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Chapter 1

Measurements and
Measurement systems

Scilab code Exa 1.1 calculate the static sensitivity and deflection factor

1 //
===========================================================================

2 // c h a p t e r 1 example 1
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 d =2.4; // magnitude o f output

r e s p o n s e i n mm
9 R = 6; // magnitude o f i nput i n

10

11 // c a l c u l a t i o n s
12 S = d/(R); // s t a t i c s e n s i t i v i t y i n mm/
13 D = R/(d); // d e f l e c t i o n f a c t o r i n /mm
14

15 // r e s u l t
16 mprintf(” s t a t i c s e n s i t i v i t y = %3 . 2 f mm/ ”,S);

15



17 mprintf(”\n d e f l e c t i o n f a c t o r = %3 . 2 f /mm”,D);
18

19 //
==========================================================================

Scilab code Exa 1.2 determine the efficiency of the instrument

1 //
=========================================================================================

2 // c h a p t e r 1 example 2
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n s
8 If = 5; // f u l l −s c a l e r e a d i n g o f i n s t rument

i n A
9 Ra = 0.01; // ammeter r e s i s t a n c e i n ohm
10

11

12 // c a l c u l a t i o n s
13 Pf = ((If)^2)*(Ra); // power

sonsumpt ion f o r f u l l −s c a l e d e f l e c t i o n i s W
14 n = (If)/(Pf); // in s t rument

e f f i c i e n c y i n A per watt s
15

16 // r e s u l t
17 mprintf(” power sonsumpt ion f o r f u l l −s c a l e d e f l e c t i o n

= %3 . 2 f W”,Pf);
18 mprintf(”\ n in s t rument e f f i c i e n c y = %3 . 0 f A per watt s

”,n);
19

20
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21 //
================================================================================================

Scilab code Exa 1.3 Find the range of the instrument and scale range

1 //
===========================================================================

2 // c h a p t e r 1 example 3
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 n = 100; // h i g h e s t m u t i p l i e r s w i t c h

i n mA
9 N = 100; // number o f d i v i s i o n s
10

11

12 // c a l c u l a t i o n s
13 R = (N*10^ -3)*n; // Range o f

i n s t rument i n A
14 S = 0-n; // s c a l e range
15

16 // r e s u l t
17 mprintf(”Range o f i n s t rument = %3 . 2 f A”,R);
18 mprintf(”\ n S c a l e Range = 0%3 . 2 f ”,S);
19

20 //
=============================================================================
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Scilab code Exa 1.4 determine the measurement sensitivity of the instrument

1 //
===========================================================================

2 // c h a p t e r 1 example 4
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 T1 = 200; // Tempperature i n C
9 T2 = 225; // Tempperature i n C
10 R1 = 305; // R e s i s t a n c e i n
11 R2 = 310; // R e s i s t a n c e i n
12

13 // c a l c u l a t i o n s
14 S = (R2 -R1)/(T2 -T1); // dr / dt i n per C
15

16 // r e s u l t
17 mprintf(” measurement s e n s i t i v i t y S = %3 . 2 f per

C ”,S);
18

19

20 //
==========================================================================

Scilab code Exa 1.5 Calculate the non linearity as a percent of full scale deflection

1 //
=============================================================================================

2 // c h a p t e r 1 example 5
3

18



4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 R0 = 100; // r e s i s t a n c e i n
9 R100 = 138.50; // r e s i s t a n c e i n

10 R200 = 175.83; // r e s i s t a n c e i n
11 T1 = 0; // Tempperature i n

C
12 T2 = 200; // Tempperature i n

C
13 T3 = 100; // Tempperature i n

C
14

15 // c a l c u l a t i o n s
16 T = ((T2-T1)/(R200 -R0))*(R100 -R0); // change

i n t empe ra t r e i n C
17 D = T-T3; //

d e v i a t i o n i n C at T3 tempera tu r e
18 p = (D/(T2))*100; // per c en t

f u l l s c a l e d e f l e c t i o n non l i n e a r i t y i n %
19

20 // r e s u l t
21 mprintf(” per c en t f u l l s c a l e d e f l e c t i o n %3 . 4 f

p e r c e n t ”,p);
22

23

24 //
=======================================================================================================

Scilab code Exa 1.6 Determine the maximum error

1 //
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=====================================================================================================

2 // c h a p t e r 1 example 6
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 l = 0.2; // p e r c e n t l i e a r i t y
9 r = 300; // f u l l −s c a l e readng

10 R = 20; // r e s i s t a n c e i n k
11 V = 2; // v o l t a g e i n V
12

13 // c a l c u l a t i o n s
14 d = (l*r)/(100); //maximum d i s p l a c e m e n t

d e v i a t i o i n
15 R1 = (l*R)/(100); //maximum r e s i s t a n c e

d i s p l a c e m e n t i n
16 // a d i s p l a c e m e n t o f 300 c o r r e s p o n d s to 2V , t h e r f o r e

0 . 6 c o r r e s p o n d s to a v o l t a g e o f ( 0 . 6 / 3 0 0 ) ∗2
17 ev = (d/(r))*V; //maximum v o l t a g e e r r o r i n

mV
18

19 // r e s u l t
20 mprintf(”maximum d i s p l a c e m e n t d e v i a t i o n =%3 . 1 f ”,

d);

21 mprintf(”\nmaximum r e s i s t a n c e d i s p l a c e m e n t %3 . 2 f k
”,R1);

22 mprintf(”\n maximum v o l t a g e e r r o r %3 . 2 f mV” ,(ev
*10^3));

23

24 //
=======================================================================================================
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Scilab code Exa 1.7 Determine the temperature

1 //
=====================================================================================================

2 // c h a p t e r 1 example 7
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 t1 =500; // t empera tu r e i n C
9 t2 =1250; // t empera tu r e i n C

10 r = 0.12; // dead space i n pyrometer i n per
c en t o f span

11

12 // c a l c u l a t i o n s
13 S = t2 -t1; // span the a l g e b r i c

d i f f e e r e n c e between the upper and lowe r range
v a l u e s

14 d = (r/(100))*S; // dead space i n C
15

16 // r e s u l t
17 mprintf(” a change o f %3 . 2 f C must oc cu r b e f o r e i t

i s d e t e c t e d ”,d);
18

19 //
=========================================================================================================

Scilab code Exa 1.8 Find the error in measurment

1 //
=====================================================================================================
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2 // c h a p t e r 1 example 8
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 E0 = 12; // open − c i r c u i t v o l t a g e i n V
9 R0 = 1; // output r e s i s t a n c e i n k
10 RL = 25; // output r e s i s t a n c e i n k
11

12

13 // c a l c u l a t i o n s
14 EL = E0 /(1+(R0/RL)); // measured v a l u e o f

v o l t a g e i n V
15 Er = EL-E0; // e r r o r i n

measurement i n V
16 p = ((EL-E0)/(E0))*100; // p e r c e n t a g e

e r r o r i n %
17

18 // r e s u l t
19 mprintf(” measured v a l u e o f v o l t a g e = %3 . 3 f V”,EL);
20 mprintf(”\ n e r r o r i n measurement= %3 . 3 f V”,Er);
21 mprintf(”\ n p e r c e n t a g e e r r o r = %3 . 3 f p e r c e n t low ”,p)

;

22

23

24 //
================================================================================================

Scilab code Exa 1.9 Also find the percentage error

1 //
===========================================================================
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2 // c h a p t e r 1 example 9
3

4

5 clc;

6 clear all;

7

8 // v a r i a b l e d e c l a r a t i o n
9 s = 4000; // in s t rument s e n s i t i v i t y i n k
10 R = 10; // range o f s c a l e
11 R0 = 20; // output r e s i s t a n c e i n k
12 E0 = 7.5; // open c i r c u i t v o l t a g e
13

14 // c a l c u l a t i o n s
15 RL =s*R; // in s t rument r e s i s t a n c e i n k
16 RL1 = RL*10^ -3;

17 EL = E0 /(1+(R0/(RL1))); // measured v a l u e o f
v o l t a g e i n V

18 p = ((EL-E0)/(E0))*100; // p e r c e n t a g e
e r r o r i n %

19

20 // r e s u l t
21 mprintf(” measured v a l u e o f v o l t a g e = %3 . 2 f V”,EL);
22 mprintf(”\ n p e r c e n t a g e e r r o r = %3 . 2 f V p e r c e n t a g e

low ”,p);

Scilab code Exa 1.10 calculate the resistance of voltage measuring device

1 //
===========================================================================

2 // c h a p t e r 1 example 10
3

4 clc;

5 clear all;

6
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7 // v a r i a b l e d e c l a r a t i o n
8 E0 = 50; // i n t e r n a l v o l t a g e s o u r c e i n V
9 R0 = 100; // r e s i t a n c e i n k
10 r = 99; // ac cu racy i n %
11

12 // c a l c u l a t i o n s
13 //Em = E0/(1+(R0/RL) )
14 //Em = E0∗ ( r i n %)
15 //E0/(1+(R0/RL) ) = E0∗ ( r i n %)
16 Em = (E0*r)/(100);

17 x =E0/(Em);

18 y = x-1;

19 Rm = R0/(y); // r e s i s t a n c e o f v o l t a g e i n k
20

21 // r e s u l t
22 mprintf(” r e s i s t a n c e o f v o l t a g e = %3 . 2 f k ”,Rm);

Scilab code Exa 1.11 Determine actual value of current measured value of current and percentage error in the measurement and accuracy

1 //
===========================================================================

2 // c h a p t e r 1 example 11
3

4

5 clc;

6 clear all;

7

8 // v a r i a b l e d e c l a r a t i o n
9 E = 20; // v o l t a g e i n V

10 R1 = 2; // r e s i s t a n c e i n k
11 R2 = 2; // r e s i s t a n c e i n k
12 R3 = 1; // r e s i s t a n c e i n k
13 R = 200; // r e s i s t a n c e whe c u r r e n t i s

connec t ed to t e r m i n a l s i n
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14

15

16 // c a l c u l a t i o n s
17 Io = (E/(R1+((R2*R3)/(R2+R3))))*(R2/(R2+R3));

// n o r t o n s e q u i v a l e n t c u r r e n t i n k
18 Rout = R3 +((1/( R1))+(1/(R2))); // output

r e s i s t a n c e i n k
19 IL = Io*((R1 *1000) /((R1 *1000)+R)); //

measured v a l u e o f c u r r e n t i n mA
20 e = ((IL-Io)/(Io))*100; //

p e r c e n t a g e e r r o r i n %
21 A = 100+e; // ac cu racy o f

measurement i n %
22

23 // r e s u l t
24 // mpr in t f (” r e s i s t a n c e o f v o l t a g e = %3 . 2 f k ” ,Rm) ;
25

26 mprintf(” a c t u a l v a l u e o f c u r r e n t f l o w i n g through
1000 i s %3 . 2 f mA”,Io ’);

27 mprintf(”\nmeasured v a l u e o f c u r r e n t when 200 i s
connec t ed i s %3 . 2 f mA”,IL);

28 mprintf(”\ n p e r c e n t a g e e r r o r = %3 . 1 f p e r c e n t a g e ( low )
”,e);

29 mprintf(”\ naccuracy o f measurement = %3 . 1 f
p e r c e n t a g e ”,A);
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Chapter 3

Error in Measurement and
Their Analysis

Scilab code Exa 3.1 Determine the absolute error of measurement

1 //
===========================================================================

2 // c h a p t e r 3 example 1
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 Am = 10.25; // measured v a l u e i n

9 A = 10.22; // True v a l u e i n
10

11 // c a l c u l a t i o n s
12 dA = Am -A; // a b s o l u t e e r r o r i n

13

14 // r e s u l t
15 mprintf(” a b s l o t u e e r r o r = %3 . 2 f ”,dA);
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Scilab code Exa 3.2 Determine the true value of power

1 clc;

2 clear all;

3

4 // v a r i a b l e d e c l a r a t i o n
5 Am = 25.34; // measured v a l u e i n

watt s
6 dA = -0.11; // a b s o l u t e e r r o r i n

watt s
7

8

9 // c a l c u l a t i o n s
10 A = Am-dA; // True v a l u e i n

wtt s
11

12 // r e s u l t
13 mprintf(” a b s l o t u e e r r o r = %3 . 2 f watt s ”,A);

Scilab code Exa 3.3 Determine the relative error

1 //
===========================================================================

2 // c h a p t e r 3 example 2
3

4 clc;clear all;

5

6

7 // v a r i a b l e d e c l a r a t i o n
8 Am = 205.3*10** -6; // measured

v a l u e i n
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9 A = 201.4*10** -6; // True v a l u e
i n

10

11 // c a l c u l a t i o n s
12 e0 = Am-A; // a b s o l u t e e r r o r i n

13 r = (e0/(A))*100; // r e l a t i v e e r r o r i n
%

14

15 // r e s u l t
16 mprintf(” a b s l o t u e e r r o r = %3 . 2 e F ”,e0);
17 mprintf(”\ n r e l a t i v e e r r o r = %3 . 2 f p e r c e n t a g e ”,r);

Scilab code Exa 3.4 Determine the limits of inductance

1 //
===========================================================================

2 // c h a p t e r 3 example 4
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 ep = 5; // p e r c e n t a g e e r r o r
8 Am = 20; // measuredd v a l u e i n H
9

10 // c a l c u l a t i o n s
11 er = ep /(100); // r e l a t i v e e r r o r
12 //A = Am+dA
13 //dA = e r ∗Am
14 A = Am*(1+er); // l i m i t i n g v a l u e o f

i n d u c t a n c e i n H
15 A1 = Am*(1-er); // l i m i t i n g v a l u e o f

i n d u c t a n c e i n H
16
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17 // r e s u l t
18 mprintf(” l i m i t s o f i n d u c t a n c e =%3 . 2 f H”,A);
19 mprintf(”\n and = %3 . 2 f H”,A1);

Scilab code Exa 3.5 calculate the limiting value of current

1 //
===========================================================================

2 // c h a p t e r 3 example 5
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 er = 1.5*10^ -2; // ac cu racy
8 A1 = 10; // c u r r e n t

i n A
9 A2 = 2.5; // c u r r e n t i n

A
10

11 // c a l c u l a t i o n s
12 dA = er*A1; // magnitude

o f l i m i t i n g e r r o r o f the i n s t rument
13 er1 = dA/(A2); // magnitude o f

c u r r e n t
14 A11 = A2*(1+ er1); // c u r r e n t

i n A
15 A12 = A2*(1-er1); // c u r r e n t

i n A
16 er2 = (dA/(A2))*100; // l i m i t i n g

e r r o r i n %
17

18 // r e s u l t
19 mprintf(” l i m i t i n g v a l u e s o f c u r r e n t =%3 . 2 f A and

%3 . 2 f ”,A11 ,A12);
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20 mprintf(”\ n l i m i t i n g e r r o r = %3 . 1 f pe r c en tage ’ , e r 2 ) ;

Scilab code Exa 3.6 Determine the limiting error in per cent

1 //
===========================================================================

2 // c h a p t e r 3 example 6
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 e = 0.01; // acuuracy
8 v = 150; // v o l t a g e i n V
9 v1 = 83; // measured v o l t a g e i n V

10

11 // c a l c u l a t i o n s
12 dV = e*v; // magnitude o f the

l i m i t i n g e r r o r o f the i n s t rument i n V
13 er = (dV/(v1))*100; // p e r c e n t a g e l i m i t i n g

e r r o r at v1 v o l t a g e i n %
14

15 // r e s u l t
16 mprintf(” l i m m i t i n g e r r o r i n c a s e o f 83V i s = %3 . 2 f

pe r c en tage ’ , e r ) ;

Scilab code Exa 3.7 calculate the limiting error

1 //
===========================================================================

2 // c h a p t e r 3 example 7
3

30



4

5 clc;clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 er = 0.01; // l i m i t i n g e r r o r
9 P = 1000; // power i n watt s
10 P1 = 100; // t r u e power i n watt s
11

12 // c a l c u l a t i o n s
13 dP = er*P; // magnitude o f

i n s t rument e r r o r o f the i n s t rument watt s
14 eP = (dP/(P1))*100; // p e r c e n t a g e l i m i t i n g

e r r o r at 100 W power i n %
15

16 // r e s u l t
17 mprintf(” p e r c e n t a g e l i m i t i n g e r r o r at 100 W power =

%3 . 2 f pe r c en tage ’ , eP ) ; ;

Scilab code Exa 3.9 Calculate the power dissipated in the resistor and the uncertainty in power

1 //
===========================================================================

2 // c h a p t e r 3 example 9
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 v = 110.2; // v o l t a g e drop i n V
8 i = 5.3; // c u r r e n t i n A
9 v1 = 0.2; // u n c e r t a i n i t y i n

measurements i n V
10 i1 = 0.6; // u n c e r t a n i t y i n

measurments i n A
11
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12 // c a l c u l a t i o n s
13 erv = (v1/(v))*100; // l i m i t i n g e r r o r to

v o l t a g e drop i n %( r a n g i n g + to −)
14 eri = (i1/(i))*100; // l i m i t n g e r r o r i n

c u r r r e n t i n %( r a n g i n g + to −)
15 P = v*i; // power d i s s i p a t e d

i n the r e s i s t o r i n W
16 eP = (erv+eri); // l i m t i n g e r r o r i n

the power d i s s i p a t i o n i n %( r a n g i n g + to −)
17 p = eP*P*10^ -2; // power with

l i m i t i n g e r r o r i n W
18 e = erv+eri; // l i m i t i n g

e r r o r i n power d i s s i p a t i o n
19 P1 = P+p; // power

d i s s i p a t i o n i s g i v e n i n W
20 P11 = P-p; // power

d i s s i p a t i o n i s g i v e n i n W
21

22 // r e s u l t
23 mprintf(” power d i s s i p a t e d = %3 . 2 f W’ , P) ;
24 mpr in t f ( ”\nlimiting error in the power dissipation =

%3.1f percentage ” , e )
25 mpr in t f ( ”\nuncertanity in power ranging in %3.2f W

to %3.2f” , P11 , P1 ) ;

Scilab code Exa 3.10 calculate the limiting error in the computed value of power dissipation

1 //
===========================================================================

2 // c h a p t e r 3 example 10
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
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7 R = 100; // r e s i s t a n c e i n
8 dR = 0.2; // r e s i s t a n c c e e r r o r i n (

r a n g i n g + to −)
9 I = 2; // c u r r e n t i n A
10 dI = 0.01; // e r r o r i n c u r r e n t i n A( r a n g i n g

+ to −)
11

12 // c a l a c u l a t o n s
13 eR = (dR/(R))*100; // p e r c e n t a g e l i m i t i n g

e r r o r to r e s i s t a n c e i n %( r a n g i n g + to −)
14 eI = (dI/(I))*100; // p e r c e n t a g e l i m i t i n g

e r r o r to c u r r e n t i n %( r a n g i n g + to −)
15 P = (I^2)*R; // power d i s s i o a t i o n i n

W
16 eP = (2*eI)+eR; // wors t o s s i b l e

combinat i on o f e r r o r s the l i m i t i n g e r r o r i n the
power d i s s i p a t i o n i n %

17 p = (eP*10^ -2)*P; // e r r o r i n
power i n watt s

18 P1 = P+p; // power d i s s i p a t i o n
i n W

19 P2 =P-p; // power d i s s i p a t i o n
i n W

20

21 // r e s u l t
22 mprintf(” l i m i t i n g e r r o r = %3 . 2 f pe r c en tage ’ , eP ) ;
23 mpr in t f ( ”\npower dissipation %3.2f W %3.2f W” ,P2 , P1 )

;

Scilab code Exa 3.11 Determine the resolution in the instrument in volt

1 //
===========================================================================

2 // c h a p t e r 3 example 11
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3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 V = 200; // f u l l −s c a l e r e a d i n g i V
8 n = 100; // number o f d i v i v s i o n s o f s c a l e
9

10 // c a l c u l a t i o n s
11 n1 = V/(n); // 1 s c a l e d i v i s i o n i n V
12 R = n1/(5); // 1/5 th o f s c a l e d i v i s i o n i n V
13

14 // r e s u l t
15 mprintf(” r e s o l u t i o n = %3 . 2 f V”,R);

Scilab code Exa 3.12 Determine the limiting error of the resultant capacitance

1 //
===========================================================================

2 // c h a p t e r 3 example 12
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 u = 150; // c a p a c i t a n c e i n uF
8 du = 2.4; // c a p a c i t a n c e i n uF
9 v = 120; // c a p a c i t a n c e i n uF

10 dv = 1.5; // c a p a c i t a n c e i n uF
11

12 // c a l c u l a t i o n s
13 y = u+v; // r e s u l t a n t c a p a c i t a n c e when

c a p a c i t o r s a r e connec tedd i n p a r a l l e l i n uF
14 dy = du+dv; // l i m i t i n g e r r o r i n uF( r a n g i n g +

to −)
15 er = (dy/(y))*100; // r e l a t i v e l i m i t i n g e r r o r i n %

34



( r a n g i n g + to −)
16

17 // r e s u l t
18 mprintf(” l i m i t i n g e r r o r o f the r e s u l t a n t c a p a c i t a n c e

= %3 . 2 f pe r c en tage ’ , e r ) ;

Scilab code Exa 3.13 calculate the uncertainty in the combined resistance

1 //
===========================================================================

2 // c h a p t e r 3 example 13
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 R1 = 1000; // r e s i s t a n c e i n
7 R2 = 500; // r e s i s t a n c e i n
8 eR1 = 1; // e r r o r r e s i s t a n c e
9 eR2 = 1; // e r r o r r e s i s t a n c e

10

11 // c a l c u l a t i o n s
12 R = (R1*R2)/(R1+R2); // r e s i s t a n c e i n
13 X = R1*R2;

14 Y = R1+R2;

15 dX = (eR1+eR2); // e r r o r i n X
16 //dY = ( dR1/Y) +(dR2/Y) ;
17 //dY = (R1/Y) ∗ ( dR1/R1) +((R2/Y) ∗ ( dR2/R2)
18 dY = ((R1/(Y))*(eR1))+((R2/(Y))*(eR2)); //

e r r o r i n Y
19 eP = dX+dY; //

p e r c e n t a g e e r r o r i n e q u i v a e n t p a r a l l e l r e s i s t a n c e
i n %

20 e = R*(eP /(100)); // e r r o r (
maximum o s s i b l e ) i n 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 i n
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21

22

23 // r e s u l t
24 mprintf(” p e r c e n t a g e e r r o r = %3 . 2 f p e r c e n t a g e ”,eP);
25 mprintf(”\ n e r r o r i n 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 =

%3 . 2 f ”,e);

Scilab code Exa 3.14 find the resistance in series and parallel

1 //
===========================================================================

2 // c h a p t e r 3 example 14
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 R1 = 200; // r e s i s t a n c c e i n
8 R2 = 100; // r e s i s t a n c c e i n
9 R3 = 50; // r e s i s t a n c c e i n

10 dR1 = 5; // change i n
r e s i s t a n c c e ( dR1/R1) i n %

11 dR2 = 5; // change i n
r e s i s t a n c c e ( dR2/R2) i n %

12 dR3 = 5; // change i n
r e s i s t a n c c e ( dR3/R3) i n %

13 y1 = 20000;

14 y2 = 5000;

15 y3 = 10000;

