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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 2

Atomic structure

Scilab code Exa 2.1 Nano particle

1 // Page 26
2 clc;funcprot (0);//EXAMPLE 2 . 1
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 r=1.5*10^ -7;........ // Radius o f a p a r t i c l e i n cm
5 rho =7.8;.......... // Dens i ty o f i r o n magnet i c nano−

p a r t i c l e i n cmˆ3
6 //CALCULATIONS
7 v=(4/3)*%pi*(r)^3;..... // Volume o f each I r o n

magnet i c nano −p a r t i c l e i n cmˆ3
8 m=rho*v;....... // Mass o f each i r o n nano−p a r t i c l e i n

g
9 disp(v,”Volume o f each I r o n magnet i c nano −p a r t i c l e

i n cm ˆ 3 : ”)
10 disp(m,”Mass o f each i r o n nano−p a r t i c l e i n g : ”)

Scilab code Exa 2.4 Convalent bond

1 // Page 37
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2 clc;funcprot (0);//EXAMPLE 2 . 4
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 Es =1.8;........ // E l e c t r o n e g a t i v i t y o f S i l i c o n from

f i g .2−8
5 Eo =3.5;........ // E l e c t r o n e g a t i v i t y o f Oxygen from

f i g .2−8
6 //CALCULATION
7 F=exp ( -0.25*(Eo -Es)^2) ;........ // F r a c t i o n c o v a l e n t

o f SiO2
8 disp(F,” F r a c t i o n c o v a l e n t o f SiO2 : ”)
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Chapter 3

Atomic and Ionic arrangements

Scilab code Exa 3.1 Lattice points

1 // page 53
2 clc;funcprot (0);//EXAMPLE 3 . 1
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 Cn =8;...... //No . o f Corner s o f the Cubic C r y s t a l

Systems
5 c=1;...... //No . o f c e n t e r s o f the Cubic C r y s t a l

Systems i n BCC u n i t c e l l
6 F=6;....... //No . o f Faces o f the Cubic C r y s t a l

Systems i n FCC u n i t c e l l
7 //CALCULATIONS
8 N1=Cn /8;..... //No . o f l a t i c e p o i n t s per u n i t c e l l i n

SC u n i t c e l l
9 N2=(Cn/8)+c*1;.... //No . o f l a t i c e p o i n t s per u n i t

c e l l i n BCC u n i t c e l l s
10 N3=(Cn/8)+F*(1/2) ;.... //No . o f l a t i c e p o i n t s per

u n i t c e l l i n FCC u n i t c e l l s
11 disp(N1,”No . o f l a t i c e p o i n t s per u n i t c e l l i n SC

u n i t c e l l : ”)
12 disp(N2,”No . o f l a t i c e p o i n t s per u n i t c e l l i n BCC

u n i t c e l l s : ”)
13 disp(N3,”No . o f l a t i c e p o i n t s per u n i t c e l l i n FCC
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u n i t c e l l s : ”)

Scilab code Exa 3.3 Packing factor

1 // page 56
2 clc;funcprot (0);//EXAMPLE 3 . 1 4
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 r=1;......... // one u n i t o f r a d i u s o f each atom o f

FCC c e l l
5 a0=(4*r)/sqrt (2) ;.......... // L a t t i c e c o n s t a n t f o r

FCC c e l l
6 v=(4* %pi*r^3) /3;......... // volume o f one atom i n FCC

c e l l
7 Pf=(4*v)/(a0)^3;........ // Packing f a c t o r i n FCC c e l l
8 disp(Pf,” Packing f a c t o r i n FCC c e l l ”)

Scilab code Exa 3.4 Density of BCC iron

1 // page 57
2 clc;funcprot (0);//EXAMPLE 3 . 4
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 a0 =2.866*10^ -8;.......... // L a t t i c e c o n s t a n t f o r BCC

i r o n c e l l s i n cm
5 m=55.847;.......... // Atomic mass o f i r o n i n g/mol
6 Na =6.02*10^23;...... // A v o g a d r o s number i n atoms /

mol
7 n=2;......... // number o f atoms per c e l l i n BCC i r o n
8 //CALCULATIONS
9 v=a0 ^3;........ // Volume o f u n i t c e l l f o r BCC i r o n i n

cmˆ3/ c e l l
10 rho=(n*m)/(v*Na);....... // Dens i ty o f BCC i r o n
11 disp(v,”Volume o f u n i t c e l l f o r BCC i r o n i n cmˆ3/

c e l l : ”)
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12 disp(rho ,” Dens i ty o f BCC i r o n i n g/cm ˆ 3 : ”)

Scilab code Exa 3.5 Volume change in polymorphs

1 clc;funcprot (0);//EXAMPLE 3 . 5
2 // I n i t i a l i s a t i o n o f V a r i a b l e s
3 a=5.156;........ //The l a t t i c e c o n s t a n t s f o r the

m o n o c l i n i c u n i t c e l l s i n Angstroms
4 b=5.191;........ //The l a t t i c e c o n s t a n t s f o r the

m o n o c l i n i c u n i t c e l l s i n Angstroms
5 c=5.304;........ //The l a t t i c e c o n s t a n t s f o r the

m o n o c l i n i c u n i t c e l l s i n Angstroms
6 beeta =98.9;....... //The a n g l e f r o the m o n o c l i n i c

u n i t c e l l
7 a2 =5.094;........ //The l a t t i c e c o n s t a n t s f o r the

t e t r a g o n a l u n i t c e l l s i n Angstroms
8 c2 =5.304;........ //The l a t t i c e c o n s t a n t s f o r the

t e t r a g o n a l u n i t c e l l s i n Angstroms
9 //CALCULATIONS

10 v2=(a2^2)*c2 ;........ // volume o f a t e t r a g o n a l u n i t
c e l l

11 v1=a*b*c*sin(beeta*%pi /180) ;........ // volume o f a
m o n o c l i n i c u n i t c e l l

12 Pv=(v1-v2)/(v1)*100;........ //The p e r c e n t change i n
volume i n p e r c e n t

13 disp(v2,” volume o f a t e t r a g o n a l u n i t c e l l i n Aˆ 3 : ”)
14 disp(v1,” volume o f a m o n o c l i n i c u n i t c e l l i n Aˆ 3 : ”)
15 disp(Pv,”The p e r c e n t change i n volume i n p e r c e n t : ”)
16 // va lu o f pv i s wrong i n book

Scilab code Exa 3.8 Planar density and packing fraction

1 // page 64
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2 clc;funcprot (0);//EXAMPLE 3 . 8
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 r=1;....... // Radius o f each atom i n u n i t s
5 l=0.334;....... // L a t t i c e parameter o f ( 0 1 0 ) i n nm
6 //CALCULATIONS
7 a1=2*r;........ // Area o f f a c e f o r ( 0 1 0 )
8 a2=l^2;........... // Area o f f a c e o f ( 0 1 0 ) i n cmˆ2
9 pd=1/a2 ;........ // Planar d e n s i t y o f ( 0 1 0 ) i n atoms /

nmˆ2
10 pf=%pi*r^2/(a1)^2;...... // Packing f r a c t i o n o f ( 0 1 0 )
11 disp(pd*10^14 ,” Planar d e n s i t y o f ( 0 1 0 ) i n atoms /cm

ˆ 2 : ”)
12 disp(pf,” Packing f r a c t i o n o f ( 0 1 0 ) : ”)

Scilab code Exa 3.11 Octahedral sites

1 // page 70
2 clc;funcprot (0);//EXAMPLE 3 . 1 1
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 E=12;...... //No . o f Edges i n the o c t a h e d r a l s i t e s o f

the u n i t c e l l
5 S=1/4;....... // so on ly 1/4 o f each s i t e b e l o n g s

u n i q u e l y t o each u n i t c e l l
6 N=E*S+1;..... //No . o f s i t e b e l o n g s u n i q u e l y to each

u n i t c e l l
7 disp(N,”No . o f o c t a h e d r a l s i t e b e l o n g s u n i q u e l y to

each u n i t c e l l : ”)

Scilab code Exa 3.12 Density

1 // page 72
2 clc;funcprot (0);//EXAMPLE 3 . 1 2
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
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4 r1 =0.066;....... // Radius o f Mg+2 from Appendix B i n
nm

5 r2 =0.132;....... // Radius o f O−2 from Appendix B i n
nm

6 Am1 =24.312;....... // Atomic masses o f Mg+2 i n g/mol
7 Am2 =16;....... // Atomic masses o f O−2 i n g/mol
8 Na =6.02*10^23;...... // A v o g a d r o s number
9 //CALCULATIONS
10 a0=2*r1+2*r2 ;........... // L a t t i c e c o n s t a n t f o r MgO

i n nm
11 rho =((4* Am1)+(4*16))/((a0*10^ -8)*Na);..... // Dens i ty

o f MgO i n g/cmˆ3
12 disp(a0*10^-8,” L a t t i c e c o n s t a n t f o r MgO i n cm : ”)
13 disp(rho ,” Dens i ty o f MgO i n g/cm ˆ 3 : ”)
14 // Answer g i v e n i n the book i s wrong

Scilab code Exa 3.13 packing factor

1 // page 75
2 clc;funcprot (0);//EXAMPLE 3 . 1 3
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 r=1;............ // Radius o f each atom i n u n i t s
5 n=8;......... //No . o f atoms p r e s e n t i n Diamond c u b i c

S i l i c o n per c e l l
6 //CALCULATIONS
7 v=(4/3)*%pi*r^3;.......... // Volume o f each atom i n

Diamond c u b i c S i l i c o n
8 a0=(8*r)/sqrt (3) ;.......... // Volume o f u n i t c e l l i n

Diamond c u b i c S i l i c o n
9 Pf=(n*v)/a0 ^3;............ // Packing f a c t o r o f

Diamond c u b i c S i l i c o n
10 disp(Pf,” Packing f a c t o r o f Diamond c u b i c S i l i c o n : ”

)
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Chapter 4

Inperfections of ionic and
atomic arrangements

Scilab code Exa 4.1 Effect of temperature

1 // page 87
2 clc;funcprot (0);//EXAMPLE 4 . 1
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 Lp =0.36151;........ //The l a t t i c e parameter o f FCC

copper i n nm
5 T1 =298;.......... // Temperature o f copper i n K
6 Qv =20000;........... // Heat r e q u i r e d to produce a

mole o f v a c a n c i e s i n copper i n c a l
7 R=1.987;......... //The gas c o n s t a n t i n c a l /mol−K
8 //CALCULATIONS
9 n=4/(Lp*10^ -8) ^3;.......... //The number o f copper

atoms or l a t t i c e p o i n t s per cmˆ3 i n atoms /cmˆ3
10 nv1=n*exp(-Qv/(T1*R));....... // c o n c e n t r a t i o n o f

v a c a n c i e s i n copper at 25 d e g r e e c e l s i u s i n
v a c a n c i e s /cmˆ3

11 nv2=nv1 *1000;....... // c o n c e n t r a t i o n o f v a c a n c i e s i n
copper atoms at T2 tempera tu re

12 T2=-Qv/(R*log(nv2/n));....... // t empera tu r e at which
t h i s number o f v a c a n c i e s forms i n copper i n K
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13 disp(round(T2 -273) ,” Temperature at which t h i s number
o f v a c a n c i e s forms i n copper i n Degree c e l s i u s : ”

)

Scilab code Exa 4.2 Vacancy concentrations in iron

1 // page 88
2 clc;funcprot (0);//EXAMPLE 4 . 2
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 n1 =2;.......... //No . o f Atoms i n BCC i r o n C r y s t a l
5 m=55.847;.......... // Atomic mass o f BCC i r o n c r y s t a l
6 a0 =2.866*10^ -8;...... //The l a t t i c e parameter o f BCC

i r o n i n cm
7 Na =6.02*10^23;....... // A v o g a d r o s number i n atoms /

mol
8 rho1 =7.87;........ // Requ i red d e n s i t y o f i r o n BCC i n

g/cmˆ3
9 //CALCULATIONS
10 rho2=(n1*m)/(a0^3*Na);.......... //The expec t ed

t h e o r e t i c a l d e n s i t y o f i r o n BCC
11 X=(rho1*a0^3*Na)/m;......... //Number o f i r o n atoms

and v a c a n c i e s tha t would be p r e s e n t i n each u n i t
c e l l f o r the r e q u i r e d d e n s i t y

