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

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

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

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

Interference of Light

Scilab code Exa 1.1 calculation of position of zero order and twentieth order fringe

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 1
5 // c a l c u l a t i o n o f p o s i t i o n o f z e r o o r d e r and

t w e n t i e t h o r d e r f r i n g e
6 // g i v e n data
7 lambda =6000; // wave l ength ( i n Armstrong ) o f l i g h t
8 lambda1 =5000; //new wave l ength ( i n Armstrong ) o f

l i g h t
9 n=10; // o r d e r o f maxima
10 n1=20; // o r d e r o f maxima
11 D=1; // assuming D=1 f o r s i m p l i c i t y o f c a l c u l a t i o n
12 d=1; // assuming d=1 f o r s i m p l i c i t y o f c a l c u l a t i o n
13 y0 =12.34; // p o s i t i o n o f z e r o o r d e r maxima
14 y10 =14.73; // p o s i t i o n o f t en th o r d e r maxima
15 // c a l c u l a t i o n
16 y_bn=y10 -y0; // d i f f e r e n c e between p o s i t i o n o f t en th

o r d e r maxima and z e r o o r d e r maxima ( i n mm)
17 y_bn_dash=y_bn*(n1*lambda1 *(D/d))/(n*lambda *(D/d));

// p o s i t i o n o f c e n t r a l b r i g h t f r i n g e ( i n mm)
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18 y0_dash=y0; // p o s i t i o n ( i n mm) o f z e r o o r d e r f r i n g e
19 y_b20_dash=y0_dash+y_bn_dash; // p o s i t i o n ( i n mm) o f

t w e n t i e t h o r d e r f r i n g e
20 printf( ’ \ n p o s i t i o n o f z e r o o r d e r f r i n g e i s %0 . 2 f mm’

,y0_dash)

21 printf( ’ \ n p o s i t i o n o f t w e n t i e t h o r d e r f r i n g e i s %0 . 2
f mm’ ,y_b20_dash)

22 // the answers vary due to round o f f e r r o r

Scilab code Exa 1.2 calculation of wavelength of light used in Fresnel biprism experiment

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 2
5 // c a l c u l a t i o n o f wave l ength o f l i g h t used i n F r e s ne l

’ s b i p r i s m exper iment
6 // g i v e n data
7 W=0.196; // f r i n g e width ( i n mm)
8 D=1.00*10^3; // d i s t a n c e from the s l i t ( i n mm)
9 // i n the code s below , Dn+m i s c o n s i d e r e d as D n1
10 d1 =6.00; // s e p a r a t i o n between images when convex

l e n s was p l a c e d at one p l a c e between b i p r i s m and
eye p i e c e ( i n mm)

11 d2=1.5; // s e p a r a t i o n between images when convex l e n s
was p l a c e d at ano the r p l a c e between b i p r i s m and

eye p i e c e ( i n mm)
12 // c a l c u l a t i o n
13 d=sqrt(d1*d2); // a c t u a l s e p a r a t i o n ( i n mm)
14 format (16)

15 lambda =(W*d)/D; // wave l ength ( i n mm) o f l i g h t
16 disp(lambda *10^7 , ’ wave l ength ( i n Armstrong ) o f l i g h t

i s ’ )
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Scilab code Exa 1.3 calculation of separation of the coherent slit images and fringe width

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 3
5 // c a l c u l a t i o n o f ( i ) s e p a r a t i o n o f the c o h e r e n t s l i t

images ( i i ) f r i n g e width
6 // g i v e n data
7 lambda =5893*10^ -10; // wave l ength ( i n m)
8 mu =1.50; // r e f r a c t i v e index o f b i p r i s m
9 alpha1 =1.04; // r e f r a c t i n g a n g l e ( i n d e g r e e s )

10 alpha2 =1.23; // r e f r a c t i n g a n g l e ( i n d e g r e e s )
11 b=56.1; // d i s t a n c e ( i n cm) o f f o c a l p l a n e s o f

e y e p i e c e from the b i p r i s m
12 a=12.4; // d i s t a n c e ( i n cm) from s l i t to the b i p r i s m
13 // c a l c u l a t i o n
14 d=a*(mu -1)*( alpha1+alpha2)/180*3.14; // s e p a r a t i o n o f

c o h e r e n t s l i t images ( i n cm)
15 D=(a+b); // d i s t a n c e from s l i t ( i n cm)
16 W=( lambda*D*10^ -2)/(d*10^ -2); // f r i n g e width ( i n m)
17 printf(”\ n s e p a r a t i o n o f c o h e r e n t s l i t images i s %0 . 4

f cm”,d)
18 printf(”\ n f r i n g e width i s %0 . 4 f mm”,W*10^3)

Scilab code Exa 1.5 calculation of refractive index of the film material

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 5
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5 // c a l c u l a t i o n o f r e f r a c t i v e index o f the f i l m
m a t e r i a l

6 // g i v e n data
7 t=6.3*10^ -4*10^ -2; // t h i c k n e s s o f t h i n s h e e t o f mica

( i n m)
8 lambda= 5460*10^ -10; // wave l ength o f l i g h t ( i n m)
9 n=6; // s i x t h b r i g h t f r i n g e
10 // c a l c u l a t i o n
11 mu=1+(n*lambda)/t; // r e f r a c t i v e index o f the f i l m

m a t e r i a l
12 disp(mu, ’ r e f r a c t i v e index o f the f i l m m a t e r i a l i s ’ )

Scilab code Exa 1.6 calculation of shift of fringe system and whether shift is towards A or B

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 6
5 // c a l c u l a t i o n o f s h i f t o f f r i n g e system
6 // g i v e n data
7 lambda =5893; // wave l ength o f sodium l i g h t
8 W=0.347; // f r i n g e width ( i n mm)
9 tA =0.016; // t h i c k n e s s o f s h e e t A ( i n mm)
10 tB =0.02; // t h i c k n e s s o f s h e e t B ( i n mm)
11 muA =1.65; // r e f r a c t i v e index o f s h e e t A
12 muB =1.45; // r e f r a c t i v e index o f s h e e t B
13 // c a l c u l a t i o n
14 xA=(muA -1)*tA; // path d i f f e r e n c e i n t r o d u c e d by f i l m

A ( i n mm)
15 xB=(muB -1)*tB; // path d i f f e r e n c e i n t r o d u c e d by f i l m

B ( i n mm)
16 n=(xA-xB)/( lambda *10^ -7); // number o f f r i n g e
17 s=n*W; // s h i f t i n f r i n g e system ( i n mm)
18 printf(”\ n s h i f t i n f r i n g e system i s %0 . 3 f mm”,s)
19 if xA>xB then
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20 disp(” p a t t e r n w i l l s h i f t towards A”)
21 else

22 disp(” p a t t e r n w i l l s h i f t towards B”)
23 end

Scilab code Exa 1.7 calculation of thickness of a plate

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 7
5 // c a l c u l a t i o n o f t h i c k n e s s o f a p l a t e
6 // g i v e n data
7 lambda =6000*10^ -10; // wave l ength ( i n m) o f l i g h t
8 mu =1.50; // r e f r a c t i v e index o f g l s s p l a t e
9 n=6; // s i x t h b r i g h t f r i n g e

10 // c a l c u l a t i o n
11 t=(n*lambda)/(mu -1); // t h i c k n e s s ( i n m) o f the p l a t e
12 printf(”\ n t h i c k n e s s o f the p l a t e i s %1 . 4 f mm”,t

*10^3)

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

Scilab code Exa 1.8 calculation of fringe width

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 8
5 // c a l c u l a t i o n o f f r i n g e width
6 // g i v e n data
7 lambda= 6000*10^ -10; // wave l ength ( i n m) o f

monochromatic l i g h t
8 L=0.15; // d i s t a n c e ( i n m) from the edge o f the wedge
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9 h=0.03*10^ -3; // d iamete r o f w i r e ( i n m)
10 mu=1; // r e f r a c t i v e index o f a i r
11 // c a l c u l a t i o n
12 W=( lambda*L)/h; // f r i n g e width ( i n m)
13 printf( ’ \ n f r i n g e width i s %1 . 0 e m’ ,W)

Scilab code Exa 1.9 calculation of wavelength of light used

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 9
5 // c a l c u l a t i o n o f wave l ength o f l i g h t used
6 // g i v e n data
7 mu=1.4; // r e f r a c t i v e index o f wedge
8 theta =40; // a n g l e o f wedge ( i n s e c o n d s )
9 W=1.25*10^ -3; // d i s t a n c e between s u c c e s s i v e f r i n g e s

( i n m)
10 // c a l c u l a t i o n
11 lambda =2*mu*(theta *3.14) /(3600*180)*W; // wave l ength

o f l i g h t used ( i n m)
12 printf( ’ \ nwave length o f l i g h t used i s %1 . 0 e m’ ,

lambda)

Scilab code Exa 1.10 calculation of depth of scratches

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 1 0
5 // c a l c u l a t i o n o f depth o f s c r a t c h e s
6 // g i v e n data
7 lambda =5350*10^ -10; // wave l ength ( i n m) o f l i g h t
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8 // c a l c u l a t i o n
9 t=4/10* lambda /2; // depth ( i n m) o f s c r a t c h e s
10 printf(”\ndepth o f s c r a t c h e s i s %0 . 1 f micrometer ”,t

*10^6)

Scilab code Exa 1.11 calculation of thickness of film

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 1 1
5 // c a l c u l a t i o n o f t h i c k n e s s o f f i l m
6 // g i v e n data
7 lambda1 =6.1*10^ -5; // wave l ength ( i n cm) o f l i g h t
8 lambda2 =6*10^ -5; // wave l ength ( i n cm) o f l i g h t
9 mu=4/3; // r e f r a c t i v e index f o r f i l m

10 i=asin (4/5); // a n g l e o f i n c i d e n c e
11 // c a l c u l a t i o n
12 t=( lambda1*lambda2)/(lambda1 -lambda2)*1/(2* sqrt(mu

^2-sin(i)^2))

13 printf( ’ \ n t h i c k n e s s o f f i l m i s %0 . 4 f cm ’ ,t)

Scilab code Exa 1.12 calculation of wavelengths which will be in visible region

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 1 2
5 // c a l c u l a t i o n o f wave l eng th s which w i l l be i n

v i s i b l e r e g i o n (4000 Armstrong−8000 Armstrong )
6 // g i v e n data
7 t=5*10^ -7; // t h i c k n e s s ( i n m) o f f i l m o f soapy water
8 mu =1.33; // r e f r a c t i v e index o f soapy water
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9 r=0; // a n g l e ( i n d e g r e e s ) at which whi te l i g h t f a l l s
on a f i l m o f soapy water

10 n1=1; // 1 s t o r d e r
11 n2=2; // 2nd o r d e r
12 n3=3; // 3 rd o r d e r
13 n4=4; // 4 th o r d e r
14 // c a l c u l a t i o n
15 lambda1 =(2*mu*t*cosd(r))/(n1 -1/2); // wave l ength ( i n

m) o f l i g h t i n 1 s t o r d e r
16 lambda2 =(2*mu*t*cosd(r))/(n2 -1/2); // wave l ength ( i n

m) o f l i g h t i n 2nd o r d e r
17 lambda3 =(2*mu*t*cosd(r))/(n3 -1/2); // wave l ength ( i n

m) o f l i g h t i n 3 rd o r d e r
18 lambda4 =(2*mu*t*cosd(r))/(n4 -1/2); // wave l ength ( i n

m) o f l i g h t i n 4 th o r d e r
19 printf(”\ nwave length o f l i g h t i n 1 s t o r d e r i s %d

Armstrong ”,lambda1 *10^10)
20 printf(”\ nwave length o f l i g h t i n 2nd o r d e r i s %d

Armstrong ”,lambda2 *10^10)
21 printf(”\ nwave length o f l i g h t i n 3 rd o r d e r i s %d

Armstrong ”,lambda3 *10^10)
22 printf(”\ nwave length o f l i g h t i n 4 th o r d e r i s %d

Armstrong ”,lambda4 *10^10)
23 printf(”\namongst the s e , the wave l ength which f a l l s

i n the v i s i b l e r e g i o n (4000−8000) Armstrong i s
5319 Armstrong ”)

24 // the second and t h i r d wave l ength vary due to round
o f f e r r o r

Scilab code Exa 1.15 calculation of wavelength of light

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 1 5
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5 // c a l c u l a t i o n o f wave l ength o f l i g h t
6 // g i v e n data
7 del_h =2.2*10^ -6; // d i s t a n c e ( i n m) r a i s e d by the

l e n s
8 n_dash =15; // f i f t e e n t h b r i g h t r i n g
9 n=7; // s even th b r i g h t r i n g
10 // c a l c u l a t i o n
11 lambda =(2* del_h)/(n_dash -n); // wave l ength ( i n m) o f

l i g h t
12 printf(”\ nwave length o f l i g h t used i s %d Armstrong ”,

lambda *10^10)

Scilab code Exa 1.16 calculation of new radius of ring when lens is raised

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 1 6
5 // c a l c u l a t i o n o f new r a d i u s o f r i n g when l e n s i s

r a i s e d
6 // g i v e n data
7 R=40; // r a d i u s o f c u r v a t u r e o f l e n s ( i n cm)
8 r_dn =2.5; // r a d i u s o f r i n g ( i n mm)
9 del_h =5.0; // d i s t a n c e o f l e n s r a i s e d from p l a t e ( i n

micrometer )
10 // c a l c u l a t i o n
11 r_d1n=sqrt(r_dn ^2-2* del_h *10^ -3*R*10^1); //new

r a d i u s o f r i n g ( i n mm)
12 disp(r_d1n , ’ new r a d i u s ( i n mm) o f r i n g when l e n s i s

r a i s e d i s ’ )

Scilab code Exa 1.17 calculation of radius of curvature of lens and thickness of air film at the ring
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1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 1 7
5 // c a l c u l a t i o n o f r a d i u s o f c u r v a t u r e o f l e n s and

t h i c k n e s s o f a i r f i l m at the r i n g
6 // g i v e n data
7 lambda =5.9*10^ -5; // wave l ength o f l i g h t ( i n cm)
8 D_d10 =0.50; // d iamete r o f t en th r i n g ( i n cm)
9 n=10; // number o f dark t i n g
10 // c a l c u l a t i o n
11 R=(D_d10 ^2) /(4*n*lambda); // r a d i u s o f c u r v a t u r e o f

l e n s ( i n cm)
12 t_dn=(n*lambda)/2; // t h i c k n e s s o f the a i r f i l m at

the l e n s ( i n cm)
13 printf( ’ \ n r a d i u s o f c u r v a t u r e o f l e n s i s %0 . 1 f cm ’ ,R

)

14 printf( ’ \ n t h i c k n e s s o f f i l m at the r i n g i s %1 . 2 e cm ’
,t_dn)

Scilab code Exa 1.18 calculation of the order of the dark ring which will have double the diameter of that of the twentieth dark ring

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 1 8
5 // c a l c u l a t i o n o f the o r d e r o f the dark r i n g which

w i l l have doub le the d i amete r o f tha t o f the 20 th
dark r i n g

6 D_nsq =1; // assuming the squa r e o f the d i amete r o f
nth r i n g to be 1 f o r s i m p l i c i t y o f c a l c u l a t i o n

7 D_20sq =( D_nsq)/4; // g i v e n tha t nth dark r i n g which
w i l l have doub le the d i amete r o f tha t o f the 20 th
dark r i n g ( D 20sq i s s qua r e o f the d i amete r o f

20 th r i n g and D nsq i s s qua r e o f the d i amete r o f
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nth r i n g )
8 n_20 =20; // o r d e r o f the 20 th r i n g
9 // from the fo rmu la D n=s q r t (4∗n∗ lambda∗R) , D nsq i s

d i r e c t l y p r o p o r t i o n a l to n
10 n=n_20*( D_nsq)/( D_20sq); // o r d e r o f the dark r i n g

which w i l l have doub le the d i amete r o f tha t o f
the 20 th dark r i n g

11 printf(”\ norde r o f the dark r i n g which w i l l have
doub le the d i amete r o f tha t o f the 20 th dark r i n g

i s %d”,n)

Scilab code Exa 1.19 calculation of n and diameter of the ring

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 1 9
5 // c a l c u l a t i o n o f n and d iamete r o f the r i n g
6 // g i v e n data
7 lambda1 =6560; // f i r s t wave l ength o f l i g h t ( i n

Armstrong )
8 lambda2 =5248; // second wave l ength o f l i g h t ( i n

Armstrong )
9 R=0.8; // r a d i u s o f c u r v a t u r e ( i n m)

10 // c a l c u l a t i o n
11 n=lambda2 /(lambda1 -lambda2); // number o f dark r i n g
12 D_n=sqrt (4*n*lambda1 *10^ -10*R); // d iamete r o f the

r i n g ( i n m)
13 disp(n, ’ n i s ’ )
14 printf(”\ nd iamete r o f r i n g i s %0 . 3 f mm”,D_n *10^3)

Scilab code Exa 1.20 calculation of diameter of 25th and 37th bright rings and wavelength of light
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1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 2 0
5 // c a l c u l a t i o n o f d i amete r o f 25 th and 37 th b r i g h t

r i n g s and wave l ength o f l i g h t
6 // g i v e n data
7 D_n =0.314; // d iamete r o f 5 th b r i g h t r i n g ( i n cm)
8 D_n1 =0.584; // d iamete r o f 16 th b r i g h t r i n g ( i n cm)
9 R=120; // r a d i u s o f c u r v a t u r e ( i n cm)
10 n=5; // number o f b r i g h t r i n g
11 n1=16; // number o f b r i g h t r i n g
12 n2=25; // number o f b r i g h t r i n g
13 n3=37; // number o f b r i g h t r i n g
14 // c a l c u l a t i o n
15 m=n1 -n; // d i f f e r e n c e between the number o f b r i g h t

r i n g s
16 lambda =(D_n1^2-D_n^2) /(4*m*R); // wave l ength o f l i g h t

used ( i n cm)
17 r_b25=sqrt((n2 -1/2)*lambda*R); // d iamete r o f 25 th

r i n g ( i n cm)
18 r_b37=sqrt((n3 -1/2)*lambda*R); // d iamete r o f 37 th

r i n g ( i n cm)
19 printf( ’ \ nwave length o f l i g h t used i s %0 . 2 f

Armstrong ’ ,lambda *10^8)
20 printf( ’ \ nd iamete r o f 25 th r i n g i s %0 . 2 f mm’ ,r_b25

*10)

21 printf( ’ \ nd iamete r o f 37 th r i n g i s %0 . 2 f mm’ ,r_b37
*10)

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

Scilab code Exa 1.21 calculation of wavelength of light used

1 clc;clear;

2 //OS windows 7
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3 // s c i l a b 6 . 0 . 1
4 // example 1 . 2 1
5 // c a l c u l a t i o n o f wave l ength o f l i g h t used
6 // g i v e n data
7 D15 =0.59; // d iamete r o f 15 th r i n g ( i n cm)
8 D5 =0.336; // d iamete r o f 5 th r i n g ( i n cm)
9 R=100; // r a d i u s o f c u r v a t u r e ( i n cm)
10 n=15; // f i f t e e n t h r i n g
11 n1=5; // f i f t h r i n g
12 // c a l c u l a t i o n
13 m=n-n1; // d i f f e r e n c e between the number o f r i n g s
14 lambda =(D15^2-D5^2) /(4*R*m); // wave l ength o f l i g h t

used ( i n cm)
15 printf( ’ \ nwave length o f l i g h t i s %d Armstrong ’ ,

lambda *10^8)

16 // answer v a r i e s due to round o f f e r r o r

Scilab code Exa 1.22 calculation of diameter of 20th ring and order of dark ring when thickness is equal to wavelength

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 2 2
5 // c a l c u l a t i o n o f d i amete r o f 20 th r i n g and o r d e r o f

dark r i n g when t h i c k n e s s i s e q u a l to wave l ength
6 // g i v e n data
7 n=4; // f o u r t h r i n g
8 n1=12; // s even th r i n g
9 D_n =0.4; // d iamete r ( i n cm) o f 4 th r i n g
10 D_n1 =0.7; // d iamete r ( i n cm) o f 12 th r i n g
11 t_n =1; // assuming t h i c k n e s s to be 1 f o r s i m p l i c i t y

o f c a l c u l a t i o n
12 lambda =1; // assuming wave l ength to be 1 f o r

s i m p l i c i t y o f c a l c u l a t i o n
13 // c a l c u l a t i o n
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14 m=n1 -n; // d i f f e r e n c e between the number o f r i n g s
15 lambdaR =(D_n1^2-D_n^2) /(4*m); // f o r s i m p l i c i t y o f

c a l c u l a t i o n lamnbda∗R i s taken as one v a r i a b l e
16 n2=20; // t w e n t i e t h r i n g
17 D_20d=sqrt (4*n2*lambdaR); // d iamete r ( i n cm) o f

t w e n t i e t h r i n g
18 n=(2* t_n)/lambda; // o r d e r o f dark r i n g when

t h i c k n e s s i s e q u a l to wave l ength
19 printf( ’ \ nd iamete r o f t w e n t i e t h r i n g i s %0 . 2 f cm ’ ,

D_20d)

20 printf( ’ \ norde r o f dark r i n g i s %d ’ ,n)
21 // answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 1.23 calculation of wavelength of light used

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 2 3
5 // c a l c u l a t i o n o f wave l ength o f l i g h t used
6 // g i v e n data
7 D_n =4.2*10^ -3; // d iamete r o f nth dark r i n g ( i n m)
8 D_n_plus_10 =7.0*10^ -3; // d iamete r o f ( n+10) th dark

r i n g ( i n m)
9 R=2; // r a d i u s o f c u r v a t u r e ( i n m)

10 // c a l c u l a t i o n
11 m=10;

12 lambda =(( D_n_plus_10 ^2) -(D_n^2))/(4*m*R); //
wave l ength o f l i g h t used ( i n m)

13 disp(lambda *10^10 , ’ Wavelength o f l i g h t ( i n Armstrong
) used i s ’ )

Scilab code Exa 1.24 calculation of radius of curvature of lens
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1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 2 4
5 // c a l c u l a t i o n o f r a d i u s o f c u r v a t u r e o f l e n s
6 // g i v e n data
7 lambda =5*10^ -7; // wave l ength o f l i g h t ( i n m)
8 D_10d =0.5*10^ -2; // d iamete r o f 10 th dark r i n g ( i n m)
9 n=10; // number o f dark r i n g

10 // c a l c u l a t i o n
11 R=D_10d ^2/(4*n*lambda); // r a d i u s o f c u r v a t u r e ( i n m)
12 disp(R, ’ r a d i u s o f c u r v a t u r e ( i n m) i s ’ )

Scilab code Exa 1.25 calculation of refractive index of a liquid

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 2 5
5 // c a l c u l a t i o n o f r e f r a c t i v e index o f a l i q u i d
6 // g i v e n data
7 lambda =5890; // wave l ength o f r e f l e c t e d l i g h t ( i n

Armstrong )
8 n=5; // number o f dark r i n g
9 D_n =0.32; // d iamete r o f 5 th r i n g ( i n cm)
10 R=1.20; // r a d i u s o f c u r v a t u r e ( i n m)
11 // c a l c u l a t i o n
12 mu=(4*n*lambda *10^ -10*R)/(D_n *10^ -2) ^2; // r e f r a c t i v e

index o f the l i q u i d
13 printf(”\ n r e f r a c t i v e index o f the l i q u i d i s %0 . 2 f ”,

mu)

Scilab code Exa 1.26 calculation of diameter of nth ring
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1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 2 6
5 // c a l c u l a t i o n o f d i amete r o f nth r i n g
6 // g i v e n data
7 lambda1 =6000*10^ -10; // wave l ength ( i n m)
8 lambda2 =4500*10^ -10; // ano the r wave l ength ( i n m)
9 R=0.9; // r a d i u s o f c u r v a t u r e ( i n m)
10 // c a l c u l a t i o n
11 n=4* lambda2*R/(4* lambda1*R-4* lambda2*R); // o r d e r o f

r i n g
12 D=sqrt (4*n*lambda1*R); // d iamete r ( i n m) o f nth r i n g
13 printf( ’ \ nd iamete r o f nth r i n g i s %0 . 4 f cm ’ ,D*10^2)
14 //The answers vary due to round o f f e r r o r

Scilab code Exa 1.27 calculation of distance between 10th and 20th rings

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 2 7
5 // c a l c u l a t i o n o f d i s t a n c e between 10 th and 20 th

r i n g s
6 // g i v e n data
7 R1=1.0; // r a d i u s o f c u r v a t u r e ( i n m)
8 R2=1.0; // ano the r r a d i u s o f c u r v a t u r e ( i n m)
9 lambda =600*10^ -9; // wave l ength o f l i g h t ( i n m)
10 n=10; // o r d e r o f r i n g
11 n_dash =20; // o r d e r o f r i n g
12 // c a l c u l a t i o n
13 r10=sqrt((n*lambda*R1*R2)/(R1+R2)); // r a d i u s ( i n m)

o f 10 th r i n g
14 r20=sqrt(( n_dash*lambda*R1*R2)/(R1+R2)); // r a d i u s (

i n m) o f 20 th r i n g
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15 d=r20 -r10; // d i f f e r e n c e between 10 th and 20 th r i n g s
( i n m)

16 printf( ’ \ n d i f f e r e n c e between 10 th and 20 th r i n g s i s
%0 . 3 f mm’ ,d*10^3)

Scilab code Exa 1.29 calculation of diameter of nth dark ring

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 2 9
5 // c a l c u l a t i o n o f d i amete r o f nth dark r i n g
6 // g i v e n data
7 lambda1 =6000*10^ -10; // wave l ength ( i n m) o f l i g h t
8 lambda2 =5000*10^ -10; // wave l ength ( i n m) o f l i g h t
9 R=0.90; // r a d i u s o f c u r v a t u r e ( i n m)
10 // c a l c u l a t i o n
11 n=( lambda2*R)/(( lambda1 -lambda2)*R); // o r d e r o f dark

r i n g
12 D_n=sqrt (4*n*lambda1*R); // d iamete r ( i n m) o f nth

r i n g
13 printf(”\nThe d iamete r o f nth r i n g i s %0 . 3 f mm”,D_n

*10^3)

14 // the answers vary due to round o f f e r r o r

Scilab code Exa 1.31 calculation of difference of squares of diameters of successive rings if wavelength is changed AND liquid of refractive index is introduced AND plane glass plate is replaced by planoconcave lens AND plane glass plate is replaced by planoconvex lens

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 3 1
5 // c a l c u l a t i o n o f d i f f e r e n c e o f s q u a r e s o f d i a m e t e r s

o f s u c c e s s i v e r i n g s i f ( a ) wave l ength o f l i g h t i s
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changed to 4.5∗10ˆ−5 cm ( b ) l i q u i d o f r e f r a c t i v e
index 1 . 3 3 i s i n t r o d u c e d between the l e n s and the

p l a t e ( c ) the p l ane g l a s s p l a t e i s r e p l a c e d by a
planocomcave l e n s o f r a d i u s o f c u r v a t u r e t w i c e

tha t o f the p lanoconvex l e n s ( d ) the p l ane g l a s s
p l a t e i s r e p l a c e d by p lanoconvex l e n s i d e n t i c a l
to one and put on the top o f i t

6 // g i v e n data
7 lambda1 =6*10^ -5; // wave l ength ( i n cm) o f l i g h t
8 lambda2 =4.5*10^ -5; //new wave l ength ( i n cm) o f l i g h t
9 D1sq_minus_D2sq =0.125; // d i f f e r e n c e o f s q u a r e s o f

d i a m e t e r s ( i n cmˆ2)
10 mu_liq =1.33; // r e f r a c t i v e index o f l i q u i d
11 mu=1; // r e f r a c t i v e index o f a i r
12 m=1; // d i f f e r e n c e between the number o f r i n g s
13 // c a l c u l a t i o n
14 // i n the codes , Dn+m i s c o n s i d e r e d as D1 and Dn as

D2
15 lambda4R =( D1sq_minus_D2sq*mu)/m; // assuming lambda4R

as one v a r i a b l e f o r s i m p l i c i t y o f c a l c u l a t i o n
16 D1sq_dash_minus_D2sq_dash_lambda2=D1sq_minus_D2sq*

lambda2/lambda1; // d i f f e r e n c e o f s q u a r e s o f
d i a m e t e r s o f s u c c e s s i v e r i n g s i f wave l ength o f
l i g h t i s changed ( i n cmˆ2)

17 D1sq_minus_D2sq_liquid=D1sq_minus_D2sq/mu_liq; //
d i f f e r e n c e o f s q u a r e s o f d i a m e t e r s o f s u c c e s s i v e
r i n g s i f l i q u i d o f r e f r a c t i v e index i s i n t r o d u c e d

( i n cmˆ2)
18 D1sq_dash_minus_D2sq_dash_R =2* lambda4R; // d i f f e r e n c e

o f s q u a r e s o f d i a m e t e r s o f s u c c e s s i v e r i n g s i f
r a d i u s o f c u r v a t u r e becomes t w i c e ( i n cmˆ2)

19 D1sq_dash_minus_D2sq_dash_t =1/2*( lambda4R); //
d i f f e r e n c e o f s q u a r e s o f d i a m e t e r s o f s u c c e s s i v e
r i n g s when t h i c k n e s s i s changed ( i n cmˆ2)

20 printf(”\n ( a ) d i f f e r e n c e o f s q u a r e s o f d i a m e t e r s o f
s u c c e s s i v e r i n g s i f wave l ength o f l i g h t i s
changed i s %0 . 3 f cmˆ2 ”,
D1sq_dash_minus_D2sq_dash_lambda2)
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21 printf(”\n ( b ) d i f f e r e n c e o f s q u a r e s o f d i a m e t e r s o f
s u c c e s s i v e r i n g s i f l i q u i d o f r e f r a c t i v e index i s

i n t r o d u c e d i s %0 . 3 f cmˆ2 ”,D1sq_minus_D2sq_liquid
)

22 printf(”\n ( c ) d i f f e r e n c e o f s q u a r e s o f d i a m e t e r s o f
s u c c e s s i v e r i n g s i f r a d i u s o f c u r v a t u r e becomes
t w i c e i s %0 . 3 f cmˆ2 ”,D1sq_dash_minus_D2sq_dash_R)

23 printf(”\n ( d ) d i f f e r e n c e o f s q u a r e s o f d i a m e t e r s o f
s u c c e s s i v e r i n g s when t h i c k n e s s i s changed i s %0
. 4 f cmˆ2 ”,D1sq_dash_minus_D2sq_dash_t)

Scilab code Exa 1.32 calculation of number of bright fringes

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 3 2
5 // c a l c u l a t i o n o f number o f b r i g h t f r i n g e s
6 // g i v e n data
7 lambda =589.00; // wave l ength ( i n nm) o f y e l l o w l i g h t
8 x=1.0000; // d i s t a n c e ( i n cm) moved by the m i r r o r
9 // c a l c u l a t i o n
10 n=round ((2*x*10^ -2)/( lambda *10^ -9)); // number o f

b r i g h t f r i n g e s
11 printf(”\ nthe number o f b r i g h t b r i n g e s a r e %d”,n)

Scilab code Exa 1.33 calculation of change in path length

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 3 3
5 // c a l c u l a t i o n o f change i n path l e n g t h

33



6 // g i v e n data
7 lambda =5000*10^ -10; // wave l ength ( i n m) o f l i g h t
8 n=50; // number o f f r i n g e s
9 // c a l c u l a t i o n
10 x=(n*lambda)/2; // change i n path l e n g t h ( i n m)
11 printf(”\nchnge i n path l e n g t h i s %1 . 4 f mm”,x*10^3)
12 // the answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 1.34 calculation of angular radius of 10th bright fringe and change of pathlength

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 3 4
5 // c a l c u l a t i o n o f ( i ) a n g u l a r r a d i u s o f 10 th b r i g h t

f r i n g e ( i i ) change o f p a t h l e n g t h
6 // g i v e n data
7 m=10; // t en th b r i g h t f r i n g e
8 lambda =5000*10^ -10; // wave l ength ( i n m) o f l i g h t
9 d=2.5*10^ -3; // d i f f e r e n c e i n the p a t h l e n g t h s ( i n m)

10 n=60; // number o f f r i n g e s
11 // c a l c u l a t i o n
12 theta=acosd (1-( lambda *(m-1))/(2*d)); // a n g u l a r

r a d i u s ( i n d e g r e e s )
13 del_d=n/2* lambda; // change o f p a t h l e n g t h ( i n m)
14 printf(”\n ( i ) a n g u l a r r a d i u s i s %0 . 2 f d e g r e e s ”,theta)
15 printf(”\n ( i i ) change o f pa th l engh i s %0 . 3 f mm”,del_d

