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2



Contents

List of Scilab Codes 5

1 Introduction 9

2 Resistive Circuits 14

3 Inductance and Capacitance 28

4 Transients 34

5 Steady state sinusoidal analaysis 36

6 Frequency response bode plots and resonance 51

7 Logic circuits 62

9 Computer based instrumentation diodes 66

10 Diodes 67

11 Amplifiers Specifications and eternal characterstics 72

12 Field effect transistors 81

13 Bipolar junction transistors 85

14 Operational Amlifiers 95

15 Magnetic circuits and transformers 98

3



16 DC Machines 108

17 AC Machines 115

4



List of Scilab Codes

Exa 1.1 example 1 . . . . . . . . . . . . . . . . . . . . . . . . . 9
Exa 1.2 example 2 . . . . . . . . . . . . . . . . . . . . . . . . . 9
Exa 1.3 example 3 . . . . . . . . . . . . . . . . . . . . . . . . . 11
Exa 1.4 example 4 . . . . . . . . . . . . . . . . . . . . . . . . . 11
Exa 1.5 example 5 . . . . . . . . . . . . . . . . . . . . . . . . . 12
Exa 1.6 example 6 . . . . . . . . . . . . . . . . . . . . . . . . . 12
Exa 1.7 example 7 . . . . . . . . . . . . . . . . . . . . . . . . . 13
Exa 2.1 example 1 . . . . . . . . . . . . . . . . . . . . . . . . . 14
Exa 2.2 example 2 . . . . . . . . . . . . . . . . . . . . . . . . . 14
Exa 2.3 example 3 . . . . . . . . . . . . . . . . . . . . . . . . . 16
Exa 2.4 example 4 . . . . . . . . . . . . . . . . . . . . . . . . . 16
Exa 2.5 example 5 . . . . . . . . . . . . . . . . . . . . . . . . . 17
Exa 2.6 example 6 . . . . . . . . . . . . . . . . . . . . . . . . . 18
Exa 2.7 example 7 . . . . . . . . . . . . . . . . . . . . . . . . . 18
Exa 2.8 example 8 . . . . . . . . . . . . . . . . . . . . . . . . . 19
Exa 2.9 example 9 . . . . . . . . . . . . . . . . . . . . . . . . . 19
Exa 2.11 example 11 . . . . . . . . . . . . . . . . . . . . . . . . 19
Exa 2.12 example 12 . . . . . . . . . . . . . . . . . . . . . . . . 20
Exa 2.13 example 13 . . . . . . . . . . . . . . . . . . . . . . . . 20
Exa 2.14 example 14 . . . . . . . . . . . . . . . . . . . . . . . . 21
Exa 2.15 example 15 . . . . . . . . . . . . . . . . . . . . . . . . 21
Exa 2.16 example 16 . . . . . . . . . . . . . . . . . . . . . . . . 22
Exa 2.17 example 17 . . . . . . . . . . . . . . . . . . . . . . . . 22
Exa 2.18 example 18 . . . . . . . . . . . . . . . . . . . . . . . . 23
Exa 2.19 example 19 . . . . . . . . . . . . . . . . . . . . . . . . 24
Exa 2.20 example 20 . . . . . . . . . . . . . . . . . . . . . . . . 24
Exa 2.21 example 21 . . . . . . . . . . . . . . . . . . . . . . . . 25
Exa 2.22 example 22 . . . . . . . . . . . . . . . . . . . . . . . . 26

5



Exa 2.23 example 23 . . . . . . . . . . . . . . . . . . . . . . . . 27
Exa 3.1 example 1 . . . . . . . . . . . . . . . . . . . . . . . . . 28
Exa 3.2 example 2 . . . . . . . . . . . . . . . . . . . . . . . . . 29
Exa 3.3 example 3 . . . . . . . . . . . . . . . . . . . . . . . . . 30
Exa 3.4 example 4 . . . . . . . . . . . . . . . . . . . . . . . . . 31
Exa 3.5 example 5 . . . . . . . . . . . . . . . . . . . . . . . . . 31
Exa 3.6 example 6 . . . . . . . . . . . . . . . . . . . . . . . . . 32
Exa 4.1 example 1 . . . . . . . . . . . . . . . . . . . . . . . . . 34
Exa 4.2 example 2 . . . . . . . . . . . . . . . . . . . . . . . . . 34
Exa 5.1 example 1 . . . . . . . . . . . . . . . . . . . . . . . . . 36
Exa 5.2 example 2 . . . . . . . . . . . . . . . . . . . . . . . . . 37
Exa 5.3 example 3 . . . . . . . . . . . . . . . . . . . . . . . . . 37
Exa 5.4 example 4 . . . . . . . . . . . . . . . . . . . . . . . . . 38
Exa 5.5 example 5 . . . . . . . . . . . . . . . . . . . . . . . . . 39
Exa 5.6 example 6 . . . . . . . . . . . . . . . . . . . . . . . . . 40
Exa 5.7 example 7 . . . . . . . . . . . . . . . . . . . . . . . . . 41
Exa 5.8 example 8 . . . . . . . . . . . . . . . . . . . . . . . . . 43
Exa 5.9 example 9 . . . . . . . . . . . . . . . . . . . . . . . . . 44
Exa 5.10 example 10 . . . . . . . . . . . . . . . . . . . . . . . . 44
Exa 5.11 example 11 . . . . . . . . . . . . . . . . . . . . . . . . 46
Exa 5.12 example 12 . . . . . . . . . . . . . . . . . . . . . . . . 47
Exa 5.13 example 13 . . . . . . . . . . . . . . . . . . . . . . . . 48
Exa 5.14 example 14 . . . . . . . . . . . . . . . . . . . . . . . . 49
Exa 6.1 example 1 . . . . . . . . . . . . . . . . . . . . . . . . . 51
Exa 6.2 example 2 . . . . . . . . . . . . . . . . . . . . . . . . . 52
Exa 6.3 example 3 . . . . . . . . . . . . . . . . . . . . . . . . . 54
Exa 6.4 example 4 . . . . . . . . . . . . . . . . . . . . . . . . . 56
Exa 6.5 example 5 . . . . . . . . . . . . . . . . . . . . . . . . . 57
Exa 6.6 example 6 . . . . . . . . . . . . . . . . . . . . . . . . . 59
Exa 6.7 example 7 . . . . . . . . . . . . . . . . . . . . . . . . . 60
Exa 7.1 example 1 . . . . . . . . . . . . . . . . . . . . . . . . . 62
Exa 7.2 example 2 . . . . . . . . . . . . . . . . . . . . . . . . . 62
Exa 7.3 example 3 . . . . . . . . . . . . . . . . . . . . . . . . . 63
Exa 7.4 example 4 . . . . . . . . . . . . . . . . . . . . . . . . . 63
Exa 7.5 example 5 . . . . . . . . . . . . . . . . . . . . . . . . . 64
Exa 7.6 example 6 . . . . . . . . . . . . . . . . . . . . . . . . . 64
Exa 9.1 example 1 . . . . . . . . . . . . . . . . . . . . . . . . . 66
Exa 10.1 example 1 . . . . . . . . . . . . . . . . . . . . . . . . . 67

6



Exa 10.2 example 2 . . . . . . . . . . . . . . . . . . . . . . . . . 68
Exa 10.3 example 3 . . . . . . . . . . . . . . . . . . . . . . . . . 69
Exa 10.4 example 4 . . . . . . . . . . . . . . . . . . . . . . . . . 69
Exa 10.5 example 5 . . . . . . . . . . . . . . . . . . . . . . . . . 70
Exa 10.7 example 7 . . . . . . . . . . . . . . . . . . . . . . . . . 71
Exa 11.1 example 1 . . . . . . . . . . . . . . . . . . . . . . . . . 72
Exa 11.2 example 2 . . . . . . . . . . . . . . . . . . . . . . . . . 73
Exa 11.3 example 3 . . . . . . . . . . . . . . . . . . . . . . . . . 74
Exa 11.4 example 4 . . . . . . . . . . . . . . . . . . . . . . . . . 74
Exa 11.5 example 5 . . . . . . . . . . . . . . . . . . . . . . . . . 75
Exa 11.6 example 6 . . . . . . . . . . . . . . . . . . . . . . . . . 76
Exa 11.7 example 7 . . . . . . . . . . . . . . . . . . . . . . . . . 76
Exa 11.8 example 8 . . . . . . . . . . . . . . . . . . . . . . . . . 77
Exa 11.9 example 9 . . . . . . . . . . . . . . . . . . . . . . . . . 77
Exa 11.10 example 10 . . . . . . . . . . . . . . . . . . . . . . . . 78
Exa 11.11 example 11 . . . . . . . . . . . . . . . . . . . . . . . . 79
Exa 11.12 example 12 . . . . . . . . . . . . . . . . . . . . . . . . 80
Exa 12.1 example 1 . . . . . . . . . . . . . . . . . . . . . . . . . 81
Exa 12.2 example 2 . . . . . . . . . . . . . . . . . . . . . . . . . 81
Exa 12.3 example 3 . . . . . . . . . . . . . . . . . . . . . . . . . 82
Exa 12.5 example 5 . . . . . . . . . . . . . . . . . . . . . . . . . 83
Exa 13.1 example 1 . . . . . . . . . . . . . . . . . . . . . . . . . 85
Exa 13.2 example 2 . . . . . . . . . . . . . . . . . . . . . . . . . 85
Exa 13.4 example 4 . . . . . . . . . . . . . . . . . . . . . . . . . 86
Exa 13.5 example 5 . . . . . . . . . . . . . . . . . . . . . . . . . 88
Exa 13.6 example 6 . . . . . . . . . . . . . . . . . . . . . . . . . 89
Exa 13.7 example 7 . . . . . . . . . . . . . . . . . . . . . . . . . 90
Exa 13.8 example 8 . . . . . . . . . . . . . . . . . . . . . . . . . 91
Exa 13.9 example 9 . . . . . . . . . . . . . . . . . . . . . . . . . 93
Exa 14.5 example 5 . . . . . . . . . . . . . . . . . . . . . . . . . 95
Exa 14.6 example 6 . . . . . . . . . . . . . . . . . . . . . . . . . 95
Exa 14.7 example 7 . . . . . . . . . . . . . . . . . . . . . . . . . 96
Exa 15.3 example 3 . . . . . . . . . . . . . . . . . . . . . . . . . 98
Exa 15.5 example 5 . . . . . . . . . . . . . . . . . . . . . . . . . 99
Exa 15.6 example 6 . . . . . . . . . . . . . . . . . . . . . . . . . 100
Exa 15.7 example 7 . . . . . . . . . . . . . . . . . . . . . . . . . 101
Exa 15.8 example 8 . . . . . . . . . . . . . . . . . . . . . . . . . 102
Exa 15.9 example 9 . . . . . . . . . . . . . . . . . . . . . . . . . 102

7



Exa 15.10 example 10 . . . . . . . . . . . . . . . . . . . . . . . . 103
Exa 15.11 example 11 . . . . . . . . . . . . . . . . . . . . . . . . 104
Exa 15.12 example 12 . . . . . . . . . . . . . . . . . . . . . . . . 105
Exa 15.13 example 13 . . . . . . . . . . . . . . . . . . . . . . . . 106
Exa 16.1 example 1 . . . . . . . . . . . . . . . . . . . . . . . . . 108
Exa 16.2 example 2 . . . . . . . . . . . . . . . . . . . . . . . . . 109
Exa 16.3 example 3 . . . . . . . . . . . . . . . . . . . . . . . . . 111
Exa 16.4 example 4 . . . . . . . . . . . . . . . . . . . . . . . . . 111
Exa 16.5 example 5 . . . . . . . . . . . . . . . . . . . . . . . . . 112
Exa 16.6 example 6 . . . . . . . . . . . . . . . . . . . . . . . . . 113
Exa 17.1 example 1 . . . . . . . . . . . . . . . . . . . . . . . . . 115
Exa 17.2 example 2 . . . . . . . . . . . . . . . . . . . . . . . . . 116
Exa 17.3 example 3 . . . . . . . . . . . . . . . . . . . . . . . . . 117
Exa 17.4 example 4 . . . . . . . . . . . . . . . . . . . . . . . . . 118
Exa 17.5 example 6 . . . . . . . . . . . . . . . . . . . . . . . . . 120

8



Chapter 1

Introduction

Scilab code Exa 1.1 example 1

1 // ex1 . 1
2 //As both q and i a r e 0 when t <0 , graph c o i n c i d e s

with x−a x i s t i l l t=0 and we here , show the pa r t
where t>0

3 t=[0:0.000001:0.04];

4 q=2*(1 -%e^( -100*t));

5 // c u r r e n t i=dq/ dt=200∗ e ˆ(−100∗ t )
6 i=200* %e^( -100*t);

7 subplot (121)

8 xtitle( ’ cha rge vs t ime ’ , ’ t ime i n ms ’ , ’ cha rge i n
coulombs ’ ) //ms−m i l l i s e cond (10ˆ−3)

9 plot(t*10^3,q)

10 subplot (122)

11 xtitle( ’ c u r r e n t vs t ime ’ , ’ t ime i n ms ’ , ’ c u r r e n t i n
amperes ’ ) //ms−m i l l i s e cond (10ˆ−3)

12 plot(t*10^3,i)

Scilab code Exa 1.2 example 2
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1 clc

2 // ex1 . 2
3
4 // e l ement A
5 disp( ’ELEMENT A : ’ )
6 V_a =12;

7 i_a =2;

8 P_a=V_a*i_a; // p a s s i v e r e f e r e n c e c o n f i g u r a t i o n
( c u r r e n t e n t e r s through +ve p o l a r i t y )

9 if(P_a >0) then , // ab s o r p t i o n o f power
10 disp(P_a , ’ Power f o r e l ement A in watt s i s ’ )
11 disp( ’ As a ba t t e ry , e l ement A i s be ing charged ’ )
12 elseif(P_a <0) then , // supp l y i n g o f power
13 disp(P_a , ’ Power f o r e l ement A in watt s i s ’ )
14 disp( ’ As a ba t t e ry , e l ement A i s be ing

d i s c h a r g e d ’ )
15 end

16
17 // e l ement B
18 disp( ’ELEMENT B ’ )
19 V_b =12;

20 i_b =1;

21 P_b=-V_b*i_b; // opp o s i t e to p a s s i v e r e f e r e n c e
c o n f i g u r a t i o n ( c u r r e n t e n t e r s through −ve
p o l a r i t y )

22 if(P_b >0) then , // ab s o r p t i o n o f power
23 disp(P_b , ’ Power f o r e l ement B in watt s i s ’ )
24 disp( ’ As a ba t t e ry , e l ement B i s be ing charged ’ )
25 elseif(P_b <0) then , // supp l y i n g o f power
26 disp(P_b , ’ Power f o r e l ement B in watt s i s ’ )
27 disp( ’ As a ba t t e ry , e l ement B i s be ing

d i s c h a r g e d ’ )
28 end

29
30 // e l ement C
31 disp( ’ELEMENT C ’ )
32 V_c =12;

33 i_c=-3;
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34 P_c=V_c*i_c; // p a s s i v e r e f e r e n c e c o n f i g u r a t i o n
( c u r r e n t e n t e r s through +ve p o l a r i t y )

35 if(P_c >0) then , // ab s o r p t i o n o f power
36 disp(P_c , ’ Power f o r e l ement C in watt s i s ’ )
37 disp( ’ As a ba t t e ry , e l ement C i s be ing charged ’ )
38 elseif(P_c <0) then , // supp l y i n g o f power
39 disp(P_c , ’ Power f o r e l ement C in watt s i s ’ )
40 disp( ’ As a ba t t e ry , e l ement C i s be ing

d i s c h a r g e d ’ )
41 end

Scilab code Exa 1.3 example 3

1 clc

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 G= 9200 // N/mˆ2
4 g1= 9.81 // m/ s e c ˆ2
5 g2= 9.805 //m/ s e c ˆ2
6 // Ca l c u l a t i o n s
7 rho= G/g1

8 G2= rho*g2

9 // Re s u l t s
10 printf ( ’ Dens i ty o f F lu id = %. 1 f N s e c ˆ2/mˆ4 ’ ,rho)
11 printf ( ’ \n New S p e c i f i c Weight = %. f N/mˆ3 ’ ,G2)

Scilab code Exa 1.4 example 4

1 clc

2 // ex1 . 4
3 d=2.05*10^ -3; // d iamete r o f w i r e
4 l=10; // l e n g t h o f w i r e
5 P=1.72*10^ -8; // r e s i s t i v i t y o f copper
6 A=%pi*d^2/4; // a r ea o f w i r e
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7 R=P*l/A; // r e s i s t a n c e o f the copper w i r e
8 printf(” A l l the v a l u e s i n the t ex tbook a r e

approximated , hence the v a l u e s i n t h i s code
d i f f e r from tho s e o f t ex tbook ”)

9 disp(R, ’ R e s i s t a n c e o f copper w i r e i n ohms ’ )

Scilab code Exa 1.5 example 5

1 clc

2 // ex1 . 5
3 P=1500; // power o f h e a t e r
4 V=120; // op e r a t i n g v o l t a g e
5 R=V^2/P; // r e s i s t a n c e o f h e a t e r e l ement
6 i=V/R; // op e r a t i n g c u r r e n t
7 disp(R, ’ r e s i s t a n c e o f h e a t e r e l ement i n ohms ’ )
8 disp(i, ’ o p e r a t i n g c u r r e n t i n amperes ’ )

Scilab code Exa 1.6 example 6

1 clc

2 // ex1 . 6
3 V_s =10; // s ou r c e v o l t a g e
4 R=5;

5 V_x=-V_s; // Vo l tage a c r o s s R( app l y i ng KVL)
6 // the a c t u a l p o l a r i t y i s o p p o s i t e to the r e f e r e n c e ,

so we take p o l a r i t y to be +ve at the top end o f
r e s i s t a n c e

7 i_x=-V_x/R; //ohm ’ s law(−ve s i g n as V x and i x
have r e f e r e n c e s o pp o s i t e to p a s s i v e

c o n f i g u r a t i o n )
8 i_y=-i_x; // c u r r e n t through s ou r c e
9 P_s=V_s*i_y; // power f o r v o l t a g e s ou r c e
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10 P_R=-V_x*i_x; // power f o r r e s i s t a n c e (−ve s i g n
as V x and i x have r e f e r e n c e s o pp o s i t e to
p a s s i v e c o n f i g u r a t i o n )

11 disp(V_x , ’ v o l t a g e a c r o s s r e s i s t a n c e i n v o l t s ’ )
12 disp(i_x , ’ c u r r e n t through r e s i s t a n c e i n amperes ’ )
13 disp(i_y , ’ c u r r e n t through s ou r c e i n amperes ’ )
14 disp(P_s , ’ power f o r v o l t a g e s ou r c e i n watt s ’ )
15 disp(P_R , ’ power f o r r e s i s t a n c e i n watt s ’ )
16 if(V_x== -10&i_x ==2& i_y==-2&P_s ==-20&P_R ==20) then ,

17 disp( ’ R e s u l t s a r e i n agreement with tho s e
p r e v i o u s l y found in the t ex tbook ’ )

18 end

Scilab code Exa 1.7 example 7

1 clc

2 // ex1 . 7
3 R_1 =10;

4 R_2 =5;

5 V_R_2 =15; // v o l t a g e a c r o s s R 2
6 a=0.5;

7 i_y=V_R_2/R_2; // c u r r e n t a c r o s s R 2
8 i_x=i_y *2/3; // c u r r e n t a c r o s s R 1 , by app l y i ng

KCL at the top end o f the c o n t r o l l e d s ou r c e
9 V_x=i_x*R_1; //ohm ’ s law

10 V_s=V_x+V_R_2; //KVL around the p e r i p h e r y o f
the c i r c u i t

11 disp(V_s , ’ Source v o l t a g e f o r g i v en c i r c u i t i n v o l t s ’
)
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Chapter 2

Resistive Circuits

Scilab code Exa 2.1 example 1

1 clc

2 // ex2 . 1
3 R_1 =10;

4 R_2 =20;

5 R_3 =5;

6 R_4 =15;

7 //We proce ed through v a r i o u s comb ina t i on s o f
r e s i s t a n c e s i n s e r i e s or p a r a l l e l wh i l e we
r e p l a c e them with e q u i v a l e n t r e s i s t a n c e s We
s t a r t with R 3 and R 4 .

8 R_eq_1=R_3+R_4; //R 3 and R 4 in s e r i e s
9 R_eq_2 =1/((1/ R_eq_1)+(1/ R_2)); // R eq 1 and R 2

in p a r a l l e l
10 R_eq=R_1+R_eq_2; //R 1 and R eq 2 in s e r i e s
11 disp(R_eq , ’ Equ i va l en t r e s i s t a n c e i n ohms ’ )

Scilab code Exa 2.2 example 2
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1 clc

2 // ex2 . 2
3 V_s =90; // s ou r c e v o l t a g e
4 R_1 =10;

5 R_2 =30;

6 R_3 =60;

7 R_eq_1 =1/((1/ R_2)+(1/ R_3)); //R 2 and R 3 in
p a r a l l e l

8 R_eq=R_1+R_eq_1; //R 1 and R eq 1 in s e r i e s
9 i_1=V_s/R_eq; //ohm ’ s law

10 // i 1 f l ow s c l o c kw i s e through V s , R 1 and R eq 1
11 V_2=R_eq_1*i_1; // v o l t a g e a c r o s s R eq 1
12 //As R eq 1 i s e q u i v a l e n t o f p a r a l l e l combinat ion o f

R 2 and R 3 , V 2 appea r s a c r o s s both o f them
13 i_2=V_2/R_2; //ohm ’ s law
14 i_3=V_2/R_3; //ohm ’ s law
15 //we can v e r i f y KCL, i 1=i 2+i 3
16 V_1=i_1*R_1; //ohm ’ s law
17 //we can v e r i f y KVL, V s=V 1+V 2
18 P_s=-V_s*i_1; // s ou r c e power(−ve s i g n as V s

and i 1 have r e f e r e n c e s o pp o s i t e to p a s s i v e
c o n f i g u r a t i o n )

19 P_1=i_1^2*R_1; // power f o r R 1
20 P_2=V_2^2/R_2; // power f o r R 2
21 P_3=V_2^2/R_3; // power f o r R 3
22 disp( ’FOR SOURCE ’ )
23 disp(i_1 , ’ c u r r e n t i n amperes ’ )
24 disp(P_s , ’ power i n watt s ’ )
25 disp( ’FOR R1 ’ )
26 disp(i_1 , ’ c u r r e n t i n amperes ’ )
27 disp(V_1 , ’ v o l t a g e i n v o l t s ’ )
28 disp(P_1 , ’ power i n watt s ’ )
29 disp( ’FOR R2 ’ )
30 disp(i_2 , ’ c u r r e n t i n amperes ’ )
31 disp(V_2 , ’ v o l t a g e i n v o l t s ’ )
32 disp(P_2 , ’ power i n watt s ’ )
33 disp( ’FOR R3 ’ )
34 disp(i_3 , ’ c u r r e n t i n amperes ’ )
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35 disp(V_2 , ’ v o l t a g e i n v o l t s ’ )
36 disp(P_3 , ’ power i n watt s ’ )
37 //we may v e r i f y tha t P s+P 1+P 2+P 3=0

Scilab code Exa 2.3 example 3

1 // ex2 . 3
2 V_total =15;

3 R_1 =1*10^3;

4 R_2 =1*10^3;

5 R_3 =2*10^3;

6 R_4 =6*10^3;

7 //By vo l t ag e−d i v i s i o n p r i c i p l e
8 V_1=R_1*V_total /(R_1+R_2+R_3+R_4); // v o l t a g e

a c r o s s R 1
9 V_4=R_4*V_total /(R_1+R_2+R_3+R_4); // v o l t a g e

a c r o s s R 4
10 disp(V_1 , ’ v o l t a g e a c r o s s R 1 ’ )
11 disp(V_4 , ’ v o l t a g e a c r o s s R 4 ’ )

Scilab code Exa 2.4 example 4

1 clc

2 // ex2 . 4
3 V_s =100; // s ou r c e c u r r e n t
4 R_1 =60;

5 R_2 =30;

6 R_3 =60;

7 R_x =1/((1/ R_2)+(1/ R_3)); //R 2 and R 3 p a r a l l e l
8 V_x=R_x*V_s/(R_1+R_x); // v o l t a g e a c r o s s R x (

vo l t a g e−d i v i s i o n p r i n c i p l e )
9 i_s=V_s/(R_1+R_x); //ohm ’ s law
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10 i_3=R_2*i_s/(R_2+R_3); // c u r r e n t through R 3 (
cu r r en t−d i v i s i o n p r i n c i p l e )

11 printf(” A l l the v a l u e s i n the t ex tbook a r e
approximated , hence the v a l u e s i n t h i s code
d i f f e r from tho s e o f Textbook ”)

12 disp(V_x , ’ v o l t a g e a c r o s s R2 or R3 in v o l t s ’ )
13 disp(i_s , ’ s o u r c e c u r r e n t i n amperes ’ )
14 disp(i_3 , ’ c u r r e n t through R3 in amperes ’ )

Scilab code Exa 2.5 example 5

1 clc

2 // ex2 . 5
3 i_s =15; // s ou r c e c u r r e n t
4 R_1 =10;

5 R_2 =30;

6 R_3 =60;

7 R_eq =1/((1/ R_2)+(1/ R_3)); //R 2 and R 3 in
p a r a l l e l

8 i_1=R_eq*i_s/(R_1+R_eq); // c u r r e n t through R 1 (
cu r r en t−d i v i s i o n p r i n c i p l e )

9 disp(i_1 , ’ c u r r e n t through R1 in amperes from
r e s i s t a n c e method ’ )

10 //we can a l s o do the above c a l c u l a t i o n s u s i n g
conduc tance s as shown below .

