

// p o s s i b l e mac ro s t a t e
8 g1=1

// degene ra cy o f p a r t i c l e s
9 g2=2
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// degene ra cy o f p a r t i c l e s
10 g3=2

// degene ra cy o f p a r t i c l e s
11 g4=1

// degene ra cy o f p a r t i c l e s
12

13 // ( i ) p a r t i c l e s a r e d i s t i n g u i s h a b l e
14 printf(”\n ( i ) P o s s i b l e mac r o s t a t e s a r e \n ”);
15 disp(A5,A4,A3 ,A2 ,A1);

16 micro1 =(( factorial(N)*g1^A1(1)*g2^A1(2)*g3^A1(3)*g4^

A1(4))/( factorial(A1(1))*factorial(A1(2))*

factorial(A1(3))*factorial(A1(4)))); //The
number o f m i c r o s t a t e s

17 micro2 =(( factorial(N)*g1^A2(1)*g2^A2(2)*g3^A2(3)*g4^

A2(4))/( factorial(A2(1))*factorial(A2(2))*

factorial(A2(3))*factorial(A2(4)))); //The
number o f m i c r o s t a t e s

18 micro3 =(( factorial(N)*g1^A3(1)*g2^A3(2)*g3^A3(3)*g4^

A3(4))/( factorial(A3(1))*factorial(A3(2))*

factorial(A3(3))*factorial(A3(4)))); //The
number o f m i c r o s t a t e s

19 micro4 =(( factorial(N)*g1^A4(1)*g2^A4(2)*g3^A4(3)*g4^

A4(4))/( factorial(A4(1))*factorial(A4(2))*

factorial(A4(3))*factorial(A4(4)))); //The
number o f m i c r o s t a t e s

20 micro5 =(( factorial(N)*g1^A5(1)*g2^A5(2)*g3^A5(3)*g4^

A5(4))/( factorial(A5(1))*factorial(A5(2))*

factorial(A5(3))*factorial(A5(4)))); //The
number o f m i c r o s t a t e s

21 printf(”\nMost p robab l e mac r o s t a t e s a r e \n ”);
22 if(micro1 >= micro2 & micro1 >= micro3 & micro1 >= micro4

& micro1 >= micro5) then

23 disp(A1);

24 end

25 if(micro2 >= micro1 & micro2 >= micro3 & micro2 >= micro4
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& micro2 >= micro5) then

26 disp(A2);

27 end

28 if(micro3 >= micro1 & micro3 >= micro2 & micro3 >= micro4

& micro3 >= micro5) then

29 disp(A3);

30 end

31 if(micro4 >= micro1 & micro4 >= micro2 & micro4 >= micro3

& micro4 >= micro5) then

32 disp(A4);

33 end

34 if(micro5 >= micro1 & micro5 >= micro2 & micro5 >= micro3

& micro5 >= micro4) then

35 disp(A5);

36 end

37

38 // ( i i ) p a r t i c l e s a r e i n d i s t i n g u i s h a b l e bosons
39 printf(”\n ( i i ) P o s s i b l e mac r o s t a t e s a r e \n ”);
40 disp(A5,A4,A3,A2 ,A1);

41 micro1 =( factorial(A1(1)+g1 -1)*factorial(A1(2)+g2 -1)*

factorial(A1(3)+g3 -1)*factorial(A1(4)+g4 -1))/(

factorial(A1(1))*factorial(A1(2))*factorial(A1(3)

)*factorial(A1(4))*factorial(g1 -1)*factorial(g2

-1)*factorial(g3 -1)*factorial(g4 -1));

42 micro2 =( factorial(A2(1)+g1 -1)*factorial(A2(2)+g2 -1)*

factorial(A2(3)+g3 -1)*factorial(A2(4)+g4 -1))/(

factorial(A2(1))*factorial(A2(2))*factorial(A2(3)

)*factorial(A2(4))*factorial(g1 -1)*factorial(g2

-1)*factorial(g3 -1)*factorial(g4 -1));

43 micro3 =( factorial(A3(1)+g1 -1)*factorial(A3(2)+g2 -1)*

factorial(A3(3)+g3 -1)*factorial(A3(4)+g4 -1))/(

factorial(A3(1))*factorial(A3(2))*factorial(A3(3)

)*factorial(A3(4))*factorial(g1 -1)*factorial(g2

-1)*factorial(g3 -1)*factorial(g4 -1));

44 micro4 =( factorial(A4(1)+g1 -1)*factorial(A4(2)+g2 -1)*

factorial(A4(3)+g3 -1)*factorial(A4(4)+g4 -1))/(

factorial(A4(1))*factorial(A4(2))*factorial(A4(3)

)*factorial(A4(4))*factorial(g1 -1)*factorial(g2
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-1)*factorial(g3 -1)*factorial(g4 -1));

45 micro5 =( factorial(A5(1)+g1 -1)*factorial(A5(2)+g2 -1)*

factorial(A5(3)+g3 -1)*factorial(A5(4)+g4 -1))/(

factorial(A5(1))*factorial(A5(2))*factorial(A5(3)

)*factorial(A5(4))*factorial(g1 -1)*factorial(g2

-1)*factorial(g3 -1)*factorial(g4 -1));

46 printf(”\nMost p robab l e mac ro s t a t e i s \n ”);
47 if(micro1 >= micro2 & micro1 >= micro3 & micro1 >= micro4

& micro1 >= micro5) then

48 disp(A1);

49 end

50 if(micro2 >= micro1 & micro2 >= micro3 & micro2 >= micro4

& micro2 >= micro5) then

51 disp(A2);

52 end

53 if(micro3 >= micro1 & micro3 >= micro2 & micro3 >= micro4

& micro3 >= micro5) then

54 disp(A3);

55 end

56 if(micro4 >= micro1 & micro4 >= micro2 & micro4 >= micro3

& micro4 >= micro5) then

57 disp(A4);

58 end

59 if(micro5 >= micro1 & micro5 >= micro2 & micro5 >= micro3

& micro5 >= micro4) then

60 disp(A5);

61 end

62

63 // ( i i i ) P a r t i c l e s a r e i n d i s t i n g u i s h a b l e f e rm i on s
64 printf(”\n ( i i i ) P o s s i b l e mac r o s t a t e s a r e \n ”);
65 disp(A5,A2);

66 micro2 =4/( factorial(A2(1))*factorial(A2(2))*

factorial(A2(3))*factorial(A2(4))*factorial(g1-A2

(1))*factorial(g2 -A2(2))*factorial(g3 -A2(3))*

factorial(g4 -A2(4)));

67 micro5 =4/( factorial(A5(1))*factorial(A5(2))*

factorial(A5(3))*factorial(A5(4))*factorial(g1-A5

(1))*factorial(g2 -A5(2))*factorial(g3 -A5(3))*
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factorial(g4 -A5(4)));

68 printf(”\nMost p robab l e mac ro s t a t e i s \n ”);
69 if(micro2 >= micro5) then

70 disp(A2);

71 end

72 if(micro5 >= micro2) then

73 disp(A5);

74 end

Scilab code Exa 3.1.3 Ex 3

1 // v a i r a b l e i n i t i a l i z a t i o n
2 N=4

//no . o f p a r t i c l e s
3 A1=[4 0];

// p o s s i b l e mac ro s t a t e
4 A2=[3 1];

// p o s s i b l e mac ro s t a t e
5 A3=[2 2];

// p o s s i b l e mac ro s t a t e
6 A4=[1 3];

// p o s s i b l e mac ro s t a t e
7 A5=[0 4];

// p o s s i b l e mac ro s t a t e
8

9 // c a l c u l a t i o n
10 printf(”\ nPo s s i b l e mac r o s t a t e s a r e \n ”);
11 disp(A5,A4,A3 ,A2 ,A1);

12 micro1=factorial(N)/( factorial(A1(1))*factorial(A1
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(2))); //no . o f m i c r o s t a t e
c o r r e s p ond i n g to mac ro s t a t e1

13 micro2=factorial(N)/( factorial(A2(1))*factorial(A2

(2))); //no . o f m i c r o s t a t e
c o r r e s p ond i n g to mac ro s t a t e2

14 micro3=factorial(N)/( factorial(A3(1))*factorial(A3

(2))); //no . o f m i c r o s t a t e
c o r r e s p ond i n g to mac ro s t a t e3

15 micro4=factorial(N)/( factorial(A4(1))*factorial(A4

(2))); //no . o f m i c r o s t a t e
c o r r e s p ond i n g to mac ro s t a t e4

16 micro5=factorial(N)/( factorial(A5(1))*factorial(A5

(2))); //no . o f m i c r o s t a t e
c o r r e s p ond i n g to mac ro s t a t e5

17 printf(”\ nTota l no . o f m i c r o s t a t e s a r e %. 0 f ”,micro1+
micro2+micro3+micro4+micro5);

18 printf(”\nMost p robab l e mac ro s t a t e i s \n ”);
19 if(micro1 >= micro2 & micro1 >= micro3 & micro1 >= micro4

& micro1 >= micro5) then

20 disp(A1);

21 end

22 if(micro2 >= micro1 & micro2 >= micro3 & micro2 >= micro4

& micro2 >= micro5) then

23 disp(A2);

24 end

25 if(micro3 >= micro1 & micro3 >= micro2 & micro3 >= micro4

& micro3 >= micro5) then

26 disp(A3);

27 end

28 if(micro4 >= micro1 & micro4 >= micro2 & micro4 >= micro3

& micro4 >= micro5) then

29 disp(A4);

30 end

31 if(micro5 >= micro1 & micro5 >= micro2 & micro5 >= micro3

& micro5 >= micro4) then

32 disp(A5);

33 end
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Scilab code Exa 3.1.4 Ex 4

1 // v a r i a b l e i n i t i a l i z a t i o n
2 N=4

//no . o f p a r t i c l e s
3 A1=[1 0 1 2];

// p o s s i b l e mac ro s t a t e
4 A2=[0 2 0 2];

// p o s s i b l e mac ro s t a t e
5 A3=[0 1 2 1];

// p o s s i b l e mac ro s t a t e
6 A4=[0 0 4 0];

