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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

Elementary Materials Science
Concepts

Scilab code Exa 1.1 Bond length and bond energy

1 clc

2 // Chapter1
3 // Ex 1 . 1
4 // Given
5 A=8*10^ -77 // i n J mˆ6
6 B=1.12*10^ -133 // i n J mˆ12
7 // l ennard−Jones 6−12 p o t e n t i a l Energy (PE) curve i s E

( r )=−A∗ rˆ−6+B∗ r ˆ−12
8 // For bonding to occu r PE shou ld be minimum , hence

d i f f e r e n t i a t i n g the PE e q u a t i o n and s e t t i n g i t to
Zero at r=ro we g e t

9 ro=(2*B/A)^(1/6)

10 disp(ro,”Bond l e n g t h i n mete r s i s ”)
11 E_bond= -A*ro^-6+(B*ro^-12) // i n J
12 E_bond=abs(E_bond /(1.6*10^ -19))

13 disp(E_bond ,”Bond Energy f o r s o l i d argon i n ev i s ”)
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Scilab code Exa 1.2 rms velocity

1 clc

2 // Chapter1
3 // Ex 1 . 2
4 // Given
5 R=8.314 // i n J/mol/K
6 T=27 // i n d e g r e e c e l c i u s
7 T=T+273 // i n Ke lv in
8 M_at =14 // i n g/mol
9 //From K i n e t i c Theory
10 V_rms=sqrt ((3*R*T)/(2* M_at *10^ -3))

11 disp(V_rms ,” rms v e l o c i t y o f N i t r og en m o l e c u l e i n
atmosphere at 300K i n m/ s i s ”)

12 V_rmsx=V_rms/sqrt (3)

13 disp(V_rmsx ,” rms v e l o c i t y i n one d i r e c t i o n i n m/ s i s
”)

Scilab code Exa 1.3 heat capacity

1 clc

2 // Chapter1
3 // Ex 1 . 3
4 // Given
5 R=8.314 // i n J/mol/K
6 M_at =63.6 // i n g/mol
7 // Acc . to Dulong −P e t i t r u l e Cm=3R f o r NA atoms
8 C_gram =3*R/M_at

9 disp(C_gram ,” Heat Capac i ty o f copper per u n i t gram
i n J/g/K i s ”)

Scilab code Exa 1.4 speed of gas with non interacting electrons
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1 clc

2 // Chapter1
3 // Ex 1 . 4
4 // Given
5 k=1.38*10^ -23 // i n J/K
6 m=9.1*10^ -31 // i n Kg
7 T=300 // i n Ke lv in
8 v_av=sqrt (8*k*T/(%pi*m))

9 disp(v_av *10^-3,”Mean speed f o r a gas o f non
i n t e r a c t i n g e l e c t r o n s i n Km i s ”)

10 v=sqrt (2*k*T/(m))

11 disp(v*10^-3,”Most p r o b a b l e speed f o r a gas o f non
i n t e r a c t i n g e l e c t r o n s i n Km i s ”)

12 v_rms=sqrt (3*k*T/(m))

13 disp(v_rms *10^-3,” rms v e l o c i t y f o r a gas o f non
i n t e r a c t i n g e l e c t r o n s i n Km i s ”)

Scilab code Exa 1.5 Minimum rms radio signal

1 clc

2 // Chapter1
3 // Ex 1 . 5
4 // Given
5 L=100*10^ -6 // i n Henry
6 C=100 *10^ -12 // i n Farad
7 T=300 // i n Ke lv in
8 R=200*10^3 // i n ohms
9 k=1.38*10^ -23 // i n J/K
10 fo =1/(2* %pi*sqrt(L*C))// r e s o n a n t f r e q u e n c y
11 Q=2*%pi*fo*C*R// q u a l i t y f a c t o r
12 B=fo/Q // Bandwidth o f tuned RLC
13 // Acc . to Johnson r e s i s t o r n o i s e e q u a t i o n
14 Vrms=sqrt (4*k*T*R*B) // i n v o l t s
15 Vrms=Vrms /10^-6 // i n micro v o l t s
16 disp(Vrms ,” Minimum rms r a d i o s i g n a l tha t can be
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d e t e c t e d i n micro v o l t s i s ”)

Scilab code Exa 1.7 density of Cu

1 clc

2 // Chapter1
3 // Ex 1 . 7
4 // Given
5 n=4

6 M_at =63.55*10^ -3 //Kg/mol
7 NA =6.022*10^23 // molˆ−1
8 R=0.128 // i n nm
9 c=8 // no . o f c o r n e r s o f u n i t c e l l s
10 f=6 // no . o f f a c e s o f u n i t c e l l s
11 // a
12 N=c*(1/8)+f*(1/2)

13 disp(N,”No . o f atoms per u n i t c e l l s i s ”)
14 //b
15 // L a t t i c e parameter
16 a=R*2*2^(1/2)

17 disp(a,” L a t t i c e Parameter i n nm i s ”)
18 a=a*10^-9 // i n m
19 // c
20 //APF=(No . o f atoms i n u n i t c e l l ) ∗ ( Vol . o f atom ) /( Vol

. o f u n i t c e l l )
21 APF =4^2* %pi /(3*(2* sqrt (2))^3)

22 disp(APF ,” Atomic Packing Facto r i s ”)
23 //d
24 p=n*M_at/(a^3*NA) // d e n s i t y
25 disp(p,” d e n s i t y o f Copper i n Kg/m3 i s ”)

Scilab code Exa 1.8 miller indices
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1 clc

2 // Chapter1
3 // Ex 1 . 8
4 // Given
5 a=1/ %inf

6 b=-1/1

7 c=2/1

8 p = int32 ([1 ,1,1])

9 // 1/ %inf = 0 ; (0/1 −1/1 2/1) hence lcm i s taken
f o r [ 1 1 1 ]

10 LCM = lcm(p)

11 h=a*double(LCM)

12 k=b*double(LCM)

13 l=c*double(LCM)

14 mprintf( ’ m i l l e r i n d i c e s = %d %d %d ’ ,h,k,l)

Scilab code Exa 1.9 fractional concentration of vacancies

1 clc

2 // Chapter1
3 // Ex 1 . 9
4 // Given
5 k=1.38*10^ -23 // J/K
6 T=300 // k e l v i n
7 Ev=0.75 //eV/atom
8 Ev=Ev *1.6*10^ -19 // i n J
9 T1=660 // d e g r e e c e l c i u s
10 T1=T1+273 // i n k e l v i n
11 // at room tempera tu re
12 // l e t nv/N=nv N f o r c o n v e n i e n c e
13 nv_N=exp(-Ev/(k*T))

14 disp(nv_N ,” F r a c t i o n a l 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
the aluminium c r y s t a l a t room tempera tu r e i s ”)

15 // at m e l t i n g t empera tu re
16 // l e t nv/N=nv N f o r c o n v e n i e n c e
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17 nv_N=exp(-Ev/(k*T1))

18 disp(nv_N ,” F r a c t i o n a l 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
the aluminium c r y s t a l a t m e l t i n g t empera tu r e i s ”)

Scilab code Exa 1.10 concentration of vacancies

1 clc

2 // Chapter1
3 // Ex 1 . 1 0
4 // Given
5 NA =6.023*10^23 // molˆ−1
6 d=2.33 // d e n s i t y o f S i i n g/cm3
7 Mat =28.09 // g/mol
8 Ev=2.4 // ev /atom
9 Ev =2.4*1.6*10^ -19 // J/atom
10 k=1.38*10^ -23 // J/K
11 T=300 // k e l v i n
12 T1=1000 // d e g r e e c e l c i u s
13 T1=T1+273 // i n k e l v i n
14 N= (NA*d)/Mat

15 // at room tempera tu re
16 nv=N*exp(-(Ev/(k*T)))

17 disp(nv,” 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 a S i c r y s t a l
a t room tempera tu re i n cmˆ−3 i s ”)

18 // at 1000 d e g r e e c e l c i u s
19 nv=N*exp(-(Ev/(k*T1)))

20 disp(nv,” 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 a S i c r y s t a l
a t 1000 d e g r e e c e l c i u s i n cmˆ−3 i s ”)

Scilab code Exa 1.11 weight fractions

1 clc

2 // Chapter1
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3 // Ex 1 . 1 1
4 // Given
5 // from f i g 7 . 1
6 // at 210 d e g r e e c e l c i u s
7 disp(”At 210 d e g r e e c e l c i u s ”)
8 C_L =50 //CL=50% Sn
9 C_alpha =18 // C alpha =18% Sn
10 Co=40 // s o l i d i f i c a t i o n o f a l l o y
11 // l e v e r r u l e
12 W_alpha =(C_L -Co)/(C_L -C_alpha)

13 disp(W_alpha *100,” we ight f r a c t i o n o f a lpha i n the
a l l o y i s ”)

14 W_L=1-W_alpha

15 disp(W_L*100,” we ight f r a c t i o n o f l i q u i d phase i n the
a l l o y i s ”)

16 // at 1 8 3 . 5 d e g r e e c e l c i u s
17 disp(”At 1 8 3 . 5 d e g r e e c e l c i u s ”)
18 C_L =61.9 //CL=50% Sn
19 C_alpha =19.2 // C alpha =18% Sn
20 Co=40 // s o l i d i f i c a t i o n o f a l l o y
21 // l e v e r r u l e
22 W_alpha =(C_L -Co)/(C_L -C_alpha)

23 disp(W_alpha *100,” we ight f r a c t i o n o f a lpha i n the
a l l o y i s ”)

24 W_L=1-W_alpha

25 disp(W_L*100,” we ight f r a c t i o n o f l i q u i d phase i n the
a l l o y i s ”)

26 // at 1 8 2 . 5 d e g r e e c e l c i u s
27 disp(”At 1 8 2 . 5 d e g r e e c e l c i u s ”)
28 C_beta =97.5 //CL=50% Sn
29 C_alpha =19.2 // C alpha =18% Sn
30 Co=40 // s o l i d i f i c a t i o n o f a l l o y
31 // l e v e r r u l e
32 W_alpha =(C_beta -Co)/(C_beta -C_alpha)

33 disp(W_alpha *100,” we ight f r a c t i o n o f a lpha i n the
a l l o y i s ”)

34 W_beta=1-W_alpha

35 disp(W_beta *100,” we ight f r a c t i o n o f beta phase i n
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the a l l o y i s ”)
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Chapter 2

Electrical and thermal
conduction in solids

Scilab code Exa 2.2 drift mobility of electrons

1 clc

2 // Chapter2
3 // Ex 2 . 2
4 // Given
5 sigma =5.9*10^5 // i n ohmˆ−1∗cmˆ−1
6 e=1.6*10^ -19 // Coulombs
7 d=8.93 // g/cmˆ3
8 Mat =63.5 // g/mol
9 NA =6.02*10^23 // molˆ−1
10 n=d*NA/Mat