11 // Conductances o f r e s p e c t i v e r e s i s t a n c e s
12 G_1 =1/R_1;

13 G_2 =1/R_2;

14 G_3 =1/R_3;

15 i_1=G_1*i_s/(G_1+G_2+G_3);

16 disp(i_1 , ’ c u r r e n t through R1 in amperes from
conductance method ’ )

17 disp( ’We ge t the same a l u e i n both methods ’ )
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Scilab code Exa 2.6 example 6

1 clc

2 // ex2 . 6
3 //we d i s p l a y the e qua t i o n s i n s c i l a b as f o l l o w s
4 disp( ’ At node 1 : ’ )
5 disp( ’ (V1/R1) +((V1−V2) /R2)+ i s =0 ’ ) //KCL at

node 1
6 disp( ’ At node 2 : ’ )
7 disp( ’ ( (V2−V1) /R2)+(V2/R3) +((V2−V3) /R4)=0 ’ ) //

KCL at node 2
8 disp( ’ At node 3 : ’ )
9 disp( ’ (V3/R5) +((V3−V2) /R4) )= i s ’ ) //KCL at node

3

Scilab code Exa 2.7 example 7

1 clc

2 // ex2 . 7
3 disp( ’ The matr ix form i s ’ )
4 disp( ’G∗V=I ’ )
5 disp( ’ where ’ )
6 G=[0.45 , -0.25 ,0; -0.25 ,0.85 , -0.20;0 , -0.20 ,0.30];

7 disp(G, ’G= ’ )
8 disp( ’V= ’ )
9 disp( ’ t r a n s p o s e o f [ V 1 , V 2 , V 3 ] ’ )

10 disp( ’ and ’ )
11 I=[ -3.5;3.5;2];

12 disp(I, ’ I= ’ )
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Scilab code Exa 2.8 example 8

1 clc

2 // ex2 . 8
3 R=20;

4 G=[0.35 , -0.2 , -0.05; -0.2 ,0.3 , -0.1; -0.05 , -0.1 ,0.35];

// c o e f f i c i e n t matr ix
5 I=[0;10;0] // c u r r e n t matr ix
6 V=G\I; // v o l t a g e matr ix ( from G=V∗ I )
7 i_x=(V(1)-V(3))/R;

8 printf(” A l l the v a l u e s i n the t ex tbook a r e
approximated , hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f t ex tbook ”)

9 disp(V(1), ’ v o l t a g e at node1 i n v o l t s ’ )
10 disp(V(2), ’ v o l t a g e at node2 i n v o l t s ’ )
11 disp(V(3), ’ v o l t a g e at node3 i n v o l t s ’ )
12 disp(i_x , ’ v a l u e o f c u r r e n t i x i n amperes ’ )

Scilab code Exa 2.9 example 9

1 clc

2 // ex2 . 9
3 //we d i s p l a y the r e q u i r e d e qua t i o n s as f o l l o w s
4 disp( ’ Current e qu a t i o n s at node1 and node2 : ’ )
5 disp( ’ ( (V1−V2) /5) +((V1−10) /2)=1 ’ )
6 disp( ’ (V2/5) +((V2−10) /10) +((V2−V1) /5)=0 ’ )
7 disp( ’ Wr i t ing the above e qua t i o n s i n s tandard form ’ )
8 disp( ’ 0 . 7V1−0.2V2=6 ’ )
9 disp( ’ −0.2V1+0.5V2=1 ’ )

Scilab code Exa 2.11 example 11

1 clc
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2 // ex2 . 1 1
3 disp( ’KCL f o r a supernode e n c l o s i n g the c o n r o l l e d

v o l t a g e s ou r c e ’ )
4 disp( ’ (V1/R2) +((V1−V3) /R1) +((V2−V3) /R3)=i s ’ )
5 disp( ’KCL at node 3 ’ )
6 disp( ’ (V3/R4) +((V3−V2) /R3) +((V3−V1) /R1)=0 ’ )
7 disp( ’KCL at the r e f e r e n c e node ’ )
8 disp( ’ (V1/R2)+(V3/R4)=i s ’ )
9 disp( ’ From the c l o s e d l oop with V1 , Vx and V3 ’ )

10 disp( ’Vx=V3−V1 ’ )
11 disp( ’ Apply ing KVL ’ )
12 disp( ’V1=0.5(V3−V1)+V2 ’ )
13 disp( ’ The l a s t KVL equa t i on a l ong with any two o f

the f i r s t t h r e e KCL equa t i o n s forms an
independent s e t tha t can be s o l v e d f o r the node
v o l t a g e s . ’ )

Scilab code Exa 2.12 example 12

1 clc

2 // ex2 . 1 2
3 // In a l l the below equa t i on s , mesh c u r r e n t s a r e

taken to be f l own in c l o c kw i s e d i r e c t i o n
4 disp( ’ The r e q u i r e d e qua t i o n s to s o l v e f o r mesh

c u r r e n t s a r e : ’ )
5 disp( ’R2( i1−i 3 )+R3( i1−i 2 )−VA=0 ’ ) //KVL f o r

mesh1
6 disp( ’R3( i2−i 1 )+R4( i 2 )+VB=0 ’ ) //KVL f o r mesh 2
7 disp( ’R2( i3−i 1 )+R1( i 3 )−VB=0 ’ ) //KVL f o r mesh 3

Scilab code Exa 2.13 example 13

1 clc
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2 // ex2 . 1 3
3 R=[30 -10 -20;-10 22 -12;-20 -12 46]; //

c o e f f i c i e n t matr ix
4 V=[70; -42;0] // v o l t a g e matr ix
5 I=R\V; // c u r r e n t matr ix ( from R∗ I=V)
6 disp(I(1), ’ c u r r e n t i n mesh1 in amperes , i 1= ’ )
7 disp(I(2), ’ c u r r e n t i n mesh2 in amperes , i 2= ’ )
8 disp(I(3), ’ c u r r e n t i n mesh3 in amperes , i 3= ’ )

Scilab code Exa 2.14 example 14

1 clc

2 // ex2 . 1 4
3 // t ak i n g mesh c u r r e n t s i1 , i 2 and i 3 i n c l o c kw i s e

d i r e c t i o n
4 disp( ’ The matr ix form i s ’ )
5 disp( ’ RI=V ’ )
6 disp( ’ where the ma t r i c e s a r e d e f i n e d as ’ )
7 disp( ’R=[R2+R4+R5,−R2,−R5;−R2 , R1+R2+R3,−R3;−R5,−R3 ,

R3+R5+R6 ] ’ )
8 disp( ’ I =[ i 1 ; i 2 ; i 3 ] ’ )
9 disp( ’V=[−VA+VB;VA;−VB] ’ )

Scilab code Exa 2.15 example 15

1 clc

2 // ex2 . 1 5
3 //KVL over the supermesh , we ge t eqn−1 −20+4( i 1 )

+8( i 2 )=0
4 //Vx=2( i 2 ) ohm ’ s law
5 // w r i t i n g an e x p r e s s i o n f o r the s ou r c e c u r r e n t i n

terms o f mesh c u r r e n t s and s u b s t i t u t i n g Vx from
above , we ge t eqn−2 ( 1 /2 ) i 2=i2−i 1
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6 // Put t ing eqn−1 and eqn−2 i n s tandard form 4( i 1 )
+8( i 2 )=20 and i1 −(1/2) i 2=0

7 // s o l v i n g f o r c u r r e n t s i n matr ix method (Ax=b )
8 A=[4 ,8;1 , -1/2]; // c o e f f c i e n t matr ix
9 b=[20;0]; // c on s t an t matr ix

10 x=A\b; // s o l u t i o n
11 disp(x(1), ’ Value o f i 1 i n amperes ’ )
12 disp(x(2), ’ Value o f i 2 i n amperes ’ )

Scilab code Exa 2.16 example 16

1 clc

2 // ex2 . 1 6
3 V_s =15; // s ou r c e v o l t a g e
4 R_1 =100;

5 R_2 =50;

6 // Ana l y s i s with an open c i r c u i t to f i n d V t
7 i_1=V_s/(R_1+R_2); // c l o s e d c i r c u i t with R 1

and R 2 in s e r i e s
8 V_oc=R_2*i_1; // open−c i r c u i t v o l t a g e a c r o s s R 2
9 V_t=V_oc; // th ev en i n v o l t a g e

10 // Ana l y s i s with a shor t−c i r c u i t to f i n d i s c
11 i_sc=V_s/R_1; //R 2 i s sho r t−c i r c u i t e d
12 R_t=V_oc/i_sc; // th ev en i n r e s i s t a n c e
13 printf(” A l l the v a l u e s i n the t ex tbook a r e

approximated , hence the v a l u e s i n t h i s code
d i f f e r from tho s e o f t ex tbook ”)

14 disp(V_t , ’ Thevenin v o l t a g e f o r g i v en c i r c u i t i n
v o l t s ’ )

15 disp(R_t , ’ Thevenin v o l t a g e f o r g i v en c i r c u i t i n ohms
’ )

Scilab code Exa 2.17 example 17
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1 clc

2 // ex2 . 1 7
3 V_s =20; // s ou r c e v o l t a g e
4 i_s =2; // s ou r c e c u r r e n t
5 R_1 =5;

6 R_2 =20;

7 // a f t e r z e r o i n g the s o u r c e s which i n c l u d e s r e p l a c i n g
v o l t a g e s ou r c e with s h o r t c i r c u i t and c u r r e n t

s ou r c e with open c i r c u i t , we ge t R t
8 R_eq =1/((1/ R_1)+(1/ R_2)); //R 1 and R 2 a r e i n

p a r a l l e l combinat ion
9 R_t=R_eq; // Thevenin r e s i s t a n c e

10 // shor t−c i r c u i t a n a l y s i s to f i n d i s c
11 i_2 =0; // v o l t a g e a c r o s s R 2 i s 0
12 i_1=V_s/R_1;

13 i_sc=i_1+2-i_2; // shor t−c i r c u i t c u r r e n t (KCL at
j u n c t i o n o f R 2 and I s )

14 V_t=R_t*i_sc; // th ev en i n v o l t a g e
15 disp(i_sc , ’ sho r t−c i r c u i t c u r r e n t i n amperes ’ )
16 disp(R_t , ’ t h ev en i n r e s i s t a n c e i n ohms ’ )
17 disp(V_t , ’ t h ev en i n v o l t a g e i n v o l t s ’ )
18 // th ev en i n e q u i v a l e n t can be made o f V t and R t .

Scilab code Exa 2.18 example 18

1 clc

2 // ex2 . 1 8
3 V=10;

4 R_1 =5;

5 R_2 =10;

6 //Open−c i r c u i t a n l a y s i s
7 // l e t V oc be the open c i r c u i t v o l t a g e
8 // Current equa t i on at node1 3( i x ) =(1/10) V oc
9 // i x =(10−V oc ) /5 i x i n terms o f V oc

10 V_oc =2/((1/5) +(1/30)); // open−c i r c u i t v o l t a g e (
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from above two e qua t i o n s )
11 V_t=V_oc; // th ev en i n v o l t a g e
12 // shor t−c i r c u i t a n a l y s i s
13 i_x=V/R_1;

14 i_sc =3*i_x; // shor t−c i r c u i t c u r r e n t
15 R_t=V_oc/i_sc;

16 printf(” A l l the v a l u e s i n the t ex tbook a r e
approximated , hence the v a l u e s i n t h i s code
d i f f e r from tho s e o f t ex tbook ”)

17 disp(V_t , ’ Thevenin v o l t a g e i n v o l t s ’ )
18 disp(R_t , ’ Thevenin r e s i s t a n c e i n ohms ’ )

Scilab code Exa 2.19 example 19

1 clc

2 // ex2 . 1 9
3 R1= 20 //Ohms
4 R2= 15 //ohms
5 vs= 15 //V
6 R3= 5 //Ohms
7 k= 0.25

8 // /CALCULATIONS
9 voc= (R2/R1)/((1/R1)+(1/( R2+R3))+(k/4))

10 isc= vs/R1

11 Rf= voc/isc

12 //RESULTS
13 printf ( ’ Rf = %. 2 f ohms ’ ,Rf)

Scilab code Exa 2.20 example 20

1 clc

2 // ex2 . 2 0
3 V_s_1 =20; // v o l t a g e s ou r c e
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4 R_1 =5;

5 R_2 =10;

6 i_s_1 =1; // c u r r e n t s ou r c e
7 //Method 1 : To t r an s f o rm cu r r e n t s ou r c e and R 2 i n t o

a v o l t a g e s ou r c e i n s e r i e s with R 2
8 V_s_2=i_s_1*R_2; // s ou r c e t r a n s f o rma t i o n
9 i_1=(V_s_1 -V_s_2)/(R_1+R_2); // c l o c kw i s e KVL

10 i_2=i_1+i_s_1; //KCL at top node o f o r i g i n a l
c i r c u i t

11 printf(” A l l the v a l u e s i n the t ex tbook a r e
approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

12 disp( ’By c u r r e n t s ou r c e to v o l t a g e s ou r c e
t r a n s f o rma t i o n : ’ )

13 disp(i_1 , ’ c u r r e n t i 1 i n amperes ’ )
14 disp(i_2 , ’ c u r r e n t i 2 i n amperes ’ )
15 //Method 2 : To t r an s f o rm vo l t a g e s ou r c e and R 1 i n t o

a c u r r e n t s ou r c e i n p a r a l l e l with R 1
16 i_s_2=V_s_1/R_1; // s ou r c e t r a n s f o rma t i o n
17 i_t=i_s_2+i_s_1; // t o t a l c u r r e n t
18 i_2=R_1*i_t/(R_1+R_2) // cu r r en t−d i v i s i o n

p r i n c i p l e
19 i_1=i_2 -i_s_1; //KCL at top node o f o r i g i n a l

c i r c u i t
20 disp( ’By v o l t a g e s ou r c e to c u r r e n t s ou r c e

t r a n s f o rma t i o n : ’ )
21 disp(i_1 , ’ c u r r e n t i 1 i n amperes ’ )
22 disp(i_2 , ’ c u r r e n t i 2 i n amperes ’ )
23 disp( ’ In any method we ge t the same answers . ’ )

Scilab code Exa 2.21 example 21

1 clc

2 // ex2 . 2 1
3 V_s =50;
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4 R_1 =20;

5 R_2 =5;

6 // Ze r o i ng the v o l t a g e s ou r c e
7 R_eq =1/((1/ R_1)+(1/ R_2)); //R 1 and R 2 in

p a r a l l e l
8 R_t=R_eq; // th ev en i n r e s i s t a n c e
9 // open−c i r c u i t a n a l y s i s

10 V_oc=V_s*R_2/(R_1+R_2); // open−c i r c u i t v o l t a g e
11 V_t=V_oc; // th ev en i n v o l t a g e
12 R_L=R_t;

13 P_L_max=V_t ^2/(4* R_t)

14 disp(R_L , ’ l o ad r e s i s t a n c e f o r maximum power t r a n s f e r
i n ohms ’ )

15 disp(P_L_max , ’maximum power i n watt s ’ )

Scilab code Exa 2.22 example 22

1 clc

2 // ex2 . 2 2
3 V_s =15; // v o l t a g e s ou r c e
4 R_1 =10;

5 R_2 =5;

6 i_s =2; // c u r r e n t s ou r c e
7 // Ana l y s i s with on ly v o l t a g e s ou r c e a c t i v e
8 V_1=R_2*V_s/(R_1+R_2); // vo l t a g e−d i v i s i o n

p r i n c i p l e
9 // Ana l y s i s with on ly c u r r e n t s ou r c e a c t i v e

10 R_eq =1/((1/ R_1)+(1/ R_2)); //R 1 and R 2 in
p a r a l l e l

11 V_2=i_s*R_eq; //ohm ’ s law
12 V_T=V_1+V_2; // t o t a l r e s p on s e
13 printf(” A l l the v a l u e s i n the t ex tbook a r e

approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

14 disp(V_T , ’VT i . e . , v o l t a g e a c r o s s R2 in v o l t s ’ )
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Scilab code Exa 2.23 example 23

1 clc

2 // ex2 . 2 3
3 R_1 =1*10^3;

4 // c a s e ( a )
5 disp( ’ c a s e a : ’ )
6 R_2 =10*10^3;

7 R_3 =732;

8 R_x=R_2*R_3/R_1; // wheat s tone b r i d g e c o n d i t i o n
9 disp(R_x , ’ Value o f Rx in ohms ’ )

10 // c a s e ( b )
11 disp( ’ c a s e b : ’ )
12 //R x i s maximum when both R 2 and R 3 a r e maximum
13 R_2_max =1*10^6;

14 R_3_max =1100;

15 R_x_max=R_2_max*R_3_max/R_1; // wheat s tone
b r i d g e c o n d i t i o n

16 disp(R_x_max , ’Maximum va lu e o f Rx in ohms ’ )
17 // c a s e ( c )
18 disp( ’ c a s e c : ’ )
19 // inc r ement i n R x i s s c a l e f a c t o r t imes inc r ement

i n R 3
20 R_2 =1*10^6;

21 R_3_inc =1; // inc r ement i n R 3
22 R_x_inc=R_2*R_3_inc/R_1; // inc r ement i n R x

from b r i d e ba l an c e c o n d i t i o n
23 disp(R_x_inc , ’ Inc rement between v a l u e s o f Rx in ohms

f o r the b r i d g e to be ba lanced ’ )

27



Chapter 3

Inductance and Capacitance

Scilab code Exa 3.1 example 1

1 clc

2 // ex3 . 1
3 C=1*10^ -6;

4 // t i n micro s e cond s
5 t_1 =[0:0.001:2];

6 t_2 =[2.001:0.001:4];

7 t_3 =[4.001:0.001:5];

8 t=[t_1 ,t_2 ,t_3];

9 // c o r r e s p ond i n g v o l t a g e v a r i a t i o n s
10 V_1 =5*t_1;

11 V_2 =0*t_2 +10;

12 V_3=-10*t_3 +50;

13 // cha rge q=C∗V
14 q_1=C*V_1;

15 q_2=C*V_2;

16 q_3=C*V_3;

17 q=[q_1 ,q_2 ,q_3];

18 subplot (121)

19 plot(t,q*10^6)

20 xtitle( ’ cha rge vs t ime ’ , ’ t ime i n Ms ’ , ’ cha rge i n Mc ’ )
//M−micro (10ˆ−6)
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21 // c u r r e n t i=C∗dV/ dt ∗10ˆ6 , f o r above e qua t i o n s we ge t
22 i_1 =10^6*(0* t_1+C*(5));

23 i_2 =10^6*0* t_2;

24 i_3 =10^6*(0* t_3+C*(-10));

25 i=[i_1 ,i_2 ,i_3];

26 subplot (122)

27 plot(t,i)

28 xtitle( ’ c u r r e n t vs t ime ’ , ’ t ime i n Ms ’ , ’ c u r r e n t i n
amperes ’ ) //M−micro (10ˆ−6)

Scilab code Exa 3.2 example 2

1 clc

2 // ex3 . 2
3 C=0.1*10^ -6;

4 // symbo l i c i n t e g r a t i o n cannot be done i n s c i l a b
5 t=[0:0.001*10^ -3:3* %pi *10^ -4];

6 i=0.5* sin ((10^4)*t);

7 // on i n t e g r a t i n g ’ i ’ w . r . t t
8 q=0.5*10^ -4*(1 - cos (10^4*t));

9 C=10^ -7;

10 V=q/C;

11 subplot (221)

12 plot(t,q*10^6)

13 xtitle( ’ cha rge vs t ime ’ , ’ t ime i n s e cond s ’ , ’ cha rge i n
Mc ’ ) //Mc=micro coulombs (10ˆ−6)

14 subplot (222)

15 plot(t,i)

16 xtitle( ’ c u r r e n t vs t ime ’ , ’ t ime i n s e cond s ’ , ’ c u r r e n t
i n amperes ’ ) //Mc=micro coulombs (10ˆ−6)

17 subplot (223)

18 xtitle( ’ v o l t a g e vs t ime ’ , ’ t ime i n s e cond s ’ , ’ v o l t a g e
i n v o l t s ’ )

19 plot(t,V)
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Scilab code Exa 3.3 example 3

1 clc

2 // ex3 . 3
3 C=10*10^ -6;

4 t_1 =[0:0.001:1];

5 t_2 =[1.001:0.001:3];

6 t_3 =[3.001:0.001:5];

7 t=[t_1 ,t_2 ,t_3];

8 // v o l t a g e v a r i a t i o n s
9 V_1 =1000* t_1;

10 V_2 =0*t_2 +1000;

11 V_3 =500*(5 - t_3);

12 // c u r r e n t i=C∗dv/dt , f o r above e qua t i o n s we ge t
13 i_1=C*(0* t_1 +1000);

14 i_2=C*(0* t_2);

15 i_3=C*(0*t_3 -500);

16 i=[i_1 ,i_2 ,i_3];

17 // power d e l i v e r e d , P=V∗ i
18 P_1=C*(10^6* t_1);

19 P_2=C*(0* t_2 +1000);

20 P_3=C*( -25*10^4*(5 - t_3));

21 P=[P_1 ,P_2 ,P_3];

22 // ene rgy s t o r ed , W=(1/2) ∗C∗Vˆ2
23 W_1 =(1/2)*C*V_1 ^2;