12 n2=n1-X;.......... // no . o f v a c a c i e s per u n i t c e l l
13 V=n2/a0 ^3;......... //The number o f v a c a n c i e s per cm

ˆ3
14 disp(rho2 ,”The expec t ed t h e o r e t i c a l d e n s i t y o f i r o n

BCC ”)
15 disp(X,”Number o f i r o n atoms tha t would be p r e s e n t

i n each u n i t c e l l f o r the r e q u i r e d d e n s i t y : ”)
16 disp(V,”The number o f v a c a n c i e s per cmˆ3 : ”)

Scilab code Exa 4.3 sites for carbon in iron
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1 // page 90
2 clc;funcprot (0);//EXAMPLE 4 . 3
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 a01 =0.2866;............ //The L a t t i c e parameter o f

BCC i n nm
5 a02 =0.3571;............ //The L a t t i c e parameter o f

FCC i n nm
6 r=0.071;............ // Radius o f carbon atom i n nm
7 ni1 =12;.......... //No . o f i n t e r s t i t i a l s i t e s per

u n i t c e l l f o r BCC
8 ni2 =4;........... //No . o f i n t e r s t i t i a l s i t e s per

u n i t c e l l f o r FCC
9 //CALCULATIONS
10 Rb=(sqrt (3)*a01)/4;....... // Radius o f i r o n atom i n

nm
11 Ri1=sqrt (0.3125* a01^2)-Rb ;....... // I n t e r s t i t i a l

Radius o f i r o n atom i n nm
12 Rf=(sqrt (2)*a02)/4;......... // the r a d i u s o f the i r o n

atom i n nm
13 Ri2=(a02 -(2*Rf))/2;................ // the r a d i u s o f

the i n t e r s t i t i a l s i t e i n nm
14 %C1=(ni1/(ni1 +2))*100;........... //The atomic

p e r c e n t a g e o f carbon c o n t a i n e d i n the BCC i r o n
i n p e r c e n t

15 %C2=(ni2/(ni2 +4))*100;........... //The atomic
p e r c e n t a g e o f carbon c o n t a i n e d i n the FCC i r o n
i n p e r c e n t

16 disp(Rb,” Radius o f i r o n atom i n nm”)
17 disp(Ri1 ,” I n t e r s t i t i a l Radius o f i r o n atom i n nm: ”)
18 disp(Rf,” the r a d i u s o f the i r o n atom i n nm: ”)
19 disp(Ri2 ,” the r a d i u s o f the i n t e r s t i t i a l s i t e i n nm:

”)
20 disp(%C1 ,”The atomic p e r c e n t a g e o f carbon c o n t a i n e d

i n BCC i r o n i n p e r c e n t : ”)
21 disp(%C2 ,”The atomic p e r c e n t a g e o f carbon c o n t a i n e d

i n FCC i r o n i n p e r c e n t : ”)
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Scilab code Exa 4.4 Dislocations in ciramic

1 // page 96
2 clc;funcprot (0);//EXAMPLE 4 . 4
3 // I n i t i a l i s a t i o n o f V a r i a b l e
4 a0 =0.396;......... // L a t t i c e parameter o f magnesium

o x i d e
5 h=1;.............. // Because b i s a [ 1 1 0 ] d i r e c t i o n
6 k=1;.............. // Because b i s a [ 1 1 0 ] d i r e c t i o n
7 l=0;............ // Because b i s a [ 1 1 0 ] d i r e c t i o n
8 //CALCULATIONS
9 b=a0/sqrt (2) ;.......... //The l e n g t h o f Burge r s

v e c t o r i n nm
10 disp(b,”The l e n g t h o f Burge r s v e c t o r i n nm: ”)

Scilab code Exa 4.5 Burgers vector calculations

1 // page 97
2 clc;funcprot (0);//EXAMPLE 4 . 5
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 a01 =0.36151;...... //The l a t t i c e parameter o f copper

i n nm
5 //CALCULATIONS
6 F=sqrt (2)*a01 ;........ // Face Diagona l o f c o p p e r i n nm
7 b=(1/2) *(F);.......... //The l e n g t h o f the Burge r s

ve c to r , o r the r e p e a t d i s t a n c e i n nm
8 disp(F,” Face Diagona l o f c o p p e r i n nm: ”)
9 disp(b,”The l e n g t h o f the Burge r s v e c t o r i n nm: ”)
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Scilab code Exa 4.6 Slip planes

1 // page 98
2 clc;funcprot (0);//EXAMPLE 4 . 6
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 n=2;........ //No . o f Atoms p r e s e n t per c e l l i n BCC
5 a0 =2.866*10^ -8;..... //The l a t t i c e parameter o f BCC

i r o n i n cm
6 rho1 =0.994*10^15;....... // Planar d e n s i t y o f ( 1 1 2 )BCC

i n atoms /cmˆ2
7 //CALCULATIONS
8 a=sqrt (2)*a0 ^2;......... // Area o f BCC i r o n i n cmˆ2
9 rho2=n/a;........ // Planar d e n s i t y o f ( 1 1 0 )BCC i n

atoms /cmˆ2
10 d1=a0*10^ -9/( sqrt (1^2+1^2+0));...... //The

i n t e r p l a n a r s p a c i n g s f o r ( 1 1 0 )BCC i n cm
11 d2=a0*10^ -9/( sqrt (1^2+1^2+2^2));...... //The

i n t e r p l a n a r s p a c i n g s f o r ( 1 1 2 )BCC i n cm
12 disp(rho2 ,” Planar d e n s i t y o f ( 1 1 0 )BCC i n atoms /cm ˆ 2 :

”)
13 disp(d1,”The i n t e r p l a n a r s p a c i n g s f o r ( 1 1 0 )BCC i n cm

: ”)
14 disp(d2,”The i n t e r p l a n a r s p a c i n g s f o r ( 1 1 2 )BCC i n cm

: ”)

Scilab code Exa 4.9 ASTN grain size number

1 // page 105
2 clc;funcprot (0);//EXAMPLE 4 . 1 0
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 g=16;....... // No . o f g r a i n s per squa r e i n ch i n a

photomicrograph
5 M=250;.......... // M a g n i f i c a t i o n i n a photomicrograph
6 N=(M/g)*100;........ //The number o f g r a i n s per

squa r e i n ch
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7 n=(log10 (100)/log10 (2))+1;........ // the ASTM g r a i n
s i z e number

8 disp(n,” the ASTM g r a i n s i z e number : ”)
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Chapter 5

Atoms and Ion movents in
materials

Scilab code Exa 5.2 Activation energy

1 clc;funcprot (0);//EXAMPLE 5 . 2
2 // page 119
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 R1 =5*10^8;......... //The r a t e o f moement o f

i n t e r s t i t i a l atoms i n jumps / s 500 d e g r e e c e l s i u s
5 R2 =8*10^10;......... //The r a t e o f moement o f

i n t e r s t i t i a l atoms i n jumps / s 800 d e g r e e c e l s i u s
6 T1 =500;.......... // Temperature at f i r s t jump i n

Degree c e l s i u s
7 T2 =800;.......... // Temperature at second jump i n

Degree c e l s i u s
8 R=1.987;.......... // Gas c o n s t a n t i n c a l /mol−K
9 //CALCULATIONS
10 Q=log(R2/R1)/(exp (1/(R*(T1+273)))-exp (1/(R*(T2+273))

));..... // A c t i v a t i o n Energy f o r I n t e r s t i t i a l
Atoms i n c a l /mol

11 disp(Q,” A c t i v a t i o n Energy f o r I n t e r s t i t i a l Atoms i n
c a l /mol : ”)

12 // answer i n book i s wrong
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Scilab code Exa 5.3 doping

1 clc;funcprot (0);//EXAMPLE 5 . 3
2 // page 124
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 X=0.1;....... // Th i ckne s s o f S I l i c o n Wafer i n cm
5 n=8;....... //No . o f atoms i n s i l i c o n per c e l l
6 ni =1;.......... //No o f phosphorous atoms p r e s e n t f o r

eve ry 10ˆ7 S i atoms
7 ns =400;....... //No o f phosphorous atoms p r e s e n t f o r

eve ry 10ˆ7 S i atoms
8 ci1=(ni /10^7) *100;.......... // I n i t i a l c o m p o s i t i o n s

i n atomic p e r c e n t
9 cs1=(ns /10^7) *100;........... // S u r f a c e c o m p o s i t i o n s

i n atomic p e r c e n t
10 G1=(ci1 -cs1)/X;..... // c o n c e n t r a t i o n g r a d i e n t i n

p e r c e n t /cm
11 a0 =1.6*10^ -22;........ //The l a t t i c e parameter o f

s i l i c o n
12 v=(10^7/n)*a0 ;...... // volume o f the u n i t c e l l i n cm

ˆ3
13 ci2=ni/v;.......... //The c o m p o s i t i o n s i n atoms /cmˆ3
14 cs2=ns/v;.......... //The c o m p o s i t i o n s i n atoms /cmˆ3
15 G2=(ci2 -cs2)/X;..... // c o n c e n t r a t i o n g r a d i e n t i n

p e r c e n t /cm ˆ 3 . cm
16 disp(G1,” c o n c e n t r a t i o n g r a d i e n t i n p e r c e n t /cm : ”)
17 disp(G2,” c o n c e n t r a t i o n g r a d i e n t i n p e r c e n t /cm ˆ 3 . cm : ”

)

Scilab code Exa 5.4 design of iron membrane

22



1 clc;funcprot (0);//EXAMPLE 5 . 4
2 // page 129
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 N=1;.......... //N0 . o f atoms on one s i d e o f i r o n bar
5 H=1;.......... //No . o f atoms ono the r s i d e o f i r o n

bar
6 d=3;....... // Diameter o f an impermeable c y l i n d e r i n

cm
7 l=10;..... // Length o f an impermeable c y l i n d e r i n cm
8 A1 =50*10^18*N;.......... // No . o f g a s e o u s Atoms per

cmˆ3 on one s i d e
9 A2 =50*10^18*H;.......... //No . o f g a s e o u s Atom per cm

ˆ3 on one s i d e
10 B1 =1*10^18*N;........... //No . o f g a s e o u s atoms per

cmˆ3 on anothe r s i d e
11 B2 =1*10^18*H;.......... //No . o f g a s e o u s atoms per cm

ˆ3 on anothe r s i d e
12 t=973;........... //The d i u s i o n c o e f f i c i e n t o f

n i t r o g e n i n BCC i r o n at 700 d e g r e e c e l s i u s i n K
13 Q=18300;......... //The a c t i v a t i o n ene rgy f o r

d i u s i o n o f Ceramic
14 Do =0.0047;....... //The pre−e x p o n e n t i a l term o f

c e ramic
15 R=1.987;......... // Gas c o n s t a n t i n c a l /mol .K
16 //CALCULATIONS
17 T=A1*(%pi/4)*d^2*l;.... //The t o t a l number o f

n i t r o g e n atoms i n the c o n t a i n e r i n N atoms
18 LN =0.01*T/3600;...... //The maximum number o f atoms

to be l o s t per second i n N atoms per Second
19 JN=LN/(( %pi /4)*d^2) ;......... //The Flux o f c e ramic

i n Natoms per cm ˆ 2 . s e c .
20 Dn=Do*exp(-Q/(R*t));........ //The d i u s i o n

c o e f f i c i e n t o f Ceramic i n cmˆ2/ Sec
21 deltaX=Dn*(A1-B1)/JN ;......... //minimum t h i c k n e s s o f

the membrane i n cm
22 LH =0.90*T/3600;........ // Hydrogen atom l o s s per s e c .
23 JH=LH/(( %pi /4)*d^2) ;......... //The Flux o f c e ramic

i n Hatoms per cm ˆ 2 . s e c .
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24 Dh=Do*exp(-Q/(R*t));........ //The d i u s i o n
c o e f i c i e n t o f Ceramic i n cmˆ2/ Sec