11 u_d=sigma /(e*n)// e l e c t r o n d r i f t m o b i l i t y
12 disp(u_d ,” D r i f t m o b i l i t y o f e l e c t r o n s i n copper at

room tempera tu r e i n cm2/V/ s i s ”)

Scilab code Exa 2.3 Applied electric field
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1 clc

2 // Chapter2
3 // Ex 2 . 3
4 // Given
5 u_d =3.2*10^ -3 // i n mˆ2/V/ s
6 u=1.2*10^6 //m/ s
7 v_dx =0.1*u

8 // d r i f t v e l o c i t y o f c onduc t i on e l e c t r o n s i s v dx=
u d ∗E

9 E=v_dx/u_d

10 disp(E,” Appl i ed e l e c t r i c f i e l d i n V/m i s ”)

Scilab code Exa 2.4 percentage change in the resistance

1 clc

2 // Chapter2
3 // Ex 2 . 4
4 // Given
5 T_summer =20 // i n d e g r e e c e l c i u s
6 T_summer=T_summer +273 // i n k e l v i n
7 T_winter =-30 // i n d e g r e e c e l c i u s
8 T_winter=T_winter +273 // i n k e l v i n
9 //we have R i s p r o p o r t i o n a l to A∗T
10 // Hence
11 R=(T_summer -T_winter)/T_summer

12 R=R*100

13 disp(R,” Pe r c en tage change i n the r e s i s t a n c e o f a
pure m e t a l w i r e from Saskatchewans summer too
w i n t e r i n % i s ”)

Scilab code Exa 2.5 drift mobility and conductivity

1 clc
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2 // Chapter2
3 // Ex 2 . 5
4 // Given
5 d=8.96*10^3 // i n Kg/m3
6 NA =6.02*10^23 // molˆ−1
7 Mat =63.56*10^ -3 //Kg/mol
8 k=1.38*10^ -23 // J/K
9 T=300 // k e l v i n
10 e=1.6*10^ -19 // i n couloumbs
11 m_e= 9.1*10^ -31 // i n Kg
12 u=1.25*10^6 //m/ s
13 f=4*10^12 // f r e q u e n c y i n sˆ−1
14 Ns=d*NA/Mat // atomic c o n c e n t r a t i o n i n mˆ−3
15 M=Mat/NA

16 w=2*%pi*f // a n g u l a r f r e q u e n c y o f the v i b r a t i o n
17 // by v i r t u e o f E q u i p a r t i t i o n o f ene rgy theorem
18 a=sqrt ((2*k*T)/(M*w^2))

19 S=%pi*a^2 // c r o s s s e c t i o n a l a r ea
20 t=1/(S*u*Ns) //mean f r e e t ime
21 u_d=e*t/m_e // d r i f t v e l o c i t y
22 u_d=u_d *10^4 // change i n u n i t s
23 Ns=Ns /10^6 // i n cmˆ−3
24 sigma=e*Ns*u_d // c o n d u c t i v i t y
25 disp(u_d ,” d r i f t v e l o c i t y o f e l e c t r o n s i n m2/V/ s i s ”)
26 disp(sigma ,” c o n d u c t i v i t y o f copper i n ohmˆ−1/cm i s ”

)

27 // s l i g h t change i n the answer i s due to the
computat ion method , o t h e r w i s e answer i s matching
with t ex tbook

Scilab code Exa 2.7 TCR and n

1 clc

2 // Chapter2
3 // Ex 2 . 7
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4 // Given
5 n=1.2

6 To=293 // i n k e l v i n
7 alpha_o=n/To

8 printf(” T h e o r e t i c a l v a l u e o f TCR at 293K i s %f which
i s i n w e l l agreement with e x p r i m e n t a l v a l u e ”,

alpha_o)

9 alpha_o =0.00393 // e x p e r i m e n t a l v a l u e
10 n=alpha_o*To

11 disp(n,” T h e o r e t i c a l v a l u e o f n at 293K i s i n w e l l
agreement with e x p r i m e n t a l v a l u e ”)

Scilab code Exa 2.9 temperature of the filament

1 clc

2 // Chapter2
3 // Ex 2 . 9
4 // Given
5 P=40 // i n Watt
6 V=120 // i n V o l t s
7 D=33*10^ -6 // i n meter
8 L=0.381 // i n meter
9 To=293 // i n k e l v i n
10 P_radiated =40 // i n watt
11 epsilon =0.35

12 sigma_s =5.6*10^ -8 // i n W/m2/K4
13 I=P/V

14 A=%pi*D^2/4

15 R=V/I // r e s i s t a n c e o f the f i l a m e n t
16 p_t=R*A/L // r e s i s t i v i t y o f t u n g s t e n
17 p_o =5.51*10^ -8 // r e s i s t i v i t y at room tempera tu re i n

ohm∗m
18 // p t=p o ∗ (T/To) ˆ 1 . 2
19 T=To*(p_t/p_o)^(1/1.2)

20 disp(T,” Temperature o f the bulb when i t i s o p e r a t e d
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at the r a t e d v o l t a g e i n Ke lv in i s ”)
21 A=L*%pi*D

22 // S t e f a n s Law
23 T=( P_radiated /( epsilon*sigma_s*A))^(1/4)

24 disp(T,” Temperature o f the f i l a m e n t i n k e l v i n i s ”)

Scilab code Exa 2.10 resistivity

1 clc

2 // Chapter2
3 // Ex 2 . 1 0
4 // Given
5 M_Au =197

6 w=0.1

7 M_Cu =63.55

8 p_exp =108 //n∗ohm∗m
9 X=M_Au*w/((1-w)*M_Cu+(w*M_Au))

10 C=450 //n∗ohm∗m
11 p_Au =22.8 // r e s i s t i v i t y i n n∗ohm∗m
12 p=p_Au+C*X*(1-X) // Nordheim r u l e
13 x=((p-p_exp)/p)*100

14 disp(p,” r e s i s t i v i t y o f the a l l o y i n n∗ohm∗m i s ”)
15 disp(x,”The d i f f e r e n c e i n the v a l u e from

e x p e r i m e n t a l v a l u e i n % i s ”)

Scilab code Exa 2.11 worst case resistivity

1 clc

2 // Chapter2
3 // Ex 2 . 1 1
4 // Given
5 u=1.58*10^6 // i n m/ s
6 N=8.5*10^28 //mˆ−3
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7 e=1.6*10^ -19 // i n coulombs
8 me =9.1*10^ -31 // i n Kg
9 N_I =0.01*N

10 l_I=N_I ^( -1/3)

11 t_I=l_I/u

12 p=me/(e^2*N*t_I)

13 disp(p,” wors t c a s e r e s i s t i v i t y i n ohm∗m”)
14 // s l i g h t change i n answer due to computa t i ona l

method

Scilab code Exa 2.13 effective resistivity

1 clc

2 // Chapter2
3 // Ex 2 . 1 3
4 // Given
5 Xd=0.15

6 p_c =1*10^ -7 //ohm∗m
7 p_eff=p_c *((1+0.5* Xd)/(1-Xd))

8 disp(p_eff ,” E f f e c t i v e r e s i s t i v i t y i n ohm m i s ”)
9 // s l i g h t change i n the answer due to p r i n t i n g the

answer

Scilab code Exa 2.14 Effective Resistivity

1 clc

2 // Chapter2
3 // Ex 2 . 1 4
4 // Given
5 Xd=0.15

6 p_c =4*10^ -8 //ohm∗m
7 p_eff=p_c ((1+0.5* Xd)/(1-Xd))

8 disp(p_eff ,” E f f e c t i v e r e s i s t i v i t y i n ohm m i s ”)
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9 // change i n the answer due to cod ing

Scilab code Exa 2.16 change in dc resistance

1 clc

2 // Chapter2
3 // Ex 2 . 1 6
4 // Given
5 // at f =10MHz
6 a=10^-3 // i n m
7 f=10*10^6 // i n Hz
8 w=2*%pi*f

9 sigma_dc =5.9*10^7 // i n mˆ−1
10 u=1.257*10^ -6 // i n Wb/A/m
11 delta =1/ sqrt (0.5*w*sigma_dc*u)

12 // l e t r=r a c / r d c=a /(2∗ d e l t a )
13 r=a/(2* delta)

14 disp(r,”Change i n dc r e s i s t a n c e o f a copper w i r e at
10MHz i s ”)

15 // pa r t ( b )
16 f=1*10^9 // i n Hz
17 w=2*%pi*f

18 delta =1/ sqrt (0.5*w*sigma_dc*u)

19 // l e t r=r a c / r d c=a /(2∗ d e l t a )
20 r=a/(2* delta)

21 disp(r,”Change i n dc r e s i s t a n c e o f a copper w i r e at
1GHz i s ”)

Scilab code Exa 2.18 drift mobility

1 clc

2 // Chapter2
3 // Ex 2 . 1 8
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4 // Given
5 sigma =5.9*10^7 //ohmˆ−1∗mˆ−2
6 RH= -0.55*10^ -10 //mˆ3/A/ s
7 u_d=-RH*sigma

8 disp(u_d ,” d r i f t m o b i l i t y o f e l e c t r o n s i n copper i n
m2/V/ s ”)

Scilab code Exa 2.19 concentration of conduction electrons

1 clc

2 // Chapter2
3 // Ex 2 . 1 9
4 // Given
5 no =8.5*10^28 // i n m3
6 e=1.6*10^ -19 // i n coulombs
7 u_d =3.2*10^ -3 //m2/V/ s
8 sigma =5.9*10^7 // i n ohmˆ−1∗mˆ−1
9 n=sigma/(e*u_d)

10 disp(n,” c o n c e n t r a t i o n o f c onduc t i on e l e c t r o n s i n
copper i n mˆ−3 i s ”)

11 A=n/no

12 disp(A,” Average number o f e l e c t r o n s c o n t r i b u t e d per
atom i s ”)

Scilab code Exa 2.20 Thermal conductivity

1 clc

2 // Chapter2
3 // Ex 2 . 2 0
4 // Given
5 sigma =1*10^7 //ohmˆ−1∗mˆ−1
6 T=300 // k e l v i n
7 C_WFL =2.44*10^ -8 //W∗ohm/K2
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8 X_d =0.15

9 K_c=sigma*T*C_WFL

10 K_eff=K_c*((1-X_d)/(1+0.5* X_d))

11 disp(K_eff ,” Thermal C o n d u c t i i t y at room tempera tu r e
i n W/m/K”)

Scilab code Exa 2.21 temperature drop

1 clc

2 // Chapter2
3 // Ex 2 . 2 1
4 // Given
5 sigma =50*10^ -9 // i n ohm
6 T=300 // k e l v i n
7 C_WFL =2.45*10^ -8 // i n W∗ohm/K2
8 L=30*10^ -3 // i n m
9 d=20*10^ -3 // i n m