24 W_2 =(1/2)*C*V_2 ^2;

25 W_3 =(1/2)*C*V_3 ^2;

26 W=[W_1 ,W_2 ,W_3];

27 subplot (221)

28 plot(t,i*10^3)

29 xtitle( ’ c u r r e n t vs t ime ’ , ’ t ime i n s e cond s ’ , ’ c u r r e n t
i n mA’ ) //mA−m i l l i amperes (10ˆ−3)

30 subplot (222)

31 plot(t,P)
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32 xtitle( ’ power d e l i v e r e d vs t ime ’ , ’ t ime i n s e cond s ’ , ’
power i n watt s ’ )

33 subplot (223)

34 plot(t,W)

35 xtitle( ’ ene rgy s t o r e d vs t ime ’ , ’ t ime i n s e cond s ’ , ’
work i n j o u l e s ’ )

Scilab code Exa 3.4 example 4

1 clc

2 // ex3 . 4
3 L=10*10^ -2; // l e n g t h
4 W=20*10^ -2; // width
5 d=0.1*10^ -3; // d i s t a n c e between p l a t e s
6 A=L*W; // a r ea
7 E_o =8.85*10^ -12; // d i e l e c t r i c c on s t an t o f

vacuum
8 // d i e l e c t r i c i s a i r
9 E_r =1; // r e l a t i v e d i e l e c t r i c c on s t an t o f a i r

10 E=E_r*E_o; // d i e l e c t r i c c on s t an t
11 C=E*A/d; // c ap a c i t a n c e
12 disp( ’When the d i e l e c t r i c i s a i r , c a p a c i t a n c e i n pF

i s ’ ) //pF−p i c o Farad (10ˆ−12)
13 disp(C*10^12)

14 // d i e l e c t r i c i s mica
15 E_r =7; // r e l a t i v e d i e l e c t r i c c on s t an t o f mica
16 E=E_r*E_o; // d i e l e c t r i c c on s t an t
17 C=E*A/d; // c ap a c i t a n c e
18 disp( ’When the d i e l e c t r i c i s mica , c a p a c i t a n c e i n pF

i s ’ ) //pF−p i c o Farad (10ˆ−12)
19 disp(C*10^12)

Scilab code Exa 3.5 example 5
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1 clc

2 // ex3 . 5
3 C_1 =1*10^ -6;

4 C_2 =1*10^ -6;

5 // Be f o r e the sw i t ch i s c l o s e d
6 V_1 =100;

7 V_2 =0;

8 W_1 =(1/2)*C_1*V_1^2;

9 W_2 =0; //V 2=0
10 W_t_1=W_1+W_2; // t o t a l ene rgy s t o r e d by both

the c a p a c i t o r s b e f o r e sw i t ch i s c l o s e d
11 q_1=C_1*V_1;

12 q_2 =0;

13 // A f t e r the sw i t ch i s c l o s e d
14 q_eq=q_1+q_2; // cha rge on e q u i v a l e n t

c a p a c i t a n c e
15 C_eq=C_1+C_2; //C 1 and C 2 in p a r a l l e l
16 V_eq=q_eq/C_eq;

17 V_1=V_eq; // p a r a l l e l combinat ion
18 V_2=V_eq; // p a r a l l e l combinat ion
19 W_1 =(1/2)*C_1*V_eq ^2;

20 W_2 =(1/2)*C_2*V_eq ^2;

21 W_t_2=W_1+W_2; // t o t a l ene rgy s t o r e d by both
the c a p a c i t o r s a f t e r sw i t ch i s c l o s e d

22 disp(W_t_1 *10^3, ’ Tota l ene rgy s t o r e d by both the
c a p a c i t o r s b e f o r e sw i t ch i s c l o s e d i n mJ ’ )
//mJ−m i l l i J o u l e s (10ˆ−3)

23 disp(W_t_2 *10^3, ’ Tota l ene rgy s t o r e d by both the
c a p a c i t o r s a f t e r sw i t ch i s c l o s e d i n mJ ’ ) //
mJ−m i l l i J o u l e s (10ˆ−3)

Scilab code Exa 3.6 example 6

1 clc

2 // ex3 . 6
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3 L=5; // i nduc t an c e
4 t_1 =[0:0.001:2];

5 t_2 =[2.001:0.001:4];

6 t_3 =[4.001:0.001:5];

7 t=[t_1 ,t_2 ,t_3];

8 // c o r r e s p ond i n g c u r r e n t v a r i a t i o n s
9 i_1 =(1.5)*t_1;

10 i_2 =0*t_2+3;

11 i_3=(-3*t_3)+15;

12 // v o l t a g e V=L∗ ( d i / dt )
13 V_1=L*(0* t_1 +(1.5));

14 V_2=L*(0* t_2);

15 V_3=L*(0*t_3 -3);

16 V=[V_1 ,V_2 ,V_3];

17 // s t o r e d ene rgy W=1/2∗L∗ i ˆ2
18 W_1 =(1/2)*L*i_1 ^2;

19 W_2 =(1/2)*L*i_2 ^2;

20 W_3 =(1/2)*L*i_3 ^2;

21 W=[W_1 ,W_2 ,W_3];

22 // power P=V∗ i
23 P_1=L*t_1 *(1.5^2);

24 P_2 =0*t_2;

25 P_3=-3*L*(-3*t_3 +15);

26 P=[P_1 ,P_2 ,P_3];

27 subplot (221)

28 plot(t,V)

29 xtitle( ’ v o l t a g e vs t ime ’ , ’ t ime i n s e cond s ’ , ’ v o l t a g e
i n v o l t s ’ )

30 subplot (222)

31 plot(t,W)

32 xtitle( ’ ene rgy vs t ime ’ , ’ t ime i n s e cond s ’ , ’ ene rgy i n
j o u l e s ’ )

33 subplot (223)

34 plot(t,P)

35 xtitle( ’ power vs t ime ’ , ’ t ime i n s e cond s ’ , ’ power i n
watt s ’ )
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Chapter 4

Transients

Scilab code Exa 4.1 example 1

1 clc

2 // ex4 . 1
3 V_s =10; // s ou r c e v o l t a g e
4 R_1 =5;

5 R_2 =5;

6 L=1;

7 C=1*10^ -6;

8 // f o r t >>0, we apply s t eady s t a t e c o n d i t i o n s i . e . ,
i n du c t o r and c a p a c i t o r a r e r e p l a c e d by s h o r t and
open c i r c u i t s r e s p e c t i v e l y

9 R_eq=R_1+R_2; //R 1 and R 2 in s e r i e s
10 i_x=V_s/R_eq; //ohm ’ s law
11 V_x=R_2*i_x; // v o l t a g e a c r o s s R 2
12 disp(i_x , ’ c u r r e n t i x i n amperes ’ )
13 disp(V_x , ’ v o l t a g e Vx in v o l t s ’ )

Scilab code Exa 4.2 example 2
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1 clc

2 // ex4 . 3
3 //Vs i s a d i r e c t s ou r c e
4 // C i r c u i t i s i n s t e ady s t a t e p r i o r to t=0
5 // Be f o r e t =0 , the i n du c t o r behaves as a s h o r t

c i r c u i t ==>V( t )=0 f o r t<0 and i ( t )=Vs/Ri f o r t<0
6 // Be f o r e the sw i t ch opens , c u r r e n t c i r c u l a t e s

through Vs , R1 and the i nduc t an c e and When i t
opens , no th ing changes but the r e t u r n path
through R2

7 //Then , a v o l t a g e appea r s a c r o s s R2 and the
induc tance , c au s i n g the c u r r e n t to decay

8 // There a r e no s o u r c e s d r i v i n g the c i r c u i t a f t e r the
sw i t ch opens ==>the steady−s t a t e s o l u t i o n i s

z e r o f o r t>0
9 //Hence , the s o l u t i o n f o r i ( t ) i s g i v en by i ( t )=K∗ e

ˆ(− t /T) f o r t>0 i n t ime con s t an t T=L/R2
10 // For c u r r e n t to be con t i nuou s i (0+)=(Vs/R1)=K∗ eˆ0=K

==> K=Vs/R1
11 //The v o l t a g e i s g i v en by V( t )=(L∗d ( i ( t ) ) / dt )=−(L∗Vs

∗ eˆ(− t /T) ) /(R1∗T) f o r t>0
12 disp( ’ Both c u r r e n t and v o l t a g e a r e 0 f o r t<0 ’ )
13 disp( ’ ’ )
14 disp( ’And f o r t >0: ’ )
15 disp( ’ The e x p r e s s i o n f o r the c u r r e n t i s i ( t )=(Vs/R1)

∗ eˆ(− t /T) ’ )
16 disp( ’ The e x p r e s s i o n f o r the v o l a t g e i s V( t )=−(L∗Vs∗

eˆ(− t /T) ) /(R1∗T) ’ )
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Chapter 5

Steady state sinusoidal
analaysis

Scilab code Exa 5.1 example 1

1 clc

2 // ex5 . 1
3 R=50;

4 t=[0:0.000001:0.05];

5 V_t =100* cos (100* %pi*t);

6 V_m =100; // peak va lu e
7 V_rms=V_m/sqrt (2);

8 P_avg=(V_rms ^2)/R;

9 P_t=V_t^2/R;

10 printf(” A l l the v a l u e s i n the t ex tbook a r e
approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

11 disp(V_rms , ’RMS va lu e o f v o l t a g e i n v o l t s ’ )
12 disp(P_avg , ’ a v e r ag e power i n watt s ’ )
13 subplot (121)

14 plot(t*10^3, V_t);

15 xtitle( ’ v o l t a g e vs t ime ’ , ’ t ime i n ms ’ , ’ v o l t a g e i n
v o l t s ’ ) //ms−m i l l i s e c ond s (10ˆ−3)

16 subplot (122)
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17 plot(t*10^3, P_t)

18 xtitle( ’ power vs t ime ’ , ’ t ime i n ms ’ , ’ power i n watt s ’
) //ms−m i l l i s e c ond s (10ˆ−3)

Scilab code Exa 5.2 example 2

1 clc

2 // ex5 . 2
3 // p l o t o f V and t ( a l r e a dy g i v en with the qu e s t i o n

but to g e t c l a r i t y we p l o t i t )
4 t_1 =[0:0.001:1];

5 t_2 =[1.001:0.001:2];

6 t=[t_1 ,t_2];

7 V_1 =3*t_1;

8 V_2=6-3*t_2;

9 V=[V_1 ,V_2];

10 plot(t,V)

11 xtitle( ’ v o l t a g e vs t ime ’ , ’ t ime i n s e cond s ’ , ’ v o l t a g e
i n v o l t s ’ )

12 //now f i n d V rms
13 T=2; // from the p l o t o f V vs t
14 V_rms=sqrt ((1/T)*(( integrate( ’ (3∗ t 1 ) ˆ2 ’ , ’ t 1 ’ ,0,1))

+( integrate( ’ (6−3∗ t 2 ) ˆ2 ’ , ’ t 2 ’ ,1,2))));
15 printf(” A l l the v a l u e s i n the t ex tbook a r e

approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

16 disp(V_rms , ’RMS va lu e i n v o l t s ’ )

Scilab code Exa 5.3 example 3

1 clc

2 // ex5 . 3
3 //V 1 and V 2 a r e pha so r s o f g i v en v o l t a g e s
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4 theta_1=-%pi/4; // f o r V 1
5 theta_2=-%pi/6; // f o r V 2 ( i n co s form )
6 V_1=complex (20* cos(theta_1) ,20*sin(theta_1));

7 V_2=complex (10* cos(theta_2) ,10*sin(theta_2));

8 V_s=V_1+V_2;

9 V=sqrt((real(V_s)^2)+(imag(V_s)^2)); // peak
v o l t a g e o f r e s u l t a n t summation

10 phi=atan(imag(V_s)/real(V_s)); // phase ang l e o f
r e s u l t a n t sum vo l t a g e

11 printf(” A l l the v a l u e s i n the t ex tbook a r e
approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

12 disp(V, ’ Peak va lu e o f r e s u l t a n t v o l t a g e i n v o l t s ’ )
13 disp(phi *180/%pi , ’ phase o f r e s u l t i n g v o l t a g e i n

d e g r e e s ’ ) // c o nv e r t i n g ph i i n r a d i a n s to
d e g r e e s

14 // r e s u l t : V t=Vcos ( wt+phi )

Scilab code Exa 5.4 example 4

1 clc

2 // ex5 . 4
3 L=0.3;

4 C=40*10^ -6;

5 R=100;

6 V_s_max =100; // peak va lu e o f g i v en v o l t a g e
7 W=500; // angu l a r f r e qu en cy
8 V_s_phi=%pi/6; // phase ang l e i n d e g r e e s
9 V_s=complex(V_s_max*cos(V_s_phi),V_s_max*sin(V_s_phi

)); // phasor f o r v o l t a g e s ou r c e
10 Z_L=%i*W*L; // complex impedance o f i nduc t an c e
11 Z_C=-%i/(W*C); // complex impedance o f

c a p a c i t a n c e
12 Z_eq=R+Z_L+Z_C; //R, Z L and Z C in s e r i e s
13 I=V_s/Z_eq; // phasor c u r r e n t
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14 V_R=R*I;

15 V_L=Z_L*I;

16 V_C=Z_C*I;

17 printf(” A l l the v a l u e s i n the t ex tbook a r e
approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

18 // f o r r e s i s t a n c e R
19 disp( ’ For r e s i s t a n c e R ’ )
20 V_R_max=sqrt((real(V_R)^2)+(imag(V_R)^2));

21 V_R_phi =(atan(imag(V_R)/real(V_R)))*180/ %pi;

22 disp(V_R_max , ’ peak va lu e o f v o l t a g e i n v o l t s ’ )
23 disp(V_R_phi , ’ phase ang l e i n d e g r e e s ’ )
24 // r e s u l t : V R=Vcos ( wt+phi ) V−peak v o l t a g e
25 // f o r i nduc t an c e L
26 disp( ’ For i nduc t an c e L ’ )
27 V_L_max=sqrt((real(V_L)^2)+(imag(V_L)^2));

28 V_L_phi =(atan(imag(V_L)/real(V_L)))*180/ %pi;

29 disp(V_L_max , ’ peak va lu e o f v o l t a g e i n v o l t s ’ )
30 disp(V_L_phi , ’ phase ang l e i n d e g r e e s ’ )
31 // r e s u l t : V L=Vcos ( wt+phi ) V−peak v o l t a g e
32 // f o r c a p a c i t o r C
33 disp( ’ For c a p a c i t o r C ’ )
34 V_C_max=sqrt((real(V_C)^2)+(imag(V_C)^2));

35 V_C_phi =(atan(imag(V_C)/real(V_C)))*180/ %pi;

36 disp(V_C_max , ’ peak va lu e o f v o l t a g e i n v o l t s ’ )
37 disp(V_C_phi , ’ phase ang l e i n d e g r e e s ’ ) // co s ( t )

=co s ( t −180) (we ge t 75 i n s t e a d o f −105 g i v en i n
t ex tbook )

38 // r e s u l t : V C=Vcos ( wt+phi ) V−peak v o l t a g e
39 disp( ’ The phasor diagram cannot be p l o t t e d ’ )

Scilab code Exa 5.5 example 5

1 clc

2 // ex5 . 5
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3 V_s_max =10; // peak va lu e o f s o u r c e v o l t a g e
4 phi=-%pi/2; // phase o f s ou r c e v o l t a g e
5 V_s=complex (10* cos(%pi/2) ,10*sin(%pi /2)); //

phasor o f s o u r c e v o l t a g e
6 W=1000; // angu l a r f r e qu en cy
7 R=100;

8 L=0.1;

9 C=10*10^ -6;

10 Z_L=%i*W*L; // impedance o f i nduc t an c e
11 Z_C=-%i/(W*C); // impedance o f c a p a c i t a n c e
12 Z_RC =1/((1/R)+(1/ Z_C)); //R and Z C in p a r a l l e l

combinat i on
13 V_C=V_s*Z_RC/(Z_L+Z_RC); // v o l t a g e d i v i s i o n

p r i n c i p l e
14 I=V_s/(Z_L+Z_RC); // c u r r e n t through s ou r c e and

i ndu c t o r
15 I_R=V_C/R; // c u r r e n t through r e s i s t a n c e
16 I_C=V_C/Z_C; // c u r r e n t through c a p a c i t o r
17 // co s ( t )=co s (180− t )
18 disp(sqrt((real(V_C)^2)+(imag(V_C)^2)), ’ peak va lu e

o f Vc i n v o l t s ’ )
19 disp((atan(imag(V_C)/real(V_C)))*180/%pi , ’ phase

ang l e o f Vc i n d e g r e e s ’ )
20 // // r e s u l t : V C=Vcos ( wt+phi ) V−peak v o l t a g e
21 disp(I, ’ c u r r e n t through s ou r c e and i ndu c t o r i n

amperes ’ )
22 disp(I_R , ’ c u r r e n t through r e s i s t a n c e i n amperes ’ )
23 disp(I_C , ’ c u r r e n t through c ap a c i t a n c e i n amperes ’ )
24 disp( ’ phasor diagram cannot be p l o t t e d ’ )

Scilab code Exa 5.6 example 6

1 clc

2 // ex5 . 6
3 V_s_max =2; // peak va lu e o f s o u r c e v o l t a g e
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4 V_s_phi=-%pi/2; // phase ang l e o f s o u r c e v o l t a g e
5 V_s=complex(V_s_max*cos(V_s_phi),V_s_max*sin(V_s_phi

));

6 R=10;

7 Z_C=-%i*5; // impedance o f c a p a c i t a n c e
8 Z_L=%i*10; // impedance o f i nduc t an c e
9 I_s_max =1.5; // peak va lu e o f c u r r e n t s ou r c e

10 I_s_phi =0; // phase ang l e o f c u r r e n t s ou r c e
11 I_s=complex(I_s_max*cos(I_s_phi),I_s_max*sin(I_s_phi

));

12 //we w r i t e the s tandard e qua t i o n s o f V 1 and V 2 in
matr ix form

13 // from node−v o l t a g e r e l a t i o n
14 A=[0.1+ %i*0.2,-%i*0.2;-%i*0.2,%i *0.1]; //

c o e f f i c i e n t matr ix
15 B=[-%i *2;1.5]; // c on s t an t matr ix
16 //As in A∗X=B form
17 V=inv(A)*B;

18 V_1=sqrt((real(V(1,:)))^2+( imag(V(1,:)))^2); //
peak va lu e o f V 1

19 V_1_phi=atan(imag(V(1,:))/real(V(1,:))); //
phase ang l e o f V 1

20 printf(” A l l the v a l u e s i n the t ex tbook a r e
approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

21 disp(V_1 , ’ peak va lu e o f V1 in v o l t s ’ )
22 disp(V_1_phi *180/%pi , ’ phase ang l e o f V1 in d e g r e e s ’ )

Scilab code Exa 5.7 example 7

1 // ex5 . 7
2 phi_v=-%pi/2; // ang l e o f v o l t a g e s ou r c e
3 phi_i=-3*%pi/4; // ang l e o f c u r r e n t s ou r c e
4 phi=phi_v -phi_i; // power ang l e
5 V_s_max =10; // peak va lu e o f v o l t a g e s ou r c e
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6 V_s_phi=phi_v; // phase ang l e o f v o l t a g e s ou r c e
7 R=100;

8 V_s=complex(V_s_max*cos(V_s_phi),V_s_max*sin(V_s_phi

)); // phasor o f v o l t a g e s ou r c e
9 X_L=%i*100;

10 X_C=-%i*100;

11 I_max =0.1414; // peak va lu e o f c u r r e n t
12 I_phi=phi_i; // phase ang l e o f c u r r e n t
13 I=complex(I_max*cos(I_phi),I_max*sin(I_phi));

// phasor o f c u r r e n t
14 V_s_rms=V_s_max/sqrt (2); // rms va lu e o f v o l t a g e
15 I_rms=I_max/sqrt (2); // rms va lu e o f c u r r e n t
16 I_R_max =0.1; // peak va lu e
17 I_R_phi =-2*%pi; // phase ang l e
18 I_R=complex(I_R_max*cos(I_R_phi),I_R_max*sin(I_R_phi

)); // phasor o f c u r r e n t
19 I_R_rms=I_R_max/sqrt (2); // rms va lu e
20 I_C_max =0.1; // peak va lu e
21 I_C_phi=-%pi/2; // phase ang l e
22 I_C=complex(I_C_max*cos(I_C_phi),I_C_max*sin(I_C_phi

)); // phasor c u r r e n t i n c a p a c i t o r
23 I_C_rms=I_C_max/sqrt (2); // rms va lu e
24 P=V_s_rms*I_rms*cos(phi); // power by s ou r c e
25 Q=V_s_rms*I_rms*sin(phi); // r e a c t i v e power by

s ou r c e
26 printf(” A l l the v a l u e s i n the t ex tbook a r e

approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

27 disp(P, ’ power d e l i v e r e d by s ou r c e i n watt s ’ )
28 disp(Q, ’ r e a c t i v e power d e l i v e r e d by s ou r c e i n VARs ’ )
29 // u s i n g complex power method
30 disp( ’ Us ing complex power method : ’ )
31 S=(1/2)*V_s*(I’); // complex power
32 P=real(S);

33 Q=imag(S);

34 disp(P, ’ power d e l i v e r e d by s ou r c e i n watt s ’ )
35 disp(Q, ’ r e a c t i v e power d e l i v e r e d by s ou r c e i n VARs ’ )
36 disp( ’we s e e that , i n both the methods answer s a r e
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the same ’ )
37 Q_L=I_rms ^2*X_L/%i; // r e a c t i v e power to

i nduc t an c e
38 Q_C=I_C_rms ^2* X_C/%i; // r e a c t i v e power to

c a p a c i t a n c e
39 P_R=I_R_rms ^2*R; // power to r e s i s t a n c e
40 disp(Q_L , ’ r e a c t i v e power d e l i v e r e d to i nduc t an c e i n

VARs ’ )
41 disp(Q_C , ’ r e a c t i v e power d e l i v e r e d to c a p a c i t a n c e i n

VARs ’ )
42 disp(P_R , ’ power d e l i v e r e d to r e s i s t a n c e i n watt s ’ )

Scilab code Exa 5.8 example 8

1
2 clc

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 clear

5 Vrms = 10^2 //V
6 Irms= 10^2 //amp
7 pf= 0.5

8 pf1= 0.7

9 r= 1.41

10 //CALCULATIONS
11 PA= Vrms*Irms*pf

12 QA= -sqrt((Vrms*Irms)^2-PA^2) /1000

13 a= acosd(pf1)

14 QB= PA*tand(a)/1000

15 P= 2*PA/1000

16 Q= QA+QB

17 o= atand(Q/P)

18 pf2= cosd(o)

19 A= o+69.18

20 S= sqrt(P^2+Q^2)

21 I= S*r
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22 //RESULTS
23 printf ( ’ Phasor Current = %. f A ’ ,I)
24 printf ( ’ \n Angle = %. 2 f d e g r e e s ’ ,A)

Scilab code Exa 5.9 example 9

1 clc

2 // ex5 . 9
3 //L i s l oad
4 P_L =50*10^3; // power o f l o ad
5 f=60; // f r e qu en cy
6 V_rms =10*10^3; // rms v o l t a g e
7 PF_L =0.6; // power f a c t o r
8 phi_L=acos(PF_L); // power ang l e
9 Q_L=P_L*tan(phi_L); // r e a c t i v e power o f l o ad

10 //when c a p a c i t o r i s added , power ang l e changes
11 PF_L_new =0.9;

12 phi_L_new=acos(PF_L_new);