25 deltaX2 =((1.86*10^ -4) *(A2-B2))/JH ;....... //Minimum
t h i c k n e s s o f the membrane i n cm

26 disp(deltaX ,”Minimum t h i c k n e s s o f the membrane o f
Natoms i n cm”)

27 disp(deltaX2 ,”Minimum t h i c k n e s s o f the membrane o f
Hatoms i n cm”)

Scilab code Exa 5.5 diffusion couple

1 clc;funcprot (0);//EXAMPLE 5 . 6
2 // I n i t i a l i s a t i o n o f V a r i a b l e s
3 n=2;.......... // no o f atoms / c e l l i n BCC Tungsten
4 a0 =3.165;.......... //The l a t t i c e parameter o f BCC

t u n g s t e n i n Angstromes
5 W=n/(a0*10^ -8) ^3;......... //The number o f t u n g s t e n

atoms per cmˆ3
6 Cth =0.01*W;...... //The number o f thor ium atoms per

cmˆ3
7 Cg=-Cth /0.01;....... //The c o n c e n t r a t i o n g r a d i e n t o f

Tungsten i n atoms /cm ˆ 3 . cm
8 Q=120000;......... //The a c t i v a t i o n ene rgy f o r

d i f f u s i o n o f Tungsten
9 Q2 =90000;......... //The a c t i v a t i o n ene rgy f o r

d i f f u s i o n o f Tungsten
10 Q3 =66400;......... //The a c t i v a t i o n ene rgy f o r

d i f f u s i o n o f Tungsten
11 Do =1.0;....... //The pre−e x p o n e n t i a l term o f Tungsten
12 Do2 =0.74;....... //The pre−e x p o n e n t i a l term o f

Tungsten
13 Do3 =0.47;....... //The pre−e x p o n e n t i a l term o f

Tungsten
14 R=1.987;......... // Gas c o n s t a n t i n c a l /mol .K
15 t=2273;.......... //The d i f f u s i o n c o e f f i c i e n t o f
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n i t r o g e n i n BCC i r o n at 2000 d e g r e e c e l s i u s i n K
16 //CALCULATIONS
17 D1=Do*exp(-Q/(R*t));........ //The d i f f u s i o n

c o e f i c i e n t o f Tungsten i n cmˆ2/ Sec
18 J1=-D1*Cg ;............ // Volume D i f f u s i o n i n Th atoms

/cm ˆ 2 . s e c .
19 D2=Do2*exp(-Q2/(R*t));........ //The d i f f u s i o n

c o e f i c i e n t o f Tungsten i n cmˆ2/ Sec
20 J2=-D2*Cg ;............ // Grain boundary D i f f u s i o n i n

Th atoms /cm ˆ 2 . s e c .
21 D3 =0.47* exp ( -66400/(1.987*2273));........ //The

d i f f u s i o n c o e f i c i e n t o f Tungsten i n cmˆ2/ Sec
22 J3=-D3*Cg ;............ // S u r f a e D i f f u s i o n i n Th atoms

/cm ˆ 2 . s e c .
23

24 disp(W,”The number o f t u n g s t e n atoms per cm ˆ 3 : ”)
25 disp(Cth ,”The number o f thor ium atoms per cm ˆ 3 : ”)
26 disp(Cg,”The c o n c e n t r a t i o n g r a d i e n t o f Tungsten i n

atoms /cm ˆ 3 . cm : ”)
27 disp(D1,”The d i f f u s i o n c o e f i c i e n t o f Tungsten i n cm

ˆ2/ Sec : ”)
28 disp(J1,”Volume D i f f u s i o n i n Th atoms /cm ˆ 2 . s e c . : ”)
29 disp(D2,”The d i f f u s i o n c o e f i c i e n t o f Tungsten i n cm

ˆ2/ Sec : ”)
30 disp(J2,” Grain boundry D i f f u s i o n i n Th atoms /cm ˆ 2 .

s e c . : ”)
31 disp(D3*10^7,”The S u r f a c e d i f f u s i o n c o e f i c i e n t o f

Tungsten i n cmˆ2/ Sec : ”)
32 disp(J3,” S u r f a c e D i f f u s i o n i n Th atoms /cm ˆ 2 . s e c . : ”)

Scilab code Exa 5.6 carburizing treatment

1 // Example 5 . 6
2 // page 155
3 clc
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4 T=[1173 1273 1373 1473]

5 // i n K
6

7 // f o r l oop t
8

9 for i=1:1:4

10 t(i)=0.0861/ exp ( -16558/T(i))

11 end

12 disp(t,”The combinat i on temp i n second i s ”)

Scilab code Exa 5.7 Economical heat treatment

1 // Example 5 . 6
2 // page 155
3 clc

4 T=[1173 1273 1373 1473]

5 // i n K
6

7

8 // f o r l oop t
9

10 for i=1:1:4

11 t(i)=0.0861/ exp ( -16558/T(i))

12 end

13 disp(t,”The combinat i on temp i n second i s ”)

Scilab code Exa 5.8 Tensile testing

1 clc;funcprot (0);//EXAMPLE 5 . 8
2 // I n i t i a l i s a t i o n o f V a r i a b l e s
3 H=10;....... // Requ i red t ime to s u c c e s s f u l l y

c a r b u r i z e a batch o f 500 s t e e l g e a r s
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4 t1 =1173;...... // Temperature at c a r b u r i z i n g a batch
o f 500 s t e e l g e a r s i n K

5 t2 =1273;....... // Temperature at c a r b u r i z i n g a batch
o f 500 s t e e l g e a r s i n K

6 Q=32900;......... //The a c t i v a t i o n ene rgy f o r
d i f f u s i o n o f BCC s t e e l

7 R=1.987;......... // Gas c o n s t a n t i n c a l /mol .K
8 c1 =1000;...... // c o s t per hour to o p e r a t e the

c a r b u r i z i n g f u r n a c e at 900 d e g r e e c e n t i g r a d e s
9 c2 =1500;...... // Cost per hour to o p e r a t e the

c a r b u r i z i n g f u r n a c e at 1000 d e g r e e c e n t i g r a d e
10 H2=(exp(-Q /(R*t1))*H*3600)/exp(-Q /(R*t2));.......

// Time r e q u r i e d to s u c c e s s f u l l y c a r b u r i z e a
batch o f 500 s t e e l g e a r s at 1000 d e g r e e
c e n t i g r a d e

11 Cp1=c1*H/500;....... //The c o s t per Part o f s t e e l
r od s at 900 d e g r e e c e n t i g r a d e

12 Cv=(c2 *3.299) /500;....... //The c o s t per Part o f
s t e e l r od s at 1000 d e g r e e c e n t i g r a d e

13 disp(H2/3600,”Time r e q u r i e d to s u c c e s s f u l l y
c a r b u r i z e a batch o f 500 s t e e l g e a r s at 1000
d e g r e e c e n t i g r a d e : ”)

14 disp(Cp1 ,”The c o s t o f c a r b u r i z i n g per Part o f s t e e l
r od s at 900 d e g r e e c e n t i g r a d e ”)

15 disp(Cv,”The c o s t o f c a r b u r i z i n g per Part o f s t e e l
r od s at 1000 d e g r e e c e n t i g r a d e ”)
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Chapter 6

Mechanical properties

Scilab code Exa 6.1 Tensile testing

1 // page 152
2 clc

3 F=1000 // i n l b
4 Ao=(%pi/4) *(0.505) ^2 // i n ˆ2
5 rho=F/Ao

6 delta_I =0.001 // i n
7 I_o=2 // i n
8 e=delta_I/I_o

9 disp(rho ,”The v a l u e i n p s i i s=”)
10 disp(e,”The v a l u e o f e p s e l o n ”)

Scilab code Exa 6.2 suspension rod

1 clc;funcprot (0);//EXAMPLE 6 . 2
2 // page 152
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 F=45000;....... // Force a p p l i e d on an aluminum rod i n

l b
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5 e=25000;....... // the maximum a l l o w a b l e s t r e s s on the
rod i n p s i

6 l2 =150;....... // the minimum l e n g t h o f the rod i n i n
7 e1 =0.0025;...... //The s t r a i n a p p i l e d on rod
8 sigma =16670;......... // S t r e s s a p p l i e d on rod i n p s i
9 L=0.25;........ //The maximum a l l o w a b l e e l a s t i c

d e f o r m a t i o n i n i n
10 //CALCULATIONS
11 Ao1=F/e;........ //The r e q u i r e d c r o s s s e c t i o n a l a r ea

o f the rod
12 d=sqrt((Ao1 *4)/%pi);...... // Diameter o f rod i n i n
13 l1=e1*L;........... //The maximum l e n g t h o f the rod

i n i n
14 e2=L/e1 ;........... //The minimum s t r a i n a l l o w e d on

rod
15 Ao2=F/sigma ;........ //The minimum c r o s s −s e c t i o n a l

a r ea i n i n ˆ2
16 disp(Ao1 ,”The r e q u i r e d c r o s s s e c t i o n a l a r ea o f the

rod i n i n ˆ 2 : ”)
17 disp(d,” Diameter o f rod i n i n : ”)
18 disp(l1,”The maximum l e n g t h o f the rod i n i n : ”)
19 disp(e2,”The minimum s t r a i n a l l o w e d on rod : ”)
20 disp(Ao2 ,”The minimum c r o s s −s e c t i o n a l a r ea i n i n ˆ 2 : ”

)

Scilab code Exa 6.3 Elasticity and strain

1 clc;funcprot (0);//EXAMPLE 6 . 3
2 // I n i t i a l i s a t i o n o f V a r i a b l e s
3 sigma1 =35000;....... // S t r e s s a p p l i e d o f aluminum

a l l o y i n p s i from t a b l e 6−1
4 e1 =0.0035;........ // S t r a i n a p p l i e d o f aluminum a l l o y

from t a b l e 6−1
5 sigma2 =30000;....... // S t r e s s a p p l i e d o f aluminum

a l l o y i n p s i
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6 Lo =50;......... // i n i t i a l l e n g t h o f aluminum a l l o y
7 //CALCULATIONS
8 E=sigma1/e1 ;........ // Modulus o f e l a s t i c i t y o f

aluminum a l l o y
9 e2=sigma2/E;....... // S t r a i n a p p l i e d o f aluminum

a l l o y
10 L=Lo+(e2*Lo);...... //The l e n g t h a f t e r d e f o r m a t i o n o f

bar i n i n
11 disp(E,” Modulus o f e l a s t i c i t y o f aluminum a l l o y

from t a b l e 6−1: ”)
12 disp(L,”The l e n g t h a f t e r d e f o r m a t i o n o f bar i n i n ”)
13 disp(e2,” S t r a i n a p p l i e d o f aluminum a l l o y : ”)

Scilab code Exa 6.4 Final length

1 clc;funcprot (0);//EXAMPLE 6 . 4
2 // I n i t i a l i s a t i o n o f V a r i a b l e s
3 Lf =2.195;........ // F i n a l l e n g t h a f t e r f a i l u r e
4 d1 =0.505;....... // Diameter o f al luminum a l l o y i n i n
5 d2 =0.398;...... // F i n a l d i amete r o f al luminum a l l o y

i n i n
6 Lo =2;.......... // I n i t i a l l e n g t h o f al luminum a l l o y
7 //CALCULATIONS
8 A0=(%pi/4)*d1 ^2;........ // Area o f o r i g i n a l o f

al luminum a l l o y
9 Af=(%pi/4)*d2 ^2;........ // Area o f f i n a l o f al luminum

a l l o y
10 %E=((Lf-Lo)/Lo)*100;..... // Pe r c en tage o f E l o n g a t i o n
11 %R=((A0-Af)/A0)*100;...... // Pe r c en tage o f Reduct ion

i n a r ea
12 disp(%E,” Pe r c en tage o f E l o n g a t i o n : ”)
13 disp(%R,” Pe r c en tage o f Reduct ion i n a r ea : ”)
14 printf(”The f i n a l l e n g t h i s l e s s than 2 . 2 0 5 i n

because , a f t e r f r a c t u r e , the e l a s t i c s t r a i n i s
r e c o v e r e d . ”)
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Scilab code Exa 6.5 Stress and strain

