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Chapter 1

Fundamentals

Scilab code Exa 1.1 Standard form and Scientific notation

1 // S c i l a b code Ex1 . 1 : Pg 3 ( 2 0 0 8 )
2 clc; clear;

3 I =.000018; // E l e c t r i c cu r r en t , A
4 V = 15000; // E l e c t r i c p o t e n t i a l , V
5 P = 250000000 // E l e c t r i c Power , W
6 // D i s p l ay s tandard form
7 printf(”\ nStandard form : ”);
8 printf(”\n==============”);
9 printf(”\n%f A = %3 . 1 e A”, I, I);

10 printf(”\n%5 . 0 f V = %3 . 1 e V”, V, V);

11 printf(”\n%9 . 0 f W = %3. 1 e W”, P, P);

12 // D i s p l ay s c i e n t i f i c n o t a t i o n
13 printf(”\n\ n S c i e n t i f i c form : ”);
14 printf(”\n================”);
15 printf(”\n%f A = %2d micro−ampere ”, I, I/1e-06);

16 printf(”\n%5 . 0 f V = %2d k i l o−v o l t ”, V, V/1e+03);

17 printf(”\n%9 . 0 f W = %3d mega−watt ”, P, P/1e+06);

18
19 // R e s u l t
20 // Standard form :
21 // ==============
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22 // 0 . 0 0 0 0 1 8 A = 1 . 8 e−005 A
23 // 15000 V = 1 . 5 e +004 V
24 // 250000000 W = 2 . 5 e +008 W
25
26 // S c i e n t i f i c form :
27 // ================
28 // 0 . 0 0 0 0 1 8 A = 18 micro−ampere
29 // 15000 V = 15 k i l o−v o l t
30 // 250000000 W = 250 mega−watt

Scilab code Exa 1.2 Quantities in scientific notation

1 // S c i l a b code Ex1 . 2 : Pg . 4 ( 2 0 0 8 )
2 clc; clear;

3 I = 25e-05; // E l e c t r i c Current ,A
4 P = 3e+04; // E l e c t r i c Power , W
5 W = 850000; // Work done , J
6 V = 0.0016; // E l e c t r i c P o t e n t i a l , V
7 printf(”\n\ n S c i e n t i f i c ( E n g i n e e r i n g ) n o t a t i o n : ”);
8 printf(”\n===================================”);
9 printf(”\n%2e A = %3d micro−ampere = %3 . 2 f mA”, I, I

/1e-06, I/1e-03);

10 printf(”\n%1 . 0 e W = %3d micro−watt ”, P, P/1e-06);

11 printf(”\n%6d J = %3d kJ = %3 . 2 f MJ”, W, W/1e+03, W

/1e+06);

12 printf(”\n%5 . 4 f V = %3 . 1 f m i l l i −v o l t ”, V, V/1e-03);

13
14 // R e s u l t
15 // S c i e n t i f i c ( E n g i n e e r i n g ) n o t a t i o n :
16 // ===================================
17 // 2 . 5 0 0 0 0 0 e−004 A = 250 micro−ampere = 0 . 2 5 mA
18 // 3 e +004 W = −64771072 micro−watt
19 // 850000 J = 850 kJ = 0 . 8 5 MJ
20 // 0 . 0 0 1 6 V = 1 . 6 m i l l i −v o l t
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Scilab code Exa 1.3 Resulting acceleration of the mass

1 // S c i l a b code Ex1 . 3 : Pg . 5 ( 2 0 0 8 )
2 clc; clear;

3 m = 750/1e+03; // Mass o f the body , kg
4 F = 2; // Force a c t i n g on the mass , N
5 // S i n c e F = m ∗ a , ( Newton ’ s Second Law o f motion ) ,

s o l v i n g f o r a
6 a = F/m; // A c c e l e r a t i o n produced i n the body ,

metre per second squa r e
7 printf(”\nThe a c c e l e r a t i o n produced i n the body = %5

. 3 f metre per second squa r e ”, a)

8
9 // R e s u l t

10 // The a c c e l e r a t i o n produced i n the body = 2 . 6 6 7
metre per second squa r e

Scilab code Exa 1.4 Current flowing between two points

1 // S c i l a b code Ex1 . 4 : Pg . 9 ( 2 0 0 8 )
2 clc; clear;

3 Q = 35e-03; // E l e c t r i c charge , C
4 t = 20e-03; // Time f o r t r a n s f e r e n c e o f cha rge

between two po in t s , s
5 // S i n c e Q = I ∗ t , s o l v i n g f o r I
6 I = Q/t; // E l e c t r i c c u r r e n t f l o w i n g between the

two po in t s , A
7 printf(”\nThe v a l u e o f e l e c t r i c c u r r e n t f l o w i n g = %4

. 2 f A”, I);

8
9 // R e s u l t

10 // The v a l u e o f e l e c t r i c c u r r e n t f l o w i n g = 1 . 7 5 A
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Scilab code Exa 1.5 Amount of charge transferred in a given time

1 // S c i l a b code Ex1 . 5 : Pg . 9 ( 2 0 0 8 )
2 clc; clear;

3 I = 120e-06; // E l e c t r i c cu r r en t , A
4 t = 15; // Time f o r t r a n s f e r e n c e o f cha rge

between two po in t s , s
5 // S i n c e I = Q/ t , s o l v i n g f o r Q
6 Q = I*t; // E l e c t r i c ch rage t r a n s f e r r e d , C
7 printf(”\nThe v a l u e o f e l e c t r i c cha rge t r a n s f e r r e d =

%3 . 1 f mC”, Q/1e-03);

8
9 // R e s u l t

10 // The v a l u e o f e l e c t r i c cha rge t r a n s f e r r e d = 1 . 8 mC

Scilab code Exa 1.6 Time for current flow

1 // S c i l a b code Ex1 . 6 : Pg . 1 0 ( 2 0 0 8 )
2 clc; clear;

3 Q = 80; // E l e c t r i c charge , C
4 I = 0.5; // E l e c t r i c cu r r en t , A
5 // S i n c e Q = I ∗ t , s o l v i n g f o r t
6 t = Q/I; // Time f o r t r a n s f e r e n c e o f cha rge

between two po in t s , s
7 printf(”\nThe d u r a t i o n o f t ime f o r which the c u r r e n t

f l ow e d = %3d s ”, t);

8
9 // R e s u l t

10 // The d u r a t i o n o f t ime f o r which the c u r r e n t f l o w e d
= 160 s
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Scilab code Exa 1.7 Potential difference developed across a resistor

1 // S c i l a b code Ex1 . 7 : Pg . 1 3 ( 2 0 0 8 )
2 clc; clear;

3 I = 5.5e-03; // E l e c t r i c cu r r en t , A
4 R = 33000; // R e s i s t a n c e , ohms
5 // From Ohm’ s law , V = I ∗R
6 V = I*R; // P o t e n t i a l d i f f e r e n c e a c r o s s

r e s i s t o r , V
7 printf(”\nThe p o t e n t i a l d i f f e r e n c e deve l oped a c r o s s

r e s i s t o r = %5 . 1 f V”,V)
8
9 // R e s u l t

10 // The p o t e n t i a l d i f f e r e n c e deve l oped a c r o s s
r e s i s t o r = 1 8 1 . 5 V

Scilab code Exa 1.8 Current flowing through a resistor

1 // S c i l a b code Ex1 . 8 : Pg 14 ( 2 0 0 8 )
2 clc; clear;

3 V = 24; // P o t e n t i a l d i f f e r e n c e ,V
4 R = 15; // R e s i s t a n c e , ohms
5 // From Ohm’ s law , V = I ∗R, then s o l v i n g f o r I
6 I = V/R; // E l e c t r i c cu r r en t , A
7 printf(”\nThe c u r r e n t f l o w i n g through the r e s i s t o r =

%3 . 1 f A”, I)

8
9 // R e s u l t

10 // The c u r r e n t f l o w i n g through the r e s i s t o r = 1 . 6 A
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Scilab code Exa 1.9 Terminal potential difference for a given current

1 // S c i l a b code Ex1 . 9 : Pg 16 ( 2 0 0 8 )
2 clc; clear;

3 E = 6; // E .m. f o f ba t t e ry , V
4 r = 0.15; // I n t e r n a l r e s i s t a n c e o f ba t t e ry ,

ohm
5 I_1 = .5; // E l e c t r i c cu r r en t , A
6 I_2 = 2; // E l e c t r i c cu r r en t , A
7 I_3 = 10; // E l e c t r i c cu r r en t , A
8 // Using r e l a t i o n V = E − I ∗R and s u b s t i t u t i n g the

v a l u e s o f I 1 , I 2 and I 3 one by one i n i t
9 V_1 = E - I_1*r; // Terminal p o t e n t i a l

d i f f e r e n c e , V
10 V_2 = E - I_2*r; // Terminal p o t e n t i a l

d i f f e r e n c e , V
11 V_3 = E - I_3*r; // Terminal p o t e n t i a l

d i f f e r e n c e , V
12 printf(”\nThe t e r m i n a l p o t e n t i a l d i f f e r e n c e

deve l oped a c r o s s r e s i s t o r f o r a c u r r e n t o f %3 . 1 f
A = %5 . 3 f V”,I_1 ,V_1)

13 printf(”\nThe t e r m i n a l p o t e n t i a l d i f f e r e n c e
deve l oped a c r o s s r e s i s t o r f o r a c u r r e n t o f %1d A
= %3 . 1 f V”,I_2 ,V_2)

14 printf(”\nThe t e r m i n a l p o t e n t i a l d i f f e r e n c e
deve l oped a c r o s s r e s i s t o r f o r a c u r r e n t o f %2d A
= %3 . 1 f V”,I_3 ,V_3);

15
16 // R e s u l t
17 // The t e r m i n a l p o t e n t i a l d i f f e r e n c e deve l oped

a c r o s s r e s i s t o r f o r a c u r r e n t o f 0 . 5 A = 5 . 9 2 5 V
18 // The t e r m i n a l p o t e n t i a l d i f f e r e n c e deve l oped

a c r o s s r e s i s t o r f o r a c u r r e n t o f 2 A = 5 . 7 V
19 // The t e r m i n a l p o t e n t i a l d i f f e r e n c e deve l oped

a c r o s s r e s i s t o r f o r a c u r r e n t o f 10 A = 4 . 5 V
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Scilab code Exa 1.10 Resitances in a battery circuit

1 // S c i l a b code Ex1 . 1 0 : Pg 16 ( 2 0 0 8 )
2 clc; clear;

3 E = 12; // E .m. f , V
4 I = 5; // E l e c t r i c cu r r en t , A
5 V = 11.5; // Terminal p o t e n t i a l d i f f e r e n c e , V
6 // Using r e l a t i o n V = E − I ∗ r , s o l v i n g f o r r
7 r = ( E - V )/I; // I n t e r n a l r e s i s t a n c e o f

ba t t e ry , ohm
8 // From Ohm’ s law , V = I ∗R, then s o l v i n g f o r R
9 R = V/I; // R e s i s t a n c e , ohms

10 printf(”\nThe i n t e r n a l r e s i s t a n c e o f b a t t e r y = %3 . 1 f
ohm”, r)

11 printf(”\nThe r e s i s t a n c e o f e x t e r n a l c i r c u i t = %3 . 1 f
ohm”, R)

12
13 // R e s u l t
14 // The i n t e r n a l r e s i s t a n c e o f b a t t e r y = 0 . 1 ohm
15 // The r e s i s t a n c e o f e x t e r n a l c i r c u i t = 2 . 3 ohm

Scilab code Exa 1.11 Potential difference and energy dissipated across a
resistor

1 // S c i l a b code Ex1 . 1 1 : Pg 17 ( 2 0 0 8 )
2 clc; clear;

3 I = 200e-03; // E l e c t r i c cu r r en t , A
4 t = 300; // Time f o r which c u r r e n t f l ows ,

s
5 R = 750; // R e s i s t a n c e , ohms
6 // Using Ohm’ s law , V = I ∗R
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7 V = I*R; // E l e c t r i c p o t e n t i a l d i f f e r e n c e
, V

8 W = I^2*R*t; // Energy d i s s i p a t e d , j o u l e
9 printf(”\nThe p o t e n t i a l d i f f e r e n c e deve l oped a c r o s s

the r e s i s t o r = %3d V\nThe ene rgy d i s s i p a t e d
a c r o s s the r e s i s t o r = %4 . 0 f J or %1d kJ”, V, W, W

*1e-03)

10
11 // R e s u l t
12 // The p o t e n t i a l d i f f e r e n c e deve l oped a c r o s s the

r e s i s t o r = 150 V
13 // The ene rgy d i s s i p a t e d a c r o s s the r e s i s t o r = 9000

J or 9 kJ

Scilab code Exa 1.12 Potential difference and current from electric power

1 // S c i l a b code Ex1 . 1 2 : Pg 18 ( 2 0 0 8 )
2 clc; clear;

3 R = 680; // R e s i s t a n c e , ohms
4 P = 85e-03; // E l e c t r i c power , W
5 // Using P = Vˆ2/R, s o l v i n g f o r V
6 V = sqrt( P*R ); // P o t e n t i a l d i f f e r e n c e , V
7 // Using P = I ˆ2∗R, s o l v i n g f o r I
8 I = sqrt( P/R ); // E l e c t r i c cu r r en t , A
9 printf(”\nThe p o t e n t i a l d i f f e r e n c e deve l oped a c r o s s

the r e s i s t a n c e = %3 . 1 f V\nThe c u r r e n t f l o w i n g
through the r e s i s t o r = %5 . 2 f mA”, V, I/1e-03)

10
11 // R e s u l t
12 // The p o t e n t i a l d i f f e r e n c e deve l oped a c r o s s the

r e s i s t a n c e = 7 . 6 V
13 // The c u r r e n t f l o w i n g through the r e s i s t o r = 1 1 . 1 8

mA
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Scilab code Exa 1.13 Potential difference and power across a resistor

1 // S c i l a b code Ex1 . 1 3 : Pg 19 ( 2 0 0 8 )
2 clc; clear;

3 I = 1.4; // E l e c t r i c cu r r en t , A
4 t = 900; // Time f o r which c u r r e n t f l ows ,

s
5 W = 200000; // Energy d i s s i p a t e d , J
6 // Using r e l a t i o n W = V∗ I ∗ t , s o l v i n g f o r V
7 V = W/( I*t ); // P o t e n t i a l d i f f e r e n c e , V
8 // Using r e l a t i o n P = V∗ I
9 P = V*I; // E l e c t r i c power , W

10 // From Ohm’ s law , V = I ∗R, s o l v i n g f o r R
11 R = V/I; // R e s i s t a n c e , ohm
12 printf(”\nThe p o t e n t i a l d i f f e r e n c e deve l oped = %5 . 1 f

V\nThe power d i s s i p a t e d = %5 . 1 f W\nThe
r e s i s t a n c e o f the c i r c u i t = %5 . 1 f ohm”, V, P, R)

13
14 // R e s u l t
15 // The p o t e n t i a l d i f f e r e n c e deve l oped = 1 5 8 . 7 V
16 // The power d i s s i p a t e d = 2 2 2 . 2 W
17 // The r e s i s t a n c e o f the c i r c u i t = 1 1 3 . 4 ohm

Scilab code Exa 1.14 Cost of machine operation

1 // S c i l a b code Ex1 . 1 4 : Pg 20 ( 2 0 0 8 )
2 clc; clear;

3 P = 12.5; // Power o f the machine , kW
4 t = 8.5; // Time f o r which the machine i s

operated , h
5 W = P*t; // E l e c t r i c energy , kWh
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6 // Cost per u n i t = 7 . 9 0 2 p , t h e r e f o r e c a l u l a t i n g the
c o s t o f 1 0 6 . 2 5 u n i t s

7 cost = ( W*7.902 ); // Cost f o r o p e r a t i n g
machine , p

8 printf(”\nThe c o s t o f o p e r a t i n g the machine = %4 . 2 f
pounds ”, cost*1e-02)

9
10 // R e s u l t
11 // The c o s t o f o p e r a t i n g the machine = 8 . 4 0 pounds

Scilab code Exa 1.15 Cost of unit energy and total electicity bill

1 // S c i l a b code Ex1 . 1 5 : Pg 20 ( 2 0 0 8 )
2 clc; clear;

3 Total_bill = 78.75; // pounds
4 Standing_charge = 15.00; // pounds
5 Units_used = 750; // kWh
6 Cost_per_unit = ( Total_bill - Standing_charge )/

Units_used; // p
7 Cost_of_energy_used = 67.50; // pounds
8 Total_bill = Cost_of_energy_used + Standing_charge;

// pounds
9 printf(”\nThe c o s t per u n i t = %5 . 3 f pounds or %3 . 1 f

p\ nTota l b i l l = %5 . 2 f pounds ”,Cost_per_unit ,
Cost_per_unit /1e-02, Total_bill);

10
11 // R e s u l t
12 // The c o s t per u n i t = 0 . 0 8 5 Pounds or 8 . 5 p
13 // Tota l b i l l = 8 2 . 5 0 pounds

Scilab code Exa 1.16 Resistance of the copper coil

1 // S c i l a b code Ex1 . 1 6 : Pg 22 ( 2 0 0 8 )
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2 clc; clear;

3 l = 200; // Length o f Cu wire , metre
4 rho = 2e-08; // R e s i s t i v i t y o f Cu , ohm−metre
5 A = 8e-07; // Cross s e c t i o n a l a r ea o f Cu

wire , metre s qua r e
6 // Using r e l a t i o n R = ( rho ∗ l ) /A
7 R = ( rho*l )/A; // R e s i s t a n c e , ohm
8 printf(”\nThe r e s i s t a n c e o f the c o i l = %1d ohm”, R)

9
10 // R e s u l t
11 // The r e s i s t a n c e o f the c o i l = 5 ohm

Scilab code Exa 1.17 Resistance of wire wound resistor

1 // S c i l a b code Ex1 . 1 7 : Pg 22 ( 2 0 0 8 )
2 clc; clear;

3 l = 250; // Length o f Cu wire , metre
4 d = 5e-04; // Diameter o f Cu wire , metre
5 rho = 1.8e-08; // R e s i s t i v i t y o f Cu wire , ohm−

metre
6 A = ( %pi*d^2 )/4; // Cross s e c t i o n a l a r ea

o f Cu wire , metre squa r e
7 // Using r e l a t i o n R = rho ∗ l /A
8 R = rho*l/A; // R e s i s t a n c e , ohm
9 printf(”\nThe r e s i s t a n c e o f the c o i l = %5 . 2 f ohm”, R

)

10
11 // R e s u l t
12 // The r e s i s t a n c e o f the c o i l = 2 2 . 9 2 ohm

Scilab code Exa 1.18 Variation of resistance with temperature

1 // S c i l a b code Ex1 . 1 8 : Pg 23 ( 2 0 0 8 )
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2
3 clc; clear;

4 R_1 = 250; // R e s i s t a n c e o f f i e l d c o i l ,
ohm

5 Theta_1 = 15; // I n i t i a l t empera tu r e o f motor
, d e g r e e c e l c i u s

6 Theta_2 = 45; // F i n a l t empera tu r e o f motor ,
d e g r e e c e l c i u s

7 Alpha = 4.28e-03; // Temperature c o e f f i c i e n t o f
r e s i s t a n c e , per d e g r e e c e l c i u s

8 // Using r e l a t i o n , R 1/ R 2 = ( 1 + Alpha∗Theta 1 ) /(
1 + Alpha∗Theta 2 ) , s o l v i n g f o r R 2

9 R_2 = R_1 * (( 1 + Alpha*Theta_2 )/( 1 + Alpha*

Theta_1 )); // R e s i s t a n c e , ohms
10 printf(”\nThe r e s i s t a n c e o f f i e l d c o i l a t %2d d e g r e e

c e l c i u s = %5 . 1 f ohm”,Theta_2 , R_2)

11
12 // R e s u l t
13 // The r e s i s t a n c e o f f i e l d c o i l a t 45 d e g r e e c e l c i u s

= 2 8 0 . 2 ohm

Scilab code Exa 1.19 Resistance of wire at given temperature

1 // S c i l a b code Ex1 . 1 9 : Pg 24 ( 2 0 0 8 )
2
3 clc; clear;

4 R_0 = 350; // R e s i s t a n c e , ohms
5 Theta_1 = 60; // Temperature , d e g r e e c e l c i u s
6 Alpha = 4.26e-03; // Temperature c o e f f i c i e n t ,

per d e g r e e c e l c i u s
7 // Using r e l a t i o n R 1 = R 0 ∗ ( 1 + Alpha∗Theta 1 )
8 R_1 = R_0 * ( 1 + Alpha*Theta_1 ); //

R e s i s t a n c e , ohms
9 printf(”\nThe r e s i s t a n c e o f the w i r e at %2d d e g r e e

c e l c i u s = %5 . 1 f ohm”,Theta_1 , R_1)
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10
11 // R e s u l t
12 // The r e s i s t a n c e o f the w i r e at 60 d e g r e e c e l c i u s =

4 3 9 . 5 ohm

Scilab code Exa 1.20 Resistance of carbon composite resistor at a given
temperature

1 // S c i l a b code Ex1 . 2 0 : Pg . 24 ( 2 0 0 8 )
2 clc; clear;

3 R_1 = 120; // R e s i s t a n c e , ohms
4 Theta_1 = 16; // Temperature , d e g r e e c e l c i u s
5 Theta_2 = 32; // Temperature , d e g r e e c e l c i u s
6 Alpha = -4.8e-04; // Temperature c o e f f i c i e n t ,

per d e g r e e c e l c i u s
7 // Using r e l a t i o n , R 1/ R 2 = ( 1 + Alpha∗Theta 1 ) /(

1 + Alpha∗Theta 2 ) , s o l v i n g f o r R 2
8 R_2 = R_1 * (( 1 + Alpha*Theta_2 )/( 1 + Alpha*

Theta_1 )); // R e s i s t a n c e , ohm
9 printf(”\nThe r e s i s t a n c e o f carbon r e s i s t o r at %2d

d e g r e e c e l c i u s = %5 . 1 f ohm”,Theta_2 , R_2)

10
11 // R e s u l t
12 // The r e s i s t a n c e o f f i e l d c o i l a t 32 d e g r e e c e l c i u s

= 1 1 9 . 1 ohm
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Chapter 2

DC circuits

Scilab code Exa 2.1 Electrical parameters of resistances in series

1 // s c i l a b code Ex2 . 1 : Pg 32 ( 2 0 0 8 )
2 clc; clear;

3 E = 24; // E .m. f o f ba t t e ry ,V
4 R1 = 330; // R e s i s t a n c e , ohms
5 R2 = 1500; // R e s i s t a n c e , ohms
6 R3 = 470; // R e s i s t a n c e , ohms
7 // As r e s i s t a n c e s R1 , R2 & R3 ar e j o i n e d end−to−end

hence , they a r e i n s e r i e s & i n s e r i e s connec t i on ,
c i r c u i t r e s i s t a n c e i s the sum o f i n d i v i d u a l

r e s i s t a n c e s p r e s e n t i n the c i r c u i t
8 R = R1 + R2 + R3; // R e s i s t a n c e o f c i r c u i t , ohms
9 I = E/R; // C i r c u i t cu r r en t , A

10 // As the r e s i s t a n c e s a r e i n s e r i e s so same c u r r e n t
f l o w s through each r e s i s t o r & p o t e n t i a l drop
a c r o s s each r e s i s t o r i s e q u a l to the product o f
c i r c u i t c u r r e n t & i t s r e s p e c t i v e r e s i s t a n c e ( from
Ohm’ s law , V = I ∗R )

11 V1 = I*R1; // P o t e n t i a l d i f f e r e n c e
deve l oped a c r o s s r e s i s t a n c e R1 , V

12 V2 = I*R2; // P o t e n t i a l d i f f e r e n c e
deve l oped a c r o s s r e s i s t a n c e R2 , V
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13 V3 = I*R3; // P o t e n t i a l d i f f e r e n c e
deve l oped a c r o s s r e s i s t a n c e R3 , V

14 P = E*I; // E l e c t r i c power d i s s i p a t e d
by the comple te c i r c u i t , W

15 printf(”\nThe c i r c u i t r e s i s t a n c e = %4d ohms or %3 . 1 f
k i l o−ohms”, R, R*1e-03);

16 printf(”\nThe c i r c u i t c u r r e n t = %5 . 2 f m i l l i −ampere ”,
I/1e-03);

17 printf(”\nThe p o t e n t i a l drop a c r o s s r e s i s a t n c e R1 =
%4 . 2 f v o l t s \nThe p o t e n t i a l drop a c r o s s r e s i s t a n c e

R2 = %5 . 2 f v o l t s \nThe p o t e n t i a l drop a c r o s s
r e s i s t a n c e R3 = %4 . 2 f v o l t s ”, V1, V2, V3);