10 Q=10 // i n W
11 //Wiedemann−Franz Lorenz Law
12 k=sigma ^-1*T*C_WFL // therma l c o n d u c t i v i t y
13 A=%pi*(d^2)/4

14 theta=L/(k*A) // therma l r e s i s t a n c e
15 delta_T=theta*Q

16 disp(delta_T ,” Temperature drop a c r o s s the d i s k i n
d e g r e e c e l c i u s i s ”)
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Chapter 3

Elementary Quantum Physics

Scilab code Exa 3.1 energy

1 clc

2 // Chapter3
3 // Ex 1
4 // Given
5 lambda =450*10^ -9 // i n nm
6 h=6.6*10^ -34 // i n J s
7 e=1.6*10^ -19 // i n coulombs
8 c=3*10^8 // i n m/ s
9 E_ph=h*c/lambda // i n J
10 E_ph=E_ph/e // i n eV
11 disp(E_ph ,” Energy o f b lu e photon i n eV i s ”)

Scilab code Exa 3.2 Photoelectric experiment

1 clc

2 // Chapter3
3 // Ex 2
4 // Given
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5 lambda_o =522*10^ -9 // i n nm
6 lambda =250*10^ -9 // i n nm
7 h=6.6*10^ -34 // i n J s
8 c=3*10^8 // i n m/ s
9 e=1.6*10^ -19 // i n coulombs

10 I=20*10^ -3 // i n W/cm2
11 I=20*10^ -3*10^4 // i n J/ s /m2
12 // pa r t ( a )
13 phi=h*c/( lambda_o*e) // i n eV
14 disp(phi ,”Work f u n c t i o n o f sodium i n eV i s ”)
15 KE=h*c/( lambda*e)-phi

16 disp(KE,” K i n e t i c ene rgy o f photoemi t t ed e l e c t r o n s i n
eV i s ”)

17 J=(e*I*lambda)/(h*c)

18 disp(J,” P h o t o e l e c t r i c c u r r e n t d e n s i t y i n A/m2 i s ”)

Scilab code Exa 3.4 wavelength of electron

1 clc

2 // Chapter3
3 // Ex 4
4 // Given
5 theta =15.2 // i n d e g r e e
6 d=0.234 // i n nm
7 V=100 // i n V
8 lambda =2*d*sind(theta) // Braggs c o n d i t i o n
9 disp(lambda ,” Wavelength o f e l e c t r o n i n nm i s ”)
10 lambda =1.226/ sqrt(V) // d e b r o g l i e wave l ength i n nm
11 disp(lambda ,” de B r o g l i e Wavelength o f e l e c t r o n i n nm

i s ”)
12 disp(” de B r o g l i e Wavelength i s i n e x c e l l e n t

agreement with tha t dete rmined from Braggs
c o n d i t i o n ”)
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Scilab code Exa 3.5 energy

1 clc

2 // Chapter3
3 // Ex 5
4 // Given
5 h=6.6*10^ -34 // i n J s
6 c=3*10^8 // i n m/ s
7 n=1

8 m=9.1*10^ -31 // i n Kg
9 a=0.1*10^ -9 // i n m
10 e=1.6*10^ -19 // i n coulombs
11 E1=(h^2*n^2) /(8*m*a^2)

12 E1=E1/e // i n eV
13 disp(E1,”Ground Energy o f the e l e c t r o n i n J i s ”)
14 // pa r t ( b )
15 n=3

16 E3=E1*n^2

17 disp(E3,” Energy r e q u i r e d to put the e l e c t r o n s i n
t h i r d ene rgy l e v e l i n eV i s ”)

18 E=E3 -E1

19 disp(E,” Energy r e q u i r e d to take the e l e c t r o n from E1
to E3 i n eV i s ”)

20 lambda=h*c/(E*e)

21 disp(lambda ,” wave l ength o f the r e q u i r e d photon i n nm
i s ”)

22 disp( ” which i s an X−ray photon ”)

Scilab code Exa 3.6 separation of energy levels

1 clc

2 // Chapter3
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3 // Ex 6
4 // Given
5 h=6.6*10^ -34 // i n J s
6 c=3*10^8 // i n m/ s
7 n=1

8 m=0.1 // i n Kg
9 a=1 // i n m
10 E1=(h^2*n^2) /(8*m*a^2)

11 v=sqrt (2*E1/m)

12 disp(v,”Minimum speed o f the o b j e c t i n m/ s ”)
13 // c a l c u l a t i o n o f quantum number n
14 v=1 // i n m/ s
15 E_n=m*v^2/2

16 n=sqrt ((8*m*a^2*E_n)/h^2)

17 disp(n,”Quantum number i f the o b j e c t i s moving with
a minimum speed o f 1m/ s i s ”)

18 delta_E =(h^2/(8*m*a^2))*(2*n+1) // d e l t a E=E n+1−En
19 disp(delta_E ,” S e p a r a t i o n o f ene rgy l e v e l s o f the

o b j e c t moving with speed o f 1 m/ s i n J o u l e s i s ”)

Scilab code Exa 3.8 uncertainity principle on Atomic scale

1 clc

2 // Chapter3
3 // Ex 8
4 // Given
5 h_bar =1.054*10^ -34 // i n J s
6 delta_x =0.1*10^ -9 // i n m
7 m_e =9.1*10^ -31 // i n Kg
8 delta_Px=h_bar/delta_x

9 disp(delta_Px ,” u n c e r t a i n i t y i n momemtum i n Kg m/ s i s
”)

10 delta_v=delta_Px/m_e

11 KE=delta_Px ^2/(2* m_e)

12 disp(KE,” U n c e r t a i n i t y i n K i n e t i c Energy i n J i s ”)
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Scilab code Exa 3.9 uncertainity principle with macroscopic objects

1 clc

2 // Chapter3
3 // Ex 9
4 // Given
5 h_bar =1.054*10^ -34 // i n J s
6 delta_x =1 // i n m
7 m=0.1 // i n Kg
8 delta_Px=h_bar/delta_x

9 delta_v=delta_Px/m

10 disp(delta_v ,”minimum u n c e t a i n i t y i n the v e l o c i t y i n
m/ s i s ”)

Scilab code Exa 3.10 Transmission coefficient

1 clc

2 // Chapter3
3 // Ex 10
4 // Given
5 h_bar =1.054*10^ -34 // i n J s
6 m=9.1*10^ -31 // i n Kg
7 e=1.6*10^ -19 // i n coulombs
8 Vo=10 // i n ev
9 Vo=Vo*e // i n J
10 E=7 // i n eV
11 E=E*e // i n J
12 a=5*10^ -9 // i n m
13 alpha=sqrt (2*m*(Vo-E)/h_bar ^2)

14 To=16*E*(Vo -E)/Vo^2

15 T=To*exp(-2*alpha*a)
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16 disp(T,” Transmi s s i on c o e f f i c i e n t o f condut i on
e l e c t r o n s i n copper i s ”)

17 a=1*10^ -9 // i n m
18 T=To*exp(-2*alpha*a)

19 disp(T,” Transmi s s i on c o e f f i c i e n t i f the o x i d e
b a r r i e r i s 1 nm i s ”)

20 // s l i g h t change i n the answer due to approx imat i on s
i n a lpha v a l u e

Scilab code Exa 3.11 significance of small h

1 clc

2 // Chapter3
3 // Ex 11
4 // Given
5 h_bar =1.054*10^ -34 // i n J s
6 m=100 // i n Kg
7 g=10 // i n m/ s2
8 h=10 // i n m
9 h1=15 // i n m
10 a=10 // i n m
11 E=m*g*h // t o t a l ene rgy o f c a r r i a g e
12 Vo=m*g*h1 // PE r e q u i r e d to r each the peak
13 alpha=sqrt (2*m*(Vo-E)/h_bar ^2)

14 To=16*E*(Vo -E)/Vo^2

15 T=To*exp(-2*alpha*a)

16 disp(T, ” Transmi s s i on p r o b a b i l i t y i s ”)
17 // c l c u l a t i o n u s i n g h bar =10 KJs
18 h_bar =10*10^3 // Js
19 alpha=sqrt (2*m*(Vo-E)/h_bar ^2)

20 D=Vo ^2/(4*E*(Vo -E))

21 T=(1+( sinh(alpha*a))^2)^-1

22 disp(T,” t r a n s m i s s i o n p r o b a b i l i t y i n a u n i v e r s e where
h bar i s 10KJs i s ”)
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Scilab code Exa 3.12 number of states with same energy

1 clc

2 // Chapter3
3 // Ex 12
4 // Given
5 x=9

6 for n1=1:x

7 for n2=1:x

8 for n3=1:x

9 y=n1^2+n2^2+n3^2 // l e t y=Nˆ2=n1ˆ2+n2ˆ2+n3 ˆ2
10 if (y==41)

11

12 mprintf( ’%d\t%d\t%d\n ’ ,n1 ,n2 ,n3 )

13

14 end;

15 end

16 end

17 end

18 disp(”Thus t h e r e a r e n in e p o s s i b l e s t a t e s ”)

Scilab code Exa 3.13 wavelengths of radiation

1 clc

2 // Chapter3
3 // Ex 13
4 // Given
5 h=6.6*10^ -34 // i n J s
6 c=3*10^8 // i n m/ s
7 m=9.1*10^ -31 // i n Kg
8 e=1.6*10^ -19 // i n coulombs
9 v=2.1*10^6 // i n m/ s
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10 E=m*v^2/2 // i n J
11 E=E/e // i n eV
12 E1= -13.6 // i n eV
13 // change i n the ene rgy i s E=En−E1
14 n=sqrt ( -13.6/(E+E1))

15 printf(” the e l e c t r o n g e t s e x c i t e d to %d l e v e l ”,n)
16 n=3

17 E3= -13.6/n^2

18 delta_E31=E3 -E1 // i n eV
19 delta_E31=delta_E31*e // i n J
20 lambda_31=h*c/delta_E31

21 disp(lambda_31 *10^9 ,” wave l ength o f emmited r a d i a t i o n
from n=3 to n=1 i n nm i s ”)

22 // Another p r o b a b i l i t y i s t r a n s i t i o n fromm n=3 to n=2
23 n=2

24 E2= -13.6/n^2

25 delta_E32=E3 -E2 // i n eV
26 delta_E32=delta_E32*e // i n J
27 lambda_32=h*c/delta_E32

28 disp(lambda_32 *10^9 ,” wave l ength o f emmited r a d i a t i o n
from n=3 to n=2 i n nm i s ”)

29 // Another p r o b a b i l i t y i s t r a n s i t i o n fromm n=2 to n=1
30 E2= -13.6/n^2

31 delta_E21=E2 -E1 // i n eV
32 delta_E21=delta_E21*e // i n J
33 lambda_21=h*c/delta_E21