// p o s s i b l e mac ro s t a t e
7

8 // c a l c u l a t i o n
9 printf(”\ nPo s s i b l e mac r o s t a t e s a r e \n ”);

10 disp(A4,A3,A2 ,A1);

11 micro1=factorial(N)/( factorial(A1(1))*factorial(A1

(2))*factorial(A1(3))*factorial(A1(4)));

//no . o f m i c r o s t a t e
c o r r e s p ond i n g to mac ro s t a t e1

12 micro2=factorial(N)/( factorial(A2(1))*factorial(A2

(2))*factorial(A2(3))*factorial(A2(4)));

//no . o f m i c r o s t a t e
c o r r e s p ond i n g to mac ro s t a t e2

13 micro3=factorial(N)/( factorial(A3(1))*factorial(A3

(2))*factorial(A3(3))*factorial(A3(4)));

//no . o f m i c r o s t a t e
c o r r e s p ond i n g to mac ro s t a t e3
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14 micro4=factorial(N)/( factorial(A4(1))*factorial(A4

(2))*factorial(A4(3))*factorial(A4(4)));

//no . o f m i c r o s t a t e
c o r r e s p ond i n g to mac ro s t a t e4

15 printf(”\nThe number o f m i c r o s t a t e s b e l o n g i n g to the
above mac r o s t a t e s i s :%. 0 f , %. 0 f , %. 0 f , %. 0 f ”,

micro1 ,micro2 ,micro3 ,micro4);

Scilab code Exa 3.1.5 Ex 5

1 function[probability ]=p(A)

// f u n c t i o n to c a l c u l a t e p r o b a b i l i t y
2 probability =1;

3 i=1

4 for i=1:7

5 probability=probability *( factorial(A(i)+2)

/(2* factorial(A(i))));

6 end

7 endfunction

8

9 // v a r i a b l e i n i t i a l i z a t i o n
10 A1=[5 0 0 0 0 0 1];

// p o s s i b l e mac ro s t a t e
11 A2=[4 1 0 0 0 1 0];

// p o s s i b l e mac ro s t a t e
12 A3=[4 0 1 0 1 0 0];

// p o s s i b l e mac ro s t a t e
13 A4=[3 2 0 0 1 0 0];

// p o s s i b l e mac ro s t a t e
14 A5=[4 0 0 2 0 0 0];
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// p o s s i b l e mac ro s t a t e
15 A6=[3 1 1 1 0 0 0];

// p o s s i b l e mac ro s t a t e
16 A7=[2 3 0 1 0 0 0];

// p o s s i b l e mac ro s t a t e
17 A8=[3 0 3 0 0 0 0];

// p o s s i b l e mac ro s t a t e
18 A9=[2 2 2 0 0 0 0];

// p o s s i b l e mac ro s t a t e
19 A10 =[1 4 1 0 0 0 0];

// p o s s i b l e mac ro s t a t e
20 A11 =[0 6 0 0 0 0 0];

// p o s s i b l e mac ro s t a t e
21

22 // c a l c u l a t i o n
23 p1=p(A1);

//Thermodynamic p r o b a b i l i t y o f mac ro s t a t e 1
24 p2=p(A2);

//Thermodynamic p r o b a b i l i t y o f mac ro s t a t e 2
25 p3=p(A3);

//Thermodynamic p r o b a b i l i t y o f mac ro s t a t e 3
26 p4=p(A4);

//Thermodynamic p r o b a b i l i t y o f mac ro s t a t e 4
27 p5=p(A5);

//Thermodynamic p r o b a b i l i t y o f mac ro s t a t e 5
28 p6=p(A6);
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//Thermodynamic p r o b a b i l i t y o f mac ro s t a t e 6
29 p7=p(A7);

//Thermodynamic p r o b a b i l i t y o f mac ro s t a t e 7
30 p8=p(A8);

//Thermodynamic p r o b a b i l i t y o f mac ro s t a t e 8
31 p9=p(A9);

//Thermodynamic p r o b a b i l i t y o f mac ro s t a t e 9
32 p10=p(A10);

//Thermodynamic p r o b a b i l i t y o f mac ro s t a t e 10
33 p11=p(A11);

//Thermodynamic p r o b a b i l i t y o f mac ro s t a t e 11
34

35 printf(”\nP1 = %. 0 f , P2 = %. 0 f , P3 = %. 0 f , P4 = %. 0 f
, P5 = %. 0 f , P6 = %. 0 f , P7 = %. 0 f , P8 = %. 0 f , P9
= %. 0 f , P10 = %. 0 f , P11 = %. 0 f ”,p1 ,p2,p3,p4 ,p5,p6
,p7 ,p8,p9,p10 ,p11);

36 printf(”\nThermodyanmic p r o b a b i l i t y o f the system =
%. 0 f ”,p1+p2+p3+p4+p5+p6+p7+p8+p9+p10+p11);

Scilab code Exa 3.1.6 Ex 6

1 function[micro ]=p(A)

// f u n c t i o n to c a l c u l a t e no . o f m i c r o s t a t e s
2 micro =1;

3 i=1

4 for i=1:5

5 micro=micro *(6/( factorial(A(i))*factorial(3-

A(i))));
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6 end

7 endfunction

8

9 // v a r i a b l e i n i t i a l i z a t i o n
10 A1=[3 2 0 0 1];

// p o s s i b l e mac ro s t a t e
11 A2=[3 1 1 1 0];

// p o s s i b l e mac ro s t a t e
12 A3=[2 3 0 1 0];

// p o s s i b l e mac ro s t a t e
13 A4=[3 0 3 0 0];

// p o s s i b l e mac ro s t a t e
14 A5=[2 2 2 0 0];

// p o s s i b l e mac ro s t a t e
15

16 // c a l c u l a t i o n
17 p1=p(A1);

//no . o f m i c r o s t a t e s
18 p2=p(A2);

//no . o f m i c r o s t a t e s
19 p3=p(A3);

//no . o f m i c r o s t a t e s
20 p4=p(A4);

//no . o f m i c r o s t a t e s
21 p5=p(A5);

//no . o f m i c r o s t a t e s
22

23 printf(”\ nPo s s i b l e m i c r o s t a t e s a r e : %. 0 f , %. 0 f , %. 0
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f , %. 0 f , %. 0 f ”,p1 ,p2,p3,p4 ,p5);
24 printf(”\nThe thermodynamic p r o b a b i l i t y o f the

system = %. 0 f ”,p1+p2+p3+p4+p5);
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Chapter 18

Atomic Spectra I

Scilab code Exa 4.1.1 Ex 1

1 // v a r i a b l e i n i t i a l i z a t i o n
2 z=2

// atomic no . o f He
3 a0 =0.529

// r a d i u s o f f i r s t Bohr o r b i t o f H atom ( )
4 n=1

//no . o f Bohr o r b i t
5 A=2.19*10^6;

// v e l o c i t y o f e i n f i r s t Bohr o r b i t o f H atom (m/
s )

6 B=4.14*10^15;

// o r b i t a l f r e qu en cy i n the f i r s t Bohr o r b i t o f H
atom ( rad / s )

7 E0=13.6

// ene rgy o f e l e c t r o n i n ground s t a t e o f H atom (
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eV)
8 n1=1;

9 n2=2;

10 R=1.097*10^7;

//Rydberg c on s t an t (m−1)
11

12 // ( i ) r a d i u s o f f i r s t Bohr o r b i t
13 r=a0/2;

// r a d i u s o f f i r s t Bohr o r b i t ( )
14

15 // ( i i ) v e l o c i t y o f e l e c t r o n i n the f i r s t o r b i t
16 v=A*(z/n);

// v e l o c i t y o f e l e c t r o n i n the f i r s t o r b i t (m/ s )
17

18 // ( i i i ) o r b i t a l f r e qu en cy in the f i r s t o r b i t
19 omega=B*(z^2/n^3);

// o r b i t a l f r e qu en cy i n the f i r s t o r b i t ( rad / s )
20

21 // ( i v ) k i n e t i c and b ind ing ene rgy
22 KE=E0*(z^2/n^2);

// k i n e t i c ene rgy o f e l e c t r o n i n the ground s t a t e
( eV)

23 BE=KE;

// b ind ing ene rgy o f e l e c t r o n i n the ground s t a t e
( eV)

24

25 // ( v ) i o n i z a t i o n p o t e n t i a l and f i r s t e x c i t a t i o n
p o t e n t i a l

26 IP=KE;

// i o n i z a t i o n p o t e n t i a l ( eV)
27 EE=E0*z^2*((1/ n1^2) -(1/n2^2));
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// f i r s t e x c i t a t i o n p o t e n t i a l ( eV)
28

29 // ( v i ) wave l ength o f the r e s onanc e l i n e emi t t ed i n
the t r a n s i t i o n n=2 to n=1

30 lembda =(1/(R*z^2*((1/ n1^2) -(1/n2^2))))*10^10;

// wave l ength o f
the r e s onanc e l i n e emi t t ed i n the t r a n s i t i o n n=2
to n=1 ( )

31

32 printf(”\n ( i ) r a d i u s = %. 3 f \n ( i i ) v e l o c i t y = %. 2 e
m/ s \n ( i i i ) o r b i t a l f r e qu en cy = %. 3 e rad / s \n ( i v )

KE = %. 2 f eV BE = %. 2 f eV\n ( v ) IP = %. 2 f eV
EE = %. 2 f eV\n ( v i ) wave l ength = %. 1 f ”,r,v,

omega ,KE,BE ,IP ,EE,lembda);

Scilab code Exa 4.1.2 Ex 2

1 // v a r i a b l e i n i t i a l i z a t i o n
2 z=1

// atomic no . o f H atom
3 m=1.68*10^ -27;

//mass o f H atom ( kg )
4 h=1.054*10^ -34;

// Planck ’ s c on s t an t ( j o u l e second )
5 R=10967800;

//Rydberg c on s t an t (m−1)
6 e=1.6*10^ -19;

// Charge o f e l e c t r o n ( coulombs )
7 c=3*10^8;