18 printf(”\nThe power d i s s i p a t e d by the comple te
c i r c u i t = %4 . 2 f watt or %3d m i l l i −watt ”, P,P/1e

-03 );

19
20 // R e s u l t
21 // The c i r c u i t r e s i s t a n c e = 2300 ohms or 2 . 3 k i l o−

ohms
22 // The c i r c u i t c u r r e n t = 1 0 . 4 3 m i l l i −ampere
23 // The p o t e n t i a l drop a c r o s s r e s i s a t n c e R1 = 3 . 4 4

v o l t s
24 // The p o t e n t i a l drop a c r o s s r e s i s t a n c e R2 = 1 5 . 6 5

v o l t s
25 // The p o t e n t i a l drop a c r o s s r e s i s t a n c e R3 = 4 . 9 0

v o l t s
26 // The power d i s s i p a t e d by the comple te c i r c u i t =

0 . 2 5 watt or 250 m i l l i −watt

Scilab code Exa 2.2 Series combination of resistors

1 // S c i l a b code Ex2 . 2 : Pg 34 ( 2 0 0 8 )
2 clc; clear;

3 E = 12; // E .m. f o f ba t t e ry , V
4 R_BC = 16; // R e s i s t a n c e a c r o s s branch
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BC, ohms
5 P_BC = 4; // E l e c t r i c power

d i s s i p a t e d by r e s i s t a n c e R BC , W
6 // u s i n g r e l a t i o n P = I ˆ2/R, s o l v i n g f o r I
7 I = sqrt( P_BC/R_BC); // E l e c t r i c cu r r en t ,A
8 R = E/I; // Tota l c i r c u i t

r e s i s t a n c e , ohms
9 R_AB = R - R_BC; // R e s i s t a n c e a c r o s s

branch AB, ohms
10 printf(”\nThe c i r c u i t c u r r e n t = %3 . 1 f A\nThe v a l u e

o f o t h e r r e s i s t o r = %1d ohms”, I, R_AB);

11
12 // R e s u l t
13 // The c i r c u i t c u r r e n t = 0 . 5 A
14 //The v a l u e o f o t h e r r e s i s t o r = 8 ohms

Scilab code Exa 2.3 Resistances in parallel

1 // S c i l a b code Ex2 . 3 : Pg 37 ( 2 0 0 8 )
2 clc; clear;

3 E = 24; // E .m. f o f ba t t e ry , V
4 R_1 = 330; // R e s i s t a n c e , ohms
5 R_2 = 1500; // R e s i s t a n c e , ohms
6 R_3 = 470; // R e s i s t a n c e , ohms
7 // S i n c e one end o f each r e s i s t o r i s connec t ed to

p o s i t i v e t e r m i n a l o f b a t t e r y and the o t h e r end to
the n e g a t i v e t e rm ina l , t h e r e f o r e , the r e s i s t o r s

a r e i n p a r a l l e l & i n p a r a l l e l c o n n e c t i o n the
e q u i v a l e n t r e s i s t a n c e o f the c i r c u i t i s e q u a l to

the r e c i p r o c a l o f the sum o f conduc tance s o f
i n d i v i d u a l r e s i s t a n c e s p r e s e n t i n the c i r c u i t i . e
1/R = 1/ R 1 + 1/ R 2 + 1/ R 3 , s o l v i n g f o r R

8 R = (R_1*R_2*R_3)/( R_1*R_2 + R_2*R_3 + R_3*R_1);

// E q u i v a l e n t r e s i s a n c e o f c i r c u i t , ohms
9 // S i n c e the r e s i s t a n c e s a r e i n p a r a l l e l so p o t e t i a l
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d i f f e r e n c e a c r o s s each r e s i s t o r i s same & i n our
c a s e i s e q u a l to e .m. f o f b a t t e r y & from Ohm’ s

law , V = I ∗R, s o l v i n g f o r I
10 I_1 = E/R_1; // Current through r e s i s t o r

R 1 , A
11 I_2 = E/R_2; // Current through r e s i s t o r

R 2 , A
12 I_3 = E/R_3; // Current through r e s i s t a n c e

R 3 , A
13 // Current drawn from b a t t e r y i s e q u a l to the sum o f

branch c u r r e n t s
14 I = I_1 + I_2 + I_3; // Current drawn

from bat t e ry , A
15 printf(”\nThe t o t a l r e s i s t a n c e o f the c i r c u i t = %6 . 2

f ohms”,R);
16 printf(”\nThe branch c u r r e n t I1 = %5 . 2 f mA\nThe

branch c u r r e n t I2 = %2d mA\nThe branch c u r r e n t I3
= %5 . 2 f mA”, I_1/1e-03, I_2/1e-03, I_3/1e-03);

17 printf(”\nThe c u r r e n t drawn from the b a t t e r y = %5 . 1 f
mA”, I/1e-03);

18
19 // R e s u l t
20 // The t o t a l r e s i s t a n c e o f the c i r c u i t = 1 7 1 . 6 8 ohms
21 // The branch c u r r e n t I1 = 7 2 . 7 3 mA
22 // The branch c u r r e n t I2 = 16 mA
23 // The branch c u r r e n t I3 = 5 1 . 0 6 mA
24 // The c u r r e n t drawn from the b a t t e r y = 1 3 9 . 8 mA

Scilab code Exa 2.4 Two parallel resistances across a voltage source

1 // s c i l a b code Ex2 . 4 : Pg 39 ( 2 0 0 8 )
2 clc; clear;

3 E = 12; // E .m. f o f ba t t e ry , V
4 R1 = 6; // R e s i s t a n c e , ohms
5 R2 = 3; // R e s i s t a n c e , ohms
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6 // S i n c e the two r e s i s t a n c e s a r e i n p a r a l l e l ,
t h e r e f o r e e f f e c t i v e r e s i s t a n c e o f the c i r c u i t i s
e q u a l to the r e c i p r o c a l o f the sum o f
conduc tance s ( 1/ R e s s i s t a n c e ) o f i n d i v i d u a l
r e s i s t a n c e s p r e s e n t i n the c i r c u i t i . e 1/R = 1/R1
+ 1/R2 , s i m p l i f y i n g f o r R

7 R = ( R1*R2)/(R1 + R2); // E f f e c t i v e
r e s i s t a n c e o f the c i r c u i t , ohms

8 // Fron Ohm’ s law , V = I ∗R, s o l v i n g f o r I
9 I = E/R; // C i r c u i t cu r r en t , A

10 I1 = E/R1; // Current through
r e s i s t a n c e R1 , A

11 I2 = E/R2; // Current thrugh
r e s i s t a n c e R2 , A

12 printf(”\ n E f f e c t i v e r e s i s t a n c e o f the c i r c u i t = %1d
ohms”, R);

13 printf(”\nThe c u r r e n t drawn from the b a t t e r y = %1d A
”, I);

14 printf(”\nThe c u r r e n t through r e s i s t o r R1 = %1d A”,
I1);

15 printf(”\nThe c u r r e n t through R2 r e s i s t o r = %1d A”,
I2);

16
17 // R e s u l t
18 // E f f e c t i v e r e s i s t a n c e o f the c i r c u i t = 2 ohms
19 // The c u r r e n t drawn from the b a t t e r y = 6 A
20 // The c u r r e n t through r e s i s t o r R1 = 2 A
21 // The c u r r e n t through R2 r e s i s t o r = 4 A

Scilab code Exa 2.5 Effective resistance in series and parallel connected
resistors

1 // S c i l a b code Ex2 . 5 : Pg 39−40 ( 2 0 0 8 )
2 clc; clear;

3 R1 = 10; // R e s i s t a n c e , ohm
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4 R2 = 20; // R e s i s t a n c e , ohm
5 R3 = 30; // R e s i s t a n c e , ohm
6 // Part ( a )
7 // S i n c e i n s r e i e s combinat ion , the e q u i v a l e n t

r e s i s t a n c e o f the c i r c u i t i s the sum o f the
i n d i v i d u a l r e s i s t a n c e s p r e s e n t i n the c i r c u i t i . e
R = R1 + R2 + R3

8 R_s = R1 + R2 + R3; // E q u i v a l e n t s e r i e s
r e s i s t a n c e o f the c i r c u i t , ohms

9 // Part ( b )
10 // S i n c e i n p a r a l l e l combinat ion , the e q u i v a l e n t

r e s i s t a n c e o f the c i r c u i t i s the r e c i p r o c a l o f
the sum o f the conduc tance s o f the i n d i v i d u a l
r e s i s t a n c e s p r e s e n t i n the c i r c u i t i . e 1/R = 1/R1
+ 1/R2 + 1/R3 , s o l v i n g f o r R;

11 R_p = ( R1*R2*R3 )/( R1*R2 + R2*R3 + R3*R1 );

// E q u i v a l e n t p a r a l l e l r e s i s t a n c e o f the c i r c u i t ,
ohms

12 printf(”\ nEqu iva l en t s e r i e s r e s i s t a n c e o f the
c i r c u i t = %2d ohm”, R_s);

13 printf(”\ nEqu iva l en t p a r a l l e l r e s i s t a n c e o f the
c i r c u i t = %4 . 2 f ohm”, R_p);

14
15 // R e s u l t
16 // E q u i v a l e n t s e r i e s r e s i s t a n c e o f the c i r c u i t = 60

ohm
17 // E q u i v a l e n t p a r a l l e l r e s i s t a n c e o f the c i r c u i t =

5 . 4 5 ohm

Scilab code Exa 2.6 Series parallel combination across a voltage source

1 // S c i l a b code Ex2 . 6 : Pg 43 ( 2 0 0 8 )
2 clc; clear;

3 E = 64; // E .m. f o f ba t t e ry , V
4 R1 = 6; // R e s i s t a n c e , ohm
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5 R2 = 4; // R e s i s t a n c e , ohm
6 // Part ( a )
7 // S i n c e R1 & R2 a r e p a r a l l e l to one ano the r hence ,

t h e i r e q u i v a l e n t r e s i s t a n c e i s e q u a l to the sum
o f r e c i p r o c a l o f t h e i r i n d i v i d u a l r e s i s t a n c e s

8 R_BC = ( R1*R2)/( R1 + R2 ); // E q u i v a l e n t
r e s i s t a n c e a c r o s s branch BC, ohm

9 R_AB = 5.6; // R e s i s t a n c e
a c r o s s branch AB, ohm

10 // S i n c e R AB & R BC ar e i n s e r i e s , t h e r e f o r e , t h e i r
e q u i v a l e n t r e s i s t a n c e i s e q u a l to the sum o f

t h e i r i n d i v i d u a l r e s i s t a n c e s
11 R_AC = R_AB + R_BC; // Tota l

c i r c u i t r e s i s t a n c e , ohm
12 // From Ohm’ s law , V = I ∗R, s o l v i n g f o r I
13 I = E/R_AC; // Tota l

c i r c u i t cu r r en t , A
14 // Part ( b )
15 V_BC = I*R_BC; //

P o t e n t i a l d i f f e r e n c e a c r o s s branch BC, V
16 I1 = V_BC/R1; //

E l e c t r i c c u r r e n t through r e s i s t o r R1 , A
17 // Part ( c )
18 // S i n c e P = I ˆ2∗R
19 P_AB = I^2* R_AB; // Power

d i s s i p a t e d by 5 . 6 ohm r e s i s t a n c e , W
20 printf(”\nThe c u r r e n t drawn f r o n the supp ly = %1d A

”, I);

21 printf(”\nThe c u r r e n t through %1d ohm r e s i s t o r = %3
. 1 f A”, R1, I1);

22 printf(”\nThe power d i s s i p a t e d by %3 . 1 f ohm r e s i s t o r
= %5 . 1 f W”, R_AB , P_AB);

23
24 // R e s u l t
25 // The c u r r e n t drawn f r o n the supp ly = 8 A
26 // The c u r r e n t through 6 ohm r e s i s t o r = 3 . 2 A
27 // The power d i s s i p a t e d by 5 . 6 ohm r e s i s t o r = 3 5 8 . 4

W
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Scilab code Exa 2.7 Electrical potential and current distribution in a se-
ries parallel network

1 // S c i l a b code Ex2 . 7 : Pg 46 ( 2 0 0 8 )
2 clc; clear;

3 E = 18; // E .m. f o f ba t t e ry , V
4 R1 = 4; // R e s i s t a n c e , ohm
5 R2 = 6; // R e s i s t a n c e , ohm
6 R3 = 5; // R e s i s t a n c e , ohm
7 R4 = 3; // R e s i s t a n c e , ohm
8 R5 = 6; // R e s i s t a n c e , ohm
9 R6 = 8; // R e s i s t a n c e , ohm

10 // Part ( a )
11 // S i n c e r e s i s t a n c e R1 & R2 ar e i n p a r a l l e l ,

t h e r e f o r e , e q u i v a l e n t r e s i s t a n c e a c r o s s branch AB
w i l l be e q u a l to the r e c i p r o c a l o f the sum o f

conduc tance s ( 1/ R e s s i s t a n c e ) o f i n d i v i d u a l
r e s i s t a n c e s p r e s e n t i n the c i r c u i t i . e 1/R AB =
1/R1 + 1/R2 , s i m p l i f y i n g f o r R AB

12 R_AB = ( R1*R2 )/( R1 + R2); //
R e s i s t a n c e , ohm

13 R_BC = R3; //
R e s i s t a n c e a c r o s s branch BC, ohm

14 // S i n c e r e s i s t a n c e R4 , R5 & R6 ar e i n p a r a l l e l ,
t h e r e f o r e , e q u i v a l e n t r e s i s t a n c e a c r o s s branch CD

w i l l be e q u a l to the r e c i p r o c a l o f the sum o f
conduc tance s ( 1/ R e s s i s t a n c e ) o f i n d i v i d u a l
r e s i s t a n c e s p r e s e n t i n the c i r c u i t i . e 1/R CD =
1/R4 + 1/R5 + 1/R6 , s i m p l i f y i n g f o r R CD

15 R_CD = ( R4*R5*R6 )/( R4*R5 + R5*R6 + R6*R4 );

// R e s i s t a n c e , ohm
16 // S i n c e R AB , R BC & R CD forms s e r i e s combinat ion ,

t h e r e f o r e c i r c u i t r e s i s t a n c e w i l l be t h e i r
s e r i e s sum
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17 R = R_AB + R_BC + R_CD; // C i r c u i t
r e s i s t a n c e , ohm

18 I = E/R; // Supply cu r r en t , A
19 // Part ( b )
20 // AS r e s i s t a n c e s R1 & R2 a r e p a r a l l e l , t h e r e f o r e

t e r e w i l l be same p o t e n t i a l d i f f e r e n c e a c r o s s
them , denoted by V AB

21 V_AB = I*R_AB; //
P o t e n t i a l d i f f e r e n c e , V

22 // AS r e s i s t a n c e s R4 , R5 & R6 ar e p a r a l l e l ,
t h e r e f o r e t e r e w i l l be same p o t e n t i a l d i f f e r e n c e
a c r o s s them , denoted by V CD

23 V_CD = I*R_CD; // P o t e n t i a l
d i f f e r e n c e , V

24 V_BC = I*R_BC; // P o t e n t i a l
d i f f e r e n c e , V

25 // Part ( c )
26 I1 = V_AB/R1; // Current through

R1 r e s i s t o r , A
27 I2 = V_AB/R2; // Current through

R2 r e s i s t o r , A
28 I4 = V_CD/R4; // Current through R4

r e s i s t o r , A
29 I5 = V_CD/R5; // Current through R5

r e s i s t o r , A
30 I6 = V_CD/R6; // Current through R6

r e s i s t o r , A
31 // Part ( d )
32 P3= I^2*R3; // Power d i s s i p a t e d ,

W
33 printf(”\nThe c u r r e n t drawn from the s o u r c e = %1d A”

, I);

34 printf(”\nThe p . d . a c r o s s r e s i s t o r %1d ohm & %1d ohm
= %3. 1 f V”, R1, R2, V_AB);

35 printf(”\nThe p . d . a c r o s s r e s i s t o r %1d ohm , %1d ohm
& %1d ohm = %3. 1 f V”, R4, R5, R6, V_CD);

36 printf(”\nThe p . d . a c r o s s r e s i s t o r %1d ohm = %2d V”,
R3 , V_BC);
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37 printf(”\nThe c u r r e n t through r e s i s t o r %1d ohm = %3
. 1 f A”, R1, I1);

38 printf(”\nThe c u r r e n t through r e s i s t o r %1d ohm = %3
. 1 f A”, R2, I2);

39 printf(”\nThe c u r r e n t through r e s i s t o r %1d ohm = %1d
A”, R3, I);

40 printf(”\nThe c u r r e n t through r e s i s t o r %1d ohm = %5
. 3 f A”, R4, I4);

41 printf(”\nThe c u r r e n t through r e s i s t o r %1d ohm = %5
. 3 f A”, R5,I5);

42 printf(”\nThe c u r r e n t through r e s i s t o r %1d ohm = %3
. 1 f A”, R6, I6);

43 printf(”\nThe power d i s s i p a t e d by the %1d ohm
r e s i s t o r = %2d W”, R3, P3);

44
45 // R e s u l t
46 // The c u r r e n t drawn from the s o u r c e = 2 A
47 // The p . d . a c r o s s r e s i s t o r 4 ohm & 6 ohm = 4 . 8 V
48 // The p . d . a c r o s s r e s i s t o r 3 ohm , 6 ohm & 8 ohms =

3 . 2 V
49 // The p . d . a c r o s s r e s i s t o r 5 ohm = 10 V
50 // The c u r r e n t through r e s i s t o r 4 ohm = 1 . 2 A
51 // The c u r r e n t through r e s i s t o r 6 ohm = 0 . 8 A
52 // The c u r r e n t through r e s i s t o r 5 ohm = 2 A
53 // The c u r r e n t through r e s i s t o r 3 ohm = 1 . 0 6 7 A
54 // The c u r r e n t through r e s i s t o r 6 ohm = 0 . 5 3 3 A
55 // The c u r r e n t through r e s i s t o r 8 ohm = 0 . 4 A
56 // The power d i s s i p a t e d by the 5 ohm r e s i s t o r = 20 W

Scilab code Exa 2.8 Electric current distribution in a network

1 // S c i l a b code Ex2 . 8 : 49 ( 2 0 0 8 )
2 clc; clear;

3 // Apply ing K i r c h h o f f s c u r r e n t law ( the sum
o f the c u r r e n t s a r r i v i n g at a j u n c t i o n i s e q u a l
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to the sum o f the c u r r e n t s l e a v i n g tha t j u n c t i o n )
at j u n c t i o n A

4 I2 = 40 + 10; // E l e c t r i c cu r r en t ,
A

5 // Apply ing K i r c h h o f f s c u r r e n t law at
j u n c t i o n C

6 I1 = 80 - I2; // E l e c t r i c cu r r en t ,
A

7 // Apply ing K i r c h h o f f s c u r r e n t law at
j u n c t i o n D

8 I3 = 80 + 30; // E l e c t r i c cu r r en t ,
A

9 // Apply ing K i r c h h o f f s c u r r e n t law at
j u n c t i o n E

10 I4 = I3 - 25; // E l e c t r i s cu r r en t ,
A

11 // Apply ing K i r c h h o f f s c u r r e n t law at
j u n c t i o n F

12 I5 = 30 - 85; // E l e c t r i c cuurent ,
A

13 printf(”\ nCurrent I1 = %2d A\ nCurrent I2 = %2d A\
nCurrent I3 = %3d A\ nCurrent I4 = %2d A\ nCurrent
I5 = %2d A, ”, I1, I2, I3 , I4 , I5);

14
15 // R e s u l t
16 // Current I1 = 30 A
17 // Current I2 = 50 A
18 // Current I3 = 110 A
19 // Current I4 = 85 A
20 // Current I5 = −55 A

Scilab code Exa 2.9 Kirchhoff laws applied to an electrical network

1 // S c i l a b code Ex2 . 9 : Pg 52−53 ( 2 0 0 8 )
2 clc; clear;
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3 R1 = 3; // Res i s ance , ohms
4 R2 = 2; // R e s i s t a n c e , ohms
5 R3 = 10; // R e s i s t a n c e , ohms
6 E1 = 10; // E .m. f , V
7 E2 = 4; // E .m. f , V
8 // Apply ing K i r c h h o f f s Current Law( the sum

o f the c u r r e n t s a r r i v i n g at a j u n c t i o n i s e q u a l
to the sum o f the c u r r e n t s l e a v i n g tha t j u n c t i o n )

9 A = [3 -2; 13 10];

10 B = [6; 10];

11 X = inv(A)*B;

12 I1 = X(1,:); // E l e c t r i c c u r r e n t
through branch FA, A

13 I2 = X(2,:); // E l e a c t r i c
c u r r e n t through branch EB, A

14 I3 = ( I1 + I2 ); // E l e c t r i c c u r r e n t
through branch CD, A

15 V_CD = R3*I3; // P . d . a c r o s s R3
r e s i s t o r , V

16 printf(”\nThe c u r r e n t through branch FA = %6 . 3 f A”,
I1);

17 printf(”\nThe c u r r e n t through branch EB = %5. 3 f A”,
I2);

18 printf(”\nThe c u r r e n t through branch CD = %5. 3 f A”,
I3);

19 printf(”\np . d . a c r o s s %2d r e s i s t o r = %4 . 2 f V”, R3,

V_CD);

20
21 // R e s u l t
22 // The c u r r e n t through branch FA = 1 . 4 2 9 A
23 // The c u r r e n t through branch FA = −0.857 A
24 // The c u r r e n t through branch FA = 0 . 5 7 1 A
25 // p . d . a c r o s s %2d r e s i s t o r = 5 . 7 1 V

Scilab code Exa 2.10 Electric current and voltage from Kirchhoff law
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1 // S c i l a b code Ex2 . 1 0 : Pg 53 ( 2 0 0 8 )
2 clc; clear;

3 E1 = 6; // E .m. f o f ba t t e ry , V
4 E2 = 4.5; // E .m. f o f ba t t e ry , V
5 R1 = 1.5; // R e s i s t a n c e , ohm
6 R2 = 2; // R e s i s t a n c e , ohm
7 R3 = 5; // R e s i s t a n c e , ohm
8 // Part ( a )
9 // Using matr ix method f o r s o l v i n g s e t o f e q u a t i o n s

10 A = [6.5 5; 5 7];

11 B = [6; 4.5];

12 X = inv(A)*B;

13 I1 = X(1,:); // E l e c t r i c c u r r e n t through
branch FA, A

14 I2 = X(2,:); // E l e c t r i c c u r r e n t through
branch DC, A

15 I3 = ( I1 + I2); // E l e c t r i c c u r r e n t through
branch BE, A

16 // Part ( b )
17 V_BE = I3*R3; // P . d a c r o s s r e s i s t o r R3 ,

V
18 printf(”\ n E l e c t r i c c u r r e n t through branch FA = %5 . 3 f

A”, I1);

19 printf(”\ n E l e c t r i c c u r r e n t through branch DC = %6 . 4 f
A”, I2);

20 printf(”\ n E l e c t r i c c u r r e n t through branch BE = %5. 3 f
A”, I3);

21 printf(”\np . d a c r o s s r e s i s t o r %1d ohms = %5 . 3 f V”,
R3 , V_BE);

22
23 // R e s u l t
24 // E l e c t r i c c u r r e n t through branch FA = 0 . 9 5 1 A
25 // E l e c t r i c c u r r e n t through branch DC = −0.0366 A
26 // E l e c t r i c c u r r e n t through branch FA = 0 . 9 1 5 A
27 // p . d a c r o s s r e s i s t o r %1d ohms = 4 . 5 7 3 V
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Scilab code Exa 2.11 Current distribution in a wheatstone bridge network
using Kirchhoff law

1 // S c i l a b code Ex2 . 1 1 : Pg 57 ( 2 0 0 8 )
2 clc; clear;

3 R_AB = 6; // R e s i s t a n c e , ohm
4 R_BC = 4; // R e s i s t a n c e , ohm
5 R_DC = 1; // R e s i s t a n c e , ohm
6 R_AD = 3; // R e s i s t a n c e , ohm
7 R_BD = 5; // R e s i s t a n c e , ohm
8 // Using matr ix method f o r s o l v i n g the s e t o f

e q u a t i o n s
9 A = [6 -3 5; -4 1 10; 0 4 1];

10 B = [0; 0; 10];

11 X = inv(A)*B;

12 I1 = X(1,:); // E l e c t r i c
cu r r en t , A

13 I2 = X(2,:); // E l e c t r i c
cu r r en t , A

14 I3 = X(3,:); // E l e c t r i c cu r r en t
, A

15 I_BC = I1 - I3; // E l e c t r i c cu r r en t ,
A

16 I_DC = I2 + I3; // E l e c t r i c cu r r en t ,
A

17 I = I1 + I2; // S u p l l y cu r r en t , A
18 printf(”\nThe c u r r e n t through %1d ohm r e s i s t o r = %5

. 3 f A”, R_AB , I1);

