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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

Crystallography

Scilab code Exa 1.3.1 calculate Unit cell dimension

1 // Chapter −1 , Example1 3 1 , pg 1−14
2

3 A=26.98 // atomic
we ight o f Al

4

5 N=6.023*10^26 // Avogadro ’ s
number

6

7 p=2700 // Dens i ty
8

9 n=4 //FCC
s t r u c t u r e

10

11 a=(n*A/(N*p))^(1/3)

12

13 printf(” Unit c e l l d imens ion o f Al=”)
14

15 disp(a)

16

17 printf(”m”)
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Scilab code Exa 1.3.2 calculate density

1 // Chapter −1 , Example1 3 2 , pg 1−15
2

3 As=28.1 // atomic
we ight o f S i

4

5 Ag=69.7 // atomic
we ight o f Ga

6

7 Aa=74.9 // atomic
we ight o f As

8

9 as =5.43*10^ -8 // l a t t i c e
c o n s t a n t o f S i

10

11 aga =5.65*10^ -8 // l a t t i c e
c o n s t a n t o f GaAs

12

13 ns=8 // no o f
atoms / u n i t c e l l i n S i

14

15 nga=4 // no o f
atoms / u n i t c e l l i n GaAs

16

17 N=6.023*10^23 // Avogadro ’ s
number

18

19 //p=(n∗A) /(N∗a ˆ3) t h i s i s f o rmu la f o r d e n s i t y
20

21 // f o r S i
22

23 ps=(ns*As)/(N*as^3)

24
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25 printf(” 1) Dens i ty o f S i=”)
26

27 disp(ps)

28

29 printf(”gm/cmˆ3 ”)
30

31 // f o r GaAs
32

33 Aga=Ag+Aa // m o l e c u l a r
wt o f GaAs

34

35 pga=(nga*Aga)/(N*aga^3)

36

37 printf(” 2) Dens i ty o f GaAs=”)
38

39 disp(pga)

40

41 printf(”gm/cmˆ3 ”)

Scilab code Exa 1.3.3 calculate density

1 // Chapter −1 , Example1 3 3 , pg 1−16
2

3 A=63.5 // atomic
we ight o f Cu

4

5 N=6.023*10^23 // Avogadro ’ s
number

6

7 n=4 //FCC
s t r u c t u r e

8

9 r=1.28*10^ -8 // atomic
r a d i u s o f Cu

10
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11 // f o r FCC
12

13 a=4*r/(sqrt (2)) // l a t t i c e
c o n s t a n t

14

15 p=(n*A)/(N*a^3)

16

17 printf(” Dens i ty o f Cu=”)
18

19 disp(p)

20

21 printf(”gm/cmˆ3 ”)

Scilab code Exa 1.3.4 calculate APF

1 // Chapter −1 , Example1 3 4 , pg 1−17
2

3 A=50 // atomic
we ight o f chromium

4

5 N=6.023*10^23 // Avogadro ’ s
number

6

7 p=5.96 // Dens i ty
8

9 n=2 //BCC
s t r u c t u r e

10

11 // s t e p 1 : c l a c u l a t i o n f o r l a t t i c e c o n s t a n t ( a )
12

13 a=(n*A/(N*p))^(1/3)

14

15 // s t e p 2 : r a d i u s o f an atom i n BCC
16

17 r=sqrt (3)*a/4
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18

19 // s t e p 3 : Atomic pack ing f a c t o r (APF)
20

21 APF=n*((4/3)*%pi*r^3)/a^3

22

23 printf(” Atomic pack ing f a c t o r (APF)=”)
24

25 disp(APF)

Scilab code Exa 1.3.5 calculate no of unit cell

1 // Chapter −1 , Example1 3 5 , pg 1−17
2

3 A=120 // atomic
we ight o f chromium

4

5 N=6.023*10^23 // Avogadro ’ s
number

6

7 p=5.2 // Dens i ty
8

9 n=2 //BCC
s t r u c t u r e

10

11 m=20 // mass
12

13 // s t e p 1 : c l a c u l a t i o n f o r volume o f u n i t c e l l ( a ˆ3)
14

15 a=(n*A/(N*p))

16

17 // s t e p 2 : volume o f 20 gm o f the e l ement
18

19 v=m/p

20

21 // s t e p 3 : no o f u n i t c e l l

12



22

23 x=v/a

24

25 printf(”no o f u n i t c e l l =”)
26

27 disp(x)

Scilab code Exa 1.3.6 calculate no of atoms per meter cube

1 // Chapter −1 , Example1 3 6 , pg 1−18
2

3 A=132.91 // atomic
we ight o f chromium

4

5 N=6.023*10^26 // Avogadro ’ s
number

6

7 p=1900 // Dens i ty
8

9 a=6.14*10^ -10 // l a t t i c e
c o n s t a n t

10

11 // s t e p 1 : type o f s t r u c t u r e
12

13 n=(p*N*a^3)/A

14

15 printf(”n =”)
16

17 disp(round(n))

18

19 printf(”BCC s t r u c t u r e ”)
20

21 // s t e p 2 : no o f atoms /mˆ3
22

23 x=n/a^3

13



24

25 printf(” no o f atoms /mˆ3=”)
26

27 disp(x)

Scilab code Exa 1.3.7 calculate no of unit cell

1 // Chapter −1 , Example1 3 6 , pg 1−18
2

3 a=0.4049*10^ -9 // l a t t i c e
c o n s t a n t

4

5 t=0.006*10^ -2 // t h i c k n e s s
o f Al f o i l

6

7 A=50*10^ -4 // Area o f
f o i l

8

9 V1=a^3 // volume o f
u n i t c e l l

10

11 V=A*t // volume o f
the f o i l

12

13 N=V/V1 // no o f u n i t
c e l l i n the f o i l

14

15 printf(”no o f u n i t c e l l i n the f o i l =”)
16

17 disp(N)

Scilab code Exa 1.5.1 calcukate critical radius ratio of ligancy three
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1 // Chapter −1 , Example1 5 1 , pg 1−29
2

3 // r e f e r diagram from tex tbook
4

5 // on j o i n i n g c e n t r e o f 3 an ions , an e q u i l a t e r a l
t r i a n g l e i s formed and on j o i n i n g c e n t r e s o f any
an ion and c a t i o n a r i g h t a n g l e t r i a n g l e ABC os
formed

6

7 // where AC=r c+ra
8

9 // and BC=ra
10

11 //m( a n g l e (ACB) ) =30 d e g r e e
12

13 // t h e r e f o r e co s ( 3 0 )=ra /( r c+ra )
14

15 // assume r c / ra=r
16

17 r=(1-cosd (30))/cosd (30) // by
arrang img terms we g e t v a l u e o f r

18

19 printf(” c r i t i c a l r a d i u s r a t i o o f l i g a n c y 3=”)
20

21 disp(r)

Scilab code Exa 1.5.2 calculate critical radius ratio for ligancy six

1 // Chapter −1 , Example1 5 2 , pg 1−30
2

3 // r e f e r diagram from tex tbook
4

5 // i n the s a i d arrangement a c a t i o n i s squee z ed i n t o
4 a n i o n s i n a p l ane and 5 th an ion i s i n upper
l a y e r and 6 th i n bottom l a y e r

15



6

7 // j o i n c a t i o n an ion c e n t r e s E and B and comple te the
t r i a n g l e EBF

8

9 // i n t r i a n g l e EBF m( a n g l e F) =90 and EF=BF
10

11 //m( a n g l e B)=m( a n g l e E) =45
12

13 // and EB=r c+ra and BF=ra
14

15 // co s ( 4 5 )=ra /( r c+ra )
16

17 // assume r c / ra=r
18

19 r=(1-cosd (45))/cosd (45) // by
arrang img terms we g e t v a l u e o f r

20

21 printf(” c r i t i c a l r a d i u s r a t i o f o r l i g a n c y 6 =”)
22

23 disp(r)

Scilab code Exa 1.5.3 calculate critical radius ratio for octohedral

1 // Chapter −1 , Example1 5 3 , pg 1−30
2

3 // r e f e r diagram from tex tbook
4

5 // s i n c e p l ane i s s qua r e hence i t i s same as l i g a n c y
6

6

7 // i n the s a i d arrangement a c a t i o n i s squee z ed i n t o
4 a n i o n s i n a p l ane and 5 th an ion i s i n upper
l a y e r and 6 th i n bottom l a y e r

8

9 // j o i n c a t i o n an ion c e n t r e s E and B and comple te the
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t r i a n g l e EBF
10

11 // i n t r i a n g l e EBF m( a n g l e F) =90 and EF=BF
12

13 //m( a n g l e B)=m( a n g l e E) =45
14

15 // and EB=r c+ra and BF=ra
16

17 // co s ( 4 5 )=ra /( r c+ra )
18

19 // assume r c / ra=r
20

21 r=(1-cosd (45))/cosd (45) // by
arrang img terms we g e t v a l u e o f r

22

23 printf(” c r i t i c a l r a d i u s r a t i o f o r l i g a n c y 8 =”)
24

25 disp(r)

Scilab code Exa 1.5.4 calculate critical radius ratio for ligancy 4

1 // Chapter −1 , Example1 5 4 , pg 1−31
2

3 // a t e t r a h e d r o n CAEH can be c o n s i d e r e d with C as the
apex o f the t e t r a h e d r o n .

4

5 // the edge s AE,AH and EH o f the t e t r a h e d r o n w i l l
then be the f a c e o f the cube f a c e s ABEF,ADHF,EFHG

r e s p .
6

7 // from f i g
8

9 //AO=ra+r c and AJ=ra
10

11 //AE=r o o t ( 2 ) ∗a and AG=r o o t ( 3 ) ∗a
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12

13 //AO/AJ=AG/AE=( ra+r c ) / ra=r o o t ( 3 ) ∗a/ r o o t ( 2 ) ∗a
14

15 // assume r c / ra=r
16

17 r=(sqrt (3)-sqrt (2))/sqrt (2)

18

19 printf(” c r i t i c a l r a d i u s r a t i o f o r l i g a n c y 4 =”)
20

21 disp(r)

Scilab code Exa 1.5.5 calculate critical radius ratio for ligancy 8

1 // Chapter −1 , Example1 5 5 , pg 1−32
2

3 // l i g a n c y 8 r e p r e s e n t s c u b i c arrangment . 8 a n i o n s
a r e at the c o r n e r s and touch a l ong cube edgs .
Along the body d i a g o n a l the c e n t r a l c a t i o n and
the c o r n e r an ion a r e i n c o n t a c t .

4

5 // cube edge =2∗ ra
6

7 // r e f e r diagram from tex tbook
8

9 // and body d i a g o n a l=r o o t ( 3 ) ∗ cube edge=r o o t ( 3 ) [ 2 ∗ ( r c+
ra ) ]

10

11 // assume r c / ra=r
12

13 r=sqrt (3) -1

14

15 printf(” c r i t i c a l r a d i u s r a t i o o f l i g a n c y 8=”)
16

17 disp(r)
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Scilab code Exa 1.5.6 calculate critical radius ratio for ligancy

1 // Chapter −1 , Example1 5 6 , pg 1−32
2

3 // f o r an i o n i c c r y s t a l e x i b i t i n g HCP s t r u c t u r e the
arrangment o f i o n s r e f e r e from tex tbook

4

5 // at c e n t r e we have a c a t i o n with r a d i u s r c=OA
6

7 // i t i s an touch with 6 a n i o n s with r a d i u s ra=AB
8

9 //OB=OC=ra+r c
10

11 // i n t r a n g l e ODB ,m( a n g l e (OBC) ) =60 d e g r e e ,m( a n g l e (
ODB) ) =90 d e g r e e

12

13 // t h e r e f o r e co s ( 6 0 )=BD/OB=AB/(OA+OB)=ra /( r c+ra )
14

15 // assume r c / ra=r
16

17 r=(1-cosd (60))/cosd (60) // by
arrang img terms we g e t v a l u e o f r

18

19 printf(” c r i t i c a l r a d i u s r a t i o 0 f HCP s t r u c t u r e=”)
20

21 disp(r)

Scilab code Exa 1.6.2 calculate miller indices of plane

1 // Chapter −1 , Example1 6 2 , pg 1−35
2

3 // i n t e r c e p t o f p l a n e a r e i n p r o p o r t i o n a , b /3 ,2∗ c
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4

5 // as a , b and c a r e b a s i c v e c t o r s the p r o p o r t i n o f
i n t e r c e p t s 1 : 1 / 3 : 2

6

7 // t h e r e f o r e r e c i p r o c a l
8

9 r1=1

10

11 r2=3

12

13 r3=1/2

14

15 // t a k i n g LCM
16

17 v=int32 ([2 ,1])

18

19 l=double(lcm(v))

20

21 m1=(l*r1)

22

23 m2=(l*r2)

24

25 m3=(l*r3)

26

27 printf(” m i l e r i n d i c e s=”)
28

29 disp(m3,m2,m1)

Scilab code Exa 1.6.4 calculate interplanar spacing

1 // Chapter −1 , Example1 6 4 , pg 1−38
2

3 r=1.414 // atomic
r a d i u s i n amstrong u n i t

4

20



5 // f o r FCC s t r u c t u r e
6

7 a=4*r/sqrt (2)

8

9 // pa r t 1 : p l ane ( 2 , 0 , 0 )
10

11 // the i n t e r p l a n a r s p a c i n g o f p l ane
12

13 h1=2

14

15 k1=0

16

17 l1=0

18

19 //we know tha t d=a/ s q r t ( hˆ2+kˆ2+ l ˆ2)
20

21 d1=a/sqrt(h1^2+k1^2+l1^2)

22

23 printf(” 1) i n t e r p l a n a r s p a c i n g f o r
( 2 , 0 , 0 ) p l ane=”)

24

25 disp(d1)

26

27 printf(” amstrong ”)
28

29 // pa r t 2 : p l ane ( 1 , 1 , 1 )
30

31 // the i n t e r p l a n a r s p a c i n g o f p l ane
32

33 h2=1

34

35 k2=1

36

37 l2=1

38

39 //we know tha t d=a/ s q r t ( hˆ2+kˆ2+ l ˆ2)
40

41 d2=a/sqrt(h2^2+k2^2+l2^2)
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42

43 printf(” 2) i n t e r p l a n a r s p a c i n g f o r ( 1 , 1 , 1 ) p l ane=”
)

44

45 disp(d2)

46

47 printf(” amstrong ”)