73



// speed o f l i g h t (m/ s )
8

9 // ( i ) r e c o i l v e l o c i t y
10 v=(3* %pi*h*R*z^2) /(2*m);

// r e c o i l v e l o c i t y o f H atom (m/ s )
11

12 // ( i i ) r e c o i l k i n e t i c ene rgy
13 Er =(9/8) *(( %pi*h*R*z^2) ^2/(m*e));

//
r e c o i l k i n e t i c ene rgy o f H atom (eV)

14

15 // ( i i i ) ene rgy o f emi t t ed photon
16 E=(1.5* %pi*h*c*R*z^2)/e;

// ene rgy o f emi t t ed photon ( eV)
17

18 printf(”\n ( i ) r e c o i l v e l o c i t y = %. 2 f m/ s \n ( i i )
r e c o i l k i n e t i c ene rgy = %. 1 e eV\n ( i i i ) ene rgy o f
emi t t ed photon = %. 2 f eV”,v,Er,E);

Scilab code Exa 4.1.3 Ex 3

1 // v a r i a b l e i n i t i a l i z a t i o n
2 z=2

// atomic no . o f He atom
3 h=1.054*10^ -34;

// Planck ’ s c on s t an t ( j o u l e second )
4 R=10967800;

//Rydberg c on s t an t (m−1)
5 e=1.6*10^ -19;
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// Charge o f e l e c t r o n ( coulombs )
6 c=3*10^8;

// speed o f l i g h t (m/ s )
7

8 // c a l c u l a t i o n
9 E=1.5* %pi*h*c*R*z^2;

//The ene rgy o f the emi t t ed photon ( J )
10 IE=2*%pi*h*c*R;

// I o n i z a t i o n ene rgy o f H atom ( J )
11 KE=(E-IE)/e;

// K i n e t i c ene rgy o f the p h o t o e l e c t r o n ( eV)
12

13 printf(”\ nK in e t i c ene rgy o f p h o t o e l e c t r o n = %. 1 f eV”
,KE);

Scilab code Exa 4.1.4 Ex 4

1 // v a r i a b l e i n i t i a l i z a t i o n
2 ratio=4

// r a t i o o f wave l eng th s
3 z1=1

// atomic no . o f hydrogen atom
4

5 // c a l c u l a t i o n
6 z2=sqrt(ratio*z1^2);

// atomic no . o f unknown e l ement
7
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8 printf(”\ natomic no . = %. 0 f ”,z2);

Scilab code Exa 4.1.5 Ex 5

1 // v a r i a b l e i n i t i a l i z a t i o n
2 lembda1 =108.5*10^ -9;

// wave l ength (m)
3 lembda2 =30.4*10^ -9;

// wave l ength (m)
4 R=1.097*10^7;

//Rydberg c on s t an t (m−1)
5 z=2

// atomic no . o f He
6 n0=1

// ground s t a t e
7

8 // c a l c u l a t i o n
9 n=sqrt (1/((1/ n0^2) -(((1/ lembda1)+(1/ lembda2))/(R*z

^2)))); //quantum no .
c o r r e s p ond i n g to the e x c i t e d s t a t e o f He+

10

11 printf(”\nn = %. 0 f ”,n);

Scilab code Exa 4.1.6 Es 6

1 // v a r i a b l e i n i t i a l i z a t i o n

76



2 z=2

// atomic no . o f He+ ion
3 lembda =133.7*10^ -9;

// d i f f e r e n c e b/w the f i r s t l i n e s o f the Balmer
and Lyman s e r i e s (m)

4 n1=1

5 n2=2

6 n3=3

7

8 // c a l c u l a t i o n
9 R=(1/( lembda*z^2))*((1/((1/ n2^2) -(1/n3^2))) -(1/((1/

n1^2) -(1/n2^2)))); //Rudberg c on s t an t (
m−1)

10

11 printf(”\nR = %. 3 e m−1”,R);

Scilab code Exa 4.1.7 Ex 7

1 // v a r i a b l e i n i t i a l i z a t i o n
2 R=1.097*10^7;

//Rydberg c on s t an t (m−1)
3 lembda =59.3*10^ -9;

// wave l ength d i f f e r e n c e b/w f i r s t l i n e s o f Balmer
and Lyman s e r i e s (m)

4

5 // c a l c u l a t i o n
6 z=sqrt (88/(15*R*lembda));

// atomic no .
7

8 printf(”\nZ = %. 0 f ”,z);
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Scilab code Exa 4.1.8 Ex 8

1 // v a r i a b l e i n i t i a l i z a t i o n
2 R=1.097*10^7;

//Rydberg c on s t an t (m−1)
3 ratio =1836;

// r a t i o o f maas o f t r i t i um and hydrogen
4

5 // c a l c u l a t i o n
6 lembda =(36*2*10^10) /(5*R*3* ratio);

//
s e p a r a t i o n o f the f i r s t l i n e o f the Balmer s e r i e s
( )

7

8 printf(”\ n = %. 1 f ”,lembda);
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Chapter 19

Atomic Spectra II

Scilab code Exa 4.2.4 Ex 4

1 // v a r i a b l e i n i t i a l i z a t i o n
2 rP = 4;

3 rD = 5;

4 LP = 1;

5 LP = 2;

6 jP = [5/2, 3/2, 1/2];

7 jD = [4, 3, 2, 1, 0];

8

9 // Ca l c u l a t i o n
10 SP = (rP -1) /2;

11 SD = (rD -1) /2;

12 i=1;

13 for i=1:3

14 JP(i) = sqrt(jP(i)*(jP(i)+1));

15 end

16 i=1;

17 for i=1:5

18 JD(i) = sqrt(jD(i)*(jD(i)+1));

19 end

20

21 printf(”\ nAngular moments a l l owed f o r 4P : %. 2 f ”,JP)
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;

22 printf(”\ nAngular moments a l l owed f o r 5D : %. 2 f ”,JD)
;

Scilab code Exa 4.2.9 Ex 9

1 // v a r i a b l e i n i t i a l i z a t i o n
2 l=1

3 s=1/2

4 j=3/2

5

6 // c a l c u l a t i o n
7 angle =((j*(j+1)) -(l*(l+1)) -(s*(s+1)))/(2* sqrt(l*s*(l

+1)*(s+1))); // va lu e o f c o s
8

9 printf(”\n co s = %. 3 f ”,angle);

Scilab code Exa 4.2.10 Ex 10

1 // v a r i a b l e i n i t i a l i z a t i o n
2 e=1.6*10^ -19;

// cha rge o f e l e c t r o n (C)
3 m=9.1*10^ -31;

//mass o f e l e c t r o n ( kg )
4 B=0.1

// e x t e r n a l magnet i c f i e l d (Wb/mˆ2)
5 g=4/3

6 mu =9.27*10^ -24;

// ( J/T)
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7

8 // c a l c u l a t i o n
9 E=g*mu*B;

//The spa c i n g o f ad j a c en t sub− l e v e l s ( J )
10 v=(e*B)/(4* %pi*m);

//Larmor f r e qu en cy (Hz )
11

12 printf(”\n The spa c i n g o f ad j a c en t sub− l e v e l s = %e J
\n Larmor f r e qu en cy = %. 1 e Hz”,E,v);

Scilab code Exa 4.2.11 Ex 11

1 // v a r i a b l e i n i t i a l i z a t i o n
2 mu =9.27*10^ -24;

// ( J/T)
3 g=2;

4 ms=1/2;

5 dB =2*10^2;

// g r a d i e n t o f magnet i c f i e l d (T/m)
6 m=1.67*10^ -27;

//maas o f hydrogen atom ( kg )
7 l=0.2;

// d i s t a n c e t r a v e l l e d by hydrogen atom (m)
8 v=2*10^5;

// speed o f hydrogen atom (m/ s )
9

10 // c a l c u l a t i o n
11 muz=g*mu*ms;
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// Reso lved pa r t o f magnet i c moment i n the
d i r e c t i o n o f magnet i c f i e l d ( J/T)

12 Fz=muz*dB;

// Force on the atom (N)
13 z=0.5*( Fz/m)*(l/v)^2;

// Di sp lacement o f beam (m)
14 sep =2*z;

// Tota l s e p a r a t i o n (m)
15

16 printf(”\n Tota l s e p a r a t i o n = %. 2 e m”,sep);

Scilab code Exa 4.2.12 Ex 12

1 // v a r i a b l e i n i t i a l i z a t i o n
2 l=1

3 s=1/2

4 j1=1/2

5 j2=3/2

6

7 // c a l c u l a t i o n
8 L=sqrt(l*(l+1));

// o r b i t a l angu l a r momenta
9 S=sqrt(s*(s+1));

// sp i n angu l a r momenta
10 J1=sqrt(j1*(j1+1));

// t o t a l angu l a r momenta
11 J2=sqrt(j2*(j2+1));
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// t o t a l angu l a r momenta
12 theta1 =(180/ %pi)*acos (((j1*(j1+1))-(l*(l+1)) -(s*(s

+1)))/(2* sqrt(l*(l+1))*sqrt(s*(s+1)))); //
ang l e b/w l and s ( d eg r e e )

13 theta2 =(180/ %pi)*acos (((j2*(j2+1))-(l*(l+1)) -(s*(s

+1)))/(2* sqrt(l*(l+1))*sqrt(s*(s+1)))); //
ang l e b/w l and s ( d eg r e e )

14

15 printf(”\n L = %f∗h\n S = %f∗h\n J = %f∗h , %f∗h\n
1 = %. 0 f d eg r e e \n 2 = %. 0 f d eg r e e ”,L,S,J1,J2,

theta1 ,theta2);

Scilab code Exa 4.2.13 Ex 13

1 // v a r i a b l e i n i t i a l i z a t i o n
2 B=0.5

// magnet i c f i e l d (T)
3 s=1/2;

4 g=2;

5

6 // c a l c u l a t i o n
7 S=sqrt(s*(s+1));

//Magnitude o f s p i n v e c t o r
8 theta1 =(180/ %pi)*acos (0.5/S);

// O r i e n t a t i o n o f s p i n v e c t o r ( d eg r e e )
9 theta2 =(180/ %pi)*acos (-0.5/S);