*10^3)

Scilab code Exa 1.35 calculation of difference between wavelengths

1 clc;clear;

2 //OS windows 7
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3 // s c i l a b 6 . 0 . 1
4 // example 1 . 3 5
5 // c a l c u l a t i o n o f d i f f e r e n c e between wave l eng th s
6 // g i v e n data
7 x=0.02945*10^ -3; // d i s t a n c e ( i n m) moved by m i r r o r
8 lambda =5893*10^ -10; // wave l ength ( i n m) o f l i g h t
9 // c a l c u l a t i o n
10 del_lambda=lambda ^2/(2*x); // d i f f e r e n c e between

wave l eng th s ( i n m)
11 printf(”\ n d i f f e r e n c e between wave l eng th s i s %1 . 2 f

Armstrong ”,del_lambda *10^10)
12 // the answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 1.36 calculaton of wavelength of light

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 3 6
5 // c a l c u l a t o n o f wave l ength o f l i g h t
6 // g i v e n data
7 x=0.0589*10^ -3; // d i s t a n c e ( i n m) moved by the

m i r r o r
8 n=200; // number o f f r i n g e s
9 // c a l c u l a t i o n

10 lambda =(2*x)/n; // wave l ength ( i n m) o f l i g h t
11 printf(”\ nwave length o f l i g h t i s %d nm”,lambda *10^9)

Scilab code Exa 1.37 calculation of angular diameter of tenth bright fringe

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
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4 // example 1 . 3 7
5 // c a l c u l a t i o n o f a n g u l a r d i amete r o f t en th b r i g h t

f r i n g e
6 // g i v e n data
7 m=10; // t en th b r i g h t f r i n g e
8 lambda =5896*10^ -10; // wave l ength ( i n m) o f l e n g t h
9 d=3*10^ -3; // d i f f e r e n c e between path l e n g t h s
10 // c a l c u l a t i o n
11 theta=acosd (1-( lambda *(m-1))/(2*d)); // a n g u l a r

r a d i u s ( i n d e g r e e s )
12 twice_theta =2* theta; // a n g u l a r d i amete r ( i n d e g r e e s )
13 printf(”\ nangu la r d i amete r i s %0 . 2 f d e g r e e s ”,

twice_theta)

14 // the answers vary due to round o f f e r r o r

Scilab code Exa 1.38 calculation of pressure within the tube

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 3 8
5 // c a l c u l a t i o n o f p r e s s u r e w i t h i n the tube
6 // g i v e n data
7 l=5*10^ -2; // l e n g t h ( i n m) o f tube
8 lambda =589.3*10^ -9; // wave l ength ( i n m) o f sodium

l i g h t
9 n=10; // number o f f r i n g e s

10 // c a l c u l a t i o n
11 // g i v e n tha t r e f r a c t i v e index , mu=1+3∗10ˆ−4∗p , where

p i s p r e s s u r e i n atm
12 // from the fo rmu la 2∗ (mu−1)∗ l=n∗ lambda
13 p=(n*lambda -1+1) /(2*l*3*10^ -4); // p r e s s u r e ( i n atm )

w i t h i n the tube ( by r e p l a c i n g the v a l u e o f mu by
1+3∗10ˆ−4∗p )

14 printf(”\ n p r e s s u r e w i t h i n the tube i s %1 . 4 f atm”,p)
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Scilab code Exa 1.39 calculation of distance between successive positions of movable mirror

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 3 9
5 // c a l c u l a t i o n o f d i s t a n c e between s u c c e s s i v e

p o s i t i o n s o f movable m i r r o r
6 // g i v e n data
7 lambda1 =5896*10^ -10; // wave l ength ( i n m) o f l i g h t
8 lambda2 =5890*10^ -10; // ano the r wave l ength ( i n m) o f

l i g h t
9 // c a l c u l a t i o n
10 del_lambda=lambda1 -lambda2; // d i f f e r e n c e o f

wave l eng th s ( i n m)
11 d=( lambda1*lambda2)/(2* del_lambda); // d i s t a n c e

between s u c c e s s i v e p o s i t i o n s o f movable m i r r o r (
i n m)

12 printf(”\ n d i s t a n c e between s u c c e s s i v e p o s i t i o n s o f
movable m i r r o r i s %0 . 2 f Armstrong ”,d*10^10)

13 // the answer p rov id ed i n the book i s wrong

Scilab code Exa 1.40 calculation of distance to be moved by the mirror that fringes disappear

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 4 0
5 // c a l c u l a t i o n o f d i s t a n c e to be moved by the m i r r o r

tha t f r i n g e s d i s a p p e a r
6 // g i v e n data
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7 lambda1 =4882*10^ -10; // f i r s t wave l ength ( i n m) o f
l i g h t

8 lambda2 =4886*10^ -10; // second wave l ength ( i n m) o f
l i g h t

9 // c a l c u l a t i o n
10 lambda_av =( lambda1+lambda2)/2; // ave rage wave l ength

( i n m)
11 del_lambda=lambda2 -lambda1; // d i f f e r e n c e o f

wave l ength ( i n m)
12 d=lambda_av ^2/(4* del_lambda); // d i s t a n c e ( i n m) to

be moved by the m i r r o r tha t f r i n g e s d i s a p p e a r
13 printf(”\ n d i s t a n c e to be moved by the m i r r o r tha t

f r i n g e s d i s a p p e a r i s %0 . 3 f mm”,d*10^3)

Scilab code Exa 1.41 calculation of thickness of plate

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 4 1
5 // c a l c u l a t i o n o f t h i c k n e s s o f p l a t e
6 // g i v e n data
7 mu=1.5; // r e f r a c t i v e index o f g l a s s p l a t e
8 n=100; // number o f f r i n g e s
9 lambda =6328*10^ -10; // wave l ength ( i n m) o f l a s e r

10 format (16)

11 t=(n*lambda)/(2*(mu -1)); // t h i c k n e s s ( i n m) o f the
p l a t e

12 printf(”\ n t h i c k n e s s o f the p l a t e i s %1 . 3 e m”,t)

Scilab code Exa 1.42 calculation of minimum thickness of a layer of cryolite and change in wavelength

1 clc;clear;
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2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 4 2
5 // c a l c u l a t i o n o f minimum t h i c k n e s s o f a l a y e r o f

c r y o l i t e and change i n wave l ength
6 // g i v e n data
7 mu =1.35; // r e f r a c t i v e index o f c r y o l i t e
8 lambda0 =5940*10^ -10; // wave l ength ( i n m) o f l i g h t
9 n=1

10 mu0 =1; // r e f r a c t i v e index o f a i r
11 i=10; // a n g l e o f i n c i d e n c e ( i n d e g r e e s )
12 // c a l c u l a t i o n
13 t=(n*lambda0)/(2*mu); //minimum t h i c k n e s s o f a l a y e r

o f c r y o l i t e ( i n m)
14 lambda=lambda0*sqrt(1-(sind(i)^2)/mu^2); //

t r a n s m i t t e d wave l ength ( i n m)
15 del_lambda=lambda0 -lambda; // change i n wave l ength (

i n m)
16 printf(”\nminimum t h i c k n e s s o f a l a y e r o f c r y o l i t e

i s %d Armstrong ”,t*10^10)
17 printf(”\ nchange o f wave l ength i s %d Armstrong ”,

del_lambda *10^10)

18 // answer v a r i e s due to round o f f e r r o r

Scilab code Exa 1.43 calculation of refractive index of second layer

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 1 . 4 3
5 // c a l c u l a t i o n o f r e f r a c t i v e index o f s econd l a y e r
6 // g i v e n data
7 mu_1 =1.38; // r e f r a c t i v e index o f f i r s t l a y e r
8 mu_air =1; // r e f r a c t i v e index o f a i r
9 mu_g =1.52; // r e f r a c t i v e index o f g l a s s
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10 // c a l c u l a t i o n
11 mu_2=mu_1*sqrt(mu_g/mu_air); // r e f r a c t i v e index o f

s econd l a y e r
12 printf(”\ n r e f r a c t i v e index o f s econd l a y e r i s %0 . 2 f ”

,mu_2)
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Chapter 2

Polarization of Light

Scilab code Exa 2.3 calculation of angle either sheet must be turned

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 2 . 3
5 // c a l c u l a t i o n o f a n g l e e i t h e r s h e e t must be turned
6 // g i v e n data
7 I0=1; // assuming I0 to be 1 f o r s i m p l i c i t y o f

c a l c u l a t i o n
8 I=I0/2; // i n t e n s i t y i s h a l f the i n i t i a l i n t e n s i t y
9 // c a l c u l a t i o n

10 theta=acosd(sqrt(I/I0)); // from Malus law , I=I 0 c o s
ˆ2( t h e t a )

11 theta1=acosd(-sqrt(I/I0)); // from Malus law , I=I 0 c o s
ˆ2( t h e t a )

12 printf(”\ nang l e e i t h e r s h e e t must be turned i s %d
d e g r e e ”,theta)

13 printf(”\ nor ”)
14 printf(”\ nang l e e i t h e r s h e e t must be turned i s %d

d e g r e e ”,theta1)
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Scilab code Exa 2.6 calculation of degree of polarization

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 2 . 6
5 // c a l c u l a t i o n o f d e g r e e o f p o l a r i z a t i o n
6 I0=1; // assuming maximum i n t e n s i t y to be 1 f o r

s i m p l i c i t y o f c a l c u l a t i o n
7 I=75/100; // i n t e n s i t y change
8 I_max=I0; //maximum i n t e n s i t y
9 I_min=I0-I*I0; //minimum i n t e n s i t y
10 D_p=(I_max -I_min)/( I_max+I_min); // d e g r e e o f

p o l a r i z a t i o n
11 printf(”\ ndeg r e e o f p o l a r i z a t i o n i s %d p e r c e n t ”,D_p

*100)

Scilab code Exa 2.7 calculation of intensity of light emerging out of Nicol B

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 2 . 7
5 // c a l c u l a t i o n o f i n t e n s i t y o f l i g h t emerg ing out o f

N i c o l B
6 // g i v e n data
7 theta =30; // a n g l e ( i n d e g r e e s ) made by N i c o l C with

N i c o l A
8 I0=32; // i n t e n s i t y ( i n W/mˆ2) o f u n p o l a r i z e d l i g h t
9 // c a l c u l a t i o n
10 I_t=I0/8*( sind (2* theta)); // i n t e n s i t y ( i n W/mˆ2) o f

l i g h t emerg ing out o f N i c o l B
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11 printf(”\ n i n t e n s i t y o f l i g h t emerg ing out o f N i c o l B
i s %d W/mˆ2 ”,I_t)

Scilab code Exa 2.8 calculation of ratio of intensities of two beams

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 2 . 8
5 // c a l c u l a t i o n o f r a t i o o f i n t e n s i t i e s o f two beams
6 theta1 =90 -30; // r o t a t i o n o f B ( i n d e g r e e s )
7 theta2 =90 -60; // r o t a t i o n o f A ( i n d e g r e e s )
8 IA_by_IB=cosd(theta1)^2/ cosd(theta2)^2; // r a t i o o f

i n t e n s i t i e s o f two beams
9 printf(”\ n r a t i o o f i n t e n s i t i e s o f two beams i s %0 . 2 f

”,IA_by_IB)

Scilab code Exa 2.10 calculation of thickness of a quarter wave plate

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 2 . 1 0
5 // c a l c u l a t i o n o f t h i c k n e s s o f a q u a r t e r wave p l a t e
6 // g i v e n data
7 mu_o =1.553; // r e f r a c t i v e index o f o r d i n a r y l i g h t
8 mu_e =1.544; // r e f r a c t i v e index o f e x t r a o r d i n a r y

l i g h t
9 lambda =5000*10^ -10; // wave l ength ( i n m) o f l i g h t

10 // c a l c u l a t i o n
11 t_QWP=lambda /(4*(mu_o -mu_e)); // t h i c k n e s s ( i n m) o f

a q u a r t e r wave p l a t e
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12 printf(”\ n t h i c k n e s s o f a q u a r t e r wave p l a t e i s %2 . 2 f
micrometre ”,t_QWP *10^6)

13 // the v a l u e o f r e f r a c t i v e index o f e x t r a o r d i n a r y
l i g h t i s g i v e n d i f f e r e n t i n the q u e s t i o n than the

c a l c u l a t i o n

Scilab code Exa 2.11 calculation of nature of retardation plate

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 2 . 1 1
5 // c a l c u l a t i o n o f na tu r e o f r e t a r d a t i o n p l a t e
6 // g i v e n data
7 t=8.56*10^ -7; // t h i c k n e s s ( i n m) o f c a l c i t e p l a t e
8 lambda =5890*10^ -10; // wave l ength ( i n m) o f l i g h t
9 mu_o =1.658; // r e f r a c t i v e index o f e x t r a o r d i n a r y

l i g h t
10 mu_e =1.486; // o r d i n a r y index o f o r d i n a r y l i g h t
11 // c a l c u l a t i o n
12 delta_by_lambda =((mu_o -mu_e)*t)/lambda; // path

d i f f e r e n c e
13 printf(”\npath d i f f e r e n c e c r e t e d by p l a t e i s %1 . 1 f ”,

delta_by_lambda)

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

Scilab code Exa 2.12 calculation of wavelengths in visible region for which it will act as QW plate and HW plate

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 2 . 1 2
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5 // c a l c u l a t i o n o f wave l eng th s i n v i s i b l e r e g i o n f o r
which i t w i l l a c t as ( i )QW p l a t e ( i i )HW p l a t e

6 // g i v e n data
7 l=0.1436*10^ -3; // t h i c k n e s s ( i n m) o f p l a t e
8 mu_o =1.5443; // r e f r a c t i v e index o f o r d i n a r y l i g h t
9 mu_e =1.5533; // r e f r a c t i v e index o f e x t r a o r d i n a r y

l i g h t
10 n1=3

11 n2=4

12 n3=5

13 n=2

14 // c a l c u l a t i o n
15 // f o r QWP
16 lambda1 =(4*l*(mu_e -mu_o))/(2*n1+1)

17 lambda2 =(4*l*(mu_e -mu_o))/(2*n2+1)

18 lambda3 =(4*l*(mu_e -mu_o))/(2*n3+1)

19 // f o r HWP
20 lambda =(2*l*(mu_e -mu_o))/(2*n+1)

21 printf(”\n ( a ) v i s i b l e wave l ength when n=3 i s %d
Armstrong ”,lambda1 *10^10)

22 printf(”\n ( a ) v i s i b l e wave l ength when n=4 i s %d
Armstrong ”,lambda2 *10^10)

23 printf(”\n ( a ) v i s i b l e wave l ength when n=5 i s %d
Armstrong ”,lambda3 *10^10)

24 printf(”\n ( b ) v i s i b l e wave l ength when n=2 i s %d
Armstrong ”,lambda *10^10)

25 // the second pa r t o f answer ( a ) i s g i v e n wrong i n
the t ex tbook

26 // the t h i r d pa r t o f answer ( a ) v a r i e s due to round
o f f e r r o r

27 // the answer ( b ) v a r i e s due to round o f f e r r o r

Scilab code Exa 2.15 calculation of wavelengths in visible region for which it will act as HW plate and QW plate

1 clc;clear;
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2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 2 . 1 5
5 // c a l c u l a t i o n o f wave l eng th s i n v i s i b l e r e g i o n f o r

which i t w i l l a c t as ( i )HW p l a t e ( i i )QW p l a t e
6 // g i v e n data
7 l=0.25*10^ -3; // t h i c k n e s s ( i n m)
8 mu_e_minus_mu_o =0.009; // d i f f e r e n c e between the

r e f r a c t i v e i n d i c e s o f o r d i n a r y and e x t r a o r d i n a r y
l i g h t

9 n1=3

10 n2=4

11 n3=6

12 n4=7

13 n5=8

14 n6=9

15 // c a l c u l a t i o n
16 // f o r HWP
17 lambda1 =(2*l*( mu_e_minus_mu_o))/(2*n1+1)

18 lambda2 =(2*l*( mu_e_minus_mu_o))/(2*n2+1)

19 // f o r QWP
20 lambda3 =(4*l*( mu_e_minus_mu_o))/(2*n3+1)

21 lambda4 =(4*l*( mu_e_minus_mu_o))/(2*n4+1)

22 lambda5 =(4*l*( mu_e_minus_mu_o))/(2*n5+1)

23 lambda6 =(4*l*( mu_e_minus_mu_o))/(2*n6+1)

24 printf(”\n ( a ) v i s i b l e wave l ength when n=3 i s %d
Armstrong ”,lambda1 *10^10)

25 printf(”\n ( a ) v i s i b l e wave l ength when n=4 i s %d
Armstrong ”,lambda2 *10^10)

26 printf(”\n ( b ) v i s i b l e wave l ength when n=6 i s %d
Armstrong ”,lambda3 *10^10)

27 printf(”\n ( b ) v i s i b l e wave l ength when n=7 i s %d
Armstrong ”,lambda4 *10^10)

28 printf(”\n ( b ) v i s i b l e wave l ength when n=8 i s %d
Armstrong ”,lambda5 *10^10)

29 printf(”\n ( b ) v i s i b l e wave l ength when n=9 i s %d
Armstrong ”,lambda6 *10^10)

30 // the answer ( b ) when n=9 v a r i e s due to round o f f
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e r r o r

Scilab code Exa 2.16 calculation of thickness of a calcite plate which would convert plane polarized light into circularly polarized light

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 2 . 1 6
5 // c a l c u l a t i o n o f t h i c k n e s s o f a c a l c i t e p l a t e which

would c o n v e r t p l ane p o l a r i z e d l i g h t i n t o
c i r c u l a r l y p o l a r i z e d l i g h t

6 // g i v e n data
7 mu_o =1.658; // r e f r a c t i v e index o f o−ray
8 mu_e =1.486; // r e f r a c t i v e index o f e−ray
9 lambda =5890*10^ -10; // wave l ength ( i n m) o f l i g h t
10 // c a l c u l a t i o n
11 l_QWP=lambda /(4*(mu_o -mu_e)); // t h i c k n e s s ( i n m) o f

q u a r t e r wave p l a t e
12 printf(”\ n t h i c k n e s s o f a c a l c i t e p l a t e which would

c o n v e r t p l ane p o l a r i z e d l i g h t i n t o c i r c u l a r l y
p o l a r i z e d l i g h t i s %1 . 3 f micrometer or i t s odd
m u l t i p l e ”,l_QWP *10^6)

Scilab code Exa 2.18 calculation of maximum thickness of the plate to to experience only rotation of polarization plane and to acquire circular polarization after passing through the plate

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 2 . 1 8
5 // c a l c u l a t i o n o f maximum t h i c k n e s s o f the p l a t e to (

i ) to e x p e r i e n c e on ly r o t a t i o n o f p o l a r i z a t i o n
p l ane ( i i ) to a c q u i r e c i r c u l a r p o l a r i z a t i o n a f t e r
p a s s i n g through the p l a t e
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6 // g i v e n data
7 lambda =5890*10^ -10; // wave l ength ( i n m)
8 mu_e_minus_mu_o =0.009; // d i f f e r e n c e o f r e f r a c t i v e

i n d i c e s o f q ua r t z
9 n=1

10 t=5*10^ -4; // t h i c k n e s s ( i n m)
11 // c a l c u l a t i o n
12 twice_n_plus_1=round ((t*2* mu_e_minus_mu_o)/lambda)

13 I_max=( twice_n_plus_1*lambda)/(2* mu_e_minus_mu_o)

14 twice_n_plus_one =(t*4* mu_e_minus_mu_o)/lambda

15 I_max_dash =( twice_n_plus_one*lambda)/(4*

mu_e_minus_mu_o)

16 printf(”\n ( i )maximum t h i c k n e s s o f the p l a t e to
e x p e r i e n c e on ly r o t a t i o n o f p o l a r i z a t i o n p l ane i s
%1 . 2 f mm”,I_max *10^3)

17 printf(”\n ( i i )maximum t h i c k n e s s o f the p l a t e to
e x p e r i e n c e on ly r o t a t i o n o f p o l a r i z a t i o n p l ane i s
%1 . 2 f mm”,I_max_dash *10^3)

18 // the answer ( i i ) v a r i e s due to round o f f e r r o r

Scilab code Exa 2.19 calculation of least thickness of the plate for which the emergent beam will be plane polarized and circularly polarized

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 2 . 1 9
5 // c a l c u l a t i o n o f l e a s t t h i c k n e s s o f the p l a t e f o r

which the emergent beam w i l l be ( i ) p l ane
p o l a r i z e d ( i i ) c i r c u l a r l y p o l a r i z e d

6 // g i v e n data
7 mu_e =1.5533; // r e f r a c t i v e index o f e x t r a o r d i n a r y

l i g h t
8 mu_o =1.5442; // r e f r a c t i v e index o f o r d i n a r y l i g h t
9 lambda =5000*10^ -10; // wave l ength ( i n m) o f l i g h t
10 n=1; // t a k i n g 1 s t o r d e r
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11 // c a l c u l a t i o n
12 t=((n+1/2)*lambda)/(mu_e -mu_o); // t h i c k n e s s ( i n m)

o f the p l a t e f o r which the emergent beam w i l l be
p l ane p o l a r i z e d

13 t_QWP=lambda /(4*(mu_e -mu_o)); // t h i c k n e s s ( i n m) o f
the p l a t e f o r which the emergent beam w i l l be
c i r c u l a r l y p o l a r i z e d

14 printf(”\n ( i ) t h i c k n e s s o f the p l a t e f o r which the
emergent beam w i l l be p l ane p o l a r i z e d i s %2 . 1 f
micrometer or i t s odd m u l t i p l e ”,t*10^6)

15 printf(”\n ( i i ) t h i c k n e s s o f the p l a t e f o r which the
emergent beam w i l l be c i r c u l a r l y p o l a r i z e d i s %2
. 2 f micrometer or i t s odd m u l t i p l e ”,t_QWP *10^6)

16 // the f i r s t pa r t o f the answer i s g i v e n wrong i n the
t ex tbook

17 // the second pa r t o f the answer v a r i e s due to round
o f f e r r o r

Scilab code Exa 2.20 calculation of minimum thickness of plate required to produce zero outgoing intensity and intensity of incident light

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 2 . 2 0
5 // c a l c u l a t i o n o f minimum t h i c k n e s s o f p l a t e r e q u i r e d

to produce ( i ) z e r o o u t g o i n g i n t e n s i t y ( i i )
i n t e n s i t y o f i n c i d e n t l i g h t

6 // g i v e n data
7 mu_0 =1.658; // r e f r a c t i v e index o f o r d i n a r y l i g h t
8 mu_e =1.486; // r e f r a c t i v e index o f e x t r a o r d i n a r y

l i g h t
9 lambda =5893*10^ -10; // wave l ength ( i n m) o f sodium

l i g h t
10 // c a l c u l a t i o n
11 l=lambda /(mu_0 -mu_e); //minimum t h i c k n e s s ( i n m) o f

49



p l a t e r e q u i r e d to produce z e r o o u t g o i n g i n t e n s i t y
12 l_dash=lambda /(4*( mu_0 -mu_e)); //minimum t h i c k n e s s (

i n m) o f p l a t e r e q u i r e d to produce i n t e n s i t y o f
i n c i d e n t l i g h t

13 printf(”\n ( i ) minimum t h i c k n e s s o f p l a t e r e q u i r e d to
produce z e r o o u t g o i n g i n t e n s i t y i s %1 . 2 f
micrometre ”,l*10^6)

14 printf(”\n ( i ) minimum t h i c k n e s s o f p l a t e r e q u i r e d to
produce i n t e n s i t y o f i n c i d e n t l i g h t i s %1 . 3 f
micrometre ”,l_dash *10^6)

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

Scilab code Exa 2.29 calculation of angle of rotation

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 2 . 2 9
5 // c a l c u l a t i o n o f a n g l e o f r o t a t i o n
6 // g i v e n data
7 l=2; // l e n g t h o f tube ( i n dm)
8 c=15/100; // c o n c e n t r a t i o n o f water ( i n gm/ cc )
9 S_T_lambda =66.5; // s p e c i f i c r o t a t i o n o f suga r ( i n (

d e c i m e t e r ˆ−1) (gm/ cc ) ˆ−1)
10 // c a l c u l a t i o n
11 theta=S_T_lambda*l*c; // o p t i c a l r o t a t i o n ( i n d e g r e e s

)
12 printf(”\ n o p t i c a l r o t a t i o n i s %2 . 2 f d e g r e e s ”,theta)

Scilab code Exa 2.30 calculation of concentration in a solution

1 clc;clear;

2 //OS windows 7
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3 // s c i l a b 6 . 0 . 1
4 // example 2 . 3 0
5 // c a l c u l a t i o n o f c o n c e n t r a t i o n i n a s o l u t i o n
6 // g i v e n data
7 // f i r s t c a s e
8 theta =20; // r o t a t i o n ( i n d e g r e e s )
9 l=1; // path l e n g t h ( i n m)
10 c=20; // c o n c e n t r a t i o n o f s o l u t i o n ( i n gm/ l i t r e )
11 // second c a s e
12 theta_dash =33; // r o t a t i o n ( i n d e g r e e s )
13 l_dash =0.5; // path l e n g t h ( i n m)
14 // c a l c u l a t i o n
15 c_dash =(l*c*theta_dash)/( l_dash*theta); //

c o n c e n t r a t i o n o f s o l u t i o n ( i n gm/ l i t r e )
16 printf(”\ n c o n c e n t r a t i o n o f s o l u t i o n i s %d gm/ l i t r e ”,

c_dash)

Scilab code Exa 2.31 calculation of strength of solution

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 2 . 3 1
5 // c a l c u l a t i o n o f s t r e n g t h o f s o l u t i o n
6 // g i v e n data
7 S=66; // s p e c i f i c r o t a t i o n ( i n dm/gm/ l i t )
8 theta =11; // a n g l e o f r o t a t i o n o f p l ane o f

p o l a r i z a t i o n ( i n d e g r e e s )
9 l=2; // l e n g t h ( i n m)
10 // c a l c u l a t i o n
11 c=theta/(S*l); // s t r e n g t h o f s o l u t i o n ( i n gm/ l i t r e )
12 printf(”\ n s t r e n g t h o f s o l u t i o n i s %0 . 3 f gm/ l i t r e ”,c)
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Scilab code Exa 2.32 calculation of optical rotation

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 2 . 3 2
5 // c a l c u l a t i o n o f o p t i c a l r o t a t i o n
6 // g i v e n data
7 l1=20; // l e n g t h o f a c e r t a i n s o l u t i o n ( i n cm)
8 l2=30; // l e n g t h o f ano the r s o l u t i o n ( i n cm)
9 l=30; // l e n g t h o f a mixture o f both the s o l u t i o n s (

i n cm)
10 r1=+42; // r i g h t handed r o t a t i o n ( i n d e g r e e s )
11 r2=-27; // l e f t handed r o t a t i o n ( i n d e g r e e s )
12 ratio1 =1; // r a t i o o f f i r s t s o l u t i o n
13 ratio2 =2; // r a t i o o f s econd s o l u t i o n
14 // c a l c u l a t i o n
15 theta1=r1/l1*l*ratio1 /( ratio1+ratio2); // r o t a t i o n o f

r i g h t handed s o l u t i o n
16 theta2=r2/l2*ratio2 /( ratio1+ratio2)*l; // r o t a t i o n o f

l e f t handed s o l u t i o n c a l r o t a t i o n i s
17 theta=theta1+theta2; // t o t a l o p t i c a l r o t a t i o n
18 printf(”\ n t o t a l o p t i c a l r o t a t i o n i s %d”,theta)
19 if theta >0 then

20 disp(”3 d e g r e e r i g h t handed r o t a t i o n ”)
21 else

22 disp(”3 d e g r e e l e f t handed r o t a t i o n ”)
23 end

Scilab code Exa 2.33 calculation of strength of solution

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 2 . 3 3
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5 // c a l c u l a t i o n o f s t r e n g t h o f s o l u t i o n
6 // g i v e n data
7 theta =13; // o p t i c a l r o t a t i o n ( i n d e g r e e s )
8 S_T_lambda =65; // s p e c i f i c r o t a t i o n ( i n d e g r e e /dm/( g/

cc ) )
9 l=2; // l e n g t h ( i n cm) o f tube o f suga r s o l u t i o n
10 // c a l c u l a t i o n
11 c=theta/( S_T_lambda*l); // s t r e n g t h o f s o l u t i o n ( i n

gm/ cc )
12 printf(”\ n s t r e n g t h o f s o l u t i o n i s %1 . 1 f gm/ cc ”,c)

Scilab code Exa 2.34 calculation of rotation of plane of polarization of light

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 2 . 3 4
5 // c a l c u l a t i o n o f r o t a t i o n o f p l ane o f p o l a r i z a t i o n

o f l i g h t
6 // g i v e n data
7 lambda =7620*10^ -10; // wave l ength ( i n m) o f l i g h t
8 mu_R =1.53914; // r e f r a c t i v e index f o r r i g h t handed

p o l a r i z e d l i g h t
9 mu_L =1.53920; // r e f r a c t i v e index f o r l e f t handed

p o l a r i z e d l i g h t
10 l=0.5*10^ -3; // t h i c k n e s s ( i n m) o f p l a t e
11 // c a l c u l a t i o n
12 theta=%pi/lambda*l*(mu_L -mu_R)*180/ %pi; // o p t i c a l

r o t a t i o n ( i n d e g r e e s )
13 printf(”\ n r o t a t i o n o f p l ane o f p o l a r i z a t i o n o f l i g h t

i s %1 . 1 f d e g r e e ”,theta)

Scilab code Exa 2.35 calculation of angle of rotation of hydrogen red and mercury blue
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1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 2 . 3 5
5 // c a l c u l a t i o n o f a n g l e o f r o t a t i o n o f hydrogen red

and mercury b lue
6 // g i v e n data
7 lambda_hr =6438; // wave l ength ( i n m) o f hydrogen red

l i g h t
8 lambda_mb =4358; // wave l ength ( i n m) o f mercury b lue

l i g h t
9 S_6438 =18.02; // s p e c i f i c r o t a t i o n ( i n deg /mm) o f

hydrogen red l i g h t
10 S_4358 =41.55; // s p e c i f i c r o t a t i o n ( i n deg /mm) o f

mercury b lue l i g h t
11 S_5893 =21.72; // s p e c i f i c r o t a t i o n ( i n deg /mm) o f

sodium y e l l o w l i g h t
12 pi=180; // v a l u e o f p i ( i n d e g r e e s )
13 // c a l c u l a t i o n
14 theta_5893=pi/2; // a n g l e o f r o t a t i o n ( i n d e g r e e s ) o f

sodium y e l l o w l i g h t
15 l=theta_5893/S_5893; // path l e n g t h ( i n mm)
16 theta_6438=S_6438*l; // a n g l e o f r o t a t i o n ( i n d e g r e e s

) o f hydrogen red l i g h t
17 theta_4358=S_4358*l; // a n g l e o f r o t a t i o n ( i n d e g r e e s

) o f mercury b lue l i g h t
18 printf(”\ nang l e o f r o t a t i o n o f hydrogen red l i g h t i s

%0 . 1 f d e g r e e s ”,theta_6438)
19 printf(”\ nang l e o f r o t a t i o n o f mercury b lue l i g h t i s

%0 . 1 f d e g r e e s ”,theta_4358)
20 // the answers vary due to round o f f e r r o r

Scilab code Exa 2.36 calculation of thickness of plate

1 clc;clear;
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2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 2 . 3 6
5 // c a l c u l a t i o n o f t h i c k n e s s o f p l a t e
6 // g i v e n data
7 theta =90; // r o t a t i o n ( i n d e g r e e s ) o f p l ane o f

v i b r a t i o n o f p l ane p o l a r i z e d l i g h t
8 S=21.72; // s p e c i f i c r o t a t i o n ( i n d e g r e e /mm)
9 // c a l c u l a t i o n
10 l=theta/S; // t h i c k n e s s ( i n mm) o f p l a t e
11 printf(”\ n t h i c k n e s s o f p l a t e i s %0 . 2 f mm”,l)

Scilab code Exa 2.37 calculation of specific rotation for quartz yellow light

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 2 . 3 7
5 // c a l c u l a t i o n o f s p e c i f i c r o t a t i o n f o r q u a r t z y e l l o w

l i g h t
6 // g i v e n data
7 theta =90; // r o t a t i o n ( i n d e g r e e s )
8 l=3.5; // t h i c k n e s s ( i n mm) o f the p l a t e
9 // c a l c u l a t i o n
10 S=theta/l; // s p e c i f i c r o t a t i o n ( i n d e g r e e /mm)
11 printf(”\ n s p e c i f i c r o t a t i o n f o r q u a r t z y e l l o w l i g h t

i s %0 . 2 f d e g r e e /mm”,S)