Scilab code Exa 1.14.1 calculate lattice constant

1 // Chapter −1 , Example1 14 1 , pg 1−58
2

3 n=4 //FCC
s t r u c t u r e

4

5 ro=2180 // d e n s i t y o f
NaCl

6

7 M=23+35.5 // m o l e c u l a r
we ight o f NaCl

8

9 N=6.023*10^26 // Avogadro ’ s
number

10

11 a=((n*M)/(N*ro))^(1/3)

12

13 printf(” L a t t i c e c o n s t a n t=”)
14

15 disp(a)

16

17 printf(”m”)

Scilab code Exa 1.14.2 calculate Lattice constant and diameter
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1 // Chapter −1 , Example1 14 2 , pg 1−58
2

3 n=4 //FCC
s t r u c t u r e

4

5 ro=8.9 // d e n s i t y o f
Cu atom

6

7 A=63.55 // atomic
we ight o f Cu atom

8

9 N=6.023*10^23 // Avogadro ’ s
number

10

11 a=((n*A)/(N*ro))^(1/3)

12

13 printf(” 1) L a t t i c e c o n s t a n t=”)
14

15 disp(a)

16

17 printf(”cm”)
18

19 r=sqrt (2)*a/4 // r a d i u s o f
Cu atom

20

21 d=2*r // d iamete r
o f Cu atom

22

23 printf(” 2) Diameter o f Cu atom=”)
24

25 disp(d)

26

27 printf(”cm”)

Scilab code Exa 1.14.3 calculate Density of diamond
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1 // Chapter −1 , Example1 14 3 , pg 1−59
2

3 n=8 // diamond
s t r u c t u r e

4

5 A=12.01 // atomic wt
6

7 N=6.023*10^23 // Avogadro ’ s
number

8

9 a=3.75*10^ -8 // l a t t i c e
c o n s t a n t o f diamond

10

11 ro=(n*A)/(N*(a^3))

12

13 printf(” Dens i ty o f diamond=”)
14

15 disp(ro)

16

17 printf(”gm/ cc ”)

Scilab code Exa 1.14.4 calculate miller indices

1 // Chapter −1 , Example1 14 4 , pg 1−59
2

3 // i n t e r c e p t o f p l a n e a r e i n p r o p o r t i o n 3a : 4 b : i n f i n i t y
( p l ane p a r a l l e l to z a x i s )

4

5 // as a , b and c a r e b a s i c v e c t o r s the p r o p o r t i n o f
i n t e r c e p t s 3 : 4 : i n f i n i t y

6

7 // t h e r e f o r e r e c i p r o c a l
8

9 r1=1/3

10
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11 r2=1/4

12

13 r3=0

14

15 // t a k i n g LCM
16

17 v=int32 ([3 ,4])

18

19 l=double(lcm(v))

20

21 m1=(l*r1)

22

23 m2=(l*r2)

24

25 m3=(l*r3)

26

27 printf(” m i l e r i n d i c e s=”)
28

29 disp(m3,m2,m1)

Scilab code Exa 1.14.5 calculate miller indices

1 // Chapter −1 , Example1 14 5 , pg 1−59
2

3 // i n t e r c e p t o f p l a n e a r e i n p r o p o r t i o n 3a :−2b : 3 / 2 c
4

5 // as a , b and c a r e b a s i c v e c t o r s the p r o p o r t i n o f
i n t e r c e p t s 3 : −2 :3/2

6

7 // t h e r e f o r e r e c i p r o c a l
8

9 r1=1/3

10

11 r2=-1/2

12

25



13 r3=2/3

14

15 // t a k i n g LCM
16

17 v=int32 ([3 ,2 ,3/2])

18

19 l=double(lcm(v))

20

21 m1=(l*r1)

22

23 m2=(l*r2)

24

25 m3=(l*r3)

26

27 printf(” m i l e r i n d i c e s=”)
28

29 disp(m3,m2,m1)

Scilab code Exa 1.14.6 calculate ratio of intercepts

1 // Chapter −1 , Example1 14 6 , pg 1−59
2

3 // i f a p l ane cut at l e n g t h m, n , p on the t h r e e
c r y s t a l axes , then

4

5 //m: n : p=xa : yb : zc
6

7 //when p r i m i t i v e v e c t o r s o f u n i t c e l l and numbers x ,
y , z , a r e r e l a t e d to m i l l e r i n d i c e s ( h , k , l ) o f the
p l ane by r e l a t i o n

8

9 // 1/x : 1 / y : 1 / z=h : k : l
10

11 // s i n c e a=b=c ( c r y s t a l i s s i m p l e c u b i c )
12

26



13 // and ( h , k , l ) =(1 ,2 , 3 )
14

15 // t h e r e f o r e r e c i p r o c a l
16

17 r1=1/1

18

19 r2=1/2

20

21 r3=1/3

22

23 // t a k i n g LCM
24

25 v=int32 ([1 ,2,3])

26

27 l=double(lcm(v))

28

29 m=(l*r1)

30

31 n=(l*r2)

32

33 p=(l*r3)

34

35 printf(” r a t i o o f i n t e r c e p t s=”)
36

37 disp(m)

38

39 disp(n)

40

41 disp(p)

Scilab code Exa 1.14.7 calculate y and z intercepts

1 // Chapter −1 , Example1 14 7 , pg 1−60
2

3 // p r i m i t i v e v e c t o r s
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4

5 a=1.2 // i n
amstrong u n i t

6

7 b=1.8 // i n
amstrong u n i t

8

9 c=2 // i n amstrong
u n i t

10

11 // m i l l e r i n d i c e s o f the p l ane
12

13 h=2

14

15 k=3

16

17 l=1

18

19 // t h e r e f o r e i n t e r c e p t s a r e a/h , b/k , c / l
20

21 x=a/h

22

23 y=b/k

24

25 z=c/l

26

27 // t h i s g i v e s i n t e r c e p t s a l ong x a x i s as x amstrong
but i t i s g i v e n t t h a t p l ane cut x a x i s at 1 . 2
amstrong .

28

29 t=1.2/x

30

31 // t h i s shows tha t the p l ane under c o n s i d e r a t i o n i s
ano the r p l ane which i s p a r a l l e l to i t ( to keep
m i l l e r i n d i c e s same )

32

33 n=t*y //Y
i n t e r c e p t
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34

35 p=t*z //Z
i n t e r c e p t

36

37 printf(” 1) Y i n t e r c e p t=”)
38

39 disp(n)

40

41 printf(” amstrong ”)
42

43 printf(” 2)Z i n t e r c e p t=”)
44

45 disp(p)

46

47 printf(” amstrong ”)

Scilab code Exa 1.14.8 calculate radius

1 // Chapter −1 , Example1 14 8 , pg 1−61
2

3 // the i n t e r p l a n a r s p a c i n g o f p l ane
4

5 h=1

6

7 k=1

8

9 l=0

10

11 d=2 // i n t e r p a n a r
s p a c i n g i n amstrong u n i t

12

13 //we know tha t d=a/ s q r t ( hˆ2+kˆ2+ l ˆ2) t h e r e f o r e
14

15 a=d*sqrt(h^2+k^2+l^2)

16
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17 // f o r FCC s t r u c t u r e
18

19 r=sqrt (2)*a/4

20

21 printf(” r a d i u s r=”)
22

23 disp(r)

24

25 printf(” amstrong ”)

Scilab code Exa 1.14.9 calculate density and diameter

1 // Chapter −1 , Example1 14 9 , pg 1−61
2

3 n=4 // f o r FCC
s t r u c t u r e

4

5 // the i n t e r p l a n a r s p a c i n g o f p l ane
6

7 h=1

8

9 k=1

10

11 l=1

12

13 d=2.08*10^ -10 // d i s t a n c e
14

15 A=63.54 // atomic
we ight o f Cu

16

17 N=6.023*10^26 // amstrong
no

18

19 //we know tha t d=a/ s q r t ( hˆ2+kˆ2+ l ˆ2) t h e r e f o r e
20
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21 a=d*sqrt(h^2+k^2+l^2)

22

23 // a l s o ( a ˆ3∗q )=n∗A/N
24

25 q=n*A/(N*a^3)

26

27 printf(” 1) d e n s i t y=”)
28

29 disp(q)

30

31 printf(” kg /mˆ3 ”)
32

33 // f o r FCC s t r u c t u r e
34

35 r=sqrt (2)*a/4

36

37 d=r*2

38

39 printf(” 2) r a d i u s r=”)
40

41 disp(r)

42

43 printf(”m”)
44

45 printf(” 3) d i amete r d=”)
46

47 disp(d)

48

49 printf(”m”)

Scilab code Exa 1.14.10 calculate free electron concentration

1 // Chapter −1 , Example1 14 10 , pg 1−62
2

3 A=63.546 // atomic
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weight o f Cu
4

5 N=6.023*10^26 // Avogadro ’ s
number

6

7 p=8930 // Dens i ty
8

9 n=1.23 // no . o f
e l e c t r o n per atom

10

11 // d e n s i t y=mass / volume
12

13 // t h e r f o r e 1/ volume=d e n s i t y / mass
14

15 // s i n c e e l e c t r o n c o n c e n t r a t i o n i s needed , l e t us
f i n d out no o f atoms / volume ( x )

16

17 x=N*p/A

18

19 //now one atom c o n t r i b u t e n=1.23 e l e c t r o n
20

21 // t h e r e f o r e x atoms c o n t r i b u t e y no o f f r e e
e l e c t r o n

22

23 y=x*n

24

25 printf(” f r e e e l e c t r o n c o n c e n t r a t i o n=”)
26

27 disp(y)

28

29 printf(” e l e c t r o n /mˆ3 ”)

Scilab code Exa 1.14.11 calculate Y and Z intercept

1 // Chapter −1 , Example1 14 11 , pg 1−62
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2

3 // p r i m i t i v e v e c t o r s
4

5 a=1.5 // i n
amstrong u n i t

6

7 b=2 // i n
amstrong u n i t

8

9 c=4 // i n amstrong
u n i t

10

11 // m i l l e r i n d i c e s o f the p l ane
12

13 h=3

14

15 k=2

16

17 l=6

18

19 // t h e r e f o r e i n t e r c e p t s a r e a/h , b/k , c / l
20

21 x=a/h

22

23 y=b/k

24

25 z=c/l

26

27 // t h i s g i v e s i n t e r c e p t s a l ong x a x i s as x amstrong
but i t i s g i v e n tha t p l ane cut x a x i s at 1 . 2
amstrong .

28

29 t=1.5/x

30

31 // t h i s shows tha t the p l ane under c o n s i d e r a t i o n i s
ano the r p l ane which i s p a r a l l e l to i t ( to keep
m i l l e r i n d i c e s same )

32
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33 n=t*y //Y
i n t e r c e p t

34

35 p=t*z //Z
i n t e r c e p t

36

37 printf(” 1) Y i n t e r c e p t=”)
38

39 disp(n)

40

41 printf(” amstrong ”)
42

43 printf(” 2)Z i n t e r c e p t=”)
44

45 disp(p)

46

47 printf(” amstrong ”)

Scilab code Exa 1.14.12 calculate Number of atom per unit cell

1 // Chapter −1 , Example1 14 12 , pg 1−63
2

3 ro=7.87 // d e n s i t y o f
meta l

4

5 A=55.85 // atomic wt
o f meta l

6

7 N=6.023*10^23 // Avogadro ’ s
number

8

9 a=2.9*10^ -8 // l a t t i c e
c o n s t a n t o f meta l

10

11 n=(N*(a^3)*ro)/A
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12

13 printf(”Number o f atom per u n i t c e l l o f a meta l=”)
14

15 disp(int32(n))

Scilab code Exa 1.14.13 calculate Lattice constant

1 // Chapter −1 , Example1 14 13 , pg 1−63
2

3 n=2 //BCC
s t r u c t u r e

4

5 ro =9.6*10^2 // d e n s i t y o f
sodium c r y s t a l

6

7 A=23 // atomic
we ight o f sodium c r y s t a l

8

9 N=6.023*10^26 // Avogadro ’ s
number

10

11 a=((n*A)/(N*ro))^(1/3)

12

13 printf(” L a t t i c e c o n s t a n t=”)
14

15 disp(a)

16

17 printf(”m”)

Scilab code Exa 1.14.15 calculate Number of atom per unit cell and atomic radius

1 // Chapter −1 , Example1 14 15 , pg 1−64
2
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3 ro =2.7*10^3 // d e n s i t y o f
meta l

4

5 A=27 // atomic wt
o f meta l

6

7 N=6.023*10^26 // Avogadro ’ s
number

8

9 a=4.05*10^ -10 // l a t t i c e
c o n s t a n t o f meta l

10

11 n=(N*(a^3)*ro)/A

12

13 printf(” 1) Number o f atom per u n i t c e l l o f a meta l=”
)

14

15 disp(int32(n))

16

17 r=sqrt (2)*a/4 // r a d i u s o f
meta l

18

19 printf(” 2) atomic r a d i u s o f a meta l=”)
20

21 disp(r)

22

23 printf(”m”)

Scilab code Exa 1.14.16 calculate Lattice constant and APF

1 // Chapter −1 , Example1 14 16 , pg 1−64
2

3 n=2 //BCC
s t r u c t u r e

4
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5 ro =5.98*10^3 // d e n s i t y o f
chromium

6

7 A=50 // atomic wt
o f chromium

8

9 N=6.023*10^26 // Avogadro ’ s
number

10

11 a=((n*A)/(N*ro))^(1/3)

12

13 printf(” 1) L a t t i c e c o n s t a n t=”)
14

15 disp(a)

16

17 printf(”m”)
18

19 // f o r BCC
20

21 r=sqrt (3)*a/4 // r a d i u s o f
chromium

22

23 APF=(n*(4/3)*%pi*(r^3))/(a^3)

24

25 printf(” 2) A. P . F . f o r chromium=”)
26

27 disp(APF)

Scilab code Exa 1.14.17 calculate Lattice constant

1 // Chapter −1 , Example1 14 17 , pg 1−65
2

3 n=4 //FCC
s t r u c t u r e

4
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5 ro=6250 // d e n s i t y
6

7 M=60.2 // m o l e c u l a r
we ight

8

9 N=6.023*10^26 // Avogadro ’ s
number

10

11 a=((n*M)/(N*ro))^(1/3)

12

13 printf(” L a t t i c e c o n s t a n t=”)
14

15 disp(a)

16

17 printf(”m”)

Scilab code Exa 1.14.19 calculate wavlength

1 // Chapter −1 , Example1 14 19 , pg 1−66
2

3 a=2.82*10^ -9 // l a t t i c e
c o n s t a n t

4

5 n=2 //FCC
c r y s t a l

6

7 t=17.167 // g l a n c i n g
a n g l e i n d e g r e e

8

9 q=%pi /180*t // g l a n c i n g
a n g l e i n r a d i a n s

10

11 // assuming r e f l e c t i o n i n ( 1 , 0 , 0 ) p l ane
12

13 h=1
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14

15 k=0

16

17 l=0

18

19 d=a/sqrt(h^2+k^2+l^2)