34 disp(lambda_21 *10^9 ,” wave l ength o f emmited r a d i a t i o n
from n=2 to n=1 i n nm i s ”)

Scilab code Exa 3.14 Ionization energy

1 clc

2 // Chapter3
3 // Ex 14
4 // Given
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5 Z=2

6 n=1

7 E1=-Z^2*13.6/n^2

8 E1=abs(E1)

9 disp(E1,” Energy r e q u i r e d to i o n i z e He+ f u r t h e r i n eV
i s ”)

Scilab code Exa 3.15 Fraunhofer lines

1 clc

2 // Chapter3
3 // Ex 15
4 // Given
5 Z=1

6 n1=2

7 n2=3

8 R_inf =1.0974*10^7 // i n mˆ−1
9 // Let x=1/lambda
10 x=R_inf*Z^2*((1/ n1^2) -(1/n2^2))

11 lambda =1/x

12 disp(lambda *10^10 , ” Wavelength o f f i r s t s p e c t r a l
l i n e i n Angstroms i s ”)

13 n1=2

14 n2=4

15 x=R_inf*Z^2*((1/ n1^2) -(1/n2^2))

16 lambda =1/x

17 disp(lambda *10^10 , ” Wavelength o f s econd s p e c t r a l
l i n e i n Angstroms i s ”)

18 disp(” These s p e c t r a l l i n e s c o r r e s p o n d to H alpha and
H beta l i n e s o f Hydrogen ”)

Scilab code Exa 3.16 Giant atoms in space
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1 clc

2 // Chapter3
3 // Ex 16
4 // Given
5 h=6.6*10^ -34 // i n J s
6 e=1.6*10^ -19 // i n coulombs
7 E1=13.6 // i n eV
8 E1=E1*e // i n J
9 Z=1

10 n1=109

11 n2=110

12 ao =52.918*10^ -12 // i n m
13 v=Z^2*E1 *((1/n1^2) -(1/n2^2))/h

14 disp(v*10^-6,” Frequency o f r a d i a t i o n i n MHz i s ”)
15 disp(”The f r e q u e n c y o f r a d i a t i o n i n the t r a n s i t i o n

from n1=109 to n2=110 i s same as tha t o f the
d e t e c t e d f r e q u e n c y . Hence , the r a d i a t i o n comes
from e x c i t e d hydrogen atoms i n the g i v e
t r a n s i t i o n ”)

16 x=2*n2^2*ao

17 disp(x*10^6,”The s i e o f the atom i n micro meter i s ”)
18 // s l i g h t d i f f e r e n c e i n the answer i s due to

approx imat i on s

Scilab code Exa 3.20 efficiency of HeNe laser

1 clc

2 // Chapter3
3 // Ex 20
4 // Given
5 P_out =2.5*10^ -3 // i n Watt
6 I=5*10^ -3 // i n Amp
7 V=2000 // i n v o l t s
8 P_in=V*I

9 E=(P_out/P_in)*100
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10 disp(E,” E f f i c i e n c y o f the l a s e r i n % i s ”)

Scilab code Exa 3.21 Doppler Broadened Linewidth

1 clc

2 // Chapter3
3 // Ex 21
4 // Given
5 lambda_o =632.8*10^ -9 // i n m
6 c=3*10^8 // i n m/ s
7 T=127 // i n d e g r e e c e l c i u s
8 T=T+273 // i n Ke lv in
9 m_A =20.2*10^ -3 // i n Kg/mol
10 NA =6.023*10^23 // molˆ−1
11 k=1.38*10^ -23 // i n J/K
12 m=m_A/NA // i n Kg
13 vx=sqrt(k*T/m)

14 vo=c/lambda_o

15 delta_v =2*vo*vx/c

16 disp(delta_v *10^-9,” d e l t a v i n GHz i s ”)
17 delta_lambda=delta_v*(-lambda_o/vo)

18 disp(abs(delta_lambda),” d e l t a l a m b d a i n mete r s i s ”)

34



Chapter 4

Bonding the Band Theory of
Solids and Statistics

Scilab code Exa 4.5 Fermi speed

1 clc

2 // Chapter4
3 // Ex 5
4 // Given
5 E_FO=7 // i n eV
6 e=1.6*10^ -19 // i n coulombs
7 E_FO=E_FO*e // i n J o u l e s
8 me =9.1*10^ -31 // i n Kg
9 v_f=sqrt (2* E_FO/me)

10 disp(v_f ,” Speed o f the co nduc t i on e l e c t r o n s i n m/ s
i s ”)

Scilab code Exa 4.6 Cutt Off wavelength

1 clc

2 // Chapter4
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3 // Ex 6
4 // Given
5 e=1.6*10^ -19 // i n coulombs
6 Eg=1.1 // i n eV
7 Eg=Eg*e // i n J o u l e s
8 h=6.6*10^ -34 // i n Js
9 c=3*10^8 // i n m/ s
10 lambda=h*c/Eg

11 disp(lambda *10^6 ,” Wavelength o f l i g h t tha t can be
absorbed by an S i p h o t o d e t e c t o r at Eg=1.1 eV i n
micro meter i s ”)

12 disp(” Hence the l i g h t o f wave l ength 1 . 3 1 micro meter
and 1 . 5 5 micro meter w i l l not be absorbed by S i

and thus cannot be d e t e c t e d by d e t e c t o r ”)

Scilab code Exa 4.7 Density of states in a band

1 clc

2 // Chapter4
3 // Ex 7
4 // Given
5 e=1.6*10^ -19 // i n coulombs
6 h=6.626*10^ -34 // i n Js
7 me =9.1*10^ -31 // i n Kg
8 // l e t x=k∗T
9 x=0.026 // i n eV
10 E=5 // i n ev
11 E=E*e // i n J o u l e s
12 g_E =(8* %pi*sqrt (2))*(me/h^2) ^(3/2)*sqrt(E)// i n J

ˆ−1∗mˆ−3
13 // c o n v e s i o n o f u n i t s
14 g_E=g_E *10^ -6*e // i n eVˆ−1 cmˆ−3
15 disp(g_E ,” d e n s i t y o f s t a t e s at the c e n t e r o f the

band i n cmˆ−3∗Jˆ−1 i s ”)
16 // pa r t ( b )
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17 n_E=g_E*x // i n cmˆ−3
18 disp(n_E ,” No . o f s t a t e s per u n i t volume w i t h i n kT

about the c e n t e r i n cmˆ−3 i s ”)
19 // pa r t ( c )
20 E=0.026 // i n eV
21 E=E*e // i n j o u l e s
22 g_E =(8* %pi*sqrt (2))*(me/h^2) ^(3/2)*sqrt(E)// i n J

ˆ−1∗mˆ−3
23 // c o n v e s i o n o f u n i t s
24 g_E=g_E *10^ -6*e // i n eVˆ−1 cmˆ−3
25 disp(g_E ,” d e n s i t y o f s t a t e s at at kT above the band

i n cmˆ−3∗Jˆ−1 i s ”)
26 // pa r t ( d )
27 n_E=g_E*x // i n cmˆ−3
28 disp(n_E ,” No . o f s t a t e s per u n i t volume w i t h i n kT

about the c e n t e r i n cmˆ−3 i s ”)
29 // s o l v e d u s i n g the v a l u e s taken from the s o l u t i o n o f

t ex tbook

Scilab code Exa 4.8 Total number of states in a band

1 clc

2 // Chapter4
3 // Ex 8
4 // Given
5 e=1.6*10^ -19 // i n coulombs
6 h=6.626*10^ -34 // i n Js
7 me =9.1*10^ -31 // i n Kg
8 d=10.5 // i n g/cm
9 Mat =107.9 // g/mol
10 NA =6.023*10^23 // molˆ−1
11 E_ctr=5 // i n ev
12 E_ctr=E_ctr*e // i n J o u l e s
13 S_band =2*(16* %pi*sqrt (2) /3)*(me/h^2) ^(3/2) *(E_ctr)

^(3/2) // i n s t a t e s mˆ−3
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14 // c o n v e s i o n o f u n i t s
15 S_band=S_band *10^ -6 // i n s t a t e s cmˆ−3
16 disp(S_band ,”No . o f s t a t e s i n the band i n s t a t e s cm

ˆ−3 i s ”)
17 n_Ag=d*NA/Mat

18 disp(n_Ag ,”No . o f atoms per u n i t volume i n s i l v e r i n
atoms per cm3 i s ”)

Scilab code Exa 4.9 Mean speed of conduction electrons

1 clc

2 // Chapter4
3 // Ex 9
4 // Given
5 e=1.6*10^ -19 // i n coulombs
6 h=6.626*10^ -34 // i n Js
7 me =9.1*10^ -31 // i n Kg
8 d=8.96 // i n g/cm
9 Mat =63.5 // g/ mol
10 NA =6.023*10^23 // molˆ−1
11 n=d*NA/Mat // i n cmˆ−3
12 n=n*10^6 // i n mˆ−3
13 E_FO=(h^2/(8* me))*(3*n/%pi)^(2/3) // i n J
14 E_FO=E_FO/e // i n eV
15 disp(E_FO ,” Fermi ene rgy at 0 Ke lv in i n eV i s ”)
16 E_FO=(h^2/(8* me))*(3*n/%pi)^(2/3) // i n J
17 v_e=sqrt (6* E_FO /(5*me))

18 disp(v_e ,” Average speed o f c onduc t i on e l e c t r o n s i n m
/ s i s ”)

Scilab code Exa 4.10 Mean free path of electrons in a metal

1 clc
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2 // Chapter4
3 // Ex 10
4 // Given
5 e=1.6*10^ -19 // i n coulombs
6 me =9.1*10^ -31 // i n Kg
7 u_d =43*10^ -4 // i n cm2/V/ s
8 v_e =1.22*10^6 // i n m/ s
9 T=u_d*me/e

10 l_e=v_e*T

11 disp(l_e ,”Mean f r e e path o f e l e c t r o n s i n meter s i s ”)

Scilab code Exa 4.11 Thermocouple EMF

1 clc

2 // Chapter4
3 // Ex 11
4 // Given
5 e=1.6*10^ -19 // i n coulombs
6 T=373 // i n k e l v i n
7 To=273 // i n k e l v i n
8 k=1.38*10^ -23 // i n m2 kg /k/ s2
9 // from t a b l e 4 . 3
10 E_FAO= 11.6 // i n eV
11 E_FAO=E_FAO*e // i n J
12 x_A =2.78

13 E_FBO= 7.01 // i n eV
14 E_FBO=E_FBO*e // i n J
15 x_B =-1.79

16 // Mott j o n e s Equat ion
17 V_AB=(-%pi^2*k^2/(6*e))*((x_A/E_FAO)-(x_B/E_FBO))*(T

^2-To^2)