Scilab code Exa 2.38 calculation of thickness of quartz

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
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4 // example 2 . 3 8
5 // c a l c u l a t i o n o f t h i c k n e s s o f q u a r t z
6 // g i v e n data
7 theta =90; // a n g l e o f r o t a t i o n ( i n d e g r e e s )
8 S=18; // s p e c i f i c r o t a t i o n ( d e g r e e /mm)
9 // c a l c u l a t i o n
10 l=theta/S; // t h i c k n e s s ( i n mm) o f q u a r t z
11 printf(”\ n t h i c k n e s s o f q u a r t z i s %d mm”,l)

Scilab code Exa 2.39 calculation of percentage of purity of sugar

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 2 . 3 9
5 // c a l c u l a t i o n o f p e r c e n t a g e o f p u r i t y o f suga r
6 // g i v e n data
7 S=68; // s p e c i f i c r o t a t i o n ( i n d e g r e e s ) o f suga r
8 l=2; // l e n g t h ( i n dm) o f tube c o n t a i n i n g suga r

s o l u t i o n
9 theta =10.2; // o p t i c a l r o t a t i o n ( i n d e g r e e s )

10 d=90; // amount o f suga r d i s s o l v e d ( i n gm)
11 // c a l c u l a t i o n
12 c=theta /(S*l)*1000; // c o n c e n t r a t i o n ( i n gm per l i t r e

)
13 p=c/d*100; // per c en t p u r i t y
14 printf(”\ n p e r c e n t a g e o f p u r i t y o f suga r i s %2 . 2 f

p e r c e n t ”,p)

Scilab code Exa 2.40 calculation of specific rotation

1 clc;clear;

2 //OS windows 7
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3 // s c i l a b 6 . 0 . 1
4 // example 2 . 4 0
5 // c a l c u l a t i o n o f s p e c i f i c r o t a t i o n
6 // g i v e n data
7 mu_L =1.54427; // r e f r a c t i v e index f o r l e f t handed

p o l a r i z a t i o n
8 mu_R =1.54420; // r e f r a c t i v e index f o r r i g h t handed

p o l a r i z a t i o n
9 lambda =5893*10^ -10; // wave l ength ( i n m) o f sodium

l i g h t
10 // c a l c u l a t i o n
11 pi=180; // v a l u e o f p i ( i n d e g r e e s )
12 S=pi*(mu_L -mu_R)*10^ -3/ lambda; // s p e c i f i c r o t a t i o n (

i n deg /mm)
13 printf(”\ n s p e c i f i c r o t a t i o n i s %0 . 2 f deg /mm”,S)

Scilab code Exa 2.41 calculation of specific rotation

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 2 . 4 1
5 // c a l c u l a t i o n o f s p e c i f i c r o t a t i o n
6 // g i v e n data
7 muL_minus_muR =7*10^ -5; // d i f f e r e n c e o f r e f r a c t i v e

i n d i c e s between l e f t and r i g h t c i r c u l a r
p o l a r i z a t i o n s

8 lambda =6000*10^ -10; // wave l ength ( i n m) o f l i g h t
9 pi=180; // v a l u e o f p i ( i n d e g r e e s )
10 // c a l c u l a t i o n
11 S=pi/lambda *( muL_minus_muR)*10^ -3; // s p e c i f i c

r o t a t i o n
12 printf(”\ n s p e c i f i c r o t a t i o n i s %d deg /mm”,S)
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Chapter 3

Diffraction of Light and
Holography

Scilab code Exa 3.1 calculation of distances of the first dark band and the next bright band

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 1
5 // c a l c u l a t i o n o f d i s t a n c e s o f the f i r s t dark band

and the next b r i g h t band
6 // g i v e n data
7 lambda =4890*10^ -10; // wave l ength ( i n m) o f l i g h t
8 a=0.5*10^ -2; // width ( i n m) o f s l i t
9 f=40*10^ -2; // f o c a l l e n g t h ( i n m) o f l e n s

10 // c a l c u l a t i o n
11 y_1_d=lambda/a*f; // p o s i t i o n o f f i r s t dark band
12 y_1_b =3/2* lambda/a*f; // p o s i t i o n o f the f i r s t b r i g h t

band next to dark
13 del_y=y_1_b -y_1_d; // d i s t a n c e s o f the f i r s t dark

band and the next b r i g h t band
14 printf(”\ n d i s t a n c e s o f the f i r s t dark band and the

next b r i g h t band i s %1 . 3 e m”,del_y)
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Scilab code Exa 3.2 calculation of width of the slit

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 2
5 // c a l c u l a t i o n o f width o f the s l i t
6 // g i v e n data
7 lambda =5000*10^ -10; // wave l ength ( i n m) o f l i g h t
8 y=5*10^ -3; // d i s t a n c e ( i n m) o f f i r s t minimum
9 f=2; // f o c a l l e n g t h ( i n m)

10 // c a l c u l a t i o n
11 a=( lambda*f)/y; // width ( i n m) o f the s l i t
12 printf(”\nwidth o f the s l i t i s %1 . 1 f mm”,a*10^3)

Scilab code Exa 3.3 calculation of width of slit for which receiver would show zero intensity

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 3
5 // c a l c u l a t i o n o f width o f s l i t f o r which r e c e i v e r

would show z e r o i n t e n s i t y
6 // g i v e n data
7 nu =6000*10^6; // f r e q u e n c y ( i n Hz )
8 theta =30; // a n g l e ( i n d e g r e e s )
9 n1=1

10 n2=2

11 n3=3

12 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
13 // c a l c u l a t i o n
14 lambda=c/nu; // wave l ength ( i n m)
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15 // f o r n=1
16 a1=(n1*lambda)/sind(theta); // width o f s l i t ( i n m)
17 // f o r n=2
18 a2=(n2*lambda)/sind(theta); // width o f s l i t ( i n m)
19 // f o r n=3
20 a3=(n3*lambda)/sind(theta); // width o f s l i t ( i n m)
21 printf(”\nwidth o f s l i t f o r which r e c e i v e r would

show z e r o i n t e n s i t y when n i s 1 i s %1 . 1 f ”,a1)
22 printf(”\nwidth o f s l i t f o r which r e c e i v e r would

show z e r o i n t e n s i t y when n i s 2 i s %1 . 1 f ”,a2)
23 printf(”\nwidth o f s l i t f o r which r e c e i v e r would

show z e r o i n t e n s i t y when n i s 3 i s %1 . 1 f ”,a3)
24 printf(”\ nthe width o f s l i t thus i n c r e a s e s i n the

same way with the i n c r e a s e i n n”)

Scilab code Exa 3.4 calculation of lambda1 and lambda2

1 clc;clear;

2 // example 3 . 4
3 //OS windows 7
4 // s c i l a b 6 . 0 . 1
5 // c a l c u l a t i o n o f lambda1 and lambda2
6 // g i v e n data
7 f=1; // f o c a l l e n g t h ( i n m) o f l e n s
8 a=0.04*10^ -2; // width ( i n m) o f s l i t
9 y_d_4 =0.5*10^ -2; // p o s i t i o n ( i n m) o f f o u r t h minima

c o r r e s p o s d i n g to lambda1
10 y_d_5 =0.5*10^ -2; // p o s i t i o n ( i n m) o f f i f t h minima

c o r r e s p o s d i n g to lambda2
11 // c a l c u l a t i o n
12 lambda1 =( y_d_4*a)/(4*f); // wave l ength ( i n m)

c o r r e s p o n d i n g to f o u r t h minima
13 lambda2 =( y_d_5*a)/(5*f); // wave l ength ( i n m)

c o r r e s p o n d i n g to f i f t h minima
14 printf(”\nlambda1 i s %d Armstrong ”,lambda1 *10^10)
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15 printf(”\nlambda2 i s %d Armstrong ”,lambda2 *10^10)

Scilab code Exa 3.5 calculation of angular position of first and second minima if observation point is far away

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 5
5 // c a l c u l a t i o n o f a n g u l a r p o s i t i o n o f f i r s t and

second minima i f o b s e r v a t i o n p o i n t i s f a r away
6 // g i v e n data
7 lambda =5890*10^ -10; // wave l ength ( i n m) o f l i g h t
8 a=0.003*10^ -3; // width o f s l i t ( i n m)
9 n=1; // o r d e r o f minima

10 n_dash =2; // o r d e r o f minima
11 // c a l c u l a t i o n
12 theta_d1=n*lambda/a*180/ %pi; // a n g u l a r p o s i t i o n o f

f i r s t minima ( i n d e g r e e s ) i f o b s e r v a t i o n p o i n t i s
f a r away

13 theta_d2=n_dash*lambda/a*180/ %pi; // a n g u l a r p o s i t i o n
o f s econd minima ( i n d e g r e e s ) i f o b s e r v a t i o n

p o i n t i s f a r away
14 theta1=asind((n*lambda)/a); // a n g u l a r p o s i t i o n o f

f i r s t minima i f the o b s e r v a t i o n p o i n t i s near
15 theta2=asind(( n_dash*lambda)/a); // a n g u l a r p o s i t i o n

o f s econd minima i f the o b s e r v a t i o n p o i n t i s near
16 printf(”\ nangu la r p o s i t i o n o f f i r s t minima i f

o b s e r v a t i o n p o i n t i s f a r away i s %0 . 2 f d e g r e e s ”,
theta_d1)

17 printf(”\ nangu la r p o s i t i o n o f s econd minima i f
o b s e r v a t i o n p o i n t i s f a r away i s %0 . 1 f d e g r e e s ”,
theta_d2)

18 // the answers vary due to round o f f e r r o r
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Scilab code Exa 3.6 calculation of width of slit

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 6
5 // c a l c u l a t i o n o f width o f s l i t
6 // g i v e n data
7 del_y =0.4*10^ -3; // d i s t a n c e ( i n m) between second

and f i f t h minimum
8 lambda =6000*10^ -10; // wave l enth ( i n m) o f l i g h t used
9 f=60*10^ -2; // d i s t a n c e ( i n m) o f s c r e e n from s l i t

10 // c a l c u l a t i o n
11 a=(3* lambda*f)/del_y; // width ( i n m) o f s l i t
12 printf(”\nwidth o f s l i t i s %1 . 1 f mm”,a*10^3)

Scilab code Exa 3.7 calculation of wavelength of light used

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 7
5 // c a l c u l a t i o n o f wave l ength o f l i g h t used
6 // g i v e n data
7 a=0.2; // width o f s l i t ( i n mm)
8 f=2; // d i s t a n c e o f s l i t from s c r e e n ( i n m)
9 y=6; // d i s t a n c e o f f i r s t minimum on e i t h e r s i d e o f

c e n t r a l maxima ( i n mm)
10 // c a l c u l a t i o n
11 lambda=y*10^ -3*a*10^ -3/f; // wave l ength o f l i g h t ( i n

m)
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12 printf(”\ nwave length o f l i g h t i s %d Armstrong ”,
lambda *10^10)

Scilab code Exa 3.10 to show if white light source of 4000 Armstrong to 7000 Armstrong is used the second and third order spectra overlap and calculation of angular separation of D1 and D2 lines

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 1 0
5 // ( i ) to show i f wh i t e l i g h t s o u r c e (4000 Armstrong

to 7000 Armstrong ) i s used , the second and t h i r d
o r d e r s p e c t r a o v e r l a p ( i i ) c a l c u l a t i o n o f a n g u l a r

s e p a r a t i o n o f D1 and D2 l i n e s
6 // g i v e n data
7 N=15000; // number o f l i n e s per i n ch
8 dlambda =6000*10^ -10; // ave rage wave l ength o f l i g h t (

i n m)
9 lambda_v =4000*10^ -10; // wave l ength ( i n m) o f v i o l e t

l i g h t
10 lambda_r =7000*10^ -10; // wave l ength ( i n m) o f r ed

l i g h t
11 n=2; //D2 l i n e
12 // c a l c u l a t i o n
13 a_plus_b =2.54/N*10^ -2; // g r a t i n g e l ement ( i n m)
14 theta_2v=asind ((2* lambda_v)/a_plus_b); // second

o r d e r s p e c t r a o f v i o l e t l i g h t
15 theta_2r=asind ((2* lambda_r)/a_plus_b); // second

o r d e r s p e c t r a o f r ed l i g h t
16 theta_3v=asind ((2* lambda_v)/a_plus_b); // second

o r d e r s p e c t r a o f v i o l e t l i g h t
17 format (16)

18 d=a_plus_b;

19 dtheta =(n*6*10^ -10) /(sqrt(1-(n*dlambda/d)^2)*

a_plus_b); // a n g u l a r s e p a r a t i o n o f D1 and D2
l i n e s ( i n r a d i a n s )
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20 if theta_3v <theta_2r then

21 disp(” second and t h i r d o r d e r s p e c t r a o v e r l a p ”)
22 else

23 disp(” second and t h i r d o r d e r s p e c t r a do not
o v e r l a p ”)

24 end

25 printf(”\ nangu la r s e p a r a t i o n o f D1 and D2 l i n e s i s
%0 . 4 f r a d i a n s ”,dtheta)

Scilab code Exa 3.12 calculation of angles at which first and second order maxima are observed

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 1 2
5 // c a l c u l a t i o n o f a n g l e s at which f i r s t and second

o r d e r maxima a r e ob s e rved
6 // g i v e n data
7 lambda =632.8*10^ -9; // wave l ength ( i n m) o f l i g h t
8 a_plus_b =10^ -2/6000; // number o f l i n e s per m
9 // c a l c u l a t i o n
10 theta1=asind(lambda/a_plus_b); // a n g l e at which

f i r s t o r d e r maxima i s ob s e rved
11 theta2=asind (2* lambda/a_plus_b); // a n g l e at which

second o r d e r maxima i s ob s e rved
12 printf(”\ nang l e at which f i r s t o r d e r maxima i s

ob s e rved i s %0 . 2 f d e g r e e s ”,theta1)
13 printf(”\ nang l e at which second o r d e r maxima i s

ob s e rved i s %0 . 2 f d e g r e e s ”,theta2)
14 // r e s u l t
15 // a n g l e at which f i r s t o r d e r maxima i s ob s e rved i s

2 2 . 3 1 d e g r e e s
16 // a n g l e at which second o r d e r maxima i s ob s e rved i s

4 9 . 4 1 d e g r e e s
17 // the answers vary due to round o f f e r r o r
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Scilab code Exa 3.13 calculation of separation of lines in first order spectrum

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 1 3
5 // c a l c u l a t i o n o f s e p a r a t i o n o f l i n e s i n f i r s t o r d e r

spectrum
6 // g i v e n data
7 lambda1 =5000*10^ -10; // f i r s t wave l ength ( i n m)
8 lambda2 =3200*10^ -10; // second wave l ength ( i n m)
9 a_plus_b =10^ -2/10000; // g r a t i n g l i n e s per m
10 f=150*10^ -2; // f o c a l l e n g t h ( i n m)
11 // c a l c u l a t i o n
12 theta1=asind(lambda1/a_plus_b); // f i r s t d i f f r a c t i o n

a n g l e ( i n d e g r e e s )
13 theta2=asind(lambda2/a_plus_b); // second d i f f r a c t i o n

a n g l e ( i n d e g r e e s )
14 x1=f*tand(theta1); // p o s i t i o n o f f i r s t d i f f r a c t i o n

a n g l e ( i n m)
15 x2=f*tand(theta2); // p o s i t i o n o f s econd d i f f r a c t i o n

a n g l e ( i n m)
16 x=x1 -x2; // s e p a r a t i o n o f l i n e s i n f i r s t o r d e r

spectrum
17 printf(”\ n s e p a r a t i o n o f l i n e s i n f i r s t o r d e r

spectrum i s %0 . 2 f cm”,x*10^2)
18 // the answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 3.14 calculation of wavelength of used

1 clc;clear;
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2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 1 4
5 // c a l c u l a t i o n o f wave l ength o f used
6 // g i v e n data
7 theta=%pi /6; // a n g l e ( i n d e g r e e s ) at which second

o r d e r s p e c t r a l l i n e i s ob s e rved
8 n=2; // o r d e r o f s p e c t r a l l i n e
9 a_plus_b =10^ -2/4250; // number o f l i n e s
10 // c a l c u l a t i o n
11 lambda=a_plus_b*sin(theta)/n; // wave l ength o f l i g h t

( i n m)
12 printf(”\nThe wave l ength o f l i g h t i s %2d Armstrong ”,

lambda *10^10)

Scilab code Exa 3.15 calculation of lines per cm

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 1 5
5 // c a l c u l a t i o n o f l i n e s per cm
6 // g i v e n data
7 theta=%pi /6; // a n g l e o f d i f f r a c t i o n ( i n d e g r e e s )
8 lambda =6*10^ -5; // wave l ength o f l i g h t used ( i n cm)
9 n=1; // o r d e r o f l i n e
10 // c a l c u l a t i o n
11 a_plus_b=sin(theta)/(n*lambda); // number o f l i n e s

per cm
12 printf(”\nThe number o f l i n e s per cm i s %2d”,

a_plus_b)

Scilab code Exa 3.16 calculation of number of lines on grating
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1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 1 6
5 // c a l c u l a t i o n o f number o f l i n e s on g r a t i n g
6 // g i v e n data
7 W=5; // width o f d i f f r a c t i o n g r a t i n g ( i n cm)
8 lambda1 =6000; // wave l ength ( i n Armstrong ) o f one

l i n e
9 lambda2 =4500; // wave l ength ( i n Armstrong ) o f ano the r

l i n e
10 theta=%pi /6; // a n g l e o f d i f f r a c t i o n ( i n d e g r e e s )
11 // c a l c u l a t i o n
12 n=lambda2 *10^ -10/(( lambda1 -lambda2)*10^ -10); // o r d e r

o f spectrum
13 a_plus_b=n*lambda1 *10^ -10/ sin(theta); // number o f

l i n e s per m
14 N=round(W*10^ -2/ a_plus_b); // number o f l i n e s
15 printf(”\nNumber o f l i n e s on g r a t i n g a r e %0 . 3 d”,N)

Scilab code Exa 3.17 calculation of highest order spectrum and longest wavelength of light

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 1 7
5 // c a l c u l a t i o n o f ( i ) h i g h e s t o r d e r spectrum and ( i i )

l o n g e s t wave l ength o f l i g h t
6 // g i v e n data
7 a_plus_b =10^ -2/6000; // number o f l i n e s per m
8 theta=%pi /2; //maximum a n g l e ( i n d e g r e e s )
9 lambda =4000; // wave l ength o f l i g h t ( i n Armstrong )
10 n=a_plus_b /( lambda *10^ -10); // h i g h e s t o r d e r o f

spectrum
11 n1=1; //minimum o r d e r o f spectrum
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12 lambda_max=round (( a_plus_b)*sin(theta)*10^10/ n1); //
maximum wave l ength ( i Armstrong )

13 printf(”\n ( i ) H ighe s t o r d e r o f spectrum i s %d”,n)
14 printf(”\n ( i i ) Longes t wave l ength o f l i g h t i s %5 . 2 d

Armstrong ”, lambda_max)

Scilab code Exa 3.18 calculation of number of lines per cm

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 1 8
5 // c a l c u l a t i o n o f number o f l i n e s per cm
6 // g i v e n data
7 lambda1 =5400*10^ -10; // wave l ength ( i n m) o f g r e en

l i g h t
8 lambda2 =4050*10^ -10; // wave l ength ( i n m) o f v i o l e t

l i g h t
9 theta =30; // a n g l e o f d i f f r a c t i o n ( i n d e g r e e s )
10 // c a l c u l a t i o n
11 n1=lambda2 /(lambda1 -lambda2); // o r d e r o f l i g h t
12 // the above e q u a t i o n was d e r i v e d from the fo rmu la n1

∗ lambda1=n2∗ lambda2 where n2=n1+1
13 a_plus_b =(n1*lambda1)/sind(theta)*10^2; // g r a t i n g

l i n e s ( i n cm)
14 n=1/ a_plus_b; // number o f l i n e s per cm
15 printf( ’ \nnumber o f l i n e s per cm i s %d ’ ,n)

Scilab code Exa 3.19 calculation of angular positions of first two maxima and half widths of maxima

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
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4 // example 3 . 1 9
5 // c a l c u l a t i o n o f ( i ) a n g u l a r p o s i t i o n s o f f i r s t two

maxima ( i i ) h a l f−widths o f maxima
6 // g i v e n data
7 a_plus_b =(0.5+1.9) *10^ -2; // g r a t i n g l i n e s ( i n m)
8 lambda =0.6*10^ -2; // wave l ength ( i n m) o f l i g h t
9 N=10; // number o f s l i t s
10 // c a l c u l a t i o n
11 theta1=asind(lambda/a_plus_b); // a n g u l a r p o s i t i o n o f

f i r s t maximum ( i n d e g r e e s )
12 dtheta1=tand(theta1)/N; // h a l f width o f f i r s t

maximum ( i n d e g r e s )
13 theta2=asind (2* lambda/a_plus_b); // a n g u l a r p o s i t i o n

o f s econd maximum ( i n d e g r e e s )
14 dtheta2=tand(theta2)/(2*N); // h a l f width o f s econd

maximum ( i n d e g r e e s )
15 printf(”\n ( i ) a n g u l a r p o s i t i o n o f f i r s t minimum i s %0

. 2 f d e g r e e s ”,theta1)
16 printf(”\ nangu la r p o s i t i o n o f s econd minimum i s %d

d e g r e e s ”,theta2)
17 printf(”\n ( i i ) h a l f width o f f i r s t maximum i s %0 . 2 f

d e g r e e s ”,dtheta1 *180/ %pi)
18 printf(”\ n h a l f width o f s econd maximum i s %0 . 2 f

d e g r e e s ”,dtheta2 *180/ %pi)

Scilab code Exa 3.20 calculation of orders of spectra and which wavelengths in the range of 3500 Armstrong and 8000 Armstrong will overlap with the third order

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 2 0
5 // c a l c u l a t i o n o f ( a ) o r d e r s o f s p e c t r a tha t w i l l be

shown by a p l ane d i f f r a c t i o n g r a t i n g ( b ) which
wave l eng th s i n the range o f 3500 Armstrong and
8000 Armstrong w i l l o v e r l a p with the t h i r d o r d e r
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6 // g i v e n data
7 lambda =5000*10^ -10; // wave l ength ( i n m)
8 a_plus_b =10^ -2/6000; // g r a t i n g l i n e s per m
9 theta =90; //maximum a n g l e
10 n=3; // t h i r d o r d e r i n which wave l eng th s w i l l o v e r l a p
11 n1=1; // f i r s t o r d e r
12 n2=2; // second o r d e r
13 n3=3; // t h i r d o r d e r
14 n4=4; // f o u r t h o r d e r
15 n5=5; // f i f t h o r d e r
16 // c a l c u l a t i o n
17 n_max=( a_plus_b*sind(theta))/lambda; //maximum n
18 lambda1=n*lambda *10^10/ n1; // wave l ength ( i n

Armstrong ) f o r n=1
19 lambda2=n*lambda *10^10/ n2; // wave l ength ( i n

Armstrong ) f o r n=2
20 lambda3=n*lambda *10^10/ n3; // wave l ength ( i n

Armstrong ) f o r n=3
21 lambda4=n*lambda *10^10/ n4; // wave l ength ( i n

Armstrong ) f o r n=4
22 lambda5=n*lambda *10^10/ n5; // wave l ength ( i n

Armstrong ) f o r n=5
23 printf(”\n ( a ) o r d e r s o f s p e c t r a tha t w i l l be shown by

a p l ane d i f f r a c t i o n g r a t i n g i s %d”,n_max)
24 printf(”\n ( b ) wave l ength ( i n Armstrong ) f o r n=1 i s %d

Armstrong ”,lambda1)
25 printf(”\ nwave length ( i n Armstrong ) f o r n=2 i s %d

Armstrong ”,lambda2)
26 printf(”\ nwave length ( i n Armstrong ) f o r n=2 i s %d

Armstrong ”,lambda3)
27 printf(”\ nwave length ( i n Armstrong ) f o r n=2 i s %d

Armstrong ”,lambda4)
28 printf(”\ nwave length ( i n Armstrong ) f o r n=2 i s %d

Armstrong ”,lambda5)
29 printf(”\nthus , amongst the above wave l engths , 7500

Armstrong and 3750 Armstrong f a l l i n the v i s i b l e
r e g i o n (3500 to 8000 Armstrong ) ”)
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Scilab code Exa 3.21 calculation of distance between two stars

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 2 1
5 // c a l c u l a t i o n o f d i s t a n c e between two s t a r s
6 // g i v e n data
7 D=0.5; // d iamete r ( i n m) o f o b j e c t i v e o f a t e l e s c o p e
8 lambda =5600*10^ -10; // wave l ength ( i n m) o f l i g h t
9 d=5*365*24*60*60*3*10^8; // d i s t a n c e ( i n m) o f two

s t a r s from e a r t h
10 // c a l c u l a t i o n
11 theta =(1.22* lambda)/D; // r e s o l v i n g l i m i t ( i n r a d i a n s

)
12 x=theta*d; // d i s t a n c e ( i n m) between two s t a r s
13 printf(”\ n d i s t a n c e between two s t a r s i s %1 . 2 e m”,x)
14 // the answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 3.22 calculation of resolving limit

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 2 2
5 // c a l c u l a t i o n o f r e s o l v i n g l i m i t
6 // g i v e n data
7 lambda =5500*10^ -10; // wave l ength ( i n m) o f l i g h t
8 alpha=atand (0.5/0.25)

9 x_min =(0.61* lambda)/sind(alpha); // r e s o l v i n g l i m i t
10 printf(”\ n r e s o l v i n g l i m i t i s %1 . 1 e m”,x_min)
11 // the answer p rov id ed i n the book i s wrong
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Scilab code Exa 3.24 to check if transmission grating with 1200 elements resolve principal maxima in the first order

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 2 4
5 // to check i f t r a n s m i s s i o n g r a t i n g with 1200

e l e m e n t s r e s o l v e p r i n c i p a l maxima i n the f i r s t
o r d e r

6 // g i v e n data
7 lambda1 =589.0*10^ -9; // f i r s t wave l ength ( i n m) o f

sodium d i s c h a r g e lamp
8 lambda2 =589.6*10^ -9; // second wave l ength ( i n m) o f

sodium d i s c h a r g e lamp
9 n=1

10 lambda =( lambda1+lambda2)/2; // ave rage wave l ength ( i n
m)

11 d_lambda=lambda2 -lambda1; // d i f f e r e n c e between
wave l eng th s

12 N=lambda /(n*d_lambda); //minimum number o f l i n e s
13 printf(”\nminimum number o f l i n e s needed to r e s o l v e

g i v e n s p e c t r a l l i n e s i s %3 . 1 f ”,N)
14 if N<1200 then

15 disp(” s p e c t r a l l i n e s w i l l be r e s o l v e d i n f i r s t
o r d e r ”)

16 else

17 disp(” s p e c t r a l l i n e s w i l l not be r e s o l v e d i n
f i r s t o r d e r ”)

18 end

Scilab code Exa 3.25 calculation of minimum number of lines per cm in a half inch wide grating
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1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 2 5
5 // c a l c u l a t i o n o f minimum number o f l i n e s per cm i n a

h a l f i n ch wide g r a t i n g
6 // g i v e n data
7 lambda_D1 =5896*10^ -10; // wave l ength ( i n m) o f D1

l i n e
8 lambda_D2 =5890*10^ -10; // wave l ength ( i n m) o f D2

l i n e
9 W=1.27; // width o f g r a t i n g ( i n cm)
10 // c a l c u l a t i o n
11 lambda =( lambda_D1+lambda_D2)/2; // ave rage wave l ength

( i n m) o f l i g h t
12 dlambda=lambda_D1 -lambda_D2; // d i f f e r e n c e between

the two wave l eng th s ( i n m)
13 N=lambda/dlambda; // number o f l i n e s
14 N_dash=N/W; // number o f l i n e s per cm i n a h a l f i n ch

wide g r a t i n g
15 printf(”\nnumber o f l i n e s per cm i n a h a l f i n ch wide

g r a t i n g i s %1 . 2 f ”,N_dash)
16 // the answers vary due to round o f f e r r o r

Scilab code Exa 3.26 calculation of number of lines per cm

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 2 6
5 // c a l c u l a t i o n o f number o f l i n e s per cm
6 // g i v e n data
7 W=2.5; // width o f g r a t i n g ( i n cm)
8 lambda1 =5890; // wave l ength ( i n Armstrong ) o f l i n e D1
9 lambda2 =5896; // wve l ength ( i n Armstrong ) o f l i n e D2
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10 n=2; // second o r d e r
11 // c a l c u l a t i o n
12 lambda =( lambda1+lambda2)/2; // ave rage wave l ength ( i n

m)
13 dlambda=lambda2 -lambda1; // d i f f e r e n c e o f wave l eng th s

( i n m)
14 N=lambda /(n*dlambda); // number o f l i n e s
15 N_dash=N/W; // number o f l i n e s per cm
16 printf(”\nnumber o f l i n e s per cm i s %3 . 1 f ”,N_dash)
17 // the answers vary due to round o f f e r r o r

Scilab code Exa 3.27 calculation of minimum number of lines required for grating and slit spacing for a grating

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 2 7
5 // c a l c u l a t i o n o f ( a ) minimum number o f l i n e s

r e q u i r e d f o r g r a t i n g ( b ) s l i t s p a c i n g f o r a
g r a t i n g

6 // g i v e n data
7 lambda1 =531.62; // wave l ength (nm) o f l i g h t
8 lambda2 =531.81; // wave l ength (nm) o f l i g h t
9 W=1.32; // number o f l i n e s ( i n cm)
10 // c a l c u l a t i o n
11 lambda =( lambda1+lambda2)/2; // ave rage wave l ength ( i n

nm)
12 dlambda=lambda2 -lambda1; // d i f f e r e n c e o f wave l eng th s

( i n m)
13 n=1; // f i r s t o r d e r
14 N=round(lambda/dlambda); // number o f l i n e s
15 a_plus_b=W*10^ -2/N; // s l i t s p a c i n g f o r a g r a t i n g ( i n

m)
16 printf(”\n ( a ) minimum number o f l i n e s r e q u i r e d f o r

g r a t i n g i s %d”,N)
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17 printf(”\n ( b ) s l i t s p a c i n g f o r a g r a t i n g i s %0 . 2 f
micrometer ”,a_plus_b *10^6)

Scilab code Exa 3.28 calculation of resolving power of grating in the first three orders and wavelength separation

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 2 8
5 // c a l c u l a t i o n o f ( a ) r e s o l v i n g power o f g r a t i n g i n

the f i r s t t h r e e o r d e r s ( b ) wave l ength s e p a r a t i o n
6 // g i v e n data
7 W=4; // width per cm
8 N_dash =3000; // number o f l i n e s /cm
9 n=3; // t h i r d o r d e r
10 lambda =400*10^ -9; // wave l ength ( i n m) o f l i g h t
11 // c a l c u l a t i o n
12 N=W*N_dash; // number o f l i n e s
13 RP_I =1*N; // r e s o l v i n g powder o f f i r s t o r d e r
14 RP_II =2*N; // r e s o l v i n g power o f s econd o r d e r
15 RP_III =3*N; // r e s o l v i n g power o f t h i r d o r d e r
16 dlambda=lambda /(n*N); // wave l ength s e p a r a t i o n ( i n m)
17 // r e s u l t
18 printf(”\n ( a ) r e s o l v i n g power o f f i r s t o r d e r i s %d”,

RP_I)

19 printf(”\ n r e s o l v i n g power o f s econd o r d e r i s %d”,
RP_II)

20 printf(”\ n r e s o l v i n g power o f t h i r d o r d e r i s %d”,
RP_III)

21 printf(”\n ( b ) wave l ength s e p a r a t i o n i s %0 . 3 f
Armstrong ”,dlambda *10^10)

22 //The answers vry due to round o f f e r r o r
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Scilab code Exa 3.29 calculation of wavelength of lines and minimum grating width required to resolve