16

17

18 // c a l c u l a t i o n s
19 Rse = R1+R2+R3; // e q u i v a l e n t

r e s i s t a n c e i n
20 R = ((R1/(Rse))*(dR1))+((R2/(Rse))*(dR2))+((R3
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/(Rse))*(dR3));

21 e = Rse*(R/(100)); //
r e l a t i v e l i m i t i n g e r r o r o f s e r i e s e q u i v a l e n t i n

22 X = R1*R2*R3;

23 Y = (R2*R3)+(R1*R3)+(R1*R2);

24 RP = X/(Y); //
e q u i v a l e n t r e s i s t a n c e i n

25 eX = dR1+dR2+dR3; //
e r r o r i n X i n %

26 dy1 = dR1+dR2; //
e r r o r ( dy1 / y1 ) n y1 i n %

27 dy2 = dR2+dR3; //
e r r o r ( dy2 / y2 ) i n y2 i n %

28 dy3 = dR3+dR1; //
e r r o r ( dy3 / y3 ) i n y3 i n %

29 eY = ((y1/(Y))*(dy1))+((y2/(Y))*(dy2))+((y3/(Y)

)*(dy3)); // p e r c e n t a g e e r r o r i n %
30 pemax = eX+eY; //

p e r c e n t a g e e r r o r (maximum p o s s i b l e ) i n 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 i n %

31 emax = RP*(pemax /(100)); // e r r o r
maximum p o s s i b l e i n 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 i n

32

33 // r e s u l t
34 mprintf(” e q u i v a l e n t r e s i s t a n c e = %3 . 2 f ”,Rse);
35 mprintf(”\ n r e l a t i v e l i m i t i n g e r r o r o f s e r i e s

r e s i s t a n c e = %3 . 2 f p e r c e n t a g e ”,R);
36 mprintf(”\ n r e l a t i v e l i m i t i n g e r r o r o f s e r i e s

e q u i v a l e n t = %3 . 2 f ”,e);
37 mprintf(”\ n p e r c e n t a g e e r r o r (maximum p o s s i b l e ) i n

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= %3 . 2 f p e r c e t a g e ”,
pemax);

38 mprintf(”\ n e r r o r maximum p o s s i b l e i n 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 =%3 . 4 f ’ , emax ) ;
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Scilab code Exa 3.15 power and limiting error of the power

1 //
===========================================================================

2 // c h a p t e r 3 example 15
3

4 clc;clear all;

5

6 // v a r i a b l e d e c e l a r a t i o n
7 er = 0.015; // l i m i t i n g e r r o r
8 V = 100; // range o f

v o l t m e t e r i n V
9 I = 150; // range o f ammeter

i n mA
10 V1 = 70; // magnitude o f

v o l t a g e be ing measured i n V
11 I1 = 80; // magnitude o f

c u r r e n t be ing measured i n mA
12

13 // c a l c u l a t i o n s
14 dV = er*V; // magnitude (dV/V o f

l i m i t i n g e r r o r o f the v o l t m e t e r i n V
15 eV = (dV/(V1))*100; // p e r c e n t a g e ( dI / I )

l i m i t n g e r r o r at t h i s v o l t a g e i n %
16 dI = er*I; // magnitude o f

l i m i t n g e r r o r o f f the ammeter i n mA
17 eI = (dI/(I1))*100; // p e r c e n t a g e l i m i t n g

e r r o r at t h i s c u r r e n t i n %
18 P = V1*(I1 /(1000)); // power i n

W
19 dPx = eV+eI; // r e l a t i v e l i m i t i n g e r r o r (

dPx/Px) i n power measurement i n %
20
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21 // r e s u l t
22 mprintf(” r e l a t i v e l i m i t n g e r r o r i n power measurement

= %3 . 4 f p e r c e n t a g e ”,dPx);

Scilab code Exa 3.16 calculate the nominal power and limiting error of power

1

2 //
===========================================================================

3 // c h a p t e r 3 example 16
4

5 clc;clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 E =200; // l i m i t i n g v o l t a g e i n V
9 R = 1000; // r e s i s t a n c e i n
10 eE = 1; // r e l a t i v e l i m i t i n g e r r o r (dE/E)

i n %
11 eR = 5; // r e l a t i v e l i m t i n g e r r o r (dR/R)

i n %
12

13 // c a l c u l a t i o n s
14 P = (E**2)/(R); // normal power consumed i n

W
15 eP = ((2*eE)+eR); // r e l a t i v e l i m i t i n g

e r r o r (dP/P) i n measurement o f power i n %
16 dP = P*(eP /(100)); // l i m i t n g

e r r o r o f power i n watt s
17

18 // r e s u l t
19 mprintf(” Normal power consumed = %3 . 2 f W”,P);
20 mprintf(”\ n r e l a t i v e l i m i t n g e r r o r i n power

measurement= %3 . 2 f p e r c e n t a g e rangng +eP to −eP”,
eP);
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21 mprintf(”\ n l i m i t n g e r r o r o f power = %3 . 2 f p e r c e n t a g e
”,dP);

Scilab code Exa 3.17 calculate the nominal value of unknown resistance and error in percent and limiting error in ohm

1 //
===========================================================================

2 // c h a p t e r 3 example 17
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 R1 = 500; // r e s i s t a n c e i n
8 R2 = 615; // r e s i s t a n c e i n
9 R3 = 100; // r e s i s t a n c e i n

10 dR1 = 1; // l i m i t i n g e r r o r ( dR1/R1) i n %
11 dR2 = 1; // l i m i t i n g e r r o r ( dR1/R1) i n %
12 dR3 = 0.5; // l i m i t i n g e r r o r ( dR1/R1) i n %
13

14 // c a l c u l a t i o n s
15 R4 = (R1*R2)/(R3); // unknown r e s i s t a n c e i n
16 dR4 =dR1+dR2+dR3; // r e l a t i v e e r r o r o f

unknown r e s i s t a n c e i n % r a n g i n g − to +
17 e = R4*(dR4 /(100)); // l i m i t n g e r r o r i n
18

19 // r e s u l t
20 mprintf(”unknown r e s i s t a n c e = %. 2 f ”,R4);
21 mprintf(”\ n r e l a t i v e e r r o r o f unknown r e s i s t a n c e

r a n g i n g − to + = %3 . 2 f p e r c e n t a g e ”,dR4);
22 mprintf(”\ n l i m i t n g e r r o r = %3 . 2 f ”,e);

Scilab code Exa 3.18 calculate the absolute error

40



1 //
===========================================================================

2 // c h a p t e r 3 example 18
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r t a i o n
7 r = 0.5*10^ -3; // i n mm
8 p1 = 200; // i n Pa
9 p2 = 150; // i n Pa
10 Q = 4*10^ -7; // i n m∗∗3/ s
11 l = 1; // l e n g t h i n m
12 dr = 0.01;

13 dp1 = 3;

14 dp2 = 2

15 dQ =0

16 dl =0;

17

18 // c a l c u l a t i o n s
19 u = ((%pi)*((r^4)*((p1 *10^3) -(p2 *10^3)))/((8*Q*l))

); // a b s o l u t e e r r o r i n k r /m−s
20 er = (dr/((r/(10^ -3))))*100; //

dr / r i n %
21 ep1 = (dp1/(p1))*100; // dp1/p1

i n %
22 ep2 = (dp2/(p2))*100; // dp2/p2

i n %
23 eQ = (dQ/(Q))*100; //dQ/Q i n %
24 el = (dl/(l))*100; // d l / l i n %
25 p = p1-p2; //dp/p i n Pa
26 ep = (((p1/(p))*(ep1))+(p2/(p))*(ep2)); //

p e r c e n t a g e e r r o r i n % ang ing − to +
27 eu = (4*er)+(ep+eQ+el); // p e r c e n t a g e

e r r o r i n % r a n g i n g − to +
28 ua = u*(eu/100); // a b s o l u t e

e r r o r i n kg /m−s
29
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30 // r e s u l t
31

32 mprintf(” a b s o l u t e e r r o r = %3 . 3 e kg /m−s ”,u);
33 mprintf(”\ n x a b s o l u t e e r r o r = %3 . 2 e kg /m−s ”,ua);

Scilab code Exa 3.19 determine the magnitude of unknown inductance

1 //
===========================================================================

2 // c h a p t e r 3 example 19
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 C = 1*10^ -6; // c a p a c i t a n c e i n F
8 dC = 1; // e r r o r c a p a c i t a n c e i n %
9 P = 1000; // r e s i s t a n c e i n

10 dP = 0.4; // e r r o r i n r e s i s t a n c e i n %
11 Q = 2000; // r e s i s t a n c e i n
12 dQ = 1; // e r r o r i n r e s i s t a n c e i n %
13 S = 2000; // r e s i s t a n c e i n
14 dS = 0.5; // e r r o r i n r e s i s t a n c e i n %
15 r = 200; // r e s i s t a n c e i n
16 dr = 0.5; // e r r o r i n r e s i s t a n c e i n %
17

18 // c a l c u k a t i o n s
19 Lx = ((C*P)*((r*(Q+S))+(Q*S)))/(S); //

unknown i n d u c t a n c e i n Henry
20 u =Q+S; // i n
21 du = ((Q/(u))*(dQ))+((S/(u))*(dS)); //

p e r c e n t a g e e r r o r i n %
22 v = r*(Q+S);

23 dv = dr+du; // p e r c e n t a g e e r r o r o f v i n %
24 x = Q*S;
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25 dx = dQ+dS; // p e r c e n t a g e e r r o r o f x i n %
26 y = (r*(Q+S))+(Q*S);

27 dy = ((v/(y))*(dQ))+((x/(y))*(dx)); //
p e r c e n t a g e e r r o r i n %

28 dLx = dC+dP+dS+dy;

29

30 // r e s u l t
31 mprintf(”unknown i n d u c t a n c e = %3 . 2 f henry ”,Lx);
32 mprintf(”\ n p e r c e n t a g e e r r o r on i n d u c t a n c e = %3 . 1 f

p e r c e n t a g e ”,dLx);

Scilab code Exa 3.20 determine the uncertainty in the measurement of Z

1 //
===========================================================================

2 // c h a p t e r 3 example 20
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 R = 100; // r e s i s t a n c e i n
8 dR = 5; // e r r o r (dR/R) i n %
9 L = 2; // i n d u c t a n c e

10 r = 50;

11 dL = 10; // e r r o r ( d l /L) i n %
12

13 // c a l c u l a t i o n s
14 u = R**2;

15 du = 2*dR; // p e r c e n t a g e e r r o r ( du/u ) i n %
16 v = ((2*( %pi)*(r))**2)*(L**2);

17 dv =2*dL; // p e r c e n t a g e e r r o r ( dv/v ) i n %
18 x = u+v;

19 dx =((u/(x))*(du))+((v/(x))*(dv)); //
p e r c e n t a g e e r r o r ( dx/x ) i n %
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20 Z = sqrt(x);

21 dZ = dx/(2); // u n c e r t a n i t y ( dZ/Z) i n %
22

23 // r e s u l t
24 mprintf(” u n c e r t a n i t y i n the measurement = %3 . 3 f

p e r c e n t a g e ”,dZ);

Scilab code Exa 3.21 calculate the standard deviation

1 //
===========================================================================

2 // c h a p t e r 3 example 21
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 x1 = 49.7; // v o l t a g e i n V
7 x2 = 50.1; // v o l t a g e i n V
8 x3 = 50.2; // v o l t a g e i n V
9 x4 = 49.6; // v o l t a g e i n V
10 x5 = 49.7; // v o l t a g e i n V
11 n =5;

12

13 // c c a l c u l a t i o n s
14 x =(x1+x2+x3+x4+x5)/(5); // a r t h i m e t i c mean
15 d1 =x-x1; // d e v i a t i o n
16 d2 =x-x2; // d e v i a t i o n
17 d3 =x-x3; // d e v i a t i o n
18 d4 =x-x4; // d e v i a t i o n
19 d5 =x-x5; // d e v i a t i o n
20 d = (d1**2)+(d2**2)+(d3**2)+(d4**2)+(d5**2);

21 sigma = sqrt(d/(n-1)); // s tandard d e v a t i o n
22

23 // r e s u l t
24 mprintf(” a r t h i m e t i c mean = %3 . 2 f ”,x);
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25 mprintf(”\ nstandard d e v i a t i o n = %3 . 3 f ”,sigma);

Scilab code Exa 3.22 find mean and standard deviation and probable error

1 //
===========================================================================

2 // c h a p t e r 3 example 22
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 x1 = 41.7; // v o l t a g e i n V
7 x2 = 42; // v o l t a g e i n V
8 x3 = 41.8; // v o l t a g e i n V
9 x4 = 42; // v o l t a g e i n V
10 x5 = 42.1; // v o l t a g e i n V
11 x6 = 41.9; // v o l t a g e i n V
12 x7 = 42.5; // v o l t a g e i n V
13 x8 = 42; // v o l t a g e i n V
14 x9 = 41.9; // v o l t a g e i n V
15 x10 = 41.8; // v o l t a g e i n V
16 n =10;

17

18 // c c a l c u l a t i o n s
19 x =(x1+x2+x3+x4+x5+x6+x7+x8+x9+x10)/(10); //

a r t h i m e t i c mean
20 d1 =x-x1; // d e v i a t i o n
21 d2 =x-x2; // d e v i a t i o n
22 d3 =x-x3; // d e v i a t i o n
23 d4 =x-x4; // d e v i a t i o n
24 d5 =x-x5; // d e v i a t i o n
25 d6 =x-x6; // d e v i a t i o n
26 d7 =x-x7; // d e v i a t i o n
27 d8 =x-x8; // d e v i a t i o n
28 d9 =x-x9; // d e v i a t i o n
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29 d10 =x-x10; // d e v i a t i o n
30 d = (d1^2)+(d2^2)+(d3^2)+(d4^2)+(d5^2)+(d6^2)+(

d7^2)+(d8^2)+(d9^2)+(d10^2);

31 sigma = sqrt(d/(n-1)); // s tandard d e v a t i o n
32 r = 0.6745* sigma; // p r o b a b l e e r r o r o f one

r e a d i n g
33

34 // r e s u l t
35 mprintf(” a r t h i m e t i c mean = %3 . 2 f ”,x);
36 mprintf(”\ nstandard d e v i a t i o n = %3 . 3 f ”,sigma);
37 mprintf(”\ nprobab l e e r r o r o f ne r e a d i n g = %3 . 3 f ”,r);

Scilab code Exa 3.23 find mean and standard deviation and probable error and probable error of mean and range

1 //
===========================================================================

2 // c h a p t e r 3 example 23
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 x1 = 41.7; // v o l t a g e i n V
8 x2 = 42; // v o l t a g e i n V
9 x3 = 41.8; // v o l t a g e i n V
10 x4 = 42; // v o l t a g e i n V
11 x5 = 42.1; // v o l t a g e i n V
12 x6 = 41.9; // v o l t a g e i n V
13 x7 = 42.5; // v o l t a g e i n V
14 x8 = 42; // v o l t a g e i n V
15 x9 = 41.9; // v o l t a g e i n V
16 x10 = 41.8; // v o l t a g e i n V
17 n =10;

18

19 // c c a l c u l a t i o n s
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20 x =(x1+x2+x3+x4+x5+x6+x7+x8+x9+x10)/(10); //
a r t h i m e t i c mean

21 d1 =x-x1; // d e v i a t i o n
22 d2 =x-x2; // d e v i a t i o n
23 d3 =x-x3; // d e v i a t i o n
24 d4 =x-x4; // d e v i a t i o n
25 d5 =x-x5; // d e v i a t i o n
26 d6 =x-x6; // d e v i a t i o n
27 d7 =x-x7; // d e v i a t i o n
28 d8 =x-x8; // d e v i a t i o n
29 d9 =x-x9; // d e v i a t i o n
30 d10 =x-x10; // d e v i a t i o n
31 d = (d1**2)+(d2**2)+(d3**2)+(d4**2)+(d5**2)+(d6

**2)+(d7**2)+(d8**2)+(d9**2)+(d10 **2);

32 sigma = sqrt(d/(n-1)); // s tandard d e v a t i o n
33 r = 0.6745* sigma; // p r o b a b l e e r r o r o f one

r e a d i n g
34 rm = r/(sqrt(n-1)); // p r o b a b l e e r r o r o f mean

i n V
35 R = x7-x1; // range i n V
36 // r e s u l t
37 mprintf(” a r t h i m e t i c mean = %3 . 2 f ”,x);
38 mprintf(”\ nstandard d e v i a t i o n = %3 . 3 f ”,sigma);
39 mprintf(”\ nprobab l e e r r o r o f one r e a d i n g = %3 . 3 f ”,r)

;

40 mprintf(”\ nprobab l e e r r o r o f mean = %3 . 5 f V’ , rm) ;
41 mpr in t f ( ”\nRange = %3.2f V’,R);

Scilab code Exa 3.24 determine arithmetic mean and average deviation and variance and probable error of one reading and probable error of the mean

1 //
===========================================================================

2 // c h a p t e r 3 example 24
3 clc;clear all;
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4

5 // v a r i a b l e d e c l a r a t i o n
6 x1 = 1.570; // v o l t a g e i n V
7 x2 = 1.597; // v o l t a g e i n V
8 x3 = 1.591; // v o l t a g e i n V
9 x4 =1.562; // v o l t a g e i n V
10 x5 =1.577; // v o l t a g e i n V
11 x6 = 1.580; // v o l t a g e i n V
12 x7 = 1.564; // v o l t a g e i n V
13 x8 = 1.586; // v o l t a g e i n V
14 x9 = 1.550; // v o l t a g e i n V
15 x10 = 1.575; // v o l t a g e i n V
16 n =10;

17

18 // c c a l c u l a t i o n s
19 x =(x1+x2+x3+x4+x5+x6+x7+x8+x9+x10)/(10); //

a r t h i m e t i c mean
20 d1 =x1 -x; // d e v i a t i o n
21 d2 =x2 -x; // d e v i a t i o n
22 d3 =x3 -x; // d e v i a t i o n
23 d4 =x4-x; // d e v i a t i o n
24 d5 =x5-x; // d e v i a t i o n
25 d6 =x6-x; // d e v i a t i o n
26 d7 =x7-x; // d e v i a t i o n
27 d8 =x8-x; // d e v i a t i o n
28 d9 =x9-x; // d e v i a t i o n
29 d10 =x10 -x; // d e v i a t i o n
30 D =(abs(d1)+abs(d2)+abs(d3)+abs(d4)+abs(d5)+abs(

d6)+abs(d7)+abs(d8)+abs(d9)+abs(d10))/(n);

31 d = ((d1^2)+(d2^2)+(d3^2)+(d4^2)+(d5^2)+(d6^2)+(

d7^2)+(d8^2)+(d9^2)+(d10^2));

32 sigma = sqrt(d/(n-1)); // s tandard d e v a t i o n
33 r = 0.6745* sigma; // p r o b a b l e e r r o r o f one

r e a d i n g
34 v = sigma ^2;

35 rm = r/(sqrt(n-1)); // p r o b a b l e e r r o r o f mean
i n V

36
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37 // r e s u l t
38 mprintf(” a r t h i m e t i c mean = %3 . 3 f ”,x);
39 mprintf(”\ nave rage d e v i a t i o n = %3 . 3 f gramme”,D);
40 mprintf(”\ nstandard d e v i a t i o n = %3 . 5 f gramme∗2 ”,

sigma);

41 mprintf(”\ nprobab l e e r r o r o f one r e a d i n g = %3 . 5 f
gramme”,r);

42 mprintf(”\n v a r i a n c e= %3 . 3 e grammeˆ2 ”,v);
43 mprintf(”\ nprobab l e e r r o r o f mean = %3 . 4 f gramme”,rm

);
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Chapter 4

Measuring system
fundamentals

Scilab code Exa 4.1 find the torque

1 //
===========================================================================

2 // c h a p t e r 4 example 1
3 clc;

4 clear all;

5

6

7 // v a r i a b l e d e c a l a r t i o n
8 L =0.4; // l e n g t h o f the s t r i p i n m
9 W = 0.0005; // width o f the s t r i p i n m

10 t = 0.00008 // t h i c k n e s s i n m
11 E = 1.2*10^10; // young ’ s modulus i n kg /m∗∗2
12 d = 90; // d e f l e c t i o n i n

d e g r e e s
13

14 // c a l u c a l t i o n s
15 theta = %pi /(2); // d e f l e c t i o n i n r a d i a n s
16 T = ((E*W*(t^3))/(12*L*2))*(%pi); //
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t o rq u e e x e r t e d i n Kg−m
17

18 // r e s u l t
19

20 mprintf(” t o r q u e e x e r t e d T = %3 . 2 e Kg−m”,T);

Scilab code Exa 4.2 determine deflection

1 //
===========================================================================

2 // c h a p t e r 4 example 2
3 clc;

4 clear all;

5

6

7 // v a r i a b l e d e c a l a r t i o n
8 W = 0.005; // c o n t r o l l i n g we ight

i n Kg
9 L = 0.024; // l e n g t h i n m
10 Td = 1.05*10** -4; // d e f l e c t i n g Torque i n

kg−m
11

12 // c a l c u l a t i o n s
13 x = Td/(W*L);

14 //Td = W∗L∗ s i n ( t h e t a )
15 theta = asin(x);

16 theta1 = (theta *180) /(%pi);

17

18 // r e s u l t
19 mprintf(” d e f l e c t i o n = %3 . 0 f ”,theta1);

Scilab code Exa 4.3 determine the suitable dimensions for spring
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1 //
===========================================================================

2 // c h a p t e r 4 example 3
3

4 clc;

5 clear all;

6

7

8 // v a r i a b l e d e c a l a r t i o n
9 Smax = 3.0*10^6; //maximum s t r e s s i n kg /m∗∗2
10 E = 1.2*10^10; // young ’ s modulus

i n kg /m∗∗2
11 w = 0.0006; // width o f s p r i n g i n m
12 Td = 1.2*10^ -4; // d e f l e c t i n g t o r q u e i n

kg−m
13 d = 90; // d e f l e c t i o n i n

d e g r e e s
14

15 // c a l u c a l t i o n s
16 theta = %pi /(2); // d e f l e c t i o n i n r a d i a n s
17 // s i n c e T = ( (E∗W∗ ( t ∗3) ) /(12∗L) ) ∗ t h e t a
18 // t ˆ3/ l = (12∗Tc ) /(E∗W∗ t h e t a )
19 Tc = Td/(2); // c o n t r o l l i n g

t o rq u e o f each s p r i n g i n kg−m
20 //x = t ∗∗3/ l
21 x = (12*Tc)/((E*w*theta)); //

e q u q a t i o n 1
22 //y =l / t
23 y = (E*theta)/(2* Smax); // e q u a t i o n 2
24 // by m u l t i p l y i n g e q u a t i o n s 1 and 2 ( x∗y =t ∗∗2 =z )
25 z = x*y;

26 t = sqrt(z); // t h i c k n e s s o f s p r i n g
s t r i p i n mm

27 l = y*t; // l e n g t h on m
28

29 // r e s u l t
30 mprintf(” t h i c k n e s s o f s p r i n g s t r i p = %3 . 2 f mm” ,(t
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*10^3));

31 mprintf(”\ n l e n g t h i n = %3 . 2 f m”,l);

Scilab code Exa 4.4 determine the deflection

1 //
===========================================================================

2 // c h a p t e r 4 example 4
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 theta1 = 90; // d e f l e c t i o n i n
8 x = 0.5; // I2 / I1
9