1 clc;funcprot (0);//EXAMPLE 6 . 5
2 // I n i t i a l i s a t i o n o f V a r i a b l e s
3 F=8000;....... // Load a p p l i e d f o r the aluminum a l l o y

i n l b
4 F2 =7600;...... // Load a p p l i e d f o r the aluminum a l l o y

i n l b at f r a c t u r e
5 dt1 =0.505;....... // d iamete r o f f o r the aluminum

a l l o y i n i n
6 dt2 =0.497;....... //The d iamete r at maximum load
7 Lt =2.120;.......... // F i n a l l e n g t h at maxium load
8 Lot =2;............. // I n i t i a l l e n g t h o f al luminum

a l l o y
9 Ff =7600;......... // Load a p p l i e d f o r the aluminum

a l l o y a f t e r f r a c t u r e i n l b
10 df =0.398;....... //The d iamete r at maximum load a f t e r

f r a c t u r e
11 Lf =0.205;....... // F i n a l l e n g t h at f r a c t u r e
12 //CALCULATIONS
13 Es=F/((%pi /4)*dt1^2) ;..... // E n g i n e e r i n g s t r e s s i n

ps iAt the t e n s i l e or maximum load
14 Ts=F/((%pi /4)*dt2^2) ;..... // True s t r e s s i n p s i At

the t e n s i l e o r maximum load
15 Ee=(Lt-Lot)/Lot ;........ // E n g i n e e r i n g s t r a i n At the

t e n s i l e or maximum load
16 Te=log(Lt/Lot);........ // True s t r a i n At the t e n s i l e

or maximum load
17 Es2=F2/((%pi /4)*dt1^2) ;...... // E n g i n e e r i n g s t r e s s At

f r a c t u r e :
18 Ts2=F2/((%pi /4)*df^2) ;...... // True s t r e s s At

f r a c t u r e :
19 Ee2=Lf/Lot ;.......... // E n g i n e e r i n g s t r a i n At

f r a c t u r e :
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20 Te2=log(((%pi /4)*dt1^2) /(( %pi/4)*df^2));....... //
True s t r a i n At f r a c t u r e :

21 disp(Es,” E n g i n e e r i n g s t r e s s i n ps iAt the t e n s i l e o r
maximum load ”)

22 disp(Ts,” True s t r e s s i n p s i At the t e n s i l e or
maximum load ”)

23 disp(Ee,” E n g i n e e r i n g s t r a i n At the t e n s i l e o r
maximum load ”)

24 disp(Te,” True s t r a i n At the t e n s i l e o r maximum load ”
)

25 disp(Es2 ,” E n g i n e e r i n g s t r e s s At f r a c t u r e : ”)
26 disp(Ts2 ,” True s t r e s s At f r a c t u r e ”)
27 disp(Ee2 ,” E n g i n e e r i n g s t r a i n At f r a c t u r e : ”)
28 disp(Te2 ,” True s t r a i n At f r a c t u r e : ”)

Scilab code Exa 6.6 Deflection

1 clc;funcprot (0);//EXAMPLE 6 . 6
2 // I n i t i a l i s a t i o n o f V a r i a b l e s
3 Fs =45000;....... //The f l e x u r a l s t r e n g t h o f a

compos i t e m a t e r i a l i n p s i
4 Fm =18*10^6;........ //The f l e x u r a l modulus o f

compos i t e m a t e r i a l i n p s i
5 w=0.5;....... // wide o f sample i n i n
6 h=0.375;...... // He ight o f sample i n i n
7 l=5;.......... // Length o f sample i n i n
8 //CALCULATIONS
9 F=Fs*2*w*h^2/(3*l);...... //The f o r c e r e q u i r e d to

f r a c t u r e the m a t e r i a l i n l b
10 delta=(l^3)*F/(Fm*4*w*h^3) ;....... //The d e f l e c t i o n

o f the sample at f r a c t u r e
11 disp(F,”The f o r c e r e q u i r e d to f r a c t u r e the m a t e r i a l

i n l b : ”)
12 disp(delta ,”The d e f l e c t i o n o f the sample at

f r a c t u r e i n i n ”)
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Chapter 7

Fracture mechanics fatigue and
creep behaviour

Scilab code Exa 7.1 Design of a nondestructive test

1 clc;funcprot (0);//EXAMPLE 7 . 1
2 // page 181
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 f=1.12;....... // Geometry f a c t o r f o r the spec imen and

f l a w
5 sigma =45000;..... // Appl i ed s t r e s s on S t e e l i n p s i
6 K=80000;......... //The s t r e s s i n t e n s i t y f a c t o r
7 //CALCULATIONS
8 a=(K/(f*sigma))^2/%pi ;........ // Depth o f c rank i n i n
9 disp(a,” Depth o f c rank tha t w i l l p ropaga t e i n the

s t e e l i n i n : ”)

Scilab code Exa 7.2 properties of siAion ceramics

1 clc;funcprot (0);//EXAMPLE 7 . 2
2 // page 183
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3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 T=60000;........ // T e n s i l e s t r e n g t h Of S i a l o n (

acronym f o r s i l i c o n aluminum o x y n i t r i d e ) i n p s i
5 sigma =500;..... //The s t r e s s at which the pa r t

u n e x p e c t e d l y f a i l s i n p s i
6 a=0.01;......... // Depth o f t h i n c r a c k i n i n
7 //CALCULATIONS
8 r=a/(T/(2* sigma))^2;..... //The r a d i u s o f the c r a c k

t i p i n i n
9 disp(r*2.54*10^8 , ”The r a d i u s o f the c r a c k t i p i n

Angstroms ”)

Scilab code Exa 7.3 Design of ceramic support

1 clc;funcprot (0);//EXAMPLE 7 . 3
2 // page 184
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 F=40000;.......... // Maximum T e n s i l e l o ad i n l b
5 K=9000;........ // F r a c t u r e t oughne s s o f Ceramic
6 w=3;......... // p l a t e made o f S i a l o n width
7 //CALCULATIONS
8 A=F*sqrt(%pi)/K;...... // Area o f c e ramic
9 T=A/w;........ // Th i ckne s s o f Ceramic

10 disp(T,” THickness o f c e ramic : ”)

Scilab code Exa 7.8 Strength of ceramic

1 clc;funcprot (0);//EXAMPLE 7 . 8
2 // page 193
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 m=9;......... // Weibu l l modulus o f an ce ramic
5 sigma1 =250;....... //The f l e x u r a l s t r e n g t h i n MPa
6 F1 =0.4;....... // p r o b a b i l i t y o f f a i l u r e
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7 F2 =0.1;....... // Expected the p r o b a b i l i t y o f f a i l u r e
8 //CALCULATIONS
9 sigma2=exp(log(sigma1) -(log(log(1/(1-F1)))/m ))

;..... // The c h a r a c t e r i s t i c s t r e n g t h o f the
c e ramic

10 sigma3=exp((log(log(1/(1-F2)))/m)+log(sigma2))

;........ // Expected l e v e l o f s t r e s s tha t can be
suppor t ed i n MPa

11 disp(sigma2 ,”The c h a r a c t e r i s t i c s t r e n g t h o f the
c e ramic i n MPa: ”)

12 disp(sigma3 ,” Expected l e v e l o f s t r e s s tha t can be
suppor t ed i n MPa: ”)

Scilab code Exa 7.9 parameter determination

1 // page 195
2 clc;funcprot (0);//EXAMPLE 7 . 9
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 Ln1 =0.5

5 Ln2=-2.0

6

7 sigma1 =52;........ // the maximum a l l o w e d s t r e s s l e v e l
on ce ramic at one p o i n t i n MP.

8 sigma2 =23.5;....... // the maximum a l l o w e d s t r e s s
l e v e l on ce ramic at ano the r p o i n t i n MP.

9 //CALCULATIONS
10 m=(Ln1 -Ln2)/(log(sigma1)-log(sigma2));....... //

Weibu l l modulus o f c e ramic
11 disp(m,” Weibu l l modulus o f c e ramic : ”)

Scilab code Exa 7.11 Design of rotating shaft

1 clc;funcprot (0);//EXAMPLE 7 . 1 1

36



2 // page 199
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 N=5.256*10^5;...... //No . o f c y c l e s tha t the s h a f t

w i l l e x p e r i e n c e i n one yea r
5 F=12500;......... // a p p l i e d l oad on s h a f t i n l b
6 L=96;........... // Length o f K l i i n produced from t o o l

s t e e l i n i n .
7 sigma1 =72000;........... // the a p p l i e d s t r e s s on

S h a f t
8 f=2;............ // Facto r o f s a f t e y o f s h a f t
9 sigma2=sigma1/f;...... // the maximum a l l o w e d s t r e s s

l e v e l
10 //CALCULATIONS
11 d1=(16*F*L/( sigma1*%pi))^(1/3) ;.......... //The

Diameter o f S h a f t i n i n .
12 d2=(16*F*L/( sigma2*%pi))^(1/3) ;....... //The minimum

diamete r r e q u i r e d to p r even t f a i l u r e
13 disp(d1,”The Diameter o f S h a f t i n i n . : ”)
14 disp(d2,”The minimum diamete r r e q u i r e d to p r even t

f a i l u r e i n i n . : ”)
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Chapter 8

Strain hardening and annealing

Scilab code Exa 8.1 Cold working a copper plate

1 clc;funcprot (0);//EXAMPLE 8 . 1
2 // page 221
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 t0 =1;....... // Th i ckne s s o f Copper p l a t e i n cm
5 tf =0.50;..... // Cold r e d u c e t i o n o f coopper i n cm i n

s t e p 1
6 tf2 =0.16;..... // Furthe r Cold r e d u c t i o n o f coope r i n

cm i n s t e p 2
7 //CALCULATIONS
8 %CW1 =((t0-tf)/t0)*100;...... //Amount o f Cold work

ac comp l i sh ed i n s t e p 1
9 %CW2 =((tf-tf2)/tf)*100;..... //Amount o f Cold work

ac comp l i sh ed i n s t e p 2
10 %CW =((t0 -tf2)/t0)*100;....... // Actua l Tota l Cold

work i n p e r c e n t
11 disp(%CW1 ,”Amount o f Cold work ac comp l i sh ed i n s t e p 1

: ”)
12 disp(%CW2 ,”Amount o f Cold work ac comp l i sh ed i n s t e p 2

: ”)
13 disp(%CW ,” Actua l Tota l Cold work i n p e r c e n t : ”)
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Scilab code Exa 8.2 Cold working process

1 clc;funcprot (0);//EXAMPLE 8 . 2
2 // page 222
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 tf =0.1;....... // Th i ckne s s o f coope r to produce i n cm
5 %CW1 =40;....... // c o l d work to produce a t e n s i l e

s t r e n g t h o f 65 ,000 p s i
6 %CW2 =45;....... // c o l d work to produce a t e n s i l e

s t r e n g t h o f 60 ,000 p s i
7 //CALCULATIONS
8 Tmax=(tf/(1-( %CW1 /100)));......... //Maximum

t h i c k n e s s p r o d u c e d i n s t e p 1 i n cm
9 Tmin=(tf/(1-( %CW2 /100)));......... //Minimum

t h i c k n e s s p r o d u c e d i n s t e p 2 i n cm
10 disp(Tmax ,”Maximum t h i c k n e s s p r o d u c e d i n cm : ”)
11 disp(Tmin ,”Minimum t h i c k n e s s p r o d u c e d i n cm : ”)

Scilab code Exa 8.5 Wire drawing process

1 //EXAMPLE 8 . 5
2 // page 228
3 clc;

4 // I n i t i a l i s a t i o n o f V a r i a b l e s
5 D0 =0.40;........ // L e t s assume tha t the s t a r t i n g

d i amete r o f the copper w i r e i n i n .
6 Df =0.20;........ // Diameter o f the copper w i r e to be

produced i n i n .
7 sigma1 =22000;.......... // Y e i d l s t r e n g t h at 0% c o l d

work
8 //CALCULATIONS
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9 CW=((D0^2-Df^2)/D0^2) *100;......... //The f i a n a l Cold
Work i n p e r c e n t