13 Q_new=P_L*tan(phi_L_new);

14 Q_C=Q_new -Q_L; // r e a c t i v e power o f c a p a c i t a n c e
15 X_C=-V_rms ^2/ Q_C; // r e a c t a n c e o f c a p a c i t o r
16 W=2*%pi*f; // angu l a r f r e qu en cy
17 C=1/(W*abs(X_C)); // c ap a c i t a n c e
18 printf(” A l l the v a l u e s i n the t ex tbook a r e

approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

19 disp(C*10^6, ’ Requ i red c a p a c i t a n c e i n micro−f a r a d s ’ )

Scilab code Exa 5.10 example 10

1 clc

2 // ex5 . 1 0
3 R=100;
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4 V_s_max =100; // peak va lu e o f v o l t a g e
5 V_s_phi =0; // phase ang l e o f v o l t a g e
6 V_s=complex(V_s_max*cos(V_s_phi),V_s_max*sin(V_s_phi

)); // phasor o f v o l t a g e
7 Z_C=-%i*100; // impedance o f c a p a c i t a n c e
8 I_s_max =1; // peak va lu e o f c u r r e n t
9 I_s_phi=%pi/2; // phase ang l e o f c u r r e n t

10 I_s=complex(I_s_max*cos(I_s_phi),I_s_max*sin(I_s_phi

)); // phasor o f c u r r e n t
11 // z e r o i n g s o u r c e s to f i n d Z t i . e . , t h ev en i n

impedance
12 Z_t =1/((1/R)+(1/ Z_C)); //R and Z C are i n

p a r a l l e l combinat ion
13 // apply shor t−c i r c u i t to f i n d I s c i . e . , sho r t−

c i r c u i t c u r r e n t
14 I_R=abs(V_s)/R; //ohm ’ s law
15 I_sc=I_R -I_s; // app l y i ng KCL
16 V_t=I_sc*Z_t; // th ev en i n v o l t a g e
17 printf(” A l l the v a l u e s i n the t ex tbook a r e

approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

18 disp( ’FOR THEVENIN CIRCUIT : ’ )
19 disp( ’ t h ev en i n v o l t a g e ’ )
20 disp(abs(V_t), ’ peak va lu e o f v o l t a g e i n v o l t s ’ )
21 // co s ( t )=co s ( t −180)
22 disp(atan(imag(V_t)/real(V_t))*180/%pi , ’ phase ang l e

i n d e g r e e s ’ )
23 disp( ’ t h ev en i n r e s i s t a n c e ’ )
24 disp(abs(Z_t), ’ peak va lu e o f r e s i s t a n c e i n ohms ’ )
25 disp(atan(imag(Z_t)/real(Z_t))*180/%pi , ’ phase ang l e

i n d e g r e e s ’ )
26 disp( ’FOR NORTON CIRCUIT : ’ )
27 disp( ’ no r ton c u r r e n t ’ )
28 disp(abs(I_sc), ’ peak va lu e o f nor ton c u r r e n t i n

amperes ’ )
29 disp(atan(imag(I_sc)/real(I_sc))*180/%pi , ’ phase

ang l e i n d e g r e e s ’ )
30 disp( ’ r e s i s t a n c e ’ )
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31 disp(abs(Z_t), ’ peak va lu e o f r e s i s t a n c e i n ohms ’ )
32 disp(atan(imag(Z_t)/real(Z_t))*180/%pi , ’ phase ang l e

i n d e g r e e s ’ )

Scilab code Exa 5.11 example 11

1 clc

2 // ex5 . 1 1
3 // th ev en i n v o l t a g e
4 V_t_max =100;

5 V_t_phi=-%pi/2;

6 V_t=complex(V_t_max*cos(V_t_phi),V_t_max*sin(V_t_phi

));

7 // th ev en i n r e s i s t a n c e
8 Z_t_max =70.71;

9 Z_t_phi=-%pi/4;

10 Z_t=complex(Z_t_max*cos(Z_t_phi),Z_t_max*sin(Z_t_phi

));

11 printf(” A l l the v a l u e s i n the t ex tbook a r e
approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

12 // a ) Any complex l oad
13 disp( ’FOR ANY COMPLEX LOAD ’ )
14 Z_load=Z_t ’;

15 I_a=V_t/(Z_t+Z_load); //ohm ’ s law
16 I_a_rms=I_a/sqrt (2); // rms va lu e
17 P_1=abs(I_a_rms)^2* real(Z_load); // power
18 disp(Z_load , ’ r e q u i r e d complex l oad impedance ’ )
19 disp(P_1 , ’ power d e l i v e r e d to l oad i n watt s ’ )
20 //b ) pu r e l y r e s i s t i v e l oad
21 disp( ’FOR PURE RESISTIVE LOAD ’ )
22 R_load=abs(Z_t);

23 I_b=V_t/(Z_t+R_load);

24 I_b_rms=I_b/sqrt (2);

25 P_2=abs(I_b_rms)^2* R_load;
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26 disp(R_load , ’ r e q u i r e d pure r e s i s t i v e l oad ’ )
27 disp(P_2 , ’ power d e l i v e r e d to l oad ’ )

Scilab code Exa 5.12 example 12

1 clc

2 // ex5 . 1 2
3 V_Y =1000; // l i n e to n e u t r a l v o l t a g e
4 f=60; // f r e qu en cy
5 L=0.1; // i nduc t an c e
6 R=50;

7 W=2*%pi*f; // angu l a r f r e qu en cy
8 Z=complex(R,W*L); // complex impedance
9 phi=atan(imag(Z)/real(Z));

10 // Balanced wye−wye c a l c u l a t i o n s
11 V_an=complex (1000* cos (0) ,1000*sin (0));

12 V_bn=complex (1000* cos(-2*%pi/3) ,1000*sin(-2*%pi/3));

13 V_cn=complex (1000* cos (2* %pi/3) ,1000*sin(2* %pi /3));

14 I_aA=V_an/Z;

15 I_bB=V_bn/Z;

16 I_cC=V_cn/Z;

17 // l i n e − l i n e pha so r s
18 V_ab=V_an*sqrt (3)*complex(cos(%pi /6),sin(%pi /6));

19 V_bc=V_bn*sqrt (3)*complex(cos(%pi /6),sin(%pi /6));

20 V_ca=V_cn*sqrt (3)*complex(cos(%pi /6),sin(%pi /6));

21 I_L=abs(I_aA);

22 P=(3/2)*V_Y*I_L*cos(phi); // power
23 Q=(3/2)*V_Y*I_L*sin(phi); // r e a c t i v e power
24 printf(” A l l the v a l u e s i n the t ex tbook a r e

approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

25 disp( ’ LINE CURRENTS ’ )
26 disp(I_aA , ’ IaA= ’ )
27 disp(I_bB , ’ IbB= ’ )
28 disp(I_cC , ’ IcC= ’ )
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29 disp( ’ LINE−LINE VOLTAGES ’ )
30 disp(V_ab , ’Vab= ’ )
31 disp(V_bc , ’Vbc= ’ )
32 disp(V_ca , ’ Vca= ’ )
33 disp(P, ’POWER IN WATTS’ )
34 disp(Q, ’REACTIVE POWER IN VARs ’ )
35 disp( ’ the phasor diagram cannot be p l o t t e d ’ )

Scilab code Exa 5.13 example 13

1 clc

2 // ex5 . 1 3
3 Z_line=complex (0.3 ,0.4); // impedance o f w i r e
4 Z_d=complex (30 ,6); // l oad impedance
5 R=real(Z_d);

6 R_line=real(Z_line);

7 // s ou r c e v o l t a g e s
8 V_ab=complex (1000* cos(%pi/6) ,1000* sin(%pi/6));

9 V_bc=complex (1000* cos(-%pi/2) ,1000*sin(-%pi /2));

10 V_ca=complex (1000* cos (5* %pi/6) ,1000*sin(5* %pi /6));

11 // choo s i n g A phase o f wye−e q u i v a l e n t c i r c u i t
12 V_an=V_ab/(sqrt (3)*complex(cos(%pi /6),sin(%pi /6)));

13 Z_Y=Z_d/3;

14 I_aA=V_an/( Z_line+Z_Y); // l i n e c u r r e n t
15 I_aA_rms=abs(I_aA)/sqrt (2);

16 V_An=I_aA*Z_Y; // l i n e to n e u t r a l v o l t a g e
17 V_AB=V_An*sqrt (3)*complex(cos(%pi /6),sin(%pi /6));

// l i n e to l i n e v o l t a g e at the l oad
18 I_AB=V_AB/Z_d; // c u r r e n t through phase AB
19 I_AB_rms=abs(I_AB)/sqrt (2); // rms va lu e
20 P_AB=I_AB_rms ^2*R; // power d e l i v e r e d to phase

AB
21 // power d e l i v e r e d i n o th e r two phase s i s same
22 P=3* P_AB; // t o t a l power
23 P_A=I_aA_rms ^2* R_line; // power l o s t i n l i n e A
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24 // power l o s t i n o th e r two l i n e s i s same
25 P_line =3*P_A;

26 printf(” A l l the v a l u e s i n the t ex tbook a r e
approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

27 disp( ’ LINE CURRENTS ’ )
28 disp(I_aA , ’ IaA= ’ )
29 disp(I_aA*complex(cos(-2*%pi/3),sin(-2*%pi /3)), ’ IbB=

’ )
30 disp(I_aA*complex(cos (2* %pi/3),sin (2*%pi/3)), ’ IcC= ’ )
31 disp( ’ LINE−LINE VOLTAGES ’ )
32 disp(V_AB , ’VAB= ’ )
33 disp(V_AB*complex(cos(-2*%pi/3),sin(-2*%pi /3)), ’VBB=

’ )
34 disp(V_AB*complex(cos (2* %pi/3),sin (2*%pi/3)), ’VCC= ’ )
35 disp(P, ’ power d e l i v e r e d to l oad i n watt s ’ )
36 disp(P_line , ’ t o t a l power d i s s i p a t e d i n the l i n e ’ )

Scilab code Exa 5.14 example 14

1 clc

2 // ex5 . 1 4
3 V_1 =10^3*2.2* sqrt (2)*complex(cos(0),sin(0));

4 V_2 =10^3*2* sqrt (2)*complex(cos(-%pi /18),sin(-%pi /18)

);

5 // w r i t i n g matr ix form o f mesh c u r r e n t equa i on s
ob ta i n ed by KVL

6 Z=[5+3* %i+50* complex(cos(-%pi /18),sin(-%pi /18)) ,-50*

complex(cos(-%pi /18),sin(-%pi /18));-50* complex(

cos(-%pi /18),sin(-%pi /18)) ,4+%i+50* complex(cos(-

%pi /18),sin(-%pi /18))]; // c o e f f i c i e n t matr ix
7 V=[2200* sqrt (2) ; -2000* sqrt (2)*complex(cos(-%pi /18),

sin(-%pi /18))]; // v o l t a g e matr ix
8 I=Z\V; // c u r r e n t matr ix
9 S_1 =(1/2)*V_1 *((I(1,:)) ’); // complex power
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10 P_1=real(S_1); // power
11 Q_1=imag(S_1); // r e a c t i v e power
12 printf(” A l l the v a l u e s i n the t ex tbook a r e

approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

13 disp(P_1 , ’ r e a l power s u pp l i e d by V1 in watt s ’ )
14 disp(Q_1 , ’ r e a c t i v e power s u pp l i e d by V1 in VARs ’ )
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Chapter 6

Frequency response bode plots
and resonance

Scilab code Exa 6.1 example 1

1 clc

2 // ex 6 . 1
3 // g i v en V in ( t )=2∗ co s (2000∗%pi∗ t+A) , A=40∗%pi /180
4 w=2000* %pi; // omega
5 f=w/(2* %pi); // f r e qu en cy
6 A=40* %pi /180; // 40 d e g r e e s i n r a d i a n s
7 // equa t i on o f s t r a i g h t l i n e o f H magnitude vs f i s x

+1000∗y−4000=0
8 H_max =(4000 -f)/1000; // magnitude o f H( t r a a n s f e r

f u n c t i o n )
9 // equa t i on o f s t r a i g h t l i n e o f H phase ang l e vs f i s

6000∗ y=%pi∗x ( phase ang l e i n r a d i a n s )
10 H_phi=%pi*f/6000; // phase ang l e o f H
11 H=H_max*complex(cos(H_phi),sin(H_phi));

12 V_in =2* complex(cos(A),sin(A)); // input v o l t a g e
phasor

13 V_out=H*V_in; // output v o l t a g e phasor
14 V_out_R=real(V_out); // r e a l pa r t
15 V_out_I=imag(V_out); // imag inary pa r t
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16 V_out_max=sqrt(( V_out_R ^2)+( V_out_I ^2)); // peak
va lu e

17 V_out_phi=atan(V_out_I/V_out_R);

18 disp(V_out_max , ’ peak va lu e o f Vout i n v o l t s ’ )
19 disp(V_out_phi *180/%pi , ’ phase ang l e o f Vout i n

d e g r e e s ’ )
20 disp(f, ’ with f r e qu en cy equa l to ’ )

Scilab code Exa 6.2 example 2

1 clc

2 // ex6 . 2
3 // g i v en V in ( t )=3+2∗ co s (2000∗%pi∗ t )+co s (4000∗%pi∗ t−A

) , A=70∗%pi /180
4 // the t h r e e p a r t s o f V in ( t ) a r e V in 1 =3 , V in 2=2∗

co s (2000∗%pi∗ t ) , V in 3=co s (4000∗%pi∗ t−A)
5
6 // f i r s t component V 1
7 V_in_1 =3;

8 f_1 =0; // as omega i s z e r o
9 // equa t i on o f s t r a i g h t l i n e o f H magnitude vs f i s x

+1000∗y−4000=0
10 H_1_max =(4000 - f_1)/1000; // magnitude o f H(

t r a a n s f e r f u n c t i o n )
11 // equa t i on o f s t r a i g h t l i n e o f H phase ang l e vs f i s

6000∗ y=%pi∗x ( phase ang l e i n r a d i a n s )
12 H_1_phi=%pi*f_1 /6000; // phase ang l e o f H
13 H_1=H_1_max*complex(cos(H_1_phi),sin(H_1_phi));

14 V_out_1=H_1*V_in_1;

15 V_out_1_R=real(V_out_1); // r e a l pa r t
16 V_out_1_I=imag(V_out_1); // imag inary pa r t
17 V_out_1_max=sqrt(( V_out_1_R ^2)+( V_out_1_I ^2));

// peak va lu e
18 V_out_1_phi=atan(V_out_1_I/V_out_1_R); // phase

ang l e
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19
20 // second component V in 2
21 V_in_2 =2* complex(cos(0),sin(0)); // V in 2

phasor
22 w=2000* %pi; // omega
23 f_2=w/(2* %pi); // f r e qu en cy
24 // equa t i on o f s t r a i g h t l i n e o f H magnitude vs f i s x

+1000∗y−4000=0
25 H_2_max =(4000 - f_2)/1000; // magnitude o f H(

t r a a n s f e r f u n c t i o n )
26 // equa t i on o f s t r a i g h t l i n e o f H phase ang l e vs f i s

6000∗ y=%pi∗x ( phase ang l e i n r a d i a n s )
27 H_2_phi=%pi*f_2 /6000; // phase ang l e o f H
28 H_2=H_2_max*complex(cos(H_2_phi),sin(H_2_phi));

29 V_out_2=H_2*V_in_2;

30 V_out_2_R=real(V_out_2); // r e a l pa r t
31 V_out_2_I=imag(V_out_2); // imag inary pa r t
32 V_out_2_max=sqrt(( V_out_2_R ^2)+( V_out_2_I ^2));

// peak va lu e
33 V_out_2_phi=atan(V_out_2_I/V_out_2_R); // phase

ang l e
34
35 // t h i r d component
36 A=-70*%pi /180; //−70 d e g r e e s i n r a d i a n s
37 V_in_3=complex(cos(A),sin(A)); // V in 3 phasor
38 w=4000* %pi; // omega
39 f_3=w/(2* %pi); // f r e qu en cy
40 // equa t i on o f s t r a i g h t l i n e o f H magnitude vs f i s x

+1000∗y−4000=0
41 H_3_max =(4000 - f_3)/1000; // magnitude o f H(

t r a a n s f e r f u n c t i o n )
42 // equa t i on o f s t r a i g h t l i n e o f H phase ang l e vs f i s

6000∗ y=%pi∗x ( phase ang l e i n r a d i a n s )
43 H_3_phi=%pi*f_3 /6000; // phase ang l e o f H
44 H_3=H_3_max*complex(cos(H_3_phi),sin(H_3_phi));

45 V_out_3=H_3*V_in_3;

46 V_out_3_R=real(V_out_3); // r e a l pa r t
47 V_out_3_I=imag(V_out_3); // imag inary pa r t
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48 V_out_3_max=sqrt(( V_out_3_R ^2)+( V_out_3_I ^2));

// peak va lu e
49 V_out_3_phi=atan(V_out_3_I/V_out_3_R); // phase

ang l e
50
51 disp( ’ Output v o l t a g e i s Vout1+Vout2+Vout3 where ’ )
52 disp( ’ ’ )
53 disp( ’FOR Vout1 : ’ )
54 disp(V_out_1_max , ’ peak va lu e i n v o l t s ’ )
55 disp(V_out_1_phi *180/%pi , ’ phase ang l e i n d e g r e e s ’ )
56 disp(f_1 , ’ with f r e qu en cy i n h e r t z ’ )
57 disp( ’ ’ )
58 disp( ’FOR Vout2 : ’ )
59 disp(V_out_2_max , ’ peak va lu e i n v o l t s ’ )
60 disp(V_out_2_phi *180/%pi , ’ phase ang l e i n d e g r e e s ’ )
61 disp(f_2 , ’ with f r e qu en cy i n h e r t z ’ )
62 disp( ’ ’ )
63 disp( ’FOR Vout3 : ’ )
64 disp(V_out_3_max , ’ peak va lu e i n v o l t s ’ )
65 disp(V_out_3_phi *180/%pi , ’ phase ang l e i n d e g r e e s ’ )
66 disp(f_3 , ’ with f r e qu en cy i n h e r t z ’ )

Scilab code Exa 6.3 example 3

1 clc

2 // ex6 . 3
3 R=1000/(2* %pi); // r e s i s t a n c e
4 C=10*10^ -6; // c ap a c i t a n c e
5 f_B =1/(2* %pi*R*C); // ha l f−power f r e qu en cy
6 // the t h r e e p a r t s o f V in a r e V 1=5∗ co s (20∗%pi∗ t )+5∗

co s (200∗%pi∗ t )+5∗ co s (2000∗%pi∗ t )
7
8 // f i r s t component V in 1
9 V_in_1 =5* complex(cos(0),sin(0)); // V in 1

phasor
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10 w_1 =20* %pi; // omega
11 f_1=w_1 /(2* %pi); // f r e qu en cy
12 H_1 =1/(1+ %i*(f_1/f_B)); // t r a n s f e r f u n c t i o n
13 V_out_1=H_1*V_in_1;

14 V_out_1_R=real(V_out_1); // r e a l pa r t
15 V_out_1_I=imag(V_out_1); // imag inary pa r t
16 V_out_1_max=sqrt(( V_out_1_R ^2)+( V_out_1_I ^2));

// peak va lu e
17 V_out_1_phi=atan(V_out_1_I/V_out_1_R); // phase

ang l e
18
19 // second component V in 2
20 V_in_2 =5* complex(cos(0),sin(0)); // V in 2

phasor
21 w_2 =200* %pi; // omega
22 f_2=w_2 /(2* %pi); // f r e qu en cy
23 H_2 =1/(1+ %i*(f_2/f_B)); // t r a n s f e r f u n c t i o n
24 V_out_2=H_2*V_in_2;

25 V_out_2_R=real(V_out_2); // r e a l pa r t
26 V_out_2_I=imag(V_out_2); // imag inary pa r t
27 V_out_2_max=sqrt(( V_out_2_R ^2)+( V_out_2_I ^2));

// peak va lu e
28 V_out_2_phi=atan(V_out_2_I/V_out_2_R); // phase

ang l e
29
30 // t h i r d component V in 3
31 V_in_3 =5* complex(cos(0),sin(0)); // V in 3

phasor
32 w_3 =2000* %pi; // omega
33 f_3=w_3 /(2* %pi); // f r e qu en cy
34 H_3 =1/(1+ %i*(f_3/f_B)); // t r a n s f e r f u n c t i o n
35 V_out_3=H_3*V_in_3;

36 V_out_3_R=real(V_out_3); // r e a l pa r t
37 V_out_3_I=imag(V_out_3); // imag inary pa r t
38 V_out_3_max=sqrt(( V_out_3_R ^2)+( V_out_3_I ^2));

// peak va lu e
39 V_out_3_phi=atan(V_out_3_I/V_out_3_R); // phase

ang l e

55



40
41 printf(” A l l the v a l u e s i n the t ex tbook a r e

approximated , hence the v a l u e s i n t h i s code
d i f f e r from tho s e o f Textbook ”)

42 disp( ’ Output v o l t a g e i s Vout1+Vout2+Vout3 where ’ )
43 disp( ’ ’ )
44 disp( ’FOR Vout1 : ’ )
45 disp(V_out_1_max , ’ peak va lu e i n v o l t s ’ )
46 disp(V_out_1_phi *180/%pi , ’ phase ang l e i n d e g r e e s ’ )
47 disp(f_1 , ’ with f r e qu en cy i n h e r t z ’ )
48 disp( ’ ’ )
49 disp( ’FOR Vout2 : ’ )
50 disp(V_out_2_max , ’ peak va lu e i n v o l t s ’ )
51 disp(V_out_2_phi *180/%pi , ’ phase ang l e i n d e g r e e s ’ )
52 disp(f_2 , ’ with f r e qu en cy i n h e r t z ’ )
53 disp( ’ ’ )
54 disp( ’FOR Vout3 : ’ )
55 disp(V_out_3_max , ’ peak va lu e i n v o l t s ’ )
56 disp(V_out_3_phi *180/%pi , ’ phase ang l e i n d e g r e e s ’ )
57 disp(f_3 , ’ with f r e qu en cy i n h e r t z ’ )
58 //we can ob s e r v e tha t t h e r e i s a c l e a r

d i s c r i m i n a t i o n i n output s i g n a l s based on
f r e q u e n c i e s i . e , l e s s e r the f r e qu en cy l e s s e r the
e f f e c t .