10 // c a l c u l a t i o n s
11 //Td p r o p r t i o n a l to I
12 // t h e t a p r o p r t i o n a l to I
13 theta2 = theta1 *(x); // d e f l e c t i o n f o r the

c u r r e n t e q u a l to the h a l f o f the c u r r e n t i n
s p r i n g c o n t r o l l e d in s t rument i n

14 //Tc p r o p r t i o n a l to s i n ( t h e t a )
15 // s i n ( t h e t a ) p r o p r t i o n a l to I
16 y = sin((%pi /(2)))

17 theta21 = asin(x*y); // d e f l e c t i o n f o r the
c u r r e n t e q u a l to the h a l f o f the c u r r e n t i n
g r a v i t y c o n t r o l l e d in s t rument i n

18 theta22 = (theta21 *180) /(%pi);

19

20 // r e s u l t
21 mprintf(” d e f l e c t i o n f o r the c u r r e n t e q u a l to the

h a l f o f the c u r r e n t i n s p r i n g c o n t r o l l e d
in s t rument = %3 . 2 f ”,theta2);

22 mprintf(”\ n d e f l e c t i o n f o r the c u r r e n t e q u a l to the
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h a l f o f the c u r r e n t i n g r a v i t y c o n t r o l l e d
in s t rument = %3 . 2 f ”,theta22);

Scilab code Exa 4.5 find the deflection when spring controlled and gravity controlled

1 //
===========================================================================

2 // c h a p t e r 4 example 5
3 clc;

4 clear all;

5

6

7 // v a r i a b l e d e c e l a r a t i o n
8 theta1 = 90; // d e f l e c t i o n i n
9 I1 = 10;

10 I2 =5;

11

12 // c a l c u l a t i o n s
13 //Td p r o p r t i o n a l to I ˆ2
14 // Theta p r o p r t i o n a l to I ˆ2
15 theta2 = theta1 *((I2/(I1))^2); //

d e f l e c t i o n f o r I1 A s p r i n g c o n t r o l l e d in s t rument
i n

16 //Tc p r o p r t i o n a l to s i n ( t h e t a )
17 // s i n ( t h e t a ) p r o p r t i o n a l to I ∗∗2
18

19 x = (I2/((I1)))

20 theta21 = asin(x**2)*(sin(%pi /(2))); //
d e f l e c t i o n f o r I1 A Grav i ty c o n t r o l l e d
in s t rument i n

21 theta22 = (theta21 *180) /(%pi);

22

23 // r e s u l t
24 mprintf(” d e f l e c t i o n f o r I 1 A s p r i n g c o n t r o l l e d
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i n s t rument = %3 . 2 f ”,theta2);
25 mprintf(”\ n d e f l e c t i o n f o r I 1 A Grav i ty c o n t r o l l e d

in s t rument = %3 . 1 f ”,theta22);

Scilab code Exa 4.6 determine the value of current when spring controlled and gravity controlled

1 //
===========================================================================

2 // c h a p t e r 4 example 6
3

4 clc;

5 clear all;

6

7 // V a r i a b l e d e c l a r a t i o n
8 I1 = 10; // c u r r e n t i n A
9 theta1 = 60; // d e f l e c t i o n i n
10 theta2 = 40; // d e f l e c t i o n i n
11

12

13 // c a l c u l a t i o n s
14 I2 = (I1)*( theta2 /( theta1)); // c u r r e n t i n

c a s e s p r i n g c o n t r o l l e d ammeter i n A
15 x = sin ((( theta2*%pi)/(180)));

16 y = sin(( theta1*%pi)/(180));

17 I21 = (I1)*(x/y); // c u r r e n t i n c a s e
g r a v i t y c o n t r o l l e d ammeter i n A

18

19

20 // r e s u l t
21 mprintf(” c u r r e n t i n c a s e s p r i n g c o n t r o l l e d ammeter =

%3 . 2 f A”,I2);
22 mprintf(”\ n c u r r e n t i n c a s e g r a v i t y c o n t r o l l e d

ammeter = %3 . 2 f A”,I21);
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Scilab code Exa 4.7 find the deflecting torque

1 //
===========================================================================

2 // c h a p t e r 4 example 7
3

4 clc;

5 clear all;

6

7

8 // v a r i a b l e d e c l a r a t i o n
9 Td = 1.13*10^ -3; // d e f e l e c t i n g t o rq u e i n

Nm
10 m = 5*10^ -3;

//
we ight i n kg

11 g = 9.81; // g r a v i t y
12 theta = 60; // d e f l e c t i o n i n
13

14 // c a l c u l a t i o n s
15 d = Td/(m*g*sin((( theta*%pi)/(180)))); //

d i s t a n c e o f the c o n t r o l l i n g we ight from s p i n d l e
i n mm

16

17 // r e s u l t
18 mprintf(” d i s t a n c e o f the c o n t r o l l i n g we ight from

s p i n d l e = %3 . 1 f mm” ,(d*10^3));
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Chapter 5

Analog ammeters and
voltmeters

Scilab code Exa 5.1 calculate the deflection

1 //
===========================================================================

2 // c h a p t e r 5 example 1
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 K = 24*10^ -6; // s p r i n g c o n s t a n t i n Nm/

r a d i a n
8 I = 5; // c u r r e n t i n A
9

10 // c a l c u l a t i o n s
11 //L = 20+10∗ t h e t a − 2∗ ( t h e t a ˆ2)
12 // p a r t i a l d i f f e r e n t i a t e w . r . t to t h e t a
13 //dL/ dthe ta = x = 10− 4∗ t h e t a
14 //dL/ dthe ta = 2∗K∗ t h e t a /( I ˆ2)
15 //x = 10−4∗ t h e t a
16 //y = t h e t a /x
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17 y = ((I^2) /(2*K))*10^ -6;

18 theta = (10*y)/(1+(4*y)); // d e f e l c t i o n f o r
c u r r e n t i n r a d i a n s

19 theta1 = (( theta *180) /(%pi));

20

21 // r e s u l t
22

23 mprintf(” d e f l e c t i o n = %3 . 1 f ’ , t h e t a 1 ) ;

Scilab code Exa 5.2 Determine the spring constant

1 //
===========================================================================

2 // c h a p t e r 5 example 2
3

4 clc;clear all;

5

6 // V a r i a b l e d e c l a r a t i o n
7 I = 5; // c u r r e n t i n A
8 d = 30; //

d e f l e c t i o n
9 I2 = 10;

10

11 // c a l c u l a t i o n s
12 //L = 10+5∗ t h e t a − 2∗ ( t h e t a ˆ2) //

i n d u c t a n c e i n uH
13 // p a r t i a l d i f f e r e n t i a t e w . r . t to t h e t a
14 //dL/ dthe ta = x = 5− 4∗ t h e t a
15 //dL/ dthe ta = 2∗K∗ t h e t a /( I ˆ2)
16 //x = 10−4∗ t h e t a
17 theta = %pi /(6);

18 K = (((5 -(4* theta))*10^ -6)*(I^2))/(2* theta)

// s p r i n g c o n s t a n t i n Nm/ r a d i a n
19 x = ((2*K)/(I2^2))*10^6;
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20 theta2 = (5)/(x+4);

21

22 // r e s u l t
23

24 mprintf(” s p r i n g c o n s t a n t = %3 . 4 e Nm/ r a d i a n ”,K);
25 mprintf(”\ n d e f l e c t i o n f o r 10 A c u r r e n t = %3 . 3 f

r a d i a n ”,theta2);

Scilab code Exa 5.3 find the reading of the voltmeter

1 //
===========================================================================

2 // c h a p t e r 5 example 3
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 R = 500; // r e s i s t a n c e i n
8 r = 2000; // non i n d u c t i v e r e s i s t a n c e

i n
9 V = 250; // v o l t a g e i n V

10 f = 50; // f r e q u e n c y i n Hz
11 L = 1; // i n d u c t a n c e i n H
12

13

14 // c a l c u l a t i o n s
15 x = (r+R)^2;

16 W = (2*%pi*f*L)^2;

17 Z =sqrt(x+W); // impedance o f the
i n s t rument c i r c u i t

18 I = V/(Z); // c u r r e n t drawn by
in s t rument i n A

19 I2 = V/(R+r); // s i n c e v o l t m e t e r r e a d s
c o r r e c t l y on dc supp ly on 250 V, c o r r e s p o n d i n g
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c u r r e n t i n A
20 V1 = V*(I/(I2)); // v o l t m e t e r r e a d i n g

when connec t ed to 250V ,50 Hz supp ly
21

22 // r e s u l t
23 mprintf(” v o l t m e t e r r e a d i n g = %3 . 1 d V”,V1);

Scilab code Exa 5.4 find the effect of the inductance of the meter

1 //
===========================================================================

2 // c h a p t e r 5 example 4
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 Vac = 500; // v o l t a g e i n V
7 Iac = 0.1; // c u r r e n t i n A
8 f = 50; // f r e q u e n c y i n Hz
9 L = 0.8; // i n d u c t a n c e i n H

10 Vdc = 300; // v o l t a g e i n V
11 Z =5000;

12

13 // c a l c u l a t i o n s
14 W = 2*( %pi)*f*L;

15 R = (sqrt((Z^2) -(W^2))); // r e s i s t a n c e i n
16 Idc = Vdc/(R); // in s t rument c u r r e n t i n

A
17 V = (Vac/(Iac))*(Idc); // Reading o f

i n s t rument when connec t ed to 300V i n V
18

19 // r e s u l t
20 mprintf(” Reading o f i n s t rument when connec t ed to 300

V = %3 . 1 f V”,V);
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Scilab code Exa 5.5 find the percentage error

1 //
========================================================

2 // c h a p t e r 5 example 5
3 clc;clear all;

4

5 // v a r i a b l e d e c a l a r a t i o n
6 Iac = 0.1; // c u r r e n t i n A
7 f = 50; // f r e q u e n c y i n Hz
8 L = 0.8; // i n d u c t a n c e i n H
9 Vac = 300; // v o l t a g e i n V

10 V = 200; // t r u e v a l u e i n V
11

12 // c a l c u l a t i o n s
13 XL = 2*%pi*f*L; // in s t rument r e a c t a n c e i n
14 Z = Vac/(Iac); // in s t rument impedance i n
15 R1 = sqrt((Z^2) -(XL^2)); // in s t rument r e s i s t a n c e (

R+r ) i n
16 Idc = V/(R1); // in s t rument c u r r e n t when

connec t ed to 200V dc supp ly
17 V1 = (Idc*Vac)/(Iac); // r e a d i n g o f the

i n s t rument when connec t ed to 200V dc supp ly
18 e = ((V1-V)/(V))*100;

19

20 // r e s u l t
21 mprintf(” p e r c e n t a g e e r r o r = %3 . 2 f p e r c e n t a g e ”,e);

Scilab code Exa 5.6 Find the value of capacitance

1
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2 //
=============================================================

3 // Chapter 5 example 6
4

5 clc;clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 R = 50; // r e s i s t a n c e o f the magnet i c

c o i l i n
9 Rt = 500; // r e s i s t a n c e i n
10 L = 0.09; // i n d u c t a n c e o f the

v o l t m e t e r i n H
11 f = 50;

12 I = 1;

13

14

15 // c a l c u l a t i o n s
16 r = Rt -R; // swamping r e s i s t a n c e i n
17 X = (2* %pi*f*r)^2;

18 Y = L*X;

19 Y1 = I*L;

20 //L = C∗ r ˆ2/( I+wˆ2∗Cˆ2∗ r ˆ2)
21 //C∗ r ˆ2 = L∗ I+L∗wˆ2∗Cˆ2∗ r ˆ2
22 //C∗ r ˆ2 =y1+x ∗ (Cˆ2)
23 //x ∗ (Cˆ2)−C∗ r ˆ2+y1 ;
24 a = X;

25 b = -r^2;

26 c = Y1;

27 x = (-b-sqrt((b^2) -(4*a*c)))/(2*a);

//we c o n s i d e r the p o s i t i v e v a l u e
28

29

30

31 // r e s u l t
32 mprintf(” swamping r e s i s t a n c e = %3 . 2 e ”,x);
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Scilab code Exa 5.7 find the capacitance

1 //
==========================================================================

2 // c h a p t e r 5 example 7
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 R = 50; // r e s i s t a n c e o f the magnet i c

c o i l i n
7 Rt = 500; // r e s i s t a n c e i n
8 L = 0.09; // i n d u c t a n c e o f the

v o l t m e t e r i n H
9

10 // c a l c u l a t i o n s
11 r =Rt -R;

12 C = (L/(r^2)); // c a p a c i t a n c e to be
p l a c e d i n u F

13

14 // r e s u l t
15 mprintf(” c a p a c i t a n c e to be p l a c e d to make the

in s t rument read c o r r e c t l y bot dc as w e l l a s ac =
%3 . 3 f e uF” ,(C*10^6));

Scilab code Exa 5.8 estimate the rate of change of self deflection

1 //
===========================================================================

2 // c h a p t e r 5 example 8
3 clc;clear all;
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4

5 // v a r i a b l e d e c a l a r a t i o n
6 Td = 4*10^ -5; // f u l l −s c a l e d e f e l c t i n g

t o rq u e i n N−m
7 I = 10; // f u l l −s c a l e c u r r e n t i n

A
8

9 // c a l c u l a t i o n s
10 //Td = ( 1 / 2 ) ∗ ( I ˆ2) ∗ ( dL/ dthe ta ) ;
11 //dL/ dthe ta = x
12 x = (2*Td)/(I^2);

13

14 // r e s u l t
15 mprintf( ’ r a t e o f change o f s e l f i n d u c t a n c e = %3 . 1 f uH

/ rad ” , ( x ∗10ˆ6) ) ;

Scilab code Exa 5.9 determine the current passing in a moving iron instrument

1 //
===========================================================================

2 // c h a p t e r 5 example 9
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 //dL/ dthe ta = x
7 y = 2.3*10^ -6;

8 Td1 = 5*10** -7;

9 t = 52;

10

11 // c a l c u l a t i o n s
12 x = y*(180/ %pi);

13 Td = Td1*t;

14 //Td = ( 1 / 2 ) ∗ ( I ∗∗2) ∗ ( dL/ dthe ta ) ;
15 I = sqrt((Td*2)/(x)); // c u r r e n t i n A
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16

17 // r e s u l t
18 mprintf(” c u r r e n t = %3 . 2 f A”,I);

Scilab code Exa 5.10 calculate the percentage increase of resistance

1 //
===========================================================================

2 // c h a p t e r 5 example 10
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 R = 400; // r e s i s t a n c e i n
8 V = 150; // v o l t m e t e r r e a d i n g i n V
9 I = 0.05; // c u r r e n t i n A

10 alphac = 0.004; // t empera tu r e c o e f f i c i e n t o f
copper

11 alphas = 0.00001; // t empera tu r e c o e f f i c i e n t o f
eu reka

12 f = 100; // f r e q u e n c y i n Hz
13 L = 0.75; // i n d u c t a n c e i n H
14

15

16 // c a l c u l a t i o n s
17 //R1 = R+r ;
18 R1 = V/(I); // t o t a l r e i s t a n c e i n
19 r = R1-R; // swamping r e s i s t a n c e i n
20 R11 = (R*(1+ alphac))+(r*(1+ alphas)); // t o t a l

r e s i s t a n c e f o r 1 C r i s e i n t empera tu r e i n
21 e = ((R11 -R1)/(R1))*100; // p e r c e n t a g e

r i s e i n r e s i s t a n c e per d e g r e e r i s e i n
t empera tu re

22 W = 2*%pi*f*L; // i n d u c t i v e
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r e a c t a n c e i n
23 Z = sqrt((R1^2)+(W^2)); // impedance i n

24 v = V*(R1/(Z)); // r e a d i n g i n d i c a t e d on
100 Hz i n V

25

26

27 // r e s u l t
28 mprintf(”R1 =%3 . 0 f ”,W);
29 mprintf(” p e r c e n t a g e r i s e i n r e s i s t a n c e per d e g r e e

r i s e i n t empera tu re = %3 . 4 f p e r c e n t a g e ”,e);
30 mprintf(”\ n r e a d i n g i n d i c a t e d on 100 Hz= %3 . 1 f V”,v);

Scilab code Exa 5.11 find the deflection

1 //
===========================================================================

2 // c h a p t e r 5 example 11
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 V = 300; // v o l t a g e i n V
7 R = 12000; // c o i l r e s i s t a n c e i n
8 B = 6*10^ -2; // f l u x d e n s i t y i n Wb/m∗∗2
9 l = 0.04; // l e n g t h i n m

10 r = 0.03; // width i n m
11 N = 100;

12 Tc = 25*10^ -7; // t o r q u e i n Nm per d e g r e e
13

14 // c a l c u l a t i o n s
15 i = V/(R); // c u r r e n t i n A
16 Td = N*B*i*l*r; // d e f l e c t i n g Torque i n Nm
17 //Tc=Td ;
18 //Tc =(25∗10ˆ−7)∗ t h e t a
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19 theta = Td/(Tc); // d e f e l c t i o n i n
20

21 // r e s u l t
22 mprintf( ’ d e f e l c t i o n = %3 . 0 f ” , t h e t a ) ;

Scilab code Exa 5.12 determine the control constant of spring

1 //
===========================================================================

2 // c h a p t e r 5 example 12
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 V = 0.1; // v o l t a g e i n V
7 R = 200; // c o i l r e s i s t a n c e i n
8 B = 0.2; // f l u x d e n s i t y i n Wb/mˆ2
9 l = 0.03; // l e n g t h i n m

10 r = 0.025; // width i n m
11 N = 100;

12 Tc = 25*10^ -7; // t o r q u e i n Nm per d e g r e e
13 theta = 100; // d e f l a c t i o n i n
14 p = 1.7*10^ -8; // s p e c i f i c r e s i s t a n c e o f

c o i l i n −m
15 d = 30;

16 d1 = 25;

17

18

19 // c a l c u l a t i o n s
20 i = V/(R); // c u r r e n t i n A
21 Td = N*B*i*l*r; // d e f l e c t i n g Torque

i n Nm
22 K = Td/(theta); // c o n t r o l c o n s t a n t

o f s p r i n g i n N−m
23 l = (d+d1)*2*100*10^ -3; // l e n g t h o f copper
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c o i l i n m
24 R1 = (R*20) /(100);

25 a = (p*l)/(R1); // a r ea o f x−s e c t i o n o f
copper w i r e inm ˆ2

26 D = sqrt ((4*a)/(%pi)); // d iamete r o f
w i r e i n mm

27

28 // r e s u l t
29

30 mprintf(” d iamete r f o w i r e = %3 . 3 f mm” ,(D*10^3));

Scilab code Exa 5.13 calculate the value of current in the wire

1 //
===========================================================================

2 // c h a p t e r 5 example 13
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 V1 = 50*10^ -3; // v o l t a g e i n V
8 I1 = 5; // c u r r e n t i n A
9 I2 = 10; // c u r r e n t i n A
10 v1 =4;

11 v2 =4.2;

12

13 // c a l c u l a t i o n s
14 // v1 = ( r+R1) ∗ I 1
15 // v1 = ( r+R1) ∗ I 2
16 // s i n c e p o t e n t i a l d i f f e r e n c e i s same i n both c a s e s
17 // v1= v2
18 R1 = V1/(I1);

19 R2 = V1/(I2);

20 r = ((v2*R2)-(v1*R1))/(v1-v2);
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21 v = (r+R1)*v1; // p o t e n t i a l d i f f e r e n c e
i n V

22 I = v/(r); // c u r r e n t when n e i t h e r
meter i n the c i r c u i t i n A

23

24 // r e s u l t
25 mprintf(” c u r r e n t when n e i t h e r meter i n the c i r c u i t =

%3 . 2 f A”,I);

Scilab code Exa 5.14 Finding the minimum resistance

1 //
===========================================================================

2 // c h a p t e r 5 example 14
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 V = 250; // v o l t a g e i n V
7 RA = 100; // r e s i s t a n c e i n
8 RB = 400; // r e s i s t a n c e i n
9 x = 0.005; // e r r o r i n measur ing v o l t a g e

i n
10

11

12 // c a l c u l a t i o n s
13 I = V/(RA+RB); // c u r r e n t f l o w i n g through

r e s i s t a n c e i n A
14 VB = I*RB; // p o t e n t i a l drop a c r e o s s

r e s i t a n c e i n V
15 //Req = RA+(( r ∗RB) /( r+RB) )
16 // I e q =V/Req = V/ RA+(( r ∗RB) /( r+RB) )
17 // I e q = (V∗ ( r+RB) ) / ( (RA∗ ( r+RB) ) +( r ∗RB) )
18 //V1 = I eq ∗ ( r ∗RB) /( r+RB)
19 // V1 = (V∗ ( r+RB) ) ∗ ( r ∗RB) ) / ( ( r+RB) ∗ ( (RA∗ ( r+RB) ) +( r ∗
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RB) ) )
20 //V1 = (V∗ r ∗RB) / ( ( r+RB) ∗ ( (RA∗ ( r+RB) ) +( r ∗RB) ) )
21 //V1 = (200∗ r ) /(80+ r )
22 V1 = VB*(1-x); // v o l t a g e measured with 0 . 5%

e r r o r
23 r = (V1*80) /(200-V1); // s o l v i n g e q u a t i o n s

we g e t minimum r e s i s t a n c e i n
24

25 // r e s u l t
26 mprintf(”minimum r e s i s t a n c e = %3 . 2 f ”,r);

Scilab code Exa 5.15 Find the total inductance

1 //
===========================================================================

2 // c h a p t e r 5 example 15
3 clc;clear all;

4

5 // v a r i a b l e d e c a l a r t a i o n
6 C = 1*10** -7; // s p r i n g t o r s i o n

c o n s t a n t i n N−m/ d e g r e e
7 I = 10; // c u r r e n t i n A
8 theta = 110; // f u l l −d e f l e c t i o n i n
9 L1 = 2*10** -6; // i n i t i a l i n d u c t a n c e i n

uH
10

11 // c a l c u l a t i o n s
12 Td =C*theta; // f u l l −s c a l e

d e f l c e t i n g t o r q ue i n N−m
13 //dM/ dthe ta =x
14 x = Td/(I^2);

15 theta1 = ((theta*%pi)/(180)); // c o n v e r s t i o n o f
r a d i a n s to d e g r e e s

16 dM = x*theta1; // change i n i n d u c t a n c e

70



i n uH
17 M = L1+dM; // t o t a l i n d u c t a n c e i n uH
18

19 // r e s u l t
20

21 mprintf(” t o t a l i n d u c t a n c e = %3 . 3 f uH” ,(M*10^6));

Scilab code Exa 5.16 Find the difference in the readings

1 //
===========================================================================

2 // c h a p t e r 5 example 16
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 theta = 90; // f u l l −d e f l e c t i o n i n
8 Td = 0.4*10^ -4; // f u l l −s c a l e

d e f l e c t i n g t o r q ue i n Nm
9 I = 0.05; // c u r r e n t i n A
10 M = 0.25; // i n i t i a l i n d u c t a n c e i n

H
11 V = 50; // v o l t a g e i n V
12 I = 0.05; // c u r r e n t i n A
13 f =50; // f r e q u e n c y i n Hz
14 V2 = 25;