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 2 9
5 // c a l c u l a t i o n o f wave l ength o f l i n e s and minimum

g r a t i n g width r e q u i r e d to r e s o l v e
6 // g i v e n data
7 dlambda =0.5*10^ -10; // d i f f e r e n c e between wave l ength

o f l i n e s ( i n m)
8 theta =10; // a n g l e ( i n d e g r e e s ) at which s p e c t r a l

l i n e appea r s
9 dtheta =3/3600* %pi /180; // a n g l e at which i t appea r s

h i g h e r by 3 second ( i n r a d i a n s )
10 // c a l c u l a t i o n
11 lambda=tand(theta)*dlambda/dtheta; // wave l ength ( i n

m) o f l i n e s
12 lambda1=lambda+dlambda; // wave l ength ( i n m) o f l i g h t

h i g h e r than the o t h e r wave l ength
13 W=lambda ^2/( dlambda*sind(theta)); // r e s o l v i n g power
14 // r e s u l t
15 printf(”\ nwave length o f one l i n e i s %0 . 1 f Armstrong ”

,lambda *10^10)

16 printf(”\ nwave length o f ano the r l i n e i s %0 . 1 f
Armstrong ”,lambda1 *10^10)

17 printf(”\ n r e s o l v i n g power i s %0 . 3 f ”,W)
18 // the f i r s t pa r t o f the answer v a r i e s due to round

o f f e r r o r
19 // second pa r t o f the answer p rov ided i n the t ex tbook

i s wrong

Scilab code Exa 3.30 calculation of angle at which first order maximum occurs AND angular separation of these lines in first order AND maximum wavelength separation in first order AND minimum number of lines on the gratingi

1 clc;clear;
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2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 3 0
5 // c a l c u l a t i o n o f ( a ) a n g l e at which f i r s t o r d e r

maximum o c c u r s f o r wave l ength 5890 Armstrong ( b )
a n g u l a r s e p a r a t i o n o f t h e s e l i n e s i n f i r s t o r d e r
( c )maximum wave l ength s e p a r a t i o n r e s o l v a b l e by
g r a t i n g i n i t s f i r s t o r d e r ( d ) minimum number o f
l i n e s on the g r a t i n g needed to r e s o l v e d o u b l e t i n

f i r s t o r d e r
6 function[mint , secnd ]= degmin(theta)

7 mint=(theta -floor(theta))*60;

8 secnd=(mint -floor(mint))*60;

9 endfunction

10 // g i v e n data
11 n=1; // o r d e r o f maximum
12 lambda1 =5890*10^ -10; // wave l ength ( i n m) o f one l i n e

o f l i g h t
13 lambda2 =5895.59*10^ -10; // wave l ength ( i n m) o f

ano the r l i n e o f l i g h t
14 W=2.50*10^ -2; // width o f g r a t i n g ( i n m)
15 N=1.20*10^4; // number o f r u l i n g s
16 n=1; // o r d e r o f maximum
17 // c a l c u l a t i o n
18 a_plus_b=W/N; // s l i t s p a c i n g f o r g r a t i n g ( i n m)
19 theta=asind ((n*lambda1)/a_plus_b); // a n g l e ( i n

d e g r e e s ) at which f i r s t o r d e r maximum o c c u r s f o r
wave l ength 5890 Armstrong

20 dlambda=lambda2 -lambda1; // d i f f e r e n c e between
wave l eng th s ( i n m)

21 dtheta=dlambda*n/( a_plus_b*cosd(theta)); // a n g u l a r
s e p a r a t i o n o f t h e s e l i n e s i n f i r s t o r d e r

22 [mint , secnd ]= degmin(dtheta); // c a l l deg 2 degmin
f u n c t i o n

23 RP=N*n; //maximum wave l ength s e p a r a t i o n r e s o l v a b l e
by g r a t i n g i n i t s f i r s t o r d e r

24 N=( lambda2/dlambda)/n; //minimum number o f l i n e s on
the g r a t i n g needed to r e s o l v e d o u b l e t i n f i r s t
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o r d e r
25 printf(”\n ( a ) a n g l e at which f i r s t o r d e r maximum

o c c u r s f o r wave l ength 5890 Armstrong i s %0 . 1 f
d e g r e e s ”,theta)

26 printf(”\n ( b ) a n g u l a r s e p a r a t i o n o f t h e s e l i n e s i n
f i r s t o r d e r i s %0 . 4 f minutes %0 . 2 f s e c o n d s ”,mint ,
secnd)

27 printf(”\n ( c )maximum wave l ength s e p a r a t i o n
r e s o l v a b l e by g r a t i n g i n i t s f i r s t o r d e r i s %d”,
RP)

28 printf(”\n ( d ) minimum number o f l i n e s on the g r a t i n g
needed to r e s o l v e d o u b l e t i n f i r s t o r d e r i s %d”,N
)

29 // the answers vary due to round o f f e r r o r
30 // the v a l u e o f lambda2 i s taken d i f f e r e n t i n the

q u e s t i o n and the c a l c u l a t i o n

Scilab code Exa 3.32 calculation of dispersion AND resolving power AND smallest difference in wavelength resolved and when half the ruling is covered

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 3 2
5 // c a l c u l a t i o n o f ( i ) d i s p e r s i o n ( i i ) r e s o l v i n g power (

i i i ) s m a l l e s t d i f f e r e n c e i n wave l ength r e s o l v e d
and when h a l f the r u l i n g i s c ove r ed

6 // g i v e n data
7 a_plus_b =10^ -2/5000; // number o f l i n e s per m
8 lambda =5000*10^ -10; // wave l ength ( i n m)
9 dlambda =0.1*10^ -10; // d i f f e r e n c e o f wave l eng th s ( i n

m)
10 n=2; // o r d e r o f d i f f r a c t i o n
11 N=5000*5; // number o f l i n e s
12 // c a l c u l a t i o n
13 dtheta =(n*dlambda)/sqrt(a_plus_b^2-n^2* lambda ^2); //
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d i s p e r s i o n ( i n r a d i a n )
14 RP=n*N; // r e s o l v i n g power
15 d_lambda=lambda /(n*N); // s m a l l e s t d i f f e r e n c e i n

wave l ength r e s o l v e d ( i n m)
16 //when h a l f the r u l i n g i s c ove r ed
17 N_dash =50000/2; // number o f l i n e s
18 RP_dash=RP/2; // r e s o l v i n g power
19 d_lambda_dash=lambda /(n*N_dash); // d i f f e r e n c e i n

wave l ength ( i n m)
20 dtheta_dash =2*2.38; // d i s p e r s i o n ( i n minutes ) s i n c e

the v a l u e o f d i s p e r s i o n i s 2 . 3 8 i n minutes
21 printf(”\n ( i ) d i s p e r s i o n i s %1 . 2 e rad ”,dtheta)
22 printf(”\n ( i i ) r e s o l v i n g power i s %d”,RP)
23 printf(”\n ( i i i ) s m a l l e s t d i f f e r e n c e i n wave l ength

r e s o l v e d i s %1 . 1 f Armstrong ”,d_lambda *10^10)
24 printf(”\n ( i ) r e s o l v i n g power when h a l f the r u l i n g i s

c ove r ed i s %d”,RP_dash)
25 printf(”\n ( i i ) d i f f e r e n c e i n wave l ength i s when h a l f

the r u l i n g i s c ove r ed i s %1 . 1 f Armstrong ”,
d_lambda_dash *10^10)

26 printf(”\n ( i i i ) d i s p e r s i o n when h a l f the r u l i n g i s
c ove r ed i s %1 . 2 f minutes ”,dtheta_dash)

27 // the answer p rov id ed f o r d i f f e r e n c e i n wave l ength
i s when h a l f the r u l i n g i s c ove r ed i s wrong

Scilab code Exa 3.33 calculation of separation of wavelengths in first order and resolving power in second order

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 3 3
5 // c a l c u l a t i o n o f s e p a r a t i o n o f wave l eng th s i n f i r s t

o r d e r and r e s o l v i n g power i n second o r d e r
6 // g i v e n data
7 N=1000; // number o f l i n e s a g r a t i n g has
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8 lambda =6000; // wave l ength ( i n Armstrong )
9 n=1; // f o r f i r s t o r d e r
10 n_dash =2; // f o r second o r d e r
11 // c a l c u l a t i o n
12 d_lambda=lambda/N; // s e p a r a t i o n between two

wave l eng th s ( i n Armstrong ) f o r f i r s t o r d e r
13 RP=n_dash*N; // r e s o l v i n g power f o r s econd o r d e r
14 printf(”\ n s e p a r a t i o n between two wave l eng th s f o r

f i r s t o r d e r i s %d Armstrong ”,d_lambda)
15 printf(”\ n r e s o l v i n g power f o r second o r d e r i s %d”,RP

)

Scilab code Exa 3.34 calculation of diffraction angle

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 3 4
5 // c a l c u l a t i o n o f d i f f r a c t i o n a n g l e
6 // g i v e n data
7 lambda1 =6000*10^ -10; // wave l enght ( i n m) o f one l i n e

o f l i g h t
8 lambda2 =6000.5*10^ -10; // wave l ength ( i n m) o f

ano the r l i n e o f l i g h t
9 W=10*10^ -3; // width o f g r a t i n g ( i n m)

10 // c a l c u l a t i o n
11 dlambda=lambda2 -lambda1; // d i f f e r e n c e between the

two wave l eng th s ( i n m)
12 theta=asind (( lambda1 ^2)/(W*dlambda)); // d i f f r a c t i o n

a n g l e ( i n d e g r e e s )
13 printf( ’ d i f f r a c t i o n a n g l e i s %d d e g r e e s ’ ,theta)

Scilab code Exa 3.35 calculation of minimum wavelength separation
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1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 3 5
5 // c a l c u l a t i o n o f minimum wave l ength s e p a r a t i o n
6 // g i v e n data
7 lambda1 =5890; // wave l ength ( i n Armstrong ) o f l i g h t
8 lambda2 =5896; // ano the r wave l ength ( i n Armstrong ) o f

l i g h t
9 W=3; // width o f g r a t i n g ( i n cm)
10 W_dash =0.3; //new width o f g r a t i n g ( i n cm)
11 // c a l c u l a t i o n
12 a_plus_b =1; // assuming f o r s i m p l i c i t y o f c a l c u l a t i o n
13 N_dash =( W_dash*a_plus_b)/(W*a_plus_b); // number o f

l i n e s per cm
14 dlambda=lambda2 -lambda1; // s e p a r a t i o n o f wave l eng th s

( i n m)
15 lambda_by_n=dlambda; // fo rmu la o f s e p a r a t i o n o f

wave l eng th s
16 dlambda_dash=lambda_by_n/N_dash; //minimum

wave l ength s e p a r a t i o n ( i n Armstrong )
17 printf(”\nminimum wave l ength s e p a r a t i o n i s %d

Armstrong ”,dlambda_dash)

Scilab code Exa 3.36 calculation of wavelength separation

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 3 6
5 // c a l c u l a t i o n o f wave l ength s e p a r a t i o n
6 // g i v e n data
7 del_lambda =6; // wave l ength ( i n Armstrong ) o f l i g h t
8 W=1; // assuming width to be 1 f o r s i m p l i c i t y o f

c a l c u l a t i o n
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9 // c a l c u l a t i o n
10 lambdaa_plus_b_by_n=del_lambda; // fo rmu la f o r

s e p a r a t i o n o f wave l ength
11 W_dash =10*W; //new width
12 dlambda_dash=lambdaa_plus_b_by_n/W_dash; //

wave l ength s e p a r a t i o n ( i n Armstrong )
13 printf(”\ nwave length s e p a r a t i o n i s %0 . 1 f Armstrong ”,

dlambda_dash)

Scilab code Exa 3.37 calculation of angular dispersion and effective width of grating

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 3 7
5 // c a l c u l a t i o n o f a n g u l a r d i s p e r s i o n and e f f e c t i v e

width o f g r a t i n g
6 // g i v e n data
7 lambda =5000*10^ -10; // wave l ength ( i n m) o f l i g h t
8 n=2; // o r d e r o f d i f f r a c t i o n
9 dlambda =10^ -10; // d i f f e r e n c e o f wave l eng th s ( i n m)
10 a_plus_b =10^ -2/6000; // number o f l i n e s per m
11 // c a l c u l a t i o n
12 dtheta =(n*dlambda)/sqrt(a_plus_b^2-n^2* lambda ^2); //

a n g u l a r d i s p e r s i o n ( i n r a d i a n s )
13 N=lambda /(n*dlambda); // r e s o l v i n g power
14 W=N*a_plus_b; // width o f g r a t i n g
15 printf(”\ nangu la r d i s p e r s i o n i s %1 . 1 e rad ”,dtheta)
16 printf(”\nwidth o f g r a t i n g i s %0 . 3 f cm”,W*10^2)

Scilab code Exa 3.38 calculation of resolving power

1 clc;clear;
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2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 3 8
5 // c a l c u l a t i o n o f r e s o l v i n g power
6 // g i v e n data
7 lambda =5000*10^ -10; // wave l ength ( i n m) o f l i g h t
8 n=2; // o r d e r o f d i f f r a c t i o n
9 W=2.5*10^ -2; // width o f g r a t i n g ( i n m)
10 // c a l c u l a t i o n
11 a_plus_b=lambda /0.1; // g r a t i n g e l ement ( i n m)
12 N=W/a_plus_b; // number o f l i n e s on g r a t i n g
13 RP=n*N; // r e s o l v i n g power
14 printf(”\ n R es o l v i ng power i s %d”,RP)

Scilab code Exa 3.39 calculation of dispersion around 5460 Armstrong in third order and resolving power in its fifth order

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 3 9
5 // c a l c u l a t i o n o f ( a ) d i s p e r s i o n around 5460 Armstrong

i n t h i r d o r d e r ( b ) r e s o l v i n g power i n i t s f i f t h
o r d e r

6 // g i v e n data
7 N=9600; // number o f l i n e s
8 W=3*10^ -2; // width o f g r a t i n g ( i n m)
9 n=3; // t h i r d o r d e r

10 n_dash =5; // f i f t h o r d e r
11 lambda =5460*10^ -10; // wave l ength ( i n m) o f l i g h t
12 // c a l c u l a t i o n
13 a_plus_b=W/N; // g r a t i n g e l ement ( i n m)
14 theta=asind(n*lambda)/a_plus_b; // from the g r a t i g

e q u a t i o n ( a+b ) ∗ s i n ( t h e t a )=n∗ lambda ( i n d e g r e e s )
15 dtheta_by_dlambda=n/(( a_plus_b)*cosd(theta)); //

d i s p e r s i o n ( i n rad /nm)
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16 RP=n_dash*N; // r e s o l v i n g power
17 printf(”\n ( a ) d i s p e r s i o n around 5460 Armstrong i s %1

. 4 f rad /nm”,dtheta_by_dlambda /10^9)
18 printf(”\n ( b ) r e s o l v i n g power i n i t s f i f t h o r d e r i s

%d”,RP)
19 // the f i r s t pa r t o f the answer p rov id ed i n the

t ex tbook i s wrong

Scilab code Exa 3.40 calculation of minimum number of lines of grating

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 4 0
5 // c a l c u l a t i o n o f minimum number o f l i n e s o f g r a t i n g
6 // g i v e n data
7 lambda1 =589.593*10^ -9; // f i r s t wave l ength o f sodium

D l i n e s ( i n m)
8 lambda2 =588.996*10^ -9; // second wave l ength o f sodium

D l i n e s ( i n m)
9 n=1; // o r d e r o f g r a t i n g
10 // c a l c u l a t i o n
11 lambda =( lambda1+lambda2)/2; // ave rage wave l ength o f

both t h e w a v e l e n g t h s o f sodium D l i n e s ( i n m)
12 d_lambda=lambda1 -lambda2; // d i f f e r e n c e o f both the

wave l eng th s ( i n m)
13 N=lambda /(n*d_lambda); //minimum number o f l i n e s o f

g r a t i n g
14 printf(”\nminimum number o f l i n e s o f g r a t i n g i s %d”,

N)

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

Scilab code Exa 3.41 to check if spectral lines will be resolved
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1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 4 1
5 // to check i f s p e c t r a l l i n e s w i l l be r e s o l v e d
6 // g i v e n data
7 // i n f i r s t o r d e r
8 lambda1 =5160.34; // f i r s t wave l ength o f s p e c t r a l l i n e

a p l ane d i f f r a c t i o n j u s t r e s o l v e s ( i n Armstrong )
9 lambda2 =5160.85; // second wave l ength o f s p e c t r a l

l i n e a p l ane d i f f r a c t i o n j u s t r e s o l v e s ( i n
Armstrong )

10 // c a l c u l a t i o n
11 lambda =( lambda1+lambda2)/2; // ave rage wave l ength ( i n

Armstrong )
12 d_lambda=lambda2 -lambda1; // d i f f e r e n c e o f

wave l eng th s ( i n Armstrong )
13 N=lambda/d_lambda; // number o f l i n e s
14 // i n second o r d e r
15 lambda_1 =8037.20; // f i r s t wave l ength ( i n Armstrong )
16 lambda_2 =8037.50; // second wave l ength ( i n Armstrong )
17 lambda_dash =( lambda_1+lambda_2)/2; // ave rage

wave l ength ( i n Armstrong )
18 n=2; // o r d e r o f g r a t i n g
19 dlambda=lambda_2 -lambda_1; // d i f f e r e n c e o f

wave l eng th s ( i n Armstrong )
20 N_dash=lambda_dash /(n*dlambda); // number o f l i n e s
21 printf(”\ n f o r f i r s t o r d e r number o f l i n e s i s %d”,N)
22 printf(”\ n f o r f i r s t o r d e r number o f l i n e s i s %d”,

N_dash)

23 if N>N_dash then

24 disp(” the g i v e n l i n e s a r e r e s o l v e d ”)
25 else

26 disp(” the g i v e n l i n e s remain u n r e s o l v e d ”)
27 end
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Scilab code Exa 3.42 to check if spectral lines will be resolved

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 4 2
5 // to check i f s p e c t r a l l i n e s w i l l be r e s o l v e d
6 // g i v e n data
7 // i n f i r s t o r d e r
8 lambda1 =5140.34; // f i r s t wave l ength o f s p e c t r a l l i n e

a p l ane d i f f r a c t i o n j u s t r e s o l v e s ( i n Armstrong )
9 lambda2 =5140.85; // second wave l ength o f s p e c t r a l

l i n e a p l ane d i f f r a c t i o n j u s t r e s o l v e s ( i n
Armstrong )

10 // c a l c u l a t i o n
11 lambda =( lambda1+lambda2)/2; // ave rage wave l ength ( i n

Armstrong )
12 d_lambda=lambda2 -lambda1; // d i f f e r e n c e o f

wave l eng th s ( i n Armstrong )
13 N=lambda/d_lambda; // number o f l i n e s
14 // i n second o r d e r
15 lambda_1 =8037.2; // f i r s t wave l ength ( i n Armstrong )
16 lambda_2 =8037.50; // second wave l ength ( i n Armstrong )
17 lambda_dash =( lambda_1+lambda_2)/2; // ave rage

wave l ength ( i n Armstrong )
18 n=2; // o r d e r o f g r a t i n g
19 dlambda=lambda_2 -lambda_1; // d i f f e r e n c e o f

wave l eng th s ( i n Armstrong )
20 N_dash=lambda_dash /(n*dlambda); // number o f l i n e s
21 printf(”\ n f o r f i r s t o r d e r number o f l i n e s i s %d”,N)
22 printf(”\ n f o r f i r s t o r d e r number o f l i n e s i s %d”,

N_dash)

23 if N>N_dash then

24 disp(” the g i v e n l i n e s a r e r e s o l v e d ”)
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25 else

26 disp(” the g i v e n l i n e s remain u n r e s o l v e d ”)
27 end

Scilab code Exa 3.43 calculation of fringe spacing

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 3 . 4 3
5 // c a l c u l a t i o n o f f r i n g e s p a c i n g
6 // g i v e n data
7 n=1; // o r d e r o f g r a t i n g
8 lambda =632.8*10^ -9; // wave l ength ( i n m) o f l a s e r
9 theta =0.1/1

10 // c a l c u l a t i o n
11 d=lambda/theta; // f r i n g e s p a c i n g ( i n m)
12 printf(”\ n f r i n g e s p a c i n g i s %1 . 3 f micrometer ”,d

*10^6)
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Chapter 4

Coherence Lasers and Optical
Fibres

Scilab code Exa 4.1 calculation of coherent length and coherent time

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 1
5 // c a l c u l a t i o n o f c o h e r e n t l e n g t h and c o h e r e n t t ime
6 // g i v e n data
7 lambda =4800*10^ -10; // wave l ength o f l i g h t ( i n m)
8 n=25; // number o f waves
9 c=3*10^8; // speed o f l i g h t ( i n m/ s )

10 // c a l c u l a t i o n
11 l_c=n*lambda; // c o h e r e n t l e n g t h ( i n metre )
12 tau_c=l_c/c; // c o h e r e n t t ime ( i n s )
13 printf(”\ n c o he r e n t l e n g t h i s %d micrometer ”,l_c

*10^6)

14 printf(”\ n c o he r e n t t ime i s %1 . 0 e s ”,tau_c)
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Scilab code Exa 4.2 calcuation of coherent time coherent length and Q value for sodium D1 line AND coherent time coherent length and Q value for sodium light of D1 and D2 line

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 2
5 // c a l c u a t i o n o f ( a ) c o h e r e n t time , c o h e r e n t l e n g t h

and Q v a l u e f o r sodium D1 l i n e ( b ) c o h e r e n t time ,
c o h e r e n t l e n g t h and Q v a l u e f o r sodium l i g h t o f
D1 and D2 l i n e

6 // ( a ) f o r sodium D1 l i n e
7 // g i v e n data
8 lambda =5890*10^ -10; // wave l ength ( i n m) o f l i n e D1
9 w=0.1*10^ -10; // s p e c t r a l width ( i n m)

10 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
11 // c a l c u l a t i o n
12 Q=round(lambda/w); //Q v a l u e
13 l_c=Q*lambda; // c o h e r e n t l e n g t h ( i n m)
14 tau_c=l_c/c; // c o h e r e n t t ime ( i n s e c )
15 // ( b ) f o r sodium D1 and D2 l i n e s
16 // g i v e n data
17 lambda1 =5890*10^ -10; // wave l ength ( i n m) o f l i n e D1
18 lambda2 =5896*10^ -10; // wave l ength ( i n m) o f l i n e D2
19 // c a l c u l a t i o n
20 w_dash=lambda2 -lambda1; // s p e c t r a l width ( i n m)
21 Q_dash =(( lambda1+lambda2)/2)/w_dash; //Q v a l u e
22 format (16)

23 lambda_dash =( lambda1+lambda2)/2; // ave rage
wave l ength o f D1 and D2 l i n e s

24 lc=lambda_dash*Q_dash; // c o h e r e n t l e n g t h ( i n m)
25 tauc=lc/c; // c o h e r e n t t ime ( i n s )
26 printf(”\n ( a ) f o r sodium D1 l i n e ”)
27 printf(”\nQ v a l u e i s %d”,Q)
28 printf(”\ n c o h e r e n t l e n g t h i s %1 . 2 f cm”,l_c *10^2)
29 printf(”\ n c o h e r e n t t ime i s %1 . 2 e s ”,tau_c)
30 printf(”\n ( b ) f o r sodium D1 and D2 l i n e s ”)
31 printf(”\nQ v a l u e i s %3 . 2 f ”,Q_dash)
32 printf(”\ n c o h e r e n t l e n g t h i s %1 . 2 f micrometre ”,lc
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*10^6)

33 printf(”\ n c o h e r e n t t ime i s %1 . 2 e s ”,tauc)
34 // the answer f o r c o h e r e n t t ime i n ( a ) v a r i e s due to

round o f f e r r o r
35 // the answers p rov id ed i n the t ex tbook f o r c o h e r e n t

l e n g t h and c o h e r e n t t ime i n ( b ) a r e wrong

Scilab code Exa 4.3 calculation of coherent length and quality factor

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 3
5 // c a l c u l a t i o n o f ( i ) c o h e r e n t l e n g t h ( i i ) q u a l i t y

f a c t o r
6 // g i v e n data
7 lambda =6000*10^ -10; // wave l ength ( i n m)
8 del_nu =10^ -2; // s p e c t r a l width ( i n Hz )
9 c=3*10^8; // speed o f l i g h t ( i n m/ s )

10 // c a l c u l a t i o n
11 nu=c/lambda; // f r e q u e n c y ( i n Hz )
12 Q=nu/del_nu; // q u a l i t y f a c t o r
13 l_c=Q*lambda; // c o h e r e n t l e n g t h ( i n m)
14 printf(”\ n q u a l i t y f a c t o r i s %1 . 0 e ”,Q)
15 printf(”\ n c o he r e n t l e n g t h i s %d km”,l_c *10^ -3)
16 // the answer p rov id ed i n the txtbook i s wrong

Scilab code Exa 4.4 calculation of coherent length and coherent time and Q value

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 4
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5 // c a l c u l a t i o n o f c o h e r e n t l eng th , c o h e r e n t t ime and
Q v a l u e

6 // g i v e n data
7 lambda1 =0.4*10^ -6; // f i r s t wave l ength ( i n m)
8 lambda2 =0.8*10^ -6; // second wave l ength ( i n m)
9 c=3*10^8; // speed o f l i g h t ( i n m/ s )

10 // c a l c u l a t i o n
11 lambda =( lambda1+lambda2)/2; //mean wave l ength ( i n m)
12 del_lambda=lambda2 -lambda1; // d i f f e r e n c e between

wave l eng th s ( i n m)
13 Q=lambda/del_lambda; //Q v a l u e
14 l_c=Q*lambda; // c o h e r e n t l e n g t h ( i n m)
15 tau_c=l_c/c; // c o h e r e n t t ime ( i n s e c )
16 printf(”\nQ v a l u e i s %1 . 1 f ”,Q)
17 printf(”\ n c o he r e n t l e n g t h i s %1 . 1 f micrometer ”,l_c

*10^6)

18 printf(”\ n c o he r e n t t ime i s %1 . 0 e s ”,tau_c)
19 // answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 4.5 calculation of spectral purity of line

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 5
5 // c a l c u l a t i o n o f s p e c t r a l p u r i t y o f l i n e
6 // g i v e n data
7 lambda =643.8*10^ -9; // wave l ength ( i n m)
8 tau_c =10^ -9; // c o h e r e n t t ime ( i n s e c )
9 c=3*10^8; // speed o f l i g h t ( i n m/ s )
10 // c a l c u l a t i o n
11 del_lambda=lambda ^2/(c*tau_c); // s p e c t r a l sp r ead ( i n

nm)
12 sp=lambda/del_lambda; // s p e c t r a l p u r i t y o f the l i n e
13 printf(”\nThe s p e c t r a l p u r i t y o f the l i n e i s %d”,sp)
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14 // the answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 4.6 calculation of separation of two slits

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 6
5 // c a l c u l a t i o n o f s e p a r a t i o n o f two s l i t s
6 // g i v e n data
7 lambda =5000*10^ -10; // wave l ength ( i n m) f l i g h t
8 theta =(32* %pi)/(180*60); // a n g l e ( i n minutes )

subtended by the sun on the e a r t h
9 // c a l c u l a t i o n

10 l_w=lambda/theta; // s e p a r a t i o n o f two s l i t s ( i n m)
11 printf(”\ n s e p a r a t i o n o f two s l i t s i s %1 . 0 e m”,l_w)

Scilab code Exa 4.7 calculation of units of light received by minima

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 7
5 // c a l c u l a t i o n o f u n i t s o f l i g h t r e c e i v e d by minima
6 // g i v e n data
7 visibility =0.29

8 I_max =20; //maximum i n t e n s i t y o f r e s u l t i n g
i n t e r f e r e n c e p a t t e r n ( i n u n i t s )

9 // c a l c u l a t i o n
10 I_min=(I_max -0.29* I_max)/1.29; // u n i t s o f l i g h t

r e c e i v e d by minima o b t a i n e d from the formula ,
v i s i b i l i t y =(I max−I min ) /( I max+I min )

92



11 printf(”\ n l i g h t r e c e i v e d by minima i s %d u n i t s ”,
I_min)

Scilab code Exa 4.8 calculation of coherent length of wavetrain and to check whether interference is observed by human eye

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 8
5 // ( i ) c a l c u l a t i o n o f c o h e r e n t l e n g t h o f wave t r a in ( i i

) to check whether i n t e r f e r e n c e i s ob s e rved by
human eye

6 // g i v e n data
7 tau_c =10^ -8; // c o h e r e n t t ime ( i n s )
8 c=3*10^8; // speed o f l i g h t ( i n m/ s )
9 x1=5; // d i s t a n c e t r a v e l l e d by one beam ( i n m)
10 x2=10; // d i s t a n c e t r a v e l l e d by o t h e r beam ( i n m)
11 // c a l c u l a t i o n
12 l_c=c*tau_c; // c o h e r e t l e n g t h ( i n m)
13 del_x=x2-x1; // path d i f f e r e n c e between two beams ( i n

m)
14 printf(”\n ( i ) c o h e r e n t l e n g t h o f wave t ra in i s %d m”,

l_c)

15 printf(”\n ( i i ) path d i f f e r e n c e between two beams i s
%d m”,del_x)

16 if del_x <l_c then

17 disp(” i n t e r f e r e n c e i s o b s e r v a b l e by human eye ”)
18 else

19 disp(” i n t e r f e r e n c e i s not o b s e r v a b l e by human
eye ”)

20 end

Scilab code Exa 4.9 calculation of spectral purity factor and coherence length and coherence time
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1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 9
5 // c a l c u l a t i o n o f s p e c t r a l p u r i t y f a c t o r , c o h e r e n c e

l e n g t h and c o h e r e n c e t ime
6 // g i v e n data
7 lambda =643.8; // wave l ength o f l i g h t ( i n nm)
8 del_lambda =0.001; // s e c t r a l sp r ead ( i n nm)
9 c=3*10^8; // speed o f l i g h t ( i n m/ s )
10 // c a l c u l a t i o n
11 Q=round(lambda/del_lambda); // s p e c t r a l p u r i t y f a c t o r
12 l_c=Q*lambda *10^ -9; // c o h e r e n c e l e n g t h ( i n m)
13 tau_c=l_c/c; // c o h e r e n c e t ime ( i n s )
14 printf(”\ n S p e c t r a l p u r i t y f a c t o r i s %d”,Q)
15 printf(”\ nCoherence l e n g t h i s %0 . 1 f cm”,l_c *10^2)
16 printf(”\ nCoherence t ime i s %4 . 2 e s ”,tau_c)

Scilab code Exa 4.10 calculation of size of pinhole

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 1 0
5 // c a l c u l a t i o n o f s i z e o f pin−h o l e
6 // g i v e n data
7 F=60; // f o c a l l e n g t h ( i n cm)
8 l=10; // l e n g t h o f a p e r t u r e ( i n cm)
9 lambda =633*10^ -4; // wave l ength ( i n cm) o f l i g h t
10 // c a l c u l a t i o n
11 // f o r z e r o c o h e r e n c e at the p e r i p h e r y ove r l e n s

a p e r t u r e
12 a=1.22* lambda*F/l; // s i z e o f h o l e ( i n cm)
13 // f o r d e g r e e o f c o h e r e n c e not below 80% over the

a p e r t u r e
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14 a_dash =0.36*F/l*lambda; // s i z e o f h o l e ( i n cm)
15 printf(”\ n s i z e o f the h o l e f o r z e r o c o h e r e n c e at the

p e r i p h e r y ove r l e n s a p e r t u r e i s %0 . 1 f micrometer
”,a*10^4)

16 printf(”\ n s i z e o f the h o l e f o r d e g r e e o f c o h e r e n c e
not below 80 p e r c e n t ove r the a p e r t u r e i s %0 . 2 f
micrometer ”,a_dash *10^4)

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

Scilab code Exa 4.11 calculation of efficiency of laser

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 1 1
5 // c a l c u l a t i o n o f e f f i c i e n c y o f l a s e r
6 // g i v e n data
7 C=1000*10^ -6; // c a p a c i t a n c e ( i n Farad )
8 V=4000; // v o l t a g e ( i n v o l t s )
9 E=10; // ene rgy ( i n J o u l e )

10 // c a l c u l a t i o n
11 opo=E; // o p t i c a l power output
12 ip=1/2*C*V^2; // input power
13 nu=opo/ip; // e f f i c i e n c y o f l a s e r
14 printf (”\ n e f f i c i e n c y o f l a s e r i s %0 . 3 f p e r c e n t ”,nu

*100)

Scilab code Exa 4.12 calculation of ratio of stimulated emission to spontaneous emission

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 1 2
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5 // c a l c u l a t i o n o f r a t i o o f s t i m u l a t e d e m i s s i o n to
spontaneous e m i s s i o n