// O r i e n t a t i o n o f s p i n v e c t o r ( d eg r e e )
10 E=2*g*B;

// S epa r a t i o n o f the ene rgy l e v e l s ( i n terms o f
)
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11

12 printf(”\n = %. 1 f d eg r e e and %. 1 f d eg r e e \n E =
%. 0 f ∗ ”,theta1 ,theta2 ,E);

Scilab code Exa 4.2.15 Ex 15

1 // v a r i a b l e i n i t i a l i z a t i o n
2 zH=1

// atomic no . o f H
3 zHe=2

// atomic no . o f He
4 deltaHe =5.84

// doub l e t s p l i t t i n g o f the f i r s t e x c i t e d s t a t e o f
He (cm−1)

5

6 // c a l c u l a t i o n
7 deltaH=deltaHe *(zH/zHe)^4;

// doub l e t s p l i t t i n g f o r hydrogen atom (cm−1)
8

9 printf(”\n doub l e t s p l i t t i n g f o r H atom = %. 3 f cm−1”
,deltaH);

Scilab code Exa 4.2.16 Ex 16

1 // v a r i a b l e i n i t i a l i z a t i o n
2 z=1

// atomic no . o f hydrogen atom
3 n=2
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4 l=1

5

6 // c a l c u l a t i o n
7 delta =(5.84*z^4)/(n^3*l*(l+1));

// sp in−o r b i t i n t e r a c t i o n s p l i t t i n g (cm−1)
8

9 printf(”\n sp in−o r b i t i n t e r a c t i o n s p l i t t i n g = %. 3 f
cm−1”,delta);
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Chapter 20

Atomic Spectra III

Scilab code Exa 4.3.4 Ex 4

1 // v a r i a b l e i n i t i a l i z a t i o n
2 R=109729

// (cm−1)
3 T1 =43487

// (cm−1)
4 T2 =28583

// (cm−1)
5 n=2

6

7 // c a l c u l a t i o n
8 delta=n-sqrt(R/T2);

//quantum d e f e c t
9

10 printf(”\nquantum d e f e c t = %. 4 f ”,delta);
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Scilab code Exa 4.3.5 Ex 5

1 // v a r i a b l e i n i t i a l i z a t i o n
2 R=109737

// (cm−1)
3 n=1.805

// e f f e c t i v e quantum number f o r the ground s t a t e
o f rubid ium

4

5 // c a l c u l a t i o n
6 T=R/(8065*n^2);

// i o n i z a t i o n p o t e n t i a l o f rubid ium (eV)
7

8 printf(”\nThe i o n i z a t i o n p o t e n t i a l o f rubid ium = %. 3
f eV”,T);

Scilab code Exa 4.3.6 Ex 6

1 // v a r i a b l e i n i t i a l i z a t i o n
2 ratio =2.5

// r a t i o o f i o n i z a t i o n p o t e n t i a l o f hydrogen and
sodium

3 n=3

4

5 // c a l c u l a t i o n
6 z=sqrt(n^2/ ratio);

// e f f e c t i v e atomic number o f sodium
7

8 printf(”\ nE f f e c t i v e atomic number o f sodium = %. 2 f ”,
z);
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Scilab code Exa 4.3.7 Ex 7

1 // v a r i a b l e i n i t i a l i z a t i o n
2 hc =12400

// va lu e o f product o f plank ’ s c on s t an t and speed
o f l i g h t ( eV )

3 E1=3.18

// s e p a r a t i o n o f 4 s and 3 s l e v e l ( eV)
4 lembda =5890

// wave l ength o f the f i r s t member o f p r i n c i p a l
s e r i e s o f sodium ( )

5

6 // c a l c u l a t i o n
7 E2=hc/lembda;

// s e p a r a t i o n o f 3 s and 3p l e v e l s ( eV)
8 deltaE=E1-E2;

// s e p a r a t i o n o f 4 s and 3p l e v e l ( eV)
9 lembda1=hc/deltaE;

// wave l ength o f the f i r s t member o f sharp s e r i e s
( )

10

11 printf(”\ n = %. 0 f ”,lembda1);

Scilab code Exa 4.3.8 Ex 8
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1 // v a r i a b l e i n i t i a l i z a t i o n
2 lembda1 =5890*10^ -10;

// wave l ength o f doub l e t ( )
3 lembda2 =5896*10^ -10;

// wave l ength o f doub l e t ( )
4 h=6.63*10^ -34;

//Plank ’ s c on s t an t ( Js )
5 c=3*10^8;

// speed o f l i g h t (m/ s )
6 e=1.6*10^ -19;

// Charge o f e l e c t r o n ( coulombs )
7

8 // c a l c u l a t i o n
9 deltaV =(lembda2 -lembda1)/( lembda1*lembda2);

//wave no . (m
−1)

10 deltaE =(h*c*deltaV)/e;

// s e p a r a t i o n o f ene rgy l e v e l s ( eV)
11

12 printf(”\ n E = %. 2 e eV”,deltaE);

Scilab code Exa 4.3.9 Ex 9

1 // v a r i a b l e i n i t i a l i z a t i o n
2 deltaT =2.1*10^ -3;

// ( eV)
3 lembda =5893*10^ -8;
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// ( )
4

5 // c a l c u l a t i o n
6 deltaV=deltaT *8065;

// (cm−1)
7 deltalembda=deltaV*lembda ^2;

// (cm)
8

9 printf(”\ n = %. 2 e cm”,deltalembda);

Scilab code Exa 4.3.10 Ex 10

1 // v a r i a b l e i n i t i a l i z a t i o n
2 E1 =16960

//mean p o s i t i o n o f the l e v e l (cm−1)
3 E2 =24490

// conve r g enc e l i m i t o f sharp s e r i e s (cm−1)
4

5 // c a l c u l a t i o n
6 I=(E1+E2)/8065;

// i o n i z a t i o n ene rgy o f sodium atom (eV)
7

8 printf(”\ nI = %. 4 f eV”,I);

Scilab code Exa 4.3.11 Ex 11

1 // v a r i a b l e i n i t i a l i z a t i o n
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2 E1 =41450

// p r i n c i p a l s e r i e s f o r sodium atom (cm−1)
3 E2 =24477

// sharp s e r i e s f o r sodium atom (cm−1)
4

5 // c a l c u l a t i o n
6 I=(E1+E2)/8065;

// i o n i z a t i o n ene rgy o f sodium atom (eV)
7

8 printf(”\ nI = %. 4 f eV”,I);

Scilab code Exa 4.3.12 Ex 12

1 // v a r i a b l e i n i t i a l i z a t i o n
2 E1 =14904

//mean p o s i t i o n o f the l e v e l (cm−1)
3 E2 =28583

// conve r g enc e l i m i t o f sharp s e r i e s (cm−1)
4

5 // c a l c u l a t i o n
6 I=(E1+E2)/8065;

// i o n i z a t i o n ene rgy o f L i atom (eV)
7

8 printf(”\ nI = %. 2 f eV”,I);

Scilab code Exa 4.3.13 Ex 13
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1 // v a r i a b l e i n i t i a l i z a t i o n
2 R=109734

// (cm−1)
3 T=24477

// (cm−1)
4 Zeff=1

5 n=3

6

7 // c a l c u l a t i o n
8 delta=n-(Zeff*sqrt(R/T));

//quantum d e f e c t f o r 3p c o n f i g u r a t i o n o f sodium
9

10 printf(”\ n = %. 3 f ”,delta);

Scilab code Exa 4.3.14 Ex 14

1 // v a r i a b l e i n i t i a l i z a t i o n
2 z1=1

// atomic no .
3 z2=2

// atomic no .
4 deltaT2 =5.84

// doub l e t s p l i t t i n g o f the f i r s t e x c i t e d s t a t e
f o r z=2 (cm−1)

5

6 // c a l c u l a t i o n
7 deltaT1=deltaT2 *(z1/z2)^4;

// s e p a r a t i o n i n hydrogen atom (cm−1)

92



8

9 printf(”\n s e p a r a t i o n i n hydrogen atom = %. 3 f cm−1”,
deltaT1);
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Chapter 21

Magneto Optic and Electro
Optic Phenomena

Scilab code Exa 4.4.1 Ex 1

1 // v a r i a b l e i n i t i a l i z a t i o n
2 e=1.6*10^ -19;

// cha rge o f e l e c t r o n ( Coulomb )
3 B=0.5

// magnet i c f i e l d ( Te s l a )
4 lembda =6438*10^ -10;

// wave l ength o f the l i n e (m)
5 m=9.1*10^ -31;

//mass o f e l e c t r o n ( kg )
6 c=3*10^8;

// speed o f l i g h t (m/ s )
7

8 // c a l c u l a t i o n
9 dlembda =(e*B*lembda ^2*10^10) /(4* %pi*m*c);
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// normal
Zeeman s p l i t t i n g ( )

10

11 printf(”\nZeeman s h i f t = %. 3 f ”,dlembda);

Scilab code Exa 4.4.2 Ex 2

1 // v a r i a b l e i n i t i a l i z a t i o n
2 e=1.6*10^ -19;

// cha rge o f e l e c t r o n ( Coulomb )
3 B=1

// magnet i c f i e l d ( Te s l a )
4 lembda =612*10^ -9;

// wave l ength o f the l i n e (m)
5 m=9.1*10^ -31;

//mass o f e l e c t r o n ( kg )
6 c=3*10^8;

// speed o f l i g h t (m/ s )
7

8 // c a l c u l a t i o n
9 dlembda1 =(e*B*lembda ^2*10^10) /(4* %pi*m*c);

// normal
Zeeman s p l i t t i n g ( )

10 dlembda2 =2* dlembda1;

// S epa r a t i o n o f ou t e r l i n e s ( )
11

12 printf(”\ nSepa ra t i on o f ou t e r l i n e s = %. 2 f ”,
dlembda2);
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Scilab code Exa 4.4.3 Ex 3

1 // v a r i a b l e i n i t i a l i z a t i o n
2 mu =9.27*10^ -24;

// ( J/T)
3 B=1*10^ -1;

// e x t e r n a l magnet i c f i e l d (T)
4 h=1.054*10^ -34;