20

21 // u s i n g Bragg ’ s law , 2∗d∗ s i n ( q )=n∗ l a
22

23 la=2*d*sin(q)/n

24

25 printf(” wavlength o f X−ray=”)
26

27 disp(la)

28

29 printf(”m”)

Scilab code Exa 1.14.20 calculate Lattice constant and atomic radius

1 // Chapter −1 , Example1 14 20 , pg 1−66
2

3 n=8 // Diamond
s t r u c t u r e

4

5 ro =2.33*10^3 // d e n s i t y o f
diamond

6

7 M=28.9 // atomic
we ight o f diamond

8

9 N=6.023*10^26 // Avogadro ’ s
number

10

11 a=((n*M)/(N*ro))^(1/3)

12
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13 printf(” 1) L a t t i c e c o n s t a n t=”)
14

15 disp(a)

16

17 printf(”m”)
18

19 r=sqrt (3)*a/8 // r a d i u s o f
diamond s t r u c t u r e

20

21 printf(” 2) atomic r a d i u s o f a meta l=”)
22

23 disp(r)

24

25 printf(”m”)

Scilab code Exa 1.14.21 calculate mass of one atom

1 // Chapter −1 , Example1 14 21 , pg 1−66
2

3 n=2 //BCC
s t r u c t u r e

4

5 ro =8.57*10^3 // d e n s i t y o f
chromium

6

7 d=2.86*10^ -10 // n e a r e s t
atoms d i s t a n c e

8

9 //d=s q r t ( 3 ) /2∗ a
10

11 a=2*d/sqrt (3)

12

13 //now use f o rmu la e a ˆ3∗ ro=n∗A/N
14

15 // t h e r e f o r e a ˆ3∗ ro /n=mass o f u n i t c e l l / ( no o f atoms
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pre u n i t c e l l )=mass o f one atom
16

17 m=a^3*ro/n

18

19 printf(” mass o f one atom=”)
20

21 disp(m)

22

23 printf(” kg ”)

Scilab code Exa 1.15.1 calculate glancing angle and highest order

1 // Chapter −1 , Example1 15 1 , pg 1−68
2

3 d=4.255*10^ -10 //
i n t e r p l a n e r s p a c i n g

4

5 l=1.549*10^ -10 // wave l ength
o f x ray

6

7 // pa r t 1 : f o r s m a l l e s t g l a n c i n g a n g l e ( n=1)
8

9 n1=1

10

11 // u s i n g Bragg ’ s law n∗ l =2∗d∗ s i n ( q )
12

13 q=asind(n1*l/(2*d))

14

15 printf(” 1) g l a n c i n g a n g l e=”)
16

17 disp(q)

18

19 printf(” d e g r e e ”)
20

21 // pa r t 2 : f o r h i g h s t o r d e r
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22

23 // f o r h i g h e s t o r d e r s i n ( q ) not exceed one i . e
maximum v a l u e i s one

24

25 // u s i n g Bragg ’ s law n∗ l =2∗d∗ s i n ( q )
26

27 n2=2*d/l // s i n c e s i n (
q ) i s one

28

29 printf(” 2) h i g h e s t o r d e r p o s s i b l e =”)
30

31 disp(floor(n2))

Scilab code Exa 1.15.2 calculate glancing angle

1 // Chapter −1 , Example1 15 2 , pg 1−69
2

3 a=2.125*10^ -10 // l a t t i c e
c o n s t a n t

4

5 d=a/2 //
i n t e r p l a n e r s p a c i n g

6

7 n=2 // second
o r d e r maximum

8

9 l=0.592*10^ -10 // wave l ength
o f rock s a l t c r y s t a l

10

11 // u s i n g Bragg ’ s law
12

13 m=asin((n*l)/(2*d)) // g l a n c i n g
a n g l e

14

15 Q=m*180/ %pi
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16

17 printf(” g l a n c i n g a n g l e=”)
18

19 disp(Q)

20

21 printf(” d e g r e e ”)

Scilab code Exa 1.15.3 calculate second order reflection angle

1 // Chapter −1 , Example1 15 3 , pg 1−69
2

3 n1=1 // f o r 1 s t
o r d e r

4

5 n2=2 // f o r 2nd
o r d e r

6

7 t=3.4 // a n g l e
where 1 s t o r d e r r e f l e c t i o n done

8

9 t1=t*%pi /180 // c o n v e r t
d e g r e e to r a d i a n

10

11 m=sin(t1)

12

13 // but from Bragg ’ s law
14

15 //n∗ l =2∗d∗ s i n ( t )
16

17 // f o r f o r c o n s t a n t d i s t a n c e ( d ) and wave l ength ( l )
18

19 // o r d e r ( n ) i s d i r e c t l y p r o p o r t i o n l to s i n e o f a n g l e
i . e ( s i n ( t ) )

20

21 // n1/n2=s i n ( t1 ) / s i n ( t2 )
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22

23 // assume s i n ( t2 )=a
24

25 a=n2/n1*m

26

27 t2=asind(a) // t a k i n g
s i n i n v e r e s e i n d e g r e e

28

29 printf(” second o r d e r r e f l e c t i o n take p l a c e at an
a n g l e=”)

30

31 disp(t2)

32

33 printf(” d e g r e e ”)

Scilab code Exa 1.15.4 calculate shortest wavelength and glancing angle

1 // Chapter −1 , Example1 15 4 , pg 1−70
2

3 V=50*10^3 // o p e r a t i n g
v o l t a g e o f x−ray

4

5 M=74.6 // m o l e c u l a r
we ight

6

7 p=1.99*10^3 // d e n s i t y
8

9 n=4 // no o f
atoms per u n i t c e l l ( f o r FCC s t r u c t u r e )

10

11 h=6.63*10^ -34 // plank ’ s
c o n s t a n t

12

13 c=3*10^8 // v e l o c i t y
14
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15 e=1.6*10^ -19 // cha rge on
e l e c t r o n

16

17 N=6.023*10^26 // Avogadro ’ s
number

18

19 // s t e p 1 : c l c u l a t i n g s h o r t e s t wave l ength
20

21 l=h*c/(e*V)

22

23 printf(” 1) s h o r t e s t wave l ength=”)
24

25 disp(l)

26

27 printf(”m”)
28

29 // s t e p : 2 c a l c u l a t i n g d i s t a n c e ( d )
30

31 //now a ˆ3∗p=n∗M/N t h e r e f o r e ,
32

33 a=(n*M/(N*p))^(1/3)

34

35 // s i n c e KCl i s i o n i c c r y s t a l h e r e f o r e ,
36

37 d=a/2

38

39 // s t e p 3 : c a l c u l a i n g g l a n c i n g a n g l e
40

41 // u s i n g Bragg ’ s law
42

43 //n∗ l =2∗d∗ s i n ( t )
44

45 // assume s i n ( t )=a , wave l ength i s minimum i . e l and n
=1

46

47 n=1

48

49 a=n*l/(2*d)
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50

51 t=asind(a) // t a k i n g s i n
i n v e r e s e i n d e g r e e

52

53 printf(” 2) g l a n c i n g a n g l e=”)
54

55 disp(t)

56

57 printf(” d e g r e e ”)

Scilab code Exa 1.15.5 find possible solution of planes

1 // Chapter −1 , Example1 15 5 , pg 1−70
2

3 n=1 // f i r s t
o r d e r maximum

4

5 l=0.82*10^ -10 // wave l ength
o f X ray

6

7 qd=7 // g l a n c i n g
a n g l e i n d e g r e e

8

9 qm =51/60 // g l a n c i n g
a n g l e i n minute

10

11 qs =48/3600 // g l a n c i n g
a n g l e i n second

12

13 q=qd+qm+qs // t o t a l
g l a n c i n a n g l e i n d e g r e e

14

15 // u s i n g Bragg ’ s law n∗ l =2∗d∗ s i n ( q )
16

17 d=n*l/(2* sind(q))
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18

19 a=3*10^ -10 // l a t t i c e
c o n s t a n t

20

21 //we know tha t d=a/ r o o t ( hˆ2+kˆ2+ l ˆ2)
22

23 // assume r o o t ( hˆ2+kˆ2+ l ˆ2) =m
24

25 // a r r a n g i n g terms we g e t
26

27 m=a/d

28

29 printf(” squa r e r o o t ( hˆ2+kˆ2+ l ˆ2)=”)
30

31 disp(int32(m))

32

33 printf(” hence p o s s i b l e s o l u t i o n s a r e ( 1 0 0 ) , ( 0 1 0 )
, ( 0 0 1 ) ”)

Scilab code Exa 1.15.6 calculate cubic lattice structure

1 // Chapter −1 , Example1 15 6 , pg 1−71
2

3 n=1 // f i r s t
o r d e r maximum

4

5 l=%i // wave l ength
o f X ray

6

7 // pa r t 1 : f o r ( 1 0 0 )
8

9 // u s i n g Bragg ’ s law n∗ l =2∗d∗ s i n ( q )
10

11 q1=5.4 // g l a n c i n g
a n g l e i n d e g r e e
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12

13 dl1=n*l/(2* sind(q1))

14

15 // pa r t 2 : f o r ( 1 1 0 )
16

17 // u s i n g Bragg ’ s law n∗ l =2∗d∗ s i n ( q )
18

19 q2=7.6 // g l a n c i n g
a n g l e i n d e g r e e

20

21 dl2=n*l/(2* sind(q2))

22

23 // pa r t 3 : f o r ( 1 1 1 )
24

25 // u s i n g Bragg ’ s law n∗ l =2∗d∗ s i n ( q )
26

27 q3=9.4 // g l a n c i n g
a n g l e i n d e g r e e

28

29 dl3=n*l/(2* sind(q3))

30

31 // f o r t a k i n g r a t i o d i v i d e a l l d l by d l 1
32

33 d1=dl1/dl1

34

35 d2=dl2/dl1

36

37 d3=dl3/dl1

38

39 printf(” c u b i c l a t t i c e s t r u c t u r e i s=”)
40

41 disp(d3,d2,d1)

Scilab code Exa 1.15.7 calculate lattice constant
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1 // Chapter −1 , Example1 15 7 , pg 1−71
2

3 n=1 // f i r s t
o r d e r maximum

4

5 l=1.54*10^ -10 // wave l ength
o f rock s a l t c r y s t a l

6

7 q=21.7 // g l a n c i n g
a n g l e i n d e g r e e

8

9 // u s i n g Bragg ’ s law n∗ l =2∗d∗ s i n ( q )
10

11 d=n*l/(2* sind(q))

12

13 printf(” l a t t i c e c o n s t a n t o f c r y s t a l=”)
14

15 disp(d)

16

17 printf(” meter ”)

Scilab code Exa 1.15.8 calculate glancing angle

1 // Chapter −1 , Example1 15 8 , pg 1−72
2

3 a=2.814*10^ -10 // l a t t i c e
c o n s t a n t

4

5 // the i n t e r p l a n a r s p a c i n g o f p l ane
6

7 h=1

8

9 k=0

10

11 l=0
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12

13 d=a/sqrt(h^2+k^2+l^2)

14

15 n=2 // f i r s t
o r d e r maximum

16

17 l=0.714*10^ -10 // wave l ength
o f X−ray c r y s t a l

18

19 // u s i n g Bragg ’ s law
20

21 m=asin((n*l)/(2*d)) // g l a n c i n g
a n g l e

22

23 Q=m*180/ %pi

24

25 printf(” g l a n c i n g a n g l e=”)
26

27 disp(Q)

28

29 printf(” d e g r e e ”)

Scilab code Exa 1.15.9 calculate wavelength and glancing angle and highest order

1 // Chapter −1 , Example1 15 9 , pg 1−72
2

3 d=2.82*10^ -10 //
i n t e r p l a n e r s p a c i n g

4

5 t=10 // g l a n c i n g
a n g l e

6

7 // f o r pa r t 1
8

9 n=1 // f i r s t

50



o r d e r maximum
10

11 // u s i n g Bragg ’ s law n∗ l =2∗d∗ s i n ( t )
12

13 l=2*d*sind(t)/n

14

15 printf(” 1) wave l ength=”)
16

17 disp(l)

18

19 printf(” meter ”)
20

21 // f o r pa r t 2
22

23 n1=2

24

25 // u s i n g Bragg ’ s law n∗ l =2∗d∗ s i n ( q )
26

27 q=asind(n1*l/(2*d))

28

29 printf(” 2) g l a n c i n g a n g l e=”)
30

31 disp(q)

32

33 printf(” d e g r e e ”)
34

35 // f o r pa r t 3
36

37 // f o r h i g h e s t o r d e r s i n ( q ) not exceed one i . e
maximum v a l u e i s one

38

39 // u s i n g Bragg ’ s law n∗ l =2∗d∗ s i n ( q )
40

41 n2=2*d/l // s i n c e s i n (
q ) i s one

42

43 printf(” 3) h i g h e s t o r d e r p o s s i b l e =”)
44
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45 disp(floor(n2))

Scilab code Exa 1.15.10 calculate wavelength

1 // Chapter −1 , Example1 15 10 , pg 1−73
2

3 // f o r l i n e −A
4

5 n1=1 // 1 s t o r d e r
maximum

6

7 q1=30 // g l a n c i n g
a n g l e i n d e g r e e

8

9 // u s i n g Bragg ’ s law f o r l i n e A n1∗ l 1 =2∗d1∗ s i n ( q1 )
10

11 // d1=n1∗ l 1 /(2∗ s i n ( q1 ) )
12

13 // f o r l i n e B
14

15 l2=0.97 // wave l ength
i n amstrong u n i t

16

17 n2=3 // 1 s t o r d e r
maximum

18

19 q2=60 // g l a n c i n g
a n g l e i n d e g r e e

20

21 // u s i n g Bragg ’ s law f o r l i n e B n2∗ l 2 =2∗d2∗ s i n ( q2 )
22

23 // s i n c e f o r both l i n e s A and B we use same p lane o f
same c r y s t a l , t h e r e f o r e

24

25 // d1=d2
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26

27 // t h e r e f o r e equut i on became n2∗ l 2 =2∗n1∗ l 1 /(2∗ s i n ( q1 )
) ∗ s i n ( q2 )

28

29 // by a r r a n g i n g terms we g e t
30

31

32 l1=n2*l2*2* sind(q1)/(2*n1*sind(q2))