19 printf(”\nThe c u r r e n t through %1d ohm r e s i s t o r = %4
. 2 f A”, R_BC , I_BC);

20 printf(”\nThe c u r r e n t through %1d ohm r e s i s t o r = %5
. 3 f A”, R_DC , I_DC);

21 printf(”\nThe c u r r e n t through %1d ohm r e s i s t o r = %5
. 3 f A”, R_AD , I2);
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22 printf(”\nThe c u r r e n t through %1d ohm r e s i s t o r = %5
. 3 f A”, R_BD , I3);

23 printf(”\nThe supp ly c u r r e n t = %5 . 3 f A”, I)

24
25 // R e s u l t
26 // The c u r r e n t through 6 ohm r e s i s t o r = 1 . 0 7 4 A
27 // The c u r r e n t through 4 ohm r e s i s t o r = 0 . 8 9 A
28 // The c u r r e n t through 1 ohm r e s i s t o r = 2 . 6 3 8 A
29 // The c u r r e n t through 3 ohm r e s i s t o r = 2 . 4 5 4 A
30 // The c u r r e n t through 5 ohms r e s i s t o r = 0 . 1 8 4 A
31 // The supp ly c u r r e n t = 3 . 5 2 9 A

Scilab code Exa 2.12 Current through central resistor in a balanced Wheat-
stone bridge

1 // S c i l a b code Ex2 . 1 2 : Pg 58−59 ( 2 0 0 8 )
2 clc; clear;

3 R_AB = 6; // R e s i s t a n c e a c r o s s branch
AB, ohm

4 R_AD = 3; // R e s i s t a n c e a c r o s s branch
AD, ohm

5 R_BC = 4; // R e s i s t a n c e a c r o s s branch
BC, ohm

6 R_DC = 2; // R e s i s t a n c e a c r o s s branch
DC, ohm

7 // S i n c e R AB/R AD = R BC/R DC , so the wheat s tone
b r i d g e i s ba l anced hence no c u r r e n t f l o w s through

branch BD
8 I3 = 0;

9 printf(”\nThe c u r r e n t through branch BD i . e I 3 = %1d
A”, I3);

10
11 // R e s u l t
12 // The c u r r e n t through branch BD i . e I 3 = 0 A
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Scilab code Exa 2.13 Balancing a wheatstone bridge

1 // S c i l a b code Ex2 . 1 3 : Pg 62−63 ( 2 0 0 8 )
2 clc; clear;

3 R1 = 20; // R e s i s t a n c e , ohm
4 R2 = 10; // R e s i s t a n c e , ohm
5 R3 = 8; // R e s i s t a n c e , ohm
6 R4 = 5; // R e s i s t a n c e , ohm
7 R5 = 2; // R e s i s t a n c e , ohm
8 A = [20 -10 8; -5 2 15; 0 12 2];

9 B = [0; 0; 10];

10 X = inv(A)*B;

11 I3 = X(3,:); // E l e c t r i c c u r r e n t
through BD, A

12 V_BD = I3*R3; // P . d a c r o s s branch BD,
V

13 // For b a l a n c e c o n d i t i o n s i . e I 3 = 0 , R1/R2 = R4/R5 ,
s o l v i n g f o r R4

14 R_4 = ( R1*R5 )/R2; // R e s i s t a n c e , ohm
15 printf(”\nThe p . d between t e r m i n a l s B and D = %5. 3 f

V”, V_BD);

16 printf(”\nThe v a l u e to which %1d ohm r e s i s t o r must
be a d j u s t e d i n o r d e r to r educe the c u r r e n t
through %1d ohm r e s i s t o r to z e r o = %1d ohm”, R4,

R3 , R_4);

17
18 // R e s u l t
19 // The p . d between t e r m i n a l s B and D = 0 . 1 9 5 V
20 // The v a l u e to which 5 ohm r e s i s t o r must be

a d j u s t e d i n o r d e r to r educe the c u r r e n t through 8
ohm r e s i s t o r to z e r o = 4 ohm
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Scilab code Exa 2.14 Measuring unknown resistances using Wheatstone
bridge

1 // S c i l a b code Ex2 . 1 4 : Pg 64 ( 2 0 0 8 )
2 clc; clear;

3 // For pa r t ( a )
4 Rm = 1000; // R e s i s t a n c e , ohm
5 Rd = 1; // R e s i s t a n c e , ohm
6 Rv = 3502; // R e s i s t a n c e , ohm
7 // Using Wheatstone b r i d g e ba l anced c o n d i t i o n i . e Rx

/Rv = Rm/Rd , s o l v i n g f o r Rx
8 Rx = ( Rm/Rd) * Rv; // R e s i s t a n c e , ohm
9 printf(”\nThe v a l u e o f the r e s i s t a n c e be ing measured

= %5 . 3 f mega−ohm”,Rx*1e-06);
10
11 // Part ( b )
12 Rm = 1; // R e s i s t a n c e , ohm
13 Rd = 1000; // R e s i s t a n c e , ohm
14 Rv = 296; // R e s i s t a n c e , ohm
15 // Using Wheatstone b r i d g e ba l anced c o n d i t i o n i . e Rx

/Rv = Rm/Rd , s o l v i n g f o r Rx
16 Rx = ( Rm/Rd )*Rv; // R e s i s t a n c e , ohm
17 printf(”\nThe v a l u e o f the r e s i s t a n c e be ing measured

= %5 . 3 f ohm”,Rx);
18
19 // R e s u l t
20 // The v a l u e o f the r e s i s t a n c e be ing measured =

3 . 5 0 2 mega−ohm
21 // The v a l u e o f the r e s i s t a n c e be ing measured =

0 . 2 9 6 ohm

Scilab code Exa 2.15 Finding cells emf using a potentiometer

1 // S c i l a b code Ex2 . 1 5 : Pg 67 ( 2 0 0 8 )
2 clc; clear;
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3 l1 = 600e-03; // S c a l e r ead ing , metre
4 l2 = 745e-03; // S c a l e r ead ing , metre
5 l_s = 509.3e-03; // Tota l s c a l e l eng th ,

metre
6 E_s = 1.0186; // Source v o l t a g e , V
7 E1 = ( l1/l_s )*E_s; // Vo l tage drop a c r o s s

l e n g t h l1 , V
8 E2 = ( l2/l_s)*E_s; // Vo l tage drop a c r o s s

l e n g t h l2 , V
9 printf(”\nThe emf o f the f i r s t c e l l = %3 . 1 f V ”, E1)

10 printf(”\nThe emf o f the second c e l l = %3 . 2 f V ”, E2

)

11
12 // R e s u l t
13 // The emf o f the f i r s t c e l l = 1 . 2 V
14 // The emf o f the f i r s t c e l l = 1 . 4 9 V
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Chapter 3

Electric fields and capacitors

Scilab code Exa 3.1 Density of electric field between plates of capacitor

1 // S c i l a b code Ex3 . 1 : Pg 79 ( 2 0 0 8 )
2 clc; clear;

3 Q = 50e-03; // E l e c t r i c charge , C
4 A = 600e-06; // Area o f p l a t e , mˆ2
5 // S o l v i n g f o r e l e c t r i c f i e l d d e n s i t y , D
6 D = Q/A; // E l e c t r i c f i e l d

d e n s i t y , C/mˆ2
7 printf(”\nThe d e n s i t y o f the e l e c t r i c f i e l d e x i s t i n g

between the p l a t e s = %4 . 1 f C/m−s qua r e ”, D);

8
9 // R e s u l t

10 // The d e n s i t y o f the e l e c t r i c f i e l d e x i s t i n g
between the p l a t e s = 8 3 . 3 C/m−s qua r e

Scilab code Exa 3.2 Charge on plates of capacitor and electric field den-
sity between them

1 // S c i l a b code Ex3 . 2 : Pg 80 ( 2 0 0 8 )
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2 clc; clear;

3 A = 400e-06; // Cross−s e c t i o n a l a r ea o f
p l a t e , mˆ2

4 I = 50e-06; // Source cu r r en t , A
5 t = 3; // Flow t ime o f cu r r en t , s
6 // S i n c e e l e c t r i c c u r r e n t i s the r a t e o f f l o w o f

cha rge i . e I = Q/ t , s o l v i n g f o r Q
7 Q = I*t; // Amount o f cha rge on

p l a t e s , C
8 // S o l v i n g f o r d e n s i t y o f the e l e c t r i c f i e l d between

the p l a t e s
9 D = Q/A; // E l e c t r i c f i e l d

d e n s i t y , C/mˆ2
10 printf(”\The cha rge on the p l a t e s = %3d micro−

coloumb ”, Q/1e-06);

11 printf(”\nThe d e n s i t y o f the e l e c t r i c f i e l d between
the p l a t e s = %5 . 3 f C/m−s qua r e ”, D);

12
13 // R e s u l t
14 // The cha rge on the p l a t e s = 150 micro−coloumb
15 // The d e n s i t y o f the e l e c t r i c f i e l d between the

p l a t e s =0.375 C/m−s qua r e

Scilab code Exa 3.3 Electric field strength and flux density of parallel
plates capacitor

1 // S c i l a b code Ex3 . 3 : Pg 83 ( 2 0 0 8 )
2 clc; clear;

3 d = 3e-03; // Th i ckne s s o f
d i e l e c t r i c , m

4 Q = 35e-03; // E l e c t r i c cha rge on
p l a t e s , C

5 V = 150; // Supply v o l t a g e , V
6 A = 144e-06; // Cross−s e c t i o n a l a r ea o f

p l a t e s , mˆ2
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7 // Part ( a )
8 // S i n c e e l e c t r i c f i e l d s t r e n g t h (E) = p o t e n t i a l

g r a d i e n t t h e r e f o r e we have
9 E = V/d; // E l e c t r i c f i e l d

s t r e n g t h , V/m
10 // Part ( b )
11 // S o l v i n g f o r e l e c t r i c f i e l d d e n s i t y , D
12 D = Q/A; // E l e c t r i c f i e l d

d e n s i t y , C/mˆ2
13 printf(”\nThe e l e c t r i c f i e l d s t r e n g t h = %2d kV/m”, E

*1e-03);

14 printf(”\nThe f l u x d e n s i t y = %5 . 1 f C/mˆ2 ”, D);

15
16 // R e s u l t
17 // The e l e c t r i c f i e l d s t r e n g t h = 50 kV/m
18 // The f l u x d e n s i t y = 2 4 3 . 1 C/mˆ2

Scilab code Exa 3.4 Characteristics of a parallel plate capacitor

1 // S c i l a b code Ex3 . 4 : Pg 83−84 ( 2 0 0 8 )
2 clc; clear;

3 d = 4e-03; // Th i ckne s s o f a i r , m
4 Q = 2e-04; // E l e c t r i c cha rge on

p l a t e s , C
5 V = 125; // Supply v o l t a g e , V
6 D = 15; // E l e c t r i c f i e l d d e n s i t y ,

coulomb−per−metre−s qua r e
7 // Part ( a )
8 // S i n c e e l e c t r i c f i e l d s t r e n g t h (E) = p o t e n t i a l

g r a d i e n t , t h e r e f o r e we have
9 E = V/d; // E l e c t r i c f i e l d

s t r e n g t h , V/m
10 // Part ( b )
11 // S i n c e D = Q/A, s o l v i n g f o r A
12 A = Q/D; // Cross−s e c t i o n a l a r ea o f
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p l a t e s , mˆ2
13 // Part ( c )
14 // S i n c e Q = C∗V, s o l v i n g f o r C
15 C = Q/V; // Capac i t ance o f the

p l a t e s , F
16 printf(”\nThe e l e c t r i c f i e l d s t r e n g t h between the

p l a t e s = %5 . 2 f kV/m”,E*1e-03);
17 printf(”\nThe c sa o f the f i e l d between the p l a t e s =

%4 . 1 f mmˆ2 ”, A/1e-06);

18 printf(”\nThe c a p a c i t a n c e o f the p l a t e s = %3 . 1 f
micro−coulomb ”, C/1e-06);

19
20 // R e s u l t
21 // The e l e c t r i c f i e l d s t r e n g t h between the p l a t e s =

3 1 . 2 5 kV/m
22 // The c sa o f the f i e l d between the p l a t e s = 1 3 . 3 mm

ˆ2
23 // The c a p a c i t a n c e o f the p l a t e s = 1 . 6 micro−coulomb

Scilab code Exa 3.5 Capacitance and electric field stength of a parallel
plate capacitor

1 // S c i l a b code Ex3 . 5 : Pg 86 ( 2 0 0 8 )
2 clc; clear;

3 A = 6e-04; // Cross−
s e c t i o n a l a r ea o f p l a t e s , mˆ2

4 d = 5e-04; // Th i ckne s s o f
mica shee t , m

5 Epsilon_r = 5.8; // R e l a t i v e
p e r m i t t i v i t y , u n i t l e s s

6 Epsilon_0 = 8.854e-12; // P e r m i t t i v i t y
o f Free Space

7 V = 200; // P o t e n t i a l
d i f f e r e n c e , V

8 // Part ( a )
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9 // S i n c e a b s o l u t e p e r m i t t i v i t y , E p s i l o n = C∗ ( d/A) ,
t h e r e f o r e s o l v i n g f o r d & p u t t i n g E p s i l o n =
E p s i l o n 0 ∗ E p s i l o n r

10 C = ( Epsilon_r*Epsilon_0*A )/d; //
Capac i tance , F

11 // Part ( b )
12 // S i n c e e l e c t r i c f i e l d s t r e n g t h (E) = p o t e n t i a l

g r a d i e n t , t h e r e f o r e we have
13 E = V/d; // E l e c t r i c f i e l d

s t r e n g t h , V/m
14 printf(”\nThe c a p a c i t a n c e o f the c a p a c i t o r = %5 . 2 f

pF”, C/1e-12);

15 printf(”\ n E l e c t r i c f i e l d s t r e n g t h = %3d kV/m”,E*1e
-03);

16
17 // R e s u l t
18 // The c a p a c i t a n c e o f the c a p a c i t o r = 6 1 . 6 2 pF
19 // E l e c t r i c f i e l d s t r e n g t h = 400 kV/m

Scilab code Exa 3.6 Thickness of paper between plates of a capacitor

1 // S c i l a b code Ex3 . 6 : Pg 86 ( 2 0 0 8 )
2 clc; clear;

3 C = 0.224e-09; // Capac i tance , F
4 A = 5625e-06; // Cross−s e c t i o n a l

a r ea o f p l a t e s , mˆ2
5 Epsilon_r = 2.5; // R e l a t i v e

p e r m i t t i v i t y
6 Epsilon_0 = 8.854e-12; // P e r m i t t i v i t y o f

Free Space
7 // S i n c e a b s o l u t e p e r m i t t i v i t y , E p s i l o n = C∗ ( d/A) ,

t h e r e f o r e s o l v i n g f o r d & p u t t i n g E p s i l o n =
E p s i l o n 0 ∗ E p s i l o n r

8 d = ( Epsilon_r*Epsilon_0*A )/C; //
Th i ckne s s o f waxed paper d i e l e c t r i c , m
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9 printf(”\nThe t h i c k n e s s o f paper r e q u i r e d = %3 . 2 f mm
”, d/1e-03);

10
11 // R e s u l t
12 // The t h i c k n e s s o f paper r e q u i r e d = 0 . 5 6 mm

Scilab code Exa 3.7 Relative permittivity of ceramic dielectric

1 // S c i l a b code Ex3 . 7 : Pg 86 ( 2 0 0 8 )
2 clc; clear;

3 C = 4.7e-08; // Capac i tance , F
4 A = 4e-04; // Cross−s e c t i o n a l a r ea

o f p l a t e s , mˆ2
5 d = 1e-04; // Th i ckne s s o f

d i e l e c t r i c , m
6 Epsilon_0 = 8.854e-12; // P e r m i t t i v i t y o f

Free Space
7 // S i n c e a b s o l u t e p e r m i t t i v i t y , E p s i l o n = C∗ ( d/A) ,

t h e r e f o r e s o l v i n g f o r E p s i l o n r & p u t t i n g E p s i l o n
= E p s i l o n 0 ∗ E p s i l o n r

8 Epsilon_r = (C*d)/( Epsilon_0*A); //
R e l a t i v e p e r m i t t i v i t y

9 printf(”\ n R e l a t i v e p e r m i t t i v i t y = %4d”, Epsilon_r);

10
11 // R e s u l t
12 // R e l a t i v e p e r m i t t i v i t y = 1327

Scilab code Exa 3.8 Electric flux and flux density produced in dielectric
material

1 // S c i l a b code Ex3 . 8 : Pg 87 ( 2 0 0 8 )
2 clc; clear;
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3 V = 180; // P o t e n t i a l
d i f f e r e n c e , V

4 d = 3e-03; // Th i ckne s s o f
d i e l e c t r i c , m

5 A = 4.2e-04; // Cross−
s e c t i o n a l a r ea o f p l a t e s , mˆ2

6 Epsilon_r = 3.5; // R e l a t i v e
p e r m i t t i v i t y

7 Epsilon_0 = 8.854e-12; // P e r m i t t i v i t y
o f Free Space

8 // S i n c e a b s o l u t e p e r m i t t i v i t y , E p s i l o n = C∗ ( d/A) ,
t h e r e f o r e s o l v i n g f o r C & p u t t i n g E p s i l o n =
E p s i l o n 0 ∗ E p s i l o n r

9 C = ( Epsilon_r*Epsilon_0*A )/d; //
Capac i tance , F

10 // S i n c e C = Q/V, s o l v i n g f o r Q
11 Q = C*V; // E l e c t r i c

charge , C
12 // Using D = Q/A,
13 D = Q/A; // E l e c t r i c

f i e l d d e n s i t y , C/mˆ2
14 printf(”\The f l u x thus produced = %3 . 2 f nC . ”,Q/1e

-09);

15 printf(”\nThe f l u x d e n s i t y thus produced . = %3 . 2 f
micro−coulomb−per−metre−s qua r e ”, D/1e-06);

16
17 // R e s u l t
18 // The f l u x thus produced = 0 . 7 8 nC
19 // The f l u x d e n s i t y thus produced . = 1 . 8 6 micro−C/m

ˆ2

Scilab code Exa 3.9 Effective capacitance of capacitors in parallel

1 // S c i l a b code Ex3 . 9 : Pg 89 ( 2 0 0 8 )
2 clc; clear;
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3 C_1 = 4.7e-06; // Capac i tance , F
4 C_2 = 3.9e-06; // Capac i tance , F
5 C_3 = 2.2e-06; // Capac i tance , F
6 // The r e s u l t i n g c a p a c i t a n c e o f p a r a l l e r l y connec t ed

c a p a c i t o r s i s the sum o f the i n d i v i d u a l
c a p a c i t a n c e p r e s e n t i n the c i r c u i t

7 C = C_1 + C_2 + C_3; // R e s u l t i n g
c a p a c i t a n c e o f the c i r c u i t , F

8 printf(”\nThe r e s u l t i n g c a p a c i t a n c e o f the
combinat i on = %4 . 1 f micro−f a r a d ”, C/1e-06);

9
10 // R e s u l t
11 // The r e s u l t i n g c a p a c i t a n c e o f the combinat i on =

1 0 . 8 micro−f a r a d

Scilab code Exa 3.10 Characteristics of series combination of capacitors

1 // S c i l a b code Ex3 . 1 0 : Pg 90−91 ( 2 0 0 8 )
2 clc; clear;

3 C_1 = 6e-06; // Capac i tance , F
4 C_2 = 4e-06; // Capac i tance , F
5 V = 150; // Supply v o l t a g e , V
6 // Part ( a )
7 // The r e c i p r o c a l o f the r e s u l t i n g c a p a c i t a n c e o f

c a p a c i t o r s connec t ed i n s e r i e s i s the sum o f the
r e c i p r o c a l o f the i n d i v i d u a l c a p a c i t a n c e s p r e s e n t

i n the c i r c u i t i . e 1/C = 1/C1 + 1/C2 , s o l v i n g
f o r C

8 C = ( C_1*C_2 )/(C_1 + C_2); //
R e s u l t i n g c a p a c i t a n c e , F

9 // Part ( b )
10 Q = V*C; //

E l e c t r i c cha rge on the c a p a c i t o r s , C
11 // Part ( c )
12 V_1 = Q/C_1; // P . d

47



a c r o s s c a p a c i t o r C 1 , V
13 V_2 = Q/C_2; // P . d

a c r o s s c a p a c i t o r C 2 , V
14 printf(”\nThe t o t a l c a p a c i t a n c e o f the combinat ion =

%3 . 1 f micro−f a r a d ”, C/1e-06);

15 printf(”\nThe cha rge on each c a p a c i t o r = %3d micro−
coulomb ”,Q/1e-06);

16 printf(”\nThe p . d . d eve l oped a c r o s s %1d micro−f a r a d
c a p a c i t o r = %2d V”, C_1/1e-06, V_1);

17 printf(”\nThe p . d . d eve l oped a c r o s s %1d micro−f a r a d
c a p a c i t o r = %2d V”, C_2/1e-06, V_2);

18
19 // R e s u l t
20 // The t o t a l c a p a c i t a n c e o f the combinat ion = 2 . 4

micro−f a r a d
21 // The cha rge on each c a p a c i t o r = 360 micro−coulomb
22 // The p . d . d eve l oped a c r o s s 6 micro−f a r a d c a p a c i t o r

= 60 V
23 // The p . d . d eve l oped a c r o s s 4 micro−f a r a d c a p a c i t o r

= 90 V

Scilab code Exa 3.11 Potential difference across each capacitor in series
combination

1 // S c i l a b code Ex3 . 1 1 : Pg 91−92 ( 2 0 0 8 )
2 clc; clear;

3 C_1 = 3e-06; // Capac i tance , F
4 C_3 = 12e-06; // Capac i tance , F
5 C_2 = 6e-06; // Capac i tance , F
6 V = 400; // Supply v o l t a g e , V
7 // The r e c i p r o c a l o f the r e s u l t i n g c a p a c i t a n c e o f

c a p a c i t o r s connec t ed i n s e r i e s i s the sum o f the
r e c i p r o c a l o f the i n d i v i d u a l c a p a c i t a n c e s p r e s e n t

i n the c i r c u i t i . e 1/C = 1/C1 + 1/C2 + 1/ C 3 ,
s o l v i n g f o r C
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8 C = (C_1 * C_2 * C_3)/( C_1*C_2 + C_2*C_3 + C_3*C_1)

; // R e s u l t i n g c a p a c i t a n c e , F
9 Q = V*C; //

E l e c t r i c cha rge on the c a p a c i t o r s , C
10 // Part ( c )
11 V_1 = Q/C_1; // P . d

a c r o s s c a p a c i t o r C 1 , V
12 V_2 = Q/C_2; // P . d

a c r o s s c a p a c i t o r C 2 , V
13 V_3 =Q/C_3; // P . d

a c r o s s c a p a c i t o r C 2 , V
14 printf(”\nP . d a c r o s s c a p a c i t o r %1d micro−f a r a d = %5

. 1 f V”, C_1/1e-06, V_1);

15 printf(”\nP . d a c r o s s c a p a c i t o r %1d micro−f a r a d = %5
. 1 f V”, C_2/1e-06, V_2);

16 printf(”\nP . d a c r o s s c a p a c i t o r %2d micro−f a r a d = %4
. 1 f V”, C_3/1e-06, V_3);

17
18 // R e s u l t
19 // P . d a c r o s s c a p a c i t o r 3 micro−f a r a d = 2 2 8 . 6 V
20 // P . d a c r o s s c a p a c i t o r 6 micro−f a r a d = 1 1 4 . 3 V
21 // P . d a c r o s s c a p a c i t o r 12 micro−f a r a d = 5 7 . 1 V

Scilab code Exa 3.12 Charge stored and potential difference across capac-
itors

1 // S c i l a b code Ex3 . 1 2 : Pg 92−95 ( 2 0 0 8 )
2 clc; clear;

3 V = 200; // Supply v o l t a g e ,
v o l t a g e

4 C_AB = 2; // Capac i t ance a c r o s s
branch AB, micro−f a r a d

5 C_BC = 3; // Capac i t ance a c r o s s
branch BC, micro−f a r a d

6 C_CD = 6; // Capac i t ance a c r o s s
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branch CD, micro−f a r a d
7 C_EF = 8; // Capac i t ance a c r o s s

branch EF , micro−f a r a d
8 C_BD = 4; // Capac i t ance a c r o s s

branch EF , micro−f a r a d
9

10 // Part ( a )
11 // S i n c e 3−micro−f a r a d & 6−micro−f a r a d c a p a c i t o r s

a r e i n s e r i e s & the r e c i p r o c a l o f the r e s u l t i n g
c a p a c i t a n c e o f c a p a c i t o r s connec t ed i n s e r i e s i s
the sum o f the r e c i p r o c a l o f the i n d i v i d u a l
c a p a c i t a n c e s p r e s e n t i n the c i r c u i t , t h e r e f o r e i .
e 1/C = 1/C1 + 1/C2