//Plank ’ s c on s t an t ( Js )
5 J=3/2;

6 L=1;

7 S=1/2;

8

9 // c a l c u l a t i o n
10 g=1+(((J*(J+1))+(S*(S+1))-(L*(L+1)))/(2*J*(J+1)));

//Lande g− f a c t o r
11 omega=(g*mu*B)/h;

// angu l a r v e l o c i t y o f p r e c e s s i o n ( rad / s )
12

13 printf(”\ n = %. 1 e rad / s e c ”,omega);

Scilab code Exa 4.4.4 Ex 4

1 // ( i )
2 printf(”\n ( i ) Energy l e v e l does not s p l i t ”);
3

4 // ( i i )
5 J=5/2;
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6 sub =2*J+1;

7 printf(”\n ( i i ) number o f sub− s h e l l s = %. 0 f ”,sub);
8

9 // ( i i i )
10 printf(”\n ( i i i ) Energy l e v e l does not s p l i t ”);

Scilab code Exa 4.4.5 Ex 5

1 // v a r i a b l e i n i t i a l i z a t i o n
2 S1=0

3 L1=2

4 J1=2

5 g1=1

6 S2=1

7 L2=3

8 J2=4

9 g2=5/4

10 B=0.25

// magnet i c f i e l d (T)
11 mu =5.79*10^ -5;

//mass ( eV/T)
12

13 // ( i )
14 E1=4*g1*mu*B;

// t o t a l s p l i t t i n g ( eV)
15

16 // ( i i )
17 E2=8*g2*mu*B;

// t o t a l s p l i t t i n g ( eV)
18

19 printf(”\n ( i ) t o t a l s p l i t t i n g = %. 2 e eV\n ( i i ) t o t a l
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s p l i t t i n g = %. 4 e eV”,E1 ,E2);

Scilab code Exa 4.4.7 Ex 7

1 // v a r i a b l e i n i t i a l i z a t i o n
2 mu =9.27*10^ -24;

// ( J/T)
3 B=0.45;

// magnet i c f i e l d ( b /mˆ2)
4 h=1.054*10^ -34;

//Plank ’ s c on s t an t ( Js )
5 k=[5/3 1 1/3 -1/3 -1 -5/3];

// va lu e o f g ’Mj’−gMj
6

7 // c a l c u l a t i o n
8 c=(mu*B)/h;

// c on s t an t ( rad / s )
9 deltaomega1=c*k(1);

// d i s p l a c emen t o f Zeeman component ( rad / s )
10 deltaomega2=c*k(2);

// d i s p l a c emen t o f Zeeman component ( rad / s )
11 deltaomega3=c*k(3);

// d i s p l a c emen t o f Zeeman component ( rad / s )
12 deltaomega4=c*k(4);

// d i s p l a c emen t o f Zeeman component ( rad / s )
13 deltaomega5=c*k(5);
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// d i s p l a c emen t o f Zeeman component ( rad / s )
14 deltaomega6=c*k(6);

// d i s p l a c emen t o f Zeeman component ( rad / s )
15

16 printf(”\ nd i sp l c emen t o f Zeeman component = %. 2 e , %
. 2 e , %. 2 e , %. 2 e , %. 2 e , %. 2 e rad / s ”,deltaomega1 ,
deltaomega2 ,deltaomega3 ,deltaomega4 ,deltaomega5 ,

deltaomega6);

Scilab code Exa 4.4.8 Ex 8

1 // v a r i a b l e i n i t i a l i z a t i o n
2 m=9.1*10^ -31;

//mass o f e l e c t r o n (Kg)
3 h=1.054*10^ -34;

//Plank ’ s c on s t an t ( Js )
4 B=1.2

// magnet i c f i e l d (mu∗b/mˆ2)
5 gs=2

// f o r a pure s p i n system
6 J=0.5;

// f o r a pure s p i n system
7

8 // c a l c u l a t i o n
9 mub=h/(2*m);

// ( eV/T)
10 deltaE =2*gs*mub*B*J;
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// ene rgy d i f f e r e n c e b/w e l e c t r o n s ( eV)
11

12 printf(”\n E = %. 2 e eV”,deltaE);

Scilab code Exa 4.4.9 Ex 9

1 // v a r i a b l e i n i t i a l i z a t i o n
2 m=9.1*10^ -31;

//mass o f e l e c t r o n (Kg)
3 h=1.054*10^ -34;

//Plank ’ s c on s t an t ( Js )
4 B=5

// magnet i c f i e l d (T)
5 lembda =1210

// wave l ength o f s p e c t r a l l i n e ( )
6 M=[1 0 -1 1 0 -1];

// va lu e o f Ml+2∗Ms
7 ch =12400

// product o f speed o f l i g h t and Plank ’ s c on s t an t
( eV∗ )

8

9 // c a l c u l a t i o n
10 dE=(h/(2*m))*B*M;

// va lu e o f dE( upper )−dE( l owe r ) ( eV)
11 dlembda =( lembda ^2/ch)*dE;

// wave l eng th s o f the s p e c t r a l l i n e s i n the
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pa t t e r n ( )
12

13 printf(”\ nwave l engths o f the l i n e = %. 0 f+%. 3 f , %. 0 f+
%. 0 f , %. 0 f% . 3 f ”,lembda ,dlembda (1),lembda ,
dlembda (2),lembda ,dlembda (3));
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Chapter 22

X Rays and X Ray Spectra

Scilab code Exa 4.5.1 Ex 1

1 // v a r i a b l e i n i t i a l i z a t i o n
2 ch =12400

// product o f speed o f l i g h t and Plank ’ s c on s t an t
( eV∗ )

3 lembda1 =0.024;

//Compton wave l ength o f X−ray ( )
4 lembda2 =1

// wave l ength o f X−ray ( )
5

6 // ( i )
7 x1=ch/lembda1;

//minimum vo l t a g e a c r o s s X−ray tube (V)
8

9 // ( i i )
10 x2=ch/( lembda2 *10^3);

//minimum vo l t a g e a c r o s s X−ray tube (kV)
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11

12 // ( i i i )
13 x3=1.02

//minimum energy o f X−ray photon (M∗eV)
14

15 printf(”\n ( i ) v o l t a g e = %. 2 e V\n ( i i ) v o l t a g e = %. 1 f
KV\n ( i i i ) ene rgy = %. 2 f MeV”,x1 ,x2,x3);

Scilab code Exa 4.5.2 Ex 2

1 // v a r i a b l e i n i t i a l i z a t i o n
2 n=3/2;

3 dlembda =26*10^ -2;

// s h i f t i n g i n s h o r t wave l i m i t o f X−ray spectrum
( )

4 ch =12400

// product o f speed o f l i g h t and Plank ’ s c on s t an t
( eV∗ )

5 e=1.6*10^ -19;

// cha rge o f e l e c t r o n ( Coulomb )
6

7 // s o l u t i o n
8 V=((n-1)/n)*(ch/( dlembda *10^3));

//
i n i t i a l v o l t a g e a pp l i e d to the tube (KV)

9

10 printf(”\ n I n i t i a l v o l t a g e = %. 1 f KV”,V);

Scilab code Exa 4.5.3 Ex 3
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1 // v a r i a b l e i n i t i a l i z a t i o n
2 R=10972900

// (m−1)
3 lembda =1.54*10^ -10;

// wave l ength o f K l i n e (m)
4

5 // c a l c u l a t i o n
6 z=1+ sqrt (4/(3* lembda*R));

// atomic number o f the t a r g e t e l ement
7

8 printf(”\nZ = %. 0 f ”,z);

Scilab code Exa 4.5.4 Ex 4

1 // v a r i a b l e i n i t i a l i z a t i o n
2 z1=29

// atomic no . o f Copper
3 z2=26

// atomic no . o f I r on
4 lembda1 =193

// wave l ength o f K l i n e i n I r on (pm)
5

6 // c a l c u l a t i o n
7 lembda =((z2 -1)/(z1 -1))^2* lembda1;

//
wave l ength o f K l i n e i n Copper (pm)

8

9 printf(”\ n = %. 0 f pm”,lembda);
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Scilab code Exa 4.5.5 Ex 5

1 // v a r i a b l e i n i t i a l i z a t i o n
2 z1=13

// atomic no . o f Al
3 z2=27

// atomic no . o f Co
4 R=1.097*10^7;

// (m−1)
5

6 // c a l c u l a t i o n
7 lembda1 =(4*10^12) /(3*R*(z1 -1)^2);

//
wave l ength o f K l i n e i n Al (pm)

8 lembda2 =(4*10^12) /(3*R*(z2 -1)^2);

//
wave l ength o f k l i n e i n Co (pm)

9

10 printf(”\n wave l ength o f Al = %. 0 f pm\n wave l ength
o f Co = %. 0 f pm”,lembda1 ,lembda2);

Scilab code Exa 4.5.6 Ex 6

1 // v a r i a b l e i n i t i a l i z a t i o n
2 lembda1 =250*10^ -12;

// wave l ength o f K−a lpha l i n e (m)
3 lembda2 =179*10^ -12;
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// wave l ength o f K−a lpha l i n e (m)
4 R=10972900

// (m−1)
5

6 // c a l c u l a t i o n
7 z1=1+ sqrt (4/(3* lembda1*R));

// atomic number
8 z2=1+ sqrt (4/(3* lembda2*R));

// atomic number
9 printf(”\nThe r e q u i r e d e l emen t s a r e : Z =”);

10 for i=z1+1:1:z2 -1

11 printf(” %. 0 f ”,i);
12 end

Scilab code Exa 4.5.7 Ex 7

1 // v a r i a b l e i n i t i a l i z a t i o n
2 ch =12400

// product o f speed o f l i g h t and Plank ’ s c on s t an t
( eV∗ )

3 Rch =13.6

// product o f speed o f l i g h t , Plank ’ s c on s t an t and
R ( eV)

4 z=23

// atomic no . o f vanadium
5 lembda =24

// wave l ength o f L ab s o r p t i o n edge ( )
6
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7 // c a l c u l a t i o n
8 El=ch/( lembda *10^3);