15 R = 1000;

16

17

18 // c a l c u l a t i o n s
19 //dM/ dthe ta = x
20 x = (Td/(I^2)); // change i n i n d u c t a n c e i n

H
21 dM = (Td/(I^2))*(( theta*%pi)/(180));
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// change i n i n d u c t a n c e i n H
22 M1 = M+dM; // t o t a l mutual i n d u c t a n c e i n

H
23 R = V/(I); // the r e s i s t a n c e o f

v o l t m e t e r i n
24 Z =sqrt((R**2) +((2* %pi*f*M1)**2)); //

t o a t a l impedance i n
25 V1 = (V/(Z))*R; // v o l t m e t e r r e a d i n g i n V
26 d = V-V1; // d i f f e r e n c e i n r e a d i n g i n

V
27 I1 = V2/(R); // c u r r e n t through

in s t rument i n A
28 theta1 = ((theta*%pi)/(180))*((I1/(I))^2);

// d e f e l c t i o n
29 M2 = M+(x*theta1); // t o t a l mutual

i n d u c t a n c e i n H
30 Z1 = sqrt((R**2) +((2* %pi*f*M2)**2)); //

t o a t a l impedance i n
31 V21 = (V2*R)/(Z1); // v o l t m e t e r r e a d i n g

i n V
32 d1 = V2-V21; // d i f f e r e n c e i n

v o l t m e t e r r e a d i n g i n V
33

34 // r e s u l t
35 mprintf(” impedancewh i l e measur ing the v o l t a g e = %3 . 3

f ”,Z1);
36 mprintf(”\ n d i f f e r e n c e i n r e a d i n g = %3 . 1 f V”,d);
37 mprintf(”\ n d i f f e r e n c e i n r e a d i n g when 25v i s used =

%3 . 2 f V”,d1);

Scilab code Exa 5.17 Determine the range of the instrument and current and deflection

1 //
===========================================================================
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2 // c h a p t e r 5 example 17
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 theta1 = 90; // d e f e l c t i o n i n
8 theta2 = 360; // d e f e l c t i o n i n
9 theta3 = 180; // d e f e l c t i o n i n
10 I1 = 30; // c u r r e n t i n A
11 I4 = 25; // c u r r e n t i n A
12

13 //T i s p r o p o r t i o n a l to I ∗∗2
14 //T i s p r o p o r t i o n a l to t h e t a
15 // t h e t a i s p r o p o r t i o n a l to math . s q r t ( I )
16 // c a l c u l a t i o n s
17 I2 = I1*sqrt(( theta2 /( theta1))); // c u r r e n t

c o r r e s p o n d i n g to d e f l e c t i o n o f 360
18 I3 = I1*sqrt(( theta3 /( theta1))); // c u r r e n t

c o r r e s p o n d i n g to d e f l e c t i o n o f 180
19 theta4 = theta1 *((I4/I1)^2); // d e f e l c t i o n

c o r r e s p o n d i n g t o c u r r e n t o f 25 A
20

21 // r e s u l t
22 mprintf(” c u r r e n t c o r r e s p o n d i n g to d e f l e c t i o n o f 360

= %3 . 2 f A”,I2);
23 mprintf(”\ n c u r r e n t c o r r e s p o n d i n g to d e f l e c t i o n o f

180 = %3 . 2 f A”,I3);
24 mprintf(”\ n d e f e l c t i o n c o r r e s p o n d i n g t o c u r r e n t o f

25 A = %3 . 2 f ”,theta4);

Scilab code Exa 5.18 Calculate the reading of an electro dynanometer

1 //
=============================================================
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2 // Chapter 5 example 18
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 p = 80;

9 q = 60

10

11 // i = 80−60∗ s q r t ( 2 ) ∗ s i n ( t h e t a+%pi /6)
12 // i ˆ2 = x = ( 8 0 ) ˆ2) −((2∗80∗60∗ s q r t ∗ s i n ( t h e t a +(

%pi /6) ) 0ˆ2) +((80ˆ2) ∗ ( s i n ( t h e t a +(%pi /6) ) ˆ2) )
13 //x =a−b ∗ ( s i n ( t h e t a +(%pi /6) ) ˆ2) +(c ) ∗ ( s i n ( t h e t a +(

%pi /6) ) ˆ2)
14 //x = ( 8 0 ) ˆ2) −((2∗80∗60∗ s q r t ∗ s i n ( t h e t a +(%pi /6) ) 0ˆ2)

+( ( (80ˆ2 ) /2) ∗(1−( c o s ( t h e t a +(%pi /6) ) ˆ2) )
15 //x = a−(b∗ s i n ( t h e t a +(%pi /6) ) ) +(c /2)−co s ( t h e t a

+(( p i /6) ˆ2) )
16 a = p^2;

17 b =(2*(q^2)*(sqrt (2)));

18 c = (q*sqrt (2))^2;

19 //x = (1/2∗%pi ) ∗{ ( i n t e g r a l ( x∗ dthe ta ) ) }(0−2∗%pi )
20 // a p p l y i n g i n t e g r a t i o n
21 y =(a+(c/2));

22 x = (1/ %pi)*y*(%pi); // Irms ˆ2
23 Irms =sqrt(x); // r e a d i n g i n A
24

25

26 // r e s u l t
27 mprintf(” e l e c t rodynamomete r i n s t rument i n d i c a t e s

the rms v a l u e o f the c u r r e n t t h e r e f o r e the
d r e a d i n g w i l l be e q u l a ”)

28 mprintf(” Irms = %3 . 2 f A”,Irms);

Scilab code Exa 5.19 Find the magnification
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1 //
===========================================================================

2 // c h a p t e r 5 example 19
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 L = 150; // l e n g t h o f work ing w i r e at

room tempera tu r e i n mm
8 alpha = 16*10^ -6; // c o e f f i c i e n t o f l i n e a r

expans i on
9 T = 85; // t empera tu r e i n C
10 Si =1; // i n i t i a l sag i n mm
11 // c a l c u l a t i o n s
12 dL = alpha*L*T; // i n c r e a s e i n l e n g t h o f the

w i r e when g e t s heated through 85 C i n mm
13 M = sqrt(L/(2*dL)); // m a g n i f i c a t i o n with no

i n t i a l sag
14 S = sqrt((L*dL)/(2)); // Sag i n mm
15 Sn = S-Si; // net i n c r e a s e i n Sag i n mm
16 M1 = Sn/(dL); // m a g n i f i c a t i o n with i n i t i a l

Sag o f 1 mm
17

18 // r e s u l t
19 mprintf(” m a g n i f i c a t i o n with no i n t i a l sag = %3 . 2 f ”,

M);

20 mprintf(”\nSag = %3 . 2 f mm”,S);
21 mprintf(”\ nnet i n c r e a s e i n Sag =%3 . 2 f mm”,Sn);
22 mprintf(”\ n m a g n i f i c a t i o n with i n i t i a l Sag o f 1 mm =

%3. 2 f ”,M1);

Scilab code Exa 5.20 Determine the magnification

1 //
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===========================================================================

2 // c h a p t e r 5 example 20
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 L = 170; // l e n g t h o f the w i r e i n mm
8 dL = 0.2; // i n c r e a s e i n l e n g t h i n mm
9 L1 =100; // l e n g t h o f the second w i r e i n mm
10

11 // c a l c u l a t i o n s
12 S = sqrt((L*dL)/(2)); // Sag i n mm
13 S1 = sqrt((L1*S)/(2)); // Sag i n mm
14 M = S1/(dL); // m a g n i f i c a t i o n
15

16 // r e s u l t
17 mprintf(” m a g n i f i c a t i o n = %3 . 1 f ”,M);

Scilab code Exa 5.21 Determine the current

1 //
=============================================================

2 // Chapter 5 example 21
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 I = 10; // c u r r e n t i n A
9 // e = ( a lpha ∗ ( dt ) ) +(b ( dt ˆ2) )= a lpha ∗dt

10 // dt = (K1∗ ( I ˆ2) ∗R)
11 // t h e t a = K2∗ e
12 // t h e t a = K2∗ e = K2∗K1∗ a lpha ∗dt = K2∗K1∗ a lpha
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∗ ( I ˆ2) ∗R
13 // thetaF = K3∗ ( I ˆ2)
14 //K3 = ( thetaF ) /( I ˆ2) ;
15 x = 1/(I^2);

16 mprintf(”K3 = %3 . 2 f ∗ t h e t a f ”,x);
17 //K3 =thetaF ∗x
18 mprintf(”\ nthe ta = theatF /3 ”);
19 // I = s q r t ( ( thetaF /3) ∗ ( ( K3) ) )
20 // I = s q r t ( ( thetaF /3) /K3)
21 I =sqrt ((1/3) *((1/x)))

22

23

24 // r e s u l t
25 mprintf(”\ n c u r r e n t = %3 . 2 f A”,I);

Scilab code Exa 5.22 Determine the form factor of the current wire

1 //
===========================================================================

2 // c h a p t e r 5 example 22
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 Irms = 32; // measured r e a d i n g

r e a d i n g i n A
9 Ir = 30; // r e c t i f i e r ammeter

r e a d i n g i n A
10 Ks = 1.11; // form f a c t o r f o r s i n u s o i d a l

wave
11

12 // c a l c u l a t i o n s
13 Iav = Ir/(Ks); // ave rage v a l u e o f c u r r e n t
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under measurement i n A
14 e = ((Irms)/(Iav)); // p e r c e n t a g e

e r r r o r i n %
15

16 // r e s u l t
17

18 mprintf(” form f a c t o r = %3 . 3 f ”,e);

Scilab code Exa 5.23 Estimate the peak and rms values of current and calculate the error

1 //
===========================================================================

2 // c h a p t e r 5 example 23
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 Ir = 2.22; // measured r e a d i n g

r e a d i n g i n A
8 Ks = 1.11; // form f a c t o r f o r s i n u s o i d a l

wave
9

10 // c a l c u l a t i o n s
11 Iav = Ir/(Ks); // ave rage v a l u e o f c u r r e n t

under measurement i n A
12 Imax = 2*Iav; // peak v a l u e o f c u r r e n t i n A
13 Irms = Imax/(sqrt (3)); //RMS v a l u e o f

c u r r e n t i n
14 e = ((Ir-Irms)/(Irms))*100; //

p e r c e n t a g e e r r r o r i n %
15

16 // r e s u l t
17 mprintf(” peak v a l u e o f c u r r e n t = %3 . 2 f A”,Imax);
18 mprintf(”\nRMS v a l u e o f c u r r e n t = %3 . 3 f A”,Irms);
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19 mprintf(”\ n p e r c e n t a g e e r r o r = %3 . 2 f p e r c e n t a g e ( low ) ”
,e);

Scilab code Exa 5.24 Determine the capacitance

1 //
===========================================================================

2 // c h a p t e r 5 example 24
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 Iav = 40*10^ -3; // ave rage v a l u e o f c u r r e n t

i n mA
8 Ks = 1.11; // assuming form f a c t o r f o r

s i n u s o i d a l wave
9 f = 50; // f r e q u e n c y i n Hz
10 V = 10^5; // v o l t a g e i n V
11

12 // c a l c u l a t i o n s
13 Irms = Iav*Ks; //RMS v a l u e o f c u r r e n t i n A
14 // Irms = V/Xc = 2∗%pi∗ f ∗C∗V
15 C = Irms /(2* %pi*f*V); // c a p a c i t a n c e to

be connec t ed i n pF
16

17 // r e s u l t
18

19 mprintf(” c a p a c i t a n c e to be connec t ed = %3 . 0 f pF” ,(C
*10^12));

Scilab code Exa 5.25 determine the reading of moving coil ammeter and moving iron ammeter and hot wire ammeter

79



1 //
===========================================================================

2 // c h a p t e r 5 example 25
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 Emax = 200; // emf o f peak v a l u e i n V
8 R = 10; // r e s i s t a n c e i n
9

10 // c a l c u l a t i o n s
11 Imax = Emax/(R); // peak v a l u e o f c u r r e n t

i n A
12 Iav = (2* Imax)/(%pi); // r e a d i n g o f moving

− c o i l ammeter i n A
13 Irms = Imax/(sqrt (2)); // r e a d i n g o f moving

− i r o n ammeter i n A
14

15 // r e s u l t
16 mprintf(” r e a d i n g o f moving − c o i l ammeter = %3 . 2 f A”,

Iav);

17 mprintf(”\ n r e a d i n g o f moving − i r o n ammeter = %3 . 2 f
A”,Irms);

18 mprintf(”\ n r e a d i n g o f hot−wi r e ammeter = %3 . 2 f A”,
Irms);

Scilab code Exa 5.26 find the reading on hot wire and moving coil in the circuit

1 //
=============================================================

2 // Chapter 5 example 26
3

4 clc;
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5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 Vmax = 100; //maximum v a l u e o f

a p p l i e d v o l t a g e i n V
9 R = 2; // r e s i s t a n c e i n
10

11

12 // c a l c u l a t i o n s
13 Imax = Vmax/R; //maximum v a l u e o f

c u r r e n t f l o w i n g through i n s t r u m e n t s i n A
14 mprintf(”x = ( Imax ˆ2) ∗ ( ( s i n ( t h e t a ) ) ˆ2) ”);
15 // Irms = s q r t ( ( 1 / 2∗%pi ) ∗{ ( i n t e g r a l ( x∗ dthe ta ) )

}(0−%pi ) )
16 Irms = sqrt ((( Imax ^2) /(2* %pi))*((%pi/2)));

17 mprintf(”\n y = ( Imax∗ s i n ( t h e t a ) ) ”);
18 // Iav = s q r t ( ( 1 / 2∗%pi ) ∗{ ( i n t e g r a l ( y∗ dthe ta ) )

}(0−%pi )
19 Iav = Imax/%pi;

20

21

22 // r e s u l t
23 mprintf(”\ nthe hot−wi r e ammeter r e a d s rms v a l u e = %3

. 2 f A”,Irms);
24 mprintf(”\nmoving c o i l ammeter r e a d s ave rage v a l u e =

%3 . 2 f A”,Iav);

Scilab code Exa 5.27 Determine the reading of the ammeter

1 //
=============================================================

2 // Chapter 5 example 27
3

4 clc;
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5 clear all;

6

7

8 // v a r i a b l e d e c l a r a t i o n
9 //V = (5∗ s i n ( t h e t a ) ) +(0 .6∗ s i n (3∗ t h e t a ) ) \
10

11 a = 5;

12 b = 0.6;

13 rd = 35; // r e s i s t a n c e i n
14 ra = 30; // r e s i s t a n c e i n
15

16 // c a l c u l a t i o n s
17 R = (3*rd)+ra; // r e s i t a n c e i n
18 // i = v/R
19 // i = (5∗ s i n ( t h e t a ) /R) +(0 .6∗ ( s i n (3∗ t h e t a ) /R)

)
20 x1 = a/R;

21 y1 =b/R;

22 // i = ( x1∗ s i n ( t h e t a ) ) +(y1∗ s i n (3∗ t h e t a ) )
23 // Iav = ( ( 1 / %pi ) ∗{ ( i n t e g r a l ( i ∗ dthe ta ) ) }(0−%pi )

) )
24 // Iav = (1/ %pi ) ∗ ( ( 0 . 5 ∗ s i n ( t h e t a ) ) − (0 .006/3) ∗ (

c o s (3∗ t h e t a ) ) )
25 // s o l v i n g above e q u a t i o n we ge t (1/ %pi ) ∗ ( 1 )
26 p = ( -0.05*(( cos ((180* %pi /180))-cos (0))))

-((0.002*(( cos (3*180* %pi /180))-cos (3*0))));

27 z = (1/%pi)*p; // ave rage v a l u e i n
mA

28

29

30 // r e s u l t
31 mprintf(” ave rage v a l u e r e a d i n g o f PMMC ammeter = %3

. 1 f mA” ,(z*10^3));

Scilab code Exa 5.28 Calculate the power dissipated in the rectifying device
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1 //
=============================================================

2 // Chapter 5 example 28
3

4 clc;

5 clear all;

6

7

8 // v a r i a b l e d e c l a r a t i o n
9 V = 230; //RMS v a l u e o f v o l t a g e

a p p l i e d i n v o l t s
10 r1 = 115; // r e s i s t a n c e i n
11 r2 = 115; // r e s i s t a n c e i n
12 r3 = 575; // r e s i s t a n c e i n
13

14

15

16 // c a l c u l a t i o n s
17 Vmax =230* sqrt (2);

18 R1 =r1+r2; // r e s i a t a n c e i n one
d i r e c t i o n s i n

19 R2 =r2+r3; // r e s i a t a n c e i n o t h e r
d i r e c t i o n s i n

20 Imax1 = Vmax/R1; // c u r r e n t (maximum
v a l u e ) i n one d i r e c t i o n i n A

21 Imax2 = Vmax/R2; // c u r r e n t (maximum
v a l u e ) i n o t h e r d i r e c t i o n i n A

22 // Iav = Iav1−Iav2
23 //x = ( Imax1∗ s i n ( t h e t a ) )
24 // Iav = ( ( 1 / 2∗%pi ) ∗{ ( i n t e g r a l ( x∗ dthe ta ) ) }(0−

%pi ) ) )
25 //y = ( Imax2∗ s i n ( t h e t a ) )
26 // Iav = ( ( 1 / 2∗%pi ) ∗{ ( i n t e g r a l ( y∗ dthe ta ) ) }(0−

%pi ) ) )
27 z1 =-((cos (180* %pi /180))-cos(0))

28 z2 = -((cos (180* %pi /180))-cos (0))

29 A = ((Imax1*z1)-(Imax2*z2));
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30 Iav = A/(2* %pi);

31 // x1 = ( Imax1∗ s i n ( t h e t a ) ) ˆ2
32 // I1 = ( ( 1 / 2∗%pi ) ∗{ ( i n t e g r a l ( x1∗ dthe ta ) ) }(0−

%pi ) ) )
33 // y1 = ( Imax2∗ s i n ( t h e t a ) ) ˆ2
34 // I2 = ( ( 1 / 2∗%pi ) ∗ ({ ( i n t e g r a l ((1− co s (2∗ t h e t a ) )

/2∗ dthe ta ) ) }(0−%pi ) ) )−{( i n t e g r a l ((1− co s (2∗ t h e t a ) )
/2∗ dthe ta ) ) }(0−%pi ) ) )

35 // Irms= I1+I2
36 // Irms = ( ( 1 / 2∗%pi ) ∗{ ( i n t e g r a l ( y1∗ dthe ta ) ) }(0−%pi ) )

)
37 Z1 =-((cos (2*180* %pi /180))-cos (180* %pi /180)

);

38 Z2 = -((cos (2*180* %pi /180))-cos (180* %pi

/180));

39 Irms1 = ((( Imax1 ^2) /(2*2* %pi))*(%pi -0))+(((

Imax2 ^2) /(2*2* %pi))*(%pi -0))-Z1+Z2

40 Irms =sqrt(Irms1);

41 P = (1/2) *(((V^2)/R1)+((V^2)/R2));

42 Irms11 = 1;

43 Irms22 = 1/3;

44 Pd = ((( Irms11 ^2)*r2)+(( Irms22 ^2)*r3))/2;

45

46

47 // r e s u l t
48 mprintf(” Iav = %3 . 2 f A”,Irms1);
49 mprintf(”\npower taken from the mains = %3 . 2 f ”,P);
50 mprintf(”\npower d i s s i p a t e d i n r e c t i f y i n g d e v i c e =%3

. 2 f W”,Pd);

Scilab code Exa 5.29 Determine the value of v

1 //
=============================================================
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2 // Chapter 5 example 29
3

4 clc;

5 clear all;

6

7

8 // v a r i a b l e d e c l a r a t i o n
9 V1 = 1000; // p o t e n t i a l o f vane i n v o l t s
10

11 // c a l c u l a t i o n s
12 //v = VA−VB
13 mprintf(” t h e t a 10 S D”);
14 mprintf(”\ nthe ta p r a p o r t i o n a l to Tt p r a p o r t i o n a l to

2∗V1∗V”)
15 mprintf(”\n10 p r a p o r t i o n a l to 2 p r a p o r t i o n a l to 1000

”);
16 mprintf(”\ n d i v i d i n g above e x p r e s s i o n s ”)
17 v = (10/25) *(2500/2000);

18

19 // r e s u l t
20 mprintf(”v = %3 . 2 f v o l t ”,v);

Scilab code Exa 5.30 Find the potential difference

1 //
===========================================================================

2 // c h a p t e r 5 example 30
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 d = 0.08; // d iamete r i n m
8 D = 0.004; // d i s t a n c e between p l a t e s i n m
9 F = 0.002; // f o r c e i n Newton
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10

11 // c a l c u l a t i o n s
12 e0 = 8.85*10^ -12; // p e r m i t t i v i t y i n N
13 A = (%pi /4)*(d^2); // a r ea o f the p l a t e s i n

m∗∗2
14 x = (F*2*(D^2))/(e0*A);

15 V = sqrt(x); // p o t e n t i a l d i f e r e n c e i n
V

16

17 // r e s u l t
18 mprintf(” p o t e n t i a l d i f e r e n c e = %3 . 1 f V”,V);
19 mprintf(”\nNote : f i n a l answer i n t ex tbook i s wrong

p r i n t e d ”)

Scilab code Exa 5.31 Find the change in capacitance

1 //
===========================================================================

2 // c h a p t e r 5 example 31
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 d = 0.1; // d iamete r i n m
9 F = 0.005; // f o r c e i n Newton

10 V = 10000; // p o t e n t i a l d i f e r e n c e i n V
11 e0 = 8.85*10^ -12; // p e r m i t t i v i t y i n N
12 d2 = 26.4*10^ -3; // d i s t a n c e between p l a t e s i n

mm
13 d1 = 25.4*10^ -3; // d i s t a n c e between p l a t e s i n

mm
14

15 // c a l c u l a t i o n s
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16

17 A = (%pi /4)*(d^2); // a r ea o f the p l a t e s i n
m∗∗2

18 x = sqrt((e0*A)/(2*F));

19 d2 = x*V; // d i s t a n c e between
p l a t e s i n mm

20 //C = e0 ∗A/d
21 x1 = 1/d1;

22 x2 = 1/d2;

23 C = e0*A*(x1-x2); // change i n c a p a c i t a n c e
i n uF

24

25 // r e s u l t
26 mprintf(” change i n c a p a c i t a n c e due to change i n

d i s t a n c e between p l a t e s from 2 6 . 4 to 2 5 . 4 mm = %3
. 2 f u uF” ,(C*10^12));

Scilab code Exa 5.32 Finding the capcaitance

1 //
===========================================================================

2 // c h a p t e r 5 example 32
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 K = 0.0981*10^ -6;

9 theta = 80; // f u l l s c a l e o f
d e f l e c t i o n i n

10 V = 1000; // v o l t a g e i n V
11 C = 10*10^ -12; // c a p a c i t a n c e i n

F
12
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13 // c a l c u l a t i o n s
14 //x =dC/ dthe ta = (2∗K∗ t h e t a ) /Vˆ2
15 x = (2*K*theta)/V^2; // r a t e o f change

o f c a p a c i t a n c e
16 dC = x*(theta /180)*%pi;

17 C1 = C+dC;

18

19 // r e s u l t
20 mprintf(” c a p a c i t a n c e when r e a d i n g 1kV = %3 . 3 e F”,C1)

;