33

34 printf(” wave l ength o f the l i n e A=”)
35

36 disp(l1)

37

38 printf(” amstrong ”)

Scilab code Exa 1.15.11 calculate glancing angle

1 // Chapter −1 , Example1 15 11 , pg 1−74
2

3 n=1 // f i r s t
o r d e r minimum

4

5 d=5.5*10^ -11 // atomic
s p a c i n g

6

7 e=1.6*10^ -19 // cha rge on
one e l e c t r o n

8

9 Ee =10*10^3 // ene rgy i n
eV

10

11 E=e*Ee // ene rgy i n
J o u l e

12

13 m=9.1*10^ -31 // mass o f
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e l e l c t r o n
14

15 h=6.63*10^ -34 // plank ’ s
c o n s t a n t

16

17 l=h/sqrt (2*m*E) // wave l ength
18

19 // u s i n g Bragg ’ s law
20

21 Q=asind((n*l)/(2*d)) // g l a n c i n g
a n g l e

22

23 printf(” g l a n c i n g a n g l e=”)
24

25 disp(Q)

26

27 printf(” d e g r e e ”)

Scilab code Exa 1.15.12 calculate glancing angle

1 // Chapter −1 , Example1 15 12 , pg 1−74
2

3 a=2.814*10^ -10 // l a t t i c e
c o n s t a n t

4

5 // f o r rock s a l t
6

7 d=a/2 //
i n t e r p l a n e r s p a c i n g

8

9 n=1 // f i r s t
o r d e r maximum

10

11 l=1.541*10^ -10 // wave l ength
o f rock s a l t c r y s t a l
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12

13 // u s i n g Bragg ’ s law
14

15 m=asin((n*l)/(2*d)) // g l a n c i n g
a n g l e

16

17 Q=m*180/ %pi

18

19 printf(” g l a n c i n g a n g l e=”)
20

21 disp(Q)

22

23 printf(” d e g r e e ”)

Scilab code Exa 1.16.1 calculate ratio of vacancies

1 // Chapter −1 , Example1 16 1 , pg 1−75
2

3 Ev=1.08 // ave rage
ene rgy r e q u i r e d to c r e a e t a vacancy

4

5 k=1.38*10^ -23 // boltzman
c o n s t a n t i n J/K

6

7 e=1.6*10^ -19 // cha rge on
1 e l e c t r o n

8

9 K=k/e // boltzman
c o n s t a n t i n eV/K

10

11 // f o r a low c o n c e n t r a t i o n o f v a c a n c i e s a r e l a t i o n i s
12

13 //n=Nexp(−Ev/KT)
14

15 // s i n c e t o t a l no atom i s 1 hence N=1
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16

17 // at 1000 k
18

19 T1=1000 //
t empera tu re

20

21 n1=exp(-Ev/(K*T1))

22

23 // at 500 k
24

25 T2=500 //
t empera tu re

26

27 n2=exp(-Ev/(K*T2))

28

29 v=(n1)/(n2) // r a t i o
o f v a c a n c i e s

30

31 printf(” r a t i o o f v a c a n c i e s=”)
32

33 disp(v)

Scilab code Exa 1.16.2 calculate ratio of vacancies to no of atom

1 // Chapter −1 , Example1 16 2 , pg 1−75
2

3 Ev=1.95 // ave rage
ene rgy r e q u i r e d to c r e a e t a vacancy

4

5 k=1.38*10^ -23 // boltzman
c o n s t a n t i n J/K

6

7 e=1.6*10^ -19 // cha rge on
1 e l e c t r o n

8
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9 K=k/e // boltzman
c o n s t a n t i n eV/K

10

11 T=500 //
t empera tu re

12

13 // f o r a low c o n c e n t r a t i o n o f v a c a n c i e s a r e l a t i o n i s
14

15 //n=Nexp(−Ev/KT)
16

17 m=exp(-Ev/(K*T)) // r a t i o
o f no o f v a c a n c i e s to no o f atoms n/N

18

19 printf(” r a t i o o f no o f v a c a n c i e s to no o f atoms=”)
20

21 disp(m)

Scilab code Exa 1.16.3 calculate ratio of vacancies

1 // Chapter −1 , Example1 16 3 , pg 1−76
2

3 Ev=1.8 // ave rage
ene rgy r e q u i r e d to c r e a e t a vacancy

4

5 k=1.38*10^ -23 // boltzman
c o n s t a n t i n J/K

6

7 e=1.6*10^ -19 // cha rge on
1 e l e c t r o n

8

9 K=k/e // boltzman
c o n s t a n t i n eV/K

10

11 // f o r a low c o n c e n t r a t i o n o f v a c a n c i e s a r e l a t i o n i s
12
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13 //n=Nexp(−Ev/KT)
14

15 // r a t i o o f vacancy i s n/N assume be r=exp(−Ev/KT)
16

17 // s i n c e t o t a l no atom i s 1 hence N=1
18

19 // at 1000 k
20

21 t1=-119 //
t empera tu re i n d e g r e e

22

23 T1=t1+273 //
t empera tu re i n k e l v i n e

24

25 r1=exp(-Ev/(K*T1))

26

27 printf(” 1) r a t i o o f v a c a n c i e s at −119 d e g r e e=”)
28

29 disp(r1)

30

31 // at 500 k
32

33 t2=80 //
t empera tu re i n d e g r e e

34

35 T2=t2+273 //
t empera tu re i n k e l v i n e

36

37 r2=exp(-Ev/(K*T2))

38

39 v=(r1)/(r2) // r a t i o
o f v a c a n c i e s

40

41 printf(” 2) r a t i o o f v a c a n c i e s at 80 d e g r e e=”)
42

43 disp(r2)
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Scilab code Exa 1.16.4 calculate no of frankel defects

1 // Chapter −1 , Example1 16 4 , pg 1−76
2

3 Ev=1.5 // ene rgy o f
formaton o f f r a n k e l d e f e c t

4

5 k=1.38*10^ -23 // boltzman
c o n s t a n t i n J/K

6

7 e=1.6*10^ -19 // cha rge on
1 e l e c t r o n

8

9 K=k/e // boltzman
c o n s t a n t i n eV/K

10

11 T=700 //
t empera tu re

12

13 N=6.023*10^26 // avogadro ’ s
no

14

15 // f o r a low c o n c e n t r a t i o n o f v a c a n c i e s a r e l a t i o n i s
16

17 //n=Nexp(−Ev/KT)
18

19 m=exp(-Ev/(2*K*T)) // r a t i o o f
no o f v a c a n c i e s to no o f atoms n/N

20

21 qs=5.56 // s p e c i f i c
d e n s i t y

22

23 q=5.56*10^3 // r e a l
d e n s i t y ke /mˆ3
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24

25 M=0.143 // m o l e c u l a r
we ight i n kg /mˆ3

26

27 ma=M/N // mass o f
one m o l e c u l e

28

29 v=ma/q // v o l o f
one m o l e c u l e

30

31 //v volume c o n t a i n e 1 m o l e c u l e
32

33 // t h e r e f o r e 1 mˆ3 c o n t a i n e x m o l e c u l e
34

35 x=1/v

36

37 d=m*x // d e f e c t per
mˆ3

38

39 dm=d*10^-9 // d e f e c t per
mmˆ3

40

41 printf(”number o f f r a n k e l d e f e c t s per mmˆ3=”)
42

43 disp(dm)
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Chapter 2

Semiconductor Physics

Scilab code Exa 2.21.1 calculate mobility of electron

1 // Chapter −2 , Example2 21 1 , pg 2−47
2

3 ro =1.72*10^ -8 //
r e s i s t i v i t y o f Cu

4

5 s=1/ro //
c o n d u c t i v i t y o f Cu

6

7 n=10.41*10^28 // no o f
e l e c t r o n per u n i t volume

8

9 e=1.6*10^ -19 // cha rge on
e l e c t r o n

10

11 u=s/(n*e)

12

13 printf(” m o b i l i t y o f e l e c t r o n i n Cu =”)
14

15 disp(u)

16

17 printf(”mˆ2/ vo l t−s e c ”)
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Scilab code Exa 2.21.2 calculate Resistivity of Cu

1 // Chapter −2 , Example2 21 2 , pg 2−47
2

3 m=63.5 // atomic
we ight

4

5 u=43.3 // m o b i l i t y
o f e l e c t r o n

6

7 e=1.6*10^ -19 // cha rge on
e l e c t r o n

8

9 N=6.02*10^23 // Avogadro ’ s
number

10

11 d=8.96 // d e n s i t y
12

13 Ad=N*d/m // Atomic
d e n s i t y

14

15 n=1*Ad

16

17 ro=1/(n*e*u)

18

19 printf(” R e s i s t i v i t y o f Cu =”)
20

21 disp(ro)

22

23 printf(”ohm−cm”)

Scilab code Exa 2.21.3 calculate Resistivity of Ge
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1 // Chapter −2 , Example2 21 3 , pg 2−47
2

3 e=1.6*10^ -19 // cha rge on
e l e c t r o n

4

5 ne =2.5*10^19 // d e n s i t y o f
c a r r i e r s

6

7 nh=ne // f o r
i n t r i n s i c s em i conduc to r

8

9 ue=0.39 // m o b i l i t y
o f e l e c t r o n

10

11 uh=0.19 // m o b i l i t y
o f h o l e

12

13 s=ne*e*ue+nh*e*uh //
c o n d u c t i v i t y o f Ge

14

15 ro=1/s //
r e s i s t i v i t y o f Ge

16

17 printf(” R e s i s t i v i t y o f Ge =”)
18

19 disp(ro)

20

21 printf(”ohm−m”)

Scilab code Exa 2.21.5 calculate Ratio between conductivity

1 // Chapter −2 , Example2 21 5 , pg 2−48
2

3 Eg=1.2 // ene rgy gap
4
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5 T1=600 //
t empera tu re

6

7 T2=300 //
t empera tu re

8

9 // s i n c e ue>>uh f o r i n t r i n s i c s em i conduc to r
10

11 // s=n i ∗ e∗ue
12

13 K=8.62*10^ -5 // Boltzman
c o n s t a n t

14

15 s=%s

16

17 s1=s*exp((-Eg)/(2*K*T1))

18

19 s2=s*exp((-Eg)/(2*K*T2))

20

21 m=(s1/s2)

22

23 printf( ’ Rat io between c o n d u c t i v i t y = ’ )
24

25 disp(m)

Scilab code Exa 2.21.6 calculate conductivity

1 // Chapter −2 , Example2 21 6 , pg 2−49
2

3 c=5*10^28 //
c o n c e n t r a t i o n o f S i atoms

4

5 e=1.6*10^ -19 // cha rge on
e l e c t r o n

6
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7 u=0.048 // m o b i l i t y
o f h o l e

8

9 s=4.4*10^ -4 //
c o n d u c t i v i t y o f S i

10

11 // s i n c e m i l l i o n t h S i atom i s r e p l a c e d by an indium
atom

12

13 n=c*10^-6

14

15 sp=u*e*n //
c o n d u c t i v i t y o f r e s u l t a n t

16

17 printf(” c o n d u c t i v i t y =”)
18

19 disp(sp)

20

21 printf(”mho/m”)

Scilab code Exa 2.21.7 calculate hole concentration and mobility

1 // Chapter −2 , Example2 21 7 , pg 2−49
2

3 m=28.1 // atomic
we ight o f S i

4

5 e=1.6*10^ -19 // cha rge on
e l e c t r o n

6

7 N=6.02*10^26 // Avogadro ’ s
number

8

9 d=2.4*10^3 // d e n s i t y o f
S i
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10

11 p=0.25 //
r e s i s t i v i t y

12

13 // no . o f S i atom/mˆ3
14

15 Ad=N*d/m // Atomic
d e n s i t y

16

17 // impur i t y l e v e l i s 0 . 0 1 ppm i . e . 1 atom i n eve ry
10ˆ8 atoms o f S i

18

19 n=Ad/10^8 // no o f
impur i t y atoms

20

21 // s i n c e each impur i t y produce 1 h o l e
22

23 nh=n

24

25 printf(” 1) h o l e c o n c e n t r a t i o n =”)
26

27 disp(n)

28

29 printf(” h o l e s /mˆ3 ”)
30

31 up=1/(e*p*nh)

32

33 printf(” 2) m o b i l i t y =”)
34

35 disp(up)

36

37 printf(”mˆ2/ v o l t . s e c ”)

Scilab code Exa 2.22.1 calculate probability of an electron
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1 // Chapter −2 , Example2 22 1 , pg 2−50
2

3 t=27 // temp i n
d e g r e e

4

5 T=t+273 // temp i n
k e l v i n

6

7 K=8.62*10^ -5 // Boltzman
c o n s t a n t i n eV

8

9 Eg=1.12 // Energy
band gap

10

11 // For i n t r e n s i c s em i conduc to r ( Ec−Ev)=Eg/2
12

13 // l e t ( Ec−Ev)=m
14

15 m=Eg/2

16

17 a=(m/(K*T))

18

19 // p r o b a b i l i t y f ( Ec ) =1/(1+ exp ( ( Ec−Ev) /(K∗T) )
20

21 p=1/(1+ exp(a))

22

23

24 printf(” p r o b a b i l i t y o f an e l e c t r o n be ing t h e r m a l l y
e x c i t e d to conduc t i on band=”)

25

26 disp(p)

Scilab code Exa 2.22.2 calculate probability of an electron

1 // Chapter −2 , Example2 22 2 , pg 2−50
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2

3 T=300 // temp i n
k e l v i n

4

5 K=8.62*10^ -5 // Boltzman
c o n s t a n t i n eV

6

7 m=0.012 // ene rgy
l e v e l ( Ef−E)

8

9 a=(m/(K*T))

10

11 // p r o b a b i l i t y f ( Ec ) =1/(1+ exp ( ( Ec−Ev) /(K∗T) )
12

13 p=1/(1+ exp(a))

14

15 p1=1-p

16

17 printf(” p r o b a b i l i t y o f an ene rgy l e v e l not be ing
o c c u p i e d by an e l e c t r o n=”)

18

19 disp(p1)

Scilab code Exa 2.22.3 calculate probability of an electron

1 // Chapter −2 , Example2 22 3 , pg 2−51
2

3 t=20 // temp i n
d e g r e e

4

5 T=t+273 // temp i n
k e l v i n

6

7 K=8.62*10^ -5 // Boltzman
c o n s t a n t i n eV
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8

9 Eg=1.12 // Energy
band gap

10

11 // For i n t r e n s i c s em i conduc to r ( Ec−Ev)=Eg/2
12

13 // l e t ( Ec−Ev)=m
14

15 m=Eg/2

16

17 a=(m/(K*T))