18 disp(V_AB *10^6,”EMF i n micro v o l t s a v a i l a b l e from Al
and Cu thermocoup l e with the g i v e n r e s p e c t i v e

t e m p e r a t u r e s at the j u n c t i o n s i s ”)
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Scilab code Exa 4.13 Vacuum tubes

1 clc

2 // Chapter4
3 // Ex 13
4 // Given
5 phi =2.6 // i n eV
6 e=1.6*10^ -19 // i n coulombs
7 phi=phi*e // i n J o u l e s
8 Be =3*10^4 // s c h o t t k y c o e f f i c i e n t i n A/m2/K2
9 T=1600 // i n d e g r e e c e l c i u s
10 T=T+273 // i n Ke lv in
11 k=1.38*10^ -23 //m2 kg s−2 K−1
12 d=2*10^ -3 // i n m
13 l=4*10^ -2 // i n i n m
14 // Richardson−Dushman Equat ion
15 J=Be*T^2* exp(-phi/(k*T))

16 A=%pi*d*l

17 I=J*A

18 disp(I,” S a t u r a t i o n c u r r e n t i n Amperes i f the tube i s
o p e r a t e d at 1873 k e l v i n i s ”)

Scilab code Exa 4.14 Field Assisted Thermionic Emission

1 clc

2 // Chapter4
3 // Ex 14
4 // Given
5 phi =2.6 // i n eV
6 e=1.6*10^ -19 // i n coulombs
7 phi=phi*e // i n J o u l e s
8 x=1*10^ -3 // d i s t a n c e i n m
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9 V=4*10^3 // i n V o l t s
10 Be =3*10^4 // s c h o t t k y c o e f f i c i e n t i n A/m2/K2
11 T=1600 // i n d e g r e e c e l c i u s
12 T=T+273 // i n Ke lv in
13 k=1.38*10^ -23 //m2 kg s−2 K−1
14 d=2*10^ -3 // i n m
15 l=4*10^ -2 // i n i n m
16 A=2.5*10^ -4 // i n m2 // from example 12
17 E=V/x

18 beta_s =3.79*10^ -5 // i n eV/ s q r t (V/m)
19 phi_eff=phi -beta_s*sqrt(E)

20 Io=A*Be*T^2

21 I1=Io*exp(-phi/(k*T))

22 I2=I1*exp((phi -phi_eff)*e/(k*T)) // c o n v e r t i n g ph i
v a l u e from j o u l e s to eV

23 disp(I2,” T h e o r e t i c a l s a t u r a t i o n c u r r e n t i n Amperes
i s ”)
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Chapter 5

Semiconductors

Scilab code Exa 5.1 Intrinsic concentration and conduction of Si

1 clc

2 // Chapter5
3 // Ex 1
4 // Given
5 e=1.6*10^ -19 // i n coulombs
6 h=6.6*10^ -34 // i n J s
7 m=9.1*10^ -31 // i n Kg
8 me =1.08*m

9 mh =0.56*m

10 T=300 // i n Ke lv in
11 Eg=1.10 // i n eV
12 ue=1350 // i n cm2/V/ s
13 uh=450 // i n cm2/V/ s
14 k=1.38*10^ -23 //m2 kg s−2 K−1
15 Nc =2*((2* %pi*me*k*T)/h^2) ^(3/2) // i n mˆ−3
16 Nc=Nc*10^-6 // i n cmˆ−3
17 Nv =2*((2* %pi*mh*k*T)/h^2) ^(3/2) // i n mˆ−3
18 Nv=Nv*10^-6 // i n cmˆ−3
19 ni=sqrt(Nc*Nv)*exp(-Eg*e/(2*k*T))

20 disp(ni,” I n t r i n s i c c o n c e n t r a t i o n o f S i i n cmˆ−3 i s ”)
21 sigma=e*ni*(ue+uh)
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22 p=1/ sigma

23 disp(p,” I n t r i n s i c r e s i s t i v i t y o f S i i n ohm cm i s ”)

Scilab code Exa 5.2 Mean speed of electrons in conduction band

1 clc

2 // Chapter5
3 // Ex 2
4 // Given
5 T=300 // i n k e l v i n
6 k=1.38*10^ -23 // i n m2 kg s−2 K−1
7 me =9.1*10^ -31 // i n Kg
8 m=0.26* me

9 Ve=sqrt (3*k*T/m)

10 disp(Ve,”Mean speed o f e l e c t r o n s i n conduc t i on band
i n m/ s i s ”)

Scilab code Exa 5.3 Resistivity of intrinsic and doped Si

1 clc

2 // Chapter5
3 // Ex 3
4 // Given
5 e=1.6*10^ -19 // i n coulombs
6 ue=1350 // i n cm2/V/ s
7 uh=450 // i n cm2/V/ s
8 ni =1.45*10^10 // i n cmˆ−3
9 L=1 // i n cm
10 A=1 // i n cm2
11 N_Si =5*10^22 // i n cmˆ−3
12 sigma=e*ni*(ue+uh)

13 R=L/( sigma*A)
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14 disp(R,” R e s i s t a n c e o f a pure S i l i c o n c r y s t a l i n ohms
i s ”)

15 Nd=N_Si /10^9

16 n=Nd // at room tempera tu re
17 p=ni^2/Nd

18 sigma=e*n*ue

19 R=L/( sigma*A)

20 disp(R,” R e s i s t a n c e i n ohms o f S i l i c o n c r y s t a l when
dopped with A r s e n i c with 1 i n 10ˆ9 i s ”)

Scilab code Exa 5.4 compensation doping

1 clc

2 // Chapter5
3 // Ex 4
4 // Given
5 Na =10^17 // a c c e p t o r atoms /cm3
6 Nd =10^16 // donor atoms /cm3
7 p=Na -Nd // i n cmˆ−3
8 ni =1.45*10^10 // i n cmˆ−3
9 n=ni^2/p

10 disp(n,” E l e c t r o n c o n c e n t r a t i o n i n cmˆ−3”)

Scilab code Exa 5.5 fermi level

1 clc

2 // Chapter5
3 // Ex 5
4 // Given
5 Na =2*10^17 // a c c e p t o r atoms /cm3
6 Nd =10^16 // a c c e p t o r atoms /cm3
7 ni =1.45*10^10 // i n cmˆ−3
8 K=0.0259 // i n eV
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9 // s i n c e Nd>>n i
10 n=Nd

11 // l e t EFn−EFi=E
12 E=K*log(Nd/ni)

13 disp(E,” P o s i t i o n o f the f e r m i ene rgy w. r . t f e r m i
ene rgy i n i n t r i n s i c S i i n eV i s ”)

14 // f o r i n t r i n s i c S i
15 // n i=Nc∗ exp (−(Ec−E Fi ) /( k∗T) )
16 // f o r doped S i
17 //Nd=Nc∗ exp (−(Ec−E Fn ) /( k∗T) )
18 // l e t x=Nd/ n i
19 // l e t K=k∗T
20 p=Na -Nd

21 // l e t E=EFp−EFi
22 // l e t n=p/ n i
23 E=-K*log(p/ni)

24 disp(E,” P o s i t i o n o f the f e r m i ene rgy w. r . t f e r m i
ene rgy i n n−type c a s e i n eV i s ”)

Scilab code Exa 5.7 Saturation and Intrinsic temperatures

1 clc

2 // Chapter5
3 // Ex 7
4 // Given
5 Nd =10^15 // i n cmˆ−3
6 Nc =2.8*10^19 // i n cmˆ−3
7 Ti=556 // i n Ke lv in
8 k=8.62*10^ -5 // i n eV/K
9 delta_E =0.045 // i n eV
10 T=300 // i n k e l v i n
11 // pa r t ( a )
12 disp(”From f i g 5 . 1 6 the e s t i m a t e d t empera tu r e above

which the s i sample behaves as i f i n t r i n s i c i s
556 Ke lv in ”)
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13 // pa r t ( b )
14 Ts=delta_E /(k*log(Nc/(2*Nd)))

15 Nc_Ts=Nc*(Ts/T)^(3/2)

16 disp(Ts,” Lowest t empera tu r e i n k e l v i n i s ”)
17 // the improved tempera tu r e
18 Ts=delta_E /(k*log(Nc_Ts /(2*Nd)))

19 printf(” E x t r i n s i c range o f S i i s %f K to 556 K”,Ts)

Scilab code Exa 5.9 Compensation Doped Si

1 clc

2 // Chapter5
3 // Ex 9
4 // Given
5 e=1.6*10^ -19 // i n coulombs
6 Nd =10^17 // i n cmˆ−3
7 Na =9*10^16 // i n cmˆ−3
8 // pa r t ( a )
9 ue1 =800 // at 300 k e l v i n ue i n cm2/V/ s
10 sigma1=e*Nd*ue1

11 ue2 =420 // at 400 k e l v i n ue i n cm2/V/ s
12 sigma2=e*Nd*ue2

13 disp(sigma2 ,sigma1 ,”when S i sample i s doped with
10ˆ17 a r s e n i c atoms /cm3 , the c o n d u c t i v i t y o f the
sample at 300K and 400K i n ohmˆ−1∗cmˆ−1 i s ”)

14 // pa r t ( b )
15 ue1 =600 // at 300 k e l v i n ue i n cm2/V/ s
16 sigma1=e*(Nd-Na)*ue1

17 ue2 =400 // at 400 k e l v i n ue i n cm2/V/ s
18 sigma2=e*(Nd-Na)*ue2

19 disp(sigma2 ,sigma1 ,”when n−type S i i s f u r t h e r doped
with 9∗10ˆ16 boron atoms /cm3 , the c o n d u c t i v i t y
o f the sample at 300K and 400K i n ohmˆ−1∗cmˆ−1 i s
”)
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Scilab code Exa 5.11 Photoconductivity

1 clc

2 // Chapter5
3 // Ex 11
4 // Given
5 // pa r t ( a )
6 h=6.63*10^ -34 // i n Js
7 c=3*10^8 // i n m/ s
8 e=1.6*10^ -19 // i n coulombs
9 ue =0.034 // i n m2/V/ s
10 uh =0.0018 // i n m2/V/ s
11 t=1*10^ -3 // i n s e c o n d s
12 L=1*10^ -3 // i n m
13 D=0.1*10^ -3 // i n m
14 W=1*10^ -3 // i n m
15 I=1 // mW/cmˆ2
16 I=I*10^ -3*10^4 // c o n v e r s i o n o f u n i t s to W/mˆ2
17 n=1 // quantum e f f i c i e n c y
18 lambda =450*10^ -9 // i n m
19 V=50 // i n v o l t s
20 // pa r t ( a )
21 A=L*W // i n m3
22 EHP_ph =(A*n*I*lambda)/(h*c)