12 C_BCD = ( C_BC*C_CD )/(C_BC+C_CD); //
R e s u l t i n g c a p a c i t a n c e a c r o s s branch BCD, micro−
f a r a d

13 // S i n c e C BCD & 4−micro−f a r a d c a p a c i t o r s a r e i n
p a r a l l e l & the r e s u l t i n g c a p a c i t a n c e o f
p a r a l l e r l y connec t ed c a p a c i t o r s i s the sum o f the

i n d i v i d u a l c a p a c i t a n c e p r e s e n t i n the c i r c u i t
14 C_BD = C_BCD + C_BD; // R e s u l t i n g

c a p a c i t a n c e a c r o s s branch BD, micro−f a r a d
15 // S i n c e 2−micro−f a r a d & C BD c a p a c i t o r s a r e i n

s e r i e s & the r e c i p r o c a l o f the r e s u l t i n g
c a p a c i t a n c e o f c a p a c i t o r s connec t ed i n s e r i e s i s
the sum o f the r e c i p r o c a l o f the i n d i v i d u a l
c a p a c i t a n c e s p r e s e n t i n the c i r c u i t , t h e r e f o r e ,
we have

16 C_AD = (C_BD*C_AB)/(C_BD+C_AB); // R e s u l t i n g
c a p a c i t a n c e a c r o s s branch AD, micro−f a r a d

17 // S i n c e C AD & C EF c a p a c i t o r s a r e i n p a r a l l e l &
the r e s u l t i n g c a p a c i t a n c e o f p a r a l l e r l y connec t ed

c a p a c i t o r s i s the sum o f the i n d i v i d u a l
c a p a c i t a n c e p r e s e n t i n the c i r c u i t

18 C = C_AD + C_EF; // R e s u l t i n g c a p a c i t a n c e o f
the c i r c u i t , micro−f a r a d

19 Q = V*C; //
E l e c t r i c cha rge drawn from the supply , C
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20
21 // Part ( b )
22 Q_EF = V*C_EF; // The cha rge

on the 8 micro−f a r a d c a p a c i t o r , micro−coulomb
23
24 // Part ( c )
25 Q_AD = Q - Q_EF; // The

cha rge on the 4 micro−f a r a d c a p a c i t o r , C
26 Q_BD = Q_AD; // Charge i n s e r i e s combinat i on o f

c a p a c i t o r s , micro−f a r a d
27 // S i n c e Q = C∗V, s o l v i n g f o r V
28 V_BD = Q_BD/C_BD; // The p . d .

a c r o s s the 4 F c a p a c i t o r ,V
29
30 // Part ( d )
31 Q_BCD = V_BD*C_BCD; // E l e c t r i c

cha rge a c r o s s branch BCD, C
32 Q_BC = Q_BCD; // E l e c t r i c

charge , C
33 V_BC = Q_BC/C_BC; // The p . d .

a c r o s s the 3 micro−f a r a d c a p a c i t o r
34 printf(”\nThe cha rge drawn from the supp ly = %3 . 1 f

mC”, Q/1e+03);

35 printf(”\nThe cha rge on the %1d micro−f a r a d
c a p a c i t o r = %3 . 1 f mC”, C_EF , Q_EF/1e+03);

36 printf(”\nThe p . d . a c r o s s the %1d micro−f a r a d
c a p a c i t o r= %2d V”, C_BD , V_BD);

37 printf(”\nThe p . d . a c r o s s the %1d micro−f a r a d
c a p a c i t o r = %5 . 2 f V”, Q_BC , V_BC);

38
39 // R e s u l t
40 // The cha rge drawn from the supp ly = 1 . 9 mC
41 // The cha rge on the 8 micro−f a r a d c a p a c i t o r = 1 . 6

mC
42 // The p . d . a c r o s s the 6 micro−f a r a d c a p a c i t o r= 50 V
43 // The p . d . a c r o s s the 100 micro−f a r a d c a p a c i t o r =

3 3 . 3 3 V
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Scilab code Exa 3.13 Capacitance of parallel plate capacitor with mica
sheet

1 // S c i l a b code Ex3 . 1 3 : Pg 96 ( 2 0 0 8 )
2 clc; clear;

3 N = 20; // Number o f p l a t e s i n a
c a p a c i t o r

4 A = 6400e-06; // Cross − s e c t i o n a l a r ea
o f p l a t e , mˆ2

5 d = 1.5e-03; // D i s t a n c e between p l a t e s ,
m

6 epsilon_r = 6.4; // R e l a t i v e p e r m i t t i v i t y
f o r mica

7 epsilon_o = 8.854e-12; // R e l a t i v e p e r m i t t i v i t y
f o r f r e e space

8 // C a l c u l a t i n g the c a p a c i t a n c e o f the c a p a c i t o r
9 C = (( epsilon_o)*( epsilon_r)*A*(N-1))/d; //

Capac i tance , F
10 printf(”\n The c a p a c i t a n c e o f the c a p a c i t o r = %3 . 1 f

nF”, C/1e-09);

11
12 // R e s u l t
13 // The c a p a c i t a n c e o f the c a p a c i t o r = 4 . 6 nF

Scilab code Exa 3.14 Thickness of mica between parallel plates of a ca-
pacitor

1 // S c i l a b code Ex3 . 1 4 : Pg 96−97 ( 2 0 0 8 )
2 clc; clear;

3 N = 9; // Number o f p l a t e s i n a
c a p a c i t o r
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4 A = 1200e-06; // Cross − s e c t i o n a l
a r ea o f p l a t e , mˆ2

5 C = 3e-10; // Capac i tance , F
6 epsilon_r = 5; // R e l a t i v e p e r m i t t i v i t y

f o r mica
7 epsilon_o = 8.854e-12; // R e l a t i v e p e r m i t t i v i t y

f o r f r e e space
8 // Using the fo rmu la o f c a p a c i t a n c e , C = ( ( e p s i l o n o

) ∗ ( e p s i l o n r ) ∗A∗ (N−1) ) /d and s o l v i n g f o r d , we
have

9 d = (( epsilon_o)*( epsilon_r)*A*(N-1))/C; //
D i s t a n c e between p l a t e s , m

10 printf(”\nThe t h i c k n e s s o f mica between p a r a l l e l
p l a t e s o f a c a p a c i t o r = %4 . 2 f mm”, d/1e-03);

11
12 // R e s u l t
13 // The t h i c k n e s s o f mica between p a r a l l e l p l a t e s o f

a c a p a c i t o r = 1 . 4 2 mm

Scilab code Exa 3.15 Capacitance of a parallel plate capacitor with air
gap

1 // S c i l a b code Ex3 . 1 5 : Pg 97 ( 2 0 0 8 )
2 clc; clear;

3 N = 11; // Number o f p l a t e s i n
a c a p a c i t o r

4 r = 25e-03; // Radius o f c i r c u l a r
p l a t e , m

5 A = (%pi*r^2); // Cross − s e c t i o n a l
a r ea o f p l a t e , mˆ2

6 d = 5e-04; // D i s t a n c e between
p l a t e s , m

7 epsilon_r = 1; // R e l a t i v e
p e r m i t t i v i t y f o r a i r

8 epsilon_o = 8.854e-12; // R e l a t i v e
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p e r m i t t i v i t y f o r f r e e space
9 // C a l c u l a t i n g the c a p a c i t a n c e o f the c a p a c i t o r

10 C = (( epsilon_o)*( epsilon_r)*A*(N-1))/d; //
Capac i tance , F

11 printf(”\n The c a p a c i t a n c e o f the c a p a c i t o r = %3 . 2 f
pF”, C/1e-10);

12
13 // R e s u l t
14 // The c a p a c i t a n c e o f the c a p a c i t o r = 3 . 4 8 pF

Scilab code Exa 3.16 Charging and energy storing ability of capacitor

1 // S c i l a b code Ex3 . 1 6 : Pg 99 ( 2 0 0 8 )
2 clc; clear;

3 C_1 = 3e-06; //
Capac i tance , F

4 C_2 = 6e-06; //
Capac i tance , F

5 V_1 = 250; //
Vo l tage a c r o s s c a p a c i t o r C 1 , V

6 // S i n c e each c a p a c i t o r w i l l t ake cha rge a c c o r d i n g
to i t s c a p a c i t a n c e , so we have

7 Q = C_1*V_1; //
Charge on f i r s t c a p a c i t o r C 1 , C

8 W_1 = 0.5* C_1*(V_1^2); //
Energy s t o r ed , J

9 // When the two c a p a c i t o r s a r e connec t ed i n p a r a l l e l
the 3 micro−f a r a d w i l l s h a r e i t s cha rge with 6

micro−f a r a d c a p a c i t o r . Thus the t o t a l cha rge i n
the system w i l l remain unchanged , but the t o t a l
c a p a c i t a n c e w i l l now be d i f f e r e n t

10 C = C_1 + C_2; // Tota l
c a p a c i t a n c e , F

11 // S i n c e Q = C∗V, s o l v i n g f o r V
12 V = Q/C; //
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Vol tage a c r o s s c a p a c i t o r C 2 , V
13 W = 0.5*C*(V^2); // Tota l

ene rgy s t o r e d by the combinat ion , J
14 printf(”\nThe cha rge and ene rgy s t o r e d by %1d micro−

F c a p c i t o r a r e %3 . 2 f mC and %5 . 2 f mJ r e s p e c t i v e l y
”, C_1/1e-06, Q/1e-03 , W_1/1e-03);

15 printf(”\nThe p . d . between the p l a t e s = %5 . 2 f V”, V)

;

16 printf(”\nThe ene rgy s t o r e d by the combinat ion o f
%1d micro−F and %1d micro−F c a p a c i t o r s = %5 . 2 f mJ
”, C_1/1e-06, C_2/1e-06, W/1e-03);

17
18 // R e s u l t
19 // The cha rge and ene rgy s t o r e d by 3 micro−F

c a p c i t o r a r e 0 . 7 5 mC and 9 3 . 7 5 mJ r e s p e c t i v e l y
20 // The p . d . between the p l a t e s = 8 3 . 3 3 V
21 // The ene rgy s t o r e d by the combinat ion o f 3 micro−F

and 6 micro−F c a p a c i t o r s = 3 1 . 2 5 mJ

Scilab code Exa 3.17 Charging and discharging capacitors

1 // S c i l a b code Ex3 . 1 7 : Pg 99−100 ( 2 0 0 8 )
2 clc; clear;

3 V = 200; // Supply v o l t a g e , V
4 C_1 = 10e-06; // Capac i tance , f a r a d
5 C_2 = 6.8e-06; // Capac i tance , f a r a d
6 C_3 = 4.7e-06; // Capac i tance , f a r a d
7 // Part ( a )
8 // S i n c e each c a p a c i t o r w i l l t ake cha rge a c c o r d i n g

to i t s c a p a c i t a n c e , so we have
9 Q_1 = V*C_1; // Charge s o r e d on

c a p a c i t o r C 1 , C
10 W_1 = 0.5* C_1*(V^2); // Energy s o r e d on

c a p a c i t o r C 1 , J
11 // Part ( b )
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12 // S i n c e C 2 and C 3 a r e i n s e r i e s and hence , t h e i r
e q u i v a l e n t c a p a c i t a n c e i s g i v e n by t h e i r s e r i e s
combinat i on

13 C_4 = (C_2 * C_3)/(C_2 + C_3); //
E q u i v a l e n t c a p a c i t a n c e o f C 2 and C 3 , F

14 // S i n c e C 1 and C 4 a r e i n p a r a l l e l and hence ,
t h e i r e q u i v a l e n t c a p a c i t a n c e i s g i v e n by t h e i r
p a r a l l e l combinat ion

15 C = C_1 + C_4; // Tota l c a p a c i t a n c e o f
c i r c u i t , F

16 // S i n c e Q = C∗V, s o l v i n g f o r V
17 V_1 = Q_1/C; // New p . d

a c r o s s C 1 , V
18 W = 0.5*C*(V_1 ^2); // Tota l ene rgy

r ema in ing i n the c i r c u i t , J
19 energy_used = W_1 - W; // Energy , J
20 printf(”\nThe cha rge and ene rgy s t o r e d by %2d micro−

F c a p a c i t o r a r e %1d mC and %2 . 1 f J r e s p e c t i v e l y ”
, C_1/1e-06, Q_1/1e-03, W_1);

21 printf(”\nThe new p . d a c r o s s %2d micro−F c a p a c i t o r =
%5 . 1 f V”, C_1/1e-06, V_1);

22 printf(”\nThe amount o f ene rgy used i n c h a r g i n g %3 . 1
f micro−F and %3 . 2 f micro−F c a p a c i t o r s from %2d
micro−F c a p a c i t o r = %4 . 3 f J”, C_2/1e-06, C_3/1e

-06, C_1/1e-06, energy_used /1e-03);

23
24 // R e s u l t
25 // The cha rge and ene rgy s t o r e d by 10 micro−F

c a p a c i t o r a r e 2 mC and 0 . 2 J r e s p e c t i v e l y
26 // The new p . d a c r o s s 10 micro−F c a p a c i t o r = 1 5 6 . 5 V
27 // The amount o f ene rgy used i n c h a r g i n g 6 . 8 micro−F

and 4 . 7 0 micro−F c a p a c i t o r s from 10 micro−F
c a p a c i t o r = 4 3 . 4 9 5 J

Scilab code Exa 3.18 Minimum required thickness of dielectric material
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1 // S c i l a b code Ex3 . 1 8 : Pg 101 ( 2 0 0 8 )
2 clc; clear;

3 V = 400; // Supply v o l t a g e , V
4 E = 0.5e06; // D i e l e c t r i c s t r e n g t h , V/m
5 // S i n c e E = V/d , s o l v i n g f o r d
6 d = V/E; // Th i ckne s s o f d i e l e c t r i c , m
7 printf(”\nThe minimum t h i c k n e s s o f d i e l e c t r i c

r e q u i r e d = %3 . 1 fmm”, d/1e-03);

8
9 // R e s u l t

10 // The minimum t h i c k n e s s o f d i e l e c t r i c r e q u i r e d =
0 . 8 mm

Scilab code Exa 3.19 Maximum voltage of capacitor and thickness of di-
electric material

1 // S c i l a b code Ex3 . 1 9 : Pg 101−102 ( 2 0 0 8 )
2 clc; clear;

3 C = 270e-12; // Capac i tance , F
4 A = 60e-04; // Cross−s e c t i o n a l a r ea o f

p l a t e , mˆ2
5 E = 350e03; // D i e l e c t r i c s t r e n g t h , V/

m
6 epsilon_r = 2.1; // R e l a t i v e p e m i t t i v i t y
7 epsilon_o = 8.854e-12; // P e r m i t t i v i t y o f f r e e

space
8 // Part ( a )
9 // S i n c e fo rmu la f o r c a p a c i t a n c e , C = ( ( e p s i l o n o ) ∗ (

e p l i s o n r ) ∗A) /d , s o l v i n g f o r d
10 d = (( epsilon_o)*( epsilon_r)*A)/C; // Th i ckne s s

o f d i e l e c t r i c , m
11 // Part ( b )
12 // S i n c e E = V/d , s o l v i n g f o r V
13 V = E*d; // Maximum

p o s s i b l e work ing v o l t a g e , V
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14 printf(”\nThe t h i c k n e s s o f T e f l o n s h e e t r e q u i r e d =
%5 . 4 f mm”, d/1e-03);

15 printf(”\nThe maximum p o s s i b l e work ing v o l t a g e f o r
the c a p a c i t o r = %5 . 1 f V”, V);

16
17 // R e s u l t
18 // The t h i c k n e s s o f T e f l o n s h e e t r e q u i r e d = 0 . 4 1 3 mm
19 // The maximum p o s s i b l e work ing v o l t a g e f o r the

c a p a c i t o r = 1 4 4 . 6 V
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Chapter 4

Magnetic fields and circuits

Scilab code Exa 4.1 Flux density at the pole face

1 // S c i l a b code Ex4 . 1 : Pg 116 ( 2 0 0 8 )
2 clc; clear;

3 A = 6e-04; // Cross−s e c t i o n a l a r ea
o f p o l e f a c e , metre−s qua r e

4 phi = 30e-06; // Flux , Wb
5 B = phi/A; // Flux d e n s i t y , T
6 printf(”\nThe f l u x d e s i t y at the p o l e f a c e = %2d mT”

, B/1e-03);

7
8 // R e s u l t
9 // The f l u x d e s i t y at the p o l e f a c e = 50 mT

Scilab code Exa 4.2 Magnetic Flux

1 // S c i l a b code Ex4 . 2 : Pg 116 ( 2 0 0 8 )
2 clc; clear;

3 A = 45e-06; // Cross s e c t i o n a l
a r ea o f p o l e f a c e , metre−s qua r e
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4 B = 0.6; // Flux d e n s i t y , T
5 // Using fo rmu la B = phi /A, s o l v i n g f o r ph i
6 phi = B*A; // Flux , Wb
7 printf(”\nThe f l u x produced by p o l e f a c e = %2d micro

−wWb”, phi/1e-06);

8
9 // R e s u l t

10 //The f l u x produced by p o l e f a c e = 27 micro−Wb

Scilab code Exa 4.3 Magnetomotive force and flux density produced in a
toroid

1 // S c i l a b code Ex4 . 3 : Pg 117 ( 2 0 0 8 )
2 clc; clear;

3 N = 1500; // Number o f t u r n s i n
a c o i l

4 A = 5e-04; // Cross− s e c t i o n a l
a r ea o f o f c o i l , metre−s qua r e

5 phi = 0.2e-03; // Flux , Wb
6 I = 0.75; // Coi l−cu r r en t , A
7 // S i n c e m.m. f i s the product o f the c u r r e n t and the

number o f turns , t h e r e f o r e , we have
8 F = N*I; // Magnetomotive f o r c e

, At
9 B = phi/A; // Flux d e n s i t y , T

10 printf(”\The m.m. f and f l u x d e n s i t y produced a r e %4d
At and %3 . 1 f T r e s p e c t i v e l y ”, F, B);

11
12 // R e s u l t
13 // The m.m. f and f l u x d e n s i t y produced a r e 1125 At

and 0 . 4 T r e s p e c t i v e l y
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Scilab code Exa 4.4 Excitation current required to produce required mag-
netomotive force

1 // S c i l a b code Ex4 . 4 : Pg 117 ( 2 0 0 8 )
2 clc; clear;

3 N = 600; // Number o f t u r n s i n
a c o i l

4 F = 1500; // Magnetomotive
f o r c e , At

5 // S i n c e magnetomotive f o r c e , F = N∗ I , s o l v i n g f o r I
6 I = F/N; // E x c i t a t i o n−cu r r en t ,

A
7 printf(”\nThe e x c i t a t i o n c u r r e n t r e q u i r e d = %3 . 1 f A”

, I);

8
9 // R e s u l t

10 // The e x c i t a t i o n c u r r e n t r e q u i r e d = 2 . 5 A

Scilab code Exa 4.5 Magnetic field strength inside a toroid

1 // S c i l a b code Ex4 . 5 : Pg 118 ( 2 0 0 8 )
2 clc; clear;

3 I = 0.4; // Current , A
4 N = 550; // Number o f t u r n s i n a

c o i l
5 d = 8e-02; // Diameter , m
6 l = (%pi*d); // Average l e n g t h o f the

magnet i c c i r c u i t , m
7 // S i n c e magnet i c f i e l d s t r e n g t h i s d e f i n e d as the

mmf per metre l e n g t h o f the magnet i c c i r c u i t ,
t h e r e f o r e , we have

8 H = (N*I)/l; // Magnet ic f i e l d
s t r e n g t h , At/m

9 printf(”\nThe magnet i c f i e l d s t r e n g t h i n s i d e the
t o r o i d = %6 . 2 f At/m”, H);
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10
11 // R e s u l t
12 // The magnet i c f i e l d s t r e n g t h i n s i d e the t o r o i d =

8 7 5 . 3 5 At/m

Scilab code Exa 4.6 Flux and flux density with changed permeability

1 // S c i l a b code Ex4 . 6 : Pg 119−120 ( 2 0 0 8 )
2 clc; clear;

3 A = 15e-04; // Cross−s e c t i o n a l
a r ea o f core , metre−s qua r e

4 mew_r1 = 65; // R e l a t i v e
p e r m e a b i l i t y o f c o r e

5 phi_1 = 2e-04; // Flux , Wb
6 mew_r2 = 800; // Changed r e l a t i v e

p e r m e a b i l i t y o f c o r e
7 B_1 = phi_1/A; // Flux d e n s i t y , T
8 mew_r = mew_r2/mew_r1; // R e l a t i v e

p e r m e a b i l i t y o f c o r e
9 // S i n c e c r o s s−s e c t i o n a l a r ea o f c o r e A remains

cons tant , t h e r e f o r e , we have mew r = B 1 / B 2 ,
s o l v i n g f o r B 2

10 B_2 = mew_r*B_1; // New f l u x d e n s i t y ,
T

11 // S i n c e B 2 = p h i 2 /A, s o l v i n g f o r p h i 2
12 phi_2 = B_2*A; // New f l u x , Wb
13 printf(”\nThe new f l u x and f l u x d e n s i t y a r e %5 . 3 f

mWb and %5 . 3 f T r e s p e c t i v e l y ”, phi_2/1e-03, B_2);

14
15 // R e s u l t
16 // The new f l u x and f l u x d e n s i t y a r e 2 . 4 6 2 mWb and

1 . 6 4 1 T r e s p e c t i v e l y
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Scilab code Exa 4.7 Magnetic properties of toroid

1 // S c i l a b code Ex4 . 7 : Pg 120 ( 2 0 0 8 )
2 clc; clear;

3 r = 0.04; // Mean r a d i u s
o f torod , m

4 A = 3e-04; // Csa o f t o r o i d
, mˆ2

5 mew_o = 4*( %pi)*1e-07; // P e r m e a b i l i t y
o f f r e e space

6 mew_r = 150; // R e l a t i v e
p e r m e a b i l i t y o f t o r o i d

7 N = 900; // Number o f
t u r n s on c o i l

8 I = 1.5; // C o i l cu r r en t ,
A

9 l = 2*(%pi)*r; // E f f e c t i v e
l e n g t h o f t o r o i d , m

10
11 // Part ( a )
12 // S i n c e m.m. f i s the product o f the c u r r e n t and the

number o f turns , t h e r e f o r e , we have
13 F = N*I; // Magnetomotive

f o r c e , At
14 printf(”\nThe m.m. f o f t o r o i d = %4d At”, F);

15
16 // Part ( b )
17 // S i n c e magnet i c f i e l d s t r e n g t h i s d e f i n e d as the

mmf per metre l e n g t h o f the magnet i c c i r c u i t ,
t h e r e f o r e , we have

18 H = F/l; // Magnet ic
f i e l d s t r e n g t h , At/m

19 printf(”\nThe magnt ic f i e l d s t r e n g t h = %6 . 1 f At/m”,
H);

20
21 // Part ( c )
22 B = (mew_r*mew_o*H); // Flux

d e n s i t y , T
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23 phi = B*A; // Flux , Wb
24 printf(”\nThe f l u x and f l u x d e n s i t y a r e %6 . 2 f micro−

weber and %6 . 4 f T r e s p e c t i v e l y ”, phi/1e-06, B)

25
26 // R e s u l t
27 // The m.m. f o f t o r o i d = 1350 At
28 // The magnt ic f i e l d s t r e n g t h = 5 3 7 1 . 5 At/m
29 // The f l u x and f l u x d e n s i t y a r e 3 0 3 . 7 5 micro−weber

and 1 . 0 1 2 5 T r e s p e c t i v e l y

Scilab code Exa 4.8 Coil current to produce desired flux

1 // S c i l a b code Ex4 . 8 : Pg 120−121 ( 2 0 0 8 )
2 clc; clear;

3 r = 3e-02; // Radius o f
t o r o i d , m

4 A = 4.5e-04; // Cross−
s e c t i o n a l a r ea o f t o r o i d , metre−s qua r e

5 N = 500; // Number o f
t u r n s

6 phi = 250e-06; // Flux , Wb
7 mew_o = 4*( %pi)*(1e-07); //

P e r m e a b i l i t y o f f r e e space
8 mew_r = 300; // R e l a t i v e

p e r m e a b i l i t y
9 l = 2*(%pi)*r; // E f f e c t i v e

l eng th , m
10 B = phi/A; // Flux

d e n s i t y , T
11 // S i n c e B = ( mew r ) ∗ ( mew o ) ∗H, s o l v i n g f o r H
12 H = B /(( mew_r)*(mew_o)); // Magnet ic

f i e l d s t r e n g t h , At/m
13 // S i n c e H = F/ l , s o l v i n g f o r F
14 F = H*l; //

Magnetomotive f o r c e , At
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15 // S i n c e mmf , F = N∗ I , s o l v i n g f o r I
16 I = F/N; // E l e c t r i c

cu r r en t , A
17 printf(”\nThe v a l u e o f c u r r e n t needs to be pas s ed

through the c o i l = %4 . 2 f A”, I);