18

19 // p r o b a b i l i t y f ( Ec ) =1/(1+ exp ( ( Ec−Ev) /(K∗T) )
20

21 p=1/(1+ exp(a))

22

23

24 printf(” p r o b a b i l i t y o f an e l e c t r o n be ing t h e r m a l l y
e x c i t e d to conduc t i on band=”)

25

26 disp(p)

Scilab code Exa 2.22.4 calculate energy for different probability

1 // Chapter −2 , Example2 22 4 , pg 2−51
2

3 T=300 // temp i n
k e l v i n

4

5 K=8.62*10^ -5 // Boltzman
c o n s t a n t i n eV

6

7 Eg=2.1 // Energy
band gap

8
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9 // p r o b a b i l i t y f ( Ec ) =1/(1+ exp ( ( Ec−Ev) /(K∗T) )
10

11 m=K*T

12

13 // f o r f (E) =0.99
14

15 p1=0.99

16

17 b=1-1/p1

18

19 a=log(b) // a=(E−2.1) /m
20

21 E=2.1+m*a

22

23 printf(” 1) Energy f o r which p r o b a b i l i t y i s 0.99= ”)
24

25 disp(real(E))

26

27 printf(”eV”)
28

29 // f o r f (E) =0.01
30

31 p2=0.01

32

33 b2=1-1/p2

34

35 a1=log(b2) // a=(E−2.1) /m
36

37 E1=2.1+m*a1

38

39 printf(” 2) Energy f o r which p r o b a b i l i t y i s 0.01= ”)
40

41 disp(real(E1))

42

43 printf(”eV”)
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Scilab code Exa 2.23.1 calculate Potential barrier for Ge

1 // Chapter −2 , Example2 23 1 , pg 2−52
2

3 ni =2.4*10^19 // d e n s i t y o f
i n t r e n s i c s em i conduc to r

4

5 n=4.4*10^28 // no atom i n
Ge c r y s t a l

6

7 Nd=n/10^6 // d e n s i t y
8

9 Na=Nd

10

11 e=1.6*10^ -19 // cha rge on
e l e c t r o n

12

13 T=300 // t emera tu r e
at N.T . P .

14

15 K=1.38*10^ -23 // Boltzman
c o n s t a n t

16

17 Vo=(K*T/e)*log(Na*Nd/(ni^2))

18

19 printf(” P o t e n t i a l b a r r i e r f o r Ge =”)
20

21 disp(Vo)

22

23 printf(” V o l t s ”)

Scilab code Exa 2.23.2 calculate Hall voltage
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1 // Chapter −2 , Example2 23 2 , pg 2−52
2

3 B=0.6 // magnet i c
f i e l d

4

5 d=5*10^ -3 //
d i s t a n c e b e t w e e n s u r f a c e

6

7 J=500 // c u r r e n t
d e n s i t y

8

9 Nd =10^21 // d e n s i t y
10

11 e=1.6*10^ -19 // cha rge on
e l e c t r o n

12

13 Vh=(B*J*d)/(Nd*e) // due to
H a l l e f f e c t

14

15 printf(” H a l l v o l t a g e =”)
16

17 disp(Vh)

18

19 printf(” V o l t s ”)

Scilab code Exa 2.23.3 calculate Hall voltage

1 // Chapter −2 , Example2 23 3 , pg 2−53
2

3 Rh=6*10^ -7 // H a l l
c o e f f i c i e n t

4

5 B=1.5 // magnet i c
f i e l d

6
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7 I=200 // c u r r e n t i n
s t r i p

8

9 W=1*10^ -3 // t h i c k n e s s
o f s t r i p

10

11 Vh=Rh*(B*I)/W // due to
H a l l e f f e c t

12

13 printf(” H a l l v o l t a g e =”)
14

15 disp(Vh)

16

17 printf(” Vol t ”)

Scilab code Exa 2.23.4 calculate Resistivity of P type silicon

1 // Chapter −2 , Example2 23 4 , pg 2−53
2

3 Rh =2.25*10^ -5 // H a l l
c o e f f i c i e n t

4

5 u=0.025 // m o b i l i t y
o f h o l e

6

7 r=Rh/u

8

9 printf(” R e s i s t i v i t y o f P type s i l i c o n =”)
10

11 disp(r)

12

13 printf(”ohm−m”)
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Scilab code Exa 2.23.5 calculate hall voltage hall coefficient and hall angle

1 // Chapter −2 , Example2 23 5 , pg 2−53
2

3 B=0.55 // magnet i c
f i e l d

4

5 d=4.5*10^ -3 //
d i s t a n c e b e t w e e n s u r f a c e

6

7 J=500 // c u r r e n t
d e n s i t y

8

9 n=10^20 // d e n s i t y
10

11 e=1.6*10^ -19 // cha rge on
e l e c t r o n

12

13 Rh=1/(n*e) // H a l l
c o e f f i c i e n t

14

15 Vh=Rh*B*J*d // H a l l
v o l t a g e

16

17 printf(” 1) H a l l v o l t a g e =”)
18

19 disp(Vh)

20

21 printf(” V o l t s ”)
22

23 printf(” 2) H a l l c o e f f i c i e n t =”)
24

25 disp(Rh)

26

27 printf(”mˆ3/C”)
28

29 u=0.17 // m o b i l i t y
o f e l e c t r o m
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30

31 m=atan(u*B)

32

33 a=m*180/ %pi // c o n v e r s i o n
rand ian i n t o d e g r e e

34

35 printf(” 3) H a l l a n g l e =”)
36

37 disp(a)

38

39 printf(” d e g r e e ”)

Scilab code Exa 2.23.6 calculate density and mobility

1 // Chapter −2 , Example2 23 6 , pg 2−54
2

3 Rh =3.66*10^ -4 // H a l l
c o e f f i c i e n t

4

5 r=8.93*10^ -3 //
r e s i s t i v i t y

6

7 e=1.6*10^ -19 // cha rge on
e l e c t r o n

8

9 // H a l l c o e f f i c i e n t Rh=1/(n∗ e )
10

11 n=1/(Rh*e) // d e n s i t y
12

13 printf(” 1) d e n s i t y ( n ) =”)
14

15 disp(n)

16

17 printf(”/mˆ3 ”)
18
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19 u=Rh/r // m o b i l i t y
o f e l e c t r o n

20

21 printf(” 2) m o b i l i t y ( u ) =”)
22

23 disp(u)

24

25 printf(”mˆ2/v−s ”)

Scilab code Exa 2.23.7 calculate Hall voltage

1 // Chapter −2 , Example2 23 7 , pg 2−55
2

3 B=0.2 // magnet i c
f i e l d

4

5 e=1.6*10^ -19 // cha rge on
e l e c t r o n

6

7 ue=0.39 // m o b i l i t y
o f e l e c t r o n

8

9 l=0.01 // l e n g t h
10

11 A=0.001*0.001 // c r o s s
s e c t i o n a r ea o f bar

12

13 V=1*10^ -3 // Appl i ed
v o l t a g e

14

15 d=0.001 // sample o f
width

16

17 r=1/(ue*e) //
r e s i s t i v i t y
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18

19 R=r*l/A // r e s i s t a n c e
o f Ge bar

20

21 // u s i n g ohm ’ s law
22

23 I=V/R

24

25 Rh=r*ue // h a l l
c o e f f i c i e n t

26

27 // u s i n g f o rmu la e f o r h a l l e f f e c t
28

29 J=I/A // c u r r e n t
d e n s i t y

30

31 Vh=Rh*B*J*d

32

33 printf(” H a l l v o l t a g e =”)
34

35 disp(Vh)

Scilab code Exa 2.24.1 calculate fermi level

1 // Chapter −2 , Example2 24 1 , pg 2−55
2

3 x1=0.4 // d i f f e r e n c e
between f e r m i l e v e l and co nduc t i on band ( Ec−Ef )

4

5 T=300 // temp i n
k e l v i n

6

7 K=8.62*10^ -5 // Boltzman
c o n s t a n t i n eV

8
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9 // ne=N∗ e ˆ(−(Ec−Ef ) /(K∗T) )
10

11 // ne i s no o f e l e c t r o n i n conduc t i on band
12

13 // s i n c e c o n c e n t r a t i o n o f donor e l e c t r o n i s doubled
14

15 a=2 // r a t i o o f
no o f e l e c t r o n

16

17 // l e t x2 be the d i f f e r e n c e between new f e r m i l e v e l
and conduc t i on band ( Ec−Ef ’ )

18

19 x2=-log(a)*(K*T)+x1 // a r r a n g i n g
e q u a t i o n ne=N∗ e ˆ(−(Ec−Ef ) /(K∗T) )

20

21 printf(” Fermi l e v e l w i l l be s h i f t e d towards
conduc t i on band by”)

22

23 disp(x2)

24

25 printf(”eV”)
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Chapter 3

Dielectric And Magnetic
Materials

Scilab code Exa 3.17.1 calculate resultant voltage

1 // Chapter −3 , Example3 17 1 , pg 3−35
2

3 A=650*10^ -6 // a r ea
4

5 d=4*10^ -3 // s e p e r a t i o n
o f p l a t e

6

7 Q=2*10^ -10 // cha rge
8

9 er=3.5 // r e l a t i v e
p e r m i t i v i t y

10

11 e0 =8.85*10^ -12 // a b s o l u t e
p e r m i t i v i t y

12

13 V=(Q*d)/(e0*er*A)

14

15 printf(” v o l t a g e a c r o s s c a p a c i t o r =”)
16

79



17 disp(V)

18

19 printf(” Vol t ”)

Scilab code Exa 3.17.2 find capacitance of capacitor

1 // Chapter −3 , Example3 17 2 , pg 3−36
2

3 A=2000*10^ -6 // a r ea
4

5 d=0.5*10^ -6 // s e p e r a t i o n
o f p l a t e

6

7 er=8 // r e l a t i v e
p e r m i t i v i t y

8

9 e0 =8.85*10^ -12 // a b s o l u t e
p e r m i t i v i t y

10

11 C=(e0*er*A)/d

12

13 printf(” c a p a c i t a n c e f o r c a p a c i t o r =”)
14

15 disp(C)

16

17 printf(” Faraday ”)

Scilab code Exa 3.17.3 calculate relative permittivity

1 // Chapter −3 , Example3 17 3 , pg 3−36
2

3 E=1000 // e l e c t r i c
f i e l d
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4

5 P=4.3*10^ -8 //
p o l a r i z a t i o n

6

7 e0 =8.854*10^ -12 // a b s o l u t e
p e r m i t i v i t y

8

9 er=(P/(e0*E))+1 // as P/E=e0 (
er −1)

10

11 printf(” r e l a t i v e p e r m i t t i v i t y =”)
12

13 disp(er)

Scilab code Exa 3.17.4 ratio of two capacitor

1 // Chapter −3 , Example3 17 4 , pg 3−36
2

3 //As C=e0 ∗ e r ∗A/d
4

5 e0=%e // a b s o l u t e
p e r m i t i v i t y

6

7 Ag=%s

8

9 Ap=Ag // Assuming
Area o f g l a s s p l a t e and p l a s t i c f i l m i s same

10

11 // f o r g l a s s
12

13 erg=6 // r e l a t i v e
p e r m i t i v i t y

14

15 dg=0.25 // t h i c k n e s s
16
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17 Cg=e0*erg*Ag/dg

18

19 // f o r p l a s t i c f i l m
20

21 erp=3 // r e l a t i v e
p e r m i t i v i t y

22

23 dp=0.1 // t h i c k n e s s
24

25 Cp=e0*erp*Ap/dp

26

27 m=Cg/Cp

28

29 printf(” s i n c e Cg/Cp=”)
30

31 disp(m)

32

33 printf(” p l a s t i c f i l m h o l d s more cha rge ”)

Scilab code Exa 3.17.5 calculate electronic polarizability and radius of He atom

1 // Chapter −3 , Example3 17 5 , pg 3−37
2

3 N=2.7*10^25 // no o f
atoms per mˆ3

4

5 er =1.0000684 // d i e l e c t r i c
c o n s t a n t o f He atom at NTP

6

7 e0 =8.854*10^ -12 // a b s o l u t e
p e r m i t i v i t y

8

9 a=e0*(er -1)/N // e l e c t r o n i c
p o l a r i z a b i l i t y

10

82



11 printf(” 1) e l e c t r o n i c p o l a r i z a b i l i t y=”)
12

13 disp(a)

14

15 R=(a/(4* %pi*e0))^(1/3) // r a d i u s o f
he l ium atom

16

17 printf(” 2) r a d i u s o f He atoms =”)
18

19 disp(R)

20

21 printf(” meter ”)

Scilab code Exa 3.17.6 calculate electric susceptibility

1 // Chapter −3 , Example3 17 6 , pg 3−37
2

3 er =1.000014 // d i e l e c t r i c
c o n s t a n t o f He atom at NTP

4

5 Xe=er -1 // e l e c t r i c
s u s c e p t i b i l i t y

6

7 printf(” e l e c t r i c s u s c e p t i b i l i t y =”)
8

9 disp(Xe)

Scilab code Exa 3.17.7 calculate relative permeability

1 // Chapter −3 , Example3 17 7 , pg 3−37
2

3 T=300 //
t empera tu re o f paramagnet i c m a t e r i a l

83



4

5 X=3.7*10^ -3 //
s u s c e p t i b i l i t y o f m a t e r i a l

6

7 C=X*T // u s i n g
Curie ’ s law

8

9 T1=250 //
t empera tu re

10

11 T2=600 //
t empera tu re

12

13 u1=C/T1 // r e l a t i v e
p e r m e a b i l i t y o f m a t e r i a l a t 250 k

14

15 u2=C/T2 // r e l a t i v e
p e r m e a b i l i t y o f m a t e r i a l a t 350 k

16

17 printf(” r e l a t i v e p e r m e a b i l i t y at temp 250K=”)
18

19 disp(u1)

20

21 printf(” r e l a t i v e p e r m e a b i l i t y at temp 600K =”)
22

23 disp(u2)

Scilab code Exa 3.17.8 calculate Temperature

1 // Chapter −3 , Example3 17 8 , pg 3−38
2

3 u=0.8*10^ -23 // magnet i c
d i p o l e moment o f an atom

4

5 B=0.8 // magnet i c
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f i e l d
6

7 K=1.38*10^ -23 // boltzmann
c o n s t a n t

8

9 T=(2*u*B)/(3*K) //
t empera tu re

10

11 printf(” Temperature at which ave rage therma l ene rgy
o f an atom i s e q u a l to magnt ic ene rgy=”)

12

13 disp(T)