10 F=sigma1 *(%pi/4)*D0 ^2;........ //The draw f o r c e
r e q u i r e d to deform the i n i t i a l w i r e i n l b

11 sigma2=F/((%pi /4)*Df^2) ;..... // The s t r e s s a c t i n g on
the w i r e a f t e r p a s s i n g through the d i e i n p s i

12 disp(CW,”The f i a n a l Cold Work i n p e r c e n t : ”)
13 disp(F,”The draw f o r c e r e q u i r e d to deform the

i n i t i a l w i r e i n l b : ”)
14 disp(sigma2 ,”The s t r e s s a c t i n g on the w i r e a f t e r

p a s s i n g through the d i e i n p s i : ”)

Scilab code Exa 8.6 Process to produce copper strip

1 clc;funcprot (0);//EXAMPLE 8 . 6
2 // page 235
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 t0 =5;....... // Assming we a r e a b l e to purchas e on ly

5−cm t h i c k s t o c k
5 t02 =1;...... // Th i ckne s s o f s t r i p i n cm
6 tf =0.182;...... // F i n a l t h i c k n e s s o f s t r i p i n cm
7 %CW2 =80;....... // c o l d work o f a s t r i p i n p e r c e n t
8 M=1085;....... // The m e l t i n g p o i n t o f copper i n

d e g r e e c e l s i u s
9 //CALCULATIONS

10 %CW =((t0 -tf)/t0)*100;....... // Cold work between from
5 to 0 . 1 8 2 cm i n p e r c e n t

11 tf2=(1-( %CW2 /100))*t0 ;..... // F i n a l Th i ckne s s o f
s t r i p i n cm

12 Tr =0.4*(M+273) ;... // R e c r y s t a l l i z a t i o n t empera tu r e
By u s i n g 0 . 4Tm r e l a t i o n s h i p i n d e g r e e c e l s i u s

13 %CW3 =((t02 -tf)/t02)*100;..... // Cold work o f the
s t r i p o f 1 cm t h i c k n e s s

14 disp(%CW ,” Cold work between from 5 to 0 . 1 8 2 cm i n
p e r c e n t : ”)
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15 disp(tf2 ,” 1 . F i n a l Th i ckne s s o f s t r i p i n cm”)
16 disp(Tr -273,” 2 . R e c r y s t a l l i z a t i o n t empera tu r e By

u s i n g 0 . 4Tm r e l a t i o n s h i p i n d e g r e e c e l s i u s : ”)
17 disp(%CW3 ,” 3 . Cold work o f the s t r i p o f 1 cm

t h i c k n e s s : ”)

Scilab code Exa 8.7 Process to produce copper strip

1 clc;funcprot (0);//EXAMPLE 8 . 7
2 // page 237
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 t0 =5;......... //We ar e a b l e to purcha se s t r i p o f 5cm

t h i c k n e s s i n cm
5 tf =0.182;..... // Th i ckne s s to be produced i n cm
6 tf2 =0.167;....... // Th i ckne s s to p r o c e d u r e i n cm
7 //CALCULATIONS
8 %HW =((t0 -tf)/t0)*100;..... // Hot work f o r a s t r i p

from 5cm to 0 . 1 8 2 cm i n p e r c e n t
9 %HW2 =((t0-tf2)/t0)*100;...... // Hot work f o r a s t r i p

from 5cm to 0 . 1 6 7 cm i n p e r c e n t
10 disp(%HW ,”Hot work f o r a s t r i p from 5cm to 0 . 1 8 2 cm

i n p e r c e n t : ”)
11 disp(%HW2 ,”Hot work f o r a s t r i p from 5cm to 0 . 1 6 7 cm

i n p e r c e n t ”)
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Chapter 9

Principles and applications of
solidification

Scilab code Exa 9.1 Critical radius

1 clc;funcprot (0);//EXAMPLE 9 . 1
2 // page 250
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 deltaT =236;....... // Typ i ca l U n de r c o o l i n g f o r

HomogeneousNucleat ion from the t a b l e 9−1 f o r
coope r

5 Tm =1358;....... // F r e e z i n g Temperature from the t a b l e
9−1 f o r coope r i n d e g r e e c e l s i u s

6 deltaH =1628;....... // Latent Heat o f Fus ion from the
t a b l e 9−1 f o r coope r i n J/cmˆ3

7 sigma1 =177*10^ -7;..... // S o l i d −L iqu id I n t e r f a c i a l
Energyfrom the t a b l e 9−1 f o r coope r i n J/cmˆ2

8 a0 =3.615*10^ -8;...... //The l a t t i c e parameter f o r FCC
copper i n cm

9 //CALCULATIONS
10 r=(2* sigma1*Tm)/( deltaH*deltaT);...... // C r i t i c a l

Radius o f copper i n cm
11 V=a0 ^3;.... // Volume o f FCC u n i t c e l l o f copper i n cm

ˆ3
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12 V2 =(4/3)*%pi*r^3;.... // C r i t i c a l volume o f FCC copper
13 N=V2/V;...... //The number o f u n i t c e l l s i n the

c r i t i c a l n u c l e u s
14 Nc=4* round(N);...... // S i n c e t h e r e a r e f o u r atoms i n

each u n i t c e l l o f FCC meta l s
15 disp(r*10^8,” C r i t i c a l Radius o f copper i n cm : ”)
16 disp(V,”Volume o f FCC u n i t c e l l o f copper i n cm ˆ 3 : ”)
17 disp(V2,” C r i t i c a l volume o f FCC copper : ”)
18 disp(round(N),”The number o f u n i t c e l l s i n the

c r i t i c a l n u c l e u s : ”)
19 disp(Nc,” S i n c e t h e r e a r e f o u r atoms i n each u n i t

c e l l o f FCC meta l s : ”)

Scilab code Exa 9.2 Casting for improved strength

1 clc;funcprot (0);//EXAMPLE 9 . 2
2 // page 255
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 d=18; // Diameter o f the c a s t i n g i n i n
5 x=2; // Th i ckne s s o f the c a s t i n g i n i n
6 B=22 // Mold c o n s t a n t o f c a s t i n g
7 V=(%pi/4)*d^2; // Volume o f the c a s t i n g i n i n ˆ3
8 A=2*( %pi/4)*d^2+%pi*d*x;//The s u r f a c e a r ea o f the

c a s t i n g i n c o n t a c t with the mold
9 x=(0.708*A)/V

10 disp(x,”The t h i c k n e s s i n i n c h e s=”)
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Chapter 10

Solid solutions and phase
equilibrium

Scilab code Exa 10.6 Gibbs rule

1 clc;funcprot (0) //EXAMPLE 1 0 . 6
2 // page 293
3 //INITIALISATION OF VARIABLES
4 c1 =2;.......... //NO. o f independent Chemical

components at 1300 c e l s i u s
5 p1 =1;........ //No . o f phase s at 1300 c e l s i u s
6 c2 =2;........ //NO. o f independent Chemical components

at 1250 c e l s i u s
7 p2 =2;......... //No . o f phase s at 1250 c e l s i u s
8 c3 =2;......... //NO. o f independent Chemical

components at 1200 c e l s i u s
9 p3 =1;....... //No . o f phase s at 1200 c e l s i u s
10 //CALCULATIONS
11 f1=1+c1-p1 ;........... // Degree s o f f reedom o f both

Copper and N I c k e l a t 1300 c e l s i u s
12 f2=1+c2-p2 ;........... // Degree s o f f reedom o f both

Copper and N I c k e l a t 1250 c e l s i u s
13 f3=1+c3-p3 ;.......... // Degree s o f f reedom o f both

Copper and N I c k e l a t 1200 c e l s i u s
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14 disp(f1,” Degree s o f f reedom o f both Copper and
N I c k e l at 1300 c e l s i u s ”)

15 disp(f2,” Degree s o f f reedom o f both Copper and
N I c k e l at 1250 c e l s i u s ”)

16 disp(f3,” Degree s o f f reedom o f both Copper and
N I c k e l at 1200 c e l s i u s ”)

Scilab code Exa 10.8 Application of lever rule

1 clc;funcprot (0);//EXAMPLE 1 0 . 8
2 // page 295
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 %Nia =40;...... //no , o f grams o f n i c k e l i n a l l o y at

a l l a t empera tu r e
5 %NiL =32;...... // Mass o f N i c k e l p r e s e n t i n L iqu id
6 %Nialpha =45;...... // Mass o f N I c k e l p r e s e n t i n a lpha
7 //CALCULATIONS
8 x=(%Nia -%NiL)/(%Nialpha -%NiL);..... // Mass f r a c t i o n

o f a l l o y i n p e r c e n t
9 disp(x,”Mass f r a c t i o n o f a l l o y i n p e r c e n t : ”)
10 printf(”By c o n v e r t i n g 62 p e r c e n t a lpha and 38 p e r c e n t

L iqu id a r e p r e s e n t . : ”)

Scilab code Exa 10.9 Alloy

1 clc;funcprot (0);//EXAMPLE 1 0 . 9
2 // page 296
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 %NiL =37;...... // p e r c e n t a g e o f NI the L iqu id

c o n t a i n s at 1270 d e g r e e c e l s i u s
5 %NiS =50;........ // p e r c e n t a g e o f NI the S o l i d

c o n t a i n s at 1270 d e g r e e c e l s i u s
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6 %NiL2 =32;........ // p e r c e n t a g e o f NI the
L i q u i d c o n t a i n s at 1250 d e g r e e c e l s i u s

7 %NiS2 =45;........ // p e r c e n t a g e o f NI the S o l i d
c o n t a i n s at 1250 d e g r e e c e l s i u s

8 %NiS3 =40;........ // p e r c e n t a g e o f NI the S o l i d
c o n t a i n s at 1200 d e g r e e c e l s i u s

9 %NiL3 =40;....... // p e r c e n t a g e o f NI the L iqu id
c o n t a i n s at 1300 d e g r e e c e l s i u s

10 //CALCULATIONS
11 %L=((%NiS -%NiL3)/(%NiS -%NiL))*100;...... // Pe r c en tage

o f L iqu id at 1270 d e g r e e c e l s i u s
12 %S=((%NiS3 -%NiL)/(%NiS -%NiL))*100;....... //

Pe r c en tage o f S o l i d qt 1270 d e g r e e c e l s i u s
13 %L2 =((%NiS2 -%NiL3)/(%NiS2 -%NiL2))*100;.... //

Pe r c en tage o f L iqu id at 1250 d e g r e e c e l s i u s
14 %S2 =((%NiS3 -%NiL2)/(%NiS2 -%NiL2))*100;.... //

Pe r c en tage o f S o l i d qt 1250 d e g r e e c e l s i u s
15 printf(”At 1300 d e g r e e c e l s i u s on ly one phase so 100

p e r c e n t L iqu id ”)
16 disp(round(%L),” Pe r c en tage o f L iqu id at 1270 d e g r e e

c e l s i u s : ”)
17 disp(round(%S),” Pe r c en tage o f S o l i d qt 1270 d e g r e e

c e l s i u s : ”)
18 disp(round(%L2),” Pe r c en tage o f L iqu id at 1250 d e g r e e

c e l s i u s : ”)
19 disp(round(%S2),” Pe r c en tage o f S o l i d at 1250 d e g r e e

c e l s i u s : ”)
20 printf(”At 1200 d e g r e e c e l s i u s on ly one phase so 100

p e r c e n t S o l i d ”)
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Chapter 11

Dispersion strengthening and
electric phase diagrams

Scilab code Exa 11.2 Phases in lead

1 clc;funcprot (0);//EXAMPLE 1 1 . 2
2 // page 319
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 %Sn =2;...... //Amount o f Tin D i s s o l v e d i n a lpha s o l i d

s o l u t i o n
5 %Sn2 =10;..... //Amount o f Tin D i s s o l v e d i n a lpha+

bee ta s o l i d s o l u t i o n at 0 d e g r e e c e l s i u s
6 m=100;........ // Tota l mass o f the Pb−Sn a l l o y i n gm
7 Pbm =90;....... // Tota l mass o f the Pb i n Pb−Sn a l l o y

i n gm
8 //CALCULATIONS
9 B=((%Sn2 -%Sn)/(m-%Sn))*100;....... //The amount o f

be e ta Sn tha t forms i f a Pb−10% Sn a l l o y i s
c o o l e d to 0 Degree c e l s i u s