// b ind ing ene rgy o f L e l e c t r o n (KeV)
9 Ek =((3/(4*10^3))*Rch*(z-1)^2)+El;

//
b ind i ng ene rgy o f K e l e c t r o n (KeV)

10

11 printf(”\ nBinding ene rgy o f K−e l e c t r o n = %. 2 f KeV”,
Ek);

Scilab code Exa 4.5.8 Ex 8

1 // v a r i a b l e i n i t i a l i z a t i o n
2 ch=12.4

// product o f speed o f l i g h t and Plank ’ s c on s t an t
(KeV∗ )

3 lembda1 =0.178

// wave l ength o f K−a lpha l i n e ( )
4 lembda2 =0.210

// wave l ength o f K l i n e ( )
5

6 // c a l c u l a t i o n
7 Ek=ch/lembda1;

// b ind ing ene rgy o f K e l e c t r o n (KeV)
8 El=Ek -(ch/lembda2);

// b ind ing ene rgy o f K−a lpha e l e c t r o n (KeV)
9 lembda=ch/El;

// wave l ength o f L ab s o r p t i o n edge ( )
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10

11 printf(”\nWavelength o f L ab s o r p t i o n edge = %. 2 f ”
,lembda);

Scilab code Exa 4.5.9 Ex 9

1 // v a r i a b l e i n i t i a l i z a t i o n
2 ch=12.4

// product o f speed o f l i g h t and Plank ’ s c on s t an t
(KeV∗ )

3 lembdak =0.18

// wave l ength o f K ab s o r p t i o n edge ( )
4 lembda =0.1

// wave l ength o f i n c i d e n t photon ( )
5

6 // c a l c u l a t i o n
7 Ek=ch/lembdak;

// b ind ing ene rgy o f K e l e c t r o n (KeV)
8 E=ch/lembda;

// ene rgy o f i n c i d e n t photon (KeV)
9 K=E-Ek;

//maximum 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 (KeV
)

10

11 printf(”\n KE = %. 2 f KeV”,K);

Scilab code Exa 4.5.10 Ex 10
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1 // v a r i a b l e i n i t i a l i z a t i o n
2 ch=12.4

// product o f speed o f l i g h t and Plank ’ s c on s t an t
(KeV∗ )

3 Rch =13.6/10^3;

// product o f speed o f l i g h t , Plank ’ s c on s t an t and
R (KeV)

4 lembdak =1.74

//K band ab s o r p t i o n edge wave l ength o f i r o n ( )
5 z=30;

// atomic no . o f z i n c
6

7 // c a l c u l a t i o n
8 Ek=ch/lembdak;

// b ind ing ene rgy o f K e l e c t r o n i n i r o n (KeV)
9 E=(3/4)*Rch*(z-1)^2;

// ene rgy o f photon o f K−a lpha r a d i a t i o n (KeV)
10 K=E-Ek;

// k i n e t i c ene rgy o f the p h o t o e l e c t r o n s l i b e r a t e d
from i r o n (KeV)

11

12 printf(”\n KE = %. 3 f KeV”,K);
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Chapter 27

Raman Spectra

Scilab code Exa 5.5.1 Ex 1

1 // f u n c t i o n f o r c a l c u l a t i n g the wave number
2 function[wave]=F(j)

3 wave=B*j*(j+1);

4 endfunction

5

6 // v a r i a b l e i n i t i a l i z a t i o n
7 r=1.21*10^ -10;

// i n t e r n u c l e a r d i s t a n c e ( meter )
8 m=2.7*10^ -26;

//mass o f oxygen atom ( kg )
9 h=6.626*10^ -34;

//Plank ’ s c on s t an t ( j o u l e s econd )
10 c=3*10^8;

// speed o f l i g h t ( meter / second )
11

12 // ( a ) moment o f i n e r t i a
13 mu=m/2;
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// reduced mass ( kg )
14 I=mu*r^2;

//moment o f i n e r t i a ( kg mˆ2)
15

16 // ( b ) r o t a t i o n a l c on s t an t
17 B=h/(8* %pi ^2*I*c);

// r o t a t i o n a l c on s t an t (m−1)
18

19 // ( c ) wave number
20 waveno=F(1)-F(0);

//wave no . o f the l i n e c o r r e s p ond i n g to the
t r a n s i t i o n J=0 to J=1 (m−1)

21

22 printf(”\n ( a ) I = %. 3 e kg mˆ2\n ( b ) B = %. 1 f m−1\n ( c )
wave number = %. 0 f m−1”,I,B,waveno);

Scilab code Exa 5.5.2 Ex 2

1 // f u n c t i o n f o r c a l c u l a t i n g the ene rgy l e v e l
2 function[energy ]=F(j)

3 energy=a*j*(j+1);

4 endfunction

5

6 // v a r i a b l e i n i t i a l i z a t i o n
7 m=1.6738*10^ -27;

//mass o f hydrogen atom ( kg )
8 r=0.74*10^ -10;

// i n t e rm o l e c u l a r d i s t a n c e o f hydrogen mo l e cu l e (
meter )
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9 h=1.054*10^ -34;

// Planck ’ s c on s t an t ( j o u l e second )
10 e=1.6*10^ -19;

// Charge o f e l e c t r o n ( coulombs )
11

12 // c a l c u l a t i o n o f r o t a t i o n a l ene rgy l e v e l s
13 mu=m/2;

// reduced mass o f hydrogen atom ( kg )
14 I=mu*r^2;

//moment o f i n e r t i a o f mo l e cu l e ( kg meter ˆ2)
15 a=h^2/(2*I*e);

// c on s t an t ( eV)
16 E0=F(0);

// ene rgy o f l e v e l 0 ( eV)
17 E1=F(1);

// ene rgy o f l e v e l 1 ( eV)
18 E2=F(2);

// ene rgy o f l e v e l 2 ( eV)
19 E3=F(3);

// ene rgy o f l e v e l 3 ( eV)
20

21 printf(”\nE0 = %. 0 f \nE1 = %. 2 e eV\nE2 = %. 2 e eV\nE3
= %. 2 e eV”,E0 ,E1,E2,E3);

Scilab code Exa 5.5.3 Ex 3
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1 // v a r i a b l e i n i t i a l i z a t i o n
2 u=1.68*10^ -27;

//mass o f hydrogen atom ( kg )
3 m1=16;

//mass o f oxygen atom in terms u
4 m2=1;

//mass o f hydrogen atom in terms o f u
5 I=1.48*10^ -47;

//moment o f i n e r t i a o f OH−r a d i c a l ( kg mˆ2)
6 h_bar =1.054*10^ -34;

// Planck ’ s c on s t an t ( j o u l e second )
7 j=5;

// ene rgy l e v e l o f OH−r a d i c a l
8 c=3*10^8;

// speed o f l i g h t ( meter / second )
9 h=6.626*10^ -34;

//Plank ’ s c on s t an t ( j o u l e s econd )
10

11 // ( a ) i n t e r n u c l e a r d i s t a n c e
12 mu=((m1*m2)/(m1+m2))*u;

// reduced mass o f the mo l e cu l e ( kg )
13 r=(sqrt(I/mu))*10^10;

// i n t e r n u c l e a r d i s t a n c e o f mo l e cu l e ( )
14

15 // ( b ) angu l a r momentum
16 P=h_bar*sqrt(j*(j+1));

// angu l a r momentum o f mo l e cu l e ( j o u l e s econd )
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17

18 // ( c ) angu l a r v e l o c i t y
19 omega=P/I;

// angu l a r v e l o c i t y o f mo l e cu l e ( r ad i an / second )
20

21 // ( d ) wave number
22 B=h/(8* %pi ^2*I*c);

// r o t a t i o n a l c on s t an t (m−1)
23 no=2*B*(j+1);

//wave no . o f l i n e c o r r e s p ond i n g to t r a n s i t i o n j
=5 to j=6 (m−1)

24

25 // ( e ) ene rgy absorbed
26 E=c*h*no;

// ene rgy absorbed i n the t r a n s i t i o n j=6 to j=5 (
j o u l e )

27

28 printf(”\n ( a ) r = %. 3 f \n ( b ) J = %. 2 e j o u l e second
\n ( c ) = %. 2 e r ad i an / second \n ( d ) wave number =
%. 2 e m−1\n ( e ) E = %. 1 e j o u l e ”,r,P,omega ,no ,E);

Scilab code Exa 5.5.4 Ex 4

1 // v a r i a b l e i n i t i a l i z a t i o n
2 h=6.63*10^ -34;

//Plank ’ s c on s t an t ( j o u l e s econd )
3 v=1.153*10^11;

// Frequency o f a b s o r p t i o n l i n e (Hz )
4 mu =11.38*10^ -27;
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// Recuced mass o f the mo l e cu l e ( kg )
5

6 // Ca l c u l a t i o n o f the i n t e r n u c l e a r d i s t a n c e
7 I=h/(4* %pi ^2*v);

//moment o f i n e r t i a o f CO mo l e cu l e ( kg mˆ2)
8 r=sqrt(I/mu)*10^10;

// I n t e r n u c l e a r d i s t a n c e ( )
9

10 printf(”\n I n t e r n u c l e a r d i s t a n c e = %. 2 f ”,r);

Scilab code Exa 5.5.5 Ex 5

1 // v a r i a b l e i n i t i a l i z a t i o n
2 mu =1.62*10^ -27;

//Reduced mass o f HCL ( kg )
3 c=3*10^8;

// Ve l o c i t y o f l i g h t (m/ s )
4 h=6.62*10^ -34;

//Plank ’ s c on s t an t ( j o u l e s econd )
5 v1_P =2906.3

//Wave no . o f P branch (cm−1)
6 v2_P =2927.5

//Wave no . o f P branch (cm−1)
7 v3_P =2948.7

//Wave no . o f P branch (cm−1)
8 v4_P =2969.9
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//Wave no . o f P branch (cm−1)
9 v1_R =3012.2