Scilab code Exa 5.33 Determine the pd for different deflections

1 //
===========================================================================

2 // c h a p t e r 5 example 33
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 //x = dC/d ( t h e t a )
9 //Td = ( 1 / 2 ) ∗ (Vˆ2) ∗ (dC/d ( t h e t a ) )
10 x = 0.5*10^ -12; //dC/d ( t h e t a ) i n

pF/ d e g r e e
11 y = 1.5*10^ -12; //dC/d ( t h e t a ) i n

pF/ d e g r e e
12 T = 8*10^ -6; // t o r i s o n c o n s t a n t i n Nm
13 N1 =100;

14 N2 =35;

15

16 // c a l c u l a t i o n s
17 x1 = x*(180/ %pi); //dC/d ( t h e t a ) i n

pF/ r a d i a n
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18 y1 = y*(180/ %pi); //dC/d ( t h e t a ) i n
pF/ r a d i a n

19 //Td = Tc = T∗N∗ ( %pi /180)
20 Td = T*N1*(%pi /180); //

d e f l e c t i n g t o r q ue i n N−m
21 V1 = sqrt ((2*Td)/x1); // v o l t a g e

r e q u i r e d i n V
22 Td1 = T*N2*(%pi /180); //

d e f l e c t i n g t o r q ue i n N−m
23 V2 = sqrt ((2* Td1)/y1); // v o l t a g e

r e q u i r e d i n V
24

25 // r e s u l t
26 mprintf(” v o l t a g e d e f l e c t i o n at 100 = %3 . 0 f V”,V1);
27 mprintf(”\ n v o l t a g e d e f l e c t i o n at 100 = %3 . 0 f V”,V2);

Scilab code Exa 5.34 Determine the pd for required to pull the plate three quarter way in

1 //
===========================================================================

2 // c h a p t e r 5 example 34
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 e0 =8.854*10^ -12;

9 d =0.05;

10 er = 1;

11 a = 0.25;

12 V1 = 12000; // v o l t a g e i n V
13 V2 = 32000; // v o l t a g e i n V
14

15

89



16 // c a l c u l a t i o n s
17 //x−x0 = ( 1 / 2 ) ∗ ( (Vˆ2) /k ) ∗ ( dc /dx )
18 //C =(2∗ e0 ∗ e r ∗A) /d
19 //dC =(2∗ e0 ∗ e r ∗a∗x ) /d
20 // y = dC/dx = (2∗ e0 ∗ e r ∗a ) /d
21 y = (2*e0*er*a)/d;

22 X1 = 0.25/4;

23 // A =x1+x01 = ( 1 / 2 ) ∗ ( ( V1ˆ2) /k ) ∗ ( dc /dx )
24 X2 = 0.25/2;

25 //B = x2+x01 = ( 1 / 2 ) ∗ ( ( V2ˆ2) /k ) ∗ ( dc /dx )
26 //C = B/A =(V2/V1) ˆ2
27 C = (V2/V1)^2;

28 x01 = (X2 -(C*X1))/(1-C);

29 k = ((1/2) *((V1^2))*(y))/(X1-x01);

30 X3 = (3/4) *0.25;

31 V = sqrt (((X3-x01)*2*k)/y); //
v o l t a g e i n V

32

33 // r e s u l t
34 mprintf(” v o l t a g e r e q u i r e d to p u l l the p l a t e t h r e e

q u a r t e way i n = %3 . 3 f KV” ,(V*10^ -3));

Scilab code Exa 5.35 Calculate the spring constant

1 //
===========================================================================

2 // c h a p t e r 5 example 35
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 e = 8.85*10^ -12;

9 V = 10000; // v o l t a g e i n V
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10 r = 40*10^ -3; // r a d i u s i n m
11

12 // c a l c a u l a t i o n s
13 d = (4/2) *10^ -3; // v o l t a g e i n V
14 theta = (100) *(%pi /180);

15 k = (2.5*e*(r^2)*(V^2))/(d*theta);

16

17 // r e s u l t
18 mprintf(” s p r i n g c o n s t a n t = %3 . 3 e Nm per r a d i a n ”,k);

Scilab code Exa 5.36 Determine the deflection of the instrument

1 //
===========================================================================

2 // c h a p t e r 5 example 36
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 theta1 = 105; // d e f l e c t i o n i n
9 I1 = 20; // c u r r e n t i n A
10 I2 = 20; // c u r r e n t i n A
11 f1 = 50; // f r e q u e n c y i n Hz
12 f2 = 75; // f r e q u e n c y i n Hz
13

14

15 // c a l c u l a t i o n s
16 theta = (theta1)*((I2/I1)^2)*(f2/f1);

17

18 // r e s u l t
19 mprintf(” d e f l e c t i o n o f the in s t rument w h i l e

measur ing 20 A = %3 . 1 f ”,theta);
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Scilab code Exa 5.37 Determine the voltage

1 //
===========================================================================

2 // c h a p t e r 5 example 37
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 V1 = 240; // v o l t a g e i n V
8 theta1 = 300; // d e f e l e c t i o n i n
9 theta2 = 180; // d e f e l e c t i o n i n

10

11 // c a l c u l a t i o n s
12 //T p r a p o r t i o n a l to Vˆ2/Z) ∗ ( f ∗ co s ( a lpha ) ∗ ( s i n ( beta ) )

)
13 //T p r a p o r t i o n a l Vˆ2
14 // t h e t a p r a p o r t i o n a l to Vˆ2
15 V2 = V1*sqrt(theta2/theta1);

16

17 // r e s u l t
18 mprintf(” v o l t a g e f o r d e f l e c t i o n o f 180 =%3 . 0 f ”,

V2);
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Chapter 6

Extensions of instrument range

Scilab code Exa 6.1 Finding the value of shunt resistance

1 //
===========================================================================

2 // c h a p t e r 6 example 1
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 Im = 50*10^ -6; // f u l l s c a l e

d e f l e c t i o n c u r r e n t i n A
9 Rm = 1000; // in s t rument r e s i s t a n c e i n

10 I = 1; // t o t a l c u r r e n t to be
measured i n A

11

12 // c a l c u l a t i o n s
13 Rs = (Rm/((I/(Im)) -1)); // r e s i s t a n c e o f

ammeter i n
14

15
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16 // r e s u l t
17 mprintf(” r e s i s t a n c e o f ammeter shunt r e q u i r e d Rs =

%3 . 7 f ”,Rs);

Scilab code Exa 6.2 Find the current range of instrument and the value of resistance

1 //
===========================================================================

2 // c h a p t e r 6 example 2
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 Rm = 1;

//
in s t rument r e s i s t a n c e i n

7 Rse = 4999;

// s e r i e s r e s i s t a n c e i n
8 V = 250;

// f u l l
−s c a l e d e f l e c t i o n v o l t a g e i n V

9 Rs = 4999; // Shunt r e s i s t a n c e i n
( Rs =1/(499) )

10 I1 = 50;

//
f u l l −s c a l e d e f e l c t i o n c u r r e n t i n A

11

12 // c a l c u l a t i o n s
13 Rs1 = 1/(Rs);

14 Im = V/(Rm+Rse); // f u l l −s c a l e
d e f l e c t i o n c u r r e n t i n A

15 I = Im*(1+(Rm/Rs1)); // c u r r e n t i n A
16 N = I1/(Im);

17 Rsh = Rm/(N-1); // shunt
r e s i s t a n c e i n
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18

19 // r e s u l t
20 mprintf(” f u l l −s c a l e d e f e l c t i o n c u r r e n t i n Im = %3 . 2 f

A”,Im);
21 mprintf(”\ n c u r r e n t range o f i n s t rument when used as

an ammeter with c o i l c onnec t ed a c r o s s shunt i s I
= %3 . 2 f A”,I);

22 mprintf(”\nShunt r e s i s t a n c e f o r the in s t rument to
g i v e a f u l l −s c a l e d e f l e c t i o n o f 50A i s Rsh = %3 . 4
f ”,Rsh);

Scilab code Exa 6.3 Find the shunt resistance required

1 //
===========================================================================

2 // c h a p t e r 6 example 3
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 Rm = 10;

//
in s t rument r e s i s t a n c e i n

8 Im = 0.05; // f u l l
s c a l e d e f e l e c t i o n c u r r e n t i n A

9 I =100; //
c u r r e n t to be measured i n A

10 V = 750;

//
v o l t a g e to be measured i n V

11

12 // c a l c u l a t i o n s
13 R = (V/(Im))-Rm; // s e r i e s r e s i s t a n c e i n
14 N = I/(Im); // power
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o f shunt
15 Rs = Rm/(N-1); // r e s i s t a n c e i n
16

17

18

19 // r e s u l t
20 mprintf(” r e s i s t a n c e to be connec t ed i n s e r i e s to

e n a b l e the i n s t rument to measure c u r r e n t upto 1A
i s %3 . 5 f ”,R);

21 mprintf(”\ nshunt r e s i s t a n c e r e q u i r e d f o r f u l l −s c a l e
d e f e l c t i o n with 10v i s %3 . 4 f ”,Rs);

Scilab code Exa 6.4 Calculate the resistance parallel and series

1 //
===========================================================================

2 // c h a p t e r 6 example 4
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 Rm = 5;

//
in s t rument r e s i s t a n c e i n

7 Im = 15*10^ -3; // f u l l
s c a l e d e f e l e c t i o n c u r r e n t i n A

8 I =1; //
c u r r e n t to be measured i n A

9 V = 10;

//
v o l t a g e to be measured i n V

10

11 // c a l c u l a t i o n s
12 N = I/(Im); // power

o f shunt
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13 Rs = Rm/(N-1); // r e s i s t a n c e i n
14 R = (V/(Im))-Rm; // s e r i e s r e s i s t a n c e i n
15

16

17 // r e s u l t
18 mprintf(” r e s i s t a n c e to be connec t ed i n p a r a l l e l to

e n a b l e the i n s t rument to measure c u r r e n t upto 1A
i s %3 . 5 f ”,Rs);

19 mprintf(”\ nshunt r e s i s t a n c e r e q u i r e d f o r f u l l −s c a l e
d e f e l c t i o n with 10v i s %3 . 4 f ”,R);

Scilab code Exa 6.5 Finding the current range of instrument

1 //
===========================================================================

2 // c h a p t e r 6 example 5
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 Rm = 2;

//
in s t rument c o i l r e s i s t a n c e i n

7 V = 250;

//
f u l l −s c a l e r e a d i n g i n V

8 Rs = 5000;

//
s e r i e s r e s i s t a n c e i n

9 Rsh = 2*10^ -3;

//
shunt r e s i s t a n c e i n

10

11

12 // c a l c u l a t i o n s
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13 Im = V/((Rm+Rs));

// c u r r e n t f l o w i n g through the in s t rument f o r f u l l
−s c a l e d e f l e c t i o n i n A

14 Is = (Im*Rm)/(Rsh); // c u r r e n t through
shunt r e s i s t a n c e i n A

15 I = Im+Is;

//
c u r r e n t range o f i n s t rument i n A

16

17 // r e s u l t
18 mprintf(” c u r r e n t f l o w i n g through the in s t rument f o r

f u l l −s c a l e d e f l e c t i o n i s %3 . 5 fA”,Im);
19 mprintf(”\ n c u r r e n t through shunt r e s i s t a n c e i s %3 . 2 f

A”,Is);
20 mprintf(”\ n c u r r e n t range o f i n s t r u m e n t i s %3 . 1 f A”,I)

;

Scilab code Exa 6.6 Finding the shunt current and the value of R

1 //
===========================================================================

2 // c h a p t e r 6 example 6
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 Rsh = 0.02; // shunt

r e s i s t a n c e i n
7 V = 0.5; // 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 the shunt i n V
8 Rm = 1000; // r e s i s t a n c e i n

9 I1 = 10; // c u r r e n t
i n A

10 I2 = 75; // c u r r e n t
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i n A
11 I = 100; // c u r r e n t i n A
12 x = 40; // d e f l e c t i o n %
13

14 // c a l c u l a t i o n s
15 Is = V/(Rs); //

c u r r e n t through shunt i n A
16 Im = V/(Rm); // c u r r e n t

through ammeter f o r f u l l −s c a l e d e f e l c t i o n i n A
17 V1 = I1*Rsh;

// v o l t a g e a c r o s s shunt f o r 10A i n V
18 R1 = V1/(Im); // r e s i s t a n c e f o r the

ammeter f o r a c u r r e n t o f 10 A f o r f u l l −s c a l e
d e f e l c t i o n i n

19 V2 = I2*Rsh;

// v o l t a g e a c r o s s shunt f o r 75A i n V
20 R2 = V2/(Im); // r e s i s t a n c e f o r the

ammeter f o r a c u r r e n t o f 75 A f o r f u l l −s c a l e
d e f e l c t i o n i n

21 I3 = I*(100/(x)); // f u l l −s c a l e
d e f e l c t i o n c u r r e n t when 100 A g i v e s 40%
d e f e l c t i o n

22 V3 = I3*Rsh;

// v o l t a g e a c r o s s shunt f o r 250 A i n V
23 R3 = V3/(Im); // r e s i s t a n c e f o r the

ammeter f o r a c u r r e n t o f 250 A f o r f u l l −s c a l e
d e f e l c t i o n i n

24

25

26 // r e s u l t
27 mprintf(” c u r r e n t through ammeter f o r f u l l −s c a l e

d e f e l c t i o n i s %3 . 2 f mA” ,(Im *10^3));
28 mprintf(”\ n R e s i s t a n c e f o r the ammeter f o r a c u r r e n t

o f 10 A f o r f u l l −s c a l e d e f e l c t i o n i s %3 . 2 f ”,R1
);

29 mprintf(”\ n R e s i s t a n c e f o r the ammeter f o r a c u r r e n t
o f 75 A f o r f u l l −s c a l e d e f e l c t i o n i s %3 . 2 f ”,R2
);
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30 mprintf(”\ n R e s i s t a n c e f o r the ammeter f o r a c u r r e n t
o f 250 A f o r f u l l −s c a l e d e f e l c t i o n i s %3 . 2 f ”,
R3);

Scilab code Exa 6.7 Finding the resistance that must put in series

1 //
===========================================================================

2 // c h a p t e r 6 example 7
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 B = 0.5; // f l u x d e n s i t y o f the

magnet i c f i e l d i n Wb/m∗∗2
8 N = 100; // number o f t u r n s i n c o i l
9 l = 0.04; // l e n g t h i n m

10 r =0.03; // width i n m
11 Tc = 120*10^ -6; // c o n t r o l l i n g t o r q u e

i n N−m
12 v = 1; // v o l t s per d i v i s i o n i n V
13 n = 100; // number o f d i v i s i o n on f u l l

−s c a l e
14 Rm = 0;

15

16 // c a l c u l a t i o n s
17 x =B*N*l*r;

18 I = Tc/(x); // c u r r e n t f o r f u l l −s c a l e
d e f l e c t i o n i n A

19 V = n*v; // f u l l −s c a l e r e a d i n g o f
i n s t rument i n V

20 R = (V/(I)) -(Rm); // E x t e r n a l
r e s i s t a n c e r e q u i r e d to be put i n s e r i e s with the
c o i l i n
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21

22 // r e s u l t
23 mprintf(” c u r r e n t f o r f u l l −s c a l e d e f l e c t i o n i s %3 . 3 f

A”,I);
24 mprintf(”\ nExte rna l r e s i s t a n c e r e q u i r e d to be put i n

s e r i e s with the c o i l i s %3 . 2 f ”,R);

Scilab code Exa 6.8 Calculate the error

1 //
===========================================================================

2 // c h a p t e r 6 example 8
3 clc;clear all;

4

5

6 // v a r i a b l e d e c a l a r a t i o n
7 Rm = 5; // c o i l r e s i s t a n c e i n
8 Rm1 = 0.00075; // c o i l r e s i s t a n c e i n
9 Im = 0.015; // f u l l −s c a l e d e f e l c t i o n

c u r r e n t i n A
10 I = 100; // c u r r e n t to be measured i n

A
11 T1 = 0.004; // t empera tu r e c o e f i c i e n t o f

copper i n / / C
12 T2 = 0.00015; // t empera tu r e c o e f i c i e n t

o f manganin i n / / C
13 T =10; // r i s e i n t empera tu r e i n C
14

15 // c a l c u l a t i o n s
16 N = I/(Im); // m u l t i p l y i n g power o f shunt
17 Rs = Rm/(N-1); // r e s i s t a n c e o f manganin shunt

i n
18 Rc = Rm *(1+(T1*T)); // c o i l r e s i t a n c e with 10 C

i n t empera tu r e i n
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19 Rsh = Rm1 *(1+( T2*T)); // shunt r e s i t a n c e with
10 C i n t empera tu r e i n

20 In = (Rsh/((Rc+Rsh)))*100; //new in s t rument
c u r r e n t i n A

21 r = (In/(Im))*100; //new in s t rument
r e a d i n g i n A

22 e = ((r-I)/(I))*100; // p e r c e n t a g e e r r o r
i n %

23

24

25 // r e s u l t
26 mprintf( ’ p e r c e n t a g e e r r o r %3 . 3 f p e r c e n t a g e ” , e ) ;

Scilab code Exa 6.9 Calculate the error

1 //
===========================================================================

2 // c h a p t e r 6 example 9
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 Rm = 25; // in s t rument r e s i s t a n c e i n

7 V = 25*10^ -3; // f u l l −s c a l e d e f l e c t i o n
v o l t a g e i n V

8 V1 = 10; // v o l t a g e to be measured i n
V

9 t = 10;

10 alphac = 0.004;

11 alpham = 0.00015;

12

13 // c a l c u l a t i o n s
14 Im = V/(Rm); // f u l l −s c a l e d e f l e c t i o n i n mA
15 R = (V1/(Im))-Rm; // e x t e r n a l r e s i s t a n c e i n
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16 Rt = Rm+R;

17 Rm1 = Rm*(1+( alphac*t)); // in s t rument r e s i s t a n c e
with 10 C r i s e i n t empera tu r e i n

18 R1 = R*(1+( alpham*t)); // s e r i e s r e s i s t a n c e with
10 C r i s e i n t empera tu r e i n

19 R2 = Rm1+R1; // t o t a l r e s i s t a n c e i n the
v o l t m e t e r c i r c u i t i n

20 V2 = V1*(Rt/(R2)); // r e a d i n g o f v o l t m e t e r at 10
C r i s e i n t emera tu r e i n V

21 er = ((V2-V1)/(V1))*100; // p e r c e n t a g e e r r o r i n %
22

23 // r e u l t
24 mprintf( ’ p e r c e n t a g e e r r o r = %3 . 2 f p e r c e n t a g e ” , e r ) ;

Scilab code Exa 6.10 Determine the ratio of R and r

1 //
===========================================================================

2 // c h a p t e r 6 example 10
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 alpha0 = 0.0043;

8 t1 = 25; // t empera tu r e i n C
9 t2 = 45; // t empera tu r e i n C
10 e = 1.1; // p e r c e n t a g e e r r o r i n %
11

12 // c a l c u l a t i o n s
13 R1 = ((1+( alpha0*t2))/(1+( alpha0*t2)));

14 // r1 = R1∗ r
15 // I2 = V/ r1+R
16 // e = ( I1−I 2 ) /100
17 // I2 = 0 . 9 8 9 I1
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18 // I2 = V/ 1 . 0 7 7 6 r+R
19 // I1 = V/R+r
20 //V/ ( 1 . 0 7 7 6 r+R) = 0 . 9 8 9V/R+r
21 //R/ r = 5 . 9 6
22 x = 5.96;

23

24 // r e s u l t
25 mprintf(”R/ r= %3 . 2 f ”,x);

Scilab code Exa 6.11 Finding the reading of instruments

1 //
===========================================================================

2 // c h a p t e r 6 example 11
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 Rm1 = 1000; // r e s i s t a n c e o f ammeter o f A1 i n

8 Rs1 = 0.05; // r e s i s t a n c e o f shunt connec t ed
a c r o s s ammeter A1 i n

9 Rm2 = 1500; // r e s i s t a n c e o f ammeter o f A2 i n

10 Rs2 = 0.02; // r e s i s t a n c e o f shunt connec t ed
a c r o s s ammeter A2 i n

11 I =10; // c u r r e n t i n A
12

13 // c a l c u l a t i o n s
14 // i n normal c o n n e c e t i o n
15 I1 = (Rs1/(Rs1+Rm1))*I; // c u r r e n t through i n

A
16 I2 = (Rs2/(Rs2+Rm2))*I; // c u r r e n t through i n

A
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17 //when shunt s a r e i n t e r c h a n g e d
18 I11 = (Rs2/(Rs2+Rm1))*I; // c u r r e n t through

i n A
19 I12 = (Rs1/(Rs1+Rm2))*I; // c u r r e n t through

i n A
20 A1 = (I11/(I1))*I; // c u r r e n t through

ammeter i n A
21 A2 = (I12/(I2))*I; // c u r r e n t through

ammeter i n A
22

23 // c a l c u l a t i o n s
24

25 mprintf(” r e a d i n g o f ammeter A1 = %3 . 0 d A”,A1)
26 mprintf(”\ n r e a d i n g o f ammeter A2 = %3 . 0 f A”,A2);

Scilab code Exa 6.12 Finding the series resistance would be necessary to increase its range

1 //
===========================================================================

2 // c h a p t e r 6 example 12
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 Rv = 2400; // r e s i s t a n c e i n
8 L =0.6; // in s t rument i n d u c t a c e i n H
9 f = 60; // f r e q u e n c y i n Hz

10

11 // c a l c u l a t i o n s
12 XL = 2*%pi*f*L; // in s t rument r e a c t a n c e

i n
13 Z = sqrt((Rv^2)+(XL^2)); // in s t rument

impedance i n
14 //when the in s t rument range i s extended from 120V to
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600V the impedance w i l l have to be made 5 t imes
i n o r d e r to have the same c u r r e n t

15 //math . s q r t ( (RV∗∗2)+XLˆ2) = 5∗Z
16 x = (5*Z)^2;

17 y = XL^2;

18 z = x-y;

19 a = (sqrt(z));

20 R = a-Rv; // s e r i e s r e s i s t a n c e i n
21

22 // r e s u l t
23 mprintf(” in s t rument r e a c t a n c e = %3 . 1 f ”,XL);
24 mprintf(”\ n s e r i e s r e s i s t a n c e = %3 . 2 f ”,R);

Scilab code Exa 6.13 Determine the capacitance of the condenser multiplier required

1 //
===========================================================================

2 // c h a p t e r 6 example 13
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 Cv = 70*10^ -12; // c a p a c i t a n c e i n F
7 V =10000; // e l e c t r o s t a t i c

measurement i n V
8 Vv = 100; // r e a d i n g i n V
9

10 // c a l c u l a t i o n s
11 Vc = V-Vv; // v o l t a g e a c r o s s s e r i e s c a p a c i t o r

i n V
12 // s i n c e the c a p a c i t o r s a r e connec t ed i n s e r i e s , t e

cha rge on each i s same
13 //Vv∗Cv = Vc∗C
14 C = (Vv*Cv)/(Vc); // c a p a c i t a n c e i n uuF
15
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16 // r e s u l t
17 mprintf(” c a p a c i t a n c e o f the con den s e r = %3 . 4 f uuF ”

,(C*10^12));