Scilab code Exa 6.4 example 4

1 clc

2 // ex6 . 4
3 H_max =-30; // t r a n s f e r f u n c t i o n magnitude
4 f=60;

5 m=20; // low−f r e qu en cy asymptote s l o p e r a t e i n
db/ decade

6 // f B must be K h i gh e r than f where K i s
7 K=abs(H_max)/m;
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8 // ( base 10) l o g ( f B /60) =1.5 ==>
9 f_B =60*10^1.5;

10 printf(” A l l the v a l u e s i n the t ex tbook a r e
approximated , hence the v a l u e s i n t h i s code
d i f f e r from tho s e o f Textbook ”)

11 disp(f_B , ’ Break f r e qu en cy i n Hz ’ )

Scilab code Exa 6.5 example 5

1 clc

2 // ex6 . 5
3 V_s =1* complex(cos(0),sin (0));

4 L=159.2*10^ -3;

5 R=100;

6 C=0.1592*10^ -6;

7 f_o =1/(2* %pi*sqrt(L*C)); // r e s onan t f r e qu en cy
8 Q_s =2*%pi*f_o*L/R; // q u a l i t y f a c t o r
9 B=f_o/Q_s; // Bandwidth

10 // Approximate ha l f−power f r e q u e n c i e s a r e
11 f_H=f_o+(B/2);

12 f_L=f_o -(B/2);

13 //At r e s onanc e
14 Z_L=%i*2*%pi*f_o*L; // impedance o f i nduc t an c e
15 Z_C=-%i/(2* %pi*f_o*C); // impedance o f

c a p a c i t a n c e
16 Z_s=R+Z_L+Z_C;

17 I=V_s/Z_s; // phasor c u r r e n t
18 // v o l t a g e s a c r o s s d i f f r e n t e l emen t s a r e
19 // f o r r e s i s t a n c e
20 V_R=R*I;

21 V_R_R=real(V_R); // r e a l pa r t
22 V_R_I=imag(V_R); // imag inary pa r t
23 V_R_max=sqrt((V_R_R ^2)+(V_R_I ^2)); // peak va lu e
24 V_R_phi=atan(V_R_I/V_R_R); // phase ang l e
25 // f o r i nduc t an c e
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26 V_L=Z_L*I;

27 V_L_R=real(V_L); // r e a l pa r t
28 V_L_I=imag(V_L); // imag inary pa r t
29 V_L_max=sqrt((V_L_R ^2)+(V_L_I ^2)); // peak va lu e
30 //Z L i s pure imag inary ==> V L i s pure imag ina ry

which means V L phi can be +or− %pi/2
31 if ((V_L/%i)==abs(V_L)) then

32 V_L_phi=%pi/2

33 elseif ((V_L/%i)==-abs(V_L)) then

34 V_L_phi=-%pi/2

35 end

36
37 // f o r c a p a c i t a n c e
38 V_C=Z_C*I;

39 V_C_R=real(V_C); // r e a l pa r t
40 V_C_I=imag(V_C); // imag inary pa r t
41 V_C_max=sqrt((V_C_R ^2)+(V_C_I ^2)); // peak va lu e
42 //Z C i s pure imag ina ry ==> V C i s pure imag ina ry

which means V C phi can be +or− %pi/2
43 if ((V_C/%i)==abs(V_C)) then

44 V_C_phi=%pi/2

45 elseif ((V_C/%i)==-abs(V_C)) then

46 V_C_phi=-%pi/2

47 end

48
49 disp( ’ Phasor v o l t a g e a c r o s s R e s i s t a n c e ’ )
50 disp(V_R_max , ’ peak va lu e i n v o l t s ’ )
51 disp(V_R_phi *180/%pi , ’ phase ang l e i n d e g r e e s ’ )
52 disp( ’ ’ )
53 disp( ’ Phasor v o l t a g e a c r o s s Induc tance ’ )
54 disp(V_L_max , ’ peak va lu e i n v o l t s ’ )
55 disp(V_L_phi *180/%pi , ’ phase ang l e i n d e g r e e s ’ )
56 disp( ’ ’ )
57 disp( ’ Phasor v o l t a g e a c r o s s Capac i t ance ’ )
58 disp(V_C_max , ’ peak va lu e i n v o l t s ’ )
59 disp(V_C_phi *180/%pi , ’ phase ang l e i n d e g r e e s ’ )
60 disp( ’ Phasor diagram cannot be drawn he r e ’ )
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Scilab code Exa 6.6 example 6

1 clc

2 // ex6 . 6
3 R=10*10^3;

4 f_o =1*10^6;

5 B=100*10^3;

6 I=10^ -3* complex(cos(0),sin(0));

7 Q_p=f_o/B; // q u a l i t y f a c t o r
8 L=R/(2* %pi*f_o*Q_p);

9 C=Q_p /(2* %pi*f_o*R);

10 //At r e s onanc e
11 V_out=I*R;

12 Z_L=%i*2*%pi*f_o*L;

13 Z_C=-%i/(2* %pi*f_o*C);

14
15 // a c r o s s r e s i s t a n c e
16 I_R=V_out/R;

17 I_R_R=real(I_R); // r e a l pa r t
18 I_R_I=imag(I_R); // imag inary pa r t
19 I_R_max=sqrt((I_R_R ^2)+(I_R_I ^2)); // peak va lu e
20 I_R_phi=atan(I_R_I/I_R_R); // phase ang l e
21
22 // a c r o s s i nduc t an c e
23 I_L=V_out/Z_L;

24 I_L_R=real(I_L); // r e a l pa r t
25 I_L_I=imag(I_L); // imag inary pa r t
26 I_L_max=sqrt((I_L_R ^2)+(I_L_I ^2)); // peak va lu e
27 //Z L i s pure imag inary ==> V L i s pure imag ina ry

which means V L phi can be +or− %pi/2
28 if ((I_L/%i)==abs(I_L)) then

29 I_L_phi=%pi/2

30 elseif ((I_L/%i)==-abs(I_L)) then

31 I_L_phi=-%pi/2
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32 end

33
34 // a c r o s s c a p a c i t o r
35 I_C=V_out/Z_C;

36 I_C_R=real(I_C); // r e a l pa r t
37 I_C_I=imag(I_C); // imag inary pa r t
38 I_C_max=sqrt((I_C_R ^2)+(I_C_I ^2)); // peak va lu e
39 //Z C i s pure imag ina ry ==> V C i s pure imag ina ry

which means V C phi can be +or− %pi/2
40 if ((I_C/%i)==abs(I_C)) then

41 I_C_phi=%pi/2

42 elseif ((I_C/%i)==-abs(I_C)) then

43 I_C_phi=-%pi/2

44 end

45
46 disp( ’ Current phasor a c r o s s R e s i s t a n c e ’ )
47 disp(I_R_max , ’ peak va lu e i n amperes ’ )
48 disp(I_R_phi *180/%pi , ’ phase ang l e i n d e g r e e s ’ )
49 disp( ’ ’ )
50 disp( ’ Current phasor a c r o s s Induc tance ’ )
51 disp(I_L_max , ’ peak va lu e i n amperes ’ )
52 disp(I_L_phi *180/%pi , ’ phase ang l e i n d e g r e e s ’ )
53 disp( ’ ’ )
54 disp( ’ c u r r e n t phasor a c r o s s c a p a c i t a n c e ’ )
55 disp(I_C_max , ’ peak va lu e i n amperes ’ )
56 disp(I_C_phi *180/%pi , ’ phase ang l e i n d e g r e e s ’ )
57 disp( ’ Phasor diagram cannot be drawn he r e ’ )

Scilab code Exa 6.7 example 7

1 clc

2 // ex6 . 7
3 //We need a high−pas s f i l t e r
4 L=50*10^ -3;

5 // f o r the t r a n s f e r f u n c t i o n to be approx imate l y

60



c on s t an t i n passband a r ea ( from graph g i v en i n the
t e x t ) , we choo s e

6 Q_s =1;

7 f_o =1*10^3;

8 C=1/(((2* %pi)^2)*f_o^2*L);

9 R=2*%pi*f_o*L/Q_s;

10 printf(” A l l the v a l u e s i n the t ex tbook a r e
approximated , hence the v a l u e s i n t h i s code
d i f f e r from tho s e o f Textbook ”)

11 disp( ’ ’ )
12 disp( ’ The r e q u i r e d second o rd e r c i r c u i t

c o n f i g u r a t i o n i s ’ )
13 disp(L*10^3, ’ I nduc tance i n KH ’ )
14 disp(C*10^6, ’ Capac i t ance i n mF( micro Farads ) ’ )
15 disp(R, ’ R e s i s t a n c e i n ohms ’ )
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Chapter 7

Logic circuits

Scilab code Exa 7.1 example 1

1 clc

2 // ex7 . 1
3 N=343; // dec ima l i n t e g e r
4 N2=dec2bin(N); // b ina ry e q u i v a l e n t o f N
5 disp(N2, ’ B inary e q u i v a l e n t o f 343 i s ’ )

Scilab code Exa 7.2 example 2

1 clc

2 // ex7 . 2
3 N=0.392; // dec ima l
4 DP=N; // dec ima l pa r t ( no i n t e g e r pa r t )
5 i=1;

6 x=1;

7 //Each dec ima l d i g i t i s s t o r e d i n D( x )
8 while (x<=9)

9 DP=DP*2;

10 D(x)= floor (DP);
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11 x=x+1;

12 DP= modulo (DP ,1);

13 end

14 DP=0;

15 for j=1: length (D)

16 // b i t s o f de c ima l pa r t a r e m u l t i p l i e d with t h e i r
p o s i t i o n v a l u e s and adding them

17 DP=DP+(10^( -1*j)*D(j));

18 end

19 disp(DP, ’ B inary form o f 0 . 3 9 2 i s ’ )

Scilab code Exa 7.3 example 3

1 clc

2 // ex7 . 3
3 N=343.392;

4 // c onve r t the i n t e g e r and dec ima l p a r t s i n t o b ina ry
form s e p a r a t e l y

5 B_1= ’ 101010111 ’ ; // f o r 343 from ex7 . 1
6 B_2= ’ 0 . 0 11001 ’ ; // f o r 0 . 3 9 2 from ex7 . 2
7 // combin ing t h e s e two
8 B= ’ 1 01010111 . 011001 ’ ; // f o r N, g i v en number
9 disp(B, ’ b i na ry form o f 343 . 3 92 ’ )

Scilab code Exa 7.4 example 4

1 // ex7 . 4
2 N_1 =1000.111;

3 N_2 =1100.011;

4 // Adding t h e s e two a c c o r d i n g to the r u l e s o f b i na ry
a dd i t i o n i n f i g 7 . 6 , we ge t

5 disp(”The r e s u l t o f a d d i t i o n o f g i v en two b ina ry
numbers i s ”)
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6 disp(” 10101 . 010 ”)

Scilab code Exa 7.5 example 5

1 clc

2 // ex7 . 5
3 // Given 317 . 2 ( o c t a l ) and F3A . 2 ( hexadec ima l )
4 //From t a b l e 7 . 1 i n text , c o r r e s p ond i n g o c t a l fo rms

o f 3 , 1 , 7 and 2 a r e 011 , 001 , 111 and 010
5 disp( ’ The b ina ry r e p r e s e n t a t i o n o f 3 1 7 . 2 ( o c t a l ) i s ’

)

6 disp( ’ 0 11001111 . 010 ’ )
7 disp( ’ ’ )
8 //From t a b l e 7 . 1 i n text , c o r r e s p ond i n g hexadec ima l

forms o f F , 3 ,A and 2 a r e 1111 , 0011 , 1010 and 0010
9 disp( ’ The b ina ry r e p r e s e n t a t i o n o f F3A . 2 ( hexadec ima l

) i s ’ )
10 disp( ’ 1 11100111010 . 0010 ’ )

Scilab code Exa 7.6 example 6

1 clc

2 // ex7 . 6
3 // Given 11110110 . 1 ( b ina ry )
4 //Working outward from the b ina ry po int , we form

three−b i t g roups ==> 11110110 .1=011 110 110 . 100(
we have appended l e a d i n g and t r a i l i n g z e r o s so
tha t each group c o n t a i n s 3 b i t s )

5 //And the c o r r e s p ond i n g numbers f o r 011 , 110 , 110 and
100 i n o c t a l system ar e 3 , 6 , 6 and 4

6 disp( ’ The o c t a l r e p r e s e n t a t i o n o f 1 1 110110 . 1 ( b ina ry )
i s 3 6 6 . 4 ’ )
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7 //Now we form four−b i t g roups appending l e a d i n g and
t r a i l i n g z e r o s as needed ==> 11110110 .1=1111
0110 . 1000

8 //The c o r r e s p ond i n g numbers f o r 1111 ,0110 and 1000
i n hexadec ima l system ar e F , 6 and 8

9 disp( ’ The hexadec ima l r e p r e s e n t a t i o n o f 1 1 110110 . 1 (
b ina ry ) i s F6 . 8 ’ )
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Chapter 9

Computer based
instrumentation diodes

Scilab code Exa 9.1 example 1

1 clc

2 // ex9 . 1
3 P=0.1; // system s e n s i t i v i t y change p e r c en t
4 R_th_U =15*10^3; // th ev en i n r e s i s t a n c e upper

l i m i t
5 R_th_L =5*10^3; // th ev en i n r e s i s t a n c e l owe r

l i m i t
6 //The r e q u i r e d i n e q u a l i t y i s V s en so r ∗R in /( R th U+

R in )>=(1−P/100) ∗V sen so r ∗R in /( R th L+R in ) ,
c a n c e l l i n g same terms on both s i d e s o f i n e q u a l i t y
and c a l c u l a t i n g R in by t ak i n g e q u a l i t y we ’ l l

g e t minimum va lu e o f R in ===>R th L+R in=(1−P
/100) ∗ ( R th U+R in ) which g i v e s

7 R_in =(((1 -P/100)*R_th_U)-R_th_L)*100/P;

8 disp(R_in /1000, ’ The minimum va lu e o f Rin r e q u i r e d i n
Ki lo−ohms ’ )
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Chapter 10

Diodes

Scilab code Exa 10.1 example 1

1 clc

2 // ex10 . 1
3 V_ss =2;

4 R=1*10^3;

5 V_D =[0:0.001:2];

6 plot(V_D ,10^3*( V_ss -V_D)/R)

7 xtitle( ’ l o ad l i n e p l o t ’ , ’ v o l t a g e i n v o l t s ’ , ’ c u r r e n t
i n m i l l i −amperes ’ ) // m i l l i −10ˆ−3

8 //we use the equa t i on V ss=R∗ i D+V D
9 // at po i n t B

10 i_D=V_ss/R; // as V D=0
11 // at po i n t A
12 V_D=V_ss; // as i D=0
13 //now we s e e i n t e r s e c t i o n o f l oad l i n e with

c h a r a c t e r i s t i c and we ge t f o l l o w i n g at o p e r a t i n g
po i n t

14 V_DQ =0.7; // v o l t a g e
15 I_DQ =1.3*10^ -3; // c u r r e n t
16 // d i ode c h a r a c t e r i s t i c cannot be p l o t t e d
17 disp(V_DQ , ’ d i ode v o l t a g e at o p e r a t i n g po i n t i n v o l t s

’ )
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18 disp(I_DQ *10^3, ’ c u r r e n t at op e a t i n g po i n t i n m i l l i −
amperes ’ ) // m i l l i −10ˆ−3

Scilab code Exa 10.2 example 2

1 clc

2 // ex10 . 2
3 V_ss =10;

4 R=10*10^3;

5 V_D =[0:0.001:2];

6 plot(V_D ,10^3*( V_ss -V_D)/R)

7 xtitle( ’ l o ad l i n e p l o t ’ , ’ v o l t a g e i n v o l t s ’ , ’ c u r r e n t
i n m i l l i −amperes ’ ) // m i l l i −10ˆ−3

8 //we use the equa t i on V ss=R∗ i D+V D
9 // at po i n t C

10 i_D=V_ss/R; // as V D=0
11 //now i f we take i D =0 , we ge t V D=10 which p l o t s at

a po i n t f a r o f f the page
12 // so we take the va l u e on the r i g h t−hand edge o f V−

a x i s i . e . , V D=2
13 // at po i n t D
14 V_D =2;

15 i_D=(V_ss -V_D)/R;

16 // from the i n t e r s e c t i o n o f l oad l i n e with
c h a r a c t e r i s t i c

17 V_DQ =0.68;

18 I_DQ =0.93*10^ -3;

19 // d i ode c h a r a c t e r i s t i c cannot be p l o t t e d
20 disp(V_DQ , ’ d i ode v o l t a g e at o p e r a t i n g po i n t i n v o l t s

’ )
21 disp(I_DQ *10^3, ’ c u r r e n t at op e a t i n g po i n t i n m i l l i −

amperes ’ ) // m i l l i −10ˆ−3
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Scilab code Exa 10.3 example 3

1 clc

2 // ex10 . 3
3 R=1*10^3;

4 // d i ode c h a r a c t e r i s t i c cannot be p l o t t e d
5 // c a s e a ) V ss=15
6 V_ss =15;

7 V_D =[ -15:0.001:0];

8 // from the i n t e r s e c t i o n o f l oad l i n e and d iode
c h a r a c t e r i s t i c

9 V_o =10;

10 disp(V_o , ’ output v o l t a g e f o r Vss=15 in v o l t s ’ )
11 // c a s e b ) V ss=20
12 V_ss =20;

13 V_D =[ -20:0.001:0];

14 // from the i n t e r s e c t i o n o f l oad l i n e and d iode
c h a r a c t e r i s t i c

15 V_o =10.5;

16 disp(V_o , ’ output v o l t a g e f o r Vss=20 in v o l t s ’ )

Scilab code Exa 10.4 example 4

1
2 clc

3 // ex10 . 4
4 V_ss =24;

5 R=1.2*10^3;

6 R_L =6*10^3;

7 //by group ing l i n e a r e l emen t s t o g e t h e r on l e f t s i d e
o f d i ode

8 V_T=V_ss*R_L/(R+R_L); // th ev en i n v o l t a g e
9 // z e r o i n g s o u r c e s

10 R_T =1/((1/R)+(1/ R_L)); // th ev en i n r e s i s t a n c e
11 // load− l i n e equa t i on i s V T+R T∗ i D+V D=0
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12 // l o c a t i n g the o p e r a t i n g po i n t
13 V_D=-10;

14 V_L=-V_D; // l oad v o l t a g e
15 I_s=(V_ss -V_L)/R; // s ou r c e c u r r e n t
16 // d i ode c h a r a c t e r i s t i c cannot be p l o t t e d
17 printf(” A l l the v a l u e s i n the t ex tbook a r e

approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

18 disp(V_L , ’ l o ad v o l t a g e i n v o l t s ’ )
19 disp(I_s , ’ s o u r c e c u r r e n t i n amperes ’ ) // m i l l i

−10ˆ−3

Scilab code Exa 10.5 example 5

1 clc

2 // ex10 . 5
3 V_1 =10;

4 V_2 =3;

5 R_1 =4*10^3;

6 R_2 =6*10^3;

7 // 1) a n a l y s i s by assuming D1 o f f and D2 on
8 I_D_2=V_2/R_2; //ohm ’ s law
9 // app l y i ng KVL

10 V_D_1 =7; // c o n t r a d i c t i o n to ’D1 i s o f f ’
11 // t h i s as sumpt ion i s not c o r r e c t
12
13 // 2) a n a l y s i s by assuming D1 on and D2 o f f
14 I_D_1=V_1/R_1; //ohm ’ s law
15 // app l y i ng KVL
16 V_D_2=-V_1+V_2+I_D_1*R_1;

17 //we ge t V D 2 which i s c o n s i s t e n t
18 disp( ’ c o r r e c t assumpt ion i s D2 o f f and D1 on ’ )
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Scilab code Exa 10.7 example 7

1 clc

2 // ex10 . 7
3 V_1 =3;

4 R_1 =20;

5 //As g i v en v o l t a g e s ou r c e r e s u l t s i n f o rward b ia s ,
we assume op e r a t i n g po i n t i s on l i n e segment A

6 // r e p l a c i n g d i ode with the e q u i v a l e n t c i r c u i t
7 V_2 =0.6;

8 R_2 =10;

9 i_D=(V_1 -V_2)/(R_1+R_2); //KVL around the
c i r c u i t

10 disp(i_D*10^3, ’ c u r r e n t i n the c i r c u i t i n m i l l i −
amperes ’ ) // m i l l i −10ˆ−3
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Chapter 11

Amplifiers Specifications and
eternal characterstics

Scilab code Exa 11.1 example 1

1 clc

2 // ex11 . 1
3 V_s =1*10^ -3;

4 R_s =1*10^6;

5 A_voc =10^4; // open−c i r c u i t v o l t a g e ga in
6 R_i =2*10^6; // input r e s i s t a n c e
7 R_o =2; // output r e s i s t a n c e
8 R_L =8; // l oad r e s i s t a n c e
9 V_i=V_s*(R_i/(R_i+R_s)); // input v o l t a g e (

vo l t a g e−d i v i d e r p r i n c i p l e )
10 V_vcs=A_voc*V_i; // v o l t a g e c o n t r o l l e d s ou r c e

v o l t a g e
11 V_o=V_vcs *(R_L/(R_L+R_o)); // output v o l t a g e (

vo l t a g e−d i v i d e r p r i n c i p l e )
12 A_v=V_o/V_i;

13 A_vs=V_o/V_s;

14 A_i=A_v*R_i/R_L; // c u r r e n t ga in
15 G=A_v*A_i; // power ga in
16 printf(” A l l the v a l u e s i n the t ex tbook a r e
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approximated , hence the v a l u e s i n t h i s code
d i f f e r from tho s e o f Textbook ”)

17 disp(A_v , ’ Vo l tage ga in Av ’ )
18 disp(A_vs , ’ Vo l tage ga in Avs ’ )
19 disp(A_i , ’ Current ga in ’ )
20 disp(G, ’ Power ga in ’ )

Scilab code Exa 11.2 example 2

1 clc

2 // ex11 . 2
3 R_i_1 =10^6;

4 R_o_1 =500;

5 R_i_2 =1500;

6 R_o_2 =100;

7 R_L =100;

8 A_voc_1 =200;

9 A_voc_2 =100;

10 // v o l t a g e ga in o f the f i r s t s t a g e . . . A v 1=(V o 1 /
V i 1 )=( V i 2 / V i 2 )=A voc 1 ( R i 2 /( R i 2+R o 1 ) )

11 A_v_1=A_voc_1 *( R_i_2/(R_i_2+R_o_1));

12 A_v_2=A_voc_2 *(R_L/(R_L+R_o_2));

13 A_i_1=A_v_1*R_i_1/R_i_2;

14 A_i_2=A_v_2*R_i_2/R_L;

15 A_i=A_i_1*A_i_2;

16 G_1=A_v_1*A_i_1;

17 G_2=A_v_2*A_i_2;

18 G=G_1*G_2;

19 disp(A_i_1 , ’ Current ga in o f f i r s t s t a g e ’ )
20 disp(A_i_2 , ’ Current ga in o f s econd s t a g e ’ )
21 disp(A_v_1 , ’ Vo l tage ga in o f f i r s t s t a g e ’ )
22 disp(A_v_2 , ’ Vo l tage ga in o f s econd s t a g e ’ )
23 disp(G_1 , ’ Power ga in o f f i r s t s t a g e ’ )
24 disp(G_2 , ’ Power ga in o f s econd s t a g e ’ )
25 disp(G, ’ Ov e r a l l power ga in ’ )
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Scilab code Exa 11.3 example 3

1 clc

2 // ex11 . 3
3 R_i_1 =10^6;

4 R_o_1 =500;

5 R_i_2 =1500;

6 R_o_2 =100;

7 R_L =100;

8 A_voc_1 =200;

9 A_voc_2 =100;

10 A_v_1=A_voc_1 *( R_i_2/(R_i_2+R_o_1)); // Vo l tage
ga in o f f i r s t s t a g e

11 A_v_2=A_voc_2; // Vo l tage ga in o f s econd s t a g e
with open−c i r c u i t l o ad

12 A_voc=A_v_1*A_v_2; // o v e r a l l open−c i r c u i t
v o l t a g e ga in

13 R_i=R_i_1; // input r e s i s t a n c e o f c a s c ad i n g
a m p l i f i e r

14 R_o=R_o_2; // output r e s i s t a n c e
15 disp( ’ Hence the s i m p l i f i e d model f o r the ca s cade i s

with an : ’ )
16 disp(R_i , ’ Input r e s i s t a n c e i n ohms ’ )
17 disp(R_o , ’ Input r e s i s t a n c e i n ohms ’ )
18 disp(A_voc , ’ Ov e r a l l open−c i r c u i t v o l t a g e ga in ’ )