18
19 // R e s u l t
20 // The v a l u e o f c u r r e n t needs to be pas s ed through

the c o i l = 0 . 5 6 A

Scilab code Exa 4.9 Charactersittic measurements in a coil

1 // S c i l a b code Ex4 . 9 : Pg 121−122 ( 2 0 0 8 )
2 clc; clear;

3 // Part ( a )
4 I = 0.2; // E l e c t r i c cu r r en t , A
5 l = 5e-02; // E f f e c t i v e l eng th , m
6 A = 7e-04; // Cross−s e c t i o n a l area ,

metre−s qua r e
7 d = 0.5e-03; // Diametre , m
8 mew_r = 1; // R e l a t i v e p e r m e a b i l i t y

f o r wood
9 mew_o = 4*( %pi)*1e-07; // P e m e a b i l i t y f o r f r e e

space
10 N = l/d; // Number o f t u r n s
11 // S i n c e mmf i s the product o f the c u r r e n t and the

number o f turns , t h e r e f o r e , we have
12 F = N*I; // Magnetomotive f o r c e ,

At
13 // Part ( b )
14 // S i n c e magnet i c f i e l d s t r e n g t h i s d e f i n e d as the

mmf per metre l e n g t h o f the magnet i c c i r c u i t ,
t h e r e f o r e , we have

15 H = F/l; // Magnet ic
f i e l d s t r e n g t h , At/m
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16 B = ( mew_r * mew_o * H ); // Flux
d e n s i t y , T

17 // Part ( c )
18 phi = B * A; // Flux , Wb
19 printf(”\nThe mmf produced = %2d At”, F);

20 printf(”\nThe f l u x d e n s i t y produced = %3d micro−
t e s l a ”, B/1e-06);

21 printf(”\nThe f l u x produced = %5 . 3 f micro−weber ”,
phi/1e-06);

22
23 // R e s u l t
24 // The mmf produced = 20 At
25 // The f l u x d e n s i t y produced = 502 micro−t e s l a
26 // The f l u x produced = 0 . 3 5 2 micro−weber

Scilab code Exa 4.10 Coil current and relative permeaility

1 // S c i l a b code Ex4 . 1 0 : Pg 125 ( 2 0 0 8 )
2 clc; clear;

3 N = 1000; //
Number o f t u r n s on c o i l

4 r = 0.1; //
Mean r a d i u s o f t o r o i d , m

5 phi = 0.1775e-03; //
Flux d e n s i t y ( v a l u e from graph ) , Wb

6 A = %pi*1e-04; // Csa
o f t o r o i d , mˆ2

7 H = 88; //
Magnet ic f i e l d s t r e n g t h ( v a l u e from graph ) , At/m

8 B = phi/A; //
Flux d e n s i t y , T

9
10 // Part ( a )
11 l = 2*%pi*r; //

E f f e c t i v e l e n g t h o f t o r o i d , m
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12 // S i n c e H = (N∗ I ) / l , s o l v i n g f o r I
13 I = (H*l)/N ; //

E l e c t r i c c u r r e n t i n c o i l , A
14 printf(”\ nCo i l c u r r e n t = %4 . 1 f mA”, I/1e-03);

15
16 // Part ( b )
17 mew_o = 4*( %pi)*1e-07; //

P e m e a b i l i t y f o r f r e e space
18 // S i n c e B = mew o ∗ mew r ∗ H, s o l v i n g f o r mew r
19 mew_r = B/(mew_o*H); //

R e l a t i v e p e r m e a b i l i t y o f t o r o i d
20 printf(”\nThe r e l a t i v e p e r m e a b i l i t y o f t o r o i d = %4d”

,mew_r);

21
22 // R e s u l t
23 // C o i l c u r r e n t = 5 5 . 3 mA
24 // The r e l a t i v e p e r m e a b i l i t y o f t o r o i d = 5109

Scilab code Exa 4.11 Flux density and relative permeability of toroid

1 // S c i l a b code Ex4 . 1 1 : Pg 125−126 ( 2 0 0 8 )
2 clc; clear;

3 mew_o = 4*( %pi)*1e-07; // P e m e a b i l i t y f o r
f r e e space

4 l = 0.15; // Mean l eng th , m
5 N = 2500; // Number o f t u r n s
6 I = 0.3; // E l e c t r i c cu r r en t ,

A
7 // S i n c e magnet i c f i e l d s t r e n g t h i s d e f i n e d as the

mmf per metre l e n g t h o f the magnet i c c i r c u i t ,
t h e r e f o r e , we have

8 H = (N*I)/l; // Magnet ic f i e l d
s t r e n g t h , At/m

9 B = 0.75; // Flux d e n s i t y (
v a l u e taken from graph ) , T
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10 // S i n c e B = ( mew r ∗ mew o ∗ H ) , s o l v i n g f o r
mew r

11 mew_r = B/(mew_o * H); // R e l a t i v e
p e r m e a b i l i t y

12 printf(”\nThe f l u x d e s i t y o f g i v e n t o r o i d = %3 . 2 f T
”, B);

13 printf(”\nThe r e l a t i v e p e r m e a b i l i t y o f g i v e n t o r o i d
= %5 . 1 f ”, mew_r);

14
15 // R e s u l t
16 // The f l u x d e s i t y o f g i v e n t o r o i d = 0 . 7 5 T
17 // The r e l a t i v e p e r m e a b i l i t y o f g i v e n t o r o i d = 1 1 9 . 4

Scilab code Exa 4.12 Currents in differently configured toroids with same
flux

1 // S c i l a b code Ex4 . 1 2 : Pg 126−127 ( 2 0 0 8 )
2 clc; clear;

3 mew_o = 4*( %pi)*1e-07; // P e r m e a b i l i t y
f o r f r e e space

4 l = 0.1875; // Mean l eng th ,
m

5 A = 8e-05; // Cross−
s e c t i o n a l a r ea o f o f c o i l , metre−s qua r e

6 N = 750; // Number o f
t u r n s

7 phi = 112e-06; // Flux , Wb
8 l_gap = 0.5e-03; // Average

l e n g t h o f the magnet i c c i r c u i t ,m
9 B = phi/A; // Flux d e n s i t y ,

Wb
10 H = 2000; // Magnet ic

f i e l d s t r e n g t h ( v a l u e taken from graph ) , At/m
11 F_Fe = H*l; // The m.m. f i n

the i r o n pa r t o f the c i r c u i t , At
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12 // S i n c e F = I ∗N, s o l v i n g f o r I
13 I = F_Fe/N; // C o i l c u r r e n t

under normal c o n d i t i o n s , A
14 // S i n c e B = mew o ∗ H gap , s o l v i n g f o r H gap
15 H_gap = B/mew_o; // Magnet ic

f i e l d s t r e n g t h , At/m
16 // S i n c e H gap = F gap / l gap , s o l v i n g f o r F gap
17 F_gap = H_gap * l_gap; // The mmf i n

the a i r pa r t o f the c i r c u i t , At
18 F = F_Fe + F_gap; // Tota l c i r c u i t

mmf , At
19 I_new = F/N; // Current

r e q u i r e d to ma inta in the f l u x at i t s o r i g i n a l
va lue , A

20 printf(”\nThe c o i l c u r r e n t r e q u i r e d to produce a
f l u x o f %3d micro−weber i n the t o r o i d = %3 . 1 f A ”
, phi/1e-06, I);

21 printf(”\ nCurrent r e q u i r e d to ma inta in the f l u x at
i t s o r i g i n a l v a l u e = %5 . 3 f A”, I_new);

22
23 // R e s u l t
24 // The c o i l c u r r e n t r e q u i r e d to produce a f l u x o f

112 micro−weber i n the t o r o i d = 0 . 5 A
25 // Current r e q u i r e d to mainta in the f l u x at i t s

o r i g i n a l v a l u e = 1 . 2 4 3 A

Scilab code Exa 4.13 Coil current in a magnetic circuit

1 // S c i l a b code Ex4 . 1 3 : Pg 127−128 ( 2 0 0 8 )
2 clc; clear;

3 l_A = 0.25; // Mean l e n g t h o f
c i c u i t A, m

4 l_B = 0.15; // Mean l e n g t h o f
c i c u i t A, m

5 A_A = 11.5e-04; // Cross−s e c t i o n a l a r ea
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o f c i r c u i t A, metre−s qua r e
6 A_B = 12e-04; // Cross−s e c t i o n a l a r ea

o f c i r c u i t B , metre−s qua r e
7 phi = 1.5e-03; // Flux , Wb
8 N = 1000; // Number o f t u r n s
9 B_A = phi/A_A; // Flux d e n s i t y l i n k e d

with c i r c u i t A, T
10 B_B = phi/A_B; // Flux d e n s i t y l i n k e d

with c i r c u i t B , T
11 H_A = 1470; // Magnet ic f i e l d

s t r e n g t h o f c i c u i t A( v a l u e taken from graph ) ,
At/m

12 H_B = 845; // Magnet ic f i e l d
s t r e n g t h o f c i c u i t B( v a l u e taken from graph ) ,
At/m

13 // Snce H = F/ l , s o l v i n g f o r F
14 F_A = H_A * l_A; // Magnet ic f i e l d

s t r e n g t h o f c i r c u i t A, At/m
15 F_B = H_B * l_B; // Magnet ic f i e l d

s t r e n g t h o f c i r c u i t B , At/m
16 F = F_A + F_B; // Tota l c i r c u i t m.

m. f , At/m
17 I = F/N; // C o i l cu r r en t , A
18 printf(”\C o i l c u r r e n t i n the magnet i c c i r c u i t = %5 . 3

f A”, I);

19
20 // R e s u l t
21 // C o i l c u r r e n t i n the magnet i c c i r c u i t = 0 . 4 9 4 A

Scilab code Exa 4.14 Magnetomotive force required by ring for generating
desired flux

1 // S c i l a b code Ex4 . 1 4 : Pg 129−130 ( 2 0 0 8 )
2 clc; clear;

3 A = 8e-04; // Cross−
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s e c t i o n a l area , metre−s qua r e
4 d = 24e-02; // Mean

d iamet r e o f i r o n r ing , m
5 phi = 1.2e-03; // Flux ,

Wb
6 mew_r = 1200; //

R e l a t i v e p e r m e a b i l i t y
7 mew_o = 4*( %pi)*1e-07; //

P e m e a b i l i t y f o r f r e e space
8 mew_air = 1; //

P e m e a b i l i t y f o r a i r
9 l_gap = 3e-03; // Mean

l eng th , m
10 l_Fe = (%pi) * d; // Mean

l e n g t h o f i r o n c i r c u i t , m
11 S_Fe = l_Fe/(mew_r * mew_o *A); //

Re luc tance o f i r o n c i r c u i t , At/Wb
12 S_gap = l_gap /( mew_air * mew_o *A); //

Re luc tance o f gap , At/Wb
13 S = S_Fe + S_gap; // Tota l

c i r c u i t r e l u c t a n c e , At/Wb
14 // S i n c e ph i = F/S , s o l v i n g f o r F
15 F = phi*S; //

Magnetomotive f o r c e , At
16 printf(”\nThe r e q u i r e d mmf = %5 . 1 f At”, F);

17
18 // R e s u l t
19 // The r e q u i r e d mmf = 4331 At

Scilab code Exa 4.15 Reluctance and current in a circuit placed in mag-
netic field

1 // S c i l a b code Ex4 . 1 5 : Pg 130−131 ( 2 0 0 8 )
2 clc; clear;

3 N = 500; //
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Number o f t u r n s on f i r s t s e c t i o n ’ s c o i l
4 phi = 2e-03; //

Flux produced by f i r s t s e c t i o n , Wb
5 l_1 = 85e-02; //

Length o f f i r s t s e c t i o n , m
6 l_2 = 65e-02; //

Length o f s econd s e c t i o n , m
7 l_3 = 0.1e-02; //

Length o f t h i r d s e c t i o n , m
8 A_1 = 10e-04; //

Csa o f f i r s t s e c t i o n , mˆ2
9 A_2 = 15e-04; //

Csa o f s econd s e c t i o n , mˆ2
10 A_3 = 12.5e-04; //

Csa o f s econd s e c t i o n , mˆ2
11 mew_o = 4*( %pi)*1e-07; //

P e m e a b i l i t y f o r f r e e space
12 mew_r1 = 600; //

R e l a t i v e p e r m e a b i l i t y o f f i r s t s e c t i o n
13 mew_r2 = 950; //

R e l a t i v e p e r m e a b i l i t y o f s econd s e c t i o n
14 mew_r3 = 1; //

R e l a t i v e p e r m e a b i l i t y o f t h i r d s e c t i o n
15
16 // Part ( a )
17 S_1 = l_1/( mew_r1 * mew_o * A_1); //

Re luc tance o f f i r s t s e c t i o n , At/Wb
18 S_2 = l_2/( mew_r2 * mew_o * A_2); //

Re luc tance o f f i r s t s e c t i o n , At/Wb
19 S_3 = l_3/( mew_r3 * mew_o * A_3); //

Re luc tance o f f i r s t s e c t i o n , At/Wb
20 S = S_1 + S_2 + S_3; //

Tota l r e l u c t a n c e o f the c i r c u i t , At/Wb
21 printf(”\ nTota l r e l u c t a n c e o f the c i r c u i t = %4 . 2 f e

+06 At/Wb”, S*1e-06);

22
23 // Part ( b )
24 // S i n c e ph i = F/S , s o l v i n g f o r F
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25 F = phi*S; //
Magnetomotive f o r c e , At

26 // S i n c e F = N∗ I , s o l v i n g f o r I
27 I = F/N; //

E l e c t r i c c u r r e n t i n f i r s t s e c t i o n , A
28 printf(”\ n E l e c t r i c c u r r e n t i n f i r s t s e c t i o n = %4 . 2 f

A”, I);

29
30 // R e s u l t
31 // Tota l r e l u c t a n c e o f the c i r c u i t = 2 . 1 3 e+06 At/Wb
32 // E l e c t r i c c u r r e n t i n f i r s t s e c t i o n = 8 . 5 1 A
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Chapter 5

Electromagnetism

Scilab code Exa 5.1 Average emf induced into coil

1 // S c i l a b code Ex5 . 1 : Pg 145 ( 2 0 0 8 )
2 clc; clear;

3 N = 100; // Number
o f t u r n s

4 delta_phi = 10e-03; // Flux
l i n k e d with c o i l , Wb

5 delta_t = 2e-03; // Time
dur ing which f l u x changes , s

6 e =((-N)*delta_phi)/delta_t; // Average
induced emf , V

7 printf(”\nThe ave rage emf induced i n the c o i = %3d V
”, e);

8
9 // R e s u l t

10 // The ave rage emf induced i n the c o i = −500 V

Scilab code Exa 5.2 Changing flux and induced emf in the coil
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1 // S c i l a b code Ex5 . 2 : Pg 146 ( 2 0 0 8 )
2 clc; clear;

3 N = 250; //
Number o f t u r n s

4 delta_phi1 = 20e-03; // Flux
l i n k e d with c o i l , Wb

5 delta_phi2 = -16e-03; // Flux
l i n k e d with c o i l , Wb

6 delta_t1 = 0.05; // Time
, s

7 delta_t2 = 0.01; // Time
, s

8 e_1 =((-N)*delta_phi1)/delta_t1; //
Average induced emf , V

9 e_2 =((-N)*delta_phi2)/delta_t2; //
Average induced emf , V

10 printf(”\nChange i n f l u x i n f i r s t c a s e = %4 . 2 f weber
”, delta_phi1);

11 printf(”\nEmf induced i n f i r s t c a s e = %3d v o l t s ”,e_1
);

12 printf(”\nChange i n f l u x i n second c a s e = %4 . 2 f
weber ”, delta_phi2);

13 printf(”\nEmf induced i n second c a s e = %3d v o l t s ”,
e_2);

14
15 // R e s u l t
16 // Change i n f l u x i n f i r s t c a s e = 0 . 0 2 Wb
17 // Emf induced i n f i r s t c a s e = −100 V
18 // Change i n f l u x i n second c a s e = −0.02 Wb
19 // Emf induced i n second c a s e = 400 V

Scilab code Exa 5.3 Number of turns on coil

1 // S c i l a b code Ex5 . 3 : Pg 147 ( 2 0 0 8 )
2 clc; clear;
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3 e = 100; //
Induced emf , V

4 // For s i m p l i f i c a t i o n l e t ( d e l t a p h i ) /( d e l t a t ) = k
5 k = 0.1; //

Rate o f chage o f f l u x l i n k e d with c o i l , Wb/ s
6 // S i n c e e =((−N) ∗ d e l t a p h i ) / d e l t a t , s o l i n g f o r N
7 N = (e)/k; //

Number o f t u r n s
8 printf(”\nThe number o f t u r n s on the c o i l = %4d”, N)

;

9
10 // R e s u l t
11 // The number o f t u r n s on the c o i l = 1000

Scilab code Exa 5.4 Emf induced in conductor moving in uniform mag-
netic field

1 // S c i l a b code Ex5 . 4 : Pg 149 ( 2 0 0 8 )
2 clc; clear;

3 v = 5; // V e l o c i t y , m
ˆ2

4 theta =(%pi/3); // Angle ,
d e g r e e s

5 phi = 1.6e-03; // Flux , Wb
6 l = 0.1; // Length o f

p o l e f a c e , m
7 d = 0.4; // Breadth o f

p o l e f a c e , m
8 A = l*d; // Cross−

s e c t i o n a l a r ea o f p o l e f a c e , mˆ2
9 B = phi/ A; // Flux

d e n s i t y , T
10 e =( B*l*v)*sin(theta); // Induced emf

, V
11 printf(”\nThe emf induced = %5 . 4 f V”, e);
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12
13 // R e s u l t
14 // The emf induced = 0 . 0 1 7 3 V

Scilab code Exa 5.5 Density of magnetic field

1 // S c i l a b code Ex5 . 5 : Pg 149 ( 2 0 0 8 )
2 clc; clear;

3 l = 0.15; //
E f f e c t i v e l e n g t h o f conductor , m

4 v = 8; //
V e l o c i t y , mˆ2

5 theta = (%pi /180) *55; // Angle ,
d e g r e e s

6 e = 25; // Induced
emf , V

7 // S i n c e e = B∗ l ∗v∗ s i n ( t h e t a ) , s o l v i n g f o r B
8 B = e/(l*v*sin(theta)); // Flux

d e n s i t y , T
9 printf(”\nThe d e n s i t y o f the f i e l d = %5 . 3 f t e s l a ”, B

);

10
11 // R e s u l t
12 // The d e n s i t y o f the f i e l d = 2 5 . 4 3 3 T

Scilab code Exa 5.6 Emf induced in axle travelling in vertical component
of earth magnetic field

1 // S c i l a b code Ex5 . 6 : Pg 149 ( 2 0 0 8 )
2 clc; clear;

3 l = 2.2; //
E f f e c t i v e l e n g t h o f conductor , m
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4 B =38e-06; // Flux
d e n s i t y , T

5 theta = (%pi/2); // Angle ,
d e g r e e s

6 v = 800/36; // V e l o c i t y
, mˆ2

7 e = B*l*v*sin(theta); // Induced
emf , V

8 printf(”\The emf induced i n the a x l e = %4 . 2 f mV”, e

/1e-03);

9
10 // R e s u l t
11 // The emf induced i n the a x l e = 1 . 8 6 mV

Scilab code Exa 5.7 Force exerted on current carrying conductor

1 // S c i l a b code Ex5 . 7 : Pg 152 ( 2 0 0 8 )
2 clc; clear;

3 l = 0.22; //
E f f e c t i v e l e n g t h o f conductor , m

4 B = 0.35; // Flux
d e n s i t y , T

5 I = 3; // Current ,
A

6 theta = (%pi/2); // Angle ,
d e g r e e s

7 // S i n c e the f o r c e e x e r t e d on the conduc to r p l a c e d
i n magnet i c f i e l d i s d i r e c t l y p r o p o r t i o n a l to the

f l u x d e n s i t y , the v a l u e o f c u r r e n t f l o w i n g
through the conductor , and the l e n g t h o f
conduc to r l y i n g i n s i d e the f i e l d , t h e r e f o r e

8 F = B*I*l*sin(theta); // Force , N
9 printf(”\nThe f o r c e e x e r t e d on the conduc to r = %5 . 3 f

N”, F);

10
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11 // R e s u l t
12 // The f o r c e e x e r t e d on the conduc to r = 0 . 2 3 1 N

Scilab code Exa 5.8 Current carrying conductor in magnetic field

1 // S c i l a b code Ex5 . 8 : Current c a r r y i n g conduc to r i n
magnet i c f i e l d : Pg 153 ( 2 0 0 8 )

2 clc; clear;

3 phi = 2.5e-03; // Flux ,
Wb

4 l = 0.05; //
E f f e c t i v e l e n g t h o f po le , m

5 d = 0.03; //
E f f e c t i v e width o f po le , m

6 F = 1.25; // Force
e x e r t e d on conductor , N

7 A = l*d; // Cross−
s e c t i o n a l a r ea o f p o l e f a c e , mˆ2

8 B = phi/A; // Flux
d e n s i t y , T

9 theta = (%pi/2); // Angle ,
d e g r e e s

10 // S i n c e F = B∗ I ∗ l ∗ s i n ( t h e t a ) , s o l v i n g f o r I
11 I = F/(B*l*sin(theta)); // Current

i n conductor , A
12 theta_2 = (%pi/4); // New

ang le , d e g r e e s
13 F_2 = B*I*l*sin(theta_2); // Force

e x e r t e d on conductor , N
14 printf(”\nThe v a l u e o f the c u r r e n t = %2g A”, I);

15 printf(”\nThe f o r c e e x e r t e d on conduc to r when p l a c e d
at 45 d e g r e e s to the f i e l d = %5 . 3 f newton ”, F_2)

;

16
17 // R e s u l t
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18 // The v a l u e o f the c u r r e n t = 14 A
19 // The f o r c e e x e r t e d on conduc to r when p l a c e d at 45

d e g r e e s to the f i e l d = 0 . 8 8 4 N

Scilab code Exa 5.9 Torque acting on current carrying conductor placed
in magnetic field

1 // S c i l a b code Ex5 . 9 : Pg 154 ( 2 0 0 8 )
2 clc; clear;

3 l = 0.015; //
Length o f c o i l , m

4 d = 0.006; //
Width o f c o i l , m

5 B = 1.2; //
Flux d e n s i t y , T

6 I = 1e-02; //
Current , a

7 r = d/2; //
Radius o f r o t a t i o n , m

8 // S i n c e t o r q u e i s g i v e n by the product o f f o r c e and
d i s t a n c e , t h e r e f o r e , we have

9 T = 2*B*I*l*r; //
Torque , Nm

10 printf(”\nThe t o r qu e e x e r t e d on the c o i l = %4 . 2 f
micro−Nm”, T/1e-06);

11
12 // R e s u l t
13 // The t o r q u e e x e r t e d on the c o i l = 1 . 0 8 micro−Nm

Scilab code Exa 5.10 Flux density produced by magnetic pole pieces

1 // S c i l a b code Ex5 . 1 0 : Pg 155 ( 2 0 0 8 )
2 clc; clear;
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3 N = 80; // Number o f
t u r n s

4 l = 0.02; // Length o f
c o i l , m

5 r = 0.012; // Radius o f
c o i l , m

6 I = 45e-06; // Current
i n c o i l , A

7 T = 1.4e-06; // Torque
e x e r t e d on c o i l , Nm

8 A = l*r; // Cross−
s e c t i o n a l a r ea o f c o i l , mˆ2

9 // S i n c e T = 2∗B∗ I ∗ l ∗ r , s o l v i n g f o r B
10 B = T/(2*A*N*I); // Flux

d e n s i t y , T
11 printf(”\nThe f l u x d e n s i t y produced by the p o l e

p i e c e s = %4 . 2 f T”, B);

12
13 // R e s u l t
14 // The f l u x d e n s i t y produced by the p o l e p i e c e s =

0 . 8 1 T

Scilab code Exa 5.11 Force exerted between current carrying parallel con-
ductors

1 // S c i l a b code Ex5 . 1 1 : Pg 158 ( 2 0 0 8 )
2 clc; clear;

3 d = 0.035; // D i s t a n c e between
two p a r a l l e l conducto r s , m

4 I_1 = 50; // E l e c t r i c c u r r e n t
i n f i r s t c o i l , A

5 I_2 = 40; // E l e c t r i c c u r r e n t
i n second c o i l , A

6 F = ((2e-07)*I_1*I_2)/d; // Force e x e r t e d by
conducto r s , N
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7 printf(”\nThe f o r c e e x e r t e d between the c o n d u c t o r s =
%4 . 1 f mN”, F/1e-03);