14

15 printf(”K”)

Scilab code Exa 3.17.9 calculate magnetization of paramagnetic material

1 // Chapter −3 , Example3 17 9 , pg 3−38
2

3 B=0.5 // magnet i c
f i e l d

4

5 t=27 //
t empera tu re i n d e g r e e c e l c i u s

6

7 T=273+t //
t empera tu re i n k e l v i n

8

9 u0=4*%pi *10^ -7 //
p e r m e a b i l i t y o f f r e e space

10

11 C=2*10^ -3 // Curie ’ s
c o n s t a n t

12

13 M=(C*B)/(u0*T) //
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m a g n e t i z a t i o n o f m a t e r i a l
14

15 printf(” m a g n e t i z a t i o n o f paramagnet i c m a t e r i a l =”)
16

17 disp(M)

18

19 printf(”A/m”)

Scilab code Exa 3.17.10 calculate Horizontal component of magnetic field

1 // Chapter −3 , Example3 17 10 , pg 3−38
2

3 u0=4*%pi *10^ -7 //
p e r m e a b i l i t y o f f r e e space

4

5 B=10.9*10^ -5 // f l u x
d e n s i t y

6

7 H=B/u0 // magnet i c
f i e l d

8

9 printf(” H o r i z o n t a l component o f magnet i c f i e l d =”)
10

11 disp(H)

12

13 printf(”A−m”)

Scilab code Exa 3.17.11 calculate current required

1 // Chapter −3 , Example3 17 11 , pg 3−39
2

3 phi =5.9*10^ -3 // magnet i c
f l u x
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4

5 ur=900 // r e l a t i v e
p e r m e a b i l i t y o f m a t e r i a l

6

7 n=700 // number o f
t u r n s

8

9 u0=4*%pi *10^ -7 //
p e r m e a b i l i t y o f f r e e space

10

11 A=60*10^ -4 // c r o s s
s e c t i o n a r ea o f r i n g

12

13 l=2 //mean
c i r c u m f e r e n c e o f r i n g

14

15 B=phi/A // f l u x
d e n s i t y

16

17 H=B/(u0*ur) // magnet i c
f i e l d

18

19 At=H*l //Amp−t u r n s
r e q u i r e d

20

21 I=At/n // c u r r e n t
r e q u i r e d

22

23 printf(” Current r e q u i r e d to produce a f l u x=”)
24

25 disp(I)

26

27 printf(”Amp”)

Scilab code Exa 3.17.12 calculate Current required
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1 // Chapter −3 , Example3 17 12 , pg 3−39
2

3 phi =2.7*10^ -3 // magnet i c
f l u x

4

5 A=25*10^ -4 // c r o s s
s e c t i o n a r ea o f r i n g

6

7 r=25*10^ -2 //mean
c i r c u m f e r e n c e o f r i n g

8

9 la=10^-3 // a i r gap
10

11 ur=900 // r e l a t i v e
p e r m e a b i l i t y o f m a t e r i a l

12

13 n=400 // number o f
t u r n s

14

15 u0=4*%pi *10^ -7 //
p e r m e a b i l i t y o f f r e e space

16

17 d=40*10^ -2 //mean
d iamete r o f r i n g

18

19 li=2*%pi*r //mean
c i r c u m f e r e n c e o f r i n g

20

21 B=phi/A // f l u x
d e n s i t y

22

23 // f o r a i r gap
24

25 Ha=B/(u0) // magnet i c
f i e l d f o r a i r gap

26

27 // f o r i r o n r i n g
28
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29 Hi=B/(u0*ur) // magnet i c
f i e l d f o r i r o n r i n g

30

31 // t h e r e f o r e , Amp turn i n a i r gap
32

33 Ata=Ha*la //Amp−t u r n s
r e q u i r e d

34

35 // t h e r e f o r e , Amp−turn i n r i n g
36

37 Ati=Hi*li //Amp−t u r n s
r e q u i r e d

38

39 // t h e r r f o r e t o t a l mmf r e q u i r e d
40

41 mmf=Ata+Ati

42

43 // Current r e q u i r e d
44

45 I=mmf/n // c u r r e n t
r e q u i r e d

46

47 printf(” Current r e q u i r e d =”)
48

49 disp(I)

50

51 printf(”Amp”)

Scilab code Exa 3.17.13 calculate 1 magnetic intensity 2 magnetization 3 Relative Permeability

1 // Chapter −3 , Example3 17 13 , pg 3−40
2

3 n1=10 // no o f
t u r n s per cm

4
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5 i=2 // c u r r e n t
6

7 B=1 // f l u x
d e n s i t y

8

9 u0=4*%pi *10^ -7 //
p e r m e a b i l i t y o f f r e e space

10

11 n=n1*100 // no t u r n s
per m

12

13 H=n*i

14

15 printf(” 1) magnet i c i n t e n s i t y =”)
16

17 disp(H)

18

19 printf(”Amp−turn / meter ”)
20

21 // c a l c u l a t i o n f o r m a g n e t i z a t i o n
22

23 I=B/u0-H

24

25 printf(” 2) m a g n e t i z a t i o n =”)
26

27 disp(I)

28

29 printf(”Amp−turn / meter ”)
30

31 // r e l a t i v e p e r m e a b i l i t y
32

33 ur=B/(u0*H)

34

35 printf(” 3) R e l a t i v e P e r m e a b i l i t y o f the r i n g =”
)

36

37 disp(int(ur))
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Scilab code Exa 3.17.14 calculate Loss of energy

1 // Chapter −3 , Example3 17 14 , pg 3−40
2

3 m=40 //wt o f the
c o r e

4

5 d=7.5*10^3 // d e n s i t y o f
i r o n

6

7 n=100 // f r e q u e n c y
8

9 V=m/d // volume o f
the i r o n c o r e

10

11 E1 =3800*10^ -1 // l o s s o f
ene rgy i n c o r e per c y c l e s / cc

12

13 E2=E1*V // l o s s o f
ene rgy i n c o r e per c y c l e s

14

15 N=60*n // no o f
c y c l e s per minute

16

17 E=E2*N // l o s s o f
ene rgy per minute

18

19 printf(” Loss o f ene rgy per minute =”)
20

21 disp(E)

22

23 printf(” J o u l e ”)
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Scilab code Exa 3.17.15 calculate various parameter of magnetic field

1 // Chapter −3 , Example3 17 15 , pg 3−40
2

3 l=30*10^ -2 // l e n g t h o f
r i n g

4

5 A=1*10^ -4 // c r o s s
s e c t i o n a r ea o f r i n g

6

7 i=0.032 // c u r r e n t
8

9 phi =2*10^ -6 // magnet i c
f l u x

10

11 u0=4*%pi *10^ -7 //
p e r m e a b i l i t y o f f r e e space

12

13 N=300 // no o f
t u r n s i n the c o i l

14

15 // 1) f l u x d e n s i t y
16

17 B=phi/A // f l u x
d e n s i t y

18

19 printf(” 1) Flux d e n s i t y i n the r i n g =”)
20

21 disp(B)

22

23 printf(”Wb/mˆ2 ”)
24

25 // 2) magnet i c i n t e n s i t y o f r i n g
26
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27 n=N/l // no o f
t u r n s per u n i t l e n g t h

28

29 H=n*i // magnet i c
i n t e n s i t y

30

31 printf(” 2) magnet i c i n t e n s i t y =”)
32

33 disp(H)

34

35 printf(”Amp−turn / meter ”)
36

37 // 3) p e r m e a b i l i t y and r e l a t i v e p e r m e a b i l i t y o f the
r i n g

38

39 u=B/H

40

41 printf(” 3) P e r m e a b i l i t y o f the r i n g =”)
42

43 disp(u)

44

45 printf(”Wb/A−m”)
46

47 ur=u/u0

48

49 printf(” 4) R e l a t i v e P e r m e a b i l i t y o f
the r i n g =”)

50

51 disp(ur)

52

53 // 4) S u s c e p t i b i l i t y
54

55 Xm=ur -1

56

57 printf(” 5) magnet i c S u s c e p t i b i l i t y o f the r i n g =”)
58

59 disp(Xm)
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Scilab code Exa 3.17.16 calculate loss of energy per hour

1 // Chapter −3 , Example3 17 16 , pg 3−41
2

3 E=3000 // l o s s o f
ene rgy per c y c l e per cmˆ3

4

5 m=12*10^3 //wt o f the
c o r e

6

7 d=7.5 // d e n s i t y o f
i r o n

8

9 n=50 // f r e q u e n c y
10

11 V=m/d // volume o f
the c o r e

12

13 El=E*V*n*60*60 // l o s s o f
ene rgy per hour

14

15 printf(” Loss o f ene rgy per hour =”)
16

17 disp(El)

18

19 printf(” Erg ”)

Scilab code Exa 3.17.17 calculate Hysteresis power loss

1 // Chapter −3 , Example3 17 17 , pg 3−41
2

3 n=50 // f r e q u e n c y
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4

5 V=10^-3 // volume o f
the spec imen

6

7 // Area o f B−H loop
8

9 A=0.5*10^3*1

10

11 P=n*V*A

12

13 printf(” H y s t e r e s i s power l o s s =”)
14

15 disp(P)

16

17 printf(”Watt”)

Scilab code Exa 3.17.18 calculate current required

1 // Chapter −3 , Example3 17 18 , pg 3−42
2

3 phi =1.5*10^ -4 // magnet i c
f l u x

4

5 ur=900 // r e l a t i v e
p e r m e a b i l i t y o f m a t e r i a l

6

7 n=600 // number o f
t u r n s

8

9 u0=4*%pi *10^ -7 //
p e r m e a b i l i t y o f f r e e space

10

11 A=5.8*10^ -4 // c r o s s
s e c t i o n a r ea o f r i n g

12
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13 d=40*10^ -2 //mean
d iamete r o f r i n g

14

15 li=%pi*d //mean
c i r c u m f e r e n c e o f r i n g

16

17 la=5*10^ -3 // a i r gap
18

19 B=phi/A // f l u x
d e n s i t y

20

21 // f o r a i r gap
22

23 Ha=B/(u0) // magnet i c
f i e l d f o r a i r gap

24

25 // f o r i r o n r i n g
26

27 Hi=B/(u0*ur) // magnet i c
f i e l d f o r i r o n r i n g

28

29 // t h e r e f o r e , Amp turn i n a i r gap
30

31 Ata=Ha*la //Amp−t u r n s
r e q u i r e d

32

33 // t h e r e f o r e , Amp−turn i n r i n g
34

35 Ati=Hi*li //Amp−t u r n s
r e q u i r e d

36

37 // t h e r r f o r e t o t a l mmf r e q u i r e d
38

39 mmf=Ata+Ati

40

41 // Current r e q u i r e d
42

43 I=mmf/n // c u r r e n t
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r e q u i r e d
44

45 printf(” Current r e q u i r e d =”)
46

47 disp(I)

48

49 printf(”Amp”)

Scilab code Exa 3.17.19 calculate reluctance and mmf

1 // Chapter −3 , Example3 17 19 , pg 3−42
2

3 la=1*10^ -2 // a i r gap
4

5 r=0.5 // r a d i u s o f
r i n g

6

7 A=5*10^ -4 // c r o s s
s e c t i o n a r ea o f r i n g

8

9 i=5 // c u r r e n t
10

11 u=6*10^ -3 //
p e r m e a b i l i t y o f i r o n

12

13 u0=4*%pi *10^ -7 //
p e r m e a b i l i t y o f f r e e space

14

15 N=900 // no o f
t u r n s i n the c o i l

16

17 // l e t r e l u c t a n c e o f i r o n r i n g with a i r gap be S
18

19 S=la/(u0*A)+(2* %pi*r-la)/(u*A)

20
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21 printf(” 1) Re luc tance =”)
22

23 disp(S)

24

25 printf(”A−T/Wb”)
26

27 mmf=N*i

28

29 printf(” 2) m.m. f =”)
30

31 disp(mmf)

32

33 printf(”Amp−turn ”)

Scilab code Exa 3.17.20 calculate current

1 // Chapter −3 , Example3 17 20 , pg 3−43
2

3 // the m a g n e t i z a t i o n f o r c e i s g i v e n by ,
4

5 //H=NI/ l
6

7 H=5*10^3 // c o e r c i v i t y
o f bar magnet

8

9 l=10*10^ -2 // l e n g t h o f
s o l e n o i d

10

11 N=50 // number o f
t u r n s

12

13 I=l*H/N

14

15 printf(” c u r r e n t =”)
16
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17 disp(I)

18

19 printf(”Ampere”)

Scilab code Exa 3.17.21 calculate Reluctance and current

1 // Chapter −3 , Example3 17 21 , pg 3−43
2

3 ur=380 // r e l a t i v e
p e r m e a b i l i t y o f a i r

4

5 u0=4*%pi *10^ -7 //
p e r m e a b i l i t y o f f r e e space

6

7 A=5*10^ -4 // c r o s s
s e c t i o n a r ea o f r i n g

8

9 n=200 // number o f
t u r n s

10

11 d=20*10^ -2 //mean
d iamete r o f r i n g

12

13 l=%pi*d //mean
c i r c u m f e r e n c e o f r i n g

14

15 phi =2*10^ -3 // magnet i c
f l u x

16

17 S=l/(u0*ur*A) // r e l u c t a n c e
18

19 // u s i n g ohm ’ s law f o r magnet i c c i r c u i t
20

21 // ph i=N∗ I /S
22
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23 I=S*phi/n

24

25 printf(” 1) Re luc tance =”)
26

27 disp(S)

28

29 printf(”A−T/Wb”)
30

31

32 printf(” 2) c u r r e n t =”)
33

34 disp(I)

35

36 printf(”Ampere”)

Scilab code Exa 3.17.22 calculate various parameter of magnetic field

1 // Chapter −3 , Example3 17 22 , pg 3−43
2

3 ur=1 // r e l a t i v e
p e r m e a b i l i t y o f a i r

4

5 u0=4*%pi *10^ -7 //
p e r m e a b i l i t y o f f r e e space

6

7 A=6*10^ -4 // c r o s s
s e c t i o n a r ea o f t o r r o i d

8

9 n=500 // number o f
t u r n s

10

11 r=15*10^ -2 // r a d i u s o f
t o r r o i d

12

13 I=4 // c u r r e n t i n
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c o i l
14

15 l=2*%pi*r //mean
c i r c u m f e r e n c e o f t o r r o i d

16

17 MMF=n*I

18

19 printf(” 1) MMF ( NI ) =”)
20

21 disp(MMF)

22

23 printf(”AT”)
24

25 R=l/(u0*ur*A) // Re luc tance
26

27 printf(” 2) Re luc tance (R) =”)
28

29 disp(R)