23 disp(EHP_ph ,”No . o f EHP/ s g e n e r a t e d per second i s ”)
24 // pa r t ( b )
25 delta_sigma=e*n*I*lambda*t*(ue+uh)/(h*c*D)

26 disp(delta_sigma ,” Photo c o n d u c t i v i t y o f the sample
i n ohmˆ−1 mˆ−1 i s ”)

27 // pa r t ( c )
28 A=0.1*10^ -6 //m2
29 E=V/W

30 delta_J=E*delta_sigma

31 delta_I=A*delta_J
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32 disp(delta_I *10^3 ,” Photocu r r en t produced i n mA i s ”)

Scilab code Exa 5.13 Diffusion coefficient of electrons in Si

1 clc

2 // Chapter5
3 // Ex 13
4 // Given
5 e=1.6*10^ -19 // i n coulombs
6 T=300 // i n k e l v i n
7 ue=1300 // i n cm2/V/ s
8 //V=k∗T/ e
9 V=0.0259 // therma l v o l t a g e i n V o l t s
10 //D=ue∗k∗T/ e
11 D=ue*V

12 disp(D,” D i f f u s i o n c o e f f i c i e n t o f e l e c t r o n s at room
tempera tu re i n cm2/ s i s ”)

Scilab code Exa 5.17 Photogeneration in GaAs

1 clc

2 // Chapter5
3 // Ex 17
4 // Given
5 Eg=1.42 // i n eV
6 // l e t E=hc / lambda=hf
7 E=1.96 // i n eV
8 P_L =50 // i n mW
9 kT =0.0259 // i n eV
10 delta_E=E-(Eg +(3/2)*kT)

11 P_H=(P_L/(E))*delta_E

12 disp(P_H ,”Amount o f power d i s s i p a t e d as heat i n mW
i s ”)
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Scilab code Exa 5.18 Schottky diode

1 clc

2 // Chapter5
3 // Ex 18
4 // Given
5 phi_m =4.28 // i n eV
6 e=1.6*10^ -19 // i n coulombs
7 X=4.01 // i n eV
8 kT =0.026 // i n eV
9 Vf=0.1 // i n V
10 T=300 // i n k e l v i n
11 Be=30 //A/K2/cm2
12 A=0.01 //cm2
13 // pa r t ( a )
14 phi_B=phi_m -X

15 disp(phi_B ,” T h e o r e t i c a l b a r r i e r h e i g h t i n eV”)
16 // pa r t ( b )
17 phi_B =0.5 // i n eV
18 Io=A*Be*T^2*exp(-phi_B/kT)

19 disp(Io*10^6,” S a t u r a t i o n c u r r e n t i n micro amperes i s
”)

20 // l e t /E=e ∗Vf // i n eV
21 E=0.1 // i n eV
22 If=Io*(exp((E/kT)) -1)

23 disp(If*10^3,” Forward c u r r e n t i n m i l l i amperes i s ”)
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Chapter 6

Semiconductor devices

Scilab code Exa 6.1 Built in potential

1 clc

2 // Chapter6
3 // Ex 1
4 // Given
5 // l e t K=kT/ e
6 K=0.0259 // i n V
7 Nd =10^17 // i n cmˆ−3
8 Na =10^16 // i n cmˆ−3
9 ni_Si =1.45*10^10 // i n cmˆ−3
10 ni_Ge =2.40*10^13 // i n cmˆ−3
11 ni_GaAs =1.79*10^6 // i n cmˆ−3
12 //Vo=(k∗T/ e ) ∗ l o g (Nd∗Na/ n i ˆ2)
13 Vo_Si=(K)*log(Nd*Na/ni_Si ^2)

14 disp(Vo_Si ,” B u i l t i n p o t e n t i a l f o r S i i n V o l t s i s ”)
15 Vo_Ge=(K)*log(Nd*Na/ni_Ge ^2)

16 disp(Vo_Ge ,” B u i l t i n p o t e n t i a l f o r Ge i n V o l t s i s ”)
17 Vo_GaAs =(K)*log(Nd*Na/ni_GaAs ^2)

18 disp(Vo_GaAs ,” B u i l t i n p o t e n t i a l f o r GaAs i n V o l t s
i s ”)
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Scilab code Exa 6.2 depletion width

1 clc

2 // Chapter6
3 // Ex 2
4 // Given
5 // l e t K=kT/ e
6 K=0.0259 // i n V
7 Na =10^18 // i n cmˆ−3
8 Nd =10^16 // i n cmˆ−3
9 e=1.6*10^ -19 // i n coulombs
10 Eo =8.85*10^ -12 // i n m−3 kg−1 s4 A2
11 Er=11.9

12 E=Eo*Er

13 ni =1.45*10^10 // i n cmˆ−3
14 //Vo=(k∗T/ e ) ∗ l o g (Nd∗Na/ n i ˆ2)
15 Vo=(K)*log(Nd*Na/ni^2)

16 disp(Vo)

17 Nd=Nd *10^6 // i n mˆ−3
18 Wo=sqrt (2*E*Vo/(e*Nd))

19 disp(Wo*10^6,” D e p l e t i o n width i n micro meter s i s ”)

Scilab code Exa 6.3 Forward and Reverse biased

1 clc

2 // Chapter6
3 // Ex 3
4 // Given
5 // pa r t ( a )
6 // l e t K=k∗T/ e
7 K=0.0259 // i n V
8 Te=5*10^ -9 // i n s
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9 Th=417*10^ -9 // i n s
10 ue=120 // i n cm2/V/ s
11 uh=440 // i n cm2/V/ s
12 Na =5*10^18 // i n cmˆ−3
13 Nd =10^16 // i n cmˆ−3
14 T1=300 // i n k e l v i n
15 T2=373 // i n k e l v i n
16 Tg=10^-6 // i n s e c o n d s
17 Vr=5 // i n v o l t s
18 ni_300 =1.45*10^10 // i n cmˆ−3 at 300K
19 ni_373 =1.2*10^12 // i n cmˆ−3 at 373K
20 A=0.01 // i n cm2
21 e=1.6*10^ -19 // i n coulombs
22 epsilon_o =8.85*10^ -12 // i n F/m
23 epsilon_r =11.9

24 V=0.6 // i n v
25 //De=k∗T∗ue / e
26 De=K*ue

27 Dh=K*uh

28 Le=sqrt(De*Te)

29 Lh=sqrt(Dh*Th)

30 disp(Le,” D i f f u s i o n l e n g t h o f e l e c t r o n s i n cm i s ”)
31 disp(Lh,” D i f f u s i o n l e n g t h o f h o l e s i n cm i s ”)
32 // pa r t ( b )
33 //Vo=(k∗T/ e ) ∗ l o g (Nd∗Na/ n i ˆ2)
34 Vo=K*log(Nd*Na/ni_300 ^2)

35 disp(Vo,” Bu i l t−i n p o t e n t i a l i n v o l t s i s ”)
36 // pa r t (C)
37 Iso_300=A*e*ni_300 ^2*Dh/(Lh*Nd)

38 // I=I s o ∗ exp ( eV/kT)
39 I=Iso_300*exp(V/K)

40 disp(I,” Current when t h e r e i s a f o rward b i a s o f 0 . 6
V at 300K i n Amperes i s ”)

41 // pa r t ( d )
42 Iso_373=Iso_300 *( ni_373/ni_300)^2

43 I=Iso_373*exp((V/K)*(T1/T2))

44 disp(I,” Current when t h e r e i s a f o rward b i a s o f 0 . 6
V at 373K i n Amperes i s ”)
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45 // pa r t ( e )
46 Nd=Nd *10^6 // i n mˆ−3
47 epsilon=epsilon_o*epsilon_r

48 W=sqrt (2* epsilon *(Vo+Vr)/(e*Nd))

49 W=W*10^2 // i n cm
50 ni =1.45*10^10 // i n cmˆ−3
51 I_gen=e*A*W*ni/Tg

52 disp(I_gen ,” Thermal g e n e r a t i o n c u r r e n t i n Amperes i s
”)

Scilab code Exa 6.5 resistance and capacitance

1 clc

2 // Chapter6
3 // Ex 5
4 // Given
5 A=10^-6 // i n m2
6 Vo =0.856 // i n V
7 I=5*10^ -3 // i n Amperes
8 Iso =0.176*10^ -12 // i n Amperes
9 e=1.6*10^ -19 // i n coulombs
10 Eo =8.85*10^ -12 // i n m−3 kg−1 s4 A2
11 Er=11.9

12 Th=417*10^ -9 // i n s e c o n d s
13 Nd =10^22 // i n mˆ−3
14 // l e t K=kT/ e
15 K=0.0259 // i n V
16 //Vo=(k∗T/ e ) ∗ l o g ( I / I s o )
17 V=(K)*log(I/Iso)

18 I=5 // i n mA
19 rd=25/I

20 disp(rd,” I n c r e m e n t a l d i ode r e s i s t a n c e i n ohms i s ”)
21 E=Eo*Er

22 C_dep=A*sqrt((e*E*Nd)/(2*(Vo-V)))

23 disp(C_dep ,” D e p l e t i o n c a p a c i t a n c e o f the d i ode i n
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Farads ”)
24 C_diff=Th*I/25

25 disp(C_diff ,” I n c r e m e n t a l d i f u s i o n c o e f f i c i e n t i n
Farads i s ”)

Scilab code Exa 6.6 Avalanche breakdown

1 clc

2 // Chapter6
3 // Ex 6
4 // Given
5 e=1.6*10^ -19 // i n coulombs
6 Nd =10^16 // i n cmˆ−3
7 Ebr =4*10^5 // i n V/cm
8 epsilono =8.85*10^ -12*10^ -2 // i n F/cm
9 epsilonr =11.9

10 epsilon=epsilono*epsilonr

11 Vbr=epsilon*Ebr ^2/(2*e*Nd)

12 disp(Vbr ,” Rever s e break down v o l t a g e o f the S i d i ode
i n V o l t s i s ”)

13 // pa r t ( b )
14 Nd =10^17 // i n cmˆ−3
15 Ebr =6*10^5 // i n V/cm
16 Vbr=epsilon*Ebr ^2/(2*e*Nd)

17 disp(Vbr ,” Rever s e break down v o l t a g e i n V o l t s when
phosphorous doping i s i n c r e s e d to 10ˆ17 cmˆ−3 i s ”
)

Scilab code Exa 6.7 A pnp transistor

1 clc

2 // Chapter6
3 // Ex 7
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4 // Given
5 // pa r t ( a )
6 Th=250*10^ -9 // i n s e c o n d s
7 A=0.02*10^ -2 // i n cm2
8 Av=10 // v o l t a g e ga in
9 ni =1.45*10^10 // i n cmˆ−3
10 Nd =2*10^16 // i n cmˆ−3
11 W_B =2*10^ -4 // i n cm
12 uh=410 // i n cm2/V/ s
13 I_E =2.5*10^ -3 // i n Amperes
14 // l e t K=kT/ e
15 K=0.0259 // i n V
16 //Dh=(kT/ e ) ∗uh
17 Dh=K*uh