Scilab code Exa 11.4 example 4

1 clc

2 // ex11 . 4
3 V_AA =15;
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4 V_BB =15;

5 V_i =1*10^ -3;

6 I_A =1;

7 I_B =0.5;

8 R_L =8;

9 R_o =2;

10 R_i =100*10^3;

11 A_voc =10^4;

12 P_i=V_i^2/R_i;

13 V_o=A_voc*V_i*(R_L/(R_L+R_o));

14 P_o=V_o^2/R_L;

15 P_s=V_AA*I_A+V_BB*I_B;

16 P_d=P_s+P_i -P_o;

17 n=P_o *100/ P_s;

18 printf(” A l l the v a l u e s i n the t ex tbook a r e
approximated , hence the v a l u e s i n t h i s code
d i f f e r from tho s e o f Textbook ”)

19 disp(P_i *10^12 , ’ Input power i n p i c owa t t s ’ )
20 disp(P_o , ’ Output power i n watt s ’ )
21 disp(P_s , ’ Supply power i n watt s ’ )
22 disp(P_d , ’ D i s s i p a t e d power i n watt s ’ )
23 disp(n, ’ E f f i c i e n c y o f the a m p l i f i e r ’ )

Scilab code Exa 11.5 example 5

1 clc

2 // ex11 . 5
3 R_i =1*10^3;

4 R_o =100;

5 A_voc =100;

6 // I i=V i / R i , I o s c=A voc ∗V i /R o from th e s e two
we ge t A i s c =( i o s c / I i )=(A voc ( R i /R o ) )

7 A_isc=A_voc *(R_i/R_o);

8 disp( ’ The r e s u l t i n g cu r r en t−a m p l i f i e r i s with an : ’ )
9
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10 disp(R_i , ’ i npu t r e s i t a n c e i n ohms ’ )
11 disp(R_o , ’ output r e s i s t a n c e i n ohms ’ )
12 disp(A_isc , ’ and a shor t−cut c u r r e n t ga in o f : ’ )

Scilab code Exa 11.6 example 6

1 clc

2 // ex11 . 6
3 R_i =1*10^3;

4 R_o =100;

5 A_voc =100;

6 // i o s c=A voc ∗V i /R o and G msc=i o s c / V i g i v e s
G msc=A voc /R o

7 G_msc=A_voc/R_o;

8 disp( ’ The r e s u l t i n g t r an s c onduc t an c e model i s with
an : ’ )

9
10 disp(R_i , ’ i npu t r e s i t a n c e i n ohms ’ )
11 disp(R_o , ’ output r e s i s t a n c e i n ohms ’ )
12 disp(G_msc , ’ and t r an s c onduc t an c e i n s i emens ’ )

Scilab code Exa 11.7 example 7

1 clc

2 // ex11 . 7
3 R_i =1*10^3;

4 R_o =100;

5 A_voc =100;

6 // V ooc=A voc ∗V i and I i=V i / R i g i v e s R moc=V ooc /
I i

7 R_moc=A_voc*R_i;

8 disp( ’ The r e s u l t i n g t r an s c onduc t an c e model i s with
an : ’ )
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9
10 disp(R_i , ’ i npu t r e s i t a n c e i n ohms ’ )
11 disp(R_o , ’ output r e s i s t a n c e i n ohms ’ )
12 disp(R_moc , ’ and t r a n s r e s i s t a n c e i n ohms ’ )

Scilab code Exa 11.8 example 8

1 clc

2 // ex11 . 8
3 V_i=complex (0.1* cos(-%pi /6) ,0.1*sin(-%pi/6));

4 V_o=complex (10* cos(%pi /12) ,10*sin(%pi /12));

5 A_v=V_o/V_i;

6 A_v_max=sqrt((real(A_v)^2)+(imag(A_v)^2))

7 phi=atan(imag(A_v)/real(A_v));

8 printf(” A l l the v a l u e s i n the t ex tbook a r e
approximated , hence the v a l u e s i n t h i s code
d i f f e r from tho s e o f Textbook ”)

9 disp( ’ The complex v o l t a g e ga in i s with ’ )
10 disp(A_v_max , ’ a peak va lu e o f ’ )
11 disp(phi , ’ a phase ang l e i n d e g r e e s ’ )
12 disp (20* log(A_v_max)/2.30258 , ’ and the d e c i b e l ga in

i s ’ ) // 2 . 3 0258 i s f o r base 10

Scilab code Exa 11.9 example 9

1 clc

2 // ex11 . 9
3 t=[0:0.000001:0.002];

4 V_i =3*cos (2000* %pi*t) -2*cos (6000* %pi*t);

5 // l e t A 1000 and A 3000 be the g a i n s
6 A_1000_peak =10;

7 A_1000_phi =0;

8 A_3000_peak =2.5;
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9 A_3000_phi =0;

10 // mu l t i p l y i n g by r e s p e c t i v e g a i n s
11 V_o=A_1000_peak *3*cos (2000* %pi*t+A_1000_phi)-

A_3000_peak *2* cos (6000* %pi*t+A_3000_phi);

12 subplot (121)

13 xtitle( ’ Input−v o l t a g e vs t ime ’ , ’ t ime i n ms ’ , ’
I n t e r n a l−v o l t a g e i n v o l t s ’ )

14 plot(t*10^3, V_i)

15 subplot (122)

16 xtitle( ’ Output−v o l t a g e vs t ime ’ , ’ t ime i n ms ’ , ’ Output
v o l t a g e i n v o l t s ’ )

17 plot(t*10^3, V_o)

Scilab code Exa 11.10 example 10

1 clc

2 // ex11 . 1 0
3 t=[0:0.000001:0.002];

4 V_i =3*cos (2000* %pi*t) -2*cos (6000* %pi*t);

5 // f o r A
6 A_1000_A_peak =10;

7 A_1000_A_phi =0;

8 A_3000_A_peak =10;

9 A_3000_A_phi =0;

10 V_o_A=A_1000_A_peak *3*cos (2000* %pi*t+A_1000_A_phi)-

A_3000_A_peak *2*cos (6000* %pi*t+A_3000_A_phi);

11 // f o r B
12 A_1000_B_peak =10;

13 A_1000_B_phi=-%pi /4;

14 A_3000_B_peak =10;

15 A_3000_B_phi =-3*%pi/4;

16 V_o_B=A_1000_B_peak *3*cos (2000* %pi*t+A_1000_B_phi)-

A_3000_B_peak *2*cos (6000* %pi*t+A_3000_B_phi);

17 // f o r C
18 A_1000_C_peak =10;
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19 A_1000_C_phi=-%pi /4;

20 A_3000_C_peak =10;

21 A_3000_C_phi=-%pi /4;

22 V_o_C=A_1000_C_peak *3*cos (2000* %pi*t+A_1000_C_phi)-

A_3000_C_peak *2*cos (6000* %pi*t+A_3000_C_phi);

23 disp( ’VoA( t )=30 co s (2000 %pit )−10 co s (6000 %pit ) ’ )
24 disp( ’VoB( t )=30 co s (2000 %pit−%pi /4)−10 co s (6000 %pit−3

%pi /4) ’ )
25 disp( ’VoC( t )=30 co s (2000 %pit−%pi /4)−10 co s (6000 %pit−

%pi /4) ’ )
26 subplot (221)

27 xtitle( ’ Output−v o l t a g e vs t ime f o r A ’ , ’ t ime i n ms ’ , ’
Output−v o l t a g e f o r A in v o l t s ’ )

28 plot(t*10^3, V_o_A)

29 subplot (222)

30 xtitle( ’ Output−v o l t a g e vs t ime f o r B ’ , ’ t ime i n ms ’ , ’
Output v o l t a g e f o r B in v o l t s ’ )

31 plot(t*10^3, V_o_B)

32 subplot (223)

33 xtitle( ’ Output−v o l t a g e vs t ime f o r C ’ , ’ t ime i n ms ’ , ’
Output v o l t a g e f o r C in v o l t s ’ )

34 plot(t*10^3, V_o_C)

Scilab code Exa 11.11 example 11

1 clc

2 // ex11 . 1 1
3 A_d =1000; // d i f f e r e n t i a l ga in
4 V_d_peak =1*10^ -3; // peak va lu e o f d i f f e r e n t i a l

i nput s i g n a l
5 V_o_peak=A_d*V_d_peak; // peak output s i g n a l
6 V_cm =100;

7 V_o_cm =0.01* V_o_peak; //common mode
c o n t r i b u t i o n i s 1% or l e s s

8 A_cm=V_o_cm/V_cm; //common mode ga in
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9 CMRR =20* log(A_d/A_cm)/2.30258;

10 printf(” A l l the v a l u e s i n the t ex tbook a r e
approximated , hence the v a l u e s i n t h i s code
d i f f e r from tho s e o f Textbook ”)

11 disp(CMRR , ’ The minimum CMRR i s ’ )

Scilab code Exa 11.12 example 12

1 clc

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 Rin= 1 //Mohms
4 Rs1= 100 //kohms
5 Rs2= 100 //kohms
6 Ioff= 84 //Amperes
7 Voff= 5 //mV
8 //CALCULARIONS
9 Vioff= Rin*Ioff *10^ -3*( Rs1+Rs2)/(2*( Rin +10^ -3*( Rs1+

Rs2)))

10 Vvoff= Voff*Rin/(Rin +10^ -3*( Rs1+Rs2))

11 //RESULTS
12 printf ( ’ V i o f f = %. f mV ’ ,Vioff)
13 printf ( ’ \n Vvof f = %. 2 f mV ’ ,Vvoff)
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Chapter 12

Field effect transistors

Scilab code Exa 12.1 example 1

1 clc

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 K= 2

4 VGS1= 5 //V
5 VGS2= 4 //V
6 VGS3= 3 //V
7 VGS4= 2 //V
8 //CALCULATIONS
9 id1= K*(VGS1 -2)^2

10 id2= K*(VGS2 -2)^2

11 id3= K*(VGS3 -2)^2

12 id4= K*(VGS4 -2)^2

13 //RESULTS
14 printf ( ’ iD = %. f V ’ ,id1)
15 printf ( ’ \n iD = %. f V ’ ,id2)
16 printf ( ’ \n iD = %. f V ’ ,id3)
17 printf ( ’ \n iD = %. f V ’ ,id4)

Scilab code Exa 12.2 example 2
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1 clc

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 KP= 50 //uA/V62
4 Vto= 2 //V
5 L= 10 //um
6 W= 400 //um
7 Vdd= 20 //mV
8 R2= 1 //kohms
9 R1= 3 //ohms

10 Rd= 11.5 //Mohms
11 Rs= 1 //kohms
12 V= 4 //mV
13 //CALCULATIONS
14 K= W*KP/(2*L*10^3)

15 Vg= Vdd*R2/(R1+R2)

16 clc

17 x=poly(0,”x”)
18 vec=roots(x^2 -3.630*x+2.148)

19 VGSQ= vec (2)

20 IDQ= K*(VGSQ -Vto)^2

21 VDSQ= Vdd+V+L-(Rd+Rs)*IDQ

22 //RESULTS
23 printf ( ’VDSQ = %. 1 f V ’ ,VDSQ)

Scilab code Exa 12.3 example 3

1 clc

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 VGSQ= 3.5 //V
4 VDSQ= 10 //V
5 id1= 10.7 //mA
6 id2= 4.7 //mA
7 dvgs= 1 //V
8 id3= 8 //mA
9 id4= 6.7 //mA
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10 vds1= 14 //V
11 vds2= 4 //V
12 //CALCULATIONS
13 gm= (id1 -id2)/dvgs

14 rd= (vds1 -vds2)*10^3/(id3 -id4)

15 //RESULTS
16 printf ( ’ rd = %. 1 e ohms ’ ,rd)

Scilab code Exa 12.5 example 5

1 clc

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 RL= 1 //kohms
4 R1= 2 //Mohms
5 R2= 2 //Mohms
6 KP= 50 //uA/Vˆ2
7 L= 2 //um
8 W= 160 //um
9 Vto= 1 //V

10 IDQ= 10 //mA
11 VG= 7.5 //V
12 //CALCULATIONS
13 K= W*KP/(2*L*10^3)

14 VGSQ= sqrt(IDQ/K)+Vto

15 VS= VG -VGSQ

16 RS= VS *10^3/ IDQ

17 gm= sqrt (2*KP /10^3)*sqrt(W/L)*sqrt(IDQ)

18 RL1= 1/(1/( RS)+(1/(RL *10^3)))

19 Av= gm*RL1 *10^ -3/(1+ gm*RL1 *10^ -3)

20 Rin= 1/((1/ R1)+(1/R2))

21 Ro= 1/(gm*10^ -3+(1/ RS))

22 Ai= Av*Rin/RL

23 G= Av*Ai*10^3

24 //RESULTS
25 printf ( ’G = %. 1 f ’ ,G)
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Chapter 13

Bipolar junction transistors

Scilab code Exa 13.1 example 1

1 clc

2 // ex13 . 1
3 V_CE =4; // I t shou ld be h igh enough so tha t

c o l l e c t o r base j u n c t i o n i s r e v e r s e−b i a s e d
4 i_B =30*10^ -6; // base cu r r en t , a va l u e i s

s e l e c t e d from the graph
5 i_C =3*10^ -3; // c o l l e c t o r c u r r e n t c o r r e s p ond i n g

to v a l u e s o f i B and V CE
6 B=i_C/i_B; // beta va l u e
7 disp(B, ’ The va lu e o f beta B i s ’ )

Scilab code Exa 13.2 example 2

1 clc

2 // ex13 . 2
3 V_CC =10;

4 V_BB =1.6;

5 R_B =40*10^3;
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6 R_C =2*10^3;

7 V_in_Q =0; //Q po i n t
8 V_in_max =0.4;

9 V_in_min =-0.4;

10 // the f o l l o w i n g v a l u e s a r e found from the
i n t e r s e c t i o n o f i nput l o a d l i n e s with the input
c h a r a c t e r i s t i c

11 i_B_Q =25*10^ -3; // f o r V in Q
12 i_B_max =35*10^ -3; // f o r V in max
13 i_B_min =15*10^ -3; // f o r V in min
14 // the f o l l o w i n g v a l u e s a r e found from the

i n t e r s e c t i o n o f output l o a d l i n e s with the output
c h a r a c t e r i s t i c

15 V_CE_Q =5; // c o r r e s p ond i n g to i B Q
16 V_CE_max =7; // c o r r e s p ond i n g to i B min
17 V_CE_min =3; // c o r r e s p ond i n g to i B max
18 disp( ’ g raphs cannot be shown but the r e q u i r e d v a l u e s

a r e ’ )
19 disp(V_CE_max , ’maximum va lu e o f V CE ’ )
20 disp(V_CE_min , ’minimum va lu e o f V CE ’ )
21 disp(V_CE_Q , ’Q−po i n t va lu e o f V CE ’ )

Scilab code Exa 13.4 example 4

1 clc

2 // ex13 . 4
3 V_CC =15;

4 B=100; // beta va l u e
5 R_B =200*10^3;

6 R_C =1*10^3;

7 //we proce ed i n such a way tha t the r e q u i r e d v a l u e s
w i l l be d i s p l a y e d a c c o r d i n g to the s a t i s f i e d
c o n d i t i o n o f the below th r e e c a s e s

8
9 // a ) cut−o f f r e g i o n
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10 V_BE =15; //no v o l t a g e drop a c r o s s R B in cut−
o f f s t a t e

11 V_CE =15; //no v o l t a g e drop a c r o s s R C in cut−
o f f s t a t e

12 i_C =0; //no c o l l e c t o r c u r r e n t f l ow s as t h e r e i s
no v o l t a g e drop

13 i_B =0; //no base c u r r e n t f l ow s as t h e r e i s no
v o l t a g e drop

14 if(V_BE <0.5) then , // cut−o f f c o n d i t i o n
15 disp(i_C , ’ c o l l e c t o r c u r r e n t i n amperes ’ )
16 disp(V_CE , ’ c o l l e c t o r to em i t t e r v o l t a g e i n v o l t s

’ )
17 end

18
19 //b ) s a t u r a t i o n r e g i o n
20 V_BE =0.7; // base to em i t t e r v o l t a g e i n

s a t u r a t i o n s t a t e
21 V_CE =0.2; // c o l l e c t o r to em i t t e r v o l t a g e i n

s a t u r a t i o n s t a t e
22 i_C=(V_CC -V_CE)/R_C; // c o l l e c t o r c u r r e n t
23 i_B=(V_CC -V_BE)/R_B; // base c u r r e n t
24 if((B*i_B >i_C)&(i_B >0)) then , // s a t u r a t i o n

s t a t e c o n d i t i o n s
25 disp(i_C , ’ c o l l e c t o r c u r r e n t i n amperes ’ )
26 disp(V_CE , ’ c o l l e c t o r to em i t t e r v o l t a g e i n

v o l t s ’ )
27 end

28
29 // c ) a c t i v e r e g i o n
30 V_BE =0.7; // base to em i t t e r v o l t a g e i n a c t i v e

s t a t e
31 i_B=(V_CC -V_BE)/R_B; // base c u r r e n t
32 i_C=B*i_B; // c o l l e c t o r c u r r e n t i n a c t i v e s t a t e
33 V_CE=V_CC -i_C*R_C; // c o l l e c t o r to em i t t e r

v o l t a g e
34 if((V_CE >0.2) &(i_B >0)) then , // a c t i v e s t a t e

c o n d i t i o n s
35 disp(i_C , ’ c o l l e c t o r c u r r e n t i n amperes ’ )
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36 disp(V_CE , ’ c o l l e c t o r to em i t t e r v o l t a g e i n
v o l t s ’ )

37 end

Scilab code Exa 13.5 example 5

1 clc

2 // ex13 . 5
3 R_B =200*10^3;

4 R_C =1*10^3;

5 V_CC =15;

6 B=300; // beta va l u e
7 //we proce ed i n such a way tha t the r e q u i r e d v a l u e s

w i l l be d i s p l a y e d a c c o r d i n g to the s a t i s f i e d
c o n d i t i o n o f the below th r e e c a s e s

8
9 // a ) a c t i v e r e g i o n

10 V_BE =0.7; // base to em i t t e r v o l t a g e i n a c t i v e
s t a t e

11 i_B=(V_CC -V_BE)/R_B; // base c u r r e n t
12 i_C=B*i_B; // c o l l e c t o r c u r r e n t i n a c t i v e s t a t e
13 V_CE=V_CC -i_C*R_C; // c o l l e c t o r to em i t t e r

v o l t a g e
14 if((V_CE >0.2) &(i_B >0)) then , // a c t i v e s t a t e

c o n d i t i o n s
15 disp(i_C , ’ c o l l e c t o r c u r r e n t i n amperes ’ )
16 disp(V_CE , ’ c o l l e c t o r to em i t t e r v o l t a g e i n

v o l t s ’ )
17 end

18
19 //b ) s a t u r a t i o n r e g i o n
20 V_BE =0.7; // base to em i t t e r v o l t a g e i n

s a t u r a t i o n s t a t e
21 V_CE =0.2; // c o l l e c t o r to em i t t e r v o l t a g e i n

s a t u r a t i o n s t a t e
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22 i_C=(V_CC -V_CE)/R_C; // c o l l e c t o r c u r r e n t
23 i_B=(V_CC -V_BE)/R_B; // base c u r r e n t
24 if((B*i_B >i_C)&(i_B >0)) then , // s a t u r a t i o n

s t a t e c o n d i t i o n s
25 disp(i_C , ’ c o l l e c t o r c u r r e n t i n amperes ’ )
26 disp(V_CE , ’ c o l l e c t o r to em i t t e r v o l t a g e i n

v o l t s ’ )
27 end

28
29 // c ) cut−o f f r e g i o n
30 V_BE =15; //no v o l t a g e drop a c r o s s R B in cut−

o f f s t a t e
31 V_CE =15; //no v o l t a g e drop a c r o s s R C in cut−

o f f s t a t e
32 i_C =0; //no c o l l e c t o r c u r r e n t f l ow s as t h e r e i s

no v o l t a g e drop
33 i_B =0; //no base c u r r e n t f l ow s as t h e r e i s no

v o l t a g e drop
34 if(V_BE <0.5) then , // cut−o f f c o n d i t i o n
35 disp(i_C , ’ c o l l e c t o r c u r r e n t i n amperes ’ )
36 disp(V_CE , ’ c o l l e c t o r to em i t t e r v o l t a g e i n v o l t s

’ )
37 end

Scilab code Exa 13.6 example 6

1 clc

2 // ex13 . 6
3 V_CC =15;

4 V_BB =5;

5 V_BE =0.7; // assuming the d e v i c e i s i n the
a c t i v e s t a t e

6 R_C =2*10^3;

7 R_E =2*10^3;

8 i_E=(V_BB -V_BE)/R_E; // em i t t e r c u r r e n t
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9 printf(” A l l the v a l u e s i n the t ex tbook a r e
Approximated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

10
11 // a )B=100
12 disp( ’ For beta B=100: ’ )
13 B=100; // beta va l u e
14 i_B=i_E/(B+1); // base c u r r e n t
15 i_C=B*i_B; // c o l l e c t o r c u r r e n t
16 V_CE=V_CC -i_C*R_C -i_E*R_E; // c o l l e c t o r to

em i t t e r v o l t a g e
17 disp(i_C , ’ c o l l e c t o r c u r r e n t i n amperes ’ )
18 disp(V_CE , ’ c o l l e c t o r to em i t t e r v o l t a g e i n v o l t s ’ )
19
20 //b )B=300
21 disp( ’ For beta B=300: ’ )
22 B=300; // beta va l u e
23 i_B=i_E/(B+1); // base c u r r e n t
24 i_C=B*i_B; // c o l l e c t o r c u r r e n t
25 V_CE=V_CC -i_C*R_C -i_E*R_E; // c o l l e c t o r to

em i t t e r v o l t a g e
26 disp(i_C , ’ c o l l e c t o r c u r r e n t i n amperes ’ )
27 disp(V_CE , ’ c o l l e c t o r to em i t t e r v o l t a g e i n v o l t s ’ )

Scilab code Exa 13.7 example 7

1 clc

2 // ex13 . 7
3 V_CC =15;

4 R_1 =10*10^3;

5 R_2 =5*10^3;

6 R_C =1*10^3;

7 R_E =1*10^3;

8 V_BE =0.7;

9 R_B =1/((1/ R_1)+(1/ R_2)); // th ev en i n r e s i s t a n c e
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10 V_B=V_CC*R_2/(R_1+R_2); // th ev en i n v o l t a g e
11 printf(” A l l the v a l u e s i n the t ex tbook a r e

Approximated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

12
13 // a )B=100
14 disp( ’ For beta B=100: ’ )
15 B=100; // beta va l u e
16 i_B=(V_B -V_BE)/(R_B+(B+1)*R_E); // base c u r r e n t
17 i_C=B*i_B; // c o l l e c t o r c u r r e n t
18 i_E=i_B+i_C; // em i t t e r c u r r e n t
19 V_CE=V_CC -i_C*R_C -i_E*R_E; // c o l l e c t o r to

em i t t e r v o l t a g e
20 disp(i_C , ’ c o l l e c t o r c u r r e n t i n amperes ’ )
21 disp(V_CE , ’ c o l l e c t o r to em i t t e r v o l t a g e i n v o l t s ’ )
22
23 //b )B=300
24 disp( ’ For beta B=300: ’ )
25 B=300; // beta va l u e
26 i_B=(V_B -V_BE)/(R_B+(B+1)*R_E); // base c u r r e n t
27 i_C=B*i_B; // c o l l e c t o r c u r r e n t
28 i_E=i_B+i_C; // em i t t e r c u r r e n t
29 V_CE=V_CC -i_C*R_C -i_E*R_E; // c o l l e c t o r to

em i t t e r v o l t a g e
30 disp(i_C , ’ c o l l e c t o r c u r r e n t i n amperes ’ )
31 disp(V_CE , ’ c o l l e c t o r to em i t t e r v o l t a g e i n v o l t s ’ )