Scilab code Exa 6.14 Calculating the necessary values of resistor

1 //
===========================================================================

2 // c h a p t e r 6 example 14
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 Rm =40; // r e s i s t a n c e i n
7 Im = 1; // c u r r e n t i n mA
8 I1 = 10; // c u r r e n t i n mA
9 I2 = 20; // c u r r e n t i n mA
10 I3 = 30; // c u r r e n t i n mA
11 I4 = 40; // c u r r e n t i n mA
12 I5 = 50; // c u r r e n t i n mA
13

14 // c a l c u l a t i o n s
15 R1 = Rm/(((I1/(Im))) -1);

16 R2 = (R1+Rm)/(((I2/(Im))));

17 R3 = (R1+Rm)/(((I3/(Im))));

18 R4 = (R1+Rm)/(((I4/(Im))));

19 R5 = (R1+Rm)/(((I5/(Im))));

20 r1 = R1-R2; // r e s i s t a n c e i n
21 r2 = R2-R3; // r e s i s t a n c e i n
22 r3 = R3-R4; // r e s i s t a n c e i n
23 r4 = R4-R5; // r e s i s t a n c e i n
24 r5 = R5; // r e s i s t a n c e i n
25

26 // r e s u l t
27 mprintf(” r e s i s t a n c e o f v a r i o u s s e c t i o n o f the
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a y r t o n s shunt a r e = %3 . 4 f , %3 . 4 f , %3 . 4 f
, %3 . 4 f , %3 . 4 f ”,r1 ,r2,r3,r4 ,r5);

Scilab code Exa 6.15 Explaining conversion of multi range voltmeter

1 //
===========================================================================

2 // c h a p t e r 6 example 15
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 Si = 0.1*10^ -3; // c u r r e n t s e n s i t i v i t y i n mA
7 Rm = 500; // meter r e s i s t a n c e i n
8 V1 = 10; // f u l l − s c a l e v o l t a g e i n V
9 V2 =50; // v o l a g e range i n V
10 V3 =100; // v o l a g e range i n V
11 V4 =500; // v o l a g e range i n V
12

13 // c a l c u l a t i o n s
14 Sv = (1/(Si))*10^ -3; // v o l t a g e s e n s i t i v i t y i n

/V
15 Rm1 =500*10** -3; //Rm i n k
16 RT1 = Sv*V1; // t o t a l r e s i s t a n c e r e q u i r e d

i n k
17 R1 = RT1 -Rm1; // a d d i t i o n a l r e s i s t a n c e i n

k
18 RT2 = Sv*V2; // t o t a l r e s i s t a n c e r e q u i r e d

i n k
19 R2 = RT2 -Rm1 -R1; // a d d i t i o n a l r e s i s t a n c e

i n k
20 RT3 = Sv*V3; // t o t a l r e s i s t a n c e r e q u i r e d

i n k
21 R3 = RT3 -Rm1 -R2-R1; // a d d i t i o n a l

r e s i s t a n c e i n k
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22 RT4 = Sv*V4; // t o t a l r e s i s t a n c e r e q u i r e d
i n k

23 R4 = RT4 -Rm1 -R1-R2 -R3; // a d d i t i o n a l
r e s i s t a n c e i n k

24

25 // r e s u l t
26 mprintf(” a d d i t i o n a l r e s i s t a n c e = %3 . 2 f k ”,R1);
27 mprintf(”\ n a d d i t i o n a l r e s i s t a n c e = %3 . 2 f k ”,R2);
28 mprintf(”\ n a d d i t i o n a l r e s i s t a n c e = %3 . 2 f k ”,R3);
29 mprintf(”\ n a d d i t i o n a l r e s i s t a n c e = %3 . 2 f k ”,R4);

Scilab code Exa 6.16 Calculate the flux density and current ratio and phase angle

1 //
===========================================================================

2 // c h a p t e r 6 example16
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 Tp = 1; // numberof t u r n s on pr imary
8 Ts = 200; // numberof t u r n s on s e condary
9 Is = 5; // s e condary c u r r e n t i n A
10 Zs = 1; // s e conda ry burden i n
11 f = 50; // f r e q u e n c y i n Hz
12 a = 0.0011; // c r o s s s e c t i o n a l a r ea o f c o r e

i n m∗∗2
13 S = 0.91; // stamping f a a c t o r
14 KT =200; // t u r n s r a t i o
15 M =80; // ampere t u r n s
16 Vs =5; // v o l t a g e
17

18 // c a l c u l a t i o n s
19 Vs = Is*Zs; // s e condary v o l t a g e i n V
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20 phimax = Vs /(4.44*f*Ts); // f l u x i n the c o r e i n
mWb

21 A = a*S; // net c r s s s e c t i o n a l a r ea i n m
∗∗2

22 Bmax = phimax /(A); // f l u x d e n s i t y i n the c o r e
i n T

23 Im = M/(Tp); // m a g n e t i s i n g c u r r e n t i n A
24 Ip = sqrt (((KT*Is)^2)+(Im**2)); // pr imary

c u r r e n t i n A
25 Ir = Ip/(Is); // c u r r e n t r a t i o
26 b = ((180/( %pi))*(Im/(KT*Is))); // phase

a n g l e i n ( d e g r e e s )
27

28 // r e s u l t
29 mprintf(” f l u x d e n s i t y i n the c o r e = %3 . 4 f T”,Bmax);
30 mprintf(”\ n c u r r e n t r a t i o = %3 . 2 f ”,Ir);
31 mprintf(”\ nphase a n g l e = %3 . 2 f ”,b);

Scilab code Exa 6.17 Calculate the flux in the core and ratio error

1 //
===========================================================================

2 // c h a p t e r 6 example 17
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 Tp = 1; // number o f t u r n s i n pr imary
8 KT = 200; // t u r n s r a t i o
9 Is = 5; // s e condary c u r r e n t i n A
10 Rs = 1.5; // s e condary burden i n
11 f = 50; // f r e q u e n c y i n Hz
12 L =1.5; // i r o n l o s s i n Watts
13 Ie = 40; // c u r r e n t i n A
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14

15 // c a l c u l a a t i o n s
16 Ts = KT*Tp; // number o f t u r n s i n s e condary
17 Vs = Is*Rs; // s e condary v o l t a g e i n V
18 phimax = Vs /(4.44*f*Ts); // f l u x inn the c o r e i n

mWb
19 Il = L/(Vs); // i ron− l o s s i n the s e conda ry

s i d e i n A
20 Ip = KT*Il; // i ron− l o s s c u r r e n t i n

pr imary s i d e i n A
21 x =(KT*Is)+Ie;

22 e = ((-Ie/((x))))*100; // r a t i o e r r o r i n
%

23

24 // r e s u l t
25 mprintf(” f l u x i n the c o r e = %3 . 3 e p e r c e n t a g e mWb” ,(

phimax *10^3));

26 mprintf(”\ n r a t i o e r r o r = %3 . 4 f p e r c e n t a g e ”,e);

Scilab code Exa 6.18 Determine the ratio and phase angle errors

1 //
===========================================================================

2 // c h a p t e r 6 example 18
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l r a r a t i o n
8 Ts = 300; // number o f t u r n s i n s e condary wind ing
9 Tp = 1; // number o f t u r n s i n pr imary wind ing

10 Is =5; // c u r r e n t i n A
11 Zs =(1.5) +(%i*1) // s e condary impedance
12 MMF = 100;
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13 Pi = 1.2; // i r o n l o s s i n watt s
14 KN = 300; // turn r a t i o
15

16

17 // c a l c u l a t i o n s
18 KT =Ts/Tp; // turn r a t i o
19 Es = Is*Zs; // s e condary v o l t a g e i n v o l t s
20 Es1 = sqrt ((( real(Es))^2) +(( imag(Es))^2));

21 Im =MMF/Tp; // m a g n e t i s i n g c u r r e n t
i n A

22 E = Pi/Es1; // ene rgy compnent o f
e x c i t i n g c u r r e n t on s e conda ry s i d e i n A

23 Ie = KT*E; // ene rgy compnent o f
e x c i t i n g c u r r e n t on pr imary s i d e i n A

24 I0 = Im+%i*Ie; // e x c i t i n g c u r r e n t on
pr imary s i d e i n A

25 I01 =sqrt ((( real(I0))^2) +(( imag(I0))^2));

26 alpha = atan(Ie/Im);

27 alpha1 = (alpha *180)/%pi;

28 theta = atan(imag(Zs)/real(Zs));

29 theta1 = (theta *180)/%pi;

30 KC = KT+((I01*sin ((( theta1+alpha1)*%pi)/180))/Is);

// a c t u a l c u r r e n t r a t i o
31 e = ((KN-KC)/KC)*100; // p e r c e n t a g e

r a t i o e r r o r i n %
32 b = (I01*cos (((( theta1+alpha1)*%pi)/180)))/(KT*Is)

; // phase a n g l e i n r a d i a n s
33 b1 = b*(180/ %pi);

34

35

36 // r e s u l t
37 mprintf(” p e r c e n t a g e r a t i o e r r o r =%3 . 2 f p e r c e n t a g e

”,e);
38 mprintf(”\ nphase a n g l e = %3 . 2 f ”,b1);
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Scilab code Exa 6.19 Finding the primary current and ratio error and number of turns of winding

1 //
===========================================================================

2 // c h a p t e r 6 example 19
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l r a r a t i o n
7 Ts = 200; // number o f t u r n s i n s e condary wind ing
8 Tp = 1; // number o f t u r n s i n pr imary wind ing
9 Is = 5; // c u r r e n t i n A

10 Zs = (1.2+0.2) +(%i *(0.5+0.3)); // s e condary
impedance

11 MMF = 100;

12 Pi = 1.2; // i r o n l o s s i n watt s
13 Ie = 50; // ene rgy component o f eddy c u r r e n t

i n A
14

15

16

17 // c a l c u l a t i o n s
18 KT =Ts/Tp // turn r a t i o
19 // Es = I s ∗Zs // s e conda ry v o l t a g e i n

v o l t s
20 Im =MMF/Tp // m a g n e t i s i n g c u r r e n t i n A
21 I0 = Im+%i*Ie // e x c i t i n g c u r r e n t on pr imary

s i d e i n A
22 I01 =sqrt ((( real(I0))^2) +(( imag(I0))^2))

23 alpha = atan(Ie/Im)

24 alpha1 = (alpha *180)/%pi

25

26 theta = atan(imag(Zs)/real(Zs))

27 theta1 = (theta *180)/%pi

28 Ip = (KT*Is)+(I01*sin(theta+alpha)) //
pr imary c u r r e n t i n A

29 e = ((-I01*sin ((( theta1+alpha1)*%pi)/180))/Ip)*100
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// r a t i o e r r o r
30 N = (I01*sin ((( theta1+alpha1)*%pi)/180))/Is

// number o f s e conda ry t u r n s to be
reduced

31

32 // r e s u l t
33 mprintf(” r a t i o e r r o r = %3 . 1 f p e r c e n t a g e ”,e);
34 mprintf(”\nnumber o f s e conda ry t u r n s to be reduced

= %3 . 0 f ”,N);

Scilab code Exa 6.20 Determine the primary current and phase angle of the transformer

1

2 //
===========================================================================

3 // c h a p t e r 6 example 20
4

5 clc;

6 clear all;

7

8 // v a r i a b l e d e c l r a r a t i o n
9 Ts = 300; // number o f t u r n s i n s e condary wind ing
10 Tp = 3; // number o f t u r n s i n pr imary wind ing
11 Is = 5; // c u r r e n t i n A
12 Zs = (0.583)+%i *(0.25); // s e condary impedance

13 n1 =10;

14 n2 =5;

15

16 // c a l c u l a t i o n s
17 KT =Ts/Tp; // turn r a t i o
18 Es = Is*Zs; // s e condary v o l t a g e i n v o l t s
19 Nm = n1*Es; // t o t a l m a g n e t i s i n g amp−t u r n s
20 Ni =n2*Es; // t o t a l i r o n l o s s amp−t u r n s
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21 Im =Nm/Tp; // m a g n e t i s i n g componenet o f e x c i t i n g
c u r r e n t i n A

22 Ie = Ni/Tp; //
23 I0 = Im+%i*Ie; // e x c i t i n g c u r r e n t on pr imary s i d e

i n A
24 I01 =sqrt ((( real(I0))^2) +(( imag(I0))^2))

25 alpha = atan(Ie/Im); // ene rgy component o f
e x c i t i n g c u r r e n t i n A

26 alpha1 = (alpha *180)/%pi

27 theta = atan(imag(Zs)/real(Zs));

28 theta1 = (theta *180)/%pi

29 x = sin((( theta1+alpha1)*%pi)/180)

30 Ip = (KT*Is)+(I01*x); // pr imary c u r r e n t i n A
31 y = cos((( theta1+alpha1)*%pi)/180);

32 b =(180/ %pi)*((I01*y)/(KT*Is)); // phase
a n g l e

33

34

35 // r e s u l t
36 mprintf(” pr imary c u r r e n t = %3 . 0 d A”,Ip);
37 mprintf(”\ nphase a n g l e = %3 . 3 f ”,b);

Scilab code Exa 6.21 Calculate the ratio error and phase angle error

1 //
============================================================================

2 // Chapter 6 Example 21
3

4

5 clc;

6 clear all;

7

8 // v a r i a b l e d e c l a r a t i o n
9 R = 25; // r a t e burden i n VA
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10 Is = 5; // c u r r e n t i n A
11 r = 6; //Rs/Es r a t i o o f r e s i s t a n c e

to r e a c t a n c e
12 IL = 0.2; // i r o n l o s s i n W
13 Im = 1.5; // m a g n e t i s i n g compnent o f

c u r r e n t i n A
14

15

16 // c a l c u l a t i o n s
17 KT = 100/5; // turn r a t i o
18 Es = R/Is; // Secondary r a t e d

v o l t a g e i n V
19 Zs = Es/Is; // t o t a l s e conda ry

impedance i n
20 theta = (atan (1/r))*180/ %pi; // a n g l e i n

21 Zs1 = (Zs*cos(theta*%pi /180))+(Zs*sin(theta

*%pi /180))*%i;

22 Ie = KT *0.04; // ene rgy component
o f e x c i t i n g c u r r e n t on pr imary s i d e

23 r = (((Im*sin(theta*%pi /180))+(Ie*cos(

theta*%pi /180)))/((KT*Is)+(Ie*cos(theta*%pi /180))

+(Im*sin(theta*%pi /180))))*100; // p e r c e n t a g e
r a t i o e r r o r i n %

24 beta = (180/ %pi)*(((Im*cos(theta*%pi /180))-(

Ie*sin(theta*%pi /180)))/(KT*Is)); // phase
a n g l e e r r o i n

25

26 // r e s u l t
27 mprintf(” p e r c e n t a g e r a t i o e r r o r = −%3. 1 f p e r c e n t a g e

”,r);
28 mprintf(”\ nphase a n g l e e r r o r = %3 . 4 f ”,beta);

Scilab code Exa 6.22 Find the ratio and phase angle errors
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1 //
============================================================================

2 // Chapter 6 Example 22
3

4

5 clc;

6 clear all;

7

8 // v a r i a b l e d e c l a r a t i o n
9 r = 12.5; // r a t e burden i n VA
10 Is = 5’ // s e condary r a t e d c u r r e t i n

A
11 f = 50; // f r e q u e n c y i n Hz
12 L = 0.96*10^ -3;

13 Im = 16; // m a g n e t i s i n g component
o f e x c i t i n g c u r r e n t i n A

14 Ie = 12; // ene rgy component o f
e x c i t i n g c u r r e n t i n A

15 Is = 5; // s e condary r a t e d
c u r r e n t i n A

16

17

18 // c a l c u l a t i o n s
19 KN = 1000/5; // / nominal r a t i o n
20 KT = 196/1; // turn r a t i o
21 Es = r/Is; // s e condary r a t e d

v o l t a g e i n V
22 Zs = Es/Is; // s e condary impedance i n

23 Xs = 2*%pi*f*L; // s e condary r e a c t a n c e i n

24 theta = (asin(Xs/Zs))*180/ %pi; //
s e condary c i r c u i t phase a n g l e i n

25 KC = KT+(((Ie*cos(theta*%pi /180))+(Im*sin(

theta*%pi /180)))/Is);

26 e = ((KN-KC)/KC)*100; // r a t i o e r r o r
27 beta = (180/ %pi)*(((Im*cos(theta*%pi /180))-(
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Ie*sin(theta*%pi /180)))/(KT*Is)); // phase
a n g l e e r r o i n

28

29 // r e s u l t
30 mprintf(” r a t i o e r r o r = %3 . 2 f p e r c e n t a g e ”,e);
31 mprintf(”\ nphase a n g l e e r r o r = %3 . 2 f ”,beta);

Scilab code Exa 6.23 Estimate CT ratio and phase angle error

1 //
===========================================================================

2 // c h a p t e r 6 example 23
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 KT = 8; // turn r a t i o
9 Ie = 0; // c u r r e n t i n A
10 I0 = 0.08;

11 R1 = 1.5; // r e s i s t a n c e i n
12 R2 = 0.4; // r e s i s t a n c e i n
13 L1 =60*10^ -3; // i n d u c t a n c e i n H
14 L2 =0.7*10^ -3; // i n d u c t a n c e i n H
15 f = 50; // f r e q u e n c y i n Hz
16 phi = 0; // a n g l e i n
17

18 // c a l c u l a t i o n s
19 Im = 0.01* KT; //Im = 1% o f pr imary c u r r e n t =

0 . 0 1∗ Ip = 0 . 0 1∗KT∗ I s
20 alpha =atan(Ie/Im); // phase a n g l e i n r a d i a n s
21 R = R1+R2; // r e s i s t a n c e o f burden
22 L = L1+L2; // i n d u c t a n c e i n H
23 theta = (atan ((2* %pi*f*L)/R)*%pi /180); // phase
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a n g l e i n
24 KC = KT+((I0*sin(theta+alpha))/Is);

25 KC = KT +((0.08* Is*sin(theta+alpha))/Is);

26 KC = KT +(0.08* sin(theta+alpha)); // a c t u a l
c u r r e n t r a t i o

27 b = (I0*cos(theta+phi))/(KT*Is);

28

29 // r e s u l t
30 mprintf(” a c t u a l c u r r e n t r a t i o = %3 . 1 f ”,KC);
31 mprintf(”\ nphase a n g l e e r r o r = %3 . 2 d ”,b);

Scilab code Exa 6.24 Find the ratio and phase angle errors

1 //
===========================================================================

2 // c h a p t e r 6 example 24
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 KT = 201; // turn r a t i o n
8 Is = 5; // s e condary c u r r e n t i n A
9 Im = 7; // m a g n e t i s i n g component o f e x c i t i n g

c u r r e n t i n A
10 Ie = 3; // c r o s s− l o s s component o f e x c i t i n g

c u r r e n t i n A
11 delta =0;

12

13 // c a l c u l a t i o n s
14 Kn = 1000/5; // nominal r a t i o
15 alpha =atan(Ie/Im); // a n g l e i n
16 alpha1 = (alpha *180)/%pi;

17 theta = delta -((( acos (0.8))*180)/%pi); //
from f i g u r e taken the v a l u e o f gamma
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18 z = cos(( theta*%pi)/180);

19 z1 = sin((( theta)*%pi)/180);

20 Kc = KT+(((Ie*z)+(Im*z1))/Is); // a c t u a l
c u r r e n t i n A

21 e = ((Kn-Kc)/Kc)*100; // r a t i o e r r o r
22 b =(180/ %pi)*(((Im*z)-(Ie*z1))/(KT*Is));

23

24 // r e s u l t
25 mprintf(” r a t i o e r r o r = %3 . 3 f p e r c e n t a g e ”,e);
26 mprintf(”\ nphase a n g l e e r r o r = %3 . 3 f ”,b);

Scilab code Exa 6.25 Determine the phase angle and ratio error

1

2 //
===========================================================================

3 // c h a p t e r 6 example 25
4

5 clc;

6 clear all;

7

8 // v a r i a b l e d e c l a r a t i o n
9 KT = 201; // turn r a t i o n
10 Ie = 3; // c r o s s l o s s c u r r e n t i n A
11 Im = 7; // m a g n e t i s i n g component o f e x c i t i n g

c u r r e n t i n A
12 delta =0;

13 Kn = 200;

14

15 // c a l c u l a t i o n s
16

17 theta = delta +((( acos (0.8))*180)/%pi); // from
f i g u r e taken the v a l u e o f gamma

18 z = cos(( theta*%pi)/180);
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19 z1 = sin((( theta)*%pi)/180);

20 Kc = KT+(((Ie*z)+(Im*z1))/Is); // a c t u a l
c u r r e n t i n A

21 e = ((Kn-Kc)/Kc)*100; // r a t i o e r r o r
22 b =(180/ %pi)*(((Im*z)-(Ie*z1))/(KT*Is));

23

24 // r e s u l t
25 mprintf(” r a t i o e r r o r = %3 . 3 f p e r c e n t a g e ”,e);
26 mprintf(”\ nphase a n g l e e r r o r = %3 . 4 f ”,b);

Scilab code Exa 6.26 Determine the phase angle and ratio error

1

2 //
===========================================================================

3 // c h a p t e r 6 example 26
4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 KT = 199; // turn r a t i o n
9 Is = 5; // s e condary c u r r e n t i n A
10 Im = 7; // m a g n e t i s i n g component o f e x c i t i n g

c u r r e n t i n A
11 Ie = 4; // c r o s s− l o s s component o f e x c i t i n g

c u r r e n t i n A
12 delta =0;

13

14 // c a l c u l a t i o n s
15 KN = 1000/5 // nominal r a t i o
16 alpha =atan(Ie/Im) // a n g l e i n
17 alpha1 = (alpha *180)/%pi

18 theta = delta +((( acos (0.8))*180)/%pi) // from
f i g u r e taken the v a l u e o f gamma
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19 z = cos(( theta*%pi)/180)

20 z1 = sin((( theta)*%pi)/180)

21 Kc = KT+(((Ie*z)+(Im*z1))/Ie) // a c t u a l c u r r e n t i n
A

22 e = ((KN-Kc)/Kc)*100 // r a t i o e r r o r
23 b =(180/ %pi)*(((Im*z)-(Ie*z1))/(KT*Is))

24 theta1 = delta -((( acos (0.8))*180)/%pi) // from
f i g u r e taken the v a l u e o f gamma

25 z11 = cos(( theta1*%pi)/180)

26 z12 = sin ((( theta1*%pi)/180))

27 Kc1 = KT+(((Ie*z11)+(Im*z12))/Is) // a c t u a l c u r r e n t
i n A

28 e1 = ((KN -Kc1)/Kc1)*100 // r a t i o e r r o r
29 b1 =(180/ %pi)*(((Im*z11)-(Ie*z12))/(KT*Is))

30

31

32 // r e s u l t
33 mprintf(” r a t i o e r r o r = %3 . 2 f p e r c e n t a g e ”,e);
34 mprintf(”\ nphase a n g l e e r r o r = %3 . 1 f ”,b);
35 mprintf(”\ n r a t i o e r r o r = %3 . 2 f p e r c e n t a g e ”,e1);
36 mprintf(”\ nphase a n g l e e r r o r = %3 . 2 f ”,b1);