10 B2=100-B;...... //The amount o f a lpha Sn tha t forms
i f a Pb−10% Sn a l l o y i s c o o l e d to 0 Degree
c e l s i u s

11 Sn1=(%Sn /100)*(B2);...... //The mass o f Sn i n the
a lpha phase i n g
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12 Sn2=%Sn2 -Sn1 ;..... //The mass o f Sn i n bee ta phase i n
g

13 Pb1=B2 -Sn1 ;.... //The mass o f Pb i n the a lpha phase
i n g

14 Pb2=Pbm -Pb1 ;......... //The mass o f Pb i n the bee ta
phase i n g

15 disp(B,” c . Amount o f be e ta forms o f Pb−Sn i n gm : ”)
16 disp(Sn1 ,”d . The mass o f Sn i n the a lpha phase i n g : ”

)

17 disp(Sn2 ,”d . The mass o f Sn i n bee ta phase i n g : ”)
18 disp(Pb1 ,” e . The mass o f Pb i n the a lpha phase i n g : ”

)

19 disp(Pb2 ,” e . The mass o f Pb i n the bee ta phase i n g : ”
)

Scilab code Exa 11.3 alloy

1 clc;funcprot (0);//EXAMPLE 1 1 . 3
2 // page 321
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 M=200;........ // Mass o f a lpha phase o f a l l o y i n gm
5 %Sn =61.9;...... // Pe r c en tage o f the Sn i n the

e u t e c t i c a l l o y i n p e r c e n t
6 %Pb =19;....... // Pe r c en tage o f the Pb i n the a lpha

phase i n p e r c e n t
7 %Pb2 =97.5;..... // Pe r c en tage o f the Sn i n the bee ta

phase i n p e r c e n t
8 //CALCULLATIONS
9 W1=(%Pb2 -%Sn)/(%Pb2 -%Pb);..... // Weight f r a c t i o n o f

a lpha phase
10 W2=(%Sn -%Pb)/(%Pb2 -%Pb);....... // Weight f r a c t i o n o f

be e ta phase
11 Ma=M*W1 ;...... //The mass o f the a lpha phase i n 200 g

i n g
12 Mb=M-Ma ;...... //The amount o f the bee ta phase i n g
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at 182 d e g r e e c e l s i u s
13 MPb1=Ma*(1-(%Pb /100));....... // Mass o f Pb i n the

a lpha phase i n g
14 MSn1=Ma-MPb1 ;...... // Mass o f Sn i n a lpha phase
15 MPb2=Mb*(1-( %Pb2 /100));..... // Mass o f Pb i n bee ta

phase
16 MSn2 =123.8 - MSn1 ;..... // mass o f Sn i n bee ta Phase
17 disp(W1,” Weight f r a c t i o n o f a lpha phase ”)
18 disp(W2,” Weight f r a c t i o n o f bee ta phase ”)
19 disp(Ma,”The mass o f the a lpha phase i n 200 g i n g : ”)
20 disp(Mb,”The amount o f the bee ta phase i n g at 182

d e g r e e c e l s i u s : ”)
21 disp(MPb1 ,”Mass o f Pb i n the a lpha phase i n g : ”)
22 disp(MSn1 ,”Mass o f Sn i n a lpha phase ”)
23 disp(MPb2 ,”Mass o f Pb i n bee ta phase : ”)
24 disp(MSn2 ,” mass o f Sn i n bee ta Phase : ”)

Scilab code Exa 11.5 Microconstituent amount

1 clc;funcprot (0);//EXAMPLE 1 1 . 3
2 // page 325
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 %Sn =61.9;...... // Pe r c en tage o f the Sn i n the

e u t e c t i c a l l o y i n p e r c e n t
5 %Pb =19;....... // Pe r c en tage o f the Pb i n the a lpha

phase i n p e r c e n t
6 %Sn2 =30;.... // Pe r c en tage o f the Sn i n the e u t e c t i c

a l l o y i n p e r c e n t
7 //CALCULATIONS
8 %Pa=(%Sn -%Sn2)/(%Sn -%Pb);...... //The amount o f

c o m p o s i t i o n s o f pr imary a lpha i n Pb−Sn
9 %L=(%Sn2 -%Pb)/(%Sn -%Pb);...... //The amount o f

c o m p o s i t i o n o f e u t e c t i c i n Pb−Sn
10 disp(round(%Pa *100),”The amount o f c o m p o s i t i o n s o f

pr imary a lpha i n Pb−Sn : ”)

49



11 disp(round(%L*100) ,”The amount o f c o m p o s i t i o n o f
e u t e c t i c i n Pb−Sn : ”)

Scilab code Exa 11.6 Wiping solder

1 // Example 1 1 . 6
2 // page 330
3 clc

4 per_L_200 =((40 -18) /(55 -18))*100

5 Per_L_210 =((40 -17) /(50 -17))*100

6 disp(per_L_200 ,” L200 i n p e r c e n t a g e ”)
7 disp(Per_L_210 ,” L210 i n p e r c e n t a g e ”)
8 // answer v a r i a t i o n i s due to round o f f
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Chapter 12

Dispersion strengthening by
phase transformations and heat
treatment

Scilab code Exa 12.1 Activation energy

1 clc;funcprot (0);//EXAMPLE 1 2 . 1
2 // page 347
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 r1 =0.111;...... // Rate o f copper i n minˆ−1 at 135

d e g r e e c e l s i u s
5 r2 =0.004;....... // Rate o f copper i n minˆ−1 at 88

d e g r e e c e l s i u s
6 T1 =408;....... // Temperature i n K
7 T2 =361;....... // Temperature i n K
8 R=1.987;...... // Gas c o n s t a n t
9 Q=20693;....... // Change i n Rates
10 slope=(log(r1)-log(r2))/((1/T1) -(1/T2));.... // S l ope

o f the s t r a i g h t l i n e p l o t e d l n ( Growth r a t e ) as a
f u n c t i o n o f 1=T,

11 A=r1/(exp(-Q/(R*T1)));..... // Constant
12 disp(A,” Constant A=”)
13 disp(slope ,” S lpoe o f the s t r a i g h t l i n e −Q/R”)
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Scilab code Exa 12.3 Phases and composition od pearlite

1 clc;funcprot (0);//EXAMPLE 1 2 . 5
2 // page 357
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 %Fe =6.67;...... // Carbon p e r c e n t a g e i n Cement i te
5 %G =0.77;....... // Carbon p e r c e n t a g e i n p e r a l i t e i n

c o m p o s i t i o n
6 %A =0.0218;...... // Carbon p e r c e n t a g e i n F e r r i t e
7 //CALCULATIONS
8 %ferrite =((%Fe -%G)/(%Fe -%A))*100;........ //Amount o f

f e r r i t e p r e s e n t i n p e r a l i t e
9 %C=((%G-%A)/(%Fe -%A))*100;....... //Amount o f

Cement i te p r e s e n t i n p e r a l i t e
10 disp(%ferrite ,”Amount o f f e r r i t e p r e s e n t i n p e r a l i t e

: ”)
11 disp(%C,”Amount o f Cement i te p r e s e n t i n p e r a l i t e : ”)

Scilab code Exa 12.7 Phases in hypoeutectiod plain carbon steel

1 clc;funcprot (0);//EXAMPLE 1 2 . 7
2 // page 359
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 %A =0.0218;...... // Carbon p e r c e n t a g e i n pr imary

a lpha i n p e r c e n t
5 %Fe =6.67;...... // Carbon p e r c e n t a g e i n Cement i te i n

p e r c e n t
6 %G =0.77;....... // Carbon p e r c e n t a g e i n e u t e c t o i d

c o m p o s i t i o n at 727 d e g r e e c e l s i u s
7 %C =0.60;... // Carbon p e r c e n t a g e i n P e a r l i t e i n

p e r c e n t
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8 //CALCULATIONS
9 %alpha =((%Fe -%C)/(%Fe -%A))*100;....... // Compos i t ion

o f Phase F e r r i t e i n a l l o y
10 %Ce =((%C -%A)/(%Fe -%A))*100;....... // Compos i t ion o f

Cement i te i n p e r c e n t i n a l l o y
11 %PF =((%G -%C)/(%G -%A))*100;...... // Pe r c en tage o f

m i c r o c o n s t i t u e n t s Primary F e r r i t e i n a l l o y
12 %P=((%C-%A)/(%G-%A))*100;....... // Pe r c en tage o f

m i c r o c o n s t i t u e n t s P e a r l i t e i n a l l o y
13 disp(%alpha ,” Compos i t ion o f Phase F e r r i t e i n a l l o y :

”)
14 disp(%Ce ,” Compos i t ion o f Cement i te i n p e r c e n t i n

a l l o y : ”)
15 disp(%PF ,” Pe r c en tage o f m i c r o c o n s t i t u e n t s Primary

F e r r i t e i n a l l o y : ”)
16 disp(%P,” Pe r c en tage o f m i c r o c o n s t i t u e n t s P e a r l i t e i n

a l l o y : ”)

Scilab code Exa 12.8 Heat treatment

1 clc;funcprot (0);//EXAMPLE 1 2 . 8
2 // page 364
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 d=0.001;........ // Actua l d i s t e n c e between one a lpha

p l a t e to next a lpha p l a t e
5 S=14;.......... // S p a c i n g s between between one a lpha

p l a t e to next a lpha p l a t e
6 //CALCULATIONS
7 lamida=d/S;...... //The i n t e r l a m e l l a r s p a c i n g between

one a lpha p l a t e to next a lpha p l a t e i n P e a r l i t e
M i c r o s t r u c t u r e

8 disp(lamida ,”The i n t e r l a m e l l a r s p a c i n g between one
a lpha p l a t e to next a lpha p l a t e i n P e a r l i t e
M i c r o s t r u c t u r e : ”)
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Scilab code Exa 12.10 Heat treatment in dual phase steel

1 clc;funcprot (0);//EXAMPLE 1 2 . 1 0
2 // page 366
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 %M =0.60;....... // Pe r c en tage o f Carbon i n M a r t e n s i t e

at 750 d e g r e e c e l s i u s
5 %a =50;...... // Pe r c en tage o f Carbon i n A u s t e n i t e at

750 d e g r e e c e l s i u s
6 %c =0.02;...... // Pe r c en tage o f Carbon atoms i n S t e e l
7 X=(%a/100)*(%M -%c)+%c ;...... //The carbon c o n t e n t o f

S t e e l i n p e r c e n t a g e
8 disp(X,”The carbon c o n t e n t o f h y p o e u t e c t o i d S t e e l

i n p e r c e n t a g e : ”)
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Chapter 13

Heat Treatment of steels and
cast irons

Scilab code Exa 13.1 AISI number

1 clc;funcprot (0);//EXAMPLE 1 3 . 1
2 // page 380
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 %Fe =6.67;...... // Carbon p e r c e n t a g e i n Cement i te by

we ight
5 %G =0.77;....... // Carbon p e r c e n t a g e i n e u t e c t o i d

c o m p o s i t i o n i n s t e e l by we ight
6 %A =0.0218;...... // Carbon p e r c e n t a g e i n F e r r i t e
7 %Fe3C =16;.... // Pe r c en tage o f a lpha f e r r i t e i n s t e e l
8 %P =95;...... // Pe r c en tage o f P e a r l i t e i n S t e e l
9 //CALCULATIONS
10 X1=(( %Fe3C /100) *(%Fe -%A))+%A ;..... // Carbon c o n t e n t

p r e s e n t i n S t e e l
11 X2=%Fe -((%P/100)*(%Fe -%G));..... // Carbon c o n t e n t

p r e s e n t i n S t e e l
12 disp(X1,” Carbon c o n t e n t p r e s e n t i n S t e e l : ”)
13 disp(X2,” Carbon c o n t e n t p r e s e n t i n S t e e l : ”)
14 printf(”The carbon c o n t e n t i s on the o r d e r o f 1 . 0 6 5

to 1 . 0 8 6 pe r c ent , c o n s i s t e n t with a 10110 s t e e l ”)
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Scilab code Exa 13.3 Heat treating temperatures