6 // g i v e n data
7 lambda =632.8*10^ -9; // wave l ength ( i n m) o f He−Ne

l a s e r
8 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
9 h=6.63*10^ -34; // Planck ’ s c o n s t a n t ( i n Js )

10 r=(1*10^ -3) /2; //beam r a d i u s ( i n m) o f l a s e r
11 d_nu =1.5*10^8; // l i n e width o f l a s e r l i n e ( i n Hz )
12 E=99*10^ -3; // ene rgy ( i n W) w i t h i n r e s o n a t o r
13 // c a l c u l a t i o n
14 nu=c/lambda; // f r e q u e n c y ( i n Hz ) o f l a s e r
15 B21_by_A21 =(c^3) /(8* %pi*h*nu^3); // r a t i o o f E i n s t e i n

’ s c o e f f i c i e n t s ( i n mˆ3/ J . s )
16 I=E/(%pi*r^2); // i n t e n s i t y
17 rho_v=I/(c*d_nu); // d e n s i t y ( i n J . s /mˆ3)
18 rho_vB21_by_A21 =( B21_by_A21)*rho_v; // r a t i o o f

s t i m u l a t e d e m i s s i o n to spontaneous e m i s s i o n
19 printf(”\ n r a t i o o f s t i m u l a t e d e m i s s i o n to

spontaneous e m i s s i o n i s %2 . 1 f ”,rho_vB21_by_A21)

Scilab code Exa 4.13 calculation of angular speed and areal spread

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 1 3
5 // c a l c u l a t i o n o f ( i ) a n g u l a r speed and ( i i ) a r e a l

sp r ead
6 // g i v e n data
7 lambda =7000*10^ -10; // wave l ength ( i n m) o f l i g h t
8 a=5*10^ -3; // a p e r t u r e ( i n m)
9 D=4*10^8; // d i s t a n c e from the e a r t h ( i n m)

10 // c a l c u l a t i o n
11 theta =(1.22* lambda)/a; // a n g l e ( i n r a d i a n ) o f
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d i f f r a c t i o n
12 A=%pi*(D*theta)^2; // a r e a l sp r ead ( i n mˆ2)
13 printf( ’ \n ( i ) a n g u l a r sp r ead i s %1 . 1 e rad ’ ,theta)
14 printf( ’ \n ( i i ) a r e a l spead i s %1 . 2 e mˆ2 ’ ,A)
15 // ( i i ) the answers vary due to round o f f e r r o r

Scilab code Exa 4.14 calculation of area and intensity of image

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 1 4
5 // c a l c u l a t i o n o f a r ea and i n t e n s i t y o f image
6 // g i v e n data
7 lambda =720*10^ -9; // wave l ength ( i n m) o f l i g h t
8 d=5*10^ -3; // a p e r t u r e ( i n m)
9 f=0.1; // f o c a l l e n g t h ( i n m)

10 P=50*10^ -3; // power ( i n Watt ) o f l a s e r beam
11 // c a l c u l a t i o n
12 d_theta =(1.22* lambda)/d; // a n g u l a r sp r ead
13 D=f

14 A=%pi*(D*d_theta)^2 // a r ea o f image ( i n mˆ2)
15 I=P/A; // i n t e n s i t y o f image ( i n W/mˆ2)
16 printf(”\ narea o f image i s %1 . 2 e mˆ2 ”,A)
17 printf(”\ n i n t e n s i t y o f image i s %1 . 2 e W/mˆ2 ”,I)
18 // the answer s p rov id ed i n the t ex tbook a r e wrong

Scilab code Exa 4.15 calculation of coherent length and band width and line width of laser

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 1 5
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5 // c a l c u l a t i o n o f c o h e r e n t l eng th , band width and l i n e
width o f l a s e r

6 // g i v e n data
7 lambda =650.0*10^ -9; // wave l ength ( i n m) o f l i g h t
8 del_tau =0.5*10^ -9; // t ime o f p u l s e s ( i n s e c o n d s )
9 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
10 // c a l c u l a t i o n
11 l_c=c*del_tau; // c o h e r e n t l e n g t h ( i n m)
12 del_nu =1/ del_tau; // band width ( i n Hz )
13 del_lambda=lambda ^2/c*del_nu; // l i n e width ( i n m)
14 printf(”\ n c o h e r e n t l e n g t h i s %0 . 2 f m”,l_c)
15 printf(”\nband width i s %1 . 0 e Hz”,del_nu)
16 printf(”\ n l i n e width i s %0 . 3 f Armstrong ”,del_lambda

*10^10)

Scilab code Exa 4.16 to show if diffraction contribute seriously to energy loss at lassing wavelength

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 1 6
5 // to show i f d i f f r a c t i o n c o n t r i b u t e s e r i o u s l y to

ene rgy l o s s at l a s s i n g wave l ength 6 9 4 . 3 nm
6 // g i v e n data
7 lambda =694.3*10^ -9; // wave l ength ( i n m)
8 a=0.1; // i n m
9 L=0.1; // l e n g t h ( i n m)

10 // c a l c u l a t i o n
11 theta=a^2/ lambda; // d i f f r a c t i o n a n g l e
12 if theta >L then

13 disp(” d i f f r a c t i o n i s not an impor tant ene rgy
l o s s mechanism ”)

14 else

15 disp(” d i f f r a c t i o n i s an impor tant ene rgy l o s s
mechanism ”)
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16 end

Scilab code Exa 4.17 calculation of minimum number of ions present

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 1 7
5 // c a l c u l a t i o n o f minimum number o f i o n s p r e s e n t
6 // g i v e n data
7 lambda =720; // wave l ength ( i n nm)
8 E=0.1; // ene rgy ( i n J )
9 h=6.62*10^ -34; // planck ’ s c o n s t a n t ( i n m sq kg / s )

10 c=3*10^8; // speed o f l i g h t ( i n m/ s )
11 // c a l c u l a t i o n
12 nu=c/( lambda *10^ -9); // f r e q u e n c y ( i n Hz )
13 n=E/(h*nu); // number o f i o n s p r e s e n t
14 printf(”Number o f i o n s p r e s e n t i s %1 . 3 e ”,n)

Scilab code Exa 4.18 calculation of number of passes radiation has to make before the threshold

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 1 8
5 // c a l c u l a t i o n o f number o f p a s s e s r a d i a t i o n has to

make b e f o r e the t h r e s h o l d
6 // g i v e n data
7 E=0.1; // ene rgy ( i n J o u l e )
8 beta_th =0.15; // t h r e s h o l d ga in ( per m)
9 l=0.2; // l e n g t h ( i n m)

10 // c a l c u l a t i o n
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11 m=12/( beta_th*l); // number o f p a s s e s r a d i a t i o n has
to make b e f o r e the t h r e s h o l d

12 printf(”\nnumber o f p a s s e s r a d i a t i o n has to make
b e f o r e the t h r e s h o l d i s %d”,m)

Scilab code Exa 4.19 calculation of number of longitudinal modes for gas lasers A and B

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 1 9
5 // c a l c u l a t i o n o f number o f l o n g i t u d i n a l modes f o r

gas l a s e r s A and B
6 // g i v e n data
7 lambda_A =700*10^ -9; // wave l ength ( i n m) o f r ed

r e g i o n
8 lambda_B =400*10^ -9; // wave l ength ( i n m) o f b lu e

r e g i o n
9 L_A =0.35; // minor s e p a r a t i o n ( i n m) o f red r e g i o n
10 L_B =0.40; // minor s e p a r a t i o n ( i n m) o f b lu e r e g i o n
11 n0=1; // r e f r a c t i v e index o f l a s e r medium
12 // c a l c u l a t i o n
13 qA=round (2*n0*L_A/lambda_A); // number o f

l o n g i t u d i n a l models f o r gas l a s e r A
14 qB=round (2*n0*L_B/lambda_B); // number o f

l o n g i t u d i n a l models f o r gas l a s e r B
15 printf(”\nnumber o f l o n g i t u d i n a l models f o r gas

l a s e r A i s %1 . 0 e ”,qA)
16 printf(”\nnumber o f l o n g i t u d i n a l models f o r gas

l a s e r B i s %1 . 0 e ”,qB)
17 // answer f o r qB prov id ed i n the t ex tbook i s wrong

Scilab code Exa 4.20 calculation of number of modes operating in the cavity region
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1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 2 0
5 // c a l c u l a t i o n o f number o f modes o p e r a t i n g i n the

c a v i t y r e g i o n
6 // g i v e n data
7 l=0.5; // s e p a r a t i o n o f l a s e r ( i n m)
8 Dg=1.5; // Doppler ’ s ga in band width ( i n Ghz )
9 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
10 n0=1; // r e f r a c t i v e index o f l a s e r
11 // c a l c u l a t i o n
12 del_nu=c*10^ -9/(2*l); // f r e q u e n c y ( i n GHz)
13 m=Dg/del_nu; // number o f modes
14 disp(m, ’ number o f modes o p e r a t i n g i n the c a v i t y

r e g i o n i s ’ )
15 // the answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 4.21 calculation of wavelength of laser emitted out

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 2 1
5 // c a l c u l a t i o n o f wave l ength o f l a s e r emi t t ed out
6 // g i v e n data
7 h=6.626*10^ -34; // planck ’ s c o n s t a n t ( i n m sq kg / s )
8 c=3*10^8; // speed o f l i g h t ( i n m/ s )
9 E=1.85; // ene rgy ( i n eV )

10 // c a l c u l a t i o n
11 lambda =(h*c)/(E*1.602*10^ -19); // wave l ength ( i n m)
12 printf(”\nWavelength o f l a s e r emi t t ed out i s %d

Armstrong ”,lambda *10^10)
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Scilab code Exa 4.22 calculation of minimum population for He Ne laser

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 2 2
5 // c a l c u l a t i o n o f minimum p o p u l a t i o n f o r He−Ne l a s e r
6 // g i v e n data
7 lambda0 =6328*10^ -10; // wave l ength ( i n m)
8 tau_m =10^ -7; // t r a n s i t i o n t ime o f m e t a s t a b l e s t a t e (

i n s )
9 n0=1; // r e f r a c t i v e index o f l a s e r
10 l=20*10^ -2; // l e n g t h ( i n m)
11 R1=0.98

12 del_nu =10^9; // f r e q u e n c y ( i n Hz )
13 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
14 alpha =0; // n e g l e c t i n g l o s s e s
15 // c a l c u l a t i o n
16 R2=R1

17 tau_c =(2*l*n0)/(c*(2* alpha*l-log(R1*R2))); //
c h a r a c t e r i s t i c t ime o f r e s o n a t o r ( i n s )

18 N2_minus_N1 =(4*n0^3* tau_m*del_nu)/(c*lambda0 ^2* tau_c

); // t h r e s h o l d p o p u l a t i o n ( per mˆ3)
19 printf(”\nminimum p o p u l a t i o n f o r He−Ne l a s e r i s %1 . 2

e per cmˆ3 ”,N2_minus_N1 *10^2)
20 // the answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 4.23 to calculate threshold population inversion density and threshold pump power

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
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4 // example 4 . 2 3
5 // to c a l c u l a t e t h r e s h o l d p o p u l a t i o n i n v e r s i o n

d e n s i t y and t h r e s h o l d pump power
6 // g i v e n data
7 lambda0 =632.8*10^ -9; // i n m
8 del_nu =10*9; // i n Hz
9 tau_m =10^ -7; // i n s
10 l=10*10^ -2; // i n m
11 R1=0.98

12 R2=0.98

13 n0=1

14 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
15 nu =5*10^15

16 h=6.6*10^ -34; // Planck ’ s c o n s t a n t
17 // c a l c u l a t i o n
18 tau=-(2*n0*l)/(c*log(R1*R2)); // i n s
19 N2_minus_N1 =(4*n0^3* tau_m*del_nu)/(c*lambda0 ^2*tau);

// t h r e s h o l d p o p u l a r i t y i n v e r s i o n d e n s i t y ( i n m
ˆ3)

20 P_th =(( N2_minus_N1)*h*nu)/tau_m; // t h r e s h o l d power (
i n W/mˆ3)

21 printf(”\ n t h r e s h o l d p o p u l a r i t y i n v e r s i o n d e n s i t y i s
%1 . 1 e mˆ3 ”,N2_minus_N1)

22 disp(P_th , ’ t h r e s h o l d power ( i n W/mˆ3) i s ’ )

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

Scilab code Exa 4.24 comparison between HeNe laser and dye laser

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 2 4
5 // compar i son between He−Ne l a s e r and dye− l a s e r
6 // g i v e n data
7 // f o r He−Ne l a s e r
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8 L=0.5; // m i r r o r s e p a r a t i o n ( i n m)
9 lambda =632.8; // wave l ength ( i n nm)
10 del_nu =1.5*10^3; // f r e q u e n c y ( i n Hz )
11 n=1

12 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
13 // f o r dye− l a s e r
14 L_dash =2.0; // m i r r o r s e p a r a t i o n ( i n m)
15 lambda1 =570*10^ -9; // wave l ength ( i n m)
16 lambda2 =640*10^ -9; // wave l ength ( i n m)
17 n_dash =1.4

18 // c a l c u l a t i o n
19 del_tsp_He_Ne =(2*n*L)/c; // s e p a r a t i o n between p u l s e s

( i n s ) i n He−Ne
20 del_tsp_dye =(2* n_dash*L_dash)/c; // s e p a r a t i o n

between p u l s e s ( i n s ) i n dye
21 del_tp_He_Ne =1/ del_nu; // p u l s e width o f He Ne ( i n s )
22 del_lambda=lambda2 -lambda1; // wave l ength range ( i n

nm)
23 lambda_dash =( lambda1+lambda2)/2; // wave l ength ( i n nm

)
24 del_tp_dye =1/((c/lambda_dash ^2)*del_lambda); // pu l s e

−width o f dye ( i n s )
25 printf(”\ n s e p a r a t i o n between p u l s e s i n He−Ne i s %1 . 2

e s ”,del_tsp_He_Ne)
26 printf(”\ n s e p a r a t i o n between p u l s e s i n dye i s %1 . 2 e

s ”,del_tsp_dye)
27 printf(”\ n p u l s e width o f He Ne i s %1 . 3 f ns ”,

del_tp_He_Ne *10^9)

28 printf(”\ npul se−width o f dye i s %2 . 1 f f s ”,del_tp_dye
*10^15)

29 if del_tsp_He_Ne > del_tsp_dye then

30 disp(”He−Ne l a s e r s a r e more s u i t e d f o r mode−
l o c k i n g ”)

31 else

32 disp(”Dye l a s e r s a r e more s u i t e d f o r mode−
l o c k i n g ”)

33 end

34 if del_tp_He_Ne < del_tp_dye then
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35 disp(”He−Ne l a s e r s a r e more s u i t e d f o r mode−
l o c k i n g ”)

36 else

37 disp(”Dye l a s e r s a r e more s u i t e d f o r mode−
l o c k i n g ”)

38 end

39 // the answer o f p u l s e width o f He Ne l a s e r i s wrong
because the v a l u e o f f r e q u e n c y i s g i v e n d i f f e r e n t

i n the q u e s t i o n and the answer i n the t ex tbook
40 // the answer o f p u l s e width o f dye v a r i e s due to

round o f f e r r o r

Scilab code Exa 4.25 calculation of numerical aperture and maximum acceptance angle

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 2 5
5 // c a l c u l a t i o n o f n u m e r i c a l a p e r t u r e and maximum

a c c e p t a n c e a n g l e
6 // g i v e n data
7 n1 =1.45; // r e f r a c t i v e index o f c o r e
8 delta =0.01; // r e l a t i v e r e f r a c t i v e index o f core−

c l a d d i n g
9 // c a l c u l a t i o n
10 NA=n1*sqrt (2* delta); // n u m e r i c a l a p e r t u r e
11 i_m=asind(NA); //maximum a c c e p t a n c e a n g l e
12 printf(”\ nnumer i ca l a p e r t u r e i s %0 . 3 f ”,NA)
13 printf(”\nmaximum a c c e p t a n c e a n g l e i s %0 . 2 f d e g r e e s ”

,i_m)

Scilab code Exa 4.27 calculation of numerical aperture and maximum acceptance angle
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1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 2 7
5 // c a l c u l a t i o n o f n u m e r i c a l a p e r t u r e and maximum

a c c e p t a n c e a n g l e
6 // g i v e n data
7 n1=1.5; // r e f r a c t i v e index o f c o r e
8 delta =0.01; // r e l a t i v e r e f r a c t i v e index o f core−

c l a d d i n g
9 // c a l c u l a t i o n
10 NA=n1*sqrt (2* delta); // n u m e r i c a l a p e r t u r e
11 i_m=asind(NA); //maximum a c c e p t a n c e a n g l e
12 printf(”\ nnumer i ca l a p e r t u r e i s %0 . 2 f ”,NA)
13 printf(”\nmaximum a c c e p t a n c e a n g l e i s %0 . 2 f d e g r e e s ”

,i_m)

Scilab code Exa 4.28 calculation of refractive indices of core and cladding

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 2 8
5 // c a l c u l a t i o n o f r e f r a c t i v e i n d i c e s o f c o r e and

c l a d d i n g
6 // g i v e n data
7 NA =0.22; // n u m e r i c a l a p e r t u r e
8 delta =0.012 // r e l a t i v e r e f r a c t i v e index d i f f e r e n c e
9 // c a l c u l a t i o n
10 n1=NA/sqrt (2* delta); // r e f r a c t i v e index o f c o r e
11 n2=n1-delta*n1; // r e f r a c t i v e index o f c l a d d i n g
12 printf(”\ n r e f r a c t i v e index o f c o r e i s %0 . 2 f ”,n1)
13 printf(”\ n r e f r a c t i v e index o f c l a d d i n g i s %0 . 2 f ”,n2)
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Scilab code Exa 4.29 calculation of numerical aperture and angle of acceptance

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 2 9
5 // c a l c u l a t i o n o f n u m e r i c a l a p e r t u r e and a n g l e o f

a c c e p t a n c e
6 // g i v e n data
7 n1 =1.50; // r e f r a c t i v e index o f the c o r e
8 n2 =1.47; // r e f r a c t i v e index o f the c l a d d i n g
9 // c a l c u l a t i o n

10 NA=(sqrt(n1^2- n2^2)); // n u m e r i c a l a p e r t u r e
11 i_m=asind(NA); // a c c e p t a n c e a n g l e ( i n d e g r e e s )
12 printf(”\ nnumer i ca l a p e r t u r e i s %0 . 2 f ”,NA)
13 printf(”\ nacc ep tanc e a n g l e i s %0 . 2 f d e g r e e s ”,i_m)
14 // the answers vary due to round o f f e r r o r

Scilab code Exa 4.30 to compare the maximum angle of acceptance and light gathering power of two fibres

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 4 . 3 0
5 // to compare the maximum a n g l e o f a c c e p t a n c e and

l i g h t g a t h e r i n g power o f two f i b r e s
6 // g i v e n data
7 n1=1.6; // c o r e i n d i c e
8 n2=1.5; // c l a d d i n g i n d i c e
9 n1_dash =2.1; // c o r e i n d i c e
10 n2_dash =1.5; // c l a d d i n g i n d i c e
11 // c a l c u l a t i o n
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12 NA=sqrt(n1^2-n2^2); // l i g h t g a t h e r i n g power
13 i_m=asind(NA); //maximum a n g l e o f a c c e p t a n c e
14 NA_dash=sqrt(n1_dash^2-n2_dash ^2); // l i g h t g a t h e r i n g

power
15 printf(”\n ( a ) l i g h t g a t h e r i n g power i s %1 . 3 f ”,NA)
16 printf(”\n ( a )maximum a n g l e o f a c c e p t a n c e i s %2 . 2 f

d e g r e e ”,i_m)
17 printf(”\n ( b ) l i g h t g a t h e r i n g power i s %1 . 2 f ”,NA_dash

)

18 // ( b ) t h e r e i s no l i m i t to maximum a n g l e o f
a c c e p t a n c e as i t s s i n i n v e r s e does not e x i s t
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Chapter 5

Quantum Mechanics

Scilab code Exa 5.1 calculation of maximum kinetic energy of photoelectrons and the stopping potential

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 1
5 // c a l c u l a t i o n o f 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 and the s t o p p i n g p o t e n t i a l
6 // g i v e n data
7 phi =2; // work f u n c t i o n ( i n eV )
8 h=6.63*10^ -34; // Planck ’ s c o n s t a n t ( i n Js )
9 e=1.6*10^ -19; // cha rge o f an e l e c t r o n ( i n C)

10 // from the e q u a t i o n E=(100V/m) [ ( s i n 5∗10ˆ13) ∗ t+s i n
(8∗10ˆ15 ) ∗ t ]

11 omega =8*10^15; // a n g u l a r f r e q u e n c y ( i n rad per s )
12 // c a l c u l a t i o n
13 nu_0=(phi*e)/h; // t h r e s h o l d f r e q u e n c y ( i n Hz )
14 nu=omega /(2* %pi); // l a r g e r f r e q u e n c y ( i n Hz )
15 E=(h*nu)/e; // ene rgy o f photon ( i n eV )
16 Kmax=E-phi; //maximum k i n e t i c ene rgy ( i n eV )
17 V=(Kmax*e)/e; // s t o p p i n g p o t e n t i a l ( i n V)
18 printf(”\nmaximum k i n e t i c ene rgy i s %0 . 2 f eV”,Kmax)
19 printf(”\ ns top p in g p o t e n t i a l i s %0 . 2 f V”,V)
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20 // the answers vary due to round o f f e r r o r

Scilab code Exa 5.2 calculation of velocity of electrons

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 2
5 // c a l c u l a t i o n o f v e l o c i t y o f e l e c t r o n s
6 // g i v e n data
7 d=0.9086*10^ -10; // f i r s t Bragg maximum ( i n m)
8 theta =65; // g l a z i n g a n g l e ( i n d e g r e e s )
9 h=6.6*10^ -34; // Planck ’ s c o n s t a n t ( i n Js )

10 m_e =9.1*10^ -31; // mass o f e l e c t r o n ( i n kg )
11 // c a l c u l a t i o n
12 v=h/(2*d*sin(theta)*m_e); // v e l o c i t y ( i n m/ s ) o f

e l e c t r o n s
13 printf(”\ n v e l o c i t y o f e l e c t r o n s i s %1 . 2 e m/ s ”,v)
14 // the answer s vary due to round o f f e r r o r

Scilab code Exa 5.3 calculation of Plancks constant

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 3
5 // c a l c u l a t i o n o f Planck ’ s c o n s t a n t
6 // g i v e n data
7 e=1.6*10^ -19; // cha rge o f e l e c t r o n ( i n C)
8 // f i r s t c a s e
9 V1=4.6; // s t o p p i n g p o t e n t i a l ( i n V)
10 nu1 =2*10^15; // f r e q u e n c y ( i n Hz )
11 // second c a s e
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12 V2 =12.9; // s t o p p i n g p o t e n t i a l ( i n V)
13 nu2 =4*10^15; // f r e q u e n c y ( i n Hz )
14 // c a l c u l a t i o n
15 h=(e*(V2-V1))/(nu2 -nu1); // Planck ’ s c o n s t a n t ( i n Js )
16 printf(”\ nPlancks c o n s t a n t i s %1 . 2 e J . s ”,h)
17 // the answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 5.4 calculation of de Broglie wavelength

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 4
5 // c a l c u l a t i o n o f de B r o g l i e wave l ength
6 // g i v e n data
7 m0 =1.66*10^ -27; // mass o f proton ( i n kg )
8 h=6.62*10^ -34; // Planck ’ s c o n s t a n t ( i n Js )
9 c=3*10^8; // speed o f l i g h t ( i n m/ s )

10 K=1.6*10^ -19*10^6; // k i n e t i c ene rgy ( i n V)
11 // c a l c u l a t i o n
12 lambda =(h*c)/(sqrt(K*(K+2*m0*c^2))); // de B r o g l i e

wave l ength ( i n m)
13 printf(”\nde B r o g l i e wave l ength i s %1 . 2 e Armstrong ”,

lambda *10^10)

Scilab code Exa 5.5 calculation of uncertainty in the determining position of the electron

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 5
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 d e t e r m i n i n g

p o s i t i o n o f the e l e c t r o n
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6 // g i v e n data
7 h=6.62*10^ -34; // Planck ’ s c o n s t a n t ( i n Js )
8 delta_p =5*10^ -27*0.003/100; // u n c e r t a i n t y i n

momentum ( i n kg−m/ s )
9 // c a l c u l a t i o n
10 delta_x=h/(4* %pi*delta_p); // u n c e r t a i n t y i n p o s i t i o n

( i n m)
11 printf(”\ n u n c e r t a i n t y i n p o s i t i o n i s %1 . 1 e m”,

delta_x)

Scilab code Exa 5.6 calculation of uncertainty in position

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 6
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 p o s i t i o n
6 // g i v e n data
7 t=1; // t ime ( i n s )
8 m0 =1.67*10^ -27; // mass o f proton ( i n kg )
9 delta_x0 =10^ -11; // ac cu racy o f p o s i t i o n ( i n m)
10 h=6.62*10^ -34; // Planck ’ s c o n s t a n t ( i n Js )
11 // c a l c u l a t i o n
12 delta_x =(h*t)/(4* %pi*m0*delta_x0); // u n c e r t a i n t y i n

p o s i t i o n ( i n m)
13 printf(”\ n u n c e r t a i n t y i n p o s i t i o n a f t e r 1 s i s %1 . 2 f

km”,delta_x *10^ -3)

Scilab code Exa 5.7 calculation of precision with which position of electron is measured simultaneously and precision if electron is replaced by a golf ball

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
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4 // example 5 . 7
5 // c a l c u l a t i o n o f p r e c i s i o n with which p o s i t i o n o f

e l e c t r o n i s measured s i m u l t a n e o u s l y and p r e c i s i o n
i f e l e c t r o n i s r e p l a c e d by a g o l f b a l l

6 // g i v e n data
7 v=1.88*10^6; // speed ( i n m/ s ) o f e l e c t r o n
8 m=9.1*10^ -31; // mass ( i n kg ) o f e l e c t r o n
9 h=6.62*10^ -34; // Plank ’ s c o n s t a n t ( i n Js )
10 v1=40; // speed ( i n m/ s ) o f g o l f b a l l
11 m1=45*10^ -3; // mass ( i n kg ) o f g o l f b a l l
12 // c a l c u l a t i o n
13 // f o r e l e c t r o n
14 p_x=m*v;

15 del_p_x =1/100* p_x;

16 del_x=h/(4* %pi*del_p_x); // u n c e r t a i n t y i n p o s i t i o n
17 // f o r g o l f b a l l
18 p_x_dash=m1*v1;

19 del_p_x_dash =1/100* p_x_dash;

20 del_x_dash=h/(4* %pi*del_p_x_dash);

21 printf(”\ n p r e c i s i o n with which p o s i t i o n o f e l e c t r o n
i s measured i s %1 . 1 f nm”,del_x *10^9)

22 printf(”\ n p r e c i s i o n with which p o s i t i o n o f g o l f b a l l
i s measured i s %1 . 0 e m”,del_x_dash)

23 // the second pa r t o f the answer i s g i v e n wrong i n
the t ex tbook

Scilab code Exa 5.8 calculation of uncertainty in momentum and frequency of photons transmitted

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 8
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 momentum and

f r e q u e n c y o f photons t r a n s m i t t e d
6 // g i v e n data

113



7 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
8 delta_t =10^ -3; // t ime ( i n s )
9 h=6.6*10^ -34; // Planck ’ s c o n s t a n t ( i n Js )
10 // c a l c u l a t i o n
11 delta_x=c*delta_t; // u n c e r t a i n t y i n p o s i t i o n ( i n m)
12 delta_p=h/(4* %pi*delta_x); // u n c e r t a i n t y i n momentum

( i n kg m/ s )
13 delta_nu=round (1/(4* %pi*delta_t)); // f r e q u e n c y ( i n

Hz ) o f photons
14 printf(”\ n u n c e r t a i n t y i n momentum i s %1 . 2 e kg m/ s ”,

delta_p)

15 printf(”\ n f r e q u e n c y o f photons i s %d Hz”,delta_nu)

Scilab code Exa 5.9 calculation of wavelength of scattered photon and recoil energy of the electron

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 9
5 // c a l c u l a t i o n o f wave l ength o f s c a t t e r e d photon and

r e c o i l ene rgy o f the e l e c t r o n
6 // g i v e n data
7 lambda =0.3*10^ -10; // wave l ength ( i n m) o f X−ray

photon
8 h=6.6*10^ -34; // Planck ’ s c o n s t a n t ( i n Js )
9 m0 =9.1*10^ -31; // mass o f e l e c t r o n ( i n kg )
10 theta =60; // a n g l e ( i n d e g r e e ) o f s c a t t e r i n g
11 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
12 // c a l c u l a t i o n
13 lambda0=h/(m0*c); //Compton wave l ength ( i n m)
14 lambda_dash=lambda+h/(m0*c)*(1-cosd(theta)); //

wave l ength o f s c a t t e r e d photon ( i n m)
15 E_k=h*c*( lambda_dash -lambda)/( lambda*lambda_dash);

// r e c o i l ene rgy o f the e l e c t r o n ( i n J )
16 printf(”\ nwave length o f s c a t t e r e d photon i s %1 . 5 f
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Armstrong ”,lambda_dash *10^10)
17 printf(”\ n r e c o i l ene rgy o f the e l e c t r o n i s %1 . 1 f keV

”,E_k /(1.6*10^ -19*10^3))
18 // the f i r s t pa r t o f answer v a r i e s due to round o f f

e r r o r

Scilab code Exa 5.10 calculation of maximum percentage change in wavelength

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 1 0
5 // c a l c u l a t i o n o f maximum p e r c e n t a g e change i n

wave l ength
6 // g i v e n data
7 h=6.6*10^ -34; // Planck ’ s c o n s t a n t
8 lambda =1; // wave l ength ( i n Armstrong ) o f photon
9 lambda1 =10; // wave l ength ( i n Armstrong ) o f i n c i d e n t

photons
10 m0 =9.1*10^ -31; // mass o f e l e c t r o n ( i n kg )
11 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
12 // c a l c u l a t i o n
13 del_lambda_max =(2*h*10^10) /(m0*c); //maximum

wave l ength ( i n Armstrong )
14 p=del_lambda_max/lambda *100; // p e r c e n t change i n

wave l ength ( i n %)
15 p1=del_lambda_max/lambda1 *100; // p e r c e n t change i n

wave l ength ( i n %)
16 printf(”\ n p e r c e n t change i n wave l ength 1A i s %1 . 1 f

p e r c e n t ”,p)
17 printf(”\ n p e r c e n t change i n wave l ength 10A i s %1 . 2 f

p e r c e n t ”,p1)
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Scilab code Exa 5.11 calculation of Compton shift and the energy imparted to recoil electron in joules

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 1 1
5 // c a l c u l a t i o n o f ( a ) Compton s h i f t ( b ) the ene rgy

imparted to r e c o i l e l e c t r o n i n j o u l e s
6 // g i v e n data
7 m0 =9.1*10^ -31; // r e s t mass ( i n kg ) o f e l e c t r o n
8 c=3*10^8; // v e l o c i t y ( i n m/ s ) o f l i g h t
9 h=6.6*10^ -34; // Planck ’ s c o n s t a n t ( i n Js )

10 theta =90; // a n g l e ( i n d e g r e e s ) o f s c a t t e r i n g
11 lambda =1*10^ -10; // wave l ength ( i n m)
12 // c a l c u l a t i o n
13 del_lambda=h/(m0*c)*(1-cosd(theta)); // wave l ength (

i n m)
14 lambda_dash=lambda+del_lambda; //Compton s h i f t ( i n m

)
15 K=h*c*(1/ lambda -1/ lambda_dash); // r e c o i l ene rgy o f

e l e c t r o n ( i n J o u l e s )
16 printf(”\n ( a ) Compton s h i f t i s %1 . 5 f Armstrong ”,

lambda_dash *10^10)

17 printf(”\n ( b ) r e c o i l ene rgy o f e l e c t r o n i s %1 . 3 e
J o u l e ”,K)

18 // the answers vary due to round o f f e r r o r

Scilab code Exa 5.12 calculation of angle of scattering

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 1 2
5 // c a l c u l a t i o n o f a n g l e o f s c a t t e r i n g
6 // g i v e n data
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7 h=6.62*10^ -34; // Planck ’ s c o n s t a n t
8 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
9 E=150*10^3; // ene rgy o f i n c i d e n t X−ray photon ( i n eV