Scilab code Exa 6.27 Estimate the iron loss

1 //
===========================================================================

2 // c h a p t e r 6 example 27
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 KT = 198; // turn r a t i o
9 e =0; // r a t i o e r r o r
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10 Is = 5; // s e conda ry c u r r e n t i n A
11 P = 5; // l oad i n VA
12 Rs = 0.02; // r e s i s t a n c e i n
13 KN = 200; //KN=KC s i n c e e=0
14 KC = 200;

15

16 // c a l c u l a t i o n s
17 V2 = P/Is; // s e condary v o l t a g e i n V
18 Es = V2+(Is*Rs); // s e condary induced emf i n V
19 Ep = Es/KT; // pr imary induced emf
20 Ie = (KC -KT)*Is; // eddy c u r r e n t l o s s i n A
21 IL = Ep*Ie; // i r o n l o s s i n W
22

23 // r e s u l t
24 mprintf(” i r o n l o s s = %3 . 3 f mW” ,(IL *10^3));

Scilab code Exa 6.28 Find the phase angle error at no load and load in VA at unity power factor

1 //
============================================================================

2 // Chapter 6 Example 28
3

4

5 clc;

6 clear all;

7

8 // v a r i a b l e d e c l a r a t i o n
9 Vs = 100+0* %i; // s e condary t e r m i n a l

v o l t a g e i n V
10 Rp = 97.5; // pr imary r e s i s t a n c e

i n
11 Xp = 67.4; // pr imary r e a c t a n c e

i n
12 X1 = 110; // t o t a l e q u i v a l e n t
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r e a c t a n c e i n
13 K =1000/100;

14

15

16

17 // c a l c u l a t i o n s
18 // Es = Vs+( I s ∗ ( Rs+Xs∗%i ) ;
19 Es = Vs;

20 Ep = 10*(100+0* %i); // induced emf i n
pr imary winding i n V

21 I0 = 0.02*(0.4 -0.9165* %i); // no
l oad c u r r e n t i n A

22 Zp = Rp+Xp*%i;

23 Vd = I0*Zp;

24 Vp = Ep+Vd;

25 beta = (atan((imag(Vp))/real(Vp)))*180/ %pi;

// phase a n g l e between pr imary
and se conda ry v o l t a g e i n

26 Xs1 = X1 -Xp; // r e a c t a n c e o f
s e conda ry wind ing i n

27 // Es = Vs+( I s ∗Zs ) ; // induced emf
i n s e conda ry wind ing

28 // IP = ( I s /10)+I0 ;
29 //V = Ip ∗Zp = ( IS /10) +0.008−0.01833∗ i
30 //V = ( 9 . 7 5 ∗ I s ) +2.015) −((1 .2478−6.74∗ I s ) ∗%i )

. . . . . e q u a t i o n 1
31 //Vp = K∗ (ES+IP∗ZP)
32 //VP =(1002 .015+18 .35∗%i ) −(1.2478−11∗ I s ) ∗%i

. . . . e q u a t i o n 2
33 // comparing e q u a t i o n 1 and 2 we g e t
34 // 1.2478−11∗ I s =0;
35 Is = 1.2478/11; // s e condary c u r r e n t

i n A
36 v = Vs*Is;

37

38 // r e s u l t
39 mprintf(” phase a n g l e between pr imary and se condary

v o l t a g e = %3 . 2 f l a g g i n g ”,beta);
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40 mprintf(”\ n v o l t ampere r a t i n g f o r z e r o phase a n g l e =
%3 . 2 f ”,v);

41 mprintf(”\ nnote : I s v a l u e s i s taken as 0 . 1 1 4 wchich
i s approx imate when answer i s 0 . 1 1 3 4 ”);

Scilab code Exa 6.29 Calculate the ratio and phase angle errors

1 //
============================================================================

2 // Chapter 6 Example 29
3

4

5 clc;

6 clear all;

7

8 // v a r i a b l e d e c l a r a t i o n
9 Vs = 63+0* %i; // s e condary t e r m i n a l

v o l t a g e i n V
10 Zs1 = 2+1*%i; // e q u i v a l e n t mpedance

r e f e r r e d to prmary i n
11 Zb = 100+200* %i; // s e condary burden

i n
12 KN =60.5;

13

14

15

16 // c a l c u l a t i o n s
17 KT = 3810/63; // turn r a t i o
18 Ep = KT*Vs; // pr imary induced emf i n

V
19 Zp1 = (KT^2)*Zs1; // e q u i v a l e n t

impedance
20 Zs12 = sqrt ((( real(Zp1))^2)+(( imag(Zp1))^2));

21 Is = Vs/Zb; // s e condary c u r r e n t
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i n A
22 Is1 = sqrt ((( real(Is))^2)+(( imag(Is))^2));

23 Ip = Is/KT; // pr imary c u r r e n t i n
A

24 Ip1 = sqrt ((( real(Ip))^2)+(( imag(Ip))^2));

25 Vp = Ep+(Ip*Zp1); // a p p l i e d v o l t a g e to
pr imary i n V

26 Vp1 = sqrt ((( real(Vp))^2)+(( imag(Vp))^2));

27 beta = (atan((imag(Vp))/real(Vp)))*180/ %pi;

// phase a n g l e e r r o r i n
28 e = (((KN*Vs)-Vp)/Vp)*100; //

r a t i o e r r o r i n p e r c e n t a g e
29 // beta = ( atan ( ( imag ( Zp1 ) ) / r e a l ( Zp1 ) ) ) ∗180/

%pi ;
30

31 // r e s u l t
32 mprintf(” phase a n g l e e r r o r = %3 . 2 f ”,beta);
33 mprintf(” r a t i o e r r o r = %3 . 1 f p e r c e n t a g e ”,e);
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Chapter 7

Analog measurement of power
and wattmeters

Scilab code Exa 7.1 Calculate the power

1 //
===========================================================================

2 // c h a p t e r 7 example 1
3

4 clc;clear all;

5

6

7 // v a r i a b l e d e c l a r a t i o n
8 P = 250; // wattmeter r e a d i n g i n watt s
9 Rp = 2000; // p r e s s u r e c o i l c i r c u i t r e s i s t a n c e

i n
10 VL = 200; // l oad v o l t a g e i n V
11

12 // c a l c u l a t i o n s
13 p = (VL^2)/Rp; // power l o s t i n p r e s s u r e c o i l i n

watt s
14 P1 = P-p; // power l o s t i n the p r e s s u r e c o i l

c i r c u i t i n watt s
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15

16

17 // r e s u l t
18 mprintf(” power l o s t i n the p r e s s u r e c o i l c i r c u i t =

%3 . 2 f watt s ”,P1);

Scilab code Exa 7.2 Calculate the percentage error

1 //
===========================================================================

2 // c h a p t e r 7 example 2
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 x = 0.004;

8 y = 0.707; // power f a c t o r l a g g i n g
9 y1 = 0.5; // power f a c t o r l a g g i n g

10

11 // c a l c u l a i t o n s
12 theta = atan(x) // t h e t a i n d e g r e e s
13 a = cos(theta)

14 b = sin(theta)

15 phi = acos(y)

16 c = cos(phi)/(a*cos(theta -phi)) // c o r r e c t i o n
f a c t o r

17 A = cos(phi)/sin(phi);

18 e = (b/(A+b))*100 // p e r c e n t a g e e r r o r i n %
19 phi1 = acos(y1)

20 c1 = cos(phi1)/(a*cos(theta -phi1)) // c o r r e c t i o n
f a c t o r

21 B = cos(phi1)/sin(phi1);

22 e1 = (b/(B+b))*100 // p e r c e n t a g e e r r o r i n %
23
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24 // r e s u l t
25 mprintf(” c o r r e c t i o n f a c t o r when 0 . 7 0 7 p f l a g g i n g =

%3 . 3 f ”,c);
26 mprintf(”\ n p e r c e n t a g e e r r o r =%3 . 2 f p e r c e n t a g e ”,e);
27 mprintf(”\ n c o r r e c t i o n f a c t o r when 0 . 7 0 7 p f l a g g i n g

= %3 . 3 f ”,c1);
28 mprintf(”\ n p e r c e n t a g e e r r o r =%3 . 1 f p e r c e n t a g e ”,e1)

Scilab code Exa 7.3 Estimate the percentage error in the wattmeter

1 //
===========================================================================

2 // c h a p t e r 7 example 3
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 V = 240; // v o l t a g e i n V
8 I = 8; // c u r r e n t i n A
9 x = 0.1; // p f l a g g i n g

10 Rp = 8000; // r e s i s t a n c e i n
11 f = 50; // f r e q u e n c y i n Hz
12 L = 63.6*10^ -3 // i n d u c t a n c e
13

14 // c a l c u l a t i o n s
15 phi = acos(x);

16 phi1 =(phi *180)/%pi;

17 P = V*I*x; // l oad power
18 Pl = (V^2)/Rp; // power l o s t i n the p r e s s u r e c o i l

c i r c u i t i n watt s
19 Pt = P+Pl; // n e g l e c t i n g i n d u c t a n c e o f the

v o l t a g e c o i l the r e a d i n g o f wattmeter would be i n
watt s

20 Xp = 2*%pi*f*L; // r e a c t a n c e i n
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21 theta = atan(Xp/Rp);

22 theta1 = (theta *180)/%pi;

23 A = cos(theta1);

24 B =cos(phi1 -theta1);

25 C = cos(phi1);

26 w = Pt*(A)*(B/C); // wattmeter r e a d i n g
27 e = ((w-P)/P)*100; // p e r c e n t a g e e r r o r i n %
28

29 // r e s u l t
30 mprintf(” ph i v a l u e i n t ex tbook i s taken wrong

c o r r e c t i s 84 . 1 6 but v a l u e i s 84 . 2 6 so
t ex tbook answer i s coming wrong ”)

31 mprintf(”\ n p e r c e n t a g e e r r o r i n %3 . 2 f p e r c e n t a g e ”,e)
;

Scilab code Exa 7.4 Calculate the percentage error in wattmeter reading

1 //
===========================================================================

2 // c h a p t e r 7 example 4
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 w = 23; // wattmeter r e a d i n g i n watt s
8 Rp = 2000; // r e s i s t a n c e i n
9 f = 100; // f r e q u e n c y i n Hz
10 L = 10*10^ -3 // i n d u c t a n c e
11 V = 240; // v o l t a g e i n V
12 I = 4.5; // c u r r e n t i n A
13

14 // c a l c u l a t i o n s
15 Xp = 2*%pi*f*L; // r e a c t a n c e i n
16 theta = atan(Xp/Rp);
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17 theta1 =( theta *180) /(%pi)

18 // co s ( ph i )=P/V∗ I
19 // ph i = aco s (P/V∗ I )
20 //w = Pt ∗ ( c o s ( t h e t a ) ) ∗ ( c o s ( phi−t h e t a ) ) / co s ( ph i ) ;

// wattmeter r e a d i n g
21 W1 = V*I; //V∗ I i n watt s
22 // ph i = aco s (P/W) = aco s (P/1080)
23 //W = P∗ co s ( t h e t a ) ∗ ( c o s ( phi−t h e t a ) ) / co s ( ph i )
24 //W =23 =P∗ co s ( 0 . 1 8 ) ∗ co s ( ( a co s (P/1080) ) −0.18) /(P

/V∗ I )
25 // l e t co s ( a co s (P/1080) −0.18) =A
26 //B = cos ( 0 . 1 8 )
27 //W=23 = (P∗B∗A) /(P/(V∗ I ) )
28 // W= B∗A∗V∗ I
29 //A = W/(B∗V∗ I )
30 B = cos(( theta1*%pi)/180);

31 A = w/(B*V*I);

32 // co s ( a co s (P/1080) −0.18) =A
33 //C =aco s (P/1080) = aco s (A) +0.18
34 A1 =(acos(A))*(180/ %pi);

35 C = A1+0.18

36 D = cos(C*%pi /180)

37 P =1080*D;

38 e = ((w-P)/P)*100; // p e r c e n t a g e e r r o r i n %
39

40 // r e s u l t
41 mprintf(” p e r c e n t a g e e r r o r i n %3 . 2 f p e r c e n t a g e ”,e);

Scilab code Exa 7.5 Finding the error in wattmeter

1 //
===========================================================================

2 // c h a p t e r 7 example 5
3 clc;clear all;
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4

5 // v a r i a b l e d e c l a r a t i o n
6 f = 50; // f r e q u e n c y i n Hz
7 L = 5*10^ -3 // i n d u c t a n c e
8 V = 100; // v o l t a g e i n V
9 I = 10; // c u r r e n t i n A
10 R1 = 3000; // r e s i s t a n c e i n
11

12 // c a l c u l a t i o n s
13 x = ((2* %pi*f*L)/R1); // tan ( t h e t a )
14 theta = atan(x); // the a n g l e by which the c u r r e n t

i n p r e s s u r e c o i l l a g s beh ind the v o l t a g e
15 //W = V∗ I ∗ s i n (90+ t h e t a ) = V∗ I ∗ co s ( t h e t a ) = V∗ I ∗ tan (

t h e t a )
16 //W=V∗ I ∗ t h e t a // s i n c e t h e t a i s s m a l l
17 W = V*I*x; // r e a d i n g o f wattmeter i n watt
18

19 // r e s u l t
20 mprintf(” e r r o r = %3 . 2 f watt s ”,W);

Scilab code Exa 7.6 Find the actual reading reading on the wattmeter

1 //
===========================================================================

2 // c h a p t e r 7 example 6
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 RL = 2; // r e s i s t a n c e i n
7 f =50; // f r e q u e n c y i n Hz
8 L = 0.25; // i n d u c t a n c e i n H
9 V = 200; // v o l t a g e i n V

10 LP = 5.6*10^ -3; // i n d u c t a n c e i n H
11 RP =1000;
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12

13 // c a l c u l a t i o n s
14 XL = 2*%pi*f*L; // l oad r e a c t a n c e i n
15 ZL = RL+XL*%i; // l oad impedance
16 IL = V/ZL; // l oad c u r r e n t i n A
17 XLP = 2*%pi*f*LP; // r e a c t a n c e i n
18 ZP = RP+XLP*%i; // p r e s s u r e c o i l c i r c u i t

impedance i n
19 IP = V/ZP; // p r e s s u r e c o i l c u r r e n t i n A
20 theta = (atan(imag(IP)/real(IP)))*180/ %pi;

21 Ic = IL+IP;

22 Ic1 = sqrt ((( imag(Ic))^2) +(( real(Ic))^2))

23 phi = (atan(imag(Ic)/real(Ic)))*180/ %pi;

24 A = (phi -theta);

25 x = cos((A*%pi)/180);

26 y =cos((theta*%pi)/180);

27 W = V*Ic1*y*x; // a c t u a l r e a d i n g o f wattmeter i n
watt s

28

29 // r e s u l t
30 mprintf(” a c t u a l r e a d i n g o f wattmeter = %3 . 4 f watt s ”

,W);

Scilab code Exa 7.7 Calculate the percentage errors

1 //
===========================================================================

2 // c h a p t e r 7 example 7
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 V = 250; // l oad v o l t a g e i n V
7 I = 12; // l oad c u r r e n t i n A
8 Rc = 0.1; // r e s i s t a n c e i n
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9 Rp =6500; // r e s i s t a n c e i n
10 x = 1; // p f co s ( ph i )
11 y = 0.4; // p f co s ( ph i )
12

13 // c a l c u l a t i o n s
14 P = V*I*x; // power input to the appara tu s

i n W
15 PL = (I^2)*Rc; // power l o s t i n c u r r e n t c o i l i n

W
16 e = (PL/P)*100; // p e r c e n t a g e e r r o r i n %
17 Pc = (V^2)/Rp; // power l o s t i n p r e s u u r e c o i l i n W
18 e = (Pc/P)*100; // p e r c e n t a g e e r r o r i n %
19 P1 = V*I*y; // power input to the appara tu s

i n W
20 PL1 = (I^2)*Rc; // power l o s t i n c u r r e n t c o i l i n

W
21 e1 = (PL1/P1)*100; // p e r c e n t a g e e r r o r i n %
22 Pc1 = (V^2)/Rp; // power l o s t i n p r e s u u r e c o i l i n W
23 e1 = (Pc1/P1)*100; // p e r c e n t a g e e r r o r i n %
24

25 // r e s u l t
26 mprintf(” p e r c e n t a g e e r r o r when p f 1 l a g g i n g %3 . 2 f

p e r c e n t a g e ”,e);
27 mprintf(”\ n p e r c e n t a g e e r r o r when p f 0 . 4 l a g g i n g %3

. 2 f p e r c e n t a g e ”,e1);

Scilab code Exa 7.8 Calculate the actual power and current

1 //
============================================================================

2 // Chapter 7 Example 8
3

4

5 clc;
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6 clear all;

7

8 // v a r i a b l e d e c l a r a t i o n
9 theta1 =1; // p r e s s u r e c o i l phase a n g l e

i n
10 theta2 =2; // p r e s s u r e c o i l phase a n g l e

i n
11 P1 = 700; // wattmeter r e a d i n g i n W
12 P2 = 620; // wattmeter r e a d i n g i n W
13 V = 240; // v o l t a g e i n V
14

15

16 // c a l c u l a t i o n s
17 x = P1/P2;

18 //P1 =P∗ co s ( t h e t a 2 ) ∗ co s ( phi−t h e t a 2 ) / co s ( ph i )
19 //P2 = P∗ co s ( t h e t a 1 ) ∗ co s ( phi−t h e t a 1 ) / co s ( ph i

)
20 //P1/P2 = cos ( t h e t a 2 ) ∗ co s ( phi−t h e t a 2 ) / co s ( ph i ) /

co s ( t h e t a 1 ) ∗ co s ( phi−t h e t a 1 ) / co s ( ph i )
21 //x = co s ( t h e t a 2 ) ∗ co s ( phi−t h e t a 2 ) / co s ( ph i ) /

co s ( t h e t a 1 ) ∗ co s ( phi−t h e t a 1 ) / co s ( ph i )
22 //x = ( co s ( t h e t a 2 ) / co s ( t h e t a 1 ) ) ∗ ( c o s ( phi−

t h e t a 2 ) / co s ( phi−t h e t a 1 ) )
23 //x = y ∗ ( c o s ( phi−t h e t a 2 ) / co s ( phi−t h e t a 1 ) )
24 // ( co s ( phi−t h e t a 2 ) / co s ( phi−t h e t a 1 ) ) = x/y
25 y = (cos(theta2*%pi /180)/cos(theta1*%pi

/180));

26 z = x/y;

27 // ( co s ( phi−t h e t a 2 ) / co s ( phi−t h e t a 1 ) ) = ( ( co s ( t h e t 2 ∗
%pi /180) ) ∗ co s ( ph i ) ) +( s i n ( t h e t 2 ∗%pi /180) ) ∗ s i n ( ph i )
) / ( ( co s ( t h e t a 1 ∗%pi /180) ) ∗ co s ( ph i ) ) +( s i n ( t h e t 1 ∗%pi
/180) ) ∗ s i n ( ph i ) )

28 // z = ( ( co s ( t h e t 2 ∗%pi /180) ) ∗ co s ( ph i ) ) +( s i n ( t h e t 2
∗%pi /180) ) ∗ s i n ( ph i ) ) / ( ( co s ( t h e t a 1 ∗%pi /180) ) ∗ co s (
ph i ) ) +( s i n ( t h e t 1 ∗%pi /180) ) ∗ s i n ( ph i ) )

29 t = ((z*cos(theta1*%pi /180))-(cos(theta2*

%pi /180)))/(( sin(theta2*%pi /180)) -(z*sin(theta1*

%pi /180)));

135



30 phi = (atan(t))*180/ %pi;

31 pf = cos(phi*%pi /180);

32 C = (phi -theta2)

33 c = cos(C*%pi /180);

34 a = (cos(theta2*%pi /180));

35 b = a*c;

36 B = P1*pf;

37 P = B/b;

38 I = P/(V*pf);

39

40 // r e s u l t
41 mprintf(” a c t u a l power = %3 . 3 f W”,P);
42 mprintf(”\ n c u r r e n t drawn = %3 . 2 f A”,I);

Scilab code Exa 7.9 Estimate the torque

1 //
===========================================================================

2 // c h a p t e r 7 example 9
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 Np = 500; // number o f t u r n s on

moving c o i l
7 Ip = 0.05; // c u r r e n t through moving

c o i l i n A
8 B = 0.012; // f l u x d e n s i t y i n

the a i r gap i n T
9 d = 0.03; // d iamete r i n m
10 theta1 = 30;

11 theta2 = 90;

12 x = 0.866; // power f a c t o r
co s ( ph i )

13
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14 // c a l c u l a t i o n s
15

16 A = (%pi/4)*(d^2); // a r ea o f x−
s e c t i o n o f moving c o i l i n mˆ2

17 phimax = B*A; //maximum f l u x
through moving c o i l i n Wb

18 //Mmax = ( phimax∗Np) / I c
19 //Mmax∗ I c = X = phimax∗Np
20 X = (phimax*Np);

21 //T = Ip ∗ I c ∗Mmax∗ co s ( ph i ) ∗ s i n ( t h e t a )
22 //T = Ip ∗ I c ∗ (X/ I c ) ∗ co s ( ph i ) ∗ s i n ( t h e t a )
23 //T = Ip ∗ (X) ∗ co s ( ph i ) ∗ s i n ( t h e t a )
24 T1 = Ip*X*x*sin(theta1*%pi /180);

25 T2 = Ip*X*x*sin(theta2*%pi /180);

26

27 // r e s u l t
28 mprintf(” t o r q u e i n when 30 = %3 . 4 e N−m”,T1);
29 mprintf(”\ nto rque i n when 90 = %3 . 4 e N−m”,T2);

Scilab code Exa 7.10 Calculate the power factor of inductive load

1 //
===========================================================================

2 // c h a p t e r 7 example 10
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 V1 = 200; // v o l t a g e a c r o s s an i n d u c t i v e l oad

i n v o l t s
8 V2 = 180; // v o l t a g e a c r o s s an nono− i n d u c t i v e

r e s i s t o r i n v o l t s
9 V3 = 300; // v o l t a g e a c r o s s the two i n s e r i e s

i n v o l t s
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10

11 // c a l c u l a t i o n s
12 x = ((V3^2) -(V1^2) -(V2^2))/(2*V1*V2); // co s ( ph i )
13

14 // r e s u l t
15 mprintf(” power f a c t o r co s ( ph i ) = %3 . 3 f l a g g i n g ”,x);

Scilab code Exa 7.11 Calculate the power absorbed by the load and load impedance and power factor

1 //
===========================================================================

2 // c h a p t e r 7 example 11
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 I1 = 2.5; // c u r r e n t a c r o s s an i n d u c t i v e l oad

i n A
8 I2 = 2.4; // c u r r e n t a c r o s s an non− i n d u c t i v e

r e s i s t o r i n A
9 I3 = 4.5; // c u r r e n t a c r o s s the two i n s e r i e s

i n A
10 V = 250; // supp ly v o l t a g e i n V
11

12

13 // c a l c u l a t i o n s
14 R = V/I2; // non− i n d u c t i v e r e s i s t a n c e i n
15 P = ((I3^2) -(I1^2) -(I2^2))*(R/2); // power absorbed

by the l oad i n watt s
16 Z = V/I1; // l oad impedance i n
17 x = ((I3^2) -(I1^2) -(I2^2))/(2*I1*I2); // co s ( ph i )
18