18 Tt=W_B ^2/(2* Dh)

19 e=1.6*10^ -19 // i n coulombs
20 alpha=1-(Tt/Th)

21 disp(alpha ,”CB c u r r e n t t r a n s f e r r a t i o i s ”)
22 funcprot (0)

23 beta=alpha/(1-alpha)

24 disp(beta ,” c u r r e n t ga in i s ”)
25 // pa r t ( c )
26 I_EO=e*A*Dh*ni^2/(Nd*W_B)

27 //V EB=(k∗T/ e ) ∗ l o g ( I E / I EO )
28 V_EB=(K)*log(I_E/I_EO)

29 disp(V_EB ,”V EB i n v o l t s i s ”)
30 // r e =(k∗T/ e ) / IE=25/IE (mA)
31 I_E =2.5 // i n mA
32 re=25/ I_E

33 disp(re,” s m a l l s i g n a l i nput r e s i s t a n c e i n ohms i s ”)
34 // pa r t ( d )
35 R_C=Av*re

36 disp(R_C ,”R C i n ohms i s ”)
37 // pa r t ( e )
38 I_E =2.5*10^ -3 // i n Amperes
39 I_B=I_E*(1- alpha)

40 disp(I_B*10^6,” base c u r r e n t i n micro amperes i s ”)
41 // pa r t ( f )
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42 f=1/Tt

43 disp(f*10^-6,” upper f r e q u e n c y range l i m i t i n MHz i s ”
)

Scilab code Exa 6.8 Emitter Injection Efficiency

1 clc

2 // Chapter6
3 // Ex 8
4 // Given
5 // pa r t ( c )
6 Nd =2*10^16 // i n cmˆ−3
7 Na =10^19 // i n cmˆ−3
8 W_B =2*10^ -4 // i n cm
9 W_E =2*10^ -4 // i n cm
10 ue=110 // i n cm2/V/ s
11 uh=410 // i n cm2/V/ s
12 Th=250*10^ -9 // i n s e c o n d s
13 // l e t K=kT/ e
14 K=0.0259 // i n V
15 //Dh=(kT/ e ) ∗uh
16 Dh=K*uh

17 Tt=W_B ^2/(2* Dh)

18 gamma =1/(1+(( Nd*W_B*ue)/(Na*W_E*uh)))

19 disp(gamma ,” I n j e c t i o n f r e q u e n c y i s ”)
20 alpha=gamma *(1-(Tt/Th))

21 disp(alpha ,” Mod i f i ed a lpha i s ”)
22 beta=alpha/(1-alpha)

23 disp(beta ,” m o d i f i e d c u r r e n t ga in i s ”)

Scilab code Exa 6.9 power and voltage

1 clc

56



2 // Chapter6
3 // Ex 9
4 // Given
5 // rms output v o l t a g e
6 Ic=2.5 // i n mA
7 Rc=1000 // i n ohms
8 beta =100

9 vs=1 // i n mV
10 Rs=50 // i n ohms
11 r_be=beta *25/Ic // I c i n mA
12 gm=Ic/25 // I c i n mA
13 //Av=v c e / v be=gm∗Rc
14 Av=gm*Rc

15 v_be=vs*(r_be)/(r_be+Rs)// i n mV
16 v_ce=Av*v_be

17 disp(v_ce ,” rms output v o l t a g e i n mV i s ”)
18 v_be=v_be *10^ -3 // i n v o l t s
19 Ap=beta*Av

20 P_in=v_be ^2/ r_be

21 disp(P_in *10^9,” Input power i n watt s i s ”)
22 P_out=P_in*Ap

23 disp(P_out *10^6,” output power i n watt s i s ”)

Scilab code Exa 6.10 jet amplifier

1 clc

2 // Chapter6
3 // Ex 10
4 // Given
5 V_GS =-1.5 // i n V o l t s
6 V_GS_off=-5 // i n V o l t s
7 I_DSS =10*10^ -3 // i n A
8 R_D =2000 // i n ohms
9 I_DS=I_DSS *(1-( V_GS/V_GS_off))^2 // i n A
10 gm=-2*sqrt(I_DSS*I_DS)/V_GS_off
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11 Av=-gm*R_D

12 disp(Av,” v o l t a g e a m p l i f i c a t i o n f o r s m a l l s i g n a l i s ”)

Scilab code Exa 6.11 drain current

1 clc

2 // Chapter6
3 // Ex 11
4 // Given
5 Z=50*10^ -6 // i n m
6 L=10*10^ -6 // i n m
7 t_ox =450*10^ -10 // i n m
8 V_GS=8 // i n V
9 V_th=4 // i n V
10 V_DS =20 // i n V
11 lambda =0.01

12 ue=750*10^ -4 // i n m2/V/ s
13 epsilon_r =3.9

14 epsilon_o =8.85*10^ -12 //F/m2
15 epsilon=epsilon_r*epsilon_o

16 K=(Z*ue*epsilon)/(2*L*t_ox)

17 I_DS=K*(V_GS -V_th)^2*(1+ lambda*V_DS)

18 disp(I_DS *10^3,” d r a i n c u r r e n t i n mA i s ”)

Scilab code Exa 6.13 shot noise

1 clc

2 // Chapter6
3 // Ex 13
4 // Given
5 e=1.6*10^ -19 // i n coulombs
6 I=10^-3 // i n A
7 Th=10^-6 // i n s
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8 B=1/Th // i n Hz
9 i_sn=sqrt (2*e*I*B)

10 disp(i_sn ,” sho t n o i s e c u r r e n t i n amperes i s ”)
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Chapter 7

Dielectric Materials and
Insulation

Scilab code Exa 7.1 dielectric constant

1 clc

2 // Chapter7
3 // Ex 1
4 // Given
5 NA =6.023*10^23 // i n molˆ−1
6 d=1.8 // g/cm3
7 Mat =39.95 // i n molˆ−1
8 epsilon_o =8.85*10^ -12 //F/m2
9 alpha_e =1.7*10^ -40 //F∗m2
10 N=NA*d/Mat // i n cmˆ−3
11 N=N*10^6 // i n mˆ−3
12 epsilon_r =1+(N*alpha_e/epsilon_o)

13 disp(epsilon_r ,” D i e l e c t r i c c o n s t a n t o f s o l i d Ar i s ”)
14 // u s i n g c l a u s i u s −m o s s o t t i e q u a t i o n
15 epsilon_r =(1+(2*N*alpha_e /(3* epsilon_o)))/(1-(N*

alpha_e /(3* epsilon_o)))

16 disp(epsilon_r ,” u s i n g c l a u s i u s −m o s s o t t i equat i on ,
D i e l e c t r i c c o n s t a n t o f s o l i d Ar i s ”)
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Scilab code Exa 7.2 Electronic Polarizability of covalent solids

1 clc

2 // Chapter7
3 // Ex 2
4 // Given
5 N=5*10^28 // i n mˆ−3
6 e=1.6*10^ -19 // i n coulombs
7 Z=4

8 me =9.1*10^ -31 // i n Kg
9 epsilon_o =8.85*10^ -12 //F/m2
10 epsilon_r =11.9

11 // pa r t ( a )
12 alpha_e =(3* epsilon_o/N)*(( epsilon_r -1)/( epsilon_r +2)

)

13 disp(alpha_e ,” E l e c t r o n i c p o l a r i z a b i l i t y i n F/m2”)
14 // pa r t ( b )
15 // l e t x=E l o c /E
16 x=( epsilon_r +2)/3

17 printf(” Loca l f i e l d i s a f a c t o r o f %f g r e a t e r than
a p p l i e d f i e l d ”,x)

18 // pa r t ( c )
19 wo=sqrt(Z*e^2/(me*alpha_e))

20 fo=wo/(2* %pi)

21 disp(fo,” r e s o n a n t f r e q u e n c y i n Hz i s ”)

Scilab code Exa 7.3 dielectric constant

1 clc

2 // Chapter7
3 // Ex 3
4 // Given

61



5 // l e t e p s i l o n=E
6 Eo =8.85*10^ -12 // i n F/m
7 Ni =1.43*10^28 // i n mˆ−3
8 alpha_e_Cs =3.35*10^ -40 //F m2
9 alpha_e_Cl =3.40*10^ -40 //F m2
10 alpha_i =6*10^ -40 //F m2
11 // ( Er−1) /( Er+2) =(1/(3∗E0 ) ) ∗ ( Ni∗ a l p h a e ( Cs+)+Ni∗

a l p h a e ( Cl−)+Ni∗ a l p h a i )
12 // l e t x =(1/(3∗E0 ) ) ∗ ( Ni∗ a l p h a e ( Cs+)+Ni∗ a l p h a e ( Cl−)+

Ni∗ a l p h a i )
13 // a f t e r few mathemat i ca l s t e p s we ge t
14 // Er=(2∗x+1)/(1−x )
15 x=(1/(3* Eo))*(Ni*alpha_e_Cs+Ni*alpha_e_Cl+Ni*alpha_i

)

16 Er=(2*x+1)/(1-x)

17 disp(Er,” D i e l e c t r i c c o n s t a n t at low f r e q u e n c y i s ”)
18 // s i m i l a r l y
19 // l e t y =(1/(3∗E0 ) ) ∗ ( Ni∗ a l p h a e ( Cs+)+Ni∗ a l p h a e ( Cl−) )
20 // a f t e r few mathemat i ca l s t e p s we ge t
21 // Erop =(2∗x+1)/(1−x )
22 y=(1/(3* Eo))*(Ni*alpha_e_Cs+Ni*alpha_e_Cl)

23 Erop =(2*y+1)/(1-y)

24 disp(Erop ,” D i e l e c t r i c c o n s t a n t at o p t i c a l f r e q u e n c y
i s ”)

Scilab code Exa 7.6 Dielectric loss per unit capacitance

1 clc

2 // Chapter7
3 // Ex 6
4 // Given
5 // power d i s s i p a t e d at a g i v e n v o l t a g e per u n i t

c a p a c i t a n c e depends on ly on w∗ tan ( d e l t a )
6 // at f =60 // i n Hz .
7 f=60 // i n Hz .
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8 w=2*%pi*f

9 // l e t x=tan ( d e l t a )
10 x_PC =9*10^ -4 // P loyca rbona t e
11 x_SR =2.25*10^ -2 // S i l i c o n e rubber
12 x_E =4.7*10^ -2 // Epoxy with m i n e r a l f i l l e r
13 p_PC=w*x_PC

14 p_SR=w*x_SR

15 p_E=w*x_E

16 a=min(p_PC ,p_SR ,p_E)

17 printf(”The minimum w∗ tan ( d e l t a ) i s %f which
c o r r e s p o n d s to p o l y c a r b o n a t e ”,a)