//Wave no . o f R branch (cm−1)
10 v2_R =3033.4

//Wave no . o f R branch (cm−1)
11 v3_R =3054.6

//Wave no . o f R branch (cm−1)
12 v4_R =3078.8

//Wave no . o f R branch (cm−1)
13

14 // ( i ) Equ i l i b r i um i n t e r n u c l e a r d i s t a n c e
15 delta_v=v2_P -v1_P;

// S epa r a t i o n o f s u c c e s s i v e l i n e o f P and R branch
(cm−1)

16 B=delta_v /2;

// r o t a t i o n a l c on s t an t (cm−1)
17 I=h/(8* %pi ^2*B*10^2*c);

//Moment o f i n e r t i a ( kg mˆ2)
18 r=sqrt(I/mu)*10^10;

// Equ i l i b r i um i n t e r n u c l e a r d i s t a n c e ( )
19

20 // ( i i ) Force c on s t an t
21 v0=(v4_P+v1_R)/2;

// Equl ibr ium f r e qu en cy (cm−1)
22 k=4*%pi^2*mu*c^2*v0 ^2*10^4;

// Force c on s t an t o f HCl (N/m)
23
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24 printf(”\n ( i ) Equ i l i b r i um i n t e r n u c l e a r d i s t a n c e = %
. 2 f \n ( i i ) Force c on s t an t = %. 0 f N/m”,r,k);

25

26 //Note : the answer o f ( i i ) pa r t i s wrong i n the book

Scilab code Exa 5.5.6 Ex 6

1 // v a r i a b l e i n i t i a l i z a t i o n
2 mu =8.37*10^ -28;

// Reducec mass o f hydrogen mo l e cu l e ( kg )
3 h=6.58*10^ -16;

//Plank ’ s c on s t an t ( eV s )
4 E0 =0.273

//Ground s t a t e v i b r a t i o n a l ene rgy o f hydrogen
mo l e cu l e ( eV)

5

6 // c a l c u l a t i o n o f f o r c e c on s t an t o f the mo l e cu l e
7 k=mu*((2*E0)/h)^2;

// f o r c e c on s t an t o f hydrogen mo l e cu l e (N/m)
8

9 printf(”\n Force c on s t an t = %. 0 f N/m”,k);

Scilab code Exa 5.5.7 Ex 7

1 // v a r i a b l e i n i t i a l i z a t i o n
2 m1=1;

//molar mass o f H atom (amu)
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3 m2=35;

//molar mass o f Cl atom (amu)
4 u=1.68*10^ -27;

// atomic mass un i t ( kg )
5 v=2885.9*100;

//wave no . o f l i n e (m−1)
6 c=3*10^8;

// Ve l o c i t y o f l i g h t (m/ s )
7

8 // c a l c u l a t i o n o f f o r c e c on s t an t
9 mu=((m1*m2)/(m1+m2))*u;

// reduced mass o f HCl mo l e cu l e ( kg )
10 k=4*( %pi*c*v)^2*mu;

// f o r c e c on s t an t o f HCl mo l e cu l e (N/m)
11

12 printf(”\n f o r c e c on s t an t = %. 2 f N/m”,k);

Scilab code Exa 5.5.8 Ex 8

1 // f u n c t i o n f o r c a l c u l a t i n g the v a r i o u s v i b r a t i o n a l
ene rgy l e v e l s o f CO mo l e cu l e

2 function[energy ]=F(V)

3 energy =((V+.5)*h*v)/e;

4 endfunction

5

6 // f u n c t i o n f o r c o n v e r t i n g eV to cm−1
7 function[energy ]=G(V)

8 energy =((V+.5)*h*v*8065)/e;

9 endfunction
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10

11 // v a r i a b l e i n i t i a l i z a t i o n
12 m1=12;

//molar mass o f C atom (amu)
13 m2=16;

//molar mass o f O atom (amu)
14 u=1.68*10^ -27;

// atomic mass un i t ( kg )
15 k=1870

// f o r c e c on s t an t o f CO mo l e cu l e (N/m)
16 h=6.6*10^ -34;

//Plank ’ s c on s t an t ( j o u l e s econd )
17 e=1.602*10^ -19;

// cha rge o f e l e c t r o n ( Coulomb )
18

19 // c a l c u l a t i o n o f ene rgy l e v e l s
20 mu=((m1*m2)/(m1+m2))*u;

// reduced mass o f CO mo l e cu l e ( kg )
21 v=(1/(2* %pi))*sqrt(k/mu);

// f r e qu en cy o f v i b r a t i o n o f CO mo l e cu l e (Hz )
22 e1=F(0);

// ene rgy o f 1 s t l e v e l o f CO mo l e cu l e ( eV)
23 E1=G(0);

// ene rgy o f 1 s t l e v e l o f CO mo l e cu l e (cm−1)
24 e2=F(1);

// ene rgy o f 2nd l e v e l o f CO mo l e cu l e ( eV)
25 E2=G(1);
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// ene rgy o f 2nd l e v e l o f CO mo l e cu l e (cm−1)
26 e3=F(2);

// ene rgy o f 3 rd l e v e l o f CO mo l e cu l e ( eV)
27 E3=G(2);

// ene rgy o f 3 rd l e v e l o f CO mo l e cu l e (cm−1)
28

29 printf(”\nE = %. 3 f eV , %. 3 f eV , %. 3 f eV
. . . . . . . . . . . . . . . . . . . . . . . . . . \ n = %. 1 f cm−1 , %. 1 f
cm−1 , %. 1 f cm − 1 . . . . . . . . . . . . . . . . . ”,e1 ,e2,e3,E1 ,E2,
E3);

Scilab code Exa 5.5.9 Ex 9

1 // v a r i a b l e i n i t i a l i z a t i o n
2 mu =1.61*10^ -27;

// reduced mass o f HCl mo l e cu l e ( kg )
3 c=3*10^8;

// speed o f l i g h t (m/ s )
4 lembda =3.465*10^ -6;

// wave l ength o f i n f r a r e d r a d i a t i o n (m)
5

6 // c a l c u l a t i o n o f f o r c e c on s t an t
7 v=c/lembda;

// f r e qu en cy o f r a d i a t i o n ( s−1)
8 k=4*( %pi*v)^2*mu;

// f o r c e c on s t an t o f HCl mo l e cu l e (N/m)
9
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10 printf(”\ n f o r c e c on s t an t = %. 1 f N/m”,k);

Scilab code Exa 5.5.10 Ex 10

1 // v a r i a b l e i n i t i a l i z a t i o n
2 h=6.6*10^ -34;

//Plank ’ s c on s t an t ( j o u l e s econd )
3 mu =1.62*10^ -27;

// reduced mass o f HCl mo l e cu l e ( kg )
4 c=3*10^8;

// speed o f l i g h t (m/ s )
5 v=2.886*10^5;

//wave no . o f a b s o r p t i o n l i n e i n i n f r a r e d
spectrum (m−1)

6

7 // c a l c u l a t i o n o f ampl i tude o f v i b r a t i o n
8 k=4*( %pi*c*v)^2*mu;

// f o r c e c on s t an t o f HCl mo l e cu l e (N/m)
9 amp=sqrt((h*c*v)/k)*10^10;

// ampl i tude o f v i b r a t i o n i n the ground s t a t e ( )
10

11 printf(”\ nampl i tude o f v i b r a t i o n = %. 2 f ”,amp);

Scilab code Exa 5.5.11 Ex 11

1 // v a r i a b l e i n i t i a l i z a t i o n
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2 v1 =214330

// fundamenta l band f o r CO mo l e cu l e (m−1)
3 v2 =425970

// f i r s t ov e r t on e f o r CO mo l e cu l e (m−1)
4 A=[1 -2;2 -6];

// c o e f f i c i e n t matr ix
5 b=[v1;v2];

// r i g h t hand s i d e matr ix
6

7 // c a l c u l a t i o n
8 x=inv(A)*b;

// v a l u e s o f omega and x∗omega (m−1)
9

10 printf(”\ n e = %. 0 f m−1\nxe∗ e = %. 0 f m−1”,x(1),x
(2));

Scilab code Exa 5.5.12 Ex 12

1 // v a r i a b l e i n i t i a l i z a t i o n
2 v1 =288600

// i n t e n s e ab s o r p t i o n (m−1)
3 v2 =566800

// i n t e n s e ab s o r p t i o n (m−1)
4 v3 =834700

// i n t e n s e ab s o r p t i o n (m−1)
5 A=[1 -2;2 -6];
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// c o e f f i c i e n t matr ix
6 b=[v1;v2];

// r i g h t hand s i d e matr ix
7 mu =1.61*10^ -27;

// reduced mass ( kg )
8 c=3*10^8;

// speed o f l i g h t (m/ s )
9

10 // c a l c u l a t i o n
11 x=inv(A)*b;

// v a l u e s o f omega and x∗omega (m−1)
12 k=4*( %pi*c*x(1))^2*mu;

// f o r c e c on s t an t (N/m)
13

14 printf(”\ n e = %. 0 f m−1\nxe∗ e = %. 0 f m−1\ n f o r c e
c on s t an t = %. 1 f N/m”,x(1),x(2),k);

Scilab code Exa 5.5.13 Ex 13

1 // v a r i a b l e i n i t i a l i z a t i o n
2 v1 =8.657*10^13;

// f r e qu en cy o f r o t a t i o n ab s o r p t i o n spectrum (Hz )
3 v2 =8.483*10^13;

// f r e qu en cy o f r o t a t i o n ab s o r p t i o n spectrum (Hz )
4 h=6.6*10^ -34;

//Plank ’ s c on s t an t ( j o u l e s econd )
5 mu =1.544*10^ -27;
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// Recuced mass o f CH mo l e cu l e ( kg )
6

7 // ( i ) e q u i l i b r i um s e p a r a t i o n
8 I=h/(2* %pi ^2*(v1 -v2));

//Moment o f i n e r t i a ( kg mˆ2)
9 r=sqrt(I/mu);

// e q u i l i b r i um i n t e r n u c l e a r d i s t a n c e (m)
10

11 // ( i i ) f o r c e c on s t an t o f mo l e cu l e
12 v0=(v1+v2)/2;

// Cen t r a l f r e qu en cy (Hz )
13 k=4*mu*(%pi*v0)^2;