)
10 E_dash =130*10^3; // ene rgy o f s c a t t e r e d photon ( i n eV

)
11 m0 =9.1*10^ -31; // r e s t mass ( i n kg ) o f e l e c t r o n
12 // c a l c u l a t i o n
13 lambda =(h*c)/(E*1.6*10^ -19); // wave l ength ( i n m) o f

i n c i d e n t photons
14 lambda_dash =(h*c)/( E_dash *1.6*10^ -19); // wave l ength

( i n m) o f s c a t t e r e d photon
15 theta=acosd (1-( lambda_dash -lambda)/(h/(m0*c))); //

a n g l e o f s c a t t e r i n g from Compton s c a t t e r i n g
fo rmu la

16 printf(”\ nang l e o f s c a t t e r i n g i s %2 . 1 f d e g r e e s ”,
theta)

17 // the answers vary due to round o f f e r r o r

Scilab code Exa 5.13 calculation of wavelength of scattered gama rays at 90 degree and energy and direction of recoil electron of Al atom

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 1 3
5 // c a l c u l a t i o n o f wave l ength o f s c a t t e r e d gama r a y s

at 90 d e g r e e and ene rgy and d i r e c t i o n o f r e c o i l
e l e c t r o n o f Al atom

6 // g i v e n data
7 h=6.6*10^ -34; // // Planck ’ s c o n s t a n t ( i n Js )
8 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
9 E=450*10^3; // ene rgy o f gama r a y s ( i n J )
10 theta =90; // a n g l e ( i n d e g r e e ) o f s c a t t e r i n g
11 m0 =9.1*10^ -31; // mass o f e l e c t r o n ( i n kg )
12 // c a l c u l t i o n
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13 lambda =(h*c)/(E*1.6*10^ -19); // wave l ength ( i n m) o f
i n c i d e n t photon

14 lambda_dash=lambda+h/(m0*c)*(1-cosd(theta)); //
wave l ength ( i n m) from Compton fo rmu la

15 E_dash =(h*c)/( lambda_dash *1.6*10^ -19); // ene rgy ( i n
eV ) o f s c a t t e r e d photon

16 E_k=E-E_dash; // ene rgy o f r e c o i l e l e c t r o n
17 printf(”\ nwave length o f s c a t t e r e d gama r a y s at 90

d e g r e e i s %1 . 5 f Armstrong ”,lambda_dash *10^10)
18 printf(”\ nenergy o f r e c o i l e l e c t r o n i s %d keV”,E_k

*10^ -3)

19 // the f i r s t pa r t o f the answer v a r i e s due to round
o f f e r r o r

Scilab code Exa 5.16 to show that the energy which a photon must have so that it may transfer half of its energy to electron at rest is about 256 keV in Compton scattering experiment

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 1 6
5 // to show tha t the ene rgy which a photon must have

so tha t i t may t r a n s f e r h a l f o f i t s ene rgy to
e l e c t r o n at r e s t i s about 256 keV i n Compton
s c a t t e r i n g exper iment

6 // g i v e n data
7 theta =180; // a n g l e ( i n d e g r e e ) o f s c a t t e r i n g
8 h=6.62*10^ -34; // // Planck ’ s c o n s t a n t ( i n Js )
9 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
10 m0 =9.1*10^ -31; // mass o f e l e c t r o n ( i n kg )
11 // c a l c u l a t i o n
12 lambda_max=h/(m0*c)*(1-cosd(theta)); //maximum v a l u e

o f wave l ength ( i n m)
13 hnu_min=round((h*c)*10^ -3/((1.6*10^ -19)*lambda_max))

; // ene rgy o f photon ( i n keV )
14 printf(”\ nenergy o f photon i s %d keV”,hnu_min)
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15 // the answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 5.19 calculation of probability of finding the particle

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 1 9
5 // c a l c u l a t i o n o f p r o b a b i l i t y o f f i n d i n g the p a r t i c l e
6 // g i v e n data
7 L=10e-010; // l e n g t h o f box ( i n m)
8 x1 =0.45*L; // l owe r l i m i t
9 x2 =0.55*L; // upper l i m i t

10 P=integrate( ’ 2/L∗ ( s i n ( %pi∗x/L) ) ˆ2 ’ , ’ x ’ ,x1 ,x2)
11 printf(”\ n p r o b a b i l i t y o f f i n d i n g the p a r t i c l e i s %2

. 1 f p e r c e n t ”,P*100)

Scilab code Exa 5.20 calculation of lowest energy of an electron

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 2 0
5 // c a l c u l a t i o n o f l o w e s t ene rgy o f an e l e c t r o n
6 // g i v e n data
7 h=6.62*10^ -34; // Planck ’ s c o n s t a n t ( i n Js )
8 m=9.1*10^ -31; // mass o f e l e c t r o n ( i n kg )
9 a=1*10^ -10; // l e n g t h ( i n m)

10 // c a l c u l a t i o n
11 El=h^2/(8*m*a^2); // l o w e s t ene rgy ( i n J o u l e )
12 printf(”\ n l o w e s t ene rgy i s %0 . 1 f eV”,El

/(1.602*10^ -19))

13 // the answer s vary due to round o f f e r r o r
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Scilab code Exa 5.21 calculation of fraction of time an electron spends in central one third of the well

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 2 1
5 // c a l c u l a t i o n o f f r a c t i o n o f t ime an e l e c t r o n spends

i n c e n t r a l one−t h i r d o f the w e l l
6 // g i v e n data
7 a=1; // For s i m p l i c i t y assuming l e n g t h o f w e l l to be

u n i t y
8 // c a l c u l a t i o n
9 x1=a/3; // l owe r l i m i t
10 x2=2*a/3; // upper l i m i t
11 P=integrate( ’ 2/ a ∗ ( s i n ( %pi∗x/a ) ) ˆ2 ’ , ’ x ’ ,x1 ,x2)
12 printf(”\ n f r a c t i o n o f t ime an e l e c t r o n spends i n

c e n t r a l one−t h i r d o f the w e l l i s %d p e r c e n t ”,P
*100)

13 // the answers vary due to round o f f e r r o r

Scilab code Exa 5.22 calculation of release of energy

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 2 2
5 // c a l c u l a t i o n o f r e l e a s e o f ene rgy
6 // g i v e n data
7 m=1.6*10^ -27; // mass o f proton ( i n kg )
8 a=1.0*10^ -14; // s i z e o f n u c l e u s ( i n m)
9 h=6.62*10^ -34; // Planck ’ s c o n s t a n t ( i n Js )
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10 n=1; // f o r ground s t a t e
11 e=1.6*10^ -19; // e l e c t r o n i c cha rge ( i n C)
12 n_dash =2; // f o r e x c i t e d s t a t e
13 // c a l c u l a t i o n
14 del_E=h^2/(8*m*a^2)*( n_dash^2-n^2); // r e l e a s e o f

ene rgy ( i n J )
15 printf(”\ n r e l e a s e o f ene rgy i s %0 . 1 f MeV” ,(del_E

*10^ -6)/e)

Scilab code Exa 5.26 calculation of zero point energy and energy gap between first two energy states and wavelength of absorption

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 2 6
5 // c a l c u l a t i o n o f z e r o p o i n t energy , ene rgy gap

between f i r s t two ene rgy s t a t e s and wave l ength o f
a b s o r p t i o n

6 // g i v e n data
7 h=6.626*10^ -34; // Planck ’ s c o n s t a n t ( i n Js )
8 m=9.1*10^ -31; // mass o f an e l e c t r o n ( i n kg )
9 a=5*10^ -10; // l e n g t h o f m o l e c u l e ( i n m)

10 e=1.6*10^ -19; // e l e c t r o n i c cha rge ( i n C)
11 c=3*10^8; // speed o f l i g h t ( i n m/ s )
12 // c a l c u l a t i o n
13 E_l=h^2/(8*m*a^2); // z e r o p o i n t ene rgy ( i n J )
14 del_E =4*h^2/(8*m*a^2)-h^2/(8*m*a^2); // ene rgy gap (

i n J ) between f i r s t two ene rgy s t a t e s
15 lambda =(h*c)/(4.5*e); // wave l ength ( i n m) o f

a b s o r p t i o n
16 printf( ’ \ nze ro p o i n t ene rgy i s %0 . 1 f eV ’ ,E_l/e)
17 printf( ’ \ nenergy gap ( i n eV ) between f i r s t two

ene rgy s t a t e s i s %0 . 1 f eV ’ ,del_E/e)
18 printf( ’ \ nwave length o f a b s o r p t i o n i s %d Armstrong ’ ,

lambda *10^10)
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Scilab code Exa 5.28 calculation of energy and momentum for ground state and first excited state

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 2 8
5 // c a l c u l a t i o n o f ene rgy and momentum f o r ground

s t a t e and f i r s t e x c i t e d s t a t e
6 // g i v e n data
7 a=1*10^ -10; // s i d e o f c u b i c a l box ( i n m)
8 m=9.1*10^ -31; // mass ( i n kg ) o f an e l e c t r o n
9 h=6.626*10^ -34; // Planck ’ s c o n s t a n t ( i n Js )

10 e=1.6*10^ -19; // e l e c t r o n i c cha rge ( i n C)
11 // f o r ground s t a t e
12 nx=1; // quantum number i n x d i r e c t i o n
13 ny=1; // quantum number i n y d i r e c t i o n
14 nz=1; // quantum number i n z d i r e c t i o n
15 // f o r f i r s t e x c i t e d s t a t e
16 nx1 =2; // quantum number i n x d i r e c t i o n
17 ny1 =1; // quantum number i n y d i r e c t i o n
18 nz1 =1; // quantum number i n z d i r e c t i o n
19 // c a l c u l a t i o n
20 E_111=h^2/(8*m*a^2*e)*(nx^2+ny^2+nz^2); // ene rgy o f

the p a r t i c l e ( i n eV ) f o r ground s t a t e
21 P_111=sqrt (2*m*E_111*e); //momentum ( i n kg m/ s ) f o r

ground s t a t e
22 E_211=h^2/(8*m*a^2*e)*(nx1^2+ ny1^2+nz1 ^2); // ene rgy

o f the p a r t i c l e ( i n eV ) f o r f i r s t e x c i t e d s t a t e
23 P_211=sqrt (2*m*E_211*e); //momentum ( i n kg m/ s ) f o r

f i r s t e x c i t e d s t a t e
24 printf( ’ \ nenergy o f the p a r t i c l e f o r ground s t a t e i s

%d eV ’ ,E_111)
25 printf( ’ \nmomentum f o r ground s t a t e i s %1 . 2 e kg m/ s ’

,P_111)
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26 printf( ’ \ nenergy o f the p a r t i c l e f o r f i r s t e x c i t e d
s t a t e i s %d eV ’ ,E_211)

27 printf( ’ \nmomentum f o r f i r s t e x c i t e d s t a t e i s %1 . 2 e
kg m/ s ’ ,P_211)

Scilab code Exa 5.30 calculation of binding energy of the neutron in the neucleus

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 3 0
5 // c a l c u l a t i o n o f b i n d i n g ene rgy o f the neut ron i n

the n e u c l e u s
6 // g i v e n data
7 a=2*10^ -15; // s i d e o f c u b i c a l box ( i n m)
8 m=1.6*10^ -27; // mass ( i n kg ) o f an neut ron
9 h=6.626*10^ -34; // Planck ’ s c o n s t a n t ( i n Js )

10 e=1.6*10^ -19; // e l e c t r o n i c cha rge ( i n C)
11 // c a l c u l a t i o n
12 E_111 =(3*h^2) /(8*m*a^2); // b i n d i n g ene rgy ( i n J ) o f

the neut ron i n the n e u c l e u s
13 printf(”\ nb ind ing ene rgy o f the neut ron i n the

n e u c l e u s i s %0 . 1 f Mev”,E_111/(e*10^6) ’)
14 // the answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 5.31 calculation of probability that electron will tunnel through the barrier

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 3 1
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5 // c a l c u l a t i o n o f p r o b a b i l i t y tha t e l e c t r o n w i l l
t u n n e l through the b a r r i e r i f i t s width i s ( a )
0 . 1 0 nm ( b ) 1 . 0 nm

6 // g i v e n data
7 m=9.1*10^ -31; // mass ( i n kg ) o f e l e c t r o n
8 U=40*1.6*10^ -19

9 E=30*1.6*10^ -19; // ene rgy ( i n J ) o f e l e c t r o n
10 h=1.054*10^ -34; // h e i g h t ( i n m)
11 a1 =0.1*10^ -9; // width ( i n m) o f b a r r i e r
12 a2 =1.0*10^ -9; // width ( i n m) o f b a r r i e r
13 // ( i ) when a =0.1 nm
14 twoalpha_a1 =(2* sqrt (2*m*(U-E)))/h*a1

15 T1=exp(-twoalpha_a1)*100; // p r o b a b i l i t y tha t
e l e c t r o n w i l l t u n n e l through the b a r r i e r i f i t s
width i s 0 . 1 0 nm

16 // ( i i ) when a =1.0 nm
17 twoalpha_a2 =(2* sqrt (2*m*(U-E)))/h*a2

18 T2=exp(-twoalpha_a2); // p r o b a b i l i t y tha t e l e c t r o n
w i l l t u n n e l through the b a r r i e r i f i t s width i s
1 . 0 nm

19 printf(”\n ( i ) p r o b a b i l i t y tha t e l e c t r o n w i l l t u n n e l
through the b a r r i e r i f i t s width i s 0 . 1 0 nm i s %1
. 1 f p e r c e n t ”,T1)

20 printf(”\n ( i i ) p r o b a b i l i t y tha t e l e c t r o n w i l l t u n n e l
through the b a r r i e r i f i t s width i s 1 . 0 nm i s %1
. 1 e ”,T2)

21 // the answer ( i i ) v a r i e s due to round o f f e r r o r

Scilab code Exa 5.33 calculation of width of potential barrier and number of collisions alpha particle makes per second

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 3 3
5 // c a l c u l a t i o n o f width o f p o t e n t i a l b a r r i e r and
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number o f c o l l i s i o n s a lpha p a r t i c l e makes per
second

6 // g i v e n data
7 A=222; // atomic mass
8 Z=86-2; // atomic number
9 E=5.5; // ene rgy ( i n eV )
10 e=1.6*10^ -19; // cha rge o f an e l e c t r o n
11 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
12 m0 =9.1*10^ -31; // mass o f an e l e c t r o n ( i n kg )
13 four_pi_epsilon0 =1/(9*10^9)

14 // c a l c u l a t i o n
15 r0=1.2*A^(1/3); // r a d i u s o f n u c l e u s ( i n fm )
16 r=(Z*2*e^2)/(E*1.6*10^ -13* four_pi_epsilon0)*10^15;

// i n m
17 w=(r-r0)*10^ -15; // width o f the b a r r i e r ( i n m)
18 mc_sq=E+m0*c^2*10^6

19 v=c*sqrt (1+1/12^2); // v e l o c i t y o f e l e c t r o n ( i n m/ s )
20 n=v/(2*r0*10^ -15); // number o f c o l l i s i o n s
21 printf(”\nwidth o f p o t e n t i a l b a r r i e r i s %2 . 2 e m”,w)
22 printf(”\nnumber o f c o l l i s i o n s a lpha p a r t i c l e makes

per second i s %1 . 2 e ”,n)
23 // the answers vary due to round o f f e r r o r

Scilab code Exa 5.34 calculation of de Broglie wavelength of incident electron and transmission probabilities

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 3 4
5 // 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 i n c i d e n t

e l e c t r o n and t r a n s m i s s i o n p r o b a b i l i t i e s
6 // g i v e n data
7 h=6.63*10^ -34; // Planck ’ s c o n s t a n t ( i n Js )
8 m=9.1*10^ -31; // mass o f an e l e c t r o n ( i n kg )
9 U0 =6*1.6*10^ -19; // b a r r i e r h e i g h t
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10 a=7*10^ -10; // width o f b a r r i e r ( i n m)
11 E=5*1.6*10^ -19; // ene rgy ( i n eV )
12 e=1.6*10^ -19; // cha rge o f e l e c t r o n s
13 V=5; // i n eV
14 // c a l c u l a t i o n
15 lambda=h/sqrt (2*m*e*V); // de B r o g l i e wave l ength o f

i n c i d e n t e l e c t r o n
16 alpha=sqrt (2*m*(U0-E))/(h/(2* %pi))

17 T=16*E/U0*(1-E/U0)*exp(-2* alpha*a); // t r a n s m i s s i o n
p r o b a b i l i t y

18 printf(”\nde B r o g l i e wave l ength o f i n c i d e n t e l e c t r o n
i s %1 . 1 f Armstrong ”,lambda *10^10)

19 printf(”\ n t r a n s m i s s i o n p r o b a b i l i t i e s i s %1 . 2 e ”,T)
20 // the second pa r t o f the answer v a r i e s due to round

o f f e r r o r

Scilab code Exa 5.35 calculation of transmission probabilities

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 3 5
5 // c a l c u l a t i o n o f t r a n s m i s s i o n p r o b a b i l i t i e s
6 // g i v e n data
7 h=6.63*10^ -34; // Planck ’ s c o n s t a n t ( i n Js )
8 m=9.1*10^ -31; // mass o f an e l e c t r o n ( i n kg )
9 U0 =5*1.6*10^ -19; // b a r r i e r h e i g h t

10 a=5*10^ -10; // width o f b a r r i e r ( i n m)
11 E1 =1*1.6*10^ -19; // f i r s t ene rgy o f e l e c t r o n
12 E2 =2*1.6*10^ -19 // second ene rgy o f e l e c t r o n s ( i n J )
13 // c a l c u l a t i o n
14 // f o r 1 eV e l e c t r o n s
15 alpha=sqrt (2*m*(U0-E1))/(h/(2* %pi))

16 T1=16*E1/U0*(1-E1/U0)*exp(-2*alpha*a); //
t r a n s m i s s i o n p r o b a b i l i t y o f 1 eV e l e c t r o n s
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17 // f o r 2 eV e l e c t r o n s
18 alpha1=sqrt (2*m*(U0-E2))/(h/(2* %pi))

19 T2=16*E2/U0*(1-E2/U0)*exp(-2* alpha1*a); //
t r a n s m i s s i o n p r o b a b i l i t y o f 2 eV e l e c t r o n s

20 //when b a r r i e r width i s doubled
21 a_dash =10*10^ -10; // width o f b a r r i e r when doubled (

i n m)
22 T1_dash =16*E1/U0*(1-E1/U0)*exp(-2*alpha*a_dash); //

t r a n s m i s s i o n p r o b a b i l i t y o f 1 eV e l e c t r o n s
23 T2_dash =16*E2/U0*(1-E2/U0)*exp(-2* alpha1*a_dash); //

t r a n s m i s s i o n p r o b a b i l i t y o f 2 eV e l e c t r o n s
24 //when b a r r i e r h e i g h t i s doubled
25 U0_dash =10*1.6*10^ -19; // b a r r i e r h e i g h t when doubled
26 T1_dashdash =16*E1/U0_dash *(1-E1/U0_dash)*exp(-2*

alpha*a); // t r a n s m i s s i o n p r o b a b i l i t y o f 1 eV
e l e c t r o n s

27 T2_dashdash =16*E2/U0_dash *(1-E2/U0_dash)*exp(-2*

alpha1*a); // t r a n s m i s s i o n p r o b a b i l i t y o f 2 eV
e l e c t r o n s

28 printf(”\ n t r a n s m i s s i o n p r o b a b i l i t y o f 1 eV e l e c t r o n s
i s %1 . 1 e ”,T1)

29 printf(”\ n t r a n s m i s s i o n p r o b a b i l i t y o f 2 eV e l e c t r o n s
i s %1 . 1 e ”,T2)

30 printf(”\n ( i ) t r a n s m i s s i o n p r o b a b i l i t y o f 1 eV
e l e c t r o n s when b a r r i e r width i s doubled i s %1 . 1 e ”
,T1_dash)

31 printf(”\ n t r a n s m i s s i o n p r o b a b i l i t y o f 2 eV e l e c t r o n s
when b a r r i e r width i s doubled i s %1 . 1 e ”,T2_dash)

32 printf(”\n ( i i ) t r a n s m i s s i o n p r o b a b i l i t y o f 1 eV
e l e c t r o n s when b a r r i e r h e i g h t i s doubled i s %1 . 1 e
”,T1_dashdash)

33 printf(”\ n t r a n s m i s s i o n p r o b a b i l i t y o f 2 eV e l e c t r o n s
when b a r r i e r h e i g h t i s doubled i s %1 . 1 e ”,

T2_dashdash)

34 // the f i r s t f o u r answer s vary due to round o f f e r r o r
35 // the l a s t two answers g i v e n i n the t ex tbook a r e

wrong and the v a r i a b l e s a r e g i v e n wrong
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Scilab code Exa 5.36 calculation of electron density of the metal

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 3 6
5 // c a l c u l a t i o n o f e l e c t r o n d e n s i t y o f the meta l f o r

which the Fermi ene rgy i s 4 . 7 2 eV
6 // g i v e n data
7 EF1 =2.14; // Fermi ene rgy o f potas s ium ( i n eV )
8 EF2 =4.72; // Fermi ene rgy o f ano the r meta l ( i n eV )
9 n_e1 =1.4*10^28; // e l e c t r o n d e n s i t y ( per mˆ3) o f

potas s ium
10 // c a l c u l a t i o n
11 n_e2=n_e1*(EF2/EF1)^(3/2); // e l e c t r o n d e n s i t y ( per m

ˆ3) o f the meta l
12 printf(”\ n e l e c t r o n d e n s i t y o f the meta l i s %1 . 2 e m

ˆ−3”,n_e2)
13 // thean swe r s vary due to round o f f e r r o r

Scilab code Exa 5.37 calculation of Fermi energy for copper

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 3 7
5 // c a l c u l a t i o n o f Fermi ene rgy f o r copper
6 // g i v e n data
7 h=6.626*10^ -34; // Planck ’ s c o n s t a n t ( i n Js )
8 m=9.1*10^ -31; // mass o f e l e c t r o n ( i n kg )
9 n=8.49*10^28; // number o f c onduc t i on e l e c t r o n s per

u n i t volume
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10 e=1.6*10^ -19; // e l e c t r o n i c cha rge ( i n C)
11 // c a l c u l a t i o n
12 E_F=h^2/(2*m)*((3*n)/(8* %pi))^(2/3); // Fermi ene rgy

( i n J ) f o r copper
13 printf(”\nFermi ene rgy f o r copper i s %0 . 2 f eV”,E_F/e

)

Scilab code Exa 5.38 calculation of Fermi energy and speed of electron at Fermi energy

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 3 8
5 // c a l c u l a t i o n o f Fermi ene rgy and speed o f e l e c t r o n

at Fermi ene rgy
6 // g i v e n data
7 n_e =5.8*10^28; // e l e c t r o n d e n s i t y ( i n mˆ−3)
8 m=9.1*10^ -31; // mass ( i n kg ) o f an e l e c t r o n
9 h=6.6*10^ -34; // Planck ’ s c o n s t a n t ( i n Js )

10 e=1.602*10^ -19; // e l e c t r o n i c cha rge ( i n C)
11 // c a l c u l a t i o n
12 E_F=(h^2/(2*m)*(3* n_e /(8* %pi))^(2/3))/e; // Fermi

ene rgy ( i n eV )
13 v_F=sqrt ((2* E_F*e)/m); // Fermi v e l o c i t y ( i n m/ s )
14 printf(”\nFermi ene rgy i s %0 . 1 f eV”,E_F)
15 printf(”\nFermi v e l o c i t y i s %1 . 2 e m/ s ”,v_F)

Scilab code Exa 5.39 calculation of probability of occupancy for a state

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 3 9
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5 // c a l c u l a t i o n o f p r o b a b i l i t y o f occupancy f o r a
s t a t e whose ene rgy i s ( a ) 0 . 1 eV above Fermi
ene rgy ( b ) 0 . 1 eV below the Fermi ene rgy ( c ) e q u a l
to Fermi ene rgy

6 // g i v e n data
7 T=800; // t empera tu r e ( i n K)
8 k=1.38*10^ -23; // Boltzmann c o n s t a n t i n J/K
9 E_minus_EF =0.1*1.6*10^ -19; // ene rgy above Fermi

l e v e l
10 EF_minus_E=-E_minus_EF; // ene rgy below Fermi l e v e l
11 E1_minus_EF =0; // ene rgy e q u a l to Fermi ene rgy
12 // c a l c u l a t i o n
13 a_f_FD =1/( exp(E_minus_EF /(k*T))+1) *100

14 b_f_FD=round (1/( exp(EF_minus_E /(k*T))+1) *100)

15 c_f_FD =1/( exp(E1_minus_EF /(k*T))+1) *100

16 printf(”\ n p r o b a b i l i t y o f occupancy f o r a s t a t e whose
ene rgy i s ”)

17 printf(”\n ( a ) 0 . 1 eV above Fermi ene rgy i s %d p e r c e n t
”,a_f_FD)

18 printf(”\n ( b ) 0 . 1 eV below the Fermi ene rgy i s %d
p e r c e n t ”,b_f_FD)

19 printf(”\n ( c ) e q u a l to Fermi ene rgy i s %d p e r c e n t ”,
c_f_FD)

Scilab code Exa 5.40 calculation of number of states available for conduction

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 4 0
5 // c a l c u l a t i o n o f number o f s t a t e s a v a i l a b l e f o r

conduc t i o n
6 // g i v e n data
7 h=6.63*10^ -34; // Planck ’ s c o n s t a n t ( i n Js )
8 m=9.1*10^ -31; // mass o f an e l e c t r o n ( i n kg )
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9 E=5*1.6*10^ -19; // ene rgy ( i n j o u l e s )
10 E_dash =5.01*1.6*10^ -19; // ene rgy ( i n j o u l e s )
11 a=10^ -2; // edge o f copper cube ( i n m)
12 // c a l c u l a t i o n
13 g_of_E =(8* sqrt (2)*%pi*m^(3/2))/h^3*E^(1/2)

*1.6*10^ -19; // number o f ene rgy s t a t e s per u n i t
ene rgy

14 dE=E_dash -E; // ene rgy i n t e r v a l
15 N=g_of_E*dE*a^3; // number o f d e s i r e d s t a t e s
16 del_Eadj=dE/N; // ave rage ene rgy i n t e r v a l between

s u c c e s s i v e l e v e l
17 printf(”\nnumber o f s t a t e s a v a i l a b l e f o r conduc t i on

i s %1 . 0 e eV”,del_Eadj)

Scilab code Exa 5.41 calculation of number of energy states available for conduction and density of conduction electrons

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 4 1
5 // c a l c u l a t i o n o f ( i ) number o f ene rgy s t a t e s

a v a i l a b l e f o r conduc t i o n ( i i ) d e n s i t y o f
c onduc t i o n e l e c t r o n s

6 // g i v e n data
7 h=6.63*10^ -34; // Planck ’ s c o n s t a n t ( i n Js )
8 m=9.1*10^ -31; // mass o f an e l e c t r o n ( i n kg )
9 V=10^ -6; // volume o f the cube ( i n m)

10 E_F =7*1.6*10^ -19; // Fermi ene rgy ( i n j o u l e s )
11 // c a l c u l a t i o n
12 N=(8* sqrt (8))/3*( %pi*V)/h^3*m^(3/2)*E_F ^(3/2)

13 n=((7*8*m*%pi ^(2/3))/3^(2/3))^(3/2)

14 printf(”\n ( i ) number o f ene rgy s t a t e s a v a i l a b l e f o r
conduc t i o n i s %1 . 1 e ”,N)

15 printf(”\n ( i i ) d e n s i t y o f c onduc t i on e l e c t r o n s i s %1
. 1 e mˆ3 ”,n)
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16 // the answer ( i i ) p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 5.42 calculation of Fermi energy and Fermi velocity and Fermi temperature

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 5 . 4 2
5 // c a l c u l a t i o n o f Fermi energy , Fermi v e l o c i t y and

Fermi t empera tu r e
6 // g i v e n data
7 h=6.62*10^ -34; // Planck ’ s c o n s t a n t ( i n Js )
8 m=9.1*10^ -31; // mass o f an e l e c t r o n ( i n kg )
9 e=1.6*10^ -19; // e l e c t r o n i c cha rge ( i n C)

10 K_B =1.38*10^ -23; // Boltzmann c o n s t a n t ( i n J/K)
11 n=5.8*10^28; // number o f e l e c t r o n s per u n i t volume (

i n mˆ−3)
12 // c a l c u l a t i o n
13 E_F=(h^2/(2*m)*(3*n/(8* %pi))^(2/3))/e; // Fermi

ene rgy ( i n eV )
14 v_F=sqrt ((2* E_F*e)/m); // Fermi v e l o c i t y ( i n m/ s )
15 T_F=(E_F*e)/K_B; // Fermi t empera tu r e ( i n K)
16 printf(”\nFermi ene rgy i s %0 . 2 f eV”,E_F)
17 printf(”\nFermi v e l o c i t y i s %1 . 2 e m/ s ”,v_F)
18 printf(”\nFermi t empera tu r e i s %1 . 2 e K”,T_F)
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Chapter 6

Special Theory of Relativity

Scilab code Exa 6.3 calculation of speed

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 3
5 // c a l c u l a t i o n o f speed
6 // g i v e n data
7 l=48; // l e n g t h ( i n m) o f r o c k e t i n f l i g h t
8 l0=50; // l e n g t h ( i n m) o f r o c k e t on ground
9 c=3*10^8; // speed ( i n m) o f l i g h t

10 // c a l c u l a t i o n
11 v=c*sqrt(1-(l/l0)^2); // speed ( i n m)
12 v0=v/c

13 printf(”\ nspeed i s %0 . 1 f t imes the speed o f l i g h t ”,
v0)

14 // the answer s vary due to round o f f e r r o r

Scilab code Exa 6.4 calculation of per cent contraction in length
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1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 4
5 // c a l c u l a t i o n o f per c en t c o n t r a c t i o n i n l e n g t h
6 // g i v e n data
7 v=0.9; // v e l o c i t y i s 0 . 9 t imes the speed o f l i g h t
8 theta =45; // i n c l i n a t i o n ( i n d e g r e e s )
9 // c a l c u l a t i o n
10 l0=1; // assuming l 0 to be 1 f o r s i m p l i c i t y o f

c a l c u l a t i o n
11 lx=l0/sqrt (2)*sqrt(1-v^2); // l e n g t h o f rod moving i n

x−d i r e c t i o n
12 ly=l0/sqrt (2); // l e n g t h o f rod moving i n y−d i r e c t i o n
13 l=sqrt(lx^2+ly^2); // l e n g t h
14 p=(l0-l)/l0; // p e r c e n t c o n t r a c t i o n i n l e n g t h
15 printf(”\ n p e r c e n t c o n t r a c t i o n i n l e n g t h i s %2 . 1 f

p e r c e n t ”,p*100)

Scilab code Exa 6.5 calculation of proper halftime of the particles and contracted length

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 5
5 // c a l c u l a t i o n o f p rope r h a l f−t ime o f the p a r t i c l e s

and c o n t r a c t e d l e n g t h
6 // g i v e n data
7 T=4.14*10^ -8; // improper t ime ( i n s )
8 l_0 =12; // l e n g t h o f the l ab ( i n m)
9 c=3*10^8; // speed o f l i g h t ( i n m/ s )
10 // c a l c u l a t i o n
11 v=l_0/T; // v e l o c i t y ( i n m/ s ) o f the p a r t i c l e s
12 T0=T*sqrt(1-v^2/c^2); // prope r h a l f−t ime ( i n s )
13 l=l_0*sqrt(1-v^2/c^2); // c o n t r a c t e d l e n g t h ( i n m)
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14 printf(”\ nproper h a l f−t ime i s %1 . 2 e s ”,T0)
15 printf(”\ n c o n t r a c t e d l e n g t h i s %0 . 2 f m”,l)
16 // the answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 6.6 calculation of proper halftime of the particles and traversed length

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 6
5 // c a l c u l a t i o n o f p rope r h a l f−t ime o f the p a r t i c l e s

and t r a v e r s e d l e n g t h
6 // g i v e n data
7 l_0 =2; // l e n g t h ( i n m) obs e rved by l a b o b s e r v e r
8 T=1.0*10^ -8; // improper t ime ( i n s )
9 c=3*10^8; // speed o f l i g h t ( i n m/ s )
10 // c a l c u l a t i o n
11 v=l_0/T; // v e l o c i t y ( i n m/ s ) o f p a r t i c l e s
12 T0=T*sqrt(1-v^2/c^2); // prope r h a l f−t ime ( i n s )
13 l=l_0*sqrt(1-v^2/c^2); // c o n t r a c t e d l e n g t h ( i n m)
14 printf(”\ nproper h a l f−t ime i s %1 . 2 e s ”,T0)
15 printf(”\ n c o n t r a c t e d l e n g t h i s %0 . 2 f m”,l)