30

31 printf(”AT/Wb”)
32

33 phi=MMF/R // f l u x
34

35 printf(” 3) Magnet ic f l u x =”)
36

37 disp(phi)

38

39 printf(”Wb”)
40

41 B=phi/A // f l u x
d e n s i t y

42

43 printf(” 4) Flux d e n s i t y =”)
44

45 disp(B)

46

47 printf(”Wb/mˆ2 ”)
48
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49 H=B/(u0*ur) // magnet i c
f i e l d i n t e n s i t y

50

51 printf(” 5) Magnet ic f i e l d i n t e n s i t y =”)
52

53 disp(H)

54

55 printf(”A/m”)

Scilab code Exa 3.17.23 calculate Number of AmpereTurns

1 // Chapter −3 , Example3 17 23 , pg 3−44
2

3 phi =10^ -3 // magnet i c
f l u x

4

5 ur=1000 // r e l a t i v e
p e r m e a b i l i t y o f i r o n

6

7 u0=4*%pi *10^ -7 //
p e r m e a b i l i t y o f f r e e space

8

9 A=5*10^ -4 // c r o s s
s e c t i o n a r ea o f r i n g

10

11 la=2*10^ -3 // a i r gap
12

13 d=20*10^ -3 //mean
d iamete r o f r i n g

14

15 li=%pi*d-la //mean
c i r c u m f e r e n c e o f r i n g

16

17 // u s i n g KVL f o r magnet i c c i r c u i t
18
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19 //AT( t o t a l )=AT( i r o n )+AT( a i r gap )
20

21 ATt=(phi/(u0*A))*((li/ur)+la)

22

23 printf(”Number o f Ampere−Turns r e q u i r e d =”)
24

25 disp(round(ATt))

Scilab code Exa 3.17.24 calculate intensity magnetization and flux density

1 // Chapter −3 , Example3 17 24 , pg 3−44
2

3 X=0.5*10^ -5 //
s u s c e p t i b i l i t y o f m a t e r i a l

4

5 H=10^6 // magnet i c
f i e l d s t r e n g t h

6

7 I=X*H // i n t e n s i t y
o f m a g n e t i z a t i o n

8

9 u0=4*%pi *10^ -7 //
p e r m e a b i l i t y o f f r e e space

10

11 B=u0*(H+I) // f l u x
d e n s i t y

12

13 printf(” 1) i n t e n s i t y m a g n e t i z a t i o n =”)
14

15 disp(I)

16

17 printf(”Amp/m”)
18

19 printf(” 2) f l u x d e n s i t y i n the m a t e r i a l =”)
20
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21 disp(B)

22

23 printf(”wb/mˆ2 ”)
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Chapter 4

Acoustics and Ultrasonics

Scilab code Exa 4.11.1 calculate length

1 // Chapter −4 , Example4 11 1 , pg 4−17
2

3 d=8900 // d e n s i t y
4

5 Y=20.8*10^10 //Young ’ s
modulus

6

7 n=40*10^3 // f r e q u e n c y
o f wave

8

9 k=1 // c o n s i d e r 1
s t harmonic

10

11 l=(k/(2*n))*sqrt(Y/d) // a r r a n g i n g
fo rmu la o f n a t u r a l f r e q u e n c y

12

13 printf(” l e n g t h =”)
14

15 disp(l)

16

17 printf(” meter ”)
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Scilab code Exa 4.12.1 calculate thickness

1 // Chapter −4 , Example4 12 1 , pg 4−20
2

3 d=2.65*10^3 // d e n s i t y
4

5 Y=8*10^10 //Young ’ s
modulus

6

7 n=1*10^6 // f r e q u e n c y
o f wave

8

9 k=1 // c o n s i d e r 1
s t harmonic

10

11 t=(k/(2*n))*sqrt(Y/d) // a r r a n g i n g
fo rmu la o f n a t u r a l f r e q u e n c y

12

13 printf(” t h i c k n e s s =”)
14

15 disp(t)

16

17 printf(” meter ”)

Scilab code Exa 4.15.1 calculate Reverberation time

1 // Chapter −4 , Example4 15 1 , pg 4−25
2

3 l=20 // l e n g t h o f
room

4
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5 b=15 // bredth o f
room

6

7 h=10 // h e i g h t o f
room

8

9 V=l*b*h // volume o f
room

10

11 a=0.106 // a b s o r p t i o n
c o e f f i c i e n t

12

13 S=2*(l*b+b*h+h*l) // s u r f a c e
a r ea o f h a l l

14

15 T=(0.161*V)/(a*S) //
R e v e r b e r a t i o n time , u s i n g Sabine ’ s f o rmu la

16

17 printf(” R e v e r b e r a t i o n t ime =”)
18

19 disp(T)

20

21 printf(” s e c ”)

Scilab code Exa 4.15.2 calculate change in intensity level

1 // Chapter −4 , Example4 15 2 , pg 4−26
2

3 m=%i // o r i g i n a l
sound i n t e n s i t y

4

5 n=1000* %i // i n c r e a s e d
i n t e n s i t y v a l u e

6

7 l=10* log10(n/m) // change i n
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i n t e n s i t y l e v e l
8

9 printf(” change i n i n t e n s i t y l e v e l =”)
10

11 disp(l)

12

13 printf(”dB”)

Scilab code Exa 4.15.3 clculate average sound absorption coefficient and reverberation time

1 // Chapter −4 , Example4 15 3 , pg 4−26
2

3 S1=220 // w a l l a r ea
4

5 a1=0.03 // a b s o r p t i o n
c o e f f i c i e n t f o r the w a l l

6

7 S2=120 // f l o o r a r ea
8

9 a2=0.8 // a b s o r p t i o n
c o e f f i c i e n t f o r the f l o o r

10

11 S3=120 // c e i l i n g
a r ea

12

13 a3=0.06 // a b s o r p t i o n
c o e f f i c i e n t f o r the c e i l i n g

14

15 V=600 // volume o f
room

16

17 S=S1+S2+S3 // t o t a l
s u r f a c e a r ea

18

19 a=(a1*S1+a2*S2+a3*S3)/S // ave rage
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sound a b s o r p t i o n c o e f f i c i e n t
20

21 printf(” 1) ave rage sound a b s o r p t i o n c o e f f i c i e n t =”)
22

23 disp(a)

24

25 T=(0.161*V)/(a*S) //
R e v e r b e r a t i o n time , u s i n g Sabine ’ s f o rmu la

26

27 printf(” 2) R e v e r b e r a t i o n t ime =”)
28

29 disp(T)

30

31 printf(” s e c ”)

Scilab code Exa 4.15.4 calculate average absorption coefficient

1 // Chapter −4 , Example4 15 4 , pg 4−27
2

3 V=5500 // volume
4

5 T=2.3 //
R e v e r b e r a t i o n t ime

6

7 S=750 // sound
a b s o r p t i o n c o e f f i c i e n t

8

9 a=(0.161*V)/(S*T) // u s i n g
Sabine ’ s f o rmu la

10

11 printf(” ave rage a b s o r p t i o n c o e f f i c i e n t =”)
12

13 disp(a)
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Scilab code Exa 4.15.5 claculate average absorption coefficient and area of floor

1 // Chapter −4 , Example4 15 5 , pg 4−27
2

3 l=20 // l e n g t h o f
room

4

5 b=12 // bredth o f
room

6

7 h=12 // h e i g h t o f
room

8

9 V=l*b*h // volume o f
room

10

11 S=2*(l*b+b*h+h*l) // s u r f a c e
a r ea o f h a l l

12

13 T1=2.5 //
R e v e r b e r a t i o n t ime

14

15 a=(0.161*V)/(T1*S) // u s i n g
Sabine ’ s f o rmu la

16

17 printf(” 1) ave rage a b s o r p t i o n c o e f f i c i e n t =”)
18

19 disp(a)

20

21 a1=0.5 // a b s o r p t i o n
c o e f f i c i e n t

22

23 T2=2 //
R e v e r b e r a t i o n t ime
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24

25 S1 =(0.161*V/(a1-a))*(1/T2 -1/T1)

26

27 printf(” 2) c a r p e t a r ea r e q u i r e d =”)
28

29 disp(S1)

30

31 printf(”mˆ2 ”)

Scilab code Exa 4.15.6 calculate reverberation time for various case

1 // Chapter −4 , Example4 15 6 , pg 4−28
2

3 Ac =10*12 // a r ea o f
c a r p e t c o v e r i n g e n t i r e f l o o r

4

5 ac=0.06 // a b s o r p t i o n
c o e f f i c i e n t o f c a r p e t

6

7 aS1=Ac*ac // a b s o r p t i o n
due to c a r p e t

8

9 Af =10*12 // a r ea o f
f a l s e c e l l i n g

10

11 af=0.03 // a b s o r p t i o n
c o e f f i c i e n t o f c e l l i n g

12

13 aS2=Af*af // a b s o r p t i o n
due to c e l l i n g

14

15 As =100*1 // a r ea o f
cu sh i one d s e t s

16

17 as=1 // a b s o r p t i o n
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c o e f f i c i e n t o f c u s h i o n s e t s
18

19 aS3=As*as // a b s o r p t i o n
due to c u s i o n s e t s

20

21 Aw =346*1 // a r ea o f
w a l l s c ove r ed with ab so r ben t

22

23 aw=0.2 // a b s o r p t i o n
c o e f f i c i e n t o f w a l l s

24

25 aS4=Aw*aw // a b s o r p t i o n
due to w a l l s

26

27 Ad =346*1 // a r ea o f
wooden door

28

29 ad=0.2 // a b s o r p t i o n
c o e f f i c i e n t o f wooden door

30

31 aS5=Ad*ad // a b s o r p t i o n
due to wooden door

32

33 aS=aS1+aS2+aS3+aS4 // t o t a l
a b s o r p t i o n

34

35 ap=0.46 // a b s o r p t i o n
c o e f f i c i e n t o f a u d i e n c e / pe r son

36

37 l=12 // assuming
l e n g t h o f w a l l

38

39 b=10 // assuming
breadth o f w a l l

40

41 h=8 // assuming
h e i g h t o f w a l l

42
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43 V=l*b*h // volume o f
h a l l

44

45 // c a s e 1 : ( no one i n s i d e / emptey h a l l )
46

47 T1 =(0.161*V)/aS //
r e v e r b e r a t i o n t ime

48

49 printf(” 1) r e v e r b e r a t i o n t ime o f empty h a l l =”)
50

51 disp(T1)

52

53 printf(” s e c ”)
54

55 // c a s e 2 : ( 5 0 pe r son i n s i d e h a l l )
56

57 T2 =(0.161*V)/(aS +50*0.46) //
r e v e r b e r a t i o n t ime

58

59 printf(” 2) r e v e r b e r a t i o n t ime o f h a l l with 50
pe r son =”)

60

61 disp(T2)

62

63 printf(” s e c ”)
64

65 // c a s e 2 : ( 1 0 0 pe r son i n s i d e h a l l / f u l l c a p a c i t y o f
h a l l )

66

67 T3 =(0.161*V)/(aS +100*0.46) //
r e v e r b e r a t i o n t ime

68

69 printf(” 3) r e v e r b e r a t i o n t ime o f h a l l with 100
pe r son =”)

70

71 disp(T3)

72

73 printf(” s e c ”)
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Scilab code Exa 4.15.7 calculate average absorption coefficient and total absorption

1 // Chapter −4 , Example4 15 7 , pg 4−30
2

3 l=20 // l e n g t h o f
room

4

5 b=15 // bredth o f
room

6

7 h=5 // h e i g h t o f
room

8

9 V=l*b*h // volume o f
room

10

11 S=2*(l*b+b*h+h*l) // s u r f a c e
a r ea o f h a l l

12

13 T=3.5 //
R e v e r b e r a t i o n t ime

14

15 a=(0.161*V)/(T*S) // u s i n g
Sabine ’ s f o rmu la

16

17 printf(” 1) ave rage a b s o r p t i o n c o e f f i c i e n t =”)
18

19 disp(a)

20

21 avg=a*S // ave rage
t o t a l a b s o r p t i o n

22

23 printf(” 2) ave rage t o t a l a b s o r p t i o n =”)
24
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25 disp(avg)

26

27 printf(”mˆ 2 . S”)

Scilab code Exa 4.15.8 calculate change in reverberation time

1 // Chapter −4 , Example4 15 8 , pg 4−30
2

3 l=20 // l e n g t h o f
room

4

5 b=15 // bredth o f
room

6

7 h=10 // h e i g h t o f
room

8

9 V=l*b*h // volume o f
room

10

11 a=0.1 // a b s o r p t i o n
c o e f f i c i e n t

12

13 S=2*(l*b+b*h+h*l) // s u r f a c e
a r ea o f h a l l

14

15 T1 =(0.161*V)/(a*S) //
R e v e r b e r a t i o n time , u s i n g Sabine ’ s f o rmu la

16

17 printf(” 1) R e v e r b e r a t i o n t ime =”)
18

19 disp(T1)

20

21 printf(” s e c ”)
22
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23 a2=0.66 // a b s o r p t i o n
c o e f f i c i e n t o f c u r t a i n c l o t h

24

25 S2=100 // s u r f a c e
a r ea o f a c u r t a i n c l o t h

26

27 T2 =(0.161*V)/(a*S+a2*S2*2) //
R e v e r b e r a t i o n time , u s i n g Sabine ’ s f o rmu la

28

29 T=T1 -T2 // change i n
R e v e r b e r a t i o n t ime

30

31 printf(” 2) change i n R e v e r b e r a t i o n t ime =”)
32

33 disp(T)

34

35 printf(” s e c ”)

Scilab code Exa 4.15.9 calculate average absorption coefficient and reverberation time

1 // Chapter −4 , Example4 15 9 , pg 4−30
2

3 S1=220 // w a l l a r ea
4

5 a1=0.03 // a b s o r p t i o n
c o e f f i c i e n t f o r the w a l l

6

7 S2=120 // f l o o r a r ea
8

9 a2=0.8 // a b s o r p t i o n
c o e f f i c i e n t f o r the f l o o r

10

11 S3=120 // c e i l i n g
a r ea

12
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13 a3=0.06 // a b s o r p t i o n
c o e f f i c i e n t f o r the c e i l i n g

14

15 V=600 // volume o f
room

16

17 S=S1+S2+S3 // t o t a l
s u r f a c e a r ea

18

19 a=(a1*S1+a2*S2+a3*S3)/S // ave rage
sound a b s o r p t i o n c o e f f i c i e n t