1 // page 385
2 clc

3 primary_alpha =((0.77 -.5) /(0.77 -0.0218))*100

4 pearlite =((0.5 -0.0218) /(0.77 -0.0218))*100

5 disp(primary_alpha ,” pr imary a lpha i n p e r c e n t a g e =”)
6 disp(pearlite ,” p e a r l i t e i n p e r c e n t a g e =”)
7 // Answer d i f f e r e n c e i s due to r o u n d o f f

56



Chapter 14

Nonferrous alloys

Scilab code Exa 14.1 Strength to weight ratio

1 clc;funcprot (0);//EXAMPLE 1 4 . 1
2 // page 427
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 d1 =0.5;.......... // Diameter o f a s t e e l Cable i n i n .
5 rhoy =70000;........ // Y i e l d S t r e n g t h o f S t e e l Cable

i n p s i
6 rhoa1 =36000;........ // Y i e l d S t r e n g t h o f Aluminum i n

p s i
7 rhos =0.284;.......... // Dens i ty o f S t e e l i n l b / i n ˆ3
8 rhoa2 =0.097;......... // Dens i ty o f Aluminum i n l b / i n

ˆ3
9 //CALCULATIONS
10 F=rhoy *((%pi /4)*(d1^2));........ // Load a p p l i e d on

Aluminum i n l b
11 d2=sqrt((F/rhoa1)*(4/( %pi)));....... // Diameter o f

Aluminum i n i n .
12 Ws=(%pi/4)*(d1^2) *12* rhos ;.......... // Weight o f

S t e e l i n l b / f t
13 Wa=(%pi/4)*(d2^2) *12* rhoa2 ;.......... // Weight o f

Aluminum i n l b / f t
14 disp(F,”a . Load a p p l i e d on Aluminum i n l b : ”)
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15 disp(d2,”b . Diameter o f Aluminum i n i n . : ”)
16 disp(Ws,” c . Weight o f S t e e l i n l b / f t : ”)
17 disp(Wa,” Weight o f Aluminum i n l b / f t : ”)
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Chapter 15

Ceramic materials

Scilab code Exa 15.1 silicon carbide ceramic

1 clc;funcprot (0);//EXAMPLE 1 5 . 1
2 // page 459
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 rho =3.2;............. // S p e c i f i c Grav i ty o f SiC i n g/

cmˆ2
5 Ww =385;............. // Weight o f Ceramic when dry i n

g
6 Wd =360;............. // Weight o f Ceramic a f t e r

Soak ing i n water i n g
7 Ws =224;............. // Weight o f Ceramic Suspended i n

water i n g
8 //CALCULATIONS
9 A=((Ww-Wd)/(Ww -Ws))*100;.......... // Apparent

P o r o s i t y i n p e r c e n t
10 B=(Wd)/(Ww-Ws);.......... // Bulk Dens i ty o f Ceramic
11 T=((rho -B)/rho)*100;....... // True P o r o s i t y o f

Ceramic i n Perc ent
12 C=T-A;.............. // Closed pore p e r c e n t o f c e rami c
13 F=C/T;.............. // F r a c t i o n Closed Pores o f

Ceramic
14 disp(A,” Apparent P o r o s i t y i n p e r c e n t : ”)
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15 disp(B,” Bulk Dens i ty o f Ceramic : ”)
16 disp(T,” True P o r o s i t y o f Ceramic i n Perc en t : ”)
17 disp(F,” F r a c t i o n Closed Pores o f Ceramic : ”)

Scilab code Exa 15.2 Design of glass

1 clc;funcprot (0);//EXAMPLE 1 5 . 2
2 // page 462
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 R=2.5;.......... // Rat io o f O to S i i n SiO2
5 W1 =69.62;........ // Weight o f B2O3 i n g/ml
6 W2 =60.08;........ // Weight o f SiO2 i n g/ml
7 //CALCULATIONS
8 Fb1=(R-2) /3.5;........... // Mole F r a c t i o n o f B2O3
9 Fb2=1-Fb1 ;......... // Mole f r a c t i o n o f SiO2

10 Wp=((Fb1*W1)/((Fb1*W1)+(Fb2*W2)))*100;....... //
Weight Per c en t o f B2O3

11 disp(Fb1 ,” Mole F r a c t i o n o f B2O3 : ”)
12 disp(Wp,” Weight Perc ent o f B2O3 : ”)
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Chapter 16

Polymers

Scilab code Exa 16.2 calculation of initiator required

1 clc;funcprot (0);//EXAMPLE 1 6 . 2
2 // page 482
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 W=28;............... // Mo l e cu l a r we ight o f Ethy l ene

i n g/mol
5 W1 =200000;............ // Mo l e cu l a r we ight o f Benzoy l

Pe rox ide i n g/mol
6 W2 =1000;............ // Weight o f P o l y e t h y l e n e i n gm
7 W3 =242;............. // Mo l e cu l a r Weight o f Benzoy l

Pe rox ide i n g/mol
8 // C a l c u l a t i o n s
9 DP=W1/W;.............. // Degree o f P o l y m e r i z a t i o n

10 n=(W2 *6.02*10^23)/W;.............. //No . o f Monomers
p r e s e n t

11 M=n/DP ;...................... //NO. o f Benzoy l
Pe rox ide M o l e c u l e s to be p r e s e n t

12 Ai=(M*W3)/6.02*10^23;............ //Amount o f
I n i t i a t o r needed i n gm

13 disp(DP,” Degree o f P o l y m e r i z a t i o n : ”)
14 disp(n,”No . o f Monomers p r e s e n t : ”)
15 disp(M,”NO. o f Benzoy l Pe rox ide M o l e c u l e s to be
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p r e s e n t : ”)
16 disp(Ai,”Amount o f I n i t i a t o r needed i n gm : ”)

Scilab code Exa 16.3 polymerization

1 clc;funcprot (0);//EXAMPLE 1 6 . 3
2 // page 484
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 W1 =116;................ // Mo l e cu l a r Weight o f

Hexamethylene Diamine i n g/mol
5 W2 =146;................ // Mo l e cu l a r Weight o f Ad ip i c

Acid i n g/mol
6 W3 =18;................. // Mo l e cu l a r Weight o f Water

i n g/mol
7 W=1000;................ // Weight o f Hexamethylene

Diamine i n gm
8 // C a l c u l a t i o n s
9 N=W/W1 ;................ //No . o f Moles o f

Hexamethylene Diamine
10 X=N*W2 ;................ // Weight o f Ad ip i c Acid

r e q u i r e d
11 Y=N*W3 ;................ // Weight o f Water i n gm
12 N2=W+X-2*Y;............. //Amount o f Nylon Produced
13 disp(N2,”Amount o f Nylon Produced : ”)

Scilab code Exa 16.4 Degree of polymerization

1 clc;funcprot (0);//EXAMPLE 1 6 . 4
2 // page 486
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 W1 =116;................ // Mo l e cu l a r Weight o f

Hexamethylene Diamine i n g/mol
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5 W2 =146;................ // Mo l e cu l a r Weight o f Ad ip i c
Acid i n g/mol

6 W3 =18;................. // Mo l e cu l a r Weight o f Water
i n g/mol

7 W4 =120000;............. // Mo l e cu l a r Weight o f 6 ,6−
nylon i n g/mol

8 // a l c u l a t i o n s
9 M=W1+W2 -2*W3 ;.......... // Mo l e cu l a r Weight o f the

r e p e a t e d u n i t
10 DOP=W4/M;............... // Degree o f P o l y m e r i z a t i o n

o f 6 ,6− nylon
11 disp(DOP ,” Degree o f P o l y m e r i z a t i o n o f 6 ,6− nylon : ”)

Scilab code Exa 16.7 Impact resistant polethylene

1 clc;funcprot (0);//EXAMPLE 1 6 . 7
2 // page 499
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 M=56;......... // Mo l e cu l a r Weight o f P o l y e t h y l e n e
5 P=0.88;........ // Measured d e n s i t y o f

P o l y e t h y l e n e I n i t i a l
6 P1 =0.915;........ // Measured d e n s i t y o f P o l y e t h y l e n e

F i n a l
7 Pa =0.87;........ // Dens i ty o f Amorphous P o l y e t h y l e n e
8 // C a l u c u l a t i o n s
9 Pc=M/(7.42*4.95*(2.55*10^ -24) *6.02*10^23)

;........... // Dens i ty o f comple te C r y s t a l l i n e
polymer

10 Cp1= ((Pc/P)*((P-Pa)/(Pc -Pa)))

*100;.................. // C r y s t a l l i n i t y o f
P o l y e t h y l e n e i n i t i a l

11 Cp2= ((Pc/P1)*((P1-Pa)/(Pc-Pa)))

*100;................ // C r y s t a l l i n i t y o f
P o l y e t h y l e n e f i n a l

12 disp(Pc,” Dens i ty o f C r y s t a l l i n e polymer : ”)
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13 disp(Cp1 ,” C r y s t a l l . o f P o l y e t h y l e n e i n i t i a l : ”)
14 disp(Cp2 ,” C r y s t a l l . o f P o l y e t h y l e n e f i n a l : ”)

Scilab code Exa 16.9 Design of initial stress in polymer

1 clc;funcprot (0);//EXAMPLE 1 6 . 7
2 // page 500
3 //INITIALISATION OF VAREIABLES
4 sig1 =980;............... // I n i t i a l S t r e s s o f

POly i s op r ene i n p s i
5 sig2 =1000;............. // Fnal S t r e s s o f POly i s op r ene

i n p s i
6 sig3 =1500;............. // S t r e s s o f POly i s op r ene

a f t e r one yea r i n p s i
7 t1 =6;................ // t ime i n weeks
8 t2 =52;............. // t ime i n weeks
9 //CALCULATIONS
10 Rt=-t1/(log(sig1/sig2));..... // R e l a x a t i o n t ime i n

weeks
11 sig=sig3/(%e^(-t2/Rt));........ // I n i t i a l S t r e s s to

be p l a c e d i n p s i
12 disp(round(Rt),” R e l a x a t i o n t ime i n weeks : ”)
13 disp(round (sig),” I n i t i a l S t r e s s to be p l a c e d i n p s i

: ”)
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Chapter 17

Composites Teamwork and
synergy in materials

Scilab code Exa 17.1 TD nickel composite

1 clc;funcprot (0);//EXAMPLE 1 7 . 1
2 // page 527
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 per1 =2;............. // Percen t we ight o f ThO2
5 per2 =98;.............. // Pe r c en tage we ight o f N i c k l e
6 rho1 =9.69;........... // Dens i ty o f ThO2 i n g/cmˆ3
7 rho2 =8.9;............ // Dens i ty o f N i c k e l i n g/cmˆ3
8 r=0.5*10^ -5;........ // Radius o f ThO2 p a r t i c l e i n cm
9 // c a l c u l a t i o n s
10 f=(2/ rho1)/(( per1/rho1)+(per2/rho2));......... //

Volume f r a c t i o n o f ThO2 per cmˆ3 o f compos i t e
11 v=(4/3) *(%pi)*r^3;........... // Volume o f ech ThO2

s p h e r e i n cmˆ3
12 c=f/v;................. // C o n c e n t r a t i o n o f ThO2

p a r t i c l e s i n p a r t i c l e s /cmˆ3
13 disp(c,” C o n c e n t r a t i o n o f ThO2 i n p a r t i c l e s /cm ˆ 3 : ”)

65



Scilab code Exa 17.2 Comented carbides

1 clc;funcprot (0);//EXAMPLE 1 7 . 2
2 // page 528
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 per1 =75;.............. // Percen t Weight o f WC
5 per2 =15;.............. // Percen t Weight o f TiC
6 per3 =5;............... // Percen t Weight o f TaC
7 per4 =5;............... // Percen t Weight o f Co
8 rho1 =15.77;........... // Dens i ty o f WC i n g/cmˆ3
9 rho2 =4.94;............ // Dens i ty o f TiC i n g/cmˆ3

10 rho3 =14.5;............ // Dens i ty o f TaC i n g/cmˆ3
11 rho4 =8.90;............ // Dens i ty o f Co i n g/cmˆ3
12 // C a l c u l a t i o n s
13 f1=(per1/rho1)/(( per1/rho1)+(per2/rho2)+(per3/rho3)

+(per4/rho4));....... // Volume f r a c t i o n o f WC
14 f2=(per2/rho2)/(( per1/rho1)+(per2/rho2)+(per3/rho3)

+(per4/rho4));..... // Volume f r a c t i o n o f Tic
15 f3=(per3/rho3)/(( per1/rho1)+(per2/rho2)+(per3/rho3)

+(per4/rho4));..... // Volume f r a c t i o n o f Tac
16 f4=(per4/rho4)/(( per1/rho1)+(per2/rho2)+(per3/rho3)

+(per4/rho4));..... // Volume f r a c t i o n o f Co
17 rho=(f1*rho1)+(f2*rho2)+(f3*rho3)+(f4*rho4);........