18 disp(” Hence the l o w e s t power d i s s i p a t i o n per u n i t
c a p a c i t a n c e at a g i v e n v o l t a g e c o r r e s p o n d s to
p o l y c a r b o n a t e at 60Hz”)

19 // at f =1 // i n MHz.
20 f=10^6 // i n Hz .
21 w=2*%pi*f

22 // l e t x=tan ( d e l t a )
23 x_PC =1*10^ -2 // P loyca rbona t e
24 x_SR =4*10^ -3 // S i l i c o n e rubber
25 x_E =3*10^ -2 // Epoxy with m i n e r a l f i l l e r
26 p_PC=w*x_PC

27 p_SR=w*x_SR

28 p_E=w*x_E

29 a=min(p_PC ,p_SR ,p_E)

30 printf(”The minimum w∗ tan ( d e l t a ) i s %f which
c o r r e s p o n d s to S i l i c o n e rubber ”,a)

31 disp(”Hence , the l o w e s t power d i s s i p a t i o n per u n i t
c a p a c i t a n c e at a g i v e n v o l t a g e c o r r e s p o n d s to
S i l i c o n e rubber at 1MHz”)

Scilab code Exa 7.7 Dielectric loss

1 clc

2 // Chapter7
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3 // Ex 7
4 // Given
5 // at 60 Hz
6 f=60 //Hz
7 E=100*10^3*10^2 // i n V/m
8 // v a l u e s taken from t a b l e 7 . 3
9 epsilon_o =8.85*10^ -12 // i n F/m
10 epsilon_r_HLPE =2.3

11 epsilon_r_Alumina =8.5

12 // l e t x=tan ( d e l t a )
13 x_HLPE =3*10^ -4

14 x_Alumina =1*10^ -3

15 W_vol_HLPE =2*%pi*f*E^2* epsilon_o*epsilon_r_HLPE*

x_HLPE // i n W/m3
16 W_vol_HLPE=W_vol_HLPE /10^3 // i n mW/cm3
17 disp(W_vol_HLPE ,” Heat d i s s i p a t e d per u n i t volume o f

HLPE at 60 Hz i n mW/cm3 i s ”)
18 W_vol_Alumina =2*%pi*f*E^2* epsilon_o*

epsilon_r_Alumina*x_Alumina

19 W_vol_Alumina=W_vol_Alumina /10^3 // i n mW/cm3
20 disp(W_vol_Alumina , ” Heat d i s s i p a t e d per u n i t volume

o f Alumina at 60 Hz i n mW/cm3 i s ”)
21 // at 1 MHz
22 f=10^6 //Hz
23 x_HLPE =4*10^ -4

24 x_Alumina =1*10^ -3

25 W_vol_HLPE =2*%pi*f*E^2* epsilon_o*epsilon_r_HLPE*

x_HLPE // i n W/m3
26 W_vol_HLPE=W_vol_HLPE /10^6 // i n W/cm3
27 disp(W_vol_HLPE ,” Heat d i s s i p a t e d per u n i t volume o f

HLPE at 1 MHz i n mW/cm3 i s ”)
28 W_vol_Alumina =2*%pi*f*E^2* epsilon_o*

epsilon_r_Alumina*x_Alumina

29 W_vol_Alumina=W_vol_Alumina /10^6 // i n W/cm3
30 disp(W_vol_Alumina , ” Heat d i s s i p a t e d per u n i t volume

o f Alumina at 1 MHz i n mW/cm3 i s ”)
31 disp(”The h e a t s at 60Hz a r e s m a l l comparing to h e a t s

at 1MHz”)
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Scilab code Exa 7.10 Dielectric Breakdown in a coaxial cable

1 clc

2 // Chapter7
3 // Ex 10
4 // Given
5 // pa r t (C)
6 d=0.5 // cm
7 a=d/2 // i n cm
8 t=0.5 // i n cm
9 Ebr_X =217 // i n kV/cm from t a b l e 7 . 5
10 Ebr_S =158 // i n kV/cm from t a b l e 7 . 5
11 b=a+t

12 Vbr_X=Ebr_X*a*log(b/a)

13 disp(Vbr_X ,” breakdown v o l t a g e o f XLPE i n kV i s ”)
14 Vbr_S=Ebr_S*a*log(b/a)

15 disp(Vbr_S ,” breakdown v o l t a g e o f S i l i c o n e rubber i n
kV i s ”)

16 // pa r t ( d )
17 // l e t E=e p s i o l o n
18 Er_X =2.3 // f o r XLPE
19 Er_S =3.7 // f o r S i l i c o n e rubber
20 // E a i r b r=Ebr
21 Eair_br_X =100 // i n kV/cm
22 Eair_br_S =100 // i n kV/cm
23 // V a i r b r=E a i r b r ∗a∗ l o g ( b/a ) /Er
24 Vair_br_X=Eair_br_X*a*log(b/a)/Er_X

25 disp(Vair_br_X ,” Vo l tage f o r p a r t i a l d i s c h a r g e i n a
mi c rovo id f o r XLPE i n kV i s ”)

26 Vair_br_S=Eair_br_S*a*log(b/a)/Er_S

27 disp(Vair_br_S , ” Vo l tage f o r p a r t i a l d i s c h a r g e i n a
mi c rovo id f o r S i l i c o n e rubber i n kV i s ”)
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Scilab code Exa 7.11 conductance

1 clc

2 // Chapter7
3 // Ex 11
4 // Given
5 // l e t E=e p s i o l o n
6 Er_100c =2.69

7 Er_25c =2.60

8 f=1*10^3 // i n Hz
9 w=2*%pi*f

10 C_25c =560*10^ -12 // i n Farads
11 //Gp=w∗C∗ tan ( d e l t a )
12 // l e t x=tan ( d e l t a ) =0.002
13 x=0.002

14 Gp=w*C_25c*x

15 disp(Gp,” E q u i v a l e n t p a r a l l e l conductance at 25
d e g r e e c e l c i u s i n ohmˆ−1 i s ”)

16 // at 100 c
17 x=0.01

18 C_100c=C_25c*Er_100c/Er_25c

19 Gp=w*C_100c*x

20 disp(Gp,” E q u i v a l e n t p a r a l l e l conductance at 100
d e g r e e c e l c i u s i n ohmˆ−1 i s ”)

Scilab code Exa 7.12 Force

1 clc

2 // Chapter7
3 // Ex 12
4 // Given
5 Eo =8.85*10^ -12 //F/m2
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6 Er=1000

7 D=3*10^ -3 // i n m
8 V=5000 // i n V
9 d=200*10^ -12 // i n m/V
10 L=10*10^ -3 // i n mm
11 A=%pi*(D/2)^2

12 F=Eo*Er*A*V/(d*L)

13 disp(F,” Force r e q u i r e d to spark the gap i n Newton i s
”)

Scilab code Exa 7.13 frequency

1 clc

2 // Chapter7
3 // Ex 13
4 // Given
5 fs=1 // i n MHz
6 k=0.1

7 fa=fs/(sqrt(1-k^2))

8 disp(fa,” f a v a l u e i n MHz f o r g i v e n f s i s ”)
9 printf(” thus fa− f s i s on ly %f kHz , which means they

a r e very c l o s e ” ,(fa-fs)*10^3)

Scilab code Exa 7.14 Quality factor of the crystal

1 clc

2 // Chapter7
3 // Ex 14
4 // Given
5 Co=5 // i n pF
6 fa =1.0025 // i n MHz
7 fs=1 // i n MHz
8 R=20 // i n ohms
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9 C=Co*((fa/fs)^2-1)

10 disp(C,” Capac i t ance v a l u e i n the e q u i v a l e n t c i r c u i t
o f the c r y s t a l i n pF i s ”)

11 L=1/(C*(2* %pi*fs)^2)

12 disp(L,” Induc tance v a l u e i n the e q u i v a l e n t c i r c u i t
o f the c r y s t a l i n Henry i s ”)

13 fs=fs *10^6 // i n Hz
14 C=C*10^ -12 // i n F
15 Q=1/(2* %pi*fs*R*C)

16 disp(Q,” Qua l i t y f a c t o r o f the c r y s t a l i s ”)

Scilab code Exa 7.15 Minimum radiation intensity

1 clc

2 // Chapter7
3 // Ex 15
4 // Given
5 P=380*10^ -6 // i n C/m2/K
6 c=380 // i n J/Kg/K
7 // l e t e p s i l o n=E
8 Eo =8.85*10^ -12 // i n F/m
9 Er=290

10 rho =7000 // i n Kg/m3
11 delta_V =0.001 // i n V
12 delta_t =0.2 // i n s e c o n d s
13 I=(P/(rho*c*Eo*Er))^-1* delta_V/delta_t

14 disp(I,”Minimum r a d i a t i o n i n t e n s i t y tha t can be
measured i n W/m2 i s ”)
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Chapter 8

Magnetic properties and
conductivity

Scilab code Exa 8.3 Saturation magnetization in iron

1 clc

2 // Chapter8
3 // Ex 3
4 // Given
5 Mat =55.85*10^ -3 // i n Kg/mol
6 NA =6.022*10^23 // i n molˆ−1
7 p=7.86*10^3 // i n kg /m3
8 Msat =1.75*10^6 // i n A/m
9 funcprot (0)

10 beta =9.27*10^ -24 // i n J/ t e s l a
11 n_at=p*NA/(Mat)

12 x=Msat/(n_at*beta)

13 printf(” In the s o l i d each Fe atom c o n t r i b u t e s on ly
%f bohr magneton ”,x)

Scilab code Exa 8.5 Inductance
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1 clc

2 // Chapter8
3 // Ex 5
4 // Given
5 u_o =4*%pi*10^-7 // i n H/m
6 u_ri =2*10^3 //
7 N=200 // no . o f t u r n s
8 d=0.005 // i n m
9 D=2.5*10^ -2 // i n m
10 A=%pi*(d^2)/4

11 l=%pi*D

12 L=u_ri*u_o*N^2*A/l

13 disp(L,” Approximate i n d u c t a n c e o f the c o i l i n Henry
i s ”)

Scilab code Exa 8.7 Energy stored in the solenoid

1 clc

2 // Chapter8
3 // Ex 7
4 // Given
5 N=500 // no . o f t u r n s
6 B=5 // i n Tes l a
7 l=1 // i n m
8 r=10^-3 // i n m
9 uo=4*%pi *10^ -7 // i n H/m
10 d=10*10^ -2 // i n m
11 I=(B*l)/(uo*N)

12 disp(I,” c u r r e n t i n Amperes i s ”)
13 E_vol=B^2/(2* uo)

14 v=%pi*l*d^2/4

15 E=E_vol*v

16 disp(E,” Energy s t o r e d i n the s o l e n o i d i n j o u l e s i s ”)
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