8
9 // R e s u l t

10 // The f o r c e e x e r t e d between the c o n d u c t o r s = 1 1 . 4
mN

Scilab code Exa 5.12 Force on a conductor due to current in the other
conductor

1 // S c i l a b code Ex5 . 1 2 : Pg 158 ( 2 0 0 8 )
2 clc; clear;

3 d = 2; // D i s t a n c e between
two p a r a l l e l conducto r s , m

4 I_1 = 1000; // E l e c t r i c c u r r e n t
i n f i r s t c o i l , A

5 I_2 = 300; // E l e c t r i c c u r r e n t
i n second c o i l , A

6 mew_o = 4*( %pi)*1e-07; // P e r m e a b i l i t y f o r
f r e e space

7 B = (mew_o*I_1)/d; // Flux d e n s i t y due
to f i r s t c o i l , T

8 F = ((2e-07)*I_1*I_2)/d; // Force e x e r t e d by
conducto r s , N

9 printf(”\nThe f l u x d e n s i t y at a d i s t a n c e o f %1d m
from the c e n t r e o f a conduc to r c a r r y i n g a c u r r e n t

o f %4d A = %5. 3 f mT”, d, I_1 , B/1e-03);

10 printf(”\ nForce e x e r t e d by c o n d u c t o r s = %2d mN”, F/1

e-03);

11
12 // R e s u l t
13 // The f l u x d e n s i t y at a d i s t a n c e o f 2 m from the

c e n t r e o f a conduc to r c a r r y i n g a c u r r e n t o f 1000
A = 0 . 6 2 8 mT

14 // Force e x e r t e d by c o n d u c t o r s = 30 mN
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Scilab code Exa 5.13 Shunt resistance to increase the range of ammeter

1 // S c i l a b code Ex5 . 1 3 : Pg 163 ( 2 0 0 8 )
2 clc; clear;

3 R_c = 40; // R e s i s t a n c e o f
c o i l , ohm

4 I_fsd = 5e-04; // Ful l−s c a l e
d e f l e c t i o n cu r r en t , A

5 I = 3; // Current
r ead ing , A

6 V_c = I_fsd*R_c; // P o t e n t i a l
d i f f e r e n c e , V

7 // S i n c e I = I s + I f s d , s o l v i n g f o r I s
8 I_s = I-I_fsd; // Shunt

cu r r en t , A
9 // From Ohm’ s law , V c = I s ∗R s , s o l v i n g f o r R s

10 R_s = V_c/I_s; // Shunt
r e s i s t a n c e , ohm

11 printf(”\nThe v a l u e o f r e q u i r e d shunt r e s i s t a n c e =
%4 . 2 f m i l l i −ohm”, R_s/1e-03);

12
13 // R e s u l t
14 // The v a l u e o f r e q u i r e d shunt r e s i s t a n c e = 6 . 6 7

m i l l i −ohm

Scilab code Exa 5.14 Multipler resistance to increase the range of volt-
meter

1 // S c i l a b code Ex5 . 1 4 : Pg 163−164 ( 2 0 0 8 )
2 clc; clear;

3 R_c = 40; // R e s i s t a n c e o f
c o i l , ohm
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4 I_fsd = 5e-04; // Fu l l−s c a l e
d e f l e c t i o n cu r r en t , A

5 I_fsd = 5e-04; // Fu l l−s c a l e
d e f l e c t i o n cu r r en t , A

6 V = 10; // Vo l tage
r e a d i n g range , V

7 V_c = 0.02; // P o t e n t i a l
d i f f e r e n c e a c r o s s c o i l r e s i s t a n c e , V

8 // From Ohm’ s law , V = I f s d ∗R, s o l v i n g f o r R
9 R = V/I_fsd; // Tota l

r e s i s t a n c e , ohm
10 // S i n c e R = R m + R c , s o l v i n g R m
11 R_m = R - R_c; // M u l t i p l i e r

r e s i s t a n c e , ohm
12 printf(”\nThe r e q u i r e d v a l u e o f m u l t i p l i e r

r e s i s t a n c e = %5 . 2 f k i l o−ohms”, R_m*1e-03);

13
14 // R e s u l t
15 // The r e q u i r e d v a l u e o f m u l t i p l i e r r e s i s t a n c e =

1 9 . 9 6 k i l o−ohms

Scilab code Exa 5.15 Shunt and multiplier resistance for a moving coil
multimeter

1 // S c i l a b code Ex5 . 1 5 : Pg 164−165 ( 2 0 0 8 )
2 clc; clear;

3 R_c = 1500; // C o i l
r e s i s t a n c e , ohm

4 I_fsd = 75e-06; // Fu l l−
s c a l e d e f l e c t i o n cu r r en t , A

5 I = 5; // Current
range , A

6 V = 10; // Vo l tage
range , V

7 // Part ( a )
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8 // Using Ohm’ s law ,
9 V_c = I_fsd*R_c; //

P o t e n t i a l d i f f e r e n c e a c r o s s c o i l r e s i s t a n c e , V
10 // S i n c e I = I s + I f s d , s o l v i n g f o r I s
11 I_s = I-I_fsd; // Shunt

cu r r en t , A
12 // From Ohm’ s law , V c = I s ∗R s , s o l v i n g f o r R s
13 R_s = V_c/I_s; // Shunt

r e s i s t a n c e , ohm
14 // Part ( b )
15 // S i n c e = V = V m + V c , s o l v i n g f o r V m
16 V_m = V - V_c; // P o t e n t i a l

d i f f e r e n c e a c r o s s m u l t i p l i e r r e s i s t a n c e , V
17 // From Ohm’ s law , V m = I f s d ∗R m , s o l v i n g f o r R m
18 R_m = V_m/I_fsd // M u l t i p l i e r

r e s i s t a n c e , ohm
19 printf(”\nThe r e q u i r e d v a l u e o f shunt r e s i s t a n c e =

%4 . 1 f mega−ohm”, R_s/1e-03);

20 printf(”\nThe r e q u i r e d v a l u e o f m u l t i p l i e r
r e s i s t a n c e = %4 . 1 f mega−ohm”, R_m*1e-03);

21
22 // R e s u l t
23 // The r e q u i r e d v a l u e o f shunt r e s i s t a n c e = 2 2 . 5

mega−ohm
24 // The r e q u i r e d v a l u e o f m u l t i p l i e r r e s i s t a n c e =

1 3 1 . 8 3 mega−ohm

Scilab code Exa 5.16 Potential difference indicated by AVO and percent-
age error in reading

1 // S c i l a b code Ex5 . 1 6 : Pg 166 ( 2 0 0 8 )
2 clc; clear;

3 R_1 = 30; // R e s i s t a n c e ,
ohm

4 R_2 = 70; // R e s i s t a n c e ,
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ohm
5 R_in = 200; // I n t e r n a l

r e s i s t a n c e o f meter , ohm
6 V = 12; // Supply

v o l t a g e , V
7 // Using v o l t a g e d i v i d e r r u l e , we have
8 V_2t = (R_2 /(R_1 + R_2))*V // True

v a l u e o f p . d a c r o s s r e s i s t a n c e R 2 , V
9 // S i n c e the r s i s t a n c e s R 2 and R−i n a r e p a r a l l e l ,

so t h e i r e q u i v a l e n t r e s i s t a n c e i s g i v e n t h e i r
p a r a l l e l combinat ion

10 R_BC = (R_2 * R_in)/(R_2 + R_in);

// R e s i s t a n c e , ohms
11 // Using the p o t e n t i a l d i v i d e r t e chn ique ,
12 V_2i = (R_BC / ( R_BC + R_1 ))*V

// I n d i c a t e d v a l u e o f p . d
a c r o s s by vo l tmet r e , v o l t s

13 err = (( V_2i -V_2t ) / V_2t)*100

// Pe r c en tage e r r o r i n the
r e a d i n g

14 printf(”\nThe p . d . i n d i c a t e d by the meter = %3 . 1 f V”
, V_2i);

15 printf(”\nThe p e r c e n t a g e e r r o r i n the r e a d i n g = %4 . 2
f p e r c e n t ”, err);

16
17
18 // R e s u l t
19 // The p . d . i n d i c a t e d by the meter = 7 . 6 V
20 // The p e r c e n t a g e e r r o r i n the r e a d i n g = −9.50

p e r c e n t

Scilab code Exa 5.17 Potential difference measured by multimeter and
percentage error in reading

1 // S c i l a b code Ex5 . 1 7 : Pg 168−169 ( 2 0 0 8 )
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2 clc; clear;

3 R_in = 200; //
I n t e r n a l r e s i s t a n c e o f meter , k i l o−ohms

4 V = 10; //
Supply v o l t a g e , v o l t s

5 R_1 = 10; //
R e s i s t a n c e , k i l o−ohms

6 R_2 = 47; //
R e s i s t a n c e , k i l o−ohms

7 V_1 = R_1/(R_1+R_2)*V // P . d
a c r o s s r e s i s t a n c e R 1 , V

8 V_2 = R_2/(R_1+R_2)*V // P . d
a c r o s s r e s i s t a n c e R 2 , V

9 // Part ( a )
10 R_AB = (R_1 * R_in)/(R_1 + R_in);

// R e s i s t a n c e , k i l o−ohms
11 V_AB = (R_AB / ( R_AB + R_2 ))*V

// True v a l u e o f p . d a c r o s s
by vo l tmet r e , V

12 R_BC = (R_2 * R_in)/(R_2 + R_in);

// R e s i s t a n c e , k i l o−ohms
13 V_BC = (R_BC / ( R_BC + R_1 ))*V

// I n d i c a t e d v a l u e o f p . d
a c r o s s by vo l tmet r e , V

14 // Part ( b )
15 // Er ro r f o r V 1 measurement
16 error_AB = (V_AB - V_1)/V_1 *100

// Pe r c en tage e r r o r i n the
r e a d i n g

17 // Er ro r f o r V 2 measurement
18 error_BC = (V_BC -V_2)/V_2 *100

// Pe r c en tage e r r o r i n
the r e a d i n g

19 printf(”\nThe p . d . i n d i c a t e d by the meter a c r o s s
f i r s t r e s i s t o r = %4 . 2 f V”, V_AB);

20 printf(”\nThe p . d . i n d i c a t e d by the meter a c r o s s
second r e s i s t o r = %4 . 2 f V”, V_BC);

21 printf(”\ nPercentage e r r o r f o r V 1 measurement = %4
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. 2 f p e r c e n t ”, error_AB);

22 printf(”\ nPercentage e r r o r f o r V 2 measurement = %4
. 2 f p e r c e n t ”, error_BC);

23
24 // R e s u l t
25 // The p . d . i n d i c a t e d by the meter a c r o s s f i r s t

r e s i s t o r = 1 . 6 8 V
26 // The p . d . i n d i c a t e d by the meter a c r o s s s econd

r e s i s t o r = 7 . 9 2 V
27 // Pe r c en tage e r r o r f o r V 1 measurement = −3.96

p e r c e n t
28 // Pe r c en tage e r r o r f o r V 2 measurement = −3.96

p e r c e n t

Scilab code Exa 5.18 Emf induced in coil due to changing current

1 // S c i l a b code Ex5 . 1 8 : Pg 176 ( 2 0 0 8 )
2 clc; clear;

3 L = 0.25;

// S e l f−i nduc tance , H
4 delta_I = 250e-03;

// Change i n cu r r en t , A
5 delta_t = 25e-03;

// Time , s
6 e = ((-L)*delta_I)/( delta_t);

// Induced emf , V
7 printf(”\nThe v a l u e o f emf induced = %3 . 1 f V”, e);

8
9 // R e s u l t

10 // The v a l u e o f emf induced = 2 . 5 V

Scilab code Exa 5.19 Inductance of a circuit with changing current
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1 // S c i l a b code Ex5 . 1 9 : Pg 176 ( 2 0 0 8 )
2 clc; clear;

3 e = 30; // Induced emf , V
4 // For s i m p l i c i t y , l e t r a t e o f change o f c u r r e n t i . e

d e l t a I / d e l t a t = k
5 k = 200; // Rate o f

change o f cu r r en t , ampere−s econd
6 // S i n c e e = ((−L) ∗ d e l t a I ) /( d e l t a t ) , s o l v i n g f o r L
7 L = e/k; // S e l f−

i nduc tance , H
8 printf(”\nThe i n d u c t a n c e o f the c i r c u i t = %4 . 2 f H”,

L);

9
10 // R e s u l t
11 // The i n d u c t a n c e o f the c i r c u i t = 0 . 1 5 H

Scilab code Exa 5.20 Required rate of change of current to induce desired
emf in a coil

1 // S c i l a b code Ex5 . 2 0 : Pg 176 ( 2 0 0 8 )
2 clc; clear;

3 L = 50e-03; // S e l f−
i nduc tance , H

4 e = 8; // Induced
emf , V

5 // S i n c e e = ((−L) ∗ d e l t a I ) /( d e l t a t ) , s o l v i n g f o r
d e l t a I / d e l t a t , and f o r s i m p l i c i t y l e t t i n g the
r a t e o f change o f c u r r e n t i . e d e l t a I / d e l t a t = k

6 k = e/L; // Rate o f change o f
cu r r en t , As

7 printf(”\nThe r a t e o f change o f c u r r e n t = %3d A/ s ”,k
);

8
9 // R e s u l t

10 // The r a t e o f change o f c u r r e n t = 160 A/ s
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Scilab code Exa 5.21 Inductance of coil and emf induced in it

1 // S c i l a b code Ex5 . 2 1 : Pg 178 ( 2 0 0 8 )
2 clc; clear;

3 N = 150; // Number o f
t u r n s i n a c o i l

4 I = 10; // E l e c t r i c
c u r r e n t f l o w i n g through c o i l , A

5 phi = 0.10; // Flux , Wb
6 delta_t = 0.1; // Time , s
7 // Part ( a )
8 L = (N * phi)/I // S e l f−

i nduc tance , H
9 delta_I = 20; // Change i n

cu r r en t , A
10 // Part ( b )
11 e = abs((-L*delta_I)/( delta_t)); // Induced

emf , V
12 printf(”\nThe i n d u c t a n c e o f the c o i = %3 . 1 f H”, L);

13 printf(”\nThe emf induced i n the c o i l = %2d V”, e);

14
15 // R e s u l t
16 // The i n d u c t a n c e o f the c o i = 1 . 5 H
17 // The emf induced i n the c o i l = 300 V

Scilab code Exa 5.22 Emf induced in coil due to decreasing current

1 // S c i l a b code Ex5 . 2 2 : Pg 178 ( 2 0 0 8 )
2 clc; clear;

3 I_1 = 8; //
E l e c t r i c cu r r en t , A
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4 I_2 = 2; //
E l e c t r i c cu r r en t , A

5 N = 3000; // Number
o f t u r n s i n a c o i l

6 phi_1 = 4e-03; // Flux ,
Wb

7 delta_t = 0.1; // R e v e r s a l t ime o f cu r r en t , s
8 L = (N * phi_1)/I_1; // S e l f−

i nduc tance , H
9 delta_I = I_1 - I_2; //

Change i n cu r r en t , A
10 e = ((L)*delta_I)/( delta_t); // Induced emf ,

V
11 printf(”\nThe emf induced i n the c o i l = %2d v o l t s ”,

e);

12
13 // R e s u l t
14 // The emf induced i n the c o i l = 90 V

Scilab code Exa 5.23 Factors affecting inductance

1 // S c i l a b code Ex5 . 2 3 : Pg 179−180 ( 2 0 0 8 )
2 clc; clear;

3 N_1 = 600; // Number
o f t u r n s i n a c o i l i n f i r s t c a s e

4 N_2 = 900; // Number
o f t u r n s i n a c o i l i n secnd c a s e

5 N_3 = 900; // Number
o f t u r n s i n a c o i l i n t h i r d c a s e

6 l = 45e-03; //
E f f e c t i v e l e n g t h o f c o i l , m

7 A = 4e-04; // Cross−
s e c t i o n a l a r ea o f c o i l , mˆ2

8 mew_o = 4*( %pi)*1e-07; //
P e m e a b i l i t y f o r f r e e space
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9 mew_r1 = 1; //
R e l a t i v e p e r m e a b i l i t y i n f i r s t c a s e

10 mew_r2 = 1; //
R e l a t i v e p e r m e a b i l i t y i n second c a s e

11 // Part ( a )
12 mew_r3 = 75; //

R e l a t i v e p e r m e a b i l i t y i n t h i r d c a s e
13 L_1 = (mew_o*mew_r1 *(N_1^2)*A)/l; // S e l f−

i n d u c t a n c e o f c o i l i n f i r s t case , H
14 // Part ( b )
15 // S i n c e s e l f −i n d u c t a n c e o f a c o i l i s d i r e c t l y

p r o p o r t i o n a l to the number o f t u r n s i n a c o i l ,
t h e r e f o r e , we have L 2 / L 1 = ( N 2 ˆ2) /( N 1 ˆ2) ,
s o l v i n g f o r L 2

16 L_2 = (L_1*(N_2 ^2))/(N_1^2); // S e l f−
i n d u c t a n c e o f c o i l i n second case , H

17 // Part ( c )
18 // S i n c e mew r3 = 75∗mew r2 , k e ep ing a l l o t h e r

q u a n t i t i e s same we have
19 L_3 = mew_r3*L_2; // S e l f−i n d u c t a n c e o f

c o i l i n t h i r d case , H
20 printf(”\ n S e l f−i n d u c t a n c e o f c o i l i n f i r s t c a s e = %4

. 2 f mH”,L_1/1e-03);
21 printf(”\ n S e l f−i n d u c t a n c e o f c o i l i n second c a s e =

%5 . 3 f mH”, L_2/1e-03);

22 printf(”\ n S e l f−i n d u c t a n c e o f c o i l i n t h i r d c a s e = %5
. 3 f H”, L_3);

23
24 // R e s u l t
25 // S e l f−i n d u c t a n c e o f c o i l i n f i r s t c a s e = 4 . 0 2 mH
26 // S e l f−i n d u c t a n c e o f c o i l i n second c a s e = 9 . 0 4 8 mH
27 // S e l f−i n d u c t a n c e o f c o i l i n t h i r d c a s e = 0 . 6 7 9 H

Scilab code Exa 5.24 elf and mutual inductances of coil
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1 // S c i l a b code Ex5 . 2 4 : SPg 182 ( 2 0 0 8 )
2 clc; clear;

3 N_A = 2000; //
Number o f t u r n s i n a c o i l A

4 N_B = 1500; //
Number o f t u r n s i n a c o i l B

5 I_A = 0.5; //
E l e c t r i c c u r r e n t i n c o i l A, A

6 phi_A = 60e-06; // Flux
l i n k e d with c o i l A, Wb

7 // Part ( a )
8 L_A = (N_A*phi_A)/I_A; // S e l f−

i n d u c t a n c e o f c o i l A
9 phi_B = 0.83*(60e-06); // Flux

l i n k e d with c o i l B , Wb
10 // Part ( b )
11 M = (N_B*phi_B)/I_A; //

Mutual i n d u c t a n c e o f the two c o i l s , H
12 printf(”\ n S e l f−i n d u c t a n c e o f c o i l A = %4 . 2 f H”, L_A)

13 printf(”\nMutual i n d u c t a n c e o f the two c o i l s = %5 . 3 f
H”, M)

14
15 // R e s u l t
16 // S e l f−i n d u c t a n c e o f c o i l A = 0 . 2 4 H
17 // Mutual i n d u c t a n c e o f the two c o i l s = 0 . 1 4 9 H

Scilab code Exa 5.25 Self inductance of coil

1 // S c i l a b code Ex5 . 2 5 : Pg 183 ( 2 0 0 8 )
2 clc; clear;

3 N = 400; // Number
o f t u r n s i n a c o i l

4 l = 0.25; //
E f f e c t i v e l e n g t h o f c o i l , m

5 A = 4.5e-04; // Cross−
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s e c t i o n a l area , mˆ2
6 mew_r = 180; // R e l a t i v e

p e r m e a b i l i t y
7 mew_o = 4*( %pi)*1e-07; //

P e m e a b i l i t y f o r f r e e space
8 L = (mew_o*mew_r *(N^2)*A)/l // S e l f−

i n d u c t a n c e o f c o i l , H
9 printf(”\nThe s e l f i n d u c t a n c e o f the c o i l = %2d

m i l l i −henry ”, L/1e-03);

10
11 // R e s u l t
12 // The s e l f i n d u c t a n c e o f the c o i l = 65 mH

Scilab code Exa 5.26 Mutual inductance of coils and emf induced in them

1 // S c i l a b code Ex5 . 2 6 : Pg 183 ( 2 0 0 8 )
2 clc; clear;

3 L_1 = 65e-03; // S e l f−
i n d u c t a n c e o f f i r s t c o i l , H

4 delta_I = 1.5; // Change i n
cu r r en t , A

5 delta_t = 3e-03; // Time , s
6 k = 0.95; // 95 p e r c e n t

o f f l u x produced
7 N_1 = 400; // Number

o f t u r n s i n a c o i l A
8 N_2 = 650; // Number

o f t u r n s i n a c o i l B
9 // Part ( a )

10 // S i n c e s e l f −i n d u c t a n c e o f a c o i l i s d i r e c t l y
p r o p o r t i o n a l to the number o f t u r n s i n a c o i l ,
t h e r e f o r e , we have L 2 / L 1 = ( N 2 ˆ2) /( N 1 ˆ2) ,
s o l v i n g f o r L 2

11 L_2 = (L_1*(N_2 ^2))/(N_1^2) // S e l f−
i n d u c t a n c e o f s econd c o i l , H
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12 // Part ( b )
13 M = k*sqrt(L_1*L_2); // Mutual

i n d u c t a n c e o f two c o i l s , H
14 // Part ( c )
15 e_1 = ((L_1)*delta_I)/( delta_t); //

Induced emf i n f i r s t c o i l , V
16 // Part ( d )
17 e_2 = (M*delta_I)/delta_t; //

Induced emf i n second c o i l , V
18 printf(”\nThe s e l f −i n d u c t a n c e o f c o i l 2 = %3d mH”,

L_2/1e-03)

19 printf(”\nThe v a l u e o f mutual i n d u c t a n c e = %3d mH”,
M/1e-03)

20 printf(”\nThe s e l f −i nduced emf i n c o i l 1 = %4 . 1 f V”,
e_1)

21 printf(”\nThe mutua l ly induced emf i n c o i l 2 = %2d V
”, e_2)

22
23 // R e s u l t
24 // The s e l f −i n d u c t a n c e o f c o i l 2 = 171 mH
25 // The v a l u e o f mutual i n d u c t a n c e = 100 mH
26 // The s e l f −i nduced emf i n c o i l 1 = 3 2 . 5 V
27 // The mutua l ly induced emf i n c o i l 2 = 50 V

Scilab code Exa 5.27 Energy stored in an inductor

1 // S c i l a b code Ex5 . 2 7 : Pg 185 ( 2 0 0 8 )
2 clc; clear;

3 L = 50e-03; // S e l f−
i n d u c t a n c e o f c o i l , H

4 I = 0.75; //
E l e c t r i c c u r r e n t i n c o i l , A

5 W = (L*(I^2))/2 // Energy
s t o r ed , J

6 printf(”\nEnergy s t o r e d i n the i n d u c t o r = %4 . 1 f mJ”,
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W/1e-03)

7
8 // R e s u l t
9 // Energy s t o r e d i n the i n d u c t o r = 1 4 . 1 mJ

Scilab code Exa 5.28 Energy stored in series and parallel combination of
inductors

1 // S c i l a b code Ex5 . 2 8 : Pg 185−186 ( 2 0 0 8 )
2 clc; clear;

3 L_1 = 25e-03; // S e l f−
i n d u c t a n c e o f f i r s t c o i l , H

4 L_2 = 40e-03; // S e l f−
i n d u c t a n c e o f s econd c o i l , H

5 I = 0.25; //
E l e c t r i c c u r r e n t i n c o i l s , A

6 k =0.8; //
Coupl ing c o e f f i c i e n t

7 // Part ( a )
8 W_1 = (L_1*(I^2))/2; // Energy

s t o r e d i n f i r s t c o i l , J
9 W_2 = (L_2*(I^2))/2; // Energy

s t o r e d i n second c o i l , J
10 M = k*sqrt(L_1*L_2); // Mutual

i n d u c t a n c e o f c o i l s
11 // Part ( b )
12 W_M = M*(I)*(I); // Energy

s t o r e d due to mutual i n d u c t a n c e o f c o i l s , J
13 W_sa = W_1 + W_2 + W_M; //

Energy s t o r e d by two i n d u c t o r s when connec t ed i n
s e r i e s a i d i n g , J

14 W_so = W_1 + W_2 - W_M; //
Energy s t o r e d by two i n d u c t o r s when connec t ed i n
s e r i e s o p p o s i t i o n , J

15 printf(”\nEnergy s t o r e d i n f i r s t c o i l = %4 . 2 f mJ”,
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W_1/1e-03)