Scilab code Exa 6.7 calculation of speed of an object

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 7
5 // c a l c u l a t i o n o f speed o f an o b j e c t
6 l0=1; // assumpt ion made f o r s i m p l i c i t y o f

c a l c u l a t i o n
7 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
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8 // c a l c u l a t i o n
9 // f o r 50% c o n t r a c t i o n
10 v=c*(sqrt(1-(l0/(2*l0))^2)); // speed ( i n m/ s ) o f

o b j e c t
11 v0=v/c

12 printf(”\ nspeed o f o b j e c t i s %1 . 3 f t imes the speed
o f l i g h t ”,v0)

Scilab code Exa 6.8 calculation of percentage change in the area

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 8
5 // c a l c u l a t i o n o f p e r c e n t a g e change i n the a r ea i f

i t s speed i s c /2
6 // g i v e n data
7 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
8 v=c/2; // speed ( i n m/ s ) o f s qua r e
9 P=[(1-v^2/c^2) ^(1/2) -1]*100; //P i s the p e r c e n t a g e

change i n a r ea . In book i t i s g i v e n as ( S’−S ) /S
∗100

10 printf(”\ n p e r c e n t a g e change i n the a r ea i s %0 . 1 f
p e r c e n t ”,P)

11 printf(”\nthus , a r ea d e c r e a s e s by %0 . 1 f p e r c e n t ”,-P)

Scilab code Exa 6.9 calculation of time necessary and rest length of the rocket and length D of the platform and time taken for observer S to pass the entire length of the rocket and to check whether the ends of the rocket simultaneously line up with the ends of the platform

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 9
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5 // c a l c u l a t i o n o f ( a ) t ime n e c e s s a r y a c c o r d i n g to S
f o r the r o c k e t to pa s s a p a r t i c u l a r p o i n t on the
p l a t f o r m ( b ) r e s t l e n g t h o f the r o c k e t ( c ) l e n g t h D

o f the p l a t f o r m a c c o r d i n g to o b s e r v e r S dash ( d )
t ime taken f o r o b e r v e r S to pas s the e n t i r e
l e n g t h o f the rocke t , a c c o r d i n g to S dash ( e ) to
check whether the ends o f the r o c k e t
s i m u l t a n e o u s l y l i n e up with the ends o f the
p l a t f o r m a r e s i m u l t a n e o u s to S dash

6 // g i v e n data
7 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
8 L=65; // l e n g t h ( i n m) o f p l a t f o r m
9 // c a l c u l a t i o n
10 D0=L; // l e n g t h ( i n m) o f p l a t f o r m
11 v=0.8*c; // speed ( i n m/ s ) o f r o c k e t
12 T0=L/v; // t ime ( i n s ) n e c e s s a r y a c c o r d i n g to S f o r

the r o c k e t to pa s s a p a r t i c u l a r p o i n t on the
p l a t f o r m

13 L0=L/sqrt(1-v^2/c^2); // prope r l e n g t h ( i n m)
14 D=D0*sqrt(1-v^2/c^2); // l e n g t h o f p l a t f o r m ( i n m) as

appeared to S dash
15 T_dash=L0/v; // t ime ( i n s ) taken f o r o b e r v e r S to

pa s s the e n t i r e l e n g t h o f the rocke t , a c c o r d i n g
to S dash

16 del_T_dash =(L0 -D)/v; // t ime i n t e r v a l ( i n s ) to pa s s
the d i f f e r e n c e i n the l e n g t h o f r o c k e t and
p l a t f o r m

17 printf(”\n ( a ) ) t ime n e c e s s a r y a c c o r d i n g to S f o r the
r o c k e t to pa s s a p a r t i c u l a r p o i n t on the p l a t f o r m

i s %1 . 3 f mi c ro s e cond ”,T0 *10^6)
18 printf(”\n ( b ) r e s t l e n g t h o f the r o c k e t i s %d m”,L0)
19 printf(”\n ( c ) l e n g t h D o f the p l a t f o r m a c c o r d i n g to

o b s e r v e r S dash i s %d m”,D)
20 printf(”\n ( d ) t ime taken f o r o b e r v e r S to pas s the

e n t i r e l e n g t h o f the ro cke t , a c c o r d i n g to S dash
i s %1 . 2 f mi c ro s e cond ”,T_dash *10^6)

21 printf(”\n ( e ) t ime i n t e r v a l ( i n s ) to pa s s the
d i f f e r e n c e i n the l e n g t h o f r o c k e t and p l a t f o r m
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i s %1 . 2 f m i c ro s e cond ”,del_T_dash *10^6)
22 // the answer ( a ) v a r i e s due to round o f f e r r o r

Scilab code Exa 6.10 calculation of distance and altitude covered by muons using time dilation and length contraction

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 1 0
5 // c a l c u l a t i o n o f d i s t a n c e and a l t i t u d e cove r ed by

muons u s i n g ( a ) t ime d i l a t i o n ( b ) l e n g t h
c o n t r a c t i o n

6 // g i v e n data
7 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
8 v=0.998*c; // speed ( i n m/ s ) o f muons
9 T0=2*10^ -6; //mean l i f e ( i n s ) o f muons

10 h0 =6000; // a l t i t u d e ( i n m)
11 // c a l c u l a t i o n
12 T=T0/sqrt(1-v^2/c^2); // ave rage l i f e ( i n s )
13 s=v*T; // d i s t a n c e cove r ed by muons ( i n m)
14 h=h0*sqrt(1-v^2/c^2); // a l t i t u d e cove r ed by muons (

i n m)
15 H=9.5* sqrt(1-v^2/c^2); // a l t i t u d e o f 9 . 5km s h a l l

appear to muons as ( i n km)
16 printf(”\ n d i s t a n c e cove r ed by muons u s i n g ( a ) t ime

d i l a t i o n i s %d m”,s)
17 printf(”\ n d i s t a n c e cove r ed by muons u s i n g ( b ) l e n g t h

c o n t r a c t i o n i s %d m”,h)
18 printf(”\ n a l t i t u d e o f 9 . 5km s h a l l appear to muons as

%1 . 1 f km”,H)
19 // the f i r s t pa r t o f answer v a r i e s due to round o f f

e r r o r
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Scilab code Exa 6.11 calculation of distance travelled by in one mean time

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 1 1
5 // c a l c u l a t i o n o f d i s t a n c e t r a v e l l e d by i n one mean

t ime
6 // g i v e n data
7 T0=2*10^ -6; //mean l i f e ( i n s )
8 v=2.994*10^8; // speed o f p a r t i c l e ( i n m/ s )
9 c=3*10^8; // speed o f l i g h t ( i n m/ s )

10 // c a l c u l a t i o n
11 T=T0/sqrt(1-v^2/c^2); // t ime ( i n s ) taken by a

p a r t i c l e
12 d=T*v; // d i s t a n c e t r a v e l l e d ( i n m) by i n one mean

t ime
13 printf(”\ n d i s t a n c e t r a v e l l e d by i n one mean t ime i s

%0 . 2 f km”,d*10^ -3)
14 // the answer s vary due to round o f f e r r o r

Scilab code Exa 6.12 calculation of speed of spacecraft

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 1 2
5 // c a l c u l a t i o n o f speed o f s p a c e c r a f t
6 del_t =3600; // t ime ( i n s ) o f a c l o c k on e a r t h
7 del_t_dash =3599; // t ime ( i n s ) o f a c l o c k on

s p a c e c r a f t
8 c=3*10^8; // speed o f l i g h t ( i n m/ s )
9 // c a l c u l a t i o n
10 v=c*sqrt(1- del_t_dash ^2/ del_t ^2); // speed ( i n m/ s )

o f s p a c e c r a f t

139



11 printf(”\ nspeed o f s p a c e c r a f t i s %1 . 0 e m/ s ”,v)

Scilab code Exa 6.13 calculation of speed of muons

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 1 3
5 // c a l c u l a t i o n o f speed o f muons
6 // g i v e n data
7 T0 =2.2*10^ -6; // ave rage l i f e ( i n s ) o f muons
8 T=15.6*10^ -6; // t ime ( i n s )
9 c=3*10^8; // speed o f l i g h t ( i n m/ s )

10 // c a l c u l a t i o n
11 v=c*sqrt(1-T0^2/T^2); // v e l o c i t y o f muons ( i n m/ s )
12 printf(”\ n v e l o c i t y o f muons i s %1 . 2 e m/ s ”,v)

Scilab code Exa 6.14 calculation of mean lifetime

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 1 4
5 // c a l c u l a t i o n o f mean l i f e t i m e
6 // g i v e n data
7 T0 =2.5*10^ -8; // prope r mean l i f e ( i n s )
8 v_by_c =0.73; // speed o f mason i s 0 . 7 3 t imes speed o f

l i g h t
9 // c a l c u l a t i o n
10 T=T0/sqrt(1-v_by_c ^2); //mean l i f e t i m e ( i n s )
11 printf(”\nmean l i f e t i m e o f mason i s %1 . 1 e s ”,T)
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Scilab code Exa 6.15 calculation of velocity relative to the earth

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 1 5
5 // c a l c u l a t i o n o f v e l o c i t y r e l a t i v e to the e a r t h
6 // g i v e n data
7 l0=50; // prope r l e n g t h ( i n m) o f r o c k e t
8 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
9 t=2*10^ -6; // t ime ( i n s ) taken to move l e n g t h l

10 // c a l c u l a t i o n
11 v=c/sqrt (((t*c)/l0)^2+1); // speed ( i n m/ s ) o f r o c k e t
12 printf(”\ n v e l o c i t y r e l a t i v e to the e a r t h i s %1 . 2 f

t imes the speed o f l i g h t ”,v/c)

Scilab code Exa 6.16 calculation of length and orientation of the rod

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 1 6
5 // c a l c u l a t i o n o f l e n g t h and o r i e n t a t i o n o f the rod
6 Lx0 =5* cosd (30); // component o f l e n g t h i n x d i r e c t i o n
7 Ly0 =5* sind (30); // component o f l e n g t h i n y d i r e c t i o n
8 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
9 v=0.6*c; // v e l o c i t y ( i n m/ s ) o f rod

10 Lx=Lx0*sqrt(1-v^2/c^2); // l e n g t h i n x d i r e c t i o n as
s e en by the o b s e r v e r

11 Ly=Ly0; // l e n g t h i n y d i r e c t i o n as s e en by the
o b s e r v e r

12 L=sqrt(Lx^2+Ly^2); // l e n g t h ( i n m)
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13 theta=atand(Ly/Lx); // o r i e n t a t i o n o f the rod ( i n
d e g r e e )

14 printf(”\ n l e n g t h o f rod i s %1 . 1 f m”,L)
15 printf(”\ n o r i e n t a t i o n o f the rod i s %2 . 1 f d e g r e e ”,

theta)

16 // the answers o f l e n g t h vary due to round o f f e r r o r

Scilab code Exa 6.17 calculation of distance travelled

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 1 7
5 // c a l c u l a t i o n o f d i s t a n c e t r a v e l l e d
6 // g i v e n data
7 T0 =2.0*10^ -8; // h a l f l i f e ( i n s )
8 v_by_c =0.96; // speed o f mason i s 0 . 9 6 7 t imes speed

o f l i g h t
9 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
10 // c a l c u l a t i o n
11 v=0.96*c; // speed o f mason i s 0 . 9 6 t imes speed o f

l i g h t
12 T=T0/sqrt(1-v_by_c ^2); // h a l f− l i f e ( i n s )
13 d=v*T; // d i s t a n c e ( i n m)
14 printf(”\ n d i s t a n c e t r a v e l l e d i s %0 . 2 f m”,d)
15 // the answers vary due to round o f f e r r o r

Scilab code Exa 6.18 calculation of velocity of spaceship

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 1 8
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5 // c a l c u l a t i o n o f v e l o c i t y o f s p a c e s h i p
6 // g i v e n data
7 a=55; // age o f Narayan on e a r t h ( i n y e a r s )
8 a_dash =45; // age o f Narayan i n s p a c e s h i p ( i n y e a r s )
9 b=75; // age o f Raghu on e a r t h ( i n y e a r s )
10 b_dash =25; // age o f Raghu i n s p a c e s h i p ( i n y e a r s )
11 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
12 // c a l c u l a t i o n
13 T0=a_dash -a; // prope r t ime i n t e r v a l ( i n y e a r s )
14 T=b-b_dash; // d i l a t e d t ime i n t e r v a l ( i n y e a r s )
15 v=c*sqrt(1-(T0/T)^2); // v e l o c i t y ( i n m/ s ) o f

s p a c e s h i p
16 printf(”\ n v e l o c i t y o f s p a c e s h i p i s %1 . 2 e m/ s ”,v)
17 // the answers vary due to round o f f e r r o r

Scilab code Exa 6.19 calculation of length and diameter of spacecraft measured by observer on earth

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 1 9
5 // c a l c u l a t i o n o f l e n g t h and d iamete r o f s p a c e c r a f t

measured by o b s e r v e r on e a r t h
6 // g i v e n data
7 L0=120; // l e n g t h ( i n m) o f s p a c e c r a f t
8 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
9 D0=20; // d iamete r ( i n m) o f s p a c e c r a f t
10 // c a l c u l a t i o n
11 v=0.99*c; // speed ( i n m/ s ) o f s p a c e c r a f t
12 L=round(L0*sqrt(1-v^2/c^2)); // l e n g t h ( i n m) o f

s p a c e c r a f t ob s e rved on e a r t h
13 D=D0; // d iamete r be ing p e r p e r p e n d i c u l a r to motion i s

ob s e rved to be the same
14 printf(”\ n l e n g t h o f s p a c e c r a f t measured by o b s e r v e r

on e a r t h i s %d m”,L)
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15 printf(”\ nd iamete r o f s p a c e c r a f t measured by
o b s e r v e r on e a r t h i s %2 . 1 f m”,D)

Scilab code Exa 6.20 calculation of time interval measured by astronaut in his clock and time observed by observer on earth

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 2 0
5 // c a l c u l a t i o n o f t ime i n t e r v a l measured by a s t r o n a u t

i n h i s c l o c k and t ime obs e rved by o b s e r v e r on
e a r t h

6 // g i v e n data
7 L0=8; // number o f l i g h t y e a r s
8 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
9 // c a l c u l a t i o n
10 v=0.8*c; // speed ( i n m/ s ) o f s p a c e s h i p
11 L=L0*sqrt(1-v^2/c^2); // c o n t r a c t e d l e n g t h ( i n l i g h t

y e a r s )
12 del_t=round ((L*3*10^8)/v); // t ime i n t e r v a l ( i n y e a r s

) measured by a s t r o n a u t i n h i s c l o c k
13 t=10+8; // t ime ( i n y e a r s ) ob s e rved by o b s e r v e r on

e a r t h
14 printf(”\ ntime i n t e r v a l measured by a s t r o n a u t i n h i s

c l o c k i s %d y e a r s ”,del_t)
15 printf(”\ ntime obs e rved by o b s e r v e r on e a r t h i s %d

y e a r s ”,t)

Scilab code Exa 6.21 calculation of space and time interval in Sdash frame

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
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4 // example 6 . 2 1
5 // c a l c u l a t i o n o f space and t ime i n t e r v a l i n S dash

frame
6 // g i v e n data
7 del_x =3*10^3; // d i s t a n c e ( i n m) apa r t o f two s o u r c e s

o f l i g h t A and B
8 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
9 t1=1; // assuming t to be 1 f o r s i m p l i c i t y o f

c a l c u l a t i o n
10 // c a l c u l a t i o n
11 t2=t1; // s i n c e l i g h t from A and B f l a s h e s

s i m u l t a n e o u s l y
12 del_t=t2-t1; // d i f f e r e n c e between the t ime f l a s h e d

by A and B
13 v=c/3; // v e l o c i t y ( i n m/ s ) o f o b s e r v e r
14 alpha =1/ sqrt(1-v^2/c^2)

15 del_x_dash=alpha*del_x; // space i n t e r v a l i n S dash
frame ( i n m)

16 del_t_dash=-alpha*v*del_x/c^2; // t ime i n t e r v a l ( i n s
)

17 printf(”\ nspace i n t e r v a l i n S dash frame i s %1 . 2 f km
”,del_x_dash *10^ -3)

18 printf(”\ ntime i n t e r v a l i s %1 . 2 e s ”,del_t_dash)
19 // the answers vary due to round o f f e r r o r

Scilab code Exa 6.22 calculation of age of A and B when determined in A s frame of reference and B s frame of reference

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 2 2
5 // c a l c u l a t i o n o f age o f A and B when dete rmined i n (

a )A’ s f rame o f r e f e r e n c e ( b )B’ s f rame o f
r e f e r e n c e

6 // g i v e n data
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7 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
8 l0=30; // d i s t a n c e o f s t a r ( i n l i g h t y e a r s )
9 a=20; // age ( i n y e a r s ) o f A and B
10 // c a l c u l a t i o n
11 v=0.8*c; // speed ( i n m/ s ) o f A
12 // i n B’ s f rame o f r e f e r e n c e
13 t=(2*l0 *3*10^8)/v; // t ime ( i n y e a r s ) spen t i n the

j o u r n e y
14 T=t*sqrt(1-v^2/c^2); // t ime ( i n y e a r s ) spend by A
15 bA=a+T; // age o f A ( i n y e a r s )
16 bB=a+t; // age o f B ( i n y e a r s )
17 // i n A’ s f rame o f r e f e r e n c e
18 L=l0*sqrt(1-v^2/c^2); // c o n t r a c t e d l e n g t h ( i n l i g h t

y e a r s )
19 t_dash =(L*3*10^8)/v; // t ime ( i n y e a r s ) taken i n

outward t r i p
20 T_dash=T/sqrt(1-v^2/c^2); // t ime d i l a t i o n ( i n y e a r s )
21 aA=a+T; // age o f A ( i n y e a r s )
22 aB=a+T_dash; // age o f B ( i n y e a r s )
23 printf(”\n ( a ) age o f A when dete rmined i n Bs frame o f

r e f e r e n c e i s %d y e a r s ”,bA)
24 printf(”\nage o f B when dete rmined i n Bs frame o f

r e f e r e n c e i s %d y e a r s ”,bB)
25 printf(”\n ( b ) age o f A when dete rmined i n As frame o f

r e f e r e n c e i s %d y e a r s ”,aA)
26 printf(”\nage o f B when dete rmined i n As frame o f

r e f e r e n c e i s %d y e a r s ”,aB)

Scilab code Exa 6.23 calculation of time difference

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 2 3
5 // c a l c u l a t i o n o f t ime d i f f e r e n c e
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6 // g i v e n data
7 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
8 del_x =1400*10^3; // n a u t i c a l d i s t a n c e between De lh i

and Mumbai
9 // c a l c u l a t i o n
10 v=0.9*c; // speed ( i n m/ s ) o f t r a v e l l i n g from De lh i

to Mumbai
11 del_t_dash =(-v*del_x/c^2)/sqrt(1-v^2/c^2); // t ime

d i f f e r e n c e i n the r e f e r e n c e frme o f t r a v e l l i n g
from De lh i to Mumbai

12 printf(”\ ntime d i f f e r e n c e i n the r e f e r e n c e frme o f
t r a v e l l i n g from De lh i to Mumbai i s %1 . 1 f ms”,
del_t_dash *10^3)

Scilab code Exa 6.24 to show how time dilation accounts for the given result of distance of 39 m

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 2 4
5 // to show how time d i l a t i o n a c c o u n t s f o r the g i v e n

r e s u l t o f d i s t a n c e o f 39 m
6 // g i v e n data
7 T0 =1.77*10^ -8; // h a l f− l i f e ( i n s ) o f p i o n s
8 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
9 // c a l c u l a t i o n
10 v=0.99*c; // speed ( i n m/ s ) o f c o l l i m a t e d i o n beam
11 d=T0*v; // d i s t a n c e ( i n m) t r a v e l l e d by p i o n s i n Lab

frame
12 T=T0/sqrt(1-v^2/c^2); // h a l f− l i f e o f p ion obs e rved

i n p ion frame
13 d_dash=T*v; // d i s t a n c e ( i n m) t r a v e l l e d by p i o n s i n

t ime T
14 printf(”\ nDi s tance t r a v e l l e d by p i o n s i n t ime T i s

%2 . 1 f m”, d_dash)

147



15 printf(”\nThus , t ime d i l a t i o n a c c o u n t s f o r the g i v e n
r e s u l t o f d i s t a n c e o f 39 m”)

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

Scilab code Exa 6.25 calculation of period of time measured by moving observer

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 2 5
5 // c a l c u l a t i o n o f p e r i o d o f t ime measured by moving

o b s e r v e r
6 // g i v e n data
7 T0=3; // prope r p e r i o d o f pendulum ( i n s )
8 c=3*10^8; // speed o f l i g h t ( i n m/ s )
9 // c a l c u l a t i o n
10 v=0.95*c; // speed o f pendulum i s 0 . 9 5 t imes speed o f

l i g h t
11 T=T0/sqrt(1-(v/c)^2); // p e r i o d ( i n s ) o f t ime

measured by moving o b s e r v e r
12 printf(”\ n p e r i o d o f t ime measured by moving o b s e r v e r

i s %1 . 2 f s ”,T)
13 // the answers vary due to round o f f e r r o r

Scilab code Exa 6.26 calculation of length of laboratory

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 2 6
5 // c a l c u l a t i o n o f l e n g t h o f l a b o r a t o r y
6 // g i v e n data
7 T=4*10^ -8; // prope r t ime ( i n s )
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8 l0=10; // l e n g t h ( i n m) beam c r o s s e s
9 v=l0/T; // v e l o c i t y ( i n m/ s )
10 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
11 l=l0*sqrt(1-v^2/c^2); // l e n g t h o f l a b o r a t o r y ( i n m)
12 printf(”\ n l e n g t h o f l a b o r a t o r y i s %1 . 2 f m”,l)
13 // the answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 6.27 calculation of time taken to reach the star with respect to earth and spaceship

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 2 7
5 // c a l c u l a t i o n o f t ime taken to r each the s t a r with

r e s p e c t to ( a ) e a r t h ( b ) s p a c e s h i p
6 // g i v e n data
7 v=3*10^6; // speed ( i n m/ s ) o f s p a c e s h i p
8 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
9 d=10; // d i s t a n c e ( i n l i g h t y e a r s ) o f s t a r

10 // c a l c u l a t i o n
11 x=d*c

12 T0=x/v; // t ime ( i n y e a r s ) measured by the e a r t h
13 T=x/v*sqrt(1-v^2/c^2); // t ime ( i n y e a r s ) measured on

the s p a c e s h i p
14 printf(”\ ntime measured by the e a r t h i s %d y e a r s ”,T0

)

15 printf(”\ ntime measured on the s p a c e s h i p i s %3 . 1 f
y e a r s ”,T)

16 // the fo rmu la g i v e n i n the t ex tbook i s wrong

Scilab code Exa 6.28 calculation of increase of time dilation

1 clc;clear;
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2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 2 8
5 // c a l c u l a t i o n o f i n c r e a s e o f t ime d i l a t i o n
6 // g i v e n data
7 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
8 v0 =1+5/100; // i n c r e a s e i n speed i s 5% ( i n m/ s )
9 // c a l c u l a t i o n
10 del_T0 =1; // assuming T0 to be 1 f o r s i m p l i c i t y o f

c a l c u l a t i o n
11 v=0.95*c; // speed ( i n m/ s ) o f c l o c k
12 del_T=del_T0/sqrt(1-v^2/c^2); // t ime d i l a t i o n
13 v_dash=v0*v; // i n c r e a s i n g speed ( i n m/ s )
14 del_T_dash=del_T0/sqrt(1-( v_dash/c)^2); //new t ime

d i l a t i o n
15 T=round((del_T_dash -del_T)/del_T *100); // p e r c e n t

i n c r e a s e i n t ime d i l a t i o n
16 printf(”\ n p e r c e n t i n c r e a s e i n t ime d i l a t i o n i s %d

p e r c e n t ”,T)

Scilab code Exa 6.29 calculation of speed of spacecraft moving relative to earth

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 2 9
5 // c a l c u l a t i o n o f speed o f s p a c e c r a f t moving r e l a t i v e

to e a r t h
6 // g i v e n data
7 T0 =3600; // prope r t ime ( i n s )
8 T=3601; // d i l a t e d t ime ( i n s )
9 c=3*10^8; // speed ( i n m/ s ) o f l i g h t

10 // c a l c u l a t i o n
11 v=c*sqrt(1-(T0/T)^2); // speed ( i n m/ s ) o f s p a c e c r a f t
12 printf(”\ nspeed o f s p a c e c r a f t moving r e l a t i v e to
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e a r t h i s %1 . 1 e m/ s ”,v)

Scilab code Exa 6.30 calculation of shift in the wavelength

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 3 0
5 // c a l c u l a t i o n o f s h i f t i n the wave l ength
6 // g i v e n data
7 v=6.12*10^7; // speed ( i n m/ s ) o f a d i s t a n t ga l axy

r e c e d i n g from e a r t h
8 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
9 lambda0 =500; // wave l ength ( i n nm) o f g r e en s p e c t r a l

l i n e
10 // c a l c u l a t i o n
11 v_by_c=v/c

12 lambda=lambda0*sqrt ((1+v/c)/(1-v/c)); // wave l ength (
i n nm)

13 s=round(lambda -lambda0); // s h i f t i n wave l ength ( i n
nm)

14 printf(”\ n s h i f t i n the wave l ength i s %d nm”,s)

Scilab code Exa 6.31 calculation of interval at which B receives signals from A AND interval at which C receives signals from A AND interval at which B receive Cs flashes

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 3 1
5 // c a l c u l a t i o n o f ( a ) i n t e r v a l a t which B r e c e i v e s

s i g n a l s from A ( b ) i n t e r v a l at which C r e c e i v e s
s i g n a l s from A ( c ) i n t e r v a l at which B r e c e i v e C’ s

f l a s h e s
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6 // g i v e n data
7 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
8 T0=6; // i n t e r v a l ( i n minutes ) o b s e r v e r A s i g n a l s

with f l a s h l i g h t
9 // c a l c u l a t i o n
10 v=0.6*c; // speed ( i n m/ s ) o f a s p a c e s h i p
11 // u s i n g l o n g i t u d i n a l Doppler ’ s e f f e c t
12 T1=T0; // s i n c e t h e r e i s no r e l a t i v e motion between A

and B, B r e c e i v e s s i g n a l i n the same t ime as A
f l a s h e s

13 T=T0*sqrt ((1+v/c)/(1-v/c)); // i n t e r v a l ( i n minutes )
at which C r e c e i v e s s i g n a l s from A

14 T_dash=T*sqrt((1-v/c)/(1+v/c)); // i n t e r v a l ( i n
minutes ) at which B r e c e i v e s s i g n a l s from C

15 printf(”\n ( a ) i n t e r v a l at which B r e c e i v e s s i g n a l s
from A i s %d minutes ”,T1)

16 printf(”\n ( b ) i n t e r v a l at which C r e c e i v e s s i g n a l s
from A i s %d minutes ”,T)

17 printf(”\n ( c ) i n t e r v a l a t which B r e c e i v e s s i g n a l s
from C i s %d minutes ”,T1)

Scilab code Exa 6.32 examination of twin paradox

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 3 2
5 // examinat i on o f twin paradox
6 // g i v e n data
7 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
8 v=0.8*c; // s e p a r a t i o n speed ( i n m/ s ) o f A and B on

onward t r i p
9 T0=1; // t ime p e r i o d as per Doppler ’ s e f f e c t ( i n yea r

)
10 L_by_v =22.5; // t ime taken i n outward t r i p ( as g i v e n
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i n ex 6 . 2 2 )
11 // c a l c u l a t i o n
12 T=T0*sqrt ((1+v/c)/(1-v/c)); // t ime p e r i o d ( i n y e a r s )

on onward t r i p
13 T_dash=T0*sqrt ((1+v/c)/(1-v/c)); // t ime p e r i o d ( i n

y e a r s ) on r e t u r n t r i p
14 A=L_by_v /3; // s i g n a l s A r e c e i v e from B
15 A_dash=L_by_v *3; // s i g n a l s A r e c e i v e i n r e t u r n t r i p
16 B_yr =20+7.5+67.5; // age o f s i s t e r ( i n y e a r s ) A

p e r c e i v e s
17 A_yr =20+22.5+22.5; // age o f A ( i n y e a r s )
18 L0_by_v =30/0.8; // no o f y e a r s B’ s b r o t h e r needs to

r each the s t a r because the s t a r i s i s 30 l i g h t
y e a r s away

19 B1=( L0_by_v +30) /3; // no o f s i g n a l s B r e c e i v e s at the
i n t e r v a l o f t h r e e y e a r s f o r the t o t l d u r a t i o n

20 B2 =7.5/(1/3); // f o r the r ema in ing 7 . 5 year s , s i g n a l s
r e c e i v e d by B i n y e a r s

21 A_age =20+22.5+22.5; // age o f A ( i n y e a r s )
22 B_age =20+37.5+37.5; // age o f B ( i n y e a r s )
23 printf(”\nfrom the p o i n t o f view o f the t r a v e l l i n g

twin , age o f A i s %d y e a r s ”,A_yr)
24 printf(”\nfrom the p o i n t o f view o f the t r a v e l l i n g

twin , age o f B i s %d y e a r s ”,B_yr)
25 printf(”\nfrom the p o i n t o f view o f the e a r t h bound

twin , age o f A i s %d y e a r s ”,A_age)
26 printf(”\nfrom the p o i n t o f view o f the e a r t h bound

twin , age o f B i s %d y e a r s ”,B_age)
27 printf(”\nthus , the o b s e r v a t i o n s o f both y i e l d the

same r e s u l t i n the domain o f Doppler e f f e c t ”)

Scilab code Exa 6.33 calculation of velocity of Hydra in moving away from the earth

1 clc;clear;

2 //OS windows 7
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3 // s c i l a b 6 . 0 . 1
4 // example 6 . 3 3
5 // c a l c u l a t i o n o f v e l o c i t y o f Hydra i n moving away

from the e a r t h
6 // g i v e n data
7 lambda =394; // wave l ength ( i n nm) o f a b s o r b t i o n o f

l i g h t by i o n i z e d ca l c ium atom
8 lambda_dash =475; // wave l ength ( i n nm) o f a b s o r p t i o n

l i n e o f Hydra
9 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
10 v_r=c*( lambda_dash ^2-lambda ^2)/( lambda_dash ^2+ lambda

^2); // v e l o c i t y o f Hydra i n moving away from the
e a r t h

11 printf(”\ n v e l o c i t y o f Hydra i n moving away from the
e a r t h i s %1 . 2 e m/ s ”,v_r)

Scilab code Exa 6.35 calculation of velocity of particle B relative to A

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 3 5
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 B r e l a t i v e to

A
6 // g i v e n data
7 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
8 Vx=0; // v e l o c i t y a l ong x−d i r e c t i o n
9 // c a l c u l a t i o n

10 v=0.5*c; // v e l o c i t y ( i n m/ s ) o f p a r t i c l e A a l ong x−
d i r e c t i o n

11 Vy=0.4*c; // v e l o c i t y ( i n m/ s ) o f p a r t i c l e B a l ong y−
d i r e c t i o n

12 Vx_dash =(Vx-v)/(1-(v*Vx)/c^2); // v e l o c i t y component
a l ong x−d i r e c t i o n o f p a r t i c l e B i n r e f e r e n c e
frame o f A
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13 Vy_dash =(Vy*sqrt(1-v^2/c^2))/(1-(v*Vx)/c^2); //
v e l o c i t y component a l ong y−d i r e c t i o n o f p a r t i c l e
B i n r e f e r e n c e frame o f A

14 V_dash=sqrt(Vx_dash ^2+ Vy_dash ^2); // v e l o c i t y o f
p a r t i c l e B r e l a t i v e to A ( i n m/ s )

15 theta=atand(Vx_dash/Vy_dash); // nang l e at which i t
i s i n c l i n e d with the y dash a x i s a l ong the
n e g a t i v e x dash d i r e c t i o n ( i n d e g r e e s )

16 printf(”\ n v e l o c i t y o f p a r t i c l e B r e l a t i v e to A i s %0
. 2 f t imes the speed o f l i g h t ”,V_dash/c)

17 printf(”\ nang l e at which i t i s i n c l i n e d with the
y dash a x i s a l ong the n e g a t i v e x dash d i r e c t i o n
i s %d d e g r e e ”,theta)

Scilab code Exa 6.36 calculation of velocity of electron wrt laboratory observer when electron is ejected in the x direction and it is ejected in the y direction