// Dens i ty o f compos i t e i n g/cmˆ3
18 disp(rho ,” Dens i ty o f compos i t e i n g/cm ˆ 3 : ”)

Scilab code Exa 17.3 Silver tungsten composite

1 clc;funcprot (0);//EXAMPLE 1 7 . 3
2 // page 530
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 rho1 =19.3;........... // Dens i ty o f pure Tungsten i n g

/cmˆ3
5 rho2 =10.49;............ // Dens i ty o f pure S i l v e r i n g

/cmˆ3
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6 f1 =0.75;.............. // Volume f r a c t i o n o f Tungsten
7 f2 =0.25;........... // Volume f r a c t i o n o f S i l v e r and

p o r e s
8 // C a l c u l a t i o n s
9 per =((f2*rho2)/((f2*rho2)+(f1*rho1)))*100;.........

// Pe r c en tage we ight o f s i l v e r
10 disp(per ,” Pe r c en tage Weight o f S i l v e r : ”)

Scilab code Exa 17.4 Mixture

1 clc;funcprot (0);//EXAMPLE 1 7 . 4
2 // page 531
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 rho1 =0.95;........... // Dens i ty o f p o l y e t h y l e n e i n g/

cmˆ3
5 rho2 =2.4;........... // Dens i ty o f c l a y i n g/cmˆ3
6 f1 =0.65;............... // Volume f r a c t i o n o f

P o l y e t h y l e n e
7 f2 =0.35;............... // Volume f r a c t i o n o f Clay
8 f3 =1.67;............. // Volume f r a c t i o n o f

p o l y e t h y l e n e a f t e r s a c r i f i c e
9 f4 =1.06;............. // Volume f r a c t i o n o f Clay a f t e r

s a c r i f i c e
10 pa1 =650;............ // No . o f p a r t s o f p o l y e t h y l e n e

i n 1000cmˆ3 compos i t e i n cmˆ3
11 pa2 =350;............ // No . o f p a r t s o f c l a y i n 1000

cmˆ3 compos i t e i n cmˆ3
12 // C a l c u l a t i o n s
13 pa3=(pa1*rho1)/454;......... //No . o f p a r t s o f

P o l y e t h y l e n e i n 1000cmˆ3 compos i t e i n l b
14 pa4=(pa2*rho2)/454;......... //No . o f p a r t s o f c l a y

i n 1000cmˆ3 compos i t e i n l b
15 co1=pa3* 0.05;................ // Cost o f m a t e r i a l

P o l y e t h y l e n e i n D o l l a r s
16 co2=pa4* 0.05;................ // Cost o f m a t e r i a l s
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c l a y i n D o l l a r s
17 c0=co1+co2 ;................... // Cost o f m a t e r i a l s i n

D o l l a r s
18 rho3=(f1*rho1)+(f2*rho2);......... // Composite

d e n s i t y i n g/cmˆ3
19 co3=f3* 0.05;................ // Cost o f m a t e r i a l

p o l y e t h y l e n e a f t e r s a v i n g s i n D o l l a r s
20 co4=f4* 0.05;................ // Cost o f m a t e r i a l c l a y

a f t e r s a v i n g s i n D o l l a r s
21 c1=co3+co4 ;................. // Cost o f m a t e r i a l s

a f t e r s a v i n g s i n D o l l a r s
22 rho4 =(0.8* rho1)+(0.2* rho2);.............. // Dens i ty

o f compos i t e a f t e r s a v i n g i n g/cmˆ3
23 disp(rho3 ,” Composite d e n s i t y i n g/cm ˆ 3 : ”)
24 disp(rho4 ,” Composite d e n s i t y a f t e r s a v i n g i n g/cm ˆ 3 : ”

)

Scilab code Exa 17.7 Boron Alumunium composite

1 clc;funcprot (0);//EXAMPLE 1 7 . 7
2 // I n i t i a l i s a t i o n o f V a r i a b l e s
3 // page 536
4 f1 =0.4;............... // Volume f r a c t i o n o f F ib e r
5 f2 =0.6;............... // Volume f r a c t i o n o f Aluminium
6 rho1 =2.36;........... // Dens i ty o f F i b e r s i n g/cmˆ3
7 rho2 =2.70;........... // Dens i ty o f Aluminium i n g/cm

ˆ3
8 psi1 =55*10^6;.............. // Modulus o f e l a s t i c i t y

o f F ib e r i n p s i
9 psi2 =10*10^6;.............. // Modulus o f e l a s t i c i t y

o f Aluminium i n p s i
10 ts1 =400000;.............. // T e n s i l e s t r e n g t h o f f i b e r

i n p s i
11 ts2 =5000;.............. // T e n s i l e s t r e n g t h o f

Aluminium i n p s i
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12 // C a l c u l a t i o n s
13 rho=(f1*rho1)+(f2*rho2);........ // Dens i ty o f mixture

i n g/cmˆ3
14 Ec1=(f1*psi1)+(f2*psi2);........ // Modulus o f

e l a s t i c i t y o f mixture i n p s i
15 TSc=(f1*ts1)+(f2*ts2);........ // T e n s i l e S t r e n g t h o f

mixture i n p s i
16 Ec2 =1/(( f1/psi1)+(f2/psi2));........ // Modulus o f

e l a s t i c i t y p e r p e n d i c u l a r to f i b e r s i n p s i
17 disp(rho ,” Dens i ty o f mixture i n g/cm ˆ 3 : ”)
18 disp(Ec1 ,” Modulus o f e l a s t i c i t y o f mixture i n p s i : ”)
19 disp(TSc ,” T e n s i l e S t r e n g t h o f mixture i n p s i : ”)
20 disp(Ec2 ,” Modulus o f e l a s t i c i t y p e r p e n d i c u l a r to

f i b e r s i n p s i : ”)

Scilab code Exa 17.8 Nylon glass fiber

1 clc;funcprot (0);//EXAMPLE 1 7 . 8
2 // page 534
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 psi1 =10.5*10^6;.............. // Modulus o f e l a s t i c i t y

o f G la s s i n p s i
5 psi2 =0.4*10^6;.............. // Modulus o f e l a s t i c i t y

o f Nylon i n p s i
6 a1 =0.3;..................... // a r ea o f g l a s s i n cmˆ3
7 a2 =0.7;..................... // a r ea o f Nylon i n cmˆ3
8 // C a l c u l a t i o n s
9 psi=psi1/psi2 ;.............. // F r a c t i o n o f e l a s t i c i t y
10 fo=a1/(a1+(a2*(1/ psi)));.......... // F r a c t i o n o f

a p p l i e d f o r c e c a r r i e d by Gla s s f i b e r
11 disp(fo,” F r a c t i o n o f a p p l i e d f o r c e c a r r i e d by Gla s s

f i b e r : ”)
12 printf(” Almost a l l o f the l oad i s c a r r i e d by

the g l a s s f i b e r s . ”)
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Scilab code Exa 17.9 Design od composite

1 clc;funcprot (0);//EXAMPLE 1 7 . 9
2 // page 542
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 psi =10*10^6;.............. // Modulus o f e l a s t i c i t y o f

7075−T6 i n p s i
5 psi1 =55*10^6;.............. // Modulus o f e l a s t i c i t y

o f Boron f i b e r i n p s i
6 psi2 =11*10^6;.............. // Modulus o f e l a s t i c i t y

o f Typ i ca l AL−LI i n p s i
7 f1 =0.6;............... // Volume f r a c t i o n o f Boron

F ibe r
8 f2 =0.4;............... // Volume f r a c t i o n o f t y p i c a l

AL−LI
9 rho1 =0.085;........... // Dens i ty o f Boron F i b e r s i n

l b / i n ∗3
10 rho2 =0.09;........... // Dens i ty o f t y p i c a l AL−LI i n

l b / i n ˆ3
11 // C a l c u l a t i o n s
12 sm1=psi /(((2.7*(2.54) ^3))/454) ;.......... // S p e c i f i c

Modulus o f c u r r e n t a l l o y i n i n .
13 rho=(f1*rho1)+(f2*rho2);........ // Dens i ty o f

compos i t e i n l b / i n ˆ3
14 Ec=(f1*psi1)+(f2*psi2);........ // Modulus o f

e l a s t i c i t y o f mixture i n p s i
15 sm2=Ec/rho ;.......... // S p e c i f i c Modulus o f compos i t e

i n i n .
16 disp(sm1 ,” S p e c i f i c Modulus o f c u r r e n t a l l o y i n i n . : ”

)

17 disp(rho ,” Dens i ty o f compos i t e i n l b / i n ˆ 3 : ”)
18 disp(Ec,” Modulus o f e l a s t i c i t y o f mixture i n p s i : ”)
19 disp(sm2 ,” S p e c i f i c Modulus o f compos i t e i n i n . : ”)

70



Scilab code Exa 17.10 Design of composite strut

1 clc;funcprot (0);//EXAMPLE 1 7 . 1 0
2 // page 554
3 // I n i t i a l i s a t i o n o f V a r i a b l e s
4 psi =500000;............... // Modulus E l a s t i c i t y o f

Epoxyin p s i
5 f=500;..................... // Force a p p l i e d on Epoxy

i n pounds
6 q=0.10;.................... // S t r e t c h a b l e d i s t e n c e i n

i n .
7 rho =0.0451;.................. // Dens i ty o f Epoxy i n

l b / i n ˆ3
8 d=1.24;.................... // Diameter o f Epoxy i n i n
9 e=12000;.................... // Y e i l d S t rng th o f Epoxy

i n p s i
10 E2 =77*10^6;................ // Modulus o f h igh Carbon

F ibe r i n p s i
11 Fc =0.817;.................. // Volume f r a c t i o n o f

Epoxy rema in ing
12 Fc2 =0.183;.................. //Min volume Fac t i on o f

Epoxy
13 rho2 =0.0686;............... // Dens i ty o f h igh Carbon

F ibe r i n l b / i n ˆ3
14 emax=q/120;................ //MAX. S t r a i n o f Epoxy
15 E=psi*emax ;................ //Max Modulus o f

e l a s t i c i t y i n p s i
16 A=f/E;.................... // Area o f S t r u c t u r e i n i n

ˆ2
17 W=rho*%pi*((d/2)^2) *120;........... // Weight o f

S t r u c t u r e i n i b
18 c=W*0.80;.......................... // Cost o f

S t r u c t u r e i n D o l l a r s
19 Ec=e/emax ;.................. //Minimum E l a s t i c i t y o f
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compos i t e i n p s i
20 A2=f/e;.................... // Area o f Epoxy i n i n ˆ2
21 At=A2/Fc ;................ // Tota l Volume o f Epoxy
22 V=At *120;................ // Volume o f S t r u c t u r e i n i n

ˆ3
23 W2=(( rho2*Fc2)+(rho*Fc))*V;............. // Weight o f

S t r u c t u r e i n l b
24 Wf=(Fc2 *1.9) /((Fc2 *1.9) +(Fc *1.25));........... //

Weight F r a c t i o n o f Carbon
25 Wc=Wf*W2 ;..................... // Weight o f Carbon
26 We =0.746* W2 ;................. // Weight o f Epoxy
27 c2=(Wc*30)+(We *0.80) ;............. // Cost o f Each

S t r u c t .
28 disp(c2,” Cost o f Each S t r u c t . : ”)
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