Scilab code Exa 13.8 example 8

1 clc

2 // ex13 . 8
3 V_CC =15;

4 V_BE =0.7;

5 B=100; // beta va l u e
6 R_1 =10*10^3;
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7 R_2 =5*10^3;

8 R_L_1 =2*10^3; //R L i s taken as R L 1
9 R_C =1*10^3;

10 R_E =1*10^3;

11 V_T =26*10^ -3; // therma l v o l t a g e
12 // from the a n a l y s i s o f the p r e v i o u s example we have

the the v a l u e s o f i C Q and V CE
13 i_C_Q =4.12*10^ -3;

14 V_CE =6.72;

15 r_pi=(B*V_T)/i_C_Q;

16 R_B =1/((1/ R_1)+(1/ R_2)); // th ev en i n r e s i s t a n c e
17 R_L_2 =1/((1/ R_L_1)+(1/ R_C)); //R L ’ i s taken as

R L 2
18 A_v=-(R_L_2*B)/r_pi; // v o l t a g e ga in
19 A_voc=-(R_C*B)/r_pi; // open c i r c u i t v o l t a g e

ga in
20 Z_in =1/((1/ R_B)+(1/ r_pi)); // input impedance
21 A_i=(A_v*Z_in)/R_L_1; // c u r r e n t ga in
22 G=A_i*A_v; // power ga in
23 Z_o=R_C // output impedance
24 // assume f=1hz
25 f=1;

26 t=0:0.0005:3;

27 V_in =0.001* sin(2*%pi*f*t);

28 V_o=-(V_in*R_L_2*B)/r_pi;

29 subplot (121)

30 xtitle( ’ Input v o l t a g e vs t ime ’ , ’ t ime ’ , ’ i npu t v o l t a g e
’ )

31 plot(t,V_in)

32 subplot (122)

33 xtitle( ’ output v o l t a g e vs t ime ’ , ’ t ime ’ , ’ output
v o l t a g e ’ )

34 plot(t,V_o)

35 // In the graph , n o t i c e the phase i n v e r s i o n between
input and output v o l t a g e s

36 printf(” A l l the v a l u e s i n the t ex tbook a r e
Approximated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

92



37 disp(A_v , ’ v o l t a g e ga in ’ )
38 disp(A_voc , ’ open c i r c u i t v o l t a g e ga in ’ )
39 disp(Z_in , ’ i npu t impedance i n ohms ’ )
40 disp(A_i , ’ c u r r e n t ga in ’ )
41 disp(G, ’ power ga in ’ )
42 disp(Z_o , ’ output impedance i n ohms ’ )

Scilab code Exa 13.9 example 9

1 clc

2 // ex 13 . 9
3 V_CC =20;

4 V_BE_Q =0.7;

5 V_T =26*10^ -3; // therma l v o l t a g e
6 B=200; // beta va l u e
7 R_S_1 =10*10^3; //R S i s taken as R S 1
8 R_1 =100*10^3;

9 R_2 =100*10^3;

10 R_L_1 =1*10^3; //R L i s taken as R L 1
11 R_E =2*10^3;

12 V_B=V_CC*R_2/(R_1+R_2); // th ev en i n v o l t a g e
13 R_B =1/((1/ R_1)+(1/ R_2)); // th ev en i n r e s i s t a n c e
14 R_L_2 =1/((1/ R_L_1)+(1/ R_E)); //R L ’ i s taken as

R L 2
15 i_B_Q=(V_B -V_BE_Q)/(R_B+R_E *(1+B))

16 i_C_Q=B*i_B_Q;

17 i_E_Q=i_B_Q+i_C_Q;

18 V_CE_Q=V_CC -i_E_Q*R_E;

19 //we can v e r i f y tha t the d e v i c e i s i n a c t i v e r e g i o n
as we ge t V CE>0.2 and i BQ>0

20 r_pi=B*V_T/i_C_Q;

21 A_v =(1+B)*R_L_2/(r_pi +(1+B)*R_L_2); // v o l t a g e
ga in

22 Z_it=r_pi +(1+B)*R_L_2; // input impedance o f
base o f t r a n s i s t o r
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23 Z_i =1/((1/ R_B)+(1/ Z_it)); // input impedance o f
em i t t e r− f o l l o w e r

24 R_S_2 =1/((1/ R_S_1)+(1/ R_1)+(1/ R_2)); //R S ’ i s
taken as R S 2

25 Z_o =1/(((1+B)/(R_S_2+r_pi))+(1/ R_E)); // output
impedance

26 A_i=A_v*Z_i/R_L_1; // c u r r e n t ga in
27 G=A_v*A_i; // power ga in
28 printf(” A l l the v a l u e s i n the t ex tbook a r e

Approximated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

29 disp(A_v , ’ v o l t a g e ga in ’ )
30 disp(Z_i , ’ i npu t impedance i n ohms ’ )
31 disp(A_i , ’ c u r r e n t ga in ’ )
32 disp(G, ’ power ga in ’ )
33 disp(Z_o , ’ output impedance i n ohms ’ )
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Chapter 14

Operational Amlifiers

Scilab code Exa 14.5 example 5

1 clc

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 ADOL= 10^5

4 ADOL1= 10

5 dc= 20

6 dc1= 10

7 f= 40 //kHz
8 //CALCULATIONS
9 ADOL2= dc*log(ADOL)

10 ADOL3= dc*log10(ADOL1)

11 f1= ADOL1*f

12 //RESULTS
13 printf ( ’A0CL = %. f dB ’ ,ADOL3)
14 printf ( ’ \n f r e qu en cy = %. f kHz ’ ,f1)

Scilab code Exa 14.6 example 6

1 clc
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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 SR= 0.5 //V/ us
4 Vcon= 12 //V
5 //CALCULATIONS
6 f= SR *1000/(2* %pi*Vcon)

7 //RESULTS
8 printf ( ’ f u l l power = %. 2 f kHz ’ ,f)

Scilab code Exa 14.7 example 7

1 // ex14 . 7
2 V_in =0;

3 I_B_max =100*10^ -9; //maximum b i a s c u r r e n t
4 I_os_max =40*10^ -9; //maximum o f f s e t c u r r e n t

magnitude
5 V_os_max =2*10^ -3; //maximum o f f s e t v o l t a g e
6 R_1 =10*10^3;

7 R_2 =100*10^3;

8 //we approach i n such a way to c a l c u l a t e output
v o l t a g e due to each o f dc s o u r c e s and u s i n g
s u p e r p o s i t i o n

9 // 1)OFFSET−VOLTAGE
10 //As we p l a c e o f f s e t v o l t a g e at n on i n v e r t i n g input
11 V_o_osV_max =-(1+(R_2/R_1))*(-V_os_max);

12 V_o_osV_min =-(1+(R_2/R_1))*V_os_max;

13 // 2)BIAS−CURRENT SOURCES
14 // assuming i d e a l opamp c o n d i t i o n s
15 V_i =0;

16 I_1 =0;

17 I_2=-I_B_max;

18 V_o_bias_max=-R_2*I_2 -R_1*I_1;

19 V_o_bias_min =0; //no minimum va lu e o f I B i s
s p e c i f i e d

20 // 3)OFFSET−CURRENT SOURCE
21 //by a n a l y s i s as i n b ia s−c u r r e n t s o u r c e s

96



22 V_o_osI_max=R_2*I_os_max /2;

23 V_o_osI_min=-R_2*I_os_max /2;

24
25 V_o_max=V_o_osV_max+V_o_bias_max+V_o_osI_max;

//maximum output vo l a g e
26 V_o_min=V_o_osV_min+V_o_bias_min+V_o_osI_min;

//minimum output v o l t a g e
27 disp(V_o_max *10^3 , ’Maximum output v o l t a g e i n m i l l i −

v o l t s ’ )
28 disp(V_o_min *10^3 , ’Minimum output v o l t a g e i n m i l l i −

v o l t s ’ )
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Chapter 15

Magnetic circuits and
transformers

Scilab code Exa 15.3 example 3

1 clc

2 // ex15 . 3
3 M_r =5000; // r e l a t i v e p e rme ab i l i t y
4 R=10*10^ -2;

5 r=2*10^ -2;

6 N=100; //number o f t u rn s
7 // complex number ’ i ’ i s used as a symbol he r e
8 I=2*%i; // he r e ’ i ’ r e p r e s e n t s s i n (200∗%pi∗ t ) ,

not as a complex number
9 M_o =4*%pi *10^ -7; // p e rme a b i l i t y o f f r e e space

10 M=M_r*M_o; // p e rme a b i l i t y o f the c o r e ma t e r i a l
11 phi=M*N*I*r^2/(2*R); // f l u x
12 FL=N*phi; // f l u x l i n k a g e s
13 printf(” A l l the v a l u e s i n the t ex tbook a r e

approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

14 disp( ’ In the below two va lue s , i r e p r e s e n t s s i n (200∗
%pi∗ t ) ’ ) // t−t ime

15 disp(phi , ’ f l u x i n webers ’ )
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16 disp(FL, ’ f l u x l i n k a g e s i n weber tu rn s ’ )
17 // d i f f e r e n t i a t i n g ’ ’ with r e s p e c t to t
18 disp( ’ In the below answer , i r e p r e s e n t s co s (200∗%pi∗

t ) ’ )
19 disp(FL *200*%pi , ’ Vo l tage induced in the c o i l i n

v o l t s ’ )

Scilab code Exa 15.5 example 5

1 clc

2 // ex15 . 5
3 M_r =6000; // r e l a t i v e p e rme ab i l i t y
4 M_o =4*%pi *10^ -7; // p e rme a b i l i t y o f f r e e space
5 w_r =3*10^ -2; // width o f r e c t a n g u l a r c r o s s−

s e c t i o n
6 d_r =2*10^ -2; // depth o f r e c t a n g u l a r c r o s s−

s e c t i o n
7 N=500; //number o f t u rn s o f c o i l
8 B_gap =0.25; // f l u x d e n s i t y
9 gap =0.5*10^ -2; // a i r gap

10 // c e n t e r l i n e o f the f l u x path i s a squa r e o f s i d e 6
cm

11 l_s =6*10^ -2; // s i d e o f s qua r e
12 l_core =4*l_s -gap; //mean l e n g t h o f the i r o n

c o r e
13 A_core=w_r*d_r; // c r o s s−s e c t i o n a l a r ea o f the

c o r e
14 M_core=M_r*M_o; // p e rme a b i l i t y o f c o r e
15 R!_core=l_core /( M_core*A_core); // r e l u c t a n c e o f

the c o r e
16 A_gap=(d_r+gap)*(w_r+gap); // e f f e c t i v e a r ea o f

gap
17 M_gap=M_o; // p e rme a b i l i t y o f a i r ( gap )
18 R!_gap=gap/(M_gap*A_gap); // r e l u c t a n c e o f gap
19 R!=R!_gap+R!_core; // t o t a l r e l u c t a n c e
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20 phi=B_gap*A_gap; // f l u x
21 F=phi*R!; // magnetomotive f o r c e
22 i=F/N; // c u r r e n t
23 printf(” A l l the v a l u e s i n the t ex tbook a r e

approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

24 disp(i, ’ Current va l u e i n amperes ’ )

Scilab code Exa 15.6 example 6

1 clc

2 // ex15 . 6
3 w_core =2*10^ -2; // width
4 d_core =2*10^ -2; // depth
5 A_core=w_core*d_core; // a r ea o f c o r e
6 M_r =1000; // r e l a t i v e p e rme ab i l i t y
7 M_o =4*%pi *10^ -7; // p e rme a b i l i t y o f f r e e space
8 gap_a =1*10^ -2;

9 gap_b =0.5*10^ -2;

10 N=500; //number o f t u rn s o f c o i l
11 i=2; // c u r r e n t i n the c o i l
12 l_c =10*10^ -2; // l e n g t h f o r c e n t e r path
13 R!_c=l_c/(M_r*M_o*A_core); // r e l u c t a n c e o f

c e n t e r path
14 // For l e f t s i d e
15 // t ak i n g f r i n g i n g ino account
16 A_gap_a =( w_core+gap_a)*( d_core+gap_a); // a r ea

o f gap a
17 R!_gap_a=gap_a /(M_o*A_gap_a); // r e l u c t a n c e o f

gap a
18 l_s =10*10^ -2; // s i d e o f s qua r e
19 l_core_l =3*l_s -gap_a; //mean l e n g t h on l e f t

s i d e
20 R!_core_l=l_core_l /(M_r*M_o*A_core); //

r e l u c t a n c e o f c o r e
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21 R!_L=R!_core_l+R!_gap_a; // t o t a l r e l u c t a n c e on
l e f t s i d e

22 // For r i g h t s i d e
23 // t ak i n g f r i n g i n g ino account
24 A_gap_b =( w_core+gap_b)*( d_core+gap_b); // a r ea

o f gap b
25 R!_gap_b=gap_b /(M_o*A_gap_b); // r e l u c t a n c e o f

gap b
26 l_s =10*10^ -2; // s i d e o f s qua r e
27 l_core_r =3*l_s -gap_b; //mean l e n g t h on r i g h t

s i d e
28 R!_core_r=l_core_r /(M_r*M_o*A_core); //

r e l u c t a n c e o f c o r e
29 R!_R=R!_core_r+R!_gap_b; // t o t a l r e l u c t a n c e on

r i g h t s i d e
30 R!_T=R!_c +1/((1/R!_L)+(1/(R!_R))); // t o t a l

r e l u c t a n c e
31 phi_c=N*i/(R!_T); // f l u x i n the c e n t e r l e g o f

c o i l
32 //by cu r r en t−d i v i s i o n p r i n c i p l e
33 phi_L=phi_c*R!_R/(R!_L+R!_R); // l e f t s i d e
34 phi_R=phi_c*R!_L/(R!_L+R!_R); // r i g h t s i d e
35 B_L=phi_L/A_gap_a; // f l u x d e n s i t y i n gap a
36 B_R=phi_R/A_gap_b; // f l u x d e n s i t y i n gap b
37 printf(” A l l the v a l u e s i n the t ex tbook a r e

approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

38 disp(B_L , ’ f l u x d e n s i t y i n gap a i n t e s l a ’ )
39 disp(B_R , ’ f l u x d e n s i t y i n gap b in t e s l a ’ )

Scilab code Exa 15.7 example 7

1 clc

2 // ex15 . 7
3 N=500; //number o f t u rn s o f c o i l
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4 R!=4.6*10^6; // r e l u c t a n c e o f the magnet i c path
from ex15 . 5

5 L=N^2/R!; // i nduc t an c e
6 printf(” A l l the v a l u e s i n the t ex tbook a r e

approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

7 disp(L*10^3, ’ I nduc tance o f the g i v en c o i l i n m i l l i −
henry ’ ) // m i l l i −10ˆ−3

Scilab code Exa 15.8 example 8

1 clc

2 // ex15 . 8
3 R!=10^7; // r e l u c t a n c e o f c o r e
4 N_1 =100; // tu rn s f o r c o i l 1
5 N_2 =200; // tu rn s f o r c o i l 2
6 L_1=N_1^2/R!; // s e l f −i nduc t an c e o f c o i l 1
7 L_2=N_2^2/R!; // s e l f −i nduc t an c e o f c o i l 2
8 // here , complex number i r e p r e s e n t s i 1 i n t ex tbook
9 phi_1=N_1*%i/R!; // f l u x produced by i ( i 1 )

10 L_21=N_2*phi_1; // f l u x l i n k a g e s o f c o i l 2 from
cu r r e n t i n c o i l 1

11 M=L_21/%i; // mutual i nduc t an c e
12 // m i l l i −(10ˆ−3)
13 disp(L_1*10^3, ’ s e l f −i nduc t an c e o f c o i l 1 i n m i l l i

henry ’ )
14 disp(L_2*10^3, ’ s e l f −i nduc t an c e o f c o i l 2 i n m i l l i

henry ’ )
15 disp(M*10^3, ’ mutual i nduc t an c e o f the c o i l s i n m i l l i

henry ’ )

Scilab code Exa 15.9 example 9

102



1 clc

2 // ex15 . 9
3 V_s_rms =4700; // f o r s ou r c e
4 V_L_rms =220; // l oad v o l t a g e
5 tr=V_s_rms/V_L_rms; // tu rn s r a t i o
6 printf(” A l l the v a l u e s i n the t ex tbook a r e

approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

7 disp( ’ The r e q u i r e d tu rn s r a t i o N1/N2= ’ )
8 disp(tr)

Scilab code Exa 15.10 example 10

1 clc

2 // ex15 . 1 0
3 V_1_rms =110;

4 R_L =10;

5 tr=5; // tu rn s r a t i o (N1/N2)
6 V_2_rms=V_1_rms/tr; // pr imary and se conda ry

v o l t a g e r e l a t i o n
7 // a ) open sw i t ch
8 disp( ’OPEN sw i t ch ’ )
9 disp(V_1_rms , ’ Primary v o l t a g e i n v o l t s ’ )

10 disp(V_2_rms , ’ Secondary v o l t a g e i n v o l t s ’ )
11 //As sw i t ch i s open , c u r r e n t i n second wind ing i s 0

which i m p l i e s the c u r r e n t i n pr imary c o i l to be 0
( i d e a l t r a n s f o rme r c o n d i t i o n )

12 disp(0, ’ Current i n pr imary winding i n amperes ’ )
13 disp(0, ’ Current i n s e conda ry wind ing i n amperes ’ )
14 //b ) c l o s e d sw i t ch
15 disp( ’CLOSED sw i t ch ’ )
16 I_2_rms=V_2_rms/R_L; //ohm ’ s law
17 I_1_rms=I_2_rms/tr; // i d e a l t r a n s f o rme r

c o n d i t i o n
18 disp(V_1_rms , ’ Primary v o l t a g e i n v o l t s ’ )
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19 disp(V_2_rms , ’ Secondary v o l t a g e i n v o l t s ’ )
20 disp(I_1_rms , ’ Current i n pr imary wind ing i n amperes ’

)

21 disp(I_2_rms , ’ Current i n s e conda ry wind ing i n
amperes ’ )

Scilab code Exa 15.11 example 11

1 clc

2 // ex15 . 1 1
3 V_s =1000* complex(cos(0),sin(0)); // s ou r c e

v o l t a g e phasor
4 R_1 =10^3;

5 R_L =10;

6 Z_L_1=R_L+%i*20; // impedance
7 tr=10; // tu rn s r a t i o (N1/N2)
8 Z_L_2=(tr^2)*Z_L_1; // r e f l e c t i n g Z L 1 onto

pr imary s i d e
9 Z_s=R_1+Z_L_2; // t o t a l impedance s e en by the

s ou r c e
10 [Z_s_max ,Z_s_phi ]= polar(Z_s);

11 // pr imary q u a n t i t i e s
12 I_1=V_s/Z_s;

13 [I_1_max ,I_1_phi ]= polar(I_1);

14 V_1=I_1*Z_L_2;

15 [V_1_max ,V_1_phi ]= polar(V_1);

16 // u s i n g tu rn s r a t i o to f i n d s e conda ry q u a n t i t i e s
17 I_2=tr*I_1;

18 [I_2_max ,I_2_phi ]= polar(I_2);

19 V_2=V_1/tr;

20 [V_2_max ,V_2_phi ]= polar(V_2);

21 I_2_rms=I_2_max/sqrt (2);

22 P_L=( I_2_rms ^2)*R_L; // power to l oad
23 printf(” A l l the v a l u e s i n the t ex tbook a r e

approx imated hence the v a l u e s i n t h i s code d i f f e r
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from tho s e o f Textbook ”)
24 //we take r e a l p a r t s o f a n g l e s to take out

n e g l e g i b l e and unne c e s s a r y imag inary p a r t s ( i f any
a r e t h e r e )

25 disp( ’PRIMARY CURRENT: ’ )
26 disp(I_1_max , ’ peak va lu e i n amperes ’ )
27 disp(real(I_1_phi *180/ %pi), ’ phase ang l e i n d e g r e e s ’ )
28 disp( ’PRIMARY VOLTAGE: ’ )
29 disp(V_1_max , ’ peak va lu e i n amperes ’ )
30 disp(real(V_1_phi *180/ %pi), ’ phase ang l e i n d e g r e e s ’ )
31 disp( ’SECONDARY CURRENT’ )
32 disp(I_2_max , ’ peak va lu e i n amperes ’ )
33 disp(real(I_2_phi *180/ %pi), ’ phase ang l e i n d e g r e e s ’ )
34 disp( ’SECONDARY VOLTAGE ’ )
35 disp(V_2_max , ’ peak va lu e i n amperes ’ )
36 disp(real(V_2_phi *180/ %pi), ’ phase ang l e i n d e g r e e s ’ )
37 disp(P_L , ’ power d e l i v e r e d to l oad i n watt s ’ )

Scilab code Exa 15.12 example 12

1 clc

2 // ex15 . 1 2
3 V_s =1000* complex(cos(0),sin(0)); // s ou r c e

v o l t a g e phasor
4 R_1 =10^3;

5 tr=10; // tu rn s r a t i o (N1/N2)
6 V_S=V_s/tr; // r e f l e c t e d v o l t a g e
7 [V_S_max ,V_S_phi ]= polar(V_S);

8 R1=R_1/(tr^2); // r e f l e c t e d r e s i s t a n c e
9 //we take r e a l p a r t s o f a n g l e s to take out

n e g l e g i b l e and unne c e s s a r y imag inary p a r t s ( i f any
a r e t h e r e )

10 disp( ’ R e f l e c t e d v o l t a g e : ’ )
11 disp(V_S_max , ’ Peak va lu e i n v o l t s ’ )
12 disp(V_S_phi *180/%pi , ’ phase ang l e i n d e g r e e s ’ )
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13 disp(R1, ’ R e f l e c t e d r e s i s t a n c e i n ohms ’ )

Scilab code Exa 15.13 example 13

1 clc

2 // ex15 . 1 3
3 V_L_max =240;

4 V_L=V_L_max*complex(cos (0),sin(0)); // l oad
v o l t a g e

5 R_1 =3;

6 R_2 =0.03;

7 R_c =100*10^3; // core− l o s s r e s i s t a n c e
8 tr=10; // tu rn s r a t i o (N1/N2)
9 // l e a k a g e r e a c t a n c e s

10 Z_1=%i*6.5;

11 Z_2=%i *0.07;

12 Z_m=%i *15*10^3;

13 P_R =20*10^3; // r a t ed power
14 I_2_max=P_R/real(V_L);

15 PF=0.8; // power f a c t o r
16 phi=-acos(PF); //−ve f o r l a g g i n g power
17 I_2=complex(I_2_max*cos(phi),I_2_max*sin(phi));

// phasor
18 I_1=I_2/tr; // pr imary c u r r e n t
19 [I_1_max ,I_1_phi ]= polar(I_1);

20 V_2=V_L+(R_2+Z_2)*I_2; //KVL equa t i on
21 V_1=tr*V_2;

22 V_s=V_1+(R_1+Z_1)*I_1; //KVL equa t i on
23 [V_s_max ,V_s_phi ]= polar(V_s);

24 P_loss =(( V_s_max ^2)/R_c)+(( I_1_max ^2)*R_1)+(( I_2_max

^2)*R_2); // power l o s s i n t r a n s f o rme r
25 P_L=V_L*I_2*PF; // power to l oad
26 P_in=P_L+P_loss; // input power
27 P_eff =(1-( P_loss/P_in))*100;