20

21 printf(” 1) ave rage sound a b s o r p t i o n c o e f f i c i e n t =”)
22

23 disp(a)

24

25 T=(0.161*V)/(a*S) //
R e v e r b e r a t i o n time , u s i n g Sabine ’ s f o rmu la

26

27 printf(” 2) R e v e r b e r a t i o n t ime =”)
28

29 disp(T)

30

31 printf(” s e c ”)

Scilab code Exa 4.15.10 calculate depth of seabed and wavelength

1 // Chapter −4 , Example4 15 10 , pg 4−31
2

3 f=0.07*10^6 // f r e q u e n c y
4

5 t=0.65 // t ime
6

7 v=1700 // v e l o c i t y
o f sound
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8

9 d=v*t/2 // depth o f
s eabed

10

11 printf(” 1) depth o f s eabed =”)
12

13 disp(d)

14

15 printf(” meter ”)
16

17 l=v/f // wave l ength
18

19 printf(” 2) wave l ength =”)
20

21 disp(l)

22

23 printf(” meter ”)

Scilab code Exa 4.15.11 calculate natural frequency

1 // Chapter −4 , Example4 15 11 , pg 4−31
2

3 t=1*10^ -3 // t h i c k n e s s s
o f c r y s t a l

4

5 d=2.65*10^3 // d e n s i t y
6

7 Y=8*10^10 //Young ’ s
modulus

8

9 k=1 // c o n s i d e r 1
s t harmonic

10

11 n=(k/(2*t))*sqrt(Y/d) // fo rmu la o f
n a t u r a l f r e q u e n c y
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12

13 printf(” n a t u r a l f r e q u e n c y =”)
14

15 disp(n)

16

17 printf(”Hz”)

Scilab code Exa 4.15.12 calculate thickness

1 // Chapter −4 , Example4 15 12 , pg 4−32
2

3 d=2650 // d e n s i t y
4

5 Y=8*10^10 //Young ’ s
modulus

6

7 k=1 // c o n s i d e r 1
s t harmonic

8

9 // c a s e 1
10

11 n1 =3.8*10^6 // f r e q u e n c y
o f wave

12

13 t1=(k/(2*n1))*sqrt(Y/d) // a r r a n g i n g
fo rmu la o f n a t u r a l f r e q u e n c y

14

15 printf(” 1) t h i c k n e s s =”)
16

17 disp(t1)

18

19 printf(” meter ”)
20

21 // c a s e 2
22
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23 n2 =300*10^3 // f r e q u e n c y
o f wave

24

25 t2=(k/(2*n2))*sqrt(Y/d) // a r r a n g i n g
fo rmu la o f n a t u r a l f r e q u e n c y

26

27 printf(” 2) t h i c k n e s s =”)
28

29 disp(t2)

30

31 printf(” meter ”)

Scilab code Exa 4.15.13 calculate thickness

1 // Chapter −4 , Example4 15 13 , pg 4−32
2

3 d=2650 // d e n s i t y
4

5 Y=8*10^10 //Young ’ s
modulus

6

7 n=2*10^6 // f r e q u e n c y
o f wave

8

9 k=1 // c o n s i d e r 1
s t harmonic

10

11 t=(k/(2*n))*sqrt(Y/d) // a r r a n g i n g
fo rmu la o f n a t u r a l f r e q u e n c y

12

13 printf(” t h i c k n e s s =”)
14

15 disp(t)

16

17 printf(” meter ”)
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Scilab code Exa 4.15.14 calculate distance between two ships

1 // Chapter −4 , Example4 15 14 , pg 4−33
2

3 f=50*10^3 // f r e q u e n c y
4

5 v1=348 // v e l o c i t y
o f u l t r a s o u n d i n atmosphere

6

7 v2=1392 // v e l o c i t y
o f u l t r a s o u n d i n s ea water

8

9 t=2 // t ime
d i f f e r e n c e

10

11 // d i s t a n c e i s c o n s t a n t hence v1∗ t1=v2∗ t2
12

13 m=v2/v1 // assuming
c o n s t a n t as m

14

15 // ( t1−t2=d ) and ( t1=m∗ t2 ) t h e r e f o r e
16

17 t2=t/(m-1)

18

19 d=v2*t2 // d i s t a n c e
between two s h i p

20

21 printf(” d i s t a n c e between two s h i p s =”)
22

23 disp(d)

24

25 printf(” meter ”)
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Scilab code Exa 4.15.15 calculate natural frequency and change in thickness

1 // Chapter −4 , Example4 15 15 , pg 4−34
2

3 // f o r c a s e 1
4 t1=2*10^ -3 // t h i c k n e s s s

o f p l a t e
5

6 d=2.65*10^3 // d e n s i t y
7

8 Y=8*10^10 //Young ’ s
modulus

9

10 k=1 // c o n s i d e r 1
s t harmonic

11

12 n1=(k/(2*t1))*sqrt(Y/d) // fo rmu la o f
n a t u r a l f r e q u e n c y

13

14 printf(” 1) n a t u r a l f r e q u e n c y =”)
15

16 disp(n1)

17

18 printf(”Hz”)
19

20 // f o r c a s e 2
21

22 n2 =3*10^6 // f r e q u e n c y
23

24 t2=(k/(2*n2))*sqrt(Y/d) // a r r a n g i n g
fo rmu la o f n a t u r a l f r e q u e n c y

25

26 t=t1 -t2 // change i n
t h i c k n e s s
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27

28 printf(” 2) change i n t h i c k n e s s =”)
29

30 disp(t)

31

32 printf(” meter ”)

Scilab code Exa 4.15.16 calculate depth of sea bed

1 // Chapter −4 , Example4 15 16 , pg 4−34
2

3 S=10 // s a l i n i t y
4

5 t=2 // t ime
6

7 T=20 //
t empera tu re

8

9 v=1510+1.14*S+4.21*T -0.037*T^2 // v e l o c i t y
o f u l t r a s o u n d i n s ea

10

11 d=v*t/2 // depth o f
s e a bed

12

13 printf(” depth o f s e a bed =”)
14

15 disp(d)

16

17 printf(” meter ”)

Scilab code Exa 4.15.17 calculate depth of sea bed and frequency

1 // Chapter −4 , Example4 15 17 , pg 4−35
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2

3 S=29 // s a l i n i t y
4

5 t=2 // t ime
6

7 l=0.01 // wave l ength
8

9 T=30 //
t empera tu re

10

11 v=1510+1.14*S+4.21*T -0.037*T^2 // v e l o c i t y
o f u l t r a s o u n d i n s ea

12

13 d=v*t/2 // depth o f
s e a bed

14

15 printf(” 1) depth o f s ea bed =”)
16

17 disp(d)

18

19 printf(” meter ”)
20

21 f=v/l // f r e q u e n c y
22

23 printf(” 2) f r e q u e n c y =”)
24

25 disp(f)

26

27 printf(”Hz”)

Scilab code Exa 4.15.18 calculate real thickness

1 // Chapter −4 , Example4 15 18 , pg 4−35
2

3 v1 =5.9*10^3 // v e l o c i t y

124



o f UW i n mi ld s t e e l
4

5 v2 =4.3*10^3 // v e l o c i t y
o f UW i n b r a s s

6

7 t2=15*10^ -3 // t h i c k n e s s
o f b r a s s p l a t e

8

9 t1=v2*t2/v1 // s i n c e ve ;
o c i t y i s i n v e r s l y p r o p o r t i o n a l to t h i c k n e s s

10

11 printf(” r e a l t h i c k n e s s =”)
12

13 disp(t1)

14

15 printf(” meter ”)

Scilab code Exa 4.15.19 calculate thickness of crystal

1 // Chapter −4 , Example4 15 19 , pg 4−36
2

3 t1=4*10^ -3 // t h i c k n e s s
o f 1 s t c r y s t a l

4

5 n1 =400*10^3 // f r e q u e n c y
o f 1 s t c r y s t a l

6

7 n2 =500*10^3 // f r e q u e n c y
o f 2nd c r y s t a l

8

9 t2=n1*t1/n2 // s i n c e
f r q u e n c y i s i n v e r s l y p r o p o r t i o n a l to t h i c k n e s s

10

11 printf(” t h i c k n e s s o f 2nd c r y s t a l =”)
12
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13 disp(t2)

14

15 printf(” meter ”)

Scilab code Exa 4.15.20 calculate distance at which defect has occurred

1 // Chapter −4 , Example4 15 20 , pg 4−36
2

3 t2=30*10^ -6 // p u l s e
a r r i v a l t ime o f d e f e c t i v e s t e e l bar

4

5 t1=80*10^ -6 // p u l s e
a r r i v a l t ime o f non d e f e c t i v e s t e e l bar

6

7 d=40*10^ -2 // bar
t h i c k n e s s

8

9 x=(t2/t1)*d

10

11 printf(” d i s t a n c e at which d e f e c t has o c c u r r e d =”)
12

13 disp(x)

14

15 printf(” meter ”)

Scilab code Exa 4.15.21 calculate echo time

1 // Chapter −4 , Example4 15 21 , pg 4−37
2

3 d=18*10^ -3 // t h i c k n e s s
4

5 v=5.9*10^3 // v e l o c i t y
6
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7 t=(2*d)/v // echo t ime
8

9 printf(” echo t ime =”)
10

11 disp(t)

12

13 printf(” s e c ”)

Scilab code Exa 4.15.22 calculate frquency of vibration

1 // Chapter −4 , Example4 15 22 , pg 4−37
2

3 t=1*10^ -3 // t h i c k n e s s
o f q ua r t z c r y s t a l

4

5 // g i v e n t=l /2
6

7 l=t*2 // wave l ength
8

9 Y=7.9*10^10 // young ’ s
module o f c r y s t a l

10

11 p=2650 // d e n s i t y o f
c r y s t a l

12

13 v=sqrt(Y/p) // v e l o c i t y
o f v i b r a t i o n

14

15 n=v/l // f r e q u e n c y
o f v i b r a t i o n

16

17 printf(” f r q u e n c y o f v i b r a t i o n =”)
18

19 disp(n)

20
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21 printf(”Hz”)

Scilab code Exa 4.15.23 calculate length

1 // Chapter −4 , Example4 15 23 , pg 4−38
2

3 d=7.23*10^3 // d e n s i t y
4

5 Y=11.6*10^10 //Young ’ s
modulus

6

7 n=20*10^3 // f r e q u e n c y
o f wave

8

9 k=1 // c o n s i d e r 1
s t harmonic

10

11 l=(k/(2*n))*sqrt(Y/d) // a r r a n g i n g
fo rmu la o f n a t u r a l f r e q u e n c y

12

13 printf(” l e n g t h =”)
14

15 disp(l)

16

17 printf(” meter ”)

Scilab code Exa 4.15.24 calculate natural frequency and change in thickness

1 // Chapter −4 , Example4 15 24 , pg 4−38
2

3 // f o r c a s e 1
4 t1=2*10^ -3 // t h i c k n e s s s

o f p l a t e
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5

6 d=2.65*10^3 // d e n s i t y
7

8 Y=8*10^10 //Young ’ s
modulus

9

10 k=1 // c o n s i d e r 1
s t harmonic

11

12 n1=(k/(2*t1))*sqrt(Y/d) // fo rmu la o f
n a t u r a l f r e q u e n c y

13

14 printf(” 1) n a t u r a l f r e q u e n c y =”)
15

16 disp(n1)

17

18 printf(”Hz”)
19

20 // f o r c a s e 2
21

22 n2 =3*10^6 // f r e q u e n c y
23

24 t2=(k/(2*n2))*sqrt(Y/d) // a r r a n g i n g
fo rmu la o f n a t u r a l f r e q u e n c y

25

26 t=t1 -t2 // change i n
t h i c k n e s s

27

28 printf(” 2) change i n t h i c k n e s s =”)
29

30 disp(t)

31

32 printf(” meter ”)

Scilab code Exa 4.15.25 calculate average absorption coefficien and total absorption
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1 // Chapter −4 , Example4 15 25 , pg 4−39
2

3 l=20 // l e n g t h o f
room

4

5 b=15 // bredth o f
room

6

7 h=10 // h e i g h t o f
room

8

9 V=l*b*h // volume o f
room

10

11 S=2*(l*b+b*h+h*l) // s u r f a c e
a r ea o f h a l l

12

13 T=3 //
R e v e r b e r a t i o n t ime

14

15 a=(0.161*V)/(T*S) // u s i n g
Sabine ’ s f o rmu la

16

17 printf(” 1) ave rage a b s o r p t i o n c o e f f i c i e n t =”)
18

19 disp(a)

20

21 m=a*S // t o t a l
a b s o r p t i o n

22

23 printf(” 2) t o t a l a b s o r p t i o n o f s u r f a c e =”)
24

25 disp(m)

26

27 printf(”mˆ2/ s e c ”)
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Scilab code Exa 4.15.26 calculate natural frequency and change in thickness

1 // Chapter −4 , Example4 15 26 , pg 4−39
2

3 // f o r c a s e 1
4 t1=1.8*10^ -3 // t h i c k n e s s s

o f p l a t e
5

6 d=2.65*10^3 // d e n s i t y
7

8 Y=8*10^10 //Young ’ s
modulus

9

10 k=1 // c o n s i d e r 1
s t harmonic

11

12 n1=(k/(2*t1))*sqrt(Y/d) // fo rmu la o f
n a t u r a l f r e q u e n c y

13

14 printf(” 1) n a t u r a l f r e q u e n c y =”)
15

16 disp(n1)

17

18 printf(”Hz”)
19

20 // f o r c a s e 2
21

22 n2 =2*10^6 // f r e q u e n c y
23

24 t2=(k/(2*n2))*sqrt(Y/d) // a r r a n g i n g
fo rmu la o f n a t u r a l f r e q u e n c y

25

26 t=t1 -t2 // change i n
t h i c k n e s s
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27

28 printf(” 2) change i n t h i c k n e s s =”)
29

30 disp(t)

31

32 printf(” meter ”)

Scilab code Exa 4.15.27 calculate Youngs modulus

1 // Chapter −4 , Example4 15 27 , pg 4−39
2

3 n=0.4999*10^6 // f r e q u e n c y
4

5 t=5.5*10^ -3 // t h i c k n e s s s
o f p l a t e

6

7 d=2.65*10^3 // d e n s i t y
8

9 k=1 // c o n s i d e r 1
s t harmonic

10

11 Y=4*(t^2)*(n^2)*d/k // a r r a n g i n g
fo rmu la o f n a t u r a l f r e q u e n c y

12

13 printf(” Youngs modulus =”)
14

15 disp(Y)

16

17 printf(”N/mˆ2 ”)
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