// Force c on s t an t o f CH mo l e cu l e (N/m)
14

15 printf(”\n ( i ) e q u i l i b r i um s e p a r a t i o n = %. 2 e meter \n
( i i ) f o r c e c on s t an t = %. 0 f N/m”,r,k);

Scilab code Exa 5.5.14 Ex 14

1 // v a r i a b l e i n i t i a l i z a t i o n
2 k=448

// f o r c e c on s t an t o f CH mo l e cu l e (N/m)
3 mu =4.002*10^ -27;

// reduced mass o f CH mo l e cu l e ( kg )
4 r=0.112*10^ -9;

// i n t e r n u c l e a r d i s t a n c e (m)
5 h=6.6*10^ -34;
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//Plank ’ s c on s t an t ( j o u l e s econd )
6

7 // Ca l c u l a t i o n o f peak f r e q u e n c i e s
8 v0 =(1/(2* %pi))*sqrt(k/mu);

// c e n t r a l f r e qu en cy ( s−1)
9 I=mu*r^2;

//moment o f i n e r t i a o f mo l e cu l e ( kg mˆ2)
10 x=h/(4* %pi ^2*I);

// a d d i t i o n a l f r e qu en cy ( s−1)
11 v1=v0+x;

// peak f r e qu en cy (Hz )
12 v2=v0-x;

// peak f r e qu en cy (Hz )
13

14 printf(”\n Peak f r e q u e n c i e s = %. 3 e Hz , %. 3 e Hz”,v1 ,
v2);

Scilab code Exa 5.5.15 Ex 15

1 // v a r i a b l e i n i t i a l i z a t i o n
2 v1 =2174.07

// peak wave number (cm−1)
3 v2 =2166.35

// peak wave number (cm−1)
4 h=6.6*10^ -34;

//Plank ’ s c on s t an t ( j o u l e s econd )
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5 c=3*10^8;

// Speed o f l i g h t (m/ s )
6 mu =1.145*10^ -26;

//Reduced mass o f CO mo l e cu l e ( kg )
7

8 // ( a ) c e n t r a l f r e qu en cy
9 B=(v1 -v2)/4;

// Ro t a t i o n a l c on s t an t (cm−1)
10 v0=(v1+v2)/2;

// Cen t r a l f r e qu en cy (cm−1)
11

12 // ( b ) i n t e r n u c l e a r d i s t a n c e
13 I=h/(8* %pi ^2*B*100*c);

//moment o f i n e r t i a o f mo l e cu l e ( kg mˆ2)
14 r=sqrt(I/mu)*10^10;

// e q u i l i b r i um i n t e r n u c l e a r d i s t a n c e ( )
15

16 // ( c ) f o r c e c on s t an t
17 k=4*mu*(%pi*c*v0 *100) ^2;

// f o r c e c on s t an t (N/m)
18

19 printf(”\n ( a ) c e n t r a l f r e qu en cy = %. 2 f cm−1\n ( b )
i n t e r n u c l e a r d i s t a n c e = %. 2 f \n ( c ) f o r c e
c on s t an t = %. 0 f N/m”,v0 ,r,k);

Scilab code Exa 5.5.16 Ex 16

1 // v a r i a b l e i n i t i a l i z a t i o n
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2 mu =3.142*10^ -27;

// reduced mass o f the mo l e cu l e ( kg )
3 r=1.288*10^ -10;

// i n t e r n u c l e a r d i s t a n c e (m)
4 h=6.6*10^ -34;

//Plank ’ s c on s t an t ( j o u l e s econd )
5 c=3*10^8;

// Speed o f l i g h t (m/ s )
6 v0 =201100

// c e n t r a l f r e qu en cy (m−1)
7

8 // Ca l c u l a t i o n
9 I=mu*r^2;

//moment o f i n e r t i a o f mo l e cu l e ( kg mˆ2)
10 B=h/(8* %pi ^2*I*c);

// Ro t a t i o n a l c on s t an t (m−1)
11 vR0=v0+(2*B);

//wave no . o f 1 s t l i n e o f R−branch (m−1)
12 vR1=v0+(4*B);

//wave no . o f 2nd l i n e o f R−branch (m−1)
13 vP1=v0 -(2*B);

//wave no . o f 1 s t l i n e o f P−branch (m−1)
14 vP2=v0 -(4*B);

//wave no . o f 2nd l i n e o f P−branch (m−1)
15

16 printf(”\n V R (0 ) = %. 0 f m−1\n V R (1 ) = %. 0 f m−1\n
V P ( 1 ) = %. 0 f m−1\n V P ( 2 ) = %. 0 f m−1”,vR0 ,vR1 ,
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vP1 ,vP2);

Scilab code Exa 5.5.17 Ex 17

1 // v a r i a b l e i n i t i a l i z a t i o n
2 mu =1.62*10^ -27;

// reduced mass o f HCl mo l e cu l e ( kg )
3 r=1.293*10^ -10;

// i n t e r n u c l e a r d i s t a n c e (m)
4 h=6.6*10^ -34;

//Plank ’ s c on s t an t ( j o u l e s econd )
5 c=3*10^8;

// Speed o f l i g h t (m/ s )
6

7 // Ca l c u l a t i o n o f s e p a r a t i o n between l i n e s R( 0 ) and P
( 1 ) o f the fundamenta l band o f HCl 35

8 I=mu*r^2;

//moment o f i n e r t i a o f mo l e cu l e ( kg mˆ2)
9 B=h/(8* %pi ^2*I*c);

// Ro t a t i o n a l c on s t an t (m−1)
10 sep =4*B;

// s e p a r a t i o n b/w l i n e s R( 0 ) and P( 1 ) (m−1)
11

12 printf(”\ n = %. 0 f m−1”,sep);

Scilab code Exa 5.5.18 Ex 18
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1 // v a r i a b l e i n i t i a l i z a t i o n
2 a=214.6*100;

// (m−1)
3 b=0.6*100;

// (m−1)
4 h=6.6*10^ -34;

//Plank ’ s c on s t an t ( j o u l e s econd )
5 c=3*10^8;

// Speed o f l i g h t (m/ s )
6 no=1/(%e);

//number o f mo l e c u l e s i n s t a t e with r e s p e c t to
ground s t a t e

7 k=1.38*10^ -23;

//Boltzmann con s t an t ( J K−1)
8

9 // Ca l c u l a t i o n
10 deltaE=h*c*(a-2*b);

// d i f f e r e n c e i n the e n e r g i e s o f s t a t e 0 and s t a t e
1 ( J )

11 T1=deltaE/k;

// t empera tu r e at which number o f mo l e c u l e s i n
s t a t e 1 i s 1/ e t imes o f s t a t e 0 (K)

12 T2=deltaE /(k*log (10));

// t empera tu r e at which number o f mo l e c u l e s i n
s t a t e 1 i s 10% o f s t a t e 0 (K)

13

14 printf(”n ( i ) T = %. 0 f K\n ( i i ) T = %. 0 f K”,T1 ,T2);
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Scilab code Exa 5.5.19 Ex 19

1 // v a r i a b l e i n i t i a l i z a t i o n
2 vexc =4358*10^ -10;

// wave l ength o f e x c i t i n g l i n e (m)
3 vsto =4458*10^ -10;

// wave l ength o f S toke s l i n e (m)
4

5 // c a l c u l a t i o n o f wave l ength o f Anti−s t o k e s l i n e
6 vbar_exc =1/ vexc;

//wave number o f e x c i t i n g l i n e (m−1)
7 vbar_sto =1/ vsto;

//wave number o f S toke s l i n e (m−1)
8 delta_vbar=vbar_exc -vbar_sto;

//Raman s h i f t (m−1)
9 vbar_antistoke=vbar_exc+delta_vbar;

//
Wave number o f Anti−Stoke s l i n e (m−1)

10 lembda_antistoke =(1/ vbar_antistoke)*10^10;

//Wavelength
o f Anti−Stoke s l i n e ( )

11

12 printf(”\ nwave length o f Anti−s t o k e s l i n e = %. 1 f ”,
lembda_antistoke);

Scilab code Exa 5.5.20 Ex 20
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1 // v a r i a b l e i n i t i a l i z a t i o n
2 h=6.62*10^ -34;

//Plank ’ s c on s t an t ( j o u l e s econd )
3 c=3*10^8;

// Speed o f l i g h t (m/ s )
4 x=62.4*100;

// (m−1)
5 y=41.6*100;

// (m−1)
6

7 // c a l c u l a t i o n o f the moment o f i n e r t i a o f HCl
mo l e cu l e

8 B=y/4;

// Ro t a t i o n a l c on s t an t o f HCl (m−1)
9 I=h/(8* %pi ^2*B*c);

//Moment o f i n e r t i a ( kg mˆ2)
10

11 printf(”\n I = %. 1 e kg mˆ2”,I);

Scilab code Exa 5.5.21 Ex 21

1 // f u n c t i o n f o r c a l c u l a t i n g the v i b r a t i o n a l ene rgy o f
O2 mo l e cu l e

2 function[energy ]=F(v)

3 energy =(((v+.5)*a) -(((v+.5) ^2)*b))*h*c;

4 endfunction

5

6 // v a r i a b l e i n i t i a l i z a t i o n
7 h=6.62*10^ -34;
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//Plank ’ s c on s t an t ( j o u l e s econd )
8 c=3*10^8;

// Speed o f l i g h t (m/ s )
9 a=1580.36*100;

// va lu e o f e (m−1)
10 b=12.07*100;

// va lu e o f exe (m−1)
11

12 // Ca l c u l a t i o n o f z e r o po i n t ene rgy
13 E0=F(0);

// Zero po i n t ene rgy o f the mo l e cu l e ( J )
14

15 // Ca l c u l a t i o n o f v i b r a t i o n a l Raman s h i f t
16 shift=(F(1)-F(0))/(h*c);

// Expected v i b r a t i o n a l Raman s h i f t (m−1)
17

18 printf(”\ nZero po i n t ene rgy = %. 3 e J\ nExpected
v i b r a t i o n a l Raman s h i f t = %. 0 f m−1”,E0 ,shift);
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