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 3 6
5 // c a l c u l a t i o n o f v e l o c i t y o f e l e c t r o n w. r . t

l a b o r a t o r y o b s e r v e r when ( a ) e l e c t r o n i s e j e c t e d
i n the x−d i r e c t i o n and ( b ) i t i s e j e c t e d i n the y−
d i r e c t i o n

6 // g i v e n data
7 // f o r x−d i r e c t i o n
8 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
9 Vx_dash =0.8*c; // speed o f e l e c t r o n ( i n m/ s ) i n r e s t

f rame o f the atom
10 v=0.3*c; // speed ( i n m/ s ) o f r a d i o a c t i v e atom w. r , t

l a b o r a t o r y i n x−d i r e c t i o n
11 // f o r y−d i r e c t i o n
12 Vx_dash_ =0

13 Vy_dash =0.8*c; // speed o f e l e c t r o n ( i n m/ s ) i n r e s t
f rame o f the atom
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14 // c a l c u l a t i o n
15 Vx=( Vx_dash+v)/(1+(v*Vx_dash)/c^2); // v e l o c i t y ( i n m

/ s ) o f e l e c t r o n w. r . t l a b o r a t o r y o b s e r v e r when
e l e c t r o n i s e j e c t e d i n the x−d i r e c t i o n

16 Vy=( Vy_dash*sqrt(1-v^2/c^2))/(1+(v*Vx_dash_)/c^2);

// v e l o c i t y o f e l e c t r o n w. r . t l a b o r a t o r y o b s e r v e r
when e l e c t r o n i s e j e c t e d i n the y−d i r e c t i o n

17 Vx_dash1 =0

18 Vx1=( Vx_dash1+v)/(1+(v*Vx_dash1)/c^2); // v e l o c i t y (
i n m/ s ) i n x−d i r e c t i o n

19 V=sqrt(Vx1 ^2+Vy^2); // speed ( i n m/ s ) o f e l e c t r o n
20 theta=atand(Vy/Vx1); // a n g l e ( i n d e g r e e ) made with x

−a x i s
21 printf(”\n ( a ) v e l o c i t y o f e l e c t r o n w. r . t l a b o r a t o r y

o b s e r v e r when e l e c t r o n i s e j e c t e d i n the x−
d i r e c t i o n i s %1 . 2 f t imes the speed o f l i g h t ”,Vx/c
)

22 printf(”\n ( b ) v e l o c i t y o f e l e c t r o n w. r . t l a b o r a t o r y
o b s e r v e r when e l e c t r o n i s e j e c t e d i n the y−
d i r e c t i o n i s %1 . 2 f t imes the speed o f l i g h t ”,Vy/c
)

23 printf(”\ n v e l o c i t y o f e l e c t r o n i s %0 . 2 f t imes the
speed o f l i g h t ”,V/c)

24 printf(”\ nang l e made with x−a x i s i s %2 . 1 f d e g r e e ”,
theta)

Scilab code Exa 6.37 calculation of velocity of spacecraft B relative to the ground

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 3 7
5 // c a l c u l a t i o n o f v e l o c i t y o f s p a c e c r a f t B r e l a t i v e

to the ground
6 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
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7 Vx_dash =0.5*c; // r e l a t i v e v e l o c i t y ( i n m/ s ) o f
s p a c e c r a f t B with which i t o v e r t a k e s A

8 v=0.9*c; // v e l o c i t y ( i n m/ s ) o f s p a c e c r a f t A
9 Vx=( Vx_dash+v)/(1+(v*Vx_dash)/c^2); // v e l o c i t y ( i n m

/ s ) o f s p a c e c r a f t B r e l a t i v e to the ground
10 Vx1=Vx_dash+v; // c l a s i c a l l y , v e l o c i t y o f s p a c e c r a f t

B r e l a t i v e to the ground , which i s
r e l a t i v i s t i c a l l y i m p o s s i b l e

11 printf(”\ n v e l o c i t y o f s p a c e c r a f t B r e l a t i v e to the
ground i s %0 . 4 f t imes the speed o f l i g h t ”,Vx/c)

12 printf(”\ n c l a s i c a l l y , v e l o c i t y o f s p a c e c r a f t B
r e l a t i v e to the ground i s %0 . 1 f t imes the speed
o f l i g h t , which i s r e l a t i v i s t i c a l l y i m p o s s i b l e ”,
Vx1/c)

Scilab code Exa 6.38 calculation of velocity of rocket as observed from earth moving away from the earth and towards the earth

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 3 8
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 as ob s e rv ed from

e a r t h moving ( a ) away from the e a r t h ( b ) towards
the e a r t h

6 // g i v e n data
7 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
8 Vx_dash =0.8*c; // v e l o c i t y ( i n m/ s ) o f r o c k e t

r e l a t i v e to the s p a c e s h i p
9 v=0.5*c; // v e l o c i t y ( i n m/ s ) o f s p a c e s h i p moving

away from e a r t h
10 // c a l c u l a t i o n
11 V=( Vx_dash+v)/(1+(v*Vx_dash)/c^2); // v e l o c i t y ( i n m/

s ) o f r o c k e t as ob s e rved from e a r t h moving away
from the e a r t h

12 V1=(-Vx_dash+v)/(1+(v*-Vx_dash)/c^2); // v e l o c i t y ( i n
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m/ s ) o f r o c k e t as ob s e rved from e a r t h moving
towards the e a r t h

13 printf(”\n ( a ) v e l o c i t y o f r o c k e t as ob s e rv ed from
e a r t h moving away from the e a r t h i s %1 . 2 f t imes
the speed o f l i g h t ”,V/c)

14 printf(”\n ( b ) v e l o c i t y o f r o c k e t as ob s e rved from
e a r t h moving towards the e a r t h i s %1 . 1 f t imes the

speed o f l i g h t ”,V1/c)

Scilab code Exa 6.39 calculation of velocity of A relative to B

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 3 9
5 // c a l c u l a t i o n o f v e l o c i t y o f A r e l a t i v e to B
6 // g i v e n data
7 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
8 Vx=0.9*c; // v e l o c i t y ( i n m/ s ) o f p a r t i c l e A i n the

frame S
9 v=-0.8*c; // v e l o c i t y ( i n m/ s ) o f p a r t i c l e B moving

i n n e g a t i v e x−d i r e c t i o n
10 // c a l c u l a t i o n
11 Vx_dash =(Vx-v)/(1-(v*Vx)/c^2); // v e l o c i t y ( i n m/ s )

o f A r e l a t i v e to B
12 printf(”\ n v e l o c i t y o f A r e l a t i v e to B i s %0 . 3 f t imes

the speed o f l i g h t ”,Vx_dash/c)
13 if Vx_dash/c>0 then

14 disp(” v e l o c i t y o f A r e l a t i v e to B i s a l ong
p o s i t i v e x−d i r e c t i o n ”)

15 else

16 disp(” v e l o c i t y o f A r e l a t i v e to B i s a l ong
n e g a t i v e x−d i r e c t i o n ”)

17 end
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Scilab code Exa 6.40 calculation of velocity of beta particles in lab frame

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 4 0
5 // c a l c u l a t i o n o f v e l o c i t y o f beta p a r t i c l e s i n l a b

frame
6 // g i v e n data
7 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
8 v=0.2*c; // speed ( i n m/ s ) o f a r a d i o a c t i v e n u c l e u s
9 Vx_dash =0; // speed ( i n m/ s ) inn x−d i r e c t i o n

10 Vy_dash =0.6*c; // speed ( i n m/ s ) o f beta p a r t i c l e
r e l a t i v e to the n u c l e u s

11 // c a l c u l a t i o n
12 Vx=( Vx_dash+v)/(1+(v*Vx_dash)/c^2); // component Vx

i n the l a b frame
13 Vy=( Vy_dash*sqrt(1-v^2/c^2))/(1+(v*Vx_dash)/c^2); //

component Vy i n the l a b frame
14 V=sqrt(Vx^2+Vy^2); // magnitude o f r e s u l t a n t v e l o c i t y

( i n m/ s )
15 theta=atand(Vy/Vx); // a n g l e ( i n d e g r e e ) made by beta

p a r t i c l e with the d i r e c t i o n o f the n u c l e u s
16 printf(”\ n v e l o c i t y o f beta p a r t i c l e s i n l a b frame i s

%1 . 2 f t imes the speed o f l i g h t ”,V/c)
17 printf(”\ nang l e made by beta p a r t i c l e with the

d i r e c t i o n o f the n u c l e u s i s %2 . 1 f d e g r e e s ”,theta)
18 // the answer s vary due to round o f f e r r o r

Scilab code Exa 6.41 calculation of rest mass of the bomb

1 clc;clear;
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2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 4 1
5 // c a l c u l a t i o n o f r e s t mass o f the bomb
6 // g i v e n data
7 m_01 =2; // r e s t mass ( i n kg ) o f one f ragment o f

s t a t i o n a r y bomb
8 m_02 =2; // r e s t mass ( i n kg ) o f ano the r f ragment o f

s t a t i o n a r y bomb
9 c=3*10^8; // speed o f l i g h t ( i n m/ s )
10 // c a l c u l a t i o n
11 v1=0.6*c; // speed o f one f ragment i s 0 . 6 t imes speed

o f l i g h t
12 v2=0.6*c; // speed o f ano the r f ragment i s 0 . 6 t imes

speed o f l i g h t
13 m_0 =(( m_01*c^2)/sqrt(1-(v1/c)^2)+(m_02*c^2)/sqrt(1-(

v2/c)^2))/c^2; // r e s t mass ( i n kg ) o f the bomb
14 printf(”\ n r e s t mass o f the bomb i s %0 . 1 f kg ”,m_0)

Scilab code Exa 6.42 calculation of momentum of a proton

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 4 2
5 // c a l c u l a t i o n o f momentum o f a proton
6 // g i v e n data
7 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
8 m0 =1.67*10^ -27; // mass ( i n kg ) o f a proton
9 v=0.86*c; // speed ( i n m/ s ) o f a proton

10 // c a l c u l a t i o n
11 p=(m0*v)/sqrt(1-v^2/c^2); //momentum ( i n kg m/ s ) o f

pro ton
12 printf(”\nmomentum o f a proton i s %d MeV/ c ”,p

*10^ -6/(5.36*10^ -28))
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13 // the answers vary due to round o f f e r r o r

Scilab code Exa 6.43 calculation of velocity of particle

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 4 3
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 // g i v e n data
7 m0=1; // assuming r e s t mass to be one f o r s i m p i c i t y

i n s o l v i n g
8 c=3.0*10^8; // speed o f l i g h t ( i n m/ s )
9 // c a l c u l a t i o n

10 m=5*m0; // mass o f a p a r t i c l e i s f i v e t imes the r e s t
mass

11 v=c*sqrt(1-(m0/m)^2); // v e l o c i t y ( i n m/ s ) o f the
p a r t i c l e

12 printf(”\ n v e l o c i t y o f the p a r t i c l e i s %1 . 3 e m/ s ”,v)

Scilab code Exa 6.45 calculation of rest mass of original bomb

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 4 5
5 // c a l c u l a t i o n o f r e s t mass o f o r i g i n a l bomb
6 // g i v e n data
7 m_01 =1.5; // r e s t mass ( i n kg ) o f one f ragment o f

s t a t i o n a r y bomb
8 m_02 =1.5; // r e s t mass ( i n kg ) o f ano the r f ragment o f

s t a t i o n a r y bomb
9 c=3*10^8; // speed o f l i g h t ( i n m/ s )
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10 // c a l c u l a t i o n
11 v=0.8*c; // speed o f one f ragment i s 0 . 8 t imes speed

o f l i g h t
12 m_0 =(( m_01*c^2)/sqrt(1-(v/c)^2)+(m_02*c^2)/sqrt(1-(v

/c)^2))/c^2; // r e s t mass ( i n kg ) o f the o r i g i n a l
bomb

13 printf(”\ n r e s t mass o f the o r i g i n a l bomb i s %0 . 1 f kg
”,m_0)

Scilab code Exa 6.46 calculation of work done

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 4 6
5 // c a l c u l a t i o n o f work done
6 // g i v e n data
7 m0 =0.5*10^6; // r e s t mass ( i n eV ) o f an e l e c t r o n
8 c=3*10^8; // speed o f l i g h t ( i n m/ s )
9 e=1.6*10^ -19; // v a l u e o f cha rge

10 // c a l c u l a t i o n
11 v1=0.6*c; // speed o f e l e c t r o n i s 0 . 6 t imes speed o f

l i g h t
12 v2=0.8*c; // speed o f e l e c t r o n i s 0 . 8 t imes speed o f

l i g h t
13 KE_f=(m0*c^2)/(sqrt(1-(v2/c)^2)) -(m0*c^2); // f i n a l

k i n e t i c ene rgy ( i n eV )
14 KE_i=(m0*c^2)/(sqrt(1-(v1/c)^2)) -(m0*c^2); // i n i t i a l

k i n e t i c ene rgy ( i n eV )
15 WD=KE_f -KE_i; // work done ( i n eV )
16 printf(”\nwork done i s %1 . 1 e J”,WD*e)
17 // the answer p r o v i d e e d i n the t ex tbook i s wrong
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Scilab code Exa 6.47 calculation of change in mass AND work done on the electron to change its velocity AND accelerating potential in volts

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 4 7
5 // c a l c u l a t i o n o f ( a ) change i n mass ( b ) work done on

the e l e c t r o n to change i t s v e l o c i t y ( c )
a c c e l e r a t i n g p o t e n t i a l i n v o l t s

6 // g i v e n data
7 m0 =9.1*10^ -31; // r e s t mass ( i n kg ) o f an e l e c t r o n
8 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
9 // c a l c u l a t i o n
10 v1 =0.98*c; // i n i t i a l speed ( i n m/ s ) o f an e l e c t r o n
11 v2 =0.99*c; // f i n a l speed ( i n m/ s ) o f an e l e c t r o n
12 m1=m0/sqrt(1-v1^2/c^2); // i n i t i a l mass ( i n kg )
13 m2=m0/sqrt(1-v2^2/c^2); // f i n a l mass ( i kg )
14 del_m=m2-m1; // change i n mass ( i n kg )
15 W=del_m*c^2*6.242*10^12; // work done ( i n MeV)
16 V=W*10^6; // a c c e l e r a t i n g p o t e n t i a l ( i n v o l t s )
17 printf(”\n ( a ) change i n mass i s %2 . 2 e kg ”,del_m)
18 printf(”\n ( b ) work done i s %1 . 3 f MeV”,W)
19 printf(”\n ( c ) a c c e l e r t i n g p o t e n t i a l i s %1 . 3 e v o l t s ”,V

)

20 // answer ( b ) and ( c ) vary due to round o f f e r r o r

Scilab code Exa 6.49 calculation of per cent error in classical expression of kinetic energy

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 4 9
5 // c a l c u l a t i o n o f per c en t e r r o r i n c l a s s i c a l

e x p r e s s i o n o f k i n e t i c ene rgy
6 // g i v e n data
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7 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
8 m0=1; // assuming m0 to be 1 f o r s i m p l i c i t y o f

c a l c u l a t i o n
9 // c a l c u l a t i o n
10 v=0.5*c; // speed ( i n m/ s ) o f a body
11 KE=1/2*m0*v^2; // c l a s s i c a l k i n e t i c ene rgy
12 m=1/ sqrt(1-v^2/c^2); // mass o f body
13 KE1=(m-m0)*c^2; // r e l a t i v i s t i c k i n e t i c ene rgy
14 P=(KE1 -KE)/KE*100; // per c en t e r r o r i n c l a s s i c a l

k i n e t i c ene rgy
15 printf(”\ nper c en t e r r o r i n c l a s s i c a l k i n e t i c ene rgy

i s %d”,P)
16 // the answers vary due to round o f f e r r o r

Scilab code Exa 6.50 calculation of energy required to remove one neutron

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 5 0
5 // c a l c u l a t i o n o f ene rgy r e q u i r e d to remove one

neut ron
6 // g i v e n data
7 BE_C12 =7.68; // b i n d i n g ene rgy per nuc l eon ( i n Mev)

f o r C12
8 BE_C13 =7.47; // b i n d i n g ene rgy per nuc l eon ( i n Mev)

f o r C13
9 // c a l c u l a t i o n
10 E=BE_C13 *13- BE_C12 *12; // ene rgy ( i n Mev) r e q u i r e d to

remove one neut ron
11 printf(”\ nenergy r e q u i r e d to remove one neut ron i s

%1 . 2 f MeV”,E)

164



Scilab code Exa 6.53 calculation of mass of electron

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 5 3
5 // c a l c u l a t i o n o f mass o f e l e c t r o n
6 // g i v e n data
7 m0 =9.1*10^ -31; // r e s t mass o f e l e c t r o n ( i n kg )
8 KE =2*10^6*1.6*10^ -19; // k i n e t i c ene rgy ( i n J )
9 c=3*10^8; // speed o f l i g h t ( i n m/ s )

10 // c a l c u l a t i o n
11 m=m0+KE/c^2; // mass ( i n kg ) o f an e l e c t r o n
12 printf(”\nmass o f an e l e c t r o n i s %2 . 2 e kg ”,m)
13 // the answers vary due to round o f f e r r o r

Scilab code Exa 6.56 calculation of total energy and kinetic energy

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 5 6
5 // c a l c u l a t i o n o f t o t a l ene rgy and k i n e t i c ene rgy
6 // g i v e n data
7 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
8 m0 =(9.1*10^ -31) /(1.6*10^ -13); // r e s t mass ( i n MeV)

o f e l e c t r o n
9 // c a l c u l a t i o n
10 v=0.25*c; // speed ( i n m/ s ) o f e l e c t r o n
11 m=m0/sqrt(1-v^2/c^2); // mass ( i n kg )
12 E=(m0*c^2)/sqrt(1-v^2/c^2); // t o t a l ene rgy ( i n MeV)
13 K=m*c^2-m0*c^2; // k i n e t i c ene rgy ( i n MeV)
14 printf(”\ n t o t a l ene rgy i s %1 . 3 f MeV”,E)
15 printf(”\ n k i n e t i c ene rgy i s %1 . 3 f MeV”,K)
16 // the f i r s t pa r t o f answer v a r i e s due to round o f f
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e r r o r

Scilab code Exa 6.59 calculation of mass of electron

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 6 . 5 9
5 // c a l c u l a t i o n o f mass o f e l e c t r o n
6 // g i v e n data
7 E=1.5; // k i n e t i c ene rgy ( i n MeV)
8 c=3*10^8; // speed ( i n m/ s ) o f l i g h t
9 m0 =9.11*10^ -31; // r e s t mass ( i n kg ) o f e l e c t r o n

10 // c a l c u l a t i o n
11 m0csq=(m0*c^2) /(1.6*10^ -13)

12 m=(( m0csq+E)*1.6*10^ -13)/c^2

13 printf(”\nmass o f e l e c t r o n i s %2 . 1 e kg ”,m)
14 // the answers vary due to round o f f e r r o r
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Chapter 7

Nuclear Radiation Detectors

Scilab code Exa 7.1 calculation of saturated ion current

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 7 . 1
5 // c a l c u l a t i o n o f s a t u r a t e d i o n c u r r e n t
6 // g i v e n data
7 E_bar =49*10^3; // ave rage ene rgy d e p o s i t e d per u n i t

d i s i n t e g r a t i o n ( eV )
8 alpha =150*10^3; // t o t a l a c t i v i t y o f the sample ( i n

Bq)
9 e=1.6*10^ -19; // e l e c t r o n i c cha rge ( i n C)

10 W=32; // ave rage ene rgy d e p o s i t e d per i o n p a i r i n the
gas ( eV )

11 // c a l c u l a t i o n
12 I=(E_bar*alpha*e)/W; // s a t u r a t e d i o n c u r r e n t ( i n

Ampere )
13 printf(”\ n s a t u r a t e d i on c u r r e n t i s %1 . 2 e Ampere”,I)
14 // the answer p rov id ed i n the t ex tbook i s wrong
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Scilab code Exa 7.2 calculation of pulse amplitude

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 7 . 2
5 // c a l c u l a t i o n o f p u l s e ampl i tude
6 // g i v e n data
7 W=35; // ene rgy r e q u i r e d per i on p a i r ( i n eV )
8 C=10^ -10; // c a p a c i t a n c e ( i n F)
9 E0 =10^6; // cha rge ( i n eV )

10 e=1.602*10^ -19; // v a l u e o f cha rge ( i n C)
11 // c a l c u l a t i o n
12 n0=E0/W; // number o f i o n p a i r s
13 V0=(n0*e)/C; // p u l s e ampl i tude ( i n V)
14 printf(”\ n p u l s e ampl i tude i s %0 . 1 f m i c r o v o l t ”,V0

*10^6)

Scilab code Exa 7.3 calculation of gas multiplication factor

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 7 . 3
5 // c a l c u l a t i o n o f gas m u l t i p l i c a t i o n f a c t o r
6 // g i v e n data
7 E0 =5*10^3; // ene rgy ( i n eV ) o f charged p a r t i c l e s
8 W=26.2; // ene rgy ( i n eV ) r e q u i r e d per i o n p a i r
9 e=1.6*10^ -19; // e l e c t r o n i c cha rge ( i n C)

10 C=200*10^ -12; // c a p a c i t a n c e ( i n F)
11 V=10^ -2; // v o l t a g e ( i n V) ( p r i n t i n g mi s take i n book )
12 // c a l c u l a t i o n
13 n0=E0/W; // number o f o r i g i n a l i o n p a i r s g e n e r a t e d
14 M=(V*C)/(n0*e); // gas m u l t i p l i c a t i o n f a c t o r
15 disp(M, ’ gas m u l t i p l i c a t i o n f a c t o r i s ’ )
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Scilab code Exa 7.4 calculation of ionization current

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 7 . 4
5 // c a l c u l a t i o n o f i o n i z a t i o n c u r r e n t
6 // g i v e n data
7 n=15; // number o f a lpha p a r t i c l e s
8 E=5*10^6; // ene rgy o f a lpha p a r t i c l e s ( i n eV )
9 e=1.6*10^ -19; // v a l u e o f cha rge

10 E_dash =35.2; // ene rgy ( i n eV ) needed to produce i o n
p a i r

11 // c a l c u l a t i o n
12 TE=n*E; // t o t a l ene rgy o f a lpha p a r t i c l e s ( i n eV )
13 N=TE/E_dash; // number o f i o n p a i r s produced
14 dq_by_dt=N*e; // i o n i z a t i o n c u r r e n t ( i n Ampere )
15 printf(”\ n i o n i z a t i o n c u r r e n t i s %1 . 3 f pA”,dq_by_dt

*10^12)

Scilab code Exa 7.5 calculation of change in the voltage of condenser

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 7 . 5
5 // c a l c u l a t i o n o f change i n the v o l t a g e o f condenso r
6 // g i v e n data
7 d=5; // d i s t a n c e moved ( i n cm)
8 n_av =3*10^4; // ave rage number o f i o n p a i r s
9 e=1.602*10^ -19; // v a l u e o f cha rge ( i n C)
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10 c=5*10^ -12; // c a p a c i t a n c e ( i n F)
11 // c a l c u l t i o n
12 n=d*n_av

13 q=n*e; // cha rge ( i n C) d e p o s i t e d on the con den s e r
14 V0=q/c; // change i n the v o l t a g e o f condenso r ( i n V)
15 printf(”\ nchange i n the v o l t a g e o f condenso r i s %0 . 1

f mV”,V0 *10^3)

Scilab code Exa 7.6 calculation of output pulse height

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 7 . 6
5 // c a l c u l a t i o n o f output p u l s e h e i g h t
6 // g i v e n data
7 E=11*10^6; // ene rgy ( i n eV ) o f a lpha p a r t i c l e s
8 E_dash =35.2; // ene rgy ( i n eV ) needed to produce i o n

p a i r
9 M=1000; // m u l t i p l i c a t i o n f a c t o r

10 e=1.6*10^ -19; // v a l u e o f cha rge
11 C=30*10^ -12; // e f f e c t i v e c a p a c i t y between the w i r e

and the e a r t h ( i n F)
12 // c a l c u l a t i o n
13 N_T=E/E_dash; // t o t a l no . o f i o n p a i r s produced
14 N=N_T*M; // number o f s e conda ry i o n s produced
15 q=N*e; // cha rge c o l l e c t e d by c a p a c i t o r ( i n C)
16 V_O=q/C; // p u l s e h e i g h t ( i n V)
17 printf(”\ noutput p u l s e h e i g h t i s %1 . 2 f V”,V_O)

Scilab code Exa 7.7 calculation of height of pulse

1 clc;clear;
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2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 7 . 7
5 // c a l c u l a t i o n o f h e i g h t o f p u l s e
6 // g i v e n data
7 E0 =10*10^6; // ene rgy ( i n eV ) o f p r o t o n s
8 W=34; // ene rgy ( i n eV ) r e q u i r e d per i o n p a i r
9 M=1000; // gas m u l t i p l i c a t i o n f a c t o r
10 e=1.6*10^ -19; // e l e c t r o n i c cha rge ( i n C)
11 R=10^4; // r e s i s t a n c e ( i n ohm) between the e l e c t r o d e s
12 t=10*10^ -6; // c u r r e n t p u l s e t ime ( i n s )
13 // c a l c u l a t i o n
14 n0=E0/W; // number o f pr imary i o n s
15 n_dash=n0*M; // t o t a l number o f i o n s i n p r o p o r t i o n a t e

r e g i o n
16 q=n_dash*e; // cha rge on the e l e c t r o d e s ( i n C)
17 i=q/t; // c u r r e n t on the e l e c t r o d e s ( i n Ampere )
18 V0=i*R; // h e i g h t o f the p u l s e ( i n V)
19 printf(”\ n h e i g h t o f the p u l s e i s %0 . 3 f V”,V0)

Scilab code Exa 7.8 calculation of maximum radial field and duration of time the counter lasts

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 7 . 8
5 // c a l c u l a t i o n o f maximum r a d i a l f i e l d and d u r a t i o n

o f t ime the c o u n t e r l a s t s
6 // g i v e n data
7 V0 =1000; // v o l t a g e at which ha l ogen and quenched GM

works ( i n V)
8 r=0.2*10^ -3; // r a d i u s ( i n m) o f c e n t r a l w i r e
9 b=20*10^ -3; // r a d i u s ( i n m) o f o u t e r c y l i n d e r

10 n=50; // number o f weeks
11 l=10^9; // c e r t i f i e d l i f e o f tube ( i n count )
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12 h=30; // number o f hours
13 s=60; // s e c o n d s
14 m=3000; // number o f count s per minute
15 // c a l c u l a t i o n
16 a=r; // s i n c e f i e l d i s maximum near c e n t r a l w i r e
17 E_max=V0/(r*log(b/a)); //maximum r a d i a l f i e l d ( i n V/

m)
18 t=n*m*h*s; // count s each yea r
19 T=l/t; // l i f e o f c o u n t e r
20 printf(”\nmaximum r a d i a l f i e l d i s %1 . 2 e V/m”,E_max)
21 printf(”\ ntime the c o u n t e r l a s t s i s %1 . 2 f y e a r s ”,T)

Scilab code Exa 7.9 calculation of actual count rate

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 7 . 9
5 // c a l c u l a t i o n o f a c t u a l count r a t e
6 // // g i v e n data
7 n=1.51*10^4; // number o f count s per minute
8 t_d =(250*10^ -6) /60; // dead t ime ( i n min )
9 // c a l c u l a t i o n
10 N=n/(1-n*t_d); // count r a t e ( per minute )
11 T=N+sqrt(N); // t o t a l count r a t e ( per minute )
12 printf(”\ n a c t u a l count r a t e i s %d per minute ”,T)
13 // the answers vary due to round o f f e r r o r

Scilab code Exa 7.10 calculation of ionization current

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
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4 // example 7 . 1 0
5 // c a l c u l a t i o n o f i o n i z a t i o n c u r r e n t
6 // g i v e n data
7 N=600/60; // count r a t e per minute
8 p=10^8; // number o f e l e c t r o n s per count
9 e=1.6*10^ -19; // v a l u e o f cha rge ( i n C)
10 t=1; // t ime ( i n s )
11 // c a l c u l a t i o n
12 n=N*p; // t o t a l number o f e l e c t r o n s
13 q=n*e; // cha rge ( i n C)
14 I=q/t; // i o n i z a t i o n c u r r e n t ( i n Ampere )
15 printf(”\ n i o n i z a t i o n c u r r e n t i s %1 . 1 e Ampere”,I)

Scilab code Exa 7.11 calculation of maximum voltage fluctuation in applied voltage

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 7 . 1 1
5 // c a l c u l a t i o n o f maximum v o l t a g e f l u c t u a t i o n i n

a p p l i e d v o l t a g e
6 // g i v e n data
7 n2_minus_n1_by_n_av =0.1/100; // c o u n t e r e r r o r
8 s=3; // s l o p e o f p l a t e a u r e g i o n
9 // c a l c u l a t i o n
10 V2_minus_V1=n2_minus_n1_by_n_av *100*100/s; //maximum

v o l t a g e f l u c t u a t i o n ( i n V)
11 printf(”\nmaximum v o l t a g e f l u c t u a t i o n i n a p p l i e d

v o l t a g e i s %1 . 1 f V”,V2_minus_V1)

Scilab code Exa 7.12 calculation of number of disintegrations per minute within the source

1 clc;clear;
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2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 7 . 1 2
5 // c a l c u l a t i o n o f number o f d i s i n t e g r a t i o n s per

minute w i t h i n the s o u r c e
6 // g i v e n data
7 n=5.0*10^4; // number o f a lpha p a r t i c l e s r e a c h i n g the

window o f c o u n t e r
8 A=3.0; // p e r p e n d i c u l a r a r ea ( i n sq . cm) o f window
9 d=7.0; // d i s t a n c e ( i n cm) o f n u c l i d e
10 // c a l c u l a t i o n
11 d_ohm=A/d^2; // s o l i d a n g l e subtended by the c o u n t e r

at the p o i n t s o u r c e
12 N=(n*4*%pi)/d_ohm; // number o f d i s i n t e g r a t i o n s per

minute w i t h i n the s o u r c e ( i n count s /min )
13 printf(”\nnumber o f d i s i n t e g r a t i o n s per minute

w i t h i n the s o u r c e i s %1 . 3 e count s /min”,N)

Scilab code Exa 7.13 calculation of dead time of the counter

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 7 . 1 3
5 // c a l c u l a t i o n o f dead t ime o f the c o u n t e r
6 // g i v e n data
7 nu =80/100; // e f f i c i e n c y o f GM c o u n t e r
8 n=6000/60; // number o f count s per minute
9 // c a l c u l a t i o n

10 t_d=(1-nu)/n; // dead t ime o f the c o u n t e r ( i n s )
11 disp(t_d*10^3, ’ dead t ime o f the c o u n t e r ( i n ms) i s ’ )

Scilab code Exa 7.14 calculation of actual count rate
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1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 7 . 1 4
5 // c a l c u l a t i o n o f a c t u a l count r a t e
6 // g i v e n data
7 n=4000; // number o f count s per minute
8 t_d =(300*10^ -6) /60; // dead t ime ( i n min )
9 // c a l c u l a t i o n
10 N=n/(1-n*t_d); // count r a t e ( per minute )
11 T=N+sqrt(N); // t o t a l count r a t e ( per minute )
12 printf(”\ n a c t u a l count r a t e i s %d per minute ”,T)
13 // the answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 7.15 calculation of true count rate and observed count rate when source strength is increased

1 clc;clear;

2 //OS windows 7
3 // s c i l a b 6 . 0 . 1
4 // example 7 . 1 5
5 // c a l c u l a t i o n o f ( i ) t r u e count r a t e ( i i ) ob s e rv ed

count r a t e when s o u r c e s t r e n g t h i s i n c r e a s e d bya
f a c t o r o f 10

6 // g i v e n data
7 t_d =200*10^ -6; // dead t ime o f c o u n t e r ( i n s )
8 n=1000; // obs e rved count r a t e
9 // c a l c u l a t i o n

10 N=n/(1-n*t_d); // count r a t e
11 T=N+sqrt(N); // a c t u a l count r a t e ( per minute )
12 n_dash =(N*10) /(1+N*10* t_d); // obs e rved count r a t e

when s o u r c e s t r e n g t h i s i n c r e a s e d bya f a c t o r o f
10

13 printf(”\n ( i ) t r u e count r a t e i s %d”,T)
14 printf(”\n ( i i ) ob s e rved count r a t e when s o u r c e

s t r e n g t h i s i n c r e a s e d i s %4 . 1 f ”,n_dash)
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