16 printf(”\nEnergy s t o r e d i n second c o i l = %4 . 2 f mJ”,
W_2/1e-03)

17 printf(”\nEnergy s t o r e d by two i n d u c t o r s when
connec t ed i n s e r i e s a i d i n g = %3 . 1 f mJ”, W_sa/1e

-03)

18 printf(”\nEnergy s t o r e d by two i n d u c t o r s when
connec t ed i n s e r i e s o p p o s i t i o n = %4 . 2 f mJ”, W_so

/1e-03)

19
20 // R e s u l t
21 // Energy s t o r e d i n f i r s t c o i l = 0 . 7 8 mJ
22 // Energy s t o r e d i n second c o i l = 1 . 2 5 mJ
23 // Energy s t o r e d by two i n d u c t o r s when connec t ed i n

s e r i e s a i d i n g = 3 . 6 mJ
24 // Energy s t o r e d by two i n d u c t o r s when connec t ed i n

s e r i e s o p p o s i t i o n = 0 . 4 5 mJ

Scilab code Exa 5.29 Turns on a coil and turn ratio

1 // S c i l a b code Ex5 . 2 9 : Pg 189 ( 2 0 0 8 )
2 clc; clear;

3 V_2 = 60; // Output v o l t a g e ,
V

4 V_1 = 240; // Input v o l t a g e ,
V

5 N_2 = 500; // Secondary t u r n s
6 // Part ( a )
7 // For s i m p l i c i t y l e t V 1/V 2 = N 1/N 2 = k
8 k = V_1/V_2 // Turns r a t i o
9 // Part ( b )

10 // S i n c e V 1/V 2 = N 1/N 2 , s o l v i n g f o r N 1
11 N_1 = k*N_2; // Primary t u r n s
12 printf(”\nThe r e q u i r e d t u r n s r a t i o = %1d : 1 ”, k)

13 printf(”\nThe number o f pr imary t u r n s = %4d”, N_1)
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14
15 // R e s u l t
16 // The r e q u i r e d t u r n s r a t i o = 4 : 1
17 // The number o f pr imary t u r n s = 2000

Scilab code Exa 5.30 Transformer rating and turn ratio

1 // S c i l a b code Ex5 . 2 8 : Pg 189 ( 2 0 0 8 )
2 clc; clear;

3 R_L = 15; // Load
r e s i s t o r , ohms

4 V_2 = 240; // Terminal
p . d at secondary , V

5 V_1 = 600; // Supply
v o l t a g e , V

6 // Part ( a )
7 // S i n c e V 1/V 2 = N 1/N 2 = k
8 k = V_1/V_2; // Turns

r a t i o
9 // Part ( b )

10 I_2 = V_2/R_L; // Current
drawn by the load , A

11 P_2 = V_2*I_2; // Power
drawn by the load , W

12 // Part ( c )
13 I_1 = P_2/V_1 // Current

drawn from the supply , A
14 printf(”\nThe t r a n s f o r m e r t u r n s r a t i o = %3 . 1 f : 1 ”, k)

;

15 printf(”\nThe c u r r e n t drawn by the l oad = %2d A”,I_2
);

16 printf(”\nThe power drawn by the l oad = %4 . 2 f W”,
P_2*1e-03);

17 printf(”\nThe c u r r e n t drawn from the supp ly = %3 . 1 f
A”, I_1);
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18
19 // R e s u l t
20 // The t r a n s f o r m e r t u r n s r a t i o = 2 . 5 : 1
21 // The c u r r e n t drawn by the l oad = 16 A
22 // The power drawn by the l oad = 3 . 4 8 W
23 // The c u r r e n t drawn from the supp ly = 6 . 4 A
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Chapter 6

Alternating Quantities

Scilab code Exa 6.1 Alternating Voltage

1 // S c i l a b code Ex6 . 1 : Pg 202 ( 2 0 0 8 )
2 clc; clear;

3 // Comparing a l t e r n a t i n g v o l t a g e v = 35∗ s i n ( 3 1 4 . 2 ∗ t )
with the s tandard Eq .

4 // Part ( a )
5 V_m = 35; // Maximum v a l u e o f a l t e r n a t i n g v o l t a g e ,

v o l t
6
7 // Part ( b )
8 f = poly(0, ” f ”); // D e c l a r e a v a r i a b l e f o r

f r e q .
9 f = roots (2* %pi*f - 314.2); // Frequency o f

waveform , Hz
10
11 // Part ( c )
12 T = 1/f; // Time p e r i o d o f waveform , s e c
13
14 // Part ( d )
15 t = 3.5; // Time with r e f e r e n c e to z e r o c r o s s i n g ,

s e c
16 v = 35*sin(2* %pi *50*3.5*1e-03); // Vo la tge v a l u e
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a f t e r the waveform p a s s e s through zero , go ing
p o s i t i v e

17
18 printf(”\nThe maximum v a l u e o f a l t e r n a t i n g v o l t a g e =

%2d v o l t ”, V_m);

19 printf(”\nThe f r e q u e n c y o f a l t e r n a t i n g v o l t a g e = %2d
Hz”, f);

20 printf(”\nThe t ime p e r i o d o f a l t e r n a t i n g v o l t a g e =
%3 . 1 f ms”, T/1e-03);

21 printf(”\nThe v o l a t g e v a l u e a f t e r the waveform
p a s s e s through z e r o = %5 . 2 f v o l t ”, v);

22
23 // R e s u l t
24 // The maximum v a l u e o f a l t e r n a t i n g v o l t a g e = 35

v o l t
25 // The f r e q u e n c y o f a l t e r n a t i n g v o l t a g e = 50 Hz
26 // The t ime p e r i o d o f a l t e r n a t i n g v o l t a g e = 2 0 . 0 ms
27 // The v o l a t g e v a l u e a f t e r the waveform p a s s e s

through z e r o = 3 1 . 1 9 v o l t

Scilab code Exa 6.2 Frequency and time for alternating current

1 // S c i l a b code Ex6 . 2 : Pg 202 ( 2 0 0 8 )
2 clc; clear;

3 // Part ( a )
4 f = poly(0, ” f ”); // D e c l a r e a v a r i a b l e f o r

f r e q .
5 // Given i = 75∗ s i n (200∗%pi∗ t ) mA which on comparing

with the g e n e r a l e x p r e s s i o n g i v e s
6 f = roots (2* %pi*f - 200* %pi); // Frequency o f

a l t e r n a t i n g cu r r en t , Hz
7
8 // Part ( b )
9 i = 35; // A l t e r n a t i n g c u r r e n t a f t e r p a s s i n g

through zero , mA
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10 t = asin(i/75) /(200* %pi*1e-03); // Time taken f o r
c u r r e n t to r ea ch 35 mA, ms

11
12 printf(”\nThe f r e q u e n c y o f a l t e r n a t i n g c u r r e n t = %2d

Hz”, f);

13 printf(”\nThe t ime taken f o r c u r r e n t to r ea ch 35 mA
= %5. 3 f mA”, t);

14
15 // R e s u l t
16 // The f r e q u e n c y o f a l t e r n a t i n g c u r r e n t = 100 Hz
17 // The t ime taken f o r c u r r e n t to r ea ch 35 mA = 0 . 7 7 3

mA

Scilab code Exa 6.3 Standard expression for ac current from its average
value

1 // S c i l a b code Ex6 . 3 : Pg 204 ( 2 0 0 8 )
2 clc; clear;

3 V_av = 3.5; // Average v a l u e o f s i n u s o i d a l
a l t e r n a t i n g v o l t a g e , V

4 T = 6.67e-03; // Time p e r i o d o f a l t e r n a t i n g
cu r r en t , s

5 V_m = V_av /0.637; // Peak v a l u e o f a l t e r n a t i n g
cu r r en t , V

6 f = 1/T; // Frequency o f a l t e r n a t i n g v o l a t g e , Hz
7 printf(”\nThe s tandard e x p r e s s i o n f o r %3 . 1 f v o l t a g e

= %3 . 1 f s i n (%3d∗ p i ∗ t ) v o l t ”, V_av , V_m , round (2*f

));

8
9 // R e s u l t

10 // The s tandard e x p r e s s i o n f o r 3 . 5 v o l t a g e = 5 . 5 s i n
(300∗ p i ∗ t ) v o l t
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Scilab code Exa 6.4 Instantaneous value of sinusoidal alternating voltage

1 // S c i l a b code Ex6 . 4 : Pg 204 ( 2 0 0 8 )
2 clc; clear;

3 V_av = 3.5; // Average v a l u e o f s i n u s o i d a l
a l t e r n a t i n g v o l t a g e , V

4 T = 6.67e-03; // Time p e r i o d o f a l t e r n a t i n g
v o l t a g e , s

5 V_m = V_av /0.637; // Peak v a l u e o f a l t e r n a t i n g
v o l t a g e , V

6 f = 1/T; // Frequency o f a l t e r n a t i n g v o l a t g e , Hz
7 // Part ( a )
8 t = 0.5e-03; // Time taken by the waveform a f t e r

p a s s i n g through zero , s
9 v = V_m*sin(2* %pi*f*t); // I n s t a n t a n e o u s v a l u e

o f a l t e r n a t i n g v o l t a g e , s
10 printf(”\nThe i n s t a n t a n e o u s v a l u e o f a l t e r n a t i n g

v o l t a g e a f t e r %3 . 1 f ms = %3 . 1 f v o l t ”, t/1e-03, v)

;

11 // Part ( b )
12 t = 4.5e-03; // Time taken by the waveform a f t e r

p a s s i n g through zero , s
13 v = V_m*sin(2* %pi*f*t); // I n s t a n t a n e o u s v a l u e

o f a l t e r n a t i n g v o l t a g e , s
14 printf(”\nThe i n s t a n t a n e o u s v a l u e o f a l t e r n a t i n g

v o l t a g e a f t e r %3 . 1 f ms = %3 . 1 f v o l t ”, t/1e-03, v)

;

15
16 // Part ( c )
17 v = 3; // A l t e r n a t i n g v o l t a g e a f t e r p a s s i n g

through zero , mA
18 t = asin(v/V_m)/(2* %pi*f); // Time taken f o r

c u r r e n t to r ea ch 3 V, s
19 printf(”\nThe t ime taken f o r v o l t a g e to r each %1d

v o l t = %5 . 3 f ms”, v, t/1e-03);

20
21 // R e s u l t
22 // The i n s t a n t a n e o u s v a l u e o f a l t e r n a t i n g v o l t a g e
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a f t e r 0 . 5 ms = 2 . 5 v o l t
23 // The i n s t a n t a n e o u s v a l u e o f a l t e r n a t i n g v o l t a g e

a f t e r 4 . 5 ms = −4.9 v o l t
24 // The t ime taken f o r v o l t a g e to r ea ch 3 v o l t =

0 . 6 1 3 ms

Scilab code Exa 6.5 Amplitude fo the household supply voltage

1 // S c i l a b code Ex6 . 5 : Pg 206 ( 2 0 0 8 )
2 clc; clear;

3 V = 240; // Rms v l a u e o f a l t e r n a t i n g v o l t a g e ,
v o l t

4 V_m = sqrt (2)*V; // Peak v a l u e o f a l t e r n a t i n g
v o l t a g e , v o l t

5 printf(”\nThe ampl i tude o f househo ld %3d v o l t supp ly
= %5 . 1 f v o l t ”, V, V_m);

6
7 // R e s u l t
8 // The ampl i tude o f househo ld 240 v o l t supp ly =

3 3 9 . 4 v o l t

Scilab code Exa 6.6 Minimum voltage rating of capacitor

1 // S c i l a b code Ex6 . 6 : Pg 207 ( 2 0 0 8 )
2 clc; clear;

3 pf = 2.5; // Peak f a c t o r o f non−s i n u s o i d a l
a l t e r n a t i n g v o l t a g e

4 V = 240; // Rms v l a u e o f a l t e r n a t i n g v o l t a g e ,
v o l t

5 V_m = pf*V; // Peak v a l u e o f a l t e r n a t i n g v o l t a g e ,
v o l t

6 printf(”\nThe a b s o l u t e minimum working v o l t a g e = %3d
v o l t ”, V_m);
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7
8 // R e s u l t
9 // The a b s o l u t e minimum working v o l t a g e = 600 v o l t

Scilab code Exa 6.7 Rectangular coil rotating in uniform magnetic field

1 // S c i l a b code Ex6 . 7 : Pg 207 ( 2 0 0 8 )
2 clc; clear;

3 l = 0.25; // Length o f the r e c t a n g u l a r c o i l , m
4 d = 0.2; // Width o f r e c t a n g u l a r c o i l , m
5 N = 80; // Number o f t u r n s o f the r e c t a n g u l a r

c o i l
6 B = 0.075; // Magnet ic f l u x d e n s i t y , t e s l a
7 n = 3000/60; // Frequency o f r e v o l u t i o n o f the

c o i l , r ev / s
8 v = n*%pi*d; // L i n e a r speed with which the c o i l

s i d e s move , m/ s
9 t = 2e-03; // Time a f t e r the emf c r o s s e s zero ,

s
10
11 // Part ( a )
12 // As e = 2∗N∗B∗ l ∗v∗ s i n (2∗%pi∗ f ∗ t ) vo l t , and f o r

maximum v a l u e o f s i n (2∗%pi∗ f ∗ t ) = 1
13 E_m = 2*N*B*l*v*(1); // Amplitude o f emf , v o l t
14 E = 0.707* E_m; // rms v a l u e o f emf , v o l t
15 E_av = 0.637* E_m; // Average v a l u e o f emf , v o l t
16 // For a two p o l e f i e l d system ,
17 f = n; // Frequency o f g e n e r a t e d waveform , Hz
18
19 // Part ( b )
20 T = 1/f; // Time p e r i o d o f g e n e r a t e d waveform , Hz
21
22 // Part ( c )
23 e = E_m*sin(2* %pi*f*t); // I n s t a n t a n e o u s v a l u e

at t ime 2 ms a f t e r ze ro , v o l t
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24
25 printf(”\nThe ampl i tude , rms and ave rage v a l u e o f

emf = %5 . 2 f V, %5 . 2 f V and %5 . 2 f V r e s p . ”, E_m , E

, E_av);

26 printf(”\nThe f r e q u e n c y and t ime p e r i o d o f g e n e r a t e d
waveform = %2d Hz and %2d ms r e s p . ”, f, T/1e-03)

;

27 printf(”\nThe i n s t a n t a n e o u s v a l u e o f emf at t ime 2
ms a f t e r c r o s s i n g z e r o = %4 . 1 f V”, e);

28
29 // R e s u l t
30 // The ampl i tude , rms and ave rage v a l u e o f emf =

9 4 . 2 5 V, 6 6 . 6 3 V and 6 0 . 0 4 V r e s p .
31 // The f r e q u e n c y and t ime p e r i o d o f g e n e r a t e d

waveform = 50 Hz and 20 ms r e s p .
32 // The i n s t a n t a n e o u s v a l u e o f emf at t ime 2 ms a f t e r

c r o s s i n g z e r o = 5 5 . 4 V

Scilab code Exa 6.8 Value of multiplier required for required dc value

1 // S c i l a b code Ex6 . 8 : Pg 212 ( 2 0 0 8 )
2 clc; clear;

3 R_c = 50; // R e s i s t a n c e o f the c o i l o f meter , ohm
4 K = 10e+03; // F igu r e o f mer i t o f the moving

c o i l meter , ohm per v o l t
5 V = 10; // d . c . range o f c o i l meter , v o l t
6
7 // Part ( a )
8 I_fsd = 1/K; // F u l l s c a l e d e f l e c t i o n f o r moving

c o i l meter , ampere
9 R = V/I_fsd; // Tota l meter r e s i s t a n c e , ohm

10 // As R = R m + R c , s o l v i g n f o r R m
11 R_m = R - R_c; // M u l t i p l i e r r e s i s t a n c e

r e q u i r e d by the meter , ohm
12 printf(”\nThe m u l t i p l i e r r e s i s t a n c e r e q u i r e d f o r 10
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V d . c . range = %5 . 2 f k−ohm”, R_m/1e+03);

13
14 // Part ( b )
15 I_av = I_fsd; // Average v a l u e o f ac cu r r en t , A
16 I_rms = %pi /(2* sqrt (2))*I_av; // rms v a l u e o f ac

cu r r en t , A
17 V = 10 ; // a . c . range o f c o i l meter , v o l t
18 R = V/I_rms; // Tota l meter r e s i s t a n c e , ohm
19 // As R = R m + R c , s o l v i g n f o r R m
20 R_m = R - R_c; // M u l t i p l i e r r e s i s t a n c e

r e q u i r e d by the meter , ohm
21 printf(”\nThe m u l t i p l i e r r e s i s t a n c e r e q u i r e d f o r 10

V a . c . range = %5 . 2 f k−ohm”, R_m/1e+03);

22
23 // R e s u l t
24 // The m u l t i p l i e r r e s i s t a n c e r e q u i r e d f o r 10 V d . c .

range = 9 9 . 9 5 k−ohm
25 // The m u l t i p l i e r r e s i s t a n c e r e q u i r e d f o r 10 V a . c .

range = 8 9 . 9 8 k−ohm

Scilab code Exa 6.9 True rms values with moving coil meter

1 // S c i l a b code Ex6 . 9 : Pg 213 ( 2 0 0 8 )
2 clc; clear;

3 // C a s e I : Square wave
4 ff = 1.11; // Form f a c t o r o f c a l i b r a t e d meter
5 ff_square = 1; // Form f a c t o r f o r squa r e wave
6 V_apparent = 5; // Meter r e a d i n g f o r sqau r e wave

, v o l t
7 V_true = V_apparent *1*( ff_square/ff); // True rms

v a l u e o f s qua r e wave v o l t a g e , v o l t
8 printf(”\nThe t r u e rms v a l u e o f s qua r e wave v o l t a g e

= %5 . 3 f V”, V_true);

9
10 // C a s e I I : T r i a n g u l a r w a v e
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11 ff_triangle = 1.15; // Form f a c t o r f o r t r i a n g u l a r
wave

12 V_apparent = 5; // Meter r e a d i n g f o r t r i a n g u l a r
wave , v o l t

13 V_true = V_apparent *( ff_triangle/ff); // True rms
v a l u e o f t r i a n g u l a r wave v o l t a g e , v o l t

14 printf(”\nThe t r u e rms v a l u e o f t r i a n g u l a r wave
v o l t a g e = %4 . 2 f V”, V_true);

15
16 // R e s u l t
17 // The t r u e rms v a l u e o f s qua r e wave v o l t a g e = 4 . 5 0 5

V
18 // The t r u e rms v a l u e o f t r i a n g u l a r wave v o l t a g e =

5 . 1 8 V

Scilab code Exa 6.10 Three alternating currents

1 // S c i l a b code Ex6 . 1 0 : Pg 215 ( 2 0 0 8 )
2 clc; clear;

3 // The g e n e r a l e x p r e s s i o n f o r a l t e r n a t i n g c u r r e n t i s
I = Io ∗ s i n (2∗%pi∗ f ∗ t + phi )

4 f = poly(0, ’ f ’ ); // D e c l a r e the v a r i a b l e f o r
f r e q u e n c y

5 f = roots (2* %pi*f - 80*%pi); // Frequency o f
a l t e r n a t i n g cu r r en t , Hz

6
7 // I2 i s the r e f e r e n c e waveform with z e r o phase

ang l e , so tha t
8 phi2 = 0; // Phase a n g l e f o r r e f e r e n c e waveform I2

, d e g r e e s
9 Im2 = 3; // Current ampl i tude o f r e f e r e n c e

waveform I2 , A
10 Im1 = 5; // Current ampl i tude o f r e f e r e n c e

waveform I1 , A
11 Im3 = 6; // Current ampl i tude o f r e f e r e n c e
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waveform I3 , A
12 phi1 = %pi /6*(180/ %pi); // Phase a n g l e f o r r e f e r e n c e

waveform I1 , d e g r e e s
13 phi3 = %pi /4*(180/ %pi); // Phase a n g l e f o r r e f e r e n c e

waveform I3 , d e g r e e s
14
15 printf(”\nThe f r e q u e n c y o f a l l t h r e e waveforms = %2d

Hz”, f);

16 printf(”\ nI1 l e a d s I2 by = %2 . 0 f d e g r e e s ”, phi1 -phi2

);

17 printf(”\ nI3 l a g s I2 by = %2d d e g r e e s ”, phi3 -phi2);

18 printf(”\ nCurrent ampl i tude o f r e f e r e n c e waveform I1
= %1d A”, Im1);

19 printf(”\ nCurrent ampl i tude o f r e f e r e n c e waveform I2
= %1d A”, Im2);

20 printf(”\ nCurrent ampl i tude o f r e f e r e n c e waveform I3
= %1d A”, Im3);

21
22 // R e s u l t
23 // The f r e q u e n c y o f a l l t h r e e waveforms = 40 Hz
24 // I1 l e a d s I2 by = 30 d e g r e e s
25 // I3 l a g s I2 by = 45 d e g r e e s
26 // Current ampl i tude o f r e f e r e n c e waveform I1 = 5 A
27 // Current ampl i tude o f r e f e r e n c e waveform I2 = 3 A
28 // Current ampl i tude o f r e f e r e n c e waveform I3 = 6 A

Scilab code Exa 6.12 Standard expression for waveforms

1 // S c i l a b code Ex6 . 1 2 : Pg 218 ( 2 0 0 8 )
2 clc; clear;

3 Im1 = 7; // Current ampl i tude o f r e f e r e n c e
waveform I1 , A

4 Im2 = 6; // Current ampl i tude o f r e f e r e n c e
waveform I2 , A

5 Im3 = 5; // Current ampl i tude o f r e f e r e n c e
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waveform I3 , A
6 Im4 = 4; // Current ampl i tude o f r e f e r e n c e

waveform I4 , A
7 phi1 = 70*%pi /180; // Phase a n g l e f o r r e f e r e n c e

waveform I1 , rad
8 phi2 = 0*%pi /180; // Phase a n g l e f o r r e f e r e n c e

waveform I2 , rad
9 phi3 = -50*%pi /180; // Phase a n g l e f o r r e f e r e n c e

waveform I3 , rad
10 phi4 = -90*%pi /180; // Phase a n g l e f o r r e f e r e n c e

waveform I4 , rad
11 printf(”\ n i 1 = %dsin ( wt + %4 . 2 f ) amp”, Im1 , phi1);

12 printf(”\ n i 2 = %dsin wt amp”, Im2);

13 printf(”\ n i 3 = %dsin ( wt + %4 . 2 f ) amp”, Im3 , phi3);

14 printf(”\ n i 4 = %dsin ( wt + %4 . 2 f ) amp”, Im4 , phi4);

15
16 // R e s u l t
17 // i 1 = 7 s i n ( wt + 1 . 2 2 ) amp
18 // i 2 = 6 s i n wt amp
19 // i 3 = 5 s i n ( wt + −0.87) amp
20 // i 4 = 4 s i n ( wt + −1.57) amp

Scilab code Exa 6.13 Phasor sum of two voltages

1 // S c i l a b code Ex6 . 1 3 : Pg 221 ( 2 0 0 8 )
2 clc; clear;

3 omega = 314; // Angular f r e q u e n c y o f v o l t a g e , rad
per s e c

4 Vm1 = 25; // Peak v a l u e o f f i r s t phasor , V
5 Vm2 = 15; // Peak v a l u e o f s econd phasor , V
6 H_C = Vm1*cosd(%pi /3*180/ %pi)+Vm2*cosd(-%pi /6*180/

%pi); // H o r i z o n t a l component o f phasor sum , V
7 V_C = Vm1*sind(%pi /3*180/ %pi)+Vm2*sind(-%pi /6*180/

%pi); // V e r t i c a l component o f phasor sum , V
8 Vm = sqrt(H_C ^2+V_C^2); // Peak v a l u e o f phasor sum ,
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V
9 phi = atan(V_C/H_C); // Phase ang le , d e g r e e s

10 printf(”\nv = %5 . 2 f s i n ( %3dt + %5 . 3 f ) v o l t ”, Vm,

omega , phi);

11
12 // R e s u l t
13 // v = 2 9 . 1 5 s i n (314 t + 0 . 5 0 7 ) v o l t

Scilab code Exa 6.14 Phasor sum of three currents

1 // S c i l a b code Ex6 . 1 4 : Pg 222 ( 2 0 0 8 )
2 clc; clear;

3 Im1 = 6; // Peak v a l u e o f f i r s t phasor , A
4 Im2 = 8; // Peak v a l u e o f s econd phasor , A
5 Im3 = 4; // Peak v a l u e o f t h i r d phasor , A
6 H_C = Im1*cosd (0*180/ %pi)+Im2*cosd(-%pi /2*180/ %pi)+