28 // under no−l o ad c ond t i o n s
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29 I_1 =0;

30 I_2 =0;

31 V_1=V_s_max;

32 V_no_load=V_1/tr;

33 PR=(( V_no_load -V_L_max)/V_L_max)*100;

34 disp(PR, ’ Pe r c en t r e g u l a t i o n ’ )
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Chapter 16

DC Machines

Scilab code Exa 16.1 example 1

1 clc

2 // ex16 . 1
3 V_rms =440;

4 P_o_fl =5*746; // f u l l −l o ad r a t ed output power
5 I_rms_fl =6.8; // f u l l −l o ad l i n e c u r r e n t
6 PF_fl =0.78; // f u l l −l o ad power f a c t o r
7 n_fl =1150; // f u l l −l o ad speed i n rpm
8 I_rms_nl =1.2; //no−l o ad l i n e c u r r e n t
9 PF_nl =0.3; //no−l o ad power f a c t o r

10 n_nl =1195; //no−l o ad speed i n rpm
11 P_in_fl=sqrt (3)*V_rms*I_rms_fl*PF_fl; // f u l l −

l o ad input power
12 P_loss_fl=P_in_fl -P_o_fl; // f u l l −l o ad power

l o s s
13 eff_fl =( P_o_fl/P_in_fl)*100; // f u l l −l o ad

e f f i c i e n c y
14 P_in_nl=sqrt (3)*V_rms*I_rms_nl*PF_nl; //no−l o ad

input power
15 P_o_nl =0; //no−l o ad output power
16 eff_nl =0; //no−l o ad e f f i c i e n c y ( ’ 0 ’ as P o n l =0)
17 SR=(n_nl -n_fl)*100/ n_fl; // speed r e g u l a t i o n
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18 printf(” A l l the v a l u e s i n the t ex tbook a r e
approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

19 disp(P_loss_fl , ’ Power l o s s with f u l l −l o ad i n watt s ’ )
20 disp(eff_fl , ’ E f f i c i e n c y with f u l l −l o ad ’ )
21 disp(P_in_nl , ’ Input power with no−l o ad i n watt s ’ )
22 disp(SR, ’ speed r e g u l a t i o n p e r c en t a g e f o r the motor ’ )

Scilab code Exa 16.2 example 2

1 clc

2 // ex16 . 2
3 B=1; // magnet i c f l u x d e n s i t y
4 l=0.3;

5 V_T =2;

6 R_A =0.05;

7 //CASE a
8 // bar i s s t a t i o n a r y at t=0
9 u_ini =0; // i n i t i a l v e l o c i t y o f bar i s 0

10 e_A=B*l*u_ini; // induced v o l t a g e
11 i_A_ini =(V_T -e_A)/R_A; // i n i t i a l c u r r e n t
12 F_ini=B*l*i_A_ini; // i n i t i a l f o r c e on the bar
13 // s t eady s t a t e c o n d i t i o n with no−l o ad e A=B∗ l ∗u=V T
14 u=V_T/(B*l); // from s t eady s t a t e c o n d i t i o n with

no−l o ad
15 printf(” A l l the v a l u e s i n the t ex tbook a r e

approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

16 disp( ’CASE a : ’ )
17 disp(i_A_ini , ’ i n i t i a l c u r r e n t i n amperes ’ )
18 disp(F_ini , ’ i n i t i a l f o r c e on the bar i n newtons ’ )
19 disp(u, ’ s t eady−s t a t e f i n a l speed i n m/ s ’ )
20 //CASE b
21 F_load =4; // mechan i ca l l o ad
22 // s t eady s t a t e c o n d i t i o n F=B∗ l ∗ i A=F load
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23 i_A=F_load /(B*l); // from s t eady s t a t e c o n d i t i o n
24 e_A=V_T -R_A*i_A; // induced v o l t a g e
25 u=e_A/(B*l); // steady−s t a t e speed
26 P_m=F_load*u; // mechan i ca l power
27 P_t=V_T*i_A; // power taken from ba t t e r y
28 P_R=i_A^2*R_A; // power d i s s i p a t e d i n the

r e s i s t a n c e
29 eff=P_m *100/ P_t; // e f f i c i e n c y
30 disp( ’CASE b : ’ )
31 disp(u, ’ s t eady−s t a t e speed i n m/ s ’ )
32 disp(P_t , ’ power d e l i v e r e d by V t i n watt s ’ )
33 disp(P_m , ’ power d e l i v e r e d to mechan i ca l l o ad i n

watt s ’ )
34 disp(P_R , ’ power l o s t to heat i n the r e s i s t a n c e i n

watt s ’ )
35 disp(eff , ’ e f f c i e n c y o f c o n v e r t i n g e l e c t r i c a l power

to mechan i ca l power ’ )
36 //CASE c
37 // with the p u l l i n g f o r c e a c t i n g to the r i g h t ,

machine o p e r a t e s as a g e n e r a t o r
38 F_pull =2; // p u l l i n g f o r c e
39 // steady−s t a t e c o n d i t i o n F=B∗ l ∗ i A=F pu l l
40 i_A=F_pull /(B*l); // from steady−s t a t e c o n d i t i o n
41 e_A=V_T+R_A*i_A; // induced v o l t a g e
42 u=e_A/(B*l); // steady−s t a t e speed
43 P_m=F_pull*u; // mechan i ca l power
44 P_t=V_T*i_A; // power taken by ba t t e r y
45 P_R=i_A^2*R_A; // power d i s s i p a t e d i n the

r e s i s t a n c e
46 eff=P_t *100/ P_m; // e f f i c i e n c y
47 disp( ’CASE c : ’ )
48 disp(u, ’ s t eady−s t a t e speed i n m/ s ’ )
49 disp(P_m , ’ power taken from mechan i ca l s o u r c e i n

watt s ’ )
50 disp(P_t , ’ power d e l i v e r e d to the b a t t e r y i n watt s ’ )
51 disp(P_R , ’ power l o s t to heat i n the r e s i s t a n c e ’ )
52 disp(eff , ’ e f f i c i e n c y o f c o n v e r t i n g mechan i ca l power

to e l e c t r i c a l power ’ )
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Scilab code Exa 16.3 example 3

1 clc

2 // ex16 . 3
3 n_2 =800; // speed in rpm
4 I_A =30; // armature c u r r e n t
5 I_F =2.5; // f i e l d c u r r e n t
6 R_A =0.3; // armature r e s i s t a n c e
7 R_F =50; // f i e l d r e s i s t a n c e
8 V_F=I_F*R_F; // f i e l d c o i l v o l t a g e
9 //E A1 and n 1 from magne t i z a t i on curve

10 E_A1 =145; // induced v o l t a g e
11 n_1 =1200; // speed in rpm
12 E_A2=n_2*E_A1/n_1;

13 W_m=n_2*2*%pi /60; // speed in r a d i a n s per second
14 K=E_A2/W_m; //K∗ ph i i s taken as K, machine

c on s t an t
15 T_dev=K*I_A; // deve l oped to rque
16 P_dev=W_m*T_dev; // deve l oped power
17 V_T=R_A*I_A+E_A2; // v o l t a g e a pp l i e d to armature
18 printf(” A l l the v a l u e s i n the t ex tbook a r e

approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

19 disp(V_F , ’ Vo l tage a pp l i e d to f i e l d c i r c u i t i n v o l t s ’
)

20 disp(V_T , ’ Vo l tage a pp l i e d to armature i n v o l t s ’ )
21 disp(T_dev , ’ Deve loped to rque i n Nm’ ) //Nm−

newton meter
22 disp(P_dev , ’ Deve loped power i n watt s ’ )

Scilab code Exa 16.4 example 4
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1 clc

2 // ex16 . 4
3 V_T =240; // dc supp ly v o l t a g e
4 R_A =0.065; // armature r e s i s t a n c e
5 R_F =10; // f i e l d r e s i s t a n c e
6 R_adj =14; // a d j u s t a b l e r e s i s t a n c e
7 n=1200; // speed in rpm
8 P_rot =1450; // r o t a t i o n a l power l o s s
9 T_out =250; // h o i s t t o rque

10 I_F=V_T/(R_F+R_adj); // f i e l d c u r r e n t
11 //E A at I F and n from magne t i z a t i on curve
12 E_A_1 =280; // armature v o l t a g e
13 W_m_1=n*2*%pi /60; // speed in r a d i a n s per second
14 K=E_A_1/W_m_1; // machine c on s t an t
15 T_rot=P_rot/W_m_1; // r o t a t i o n a l l o s s−t o rque
16 T_dev=T_rot+T_out; // deve l oped to rque
17 I_A=T_dev/K; // armature c u r r e n t
18 E_A_2=V_T -R_A*I_A; // app l y i ng KVL
19 W_m_2=E_A_2/K; // speed in r a d i a n s per second
20 n_m=W_m_2 *60/(2* %pi); // speed in rpm
21 P_out=T_out*W_m_2; // output power
22 I_L=I_F+I_A; // l i n e c u r r e n t
23 P_in=V_T*I_L; // input power
24 eff=P_out *100/ P_in; // e f f i c i e n c y
25 printf(” A l l the v a l u e s i n the t ex tbook a r e

approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

26 disp(n_m , ’ Motor speed i n rpm ’ )
27 disp(eff , ’ E f f i c i e n c y o f the motor ’ )

Scilab code Exa 16.5 example 5

1 clc

2 // ex16 . 5
3 n_m_1 =1200; // speed in rpm
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4 T_out_1 =12; // motor t o rque
5 W_m_1=n_m_1 *2*%pi /60; // angu l a r speed
6 //As we a r e n e g l e c t i n g l o s s e s , the output t o rque and

power a r e equa l to the deve l oped to rque and
power r e s p e c t i v e l y

7 P_out_1=W_m_1*T_out_1; // output power
8 // For Torque=24
9 T_out_2 =24;

10 T_dev_2=T_out_2;

11 // T dev=K∗K F∗V Tˆ2/(R A+R F+K∗K F∗W mˆ2)
12 // n e g l e c t i n g r e s i s t a n c e s and with the above equa t i on

f o r T dev , we ge t i n v e r s e r e l a t i o n between
to rque and squa r e o f speed

13 W_m_2=W_m_1*sqrt(T_out_1)/sqrt(T_dev_2);

14 n_m_2=W_m_2 *60/(2* %pi);

15 P_out_2=T_dev_2*W_m_2;

16 printf(” A l l the v a l u e s i n the t ex tbook a r e
approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

17 disp(P_out_1 , ’ Output power f o r l oad to rque =12 in
watt s ’ )

18 disp(n_m_2 , ’ speed f o r t o rque =24 in rpm ’ )
19 disp(P_out_2 , ’ Output power f o r l oad to rque =24 in

watt s ’ )

Scilab code Exa 16.6 example 6

1 clc

2 // ex16 . 6
3 V_F =140; // f i e l d v o l t a g e
4 R_F =10; // f i e l d r e s i s t a n c e
5 R_adj =4; // a d j u s t i n g r e s i s t a n c e
6 R_A =0.065; // armature r e s i s t a n c e
7 n_A =1000; // armature speed i n rpm
8 I_fl =200; // f u l l −l o ad c u r r e n t
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9 eff =0.85; // e f f i c i e n c y not i n c l u d i n g power
s u pp l i e d to f i e l d c i r c u i t

10 I_F=V_F/( R_adj+R_F); // f i e l d c u r r e n t
11 //E , v o l t a g e from magne t i z a t i on curve f o r speed o f n

=1200
12 n=1200;

13 E=280; // v o l t a g e o f armature
14 //E A i s no−l o ad v o l t a g e
15 E_A=E*n_A/n; //E A i s p r o p o r t i o n a l to speed
16 V_FL=E_A -R_A*I_fl; // f u l l −l o ad v o l t a g e
17 VR=(E_A -V_FL)*100/ V_FL; // v o l t a g e r e g u l a t i o n
18 P_out=I_fl*V_FL; // output power
19 P_dev=P_out +(I_fl ^2)*R_A; // deve l oped power
20 W_m=n_A*2*%pi /60; // angu l a r speed
21 P_in=P_out/eff; // input power
22 P_loss=P_in -P_dev; // a l l power l o s s e s combined
23 T_in=P_in/W_m; // input t o rque
24 T_dev=P_dev/W_m; // deve l oped to rque
25 printf(” A l l the v a l u e s i n the t ex tbook a r e

approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

26 disp(I_F , ’ F i e l d c u r r e n t i n amperes ’ )
27 disp(E_A , ’ no−l o ad v o l t a g e i n v o l t s ’ )
28 disp(V_FL , ’ f u l l −l o ad v o l t a g e i n v o l t s ’ )
29 disp(VR, ’ p e r c e n t a g e v o l t a g e r e g u l a t i o n ’ )
30 disp(T_in , ’ i npu t t o rque i n Nm’ )
31 disp(T_dev , ’ d eve l oped to rque ’ )
32 disp(P_loss , ’ a l l t ype s o f power l o s s e s combined i n

watt s ’ )
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Chapter 17

AC Machines

Scilab code Exa 17.1 example 1

1 clc

2 // ex17 . 1
3 P_rot =900; // r o t a t i o n a l l o s s e s
4 V_L =440* complex(cos(0),sin (0));

5 R_s =1.2;

6 X_s=%i*2;

7 X_m=%i*50;

8 R_r_1 =0.6;

9 R_r_2 =19.4;

10 X_r=%i*0.8;

11 n_m =1746; // machine o p e r a t i n g speed i n rpm
12 W_m=n_m*2*%pi /60; // speed in r a d i a n s per second
13 n_s =1800; // synchronous speed f o r a four−po l e

moni tor
14 s=(n_s -n_m)/n_s; // s l i p
15 Z_s=R_s+X_s+(X_m*(R_r_1+R_r_2+X_r))/(X_m+R_r_1+R_r_2

+X_r); // impedance s e en by the s ou r c e
16 [Z_s_max ,phi]=polar(Z_s);

17 Z_s_phi=real(phi); // removing n e g l i g i b l e
imag ina ry pa r t ( i f any i s t h e r e )

18 PF=cos(Z_s_phi); // power f a c t o r
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19 V_s=V_L; // phase v o l t a g e
20 I_s=V_s/Z_s; // phase c u r r e n t
21 [I_s_max ,I_s_phi ]= polar(I_s);

22 I_L=I_s_max*sqrt (3); // l i n e c u r r e n t
23 P_in =3*I_s*V_s*PF; // input power
24 V_x=I_s*(X_m*(R_r_1+R_r_2+X_r))/(X_m+R_r_1+R_r_2+X_r

);

25 I_r=V_x/(X_r+R_r_1+R_r_2);

26 [I_r_max ,I_r_phi ]= polar(I_r);

27 P_s =3*R_s*I_s_max ^2; // copper l o s s i n s t a t o r
28 P_r =3* R_r_1*I_r_max ^2; // copper l o s s i n r o t o r
29 P_dev =3*(1-s)*R_r_1*I_r_max ^2/s; // deve l oped

power
30 //we may v e r i f y tha t P in=P dev+P s+P r to w i th i n

round ing e r r o r
31 P_in=P_dev+P_s+P_r; // input power
32 P_o=P_dev -P_rot; // output power
33 T_o=P_o/W_m; // output t o rque
34 eff=P_o *100/ P_in; // e f f i c i e n c y
35 printf(” A l l the v a l u e s i n the t ex tbook a r e

approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

36 disp(PF, ’ Power f a c t o r ’ )
37 disp(I_L , ’ l i n e c u r r e n t i n amperes ’ )
38 disp(P_o , ’ output power i n watt s ’ )
39 disp(T_o , ’ output t o rque i n Nm’ )
40 disp(eff , ’ e f f i c i e n c y p e r c en t a g e i s ’ )

Scilab code Exa 17.2 example 2

1 clc

2 // ex17 . 2
3 s=1; // s l i p f o r s t a r t i n g
4 V_L =440* complex(cos(0),sin (0));

5 f=60;
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6 R_s =1.2;

7 X_s=%i*2;

8 X_m=%i*50;

9 R_r_1 =0.6;

10 R_r_2 =19.4;

11 X_r=%i*0.8;

12 Z_eq=X_m*(R_r_1+X_r)/(X_m+R_r_1+X_r); //
e q u i v a l e n t impedance to the r i g h t i n the f i g u r e
i n t ex tbook

13 Z_s=R_s+X_s+Z_eq;

14 I_s=V_s/Z_s; // s t a r t i n g phase c u r r e n t
15 [I_s_max ,phi]=polar(I_s);

16 I_L=sqrt (3)*I_s_max; // s t a r t i n g l i n e c u r r e n t
17 // I L he r e i s a lmost s i x t imes l a r g e r than in

p r e v i o u s example . I t i s a t y p i c a l c h a r a c t e r i s t i c
o f i n du c t i o n motors .

18 P_ag =3* real(Z_eq)*I_s_max ^2; // power c r o s s i n g
a i r gap

19 W_s =2*%pi *(60);

20 T_dev=P_ag/(W_s/2);

21 printf(” A l l the v a l u e s i n the t ex tbook a r e
approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

22 disp(I_L , ’ S t a r t i n g l i n e c u r r e n t ’ )
23 disp(T_dev , ’ Torque i n Nm’ )

Scilab code Exa 17.3 example 3

1 clc

2 // ex17 . 3
3 V_L =220;

4 V_s=V_L/sqrt (3); // phase v o l t a g e
5 I_s =31.87;

6 P_s =400; // t o t a l s t a t o r copper l o s s e s
7 P_r =150; // t o t a l r o t o e copper l o s s e s
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8 P_rot =500; // r o t a t i o n a l l o s s e s
9 PF =0.75; // power f a c t o r

10 P_in =3*V_s*I_s*PF; // input power
11 P_ag=P_in -P_s; // a i r−gap power
12 P_dev=P_in -P_s -P_r; // deve l oped power
13 P_o=P_dev -P_rot; // output power
14 eff=P_o *100/ P_in; // e f f i c i e n c y
15 printf(” A l l the v a l u e s i n the t ex tbook a r e

approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

16 disp(P_ag , ’ Power c r o s s i n g the a i r gap i n watt s ’ )
17 disp(P_dev , ’ d eve l oped power i n watt s ’ )
18 disp(P_o , ’ output power i n watt s ’ )
19 disp(eff , ’ e f f c i e n c y p e r c en t a g e ’ ) // t h i s va l u e

i s g i v en wrong i n the t ex tbook

Scilab code Exa 17.4 example 4

1 // ex17 . 4
2 P_dev_1 =50*746; // deve l oped power
3 V_L =480; // l i n e v o l t a g e
4 PF=0.9; // power f a c t o r
5 f=60; // f r e qu en cy
6 P=8; //number o f p o l e s
7 X_s =1.4; // synchronous r e a c t a n c e
8 //CASE a
9 n_s =120*f/P; // speed o f machine i n rpm

10 W_s=n_s*2*%pi /60; // speed in r a d i a n s per second
11 T_dev=P_dev_1/W_s; // deve l oped to rque
12 printf(” A l l the v a l u e s i n the t ex tbook a r e

approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

13 disp( ’CASE a : ’ )
14 disp(n_s , ’ speed i n rpm ’ )
15 disp(T_dev , ’ d eve l oped to rque i n Nm’ )
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16 //CASE b
17 V_a=V_L; // phase v o l t a g e
18 I_a_max=P_dev_1 /(3* V_a*PF); // phase c u r r e n t
19 phi=acos(PF);

20 I_a=I_a_max*complex(cos(phi),sin(phi));

21 E_r=V_a -%i*X_s*I_a; // v o l t a g e induced by r o t o r
22 E_r_max=sqrt((real(E_r)^2)+(imag(E_r)^2));

23 E_r_phi=atan(imag(E_r)/real(E_r));

24 TA=-E_r_phi; // to rque ang l e
25 disp( ’CASE b : ’ )
26 disp( ’ Phase c u r r e n t : ’ )
27 disp(I_a_max , ’ peak va lu e i n amperes ’ )
28 disp(phi *180/%pi , ’ phase ang l e i n d e g r e e s ’ )
29 disp( ’ Vo l tage induced by r o t o r : ’ )
30 disp(E_r_max , ’ peak va lu e i n v o l t s ’ )
31 disp(E_r_phi *180/%pi , ’ phase ang l e i n d e g r e e s ’ )
32 disp(TA *180/%pi , ’ t o r que ang l e i n d e g r e e s ’ )
33 //CASE c
34 // e x c i t a t i o n c on s t an t means the v a l u e s o f I f , B r

and E r a r e c on s t an t
35 P_dev_2 =100*746;

36 sin_t=P_dev_2*sin(TA)/P_dev_1; // deve l oped
power i s p r o p o r t i o n a l to s i n t

37 t=asin(sin_t);

38 E_r=E_r_max*complex(cos(-t),sin(-t)); // E r i s
c on s t an t i n magnitude

39 I_a=(V_a -E_r)/(%i*X_s); //new phase c u r r e n t
40 I_a_max=sqrt((real(I_a)^2)+(imag(I_a)^2));

41 I_a_phi=atan(imag(I_a)/real(I_a));

42 PF=cos(I_a_phi);

43 disp( ’CASE c : ’ )
44 disp( ’ Phase c u r r e n t : ’ )
45 disp(I_a_max , ’ peak va lu e i n amperes ’ )
46 disp(I_a_phi *180/%pi , ’ phase ang l e i n d e g r e e s ’ )
47 disp( ’ Vo l tage induced by r o t o r : ’ )
48 disp(E_r_max , ’ peak va lu e i n v o l t s ’ )
49 disp(-t*180/%pi , ’ phase ang l e i n d e g r e e s ’ )
50 disp(t*180/%pi , ’ t o rque ang l e i n d e g r e e s ’ )
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51 disp(PF, ’ power f a c t o r i s ’ )

Scilab code Exa 17.5 example 6

1 clc

2 // ex17 . 5
3 V_a =480; // phase v o l t a g e
4 f=60; // f r e qu en cy
5 P_dev =200*746; // deve l oped power
6 PF =0.85; // power f a c t o r
7 I_f_1 =10; // f i e l d c u r r e n t
8 X_s =1.4; // synchronous r e s i s t a n c e
9 phi=acos(PF);

10 I_a_1_max=P_dev /(3* V_a*PF); // phase c u r r e n t
11 I_a_1_phi=-phi;

12 I_a_1=I_a_1_max*complex(cos(-phi),sin(-phi));

13 E_r_1=V_a -%i*X_s*I_a_1; // r o t o r induced v o l t a g e
14 [E_r_1_max ,E_r_1_phi ]=polar(E_r_1);

15 // to a c h i e v e 100 p e r c en t power f a c t o r , i n c r e a s e I a
u n t i l i t i s i n phase with V a

16 I_a_2=P_dev /(3* V_a*cos(0));

17 E_r_2=V_a -%i*X_s*I_a_2;

18 [E_r_2_max ,E_r_2_phi ]=polar(E_r_2);

19 I_f_2=I_f_1*E_r_2_max/E_r_1_max; // magnitude o f
E r p r o p o r t i o n a l to f i e l d c u r r e n t

20 printf(” A l l the v a l u e s i n the t ex tbook a r e
approx imated hence the v a l u e s i n t h i s code d i f f e r
from tho s e o f Textbook ”)

21 disp(I_f_2 , ’ The new f i e l d c u r r e n t to a ch i e v e 100%
power f a c t o r i n amperes ’ )
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