Im3*cosd(%pi /6*180/ %pi); // H o r i z o n t a l component
o f phasor sum , A

7 V_C = Im1*sind (0*180/ %pi)+Im2*sind(-%pi /2*180/ %pi)+

Im3*sind(%pi /6*180/ %pi); // V e r t i c a l component o f
phasor sum , A

8 Im = sqrt(H_C ^2+V_C^2); // Peak v a l u e o f phasor sum ,
V

9 phi = atan(V_C/H_C); // Phase ang le , rad
10 printf(”\ n i = %4 . 1 f s i n (wt%5 . 3 f ) amp”, Im, phi);

11
12 // R e s u l t
13 // i = 1 1 . 2 s i n ( wt−0 .565) amp

Scilab code Exa 6.15 Phasor sum of three voltages

1 // S c i l a b code Ex6 . 1 5 : Pg 222 ( 2 0 0 8 )
2 clc; clear;
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3
4 // Part ( a )
5 omega = 628; // Angular f r e q u e n c y o f v o l t a g e , rad

per s e c
6 f = omega /(2* %pi); // Frequency o f the waveforms ,

Hz
7 Vm1 = 10; // Peak v a l u e o f f i r s t phasor , V
8 Vm2 = 8; // Peak v a l u e o f s econd phasor , V
9 Vm3 = 12; // Peak v a l u e o f t h i r d phasor , V

10 phi1 = -%pi /6*180/ %pi; // Phase a n g l e f o r f i r s t
v o l t a g e , d e g r e e s

11 phi2 = %pi /3*180/ %pi; // Phase a n g l e f o r s econd
v o l t a g e , d e g r e e s

12 phi3 = %pi /4*180/ %pi; // Phase a n g l e f o r t h i r d
v o l t a g e , d e g r e e s

13 printf(”\nThe f r e q u e n c y o f a l l t h r e e waveforms = %3d
Hz”, f);

14 printf(”\nThe phase a n g l e and f r e q u e n c y o f f i r s t
v o l t a g e : %2d deg r e e s , %2d V”, phi1 , Vm1);

15 printf(”\nThe phase a n g l e and f r e q u e n c y o f s econd
v o l t a g e : %2d deg r e e s , %2d V”, phi2 , Vm2);

16 printf(”\nThe phase a n g l e and f r e q u e n c y o f t h i r d
v o l t a g e : %2d deg r e e s , %2d V”, phi3 , Vm3);

17
18 // Part ( b )
19 H_C = Vm1*cosd(phi1)+Vm2*cosd(phi2)+Vm3*cosd(phi3);

// H o r i z o n t a l component o f phasor sum , V
20 V_C = Vm1*sind(phi1)+Vm2*sind(phi2)+Vm3*sind(phi3);

// H o r i z o n t a l component o f phasor sum , V
21 Vm = sqrt(H_C ^2+V_C^2); // Peak v a l u e o f phasor sum ,

V
22 phi = atan(V_C/H_C); // Phase ang le , rad
23 printf(”\nv = %5 . 2 f s i n ( %3dt + %5 . 3 f ) v o l t ”, Vm,

omega , phi);

24
25 // R e s u l t
26 // The f r e q u e n c y o f a l l t h r e e waveforms = 99 Hz
27 // The phase a n g l e and f r e q u e n c y o f f i r s t v o l t a g e :
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−29 deg r e e s , 10 V
28 // The phase a n g l e and f r e q u e n c y o f s econd v o l t a g e :

59 deg r e e s , 8 V
29 // The phase a n g l e and f r e q u e n c y o f t h i r d v o l t a g e :

45 deg r e e s , 12 V
30 // v = 2 3 . 5 7 s i n (628 t + 0 . 4 5 8 ) v o l t

Scilab code Exa 6.16 Dual Beam Oscilloscope

1 // S c i l a b code Ex6 . 1 6 : Pg 228 ( 2 0 0 8 )
2 clc; clear;

3
4 tb1 = 0.1e-03; // Timebase o f channe l 1 , s /cm
5 tb2 = 10e-06; // Timebase o f channe l 2 , s /cm
6 Y_amp1 = 5; // Y−amp s e t t i n g f o r channe l 1 , V/cm
7 Y_amp2 = 0.5; // Y−amp s e t t i n g f o r channe l 2 , V/cm
8
9 // Channel 1

10 V_pp = 3* Y_amp1; // Peak−to−peak v a l u e o f
waveform i n channe l 1 , V

11 Vm = V_pp /2; // Amplitude o f waveform i n channe l
1 , V

12 V = Vm/sqrt (2); // rms v a l u e o f s i n e wave i n channe l
1 , V

13 T = 4*tb1; // Time p e r i o d o f s i n e wave , s econd
14 f = 1/(T*1000); // Frequency o f s i n e wave , kHz
15 printf(”\nThe ampl i tude o f s i n e waveform i n channe l

1 = %3 . 1 f V”, Vm);

16 printf(”\nThe rms v a l u e o f s i n e wave i n channe l 1 =
%3 . 1 f V”, V);

17 printf(”\nThe f r e q u e n c y o f s i n e wave i n channe l 1 =
%3 . 1 f kHz”, f);

18
19 // Channel 2
20 V_pp = 2* Y_amp2; // Peak−to−peak v a l u e o f
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waveform i n channe l 2 , V
21 Vm = V_pp /2; // Amplitude o f waveform i n channe l

2 , V
22 V = Vm; // rms v a l u e o f s qua r e wave i n channe l 2 , V
23 T = 2/3* tb2; // Time p e r i o d o f s qua r e wave , s econd
24 f = 1/(T*1000); // Frequency o f squa r e wave , kHz
25 printf(”\nThe ampl i tude o f s q ua r e waveform i n

channe l 2 = %3 . 1 f V”, Vm);

26 printf(”\nThe rms v a l u e o f s q ua r e wave i n channe l 2
= %3 . 1 f V”, V);

27 printf(”\nThe f r e q u e n c y o f squa r e wave i n channe l 2
= %3d kHz”, f);

28
29
30 // R e s u l t
31 // The ampl i tude o f s i n e waveform i n channe l 1 = 7 . 5

V
32 // The rms v a l u e o f s i n e wave i n channe l 1 = 5 . 3 V
33 // The f r e q u e n c y o f s i n e wave i n channe l 1 = 2 . 5 kHz
34 // The ampl i tude o f s qua r e waveform i n channe l 2 =

0 . 5 V
35 // The rms v a l u e o f s qua r e wave i n channe l 2 = 0 . 5 V
36 // The f r e q u e n c y o f squa r e wave i n channe l 2 = 150

kHz
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Chapter 7

DC Machines

Scilab code Exa 7.1 The shunt generator

1 // S c i l a b code Ex7 . 1 : Pg 243 ( 2 0 0 8 )
2 clc; clear;

3 Rf = 200; // The r e s i s t a n c e o f f i e l d wind ing o f a
shunt g e n e r a t o r , ohm

4 Po = 80e+03; // Power d e l i v e r e d by the machine ,
watt

5 V = 450; // The t e r m i n a l v o l t a g e , v o l t
6 E = 475; // The g e n e r a t e d emf , v o l t
7
8 // Part ( a )
9 // Po = V∗ I L , s o l v i n g f o r I L

10 I_L = Po/V; // Load cu r r en t , A
11 I_f = V/Rf; // Current through f i e l d r e s i s t o r , A
12 I_a = I_L + I_f; // Current through armature

r e s i s t a n c e , A
13 // As I a ∗Ra = E − V, s o l v i n g f o r Ra
14 Ra = 25/I_a; // Armature r e s i s t a n c e , ohm
15
16 // Part ( b )
17 Po = 50e+03; // Output power d e l i v e r e d by the

machine , watt
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18 V = 460; // The t e r m i n a l v o l t a g e , v o l t
19 I_L = Po/V; // Load cu r r en t , A
20 I_f = V/Rf; // Current through f i e l d r e s i s t o r , A
21 I_a = I_L + I_f; // Current through armature

r e s i s t a n c e , A
22 // As I a ∗Ra = E − V, s o l v i n g f o r E
23 E = V + I_a*Ra; // The g e n e r a t e d v o l t a g e , v o l t
24 printf(”\nThe armature r e s i s t a n c e = %5 . 3 f ohm”, Ra);

25 printf(”\nThe v a l u e o f g e n e r a t e d emf = %5 . 1 f V”, E);

26
27 // R e s u l t
28 // The armature r e s i s t a n c e = 0 . 1 3 9 ohm
29 // The v a l u e o f g e n e r a t e d emf = 4 7 5 . 4 V
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Chapter 8

DC Transients

Scilab code Exa 8.1 Capacitor charging through a series resistor

1 // S c i l a b code Ex8 . 1 : Pg 253 ( 2 0 0 8 )
2 clc; clear;

3
4 C = 8e-06; // Value o f c a p a c i t a n c e o f c a p a c i t o r ,

f a r a d
5 R = 0.5e+06; // Value o f s e r i e s r e s i s t o r , ohm
6 E = 200; // Value o f d . c . v o l t a g e supply , v o l t
7
8 // Part ( a )
9 tau = C*R; // Time c o n s t a n t o f the R−C c i r c u i t

w h i l e cha rg ing , s
10 printf(”\nThe c i r c u i t t ime c o n s t a n t w h i l e c h a r g i n g =

%1d s ”, tau);

11
12 // Part ( b )
13 I_0 = E/R; // I n i t i a l c h a r g i n g c u r r e n t through

c a p a c i t o r , A
14 printf(”\nThe i n i t i a l c h a r g i n g c u r r e n t through

c a p a c i t o r = %3d micro−ampere ”, I_0/1e-06);

15
16 // Part ( c )
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17 t = 4; // Time a f t e r the supp ly i s connected , s
18 v_C = 0.632*E; // p . d . a c r o s s the c a p a c i t o r 4 s

a f t e r the supp ly i s connected , V
19 v_R = E - v_C; // p . d . a c r o s s the r e s i s t o r 4 s a f t e r

the supp ly i s connected , V
20 printf(”\nThe p . d . a c r o s s r e s i s t o r and c a p a c i t o r %d

s a f t e r the supp ly i s connec t ed = %5 . 1 f V and %4
. 1 f V r e s p e c t i v e l y ”, t, v_C , v_R);

21
22 // R e s u l t
23 // The c i r c u i t t ime c o n s t a n t w h i l e c h a r g i n g = 4 s
24 // The i n i t i a l c h a r g i n g c u r r e n t through c a p a c i t o r =

400 micro−ampere
25 // The p . d . a c r o s s r e s i s t o r and c a p a c i t o r 4 s a f t e r

the supp ly i s connec t ed = 1 2 6 . 4 V and 7 3 . 6 V
r e s p e c t i v e l y

26 //

Scilab code Exa 8.2 Capacitor discharging through a resistor

1 // S c i l a b code Ex8 . 2 : Pg 255 ( 2 0 0 8 )
2 clc; clear;

3 C = 0.5e-06; // Value o f c a p a c i t a n c e o f c a p a c i t o r
, f a r a d

4 R1 = 220e+03; // Value o f s e r i e s r e s i s t o r , ohm
5 R2 = 110e+03; // Value o f p a r a l l e l r e s i s t o r , ohm
6 E = 150; // Value o f d . c . v o l t a g e supply , v o l t
7
8 // Part ( a )
9 tau = C*R1; // Time c o n s t a n t o f the R1−C c i r c u i t

w h i l e cha rg ing , s
10 printf(”\nThe c i r c u i t t ime c o n s t a n t w h i l e c h a r g i n g =

%4 . 2 f s ”, tau);

11 I_0 = E/R1; // I n i t i a l c h a r g i n g c u r r e n t through
c a p a c i t o r , A
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12 printf(”\nThe i n i t i a l c h a r g i n g c u r r e n t through
c a p a c i t o r = %3d micro−ampere ”, I_0/1e-06);

13
14 // Part ( b )
15 tau = C*(R1+R2); // Time c o n s t a n t o f the R1−C−R2

c i r c u i t w h i l e d i s c h a r g i n g , s
16 printf(”\nThe c i r c u i t t ime c o n s t a n t w h i l e

d i s c h a r g i n g = %4 . 2 f s ”, tau);

17 I_0 = E/(R1 + R2); // I n i t i a l d i s c h a r g i n g c u r r e n t
through c a p a c i t o r , ampere

18 i = 0.368* I_0; // D i s c h a r g e c u r r e n t a f t e r one
t ime cons tant , ampere

19 V_R2 = i*R2; // P o t e n t i a l d i f f e r e n c e a c r o s s R2
a f t e r one t ime cons tant , v o l t

20 printf(”\nThe p . d . a c r o s s R2 a f t e r one t ime c o n s t a n t
w h i l e d i s c h a r g i n g = %4 . 1 f v o l t ”, V_R2);

21
22
23 // R e s u l t
24 // The c i r c u i t t ime c o n s t a n t w h i l e c h a r g i n g = 0 . 1 1 s
25 // The i n i t i a l c h a r g i n g c u r r e n t through c a p a c i t o r =

681 micro−ampere
26 // The c i r c u i t t ime c o n s t a n t w h i l e d i s c h a r g i n g =

0 . 1 6 s
27 // The p . d . a c r o s s R2 a f t e r one t ime c o n s t a n t w h i l e

d i s c h a r g i n g = 1 8 . 4 v o l t

Scilab code Exa 8.3 The series RL circuit

1 // S c i l a b code Ex8 . 3 : Pg 258 ( 2 0 0 8 )
2 clc; clear;

3 E = 110; // Value o f d . c . v o l t a g e supply , v o l t
4 L = 1.5; // I n d u c t o r va lue , henry
5 R = 220; // Value o f s e r i e s r e s i s t o r , ohm
6
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7 // Part ( a )
8 di_dt = E/L; // The i n i t i a l r a t e o f change o f

c u r r e n t through induc to r , H
9 printf(”\nThe i n i t i a l r a t e o f change o f c u r r e n t

through i n d u c t o r = %5 . 2 f A/ s ”, di_dt);

10
11 // Part ( b )
12 I = E/R; // The f i n a l s t e ady cu r r en t , A
13 printf(”\nThe f i n a l s t e ady c u r r e n t through i n d u c t o r

= %3 . 1 f A”, I);

14
15 // Part ( c )
16 tau = L/R; // The t ime taken f o r the c u r r e n t to

r each i t s f i na l s t e a dy va lue , s
17 printf(”\nThe t ime taken f o r the c u r r e n t to r ea ch

i t s f i n a l s t e ady v a l u e = %4 . 1 f ms”, 5*tau/1e-03);

18
19 // R e s u l t
20 // The i n i t i a l r a t e o f change o f c u r r e n t through

i n d u c t o r = 7 3 . 3 3 A/ s
21 // The f i n a l s t e ady c u r r e n t through i n d u c t o r = 0 . 5 A
22 // The t ime taken f o r the c u r r e n t to r ea ch i t s f i n a l

s t e ady v a l u e = 3 4 . 1 ms
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Chapter 9

Semiconductor Theory and
Devices

Scilab code Exa 9.1 The zener diode

1 // S c i l a b code Ex9 . 1 : Pg 277 ( 2 0 0 8 )
2 clc; clear;

3 // Part ( a )
4 V_Z = 9.1; // Zener v o l t a g e o f z e n e r d iode , v o l t
5 P_Z = 0.5; // Power r a t i n g o f z e n e r d i ode at V Z ,

W
6 r_Z = 1.5; // S l ope r e s i s t a n c e o f z e n e r d iode ,

ohm
7 V = 12; // Nominal v a l u e o f i nput v o l t a g e , v o l t
8 R_L = 2.5e+03; // Load r e s i s t a n c e a c r o s s z e n e r

d iode , ohm
9 I_Z = P_Z/V_Z*1e+03; // Zener cu r r en t , mA

10 I_S = I_Z; // Current through s e r i e s r e s i s t o r , mA
11 V_S = V - V_Z; // Vo l tage drop a c r o s s s e r i e s

r e s i s t o r , v o l t
12 R_S = V_S/I_S*1e+03; // Value o f s e r i e s

r e s i s t a n c e , ohm
13 P_max = (I_S*1e-03) ^2* R_S; // Maximum power

r a t i n g o f s e r i e s r e s i s t a n c e , W

121



14 printf(”\nThe v a l u e o f s e r i e s r e s i s t a n c e = %5 . 2 f
ohm”, R_S);

15 printf(”\nThe v a l u e o f maximum power r a t i n g o f
s e r i e s r e s i s t a n c e = %4 . 2 f W”, P_max);

16 printf(”\n ( a ) The s u i t a b l e v a l u e o f R S shou ld be 54
ohm , 0 . 2 5 W”);

17
18 // Part ( b )
19 V_o = V_Z; // Output v o l t a g e a c r o s s zener , v o l t
20 I_L = V_o/R_L*1e+03; // Load cu r r en t , mA
21 I_Z = I_S - I_L; // Zener cu r r en t , mA
22 printf(”\n ( b ) The v a l u e o f d i ode c u r r e n t with l oad

r e s i s t a n c e a c r o s s z e n e r = %5 . 2 f mA”,I_Z );

23
24 // Part ( c )
25 V = 12 - (0.1*12); // F i n a l v a l u e o f i nput

v o l t a g e a f t e r f a l l i n g below 12 V, v o l t
26 R_S = 56; // Standard v a l u e o f s e r i e s r e s i s t a n c e ,

ohm
27 I_S = (V - V_Z)/R_S*1e+03; // Current through

s e r i e s r e s i s t a n c e , mA
28 I_Z = I_S - I_L; // R e s u l t i n g d i ode cu r r en t , mA
29 delta_I_Z = 51.36 - I_Z; // Change i n z e n e r

cu r r en t , mA
30 delta_V_Z = delta_I_Z *1e-03* r_Z; // Change i n

z e n e r v o l t a g e , V
31 change = delta_V_Z/V_Z *100; // %age change i n

z e n e r v o l t a g e
32
33 printf(”\n ( c ) The p e r c e n t a g e change i n the p . d .

a c r o s s the l oad = %4 . 2 f p e r c e n t ”,change);
34
35 // R e s u l t
36 // The v a l u e o f s e r i e s r e s i s t a n c e = 5 2 . 7 8 ohm
37 // The v a l u e o f maximum power r a t i n g o f s e r i e s

r e s i s t a n c e = 15 9 3 4 0 . 6 6 W
38 // The s u i t a b l e v a l u e o f R S shou ld be 54 ohm , 0 . 2 5

W
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Scilab code Exa 9.2 Zener diode as a voltage regulator

1 // S c i l a b code Ex9 . 2 : Pg 279 ( 2 0 0 8 )
2 clc; clear;

3 // Part ( a )
4 Diode = cell(3, 1); // D e c l a r e a d i ode c e l l
5 Diode (1).entries = [1 15 30 0.5 0.007]; // Data

f o r I s t d i ode
6 Diode (2).entries = [2 15 15 1.3 0.20]; // Data

f o r 2nd d iode
7 Diode (3).entries = [1 15 2.5 5.0 0.67]; // Data

f o r 3 rd d i ode
8 Resistor = cell(5, 1) // D e c l a r e a r e s i s t o r c e l l
9 Resistor (1).entries = [0.25, 0.026]; // Data f o r

I s t r e s i s t o r
10 Resistor (2).entries = [0.5, 0.038]; // Data f o r 2

nd r e s i s t o r
11 Resistor (3).entries = [1.0, 0.055]; // Data f o r 3

rd r e s i s t o r
12 Resistor (4).entries = [2.5, 0.260]; // Data f o r 4

th r e s i s t o r
13 Resistor (5).entries = [7.5, 0.280]; // Data f o r 5

th r e s i s t o r
14 V = 24; // Input v o l t a g e , v o l t
15 V_Z = Diode (1).entries (2); // Zener v o l t a g e f o r

I s t d iode , v o l t
16 V_S = V - V_Z; // Vo l tage drop a c r o s s s e r i e s

r e s i s t o r f o r a l l the t h r e e d iode s , v o l t
17
18 // Diode 1
19 P_Z = Diode (1).entries (4); // Power r a t i n g o f I s t

d iode , W
20 I_Z = P_Z/V_Z*1e+03; // Zener cu r r en t , mA
21 R_S = V_S/I_Z*1e+03; // Value o f s e r i e s
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r e s i s t a n c e , ohm
22 P_S = V_S^2/R_S; // Power d i s s i p a t i o n a c r o s s

s e r i e s r e s i s t o r , watt
23 printf(”\nDiode 1 : ”);
24 printf(”\n========”);
25 printf(”\nThe v a l u e o f s e r i e s r e s i s t a n c e = %3d ohm”

, R_S);

26 printf(”\nThe v a l u e o f power r a t i n g o f s e r i e s
r e s i s t a n c e = %3 . 1 f W”, P_S);

27 R_S = 270; // Chosen v a l u e o f s e r i e s r e s i s t o r ,
ohm

28 P_S = 0.3; // Chosen v a l u e o f power r a t i n g , ohm
29 printf(”\nThe s u i t a b l e v a l u e o f R S shou ld be %3d

ohm , %3 . 1 f W”, R_S , P_S);

30 printf(”\ nTota l u n i t c o s t = %5 . 3 f pounds \n”, Diode

(1).entries (5)+Resistor (2).entries (2));

31
32 // Diode 2
33 printf(”\nDiode 2 : ”);
34 printf(”\n========”);
35 P_Z = Diode (2).entries (4); // Power r a t i n g o f 2nd

diode , W
36 I_Z = P_Z/V_Z*1e+03; // Zener cu r r en t , mA
37 R_S = V_S/I_Z*1e+03; // Value o f s e r i e s

r e s i s t a n c e , ohm
38 P_S = V_S^2/R_S; // Power d i s s i p a t i o n a c r o s s

s e r i e s r e s i s t o r , watt
39 printf(”\nThe v a l u e o f s e r i e s r e s i s t a n c e = %5 . 2 f

ohm”, R_S);

40 printf(”\nThe v a l u e o f power r a t i n g o f s e r i e s
r e s i s t a n c e = %4 . 2 f W”, P_S);

41 R_S = 120; // Chosen v a l u e o f s e r i e s r e s i s t o r ,
ohm

42 P_S = 1.0; // Chosen v a l u e o f power r a t i n g , ohm
43 printf(”\nThe s u i t a b l e v a l u e o f R S shou ld be %3d

ohm , %3 . 1 f W”, R_S , P_S);

44 printf(”\ nTota l u n i t c o s t = %4 . 2 f pounds ”, Diode (2).

entries (5)+Resistor (3).entries (2));
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45
46 // Diode 3
47 printf(”\nDiode 3 : ”);
48 printf(”\n========”);
49 P_Z = Diode (3).entries (4); // Power r a t i n g o f 3 rd

diode , W
50 I_Z = P_Z/V_Z*1e+03; // Zener cu r r en t , mA
51 R_S = V_S/I_Z*1e+03; // Value o f s e r i e s

r e s i s t a n c e , ohm
52 P_S = V_S^2/R_S; // Power d i s s i p a t i o n a c r o s s

s e r i e s r e s i s t o r , watt
53 printf(”\nThe v a l u e o f s e r i e s r e s i s t a n c e = %3d ohm”

, R_S);

54 printf(”\nThe v a l u e o f power r a t i n g o f s e r i e s
r e s i s t a n c e = %3 . 1 f W”, P_S);

55 R_S = 27; // Chosen v a l u e o f s e r i e s r e s i s t o r , ohm
56 P_S = 7.5; // Chosen v a l u e o f power r a t i n g , ohm
57 printf(”\nThe s u i t a b l e v a l u e o f R S shou ld be %3d

ohm , %3 . 1 f W”, R_S , P_S);

58 printf(”\ nTota l u n i t c o s t = %4 . 2 f pounds ”, Diode (3).

entries (5)+Resistor (5).entries (2));

59
60 // Part ( b )
61 delta_V_Z = (5*15) /100; // A l l owab l e change i n

V Z , v o l t
62 delta_I_Z = 30e-03; // A l l owab l e change i n z e n e r

cu r r en t , A
63 delta_VZ = zeros (3);

64 delta_VZ (1) = 30e -03*30; // Change i n z e n e r
v o l t a g e dor d i ode 1 , V

65 delta_VZ (2) = 30e -03*15; // Change i n z e n e r
v o l t a g e dor d i ode 2 , V

66 delta_VZ (3) = 30e -03*2.5; // Change i n z e n e r
v o l t a g e dor d i ode 3 , V

67 printf(”\nThe maximum v a l u e o f z e n e r v o l t a g e change
= %4 . 2 f V”, max(delta_VZ (2), delta_VZ (3)));

68 printf(”\nTo meet the s p e c i f i c a t i o n at l o w e s t co s t ,
c i r c u i t 2 would be adopted ”);
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69 // R e s u l t
70 // The v a l u e o f s e r i e s r e s i s t a n c e = 5 2 . 7 8 ohm
71 // The v a l u e o f maximum power r a t i n g o f s e r i e s

r e s i s t a n c e = 15 9 3 4 0 . 6 6 W
72 // The s u i t a b l e v a l u e o f R S shou ld be 54 ohm , 0 . 2 5

W
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