19 // r e s u l t
20 mprintf(” power absorbed by the l oad = %3 . 2 f watt s ”,P
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);

21 mprintf(”\ n load impedance = %3 . 2 f ”,Z);
22 mprintf(”\npower f a c t o r co s ( ph i ) = %3 . 4 f l a g g i n g ”,x

);

Scilab code Exa 7.12 Write the suitable transformation ratio7

1 //
===========================================================================

2 // c h a p t e r 7 example 12
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 V1 = 6600; // pr imary v o l t a g e i n V
7 V2 = 110; // s e condary v o l t a g e i n V
8 I1 = 50; // pr imary c u r r e n t i n A
9 I2 = 5; // s e condary v o l t a g e i n A
10

11 // c a l c u l a t i o n s
12 r = V1/V2; // hence t r a n s f o r m a t i o n r a t i o o f

PT
13 r1 = I1/I2; // t r a n s f o r m a t i o n r a t i o o f CT
14

15 // r e s u l t
16 mprintf(” t r a n s f o r m a t i o n r a t i o o f CT = %3. 2 f ”,r1);

Scilab code Exa 7.13 Calculate the new multiplying factor of wattmeter

1 //
===========================================================================

2 // c h a p t e r 7 example 13
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3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 m = 10; // wattmeter m u l t i p l y i n g f a c t o r
7

8 // c a l c u l a t i o n s
9 x = 100/5; //CT r a t i o

10 y = 1000/100; //PT r a t i o
11 W = x*y*m; //new m u l t i p l y i n g f a c t o r o f

wattmeter
12

13 // r e s u l t
14 mprintf(”new m u l t i p l y i n g f a c t o r o f wattmeter = %3 . 2 f

”,W);

Scilab code Exa 7.14 Calculate the percentage error

1 //
===========================================================================

2 // c h a p t e r 7 example 14
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7

8 V = 6000; // l oad v o l t a g e i n V
9 I = 100; // l oad c u r r e n t i n A
10 p = 0.5; // power f a c t o r co s ( ph i ) l a g g i n g
11 theta = 0; // s i n c e wattmeter r e a d s

c o r r e c t l y
12 x1 = 20; // c u r r e n t t r a n s f o r m e r s

nominal r a t i o
13 x2 = 60; // p o t e n e t i a l t r a n s f o r m e r s

nominal r a t i o
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14 e1 = -0.005; // r a t i o n e r r o r
15 e2 = 0.01; // r a t i o e r r o r
16

17 // c a l c u l a t i o n s
18 P = V*I*p; // a c t u a l power consumed i n W
19 phi =acos(p);

20 phi1 = (phi *180)/%pi;

21 d = -1; // phase a n g l e i n
22 b = 2; // phase a n g l e i n
23 g = phi1+d-theta1 -b; // phase a n g l e i n
24 theta1 =theta *180/ %pi

25 g1 = g*180/ %pi;

26 A =cos(phi1)

27 K = (cos(phi1*%pi /180))/((cos(theta1*%pi /180))*(

cos(g*%pi /180)));

28 CT = x1*(1+e1); // a c t u a l
t r a n s f o r m a t i o n r a t i o o f CT

29 PT = x2*(1+e2); // a c t u a l
t r a n s f o r m a t i o n r a t i o o f PT

30 P1 = P/(K*CT*PT); // power i n d i c a t e d by
wattmeter i n kW

31 T = P/(x1*x2); // t r u e r e a d i n g o f
wattmeter i n kW

32 e = ((P1-T)/T)*100; // p e r c e n t a g e
e r r r o r i n %

33 // r e s u l t
34 mprintf(” phase a n g l e between the c u r r e n t s i n CC and

PC o f wattmeter %3 . 2 f ”,K);
35 mprintf(”\ n p e r c e n t a g e e r r o r = %3 . 0 f p e r c e n t a g e ”,e);

Scilab code Exa 7.15 Calculate the input power and power factort

1 //
===========================================================================
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2 // c h a p t e r 7 example 15
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 W1 = 300; // wattmeter r e a d i n g i n kW
8 W2 = 100; // wattmeter r e a d i n g i n kW
9

10 // c a l c u l a t i o n s
11 P = W1+W2; // input power i n kW
12 phi = atan (((W1-W2)/(W1+W2))*sqrt (3)); // phase

a n g l e i n r a d i a n s
13 phi1 = (phi *180)/%pi;

14 pf =cos((phi1*%pi)/180); // power f a c t o r
l a g g i n g

15

16

17 // r e s u l t
18 mprintf(” input power = %3 . 2 f kW”,P);
19 mprintf(” power f a c t o r = %3 . 3 f l a g g i n g ”,pf);

Scilab code Exa 7.16 Calculate the power and power factor of the load

1 //
===========================================================================

2 // c h a p t e r 7 example 16
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 W1 = 20; // wattmeter r e a d i n g i n kW
8 W2 = -5; // wattmeter r e a d i n g i n kW
9

10 // c a l c u l a t i o n s
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11 P = W1+W2; // input power i n kW
12 phi = atan (((W1-W2)/(W1+W2))*sqrt (3)); // phase

a n g l e i n
13 pf =cos(phi); // power f a c t o r l a g g i n g
14

15 // r e s u l t
16 mprintf(” input power = %3 . 2 f kW”,P);
17 mprintf(”\npower f a c t o r = %3 . 4 f l a g g i n g ”,pf);

Scilab code Exa 7.17 Find the reading of the each instrument

1 //
===========================================================================

2 // c h a p t e r 7 example 17
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 P = 30000; // t o t a l power i n kW
8 pf = 0.4; // power f a c t o r assuming l a g g i n g
9

10 // c a l c u l a t i o n s
11 phi = acos(pf); // phase a n g l e i n r a d i a n s
12 phi1 = (phi *180)/%pi;

13 y = sqrt (3);

14 z =y*pf;

15 x = P/(y*pf); //VL∗ IL i n VA
16

17 //W = VL∗ IL∗ co s (30− ph i )
18 //VL∗ IL = x ;
19 W1 = x*cos ((30* %pi /180) -(phi1*%pi /180)); //

r e a d i n g o f wattemeter i n W
20 W2 = x*cos ((30* %pi /180)+(phi1*%pi /180)); //

r e a d i n g o f wattemeter i n W
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21

22 // r e s u l t
23 mprintf(” r e a d i n g o f wattemeter %3 . 2 f W %3. 0 f W”,W1 ,

W2);

24 mprintf(”\nNote : x v a l u e i s taken approx imate va lue ,
so the w1 and w2 d i f f e r i n g ”)

25 mprintf(”\ n i f power f a c t o r i s l e a d i n g the r e a d i n g s
o f wat tmete r s i n t e r c h a n g e ”);

Scilab code Exa 7.18 Find the reading OF TWO wattmeters

1 //
===========================================================================

2 // c h a p t e r 7 example 18
3

4

5 clc;clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 VL =400; // v o l t a g e i n V
9 IL = 10; // c u r r e n t i n A
10 // r = W1/W2
11 // tan ( ph i ) = s q r t ( 3 ) ∗ ( (W1−W2) /(W1+W2) )
12 // tan ( ph i ) = s q r t ( 3 ) ∗((1−(W2/W1) ) /(1+(W2/W1) ) )
13 // tan ( ph i ) = s q r t ( 3 ) ∗((1− r ) /(1+ r ) )
14 // co s ( ph i ) = 1/ s e c ( ph i ) = 1/ s q r t (1+( tan ( ph i )

ˆ2) = 1/ s q r t (1+(3∗((1− r ) /(1+ r ) ) ˆ2)
15 r = 0.5;

16 z = ((1-r)/(1+r))^2;

17 pf = 1/sqrt (1+(3*z));

18 phi = (acos(pf)*180/ %pi);

19 W1 = VL*IL*cos ((30* %pi /180) -(phi*%pi /180));

// wattmeter r e a d i n g i n W
20 W2 = VL*IL*cos ((30* %pi /180)+(phi*%pi /180));
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// wattmeter r e a d i n g i n W
21

22 // r e s u l t
23 mprintf(” wattmeter r e a d i n g = %3 . 2 f W”, W1);

24 mprintf(”\ nwattmeter r e a d i n g = %3 . 2 f W”,W2);

Scilab code Exa 7.19 Determine the values of Rand L connected in the phase

1 //
===========================================================================

2 // c h a p t e r 7 example 19
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 W1 = 3000; // wattmeter r e a d i n g i n W
9 W2 = 1000; // wattmeter r e a d i n g i n W
10 f = 50; // f r e q u e n c y i n HZ
11 V = 400; // v o l t a g e i n V
12

13

14 // c a l c u l a t i o n s
15 VP = V/sqrt (3); // v o l t a g e i n V

16 P = W1+W2; // input
power i n kW

17 phi = atan (((W1-W2)/(W1+W2))*sqrt (3));

// phase a n g l e i n r a d i a n s
18 phi1 = phi *180/ %pi;

// phase a n g l e i n d e g r e e s
19 pf =cos(phi1*%pi /180);

// power f a c t o r l a g g i n g
20 IL = P/(( sqrt (3))*V*pf);
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// l i n e c u r r e n t i n A
21 ZP =VP/IL;

// impedance o f the c i r c u i t per phase i n
22 R = ZP*pf; // r e s i s t a n c e

per phase
23 XL = sqrt((ZP^2 )-(R^2)); //

r e a c t a n c e per phase i n
24 L = XL/(2* %pi*f); //

i n d u c a t a n c e per phase i n H
25

26 // r e s u l t
27 mprintf(” r e s i s t a n c e per phase = %3 . 2 f ”,R);
28 mprintf(”\ n induca tance per phase i n = %3 . 3 f H”,L);

Scilab code Exa 7.20 Find the wattage shown by three wattmeters and power taken by the load

1 //
===========================================================================

2 // c h a p t e r 7 example 20
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 IPR = 8; // c u r r e n t i n l i n e R i n A
9 IPY = 10; // c u r r e n t i n l i n e Y i n A

10 IPB = 6; // c u r r e n t i n l i n e B i n A
11 VP =120; // v o l t a g e i n V
12 pf = 1; // power f a c t o r
13

14 // c a l c u l a t i o n s
15 W1 = VP*IPR*pf; // wattage shown by wattmeter

hav ing c u r r e n t c o i l i n l i n e R i n watt s
16 W2 = VP*IPY*pf; // wattage shown by wattmeter
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hav ing c u r r e n t c o i l i n l i n e Y i n watt s
17 W3 = VP*IPB*pf; // wattage shown by wattmeter

hav ing c u r r e n t c o i l i n l i n e B i n watt s
18 p = W1+W2+W3; // power taken by l i g h t i n g l oad i n

watt s
19

20 // r e s u l t
21 mprintf(” wattage shown by wattmeter hav ing c u r r e n t

c o i l i n l i n e R = %3 . 2 f watt s ”,W1);
22 mprintf(”\ nwattage shown by wattmeter hav ing c u r r e n t

c o i l i n l i n e Y = %3 . 2 f watt s ”,W2);
23 mprintf(”\ nwattage shown by wattmeter hav ing c u r r e n t

c o i l i n l i n e B = %3 . 2 f watt s ”,W3);
24 mprintf(”\npower taken by l i g h t i n g l oad = %3 . 2 f

watt s ”,p);

Scilab code Exa 7.21 Find the current and reading of two wattmeters connected to measure the power

1 //
===========================================================================

2 // c h a p t e r 7 example 21
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 R = 10; // r e s i s t a n c e i n
9 XL = 10; // r e a c t a n c e i n

10 VL = 440; // l oad v o l t a g e i n V
11

12 // c a l c u l a t i o n s
13 Z = sqrt((R^2)+(XL^2)); // impedance o f each

chok ing c o i l i n
14 VP = VL/sqrt (3); // phase v o l t a g e i n V
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15 IP = VP/Z; // phase c u r r e n t i n A
16 IL = IP; // l i n e c u r r e n t i n A
17 phi = atan(XL/R); // phase a n g l e i n
18 phi1 = phi *180/ %pi;

19

20 W1 = VL*IL*cos ((30* %pi /180) -(phi1*%pi /180));

// wattmeter r e a d i n g i n W
21 W2 = VL*IL*cos ((30* %pi /180)+(phi1*%pi /180));

// wattmeter r e a d i n g i n W
22

23 // r e s u l t
24 mprintf(” l i n e c u r r e n t = %3 . 2 f A”,IL);
25 mprintf(”\ nwattmeter r e a d i n g = %3 . 2 f W”,W1);
26 mprintf(”\ nwattmeter r e a d i n g = %3 . 2 f W”,W2);

Scilab code Exa 7.22 Find the power factor of the system and the value of capacitance

1 //
===========================================================================

2 // c h a p t e r 7 example 22
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 W1 = 5000; // wattmeter r e a d i n g i n W
9 W2 = -1000; // wattmeter r e a d i n g i n W
10 VL = 440; // l oad v o l t a g e i n V
11 f = 50; // f r e q u e n c y i n Hz
12 VP = 440;

13

14 // c a l c u l a t i o n s
15 P = W1+W2; // t o t a l power i n the l oad

c i r c u i t i n W

148



16 phi = atan (((W1-W2)/(W1+W2))*sqrt (3)); // phase
a n g l e i n

17 phi1 = phi *180/ %pi;

18 pf = cos(phi); // power f a c t o r
19 IP = P/(( sqrt (3)*VL*pf)); // l oad c u r r e n t per phase

i n A
20 IP1 = IP/sqrt (3);

21 ZP = VP/IP1; // l oad impedance per phase
22 RP = ZP*pf; // l oad r e s i s t a n c e per phase

i n
23 XP =ZP*sin(phi); // l oad r e a c t a n c e per phase

i n
24 pf1 = 0.5; // power f a c t o r
25 phi2 = (acos(pf1))*180/ %pi;

26 // r e a d i n g o f wattmeter w i l l be z e r o
27 XP1 = RP*tan((phi2)*%pi /180); // r e a c t n a c e i n

c i r c u i t per phase i n
28 XC =XP-XP1; // v a l u e o f c a p a c i t i v e

r e a c t a n c e i n t roduced i n each phase i n
29 C = 1/(2* %pi*f*XC); // v a l u e o f c a p a c i t i v e

r e a c t a n c e i n t r o d u c e d i n each phase o f d e l t a
connec t ed i n uF

30

31 // r e s u l t
32 mprintf(” v a l u e o f c a p a c i t i v e r e a c t a n c e i n t r o d u c e d i n

each phase o f d e l t a connec t ed = %3 . 0 f uF” ,(C
*10^6));

Scilab code Exa 7.23 Find the line currents and reading on wattmeters whose current coils are in A and B

1 //
================================================================================

2 // c h a p t e r 7 example 23
3
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4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 VAB1 = 400+0* %i; // v o l t a g e i n V
9 VBC1 = -200 -346.41*%i; // v o l t a g e i n V
10 VCA1 = -200+346.41* %i; // v o l t a g e i n V
11 VAB =400;

12 VBC = 400;

13 VCA = 400;

14 TVAB = 0;

15 TVBC = -120;

16 TVCA =120;

17 PAB = 20000; // Wwattmetr r e a d i g VA
18 PBC = 30000; // Wwattmetr r e a d i g VA
19 PCA = 20000; // Wwattmetr r e a d i g VA
20

21

22 // c a l c u l a t i o n s
23 IAB = PAB/VAB; // magnitude o f IABC
24 IBC = PBC/VAB; // magnitude o f IABC
25 ICA = PCA/VAB; // magnitude o f IABC
26 c1 = 0;

27 c2 = (acos (0.8) *180/ %pi);

28 c3 = -(acos (0.6) *180/ %pi);

29 angle1 = c1-TVAB;

30 angle2 = c2-TVBC;

31 angle3 = c3-TVCA;

32 IAB1 = (IAB*cos(angle1))+(IAB*sin(angle1))*

%i;

33 IBC1 = (IBC*cos(angle2*%pi /180))+(IBC*sin(-

angle2*%pi /180))*%i;

34 ICA1 = (ICA*cos(angle3*%pi /180))+(ICA*sin(-

angle3*%pi /180))*%i;

35 IA = IAB1 -ICA1;

36 IB = IBC1 -IAB1;

37 IC = ICA1 -IBC1;

38 W1 = -(VBC1)*IA;
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39 W2 = VCA1*IB;

40

41

42

43 // r e s u l t
44 mprintf(” l i n e c u r r e n t IA = %3 . 2 f %3 . 2 f ∗ j A”,real

(IA),imag(IA));

45 mprintf(”\ n l i n e c u r r e n t IA = %3 . 2 f%3 . 2 f ∗ j A”,real
(IB),imag(IB));

46 mprintf(”\ n l i n e c u r r e n t IA = %3 . 2 f + %3 . 2 f ∗ j A”,
real(IC),imag(IC));

47 mprintf(”\ n r e a d i n g o f wattmeter W1 = %3 . 2 f W”,W1
);

48 mprintf(”\ n r e a d i n g o f wattmeter W2 = %3 . 2 f W”,W2
);

Scilab code Exa 7.24 Find the power of the network

1 //
===========================================================================

2 // c h a p t e r 7 example 24
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 W1 = 2000; // r e a d i n g o f wattmeter i n watt s
8 W2 = 1000; // r e a d i n g o f wattmeter i n watt s
9

10 // c a l c u l a t i o n s
11 Q = sqrt (3)*(W1 -W2); // r e a c t i v e power o f the

network i n V A
12 P = Q/(sqrt (3)); // wattmeter r e a d i n g when

c u r r e n t c o i l i s connec t ed i n one phase and the
p o t e n t i a l c o i l a c r o s s the two phase s i n VA
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13

14 // r e s u l t
15 mprintf(” Wattmeter r e a d i n g = %3 . 2 f r e a c t i v e v o l t

amperes ”,P);

Scilab code Exa 7.25 Calculate the wattmeter reading

1 //
===========================================================================

2 // c h a p t e r 7 example 25
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 VL = 415; // v o l t a g e i n V
8 IL = 20; // c u r r e n t i n A
9 pf = 0.8; // phase a n g l e
10

11 // c a l c u l a t i o n s
12 phi =acos(pf) // phase a n g l e i n
13 phi1 = (phi *180)/%pi

14 x = cos((30- phi1)*%pi /180)

15 W1 = VL*IL*x // wattmeter r e a d i n g i n W
16 W2 = VL*IL*cos ((30+ phi1)*%pi /180) // wattmeter

r e a d i n g i n W
17 // t o t a l KVAR = s q r t ( 3 ) ) ∗ (W1−W2)
18 // W = totalKVAR/ s q r t ( 3 )
19 //W = ( s q r t ( 3 ) ) ∗ (W1−W2) ) / s q r t ( 3 ) ; // wattmeter

r e a d i n g
20 W = W1 -W2 // wattmeter r e a d i n g
21

22 // r e s u l t
23 mprintf(” r e a d i n g on wattmeter 1 = %3 . 2 d W”,W1);
24 mprintf(”\ n r e a d i n g on wattmeter 2 = %3 . 2 d W”,W2);
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25 mprintf(”\ n r e a d i n g on wattmeter = %3 . 2 f W”,W);
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Chapter 8

Measurement of energy and
energy meters

Scilab code Exa 8.1 Determine the meter constant in revolution

1 //
===========================================================================

2 // c h a p t e r 8 example 1
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 P = 360; // power i n W
8 t = 100; // t ime i n s e c o n d s
9 n = 10; // r e v o l u t i o n s

10

11 // c a l c u l a t i o n s
12 E = (P*(t/(3600)))/(1000); // ene rgy

consumed i n kWh
13 M = n/(E); // meter c o n s t a n t i n

r e v o l u t i o n s /KWh
14

15 // r e s u l t
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16 mprintf(” meter c o n s t a n t i n r e v o l u t i o n s /KWh = %3. 2 f ”
,M);

Scilab code Exa 8.2 Calculate the power

1 //
===========================================================================

2 // c h a p t e r 8 example 2
3

4

5 clc;clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 V = 220; // v o l t a g e i n V
9 I = 5; // c u r r e n t i n A

10 Rp = 8800; // r e s i s t a n c e o f p r e s s u r e i n
11 V1 = 6; // v o l t a g e e x c i t e d i n V
12

13 // c a l c u l a t i o n s
14 P1 = V*I; // power consumed i n

c u r r e n t c o i l c i r c u i t i n W
15 P2 = (V^2)/(Rp); // power consumed

i n p r e s s u r e c o i l c i r c u i t i n W
16 P = P1+P2; // t o t a l power

consumed i n W
17 P11 = V1*I; // power consumed i n

c u r r e n t c o i l c i r c u i t i n W
18 P21 = (V^2)/(Rp); // power consumed

i n p r e s s u r e c o i l c i r c u i t i n W
19 PP = P11+P21; // t o t a l power

consumed i n W
20

21 // r e s u l t
22 mprintf(” t o t a l power consumed f o r d i r e c t l oad
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arrangement = %3 . 2 f W”,P);
23 mprintf(”\ n t o t a l power consumed f o r phanton l o a d i n g

with c u r r e n t c i r c u i t = %3 . 1 f W”,PP);

Scilab code Exa 8.3 Calculate the error and state whether the meter is fast or slow

1 //
===========================================================================

2 // c h a p t e r 8 example 3
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 T = 0.5; // t ime i n hours
8 V = 220; // v o l t a g e i n V
9 I = 5; // c u r r e n t i n A

10 P = 525; // consumption r e g i s t e r e d i n
Wh

11 P1 =0.525; // consumption r e g i s t e r e d i n
kWh

12

13 // c a l c u l a t i o n s
14

15 E = ((V*I)/(1000))*T; // ene rgy consumed i n
kWh

16 e = ((P1-E)/(E))*100; // p e r c e n t a g e e r r o r
i n %

17

18 // r e s u l t
19 mprintf(” p e r c e n t a g e e r r o r = %3 . 2 f p e r c e n t a g e ( s low )

”,e);
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Scilab code Exa 8.4 Calculate the full load speed of the meter

1 //
===========================================================================

2 // c h a p t e r 8 example 4
3

4

5 clc;clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 M1 = 5; // meter c o n s t a n t i n A−s / r ev
9 V = 250; // v o l t a g e i n V
10 t = 60; // t ime i n minute
11

12 // c a l c u l a t i o n s
13 M2 = M1*V; // meter c o n s t a n t i n W−s / r ev with

r a t e d v o l t a g e o f 250V
14 M3 = M2 /(1000*3600); // meter c o n s t a n t i n

kWh/ rev
15 M = 1/(M3); // meter c o n s t a n t i n r ev /

kWh
16 E = (M2/(t*1000)); // ene rgy consumed i n

1 minute at f u l l −l o ad
17 S = M*E; // f u l l −l o ad speed i n rpm
18

19 // r e s u l t
20 mprintf(” meter c o n s t a n t i n r e v o l u t i o n s per kWh = %3

. 2 d”,M);
21 mprintf(”\ n f u l l −l o ad speed = %3 . 2 d rpm”,S);

Scilab code Exa 8.5 Determine the load in kWh

1 //
===========================================================================
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2 // c h a p t e r 8 example 5
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 n = 15; // number o f r e v o l u t i o n s made
8 M = 750; // meter c o n s t a n t i n r e v o l u t i o n s

per kWh
9 T = 30; // t ime i n s e c o n d s

10

11 // c a l c u l a t i o n s
12 E = n/(M); // Energy consumed i n 30 s e c o n d s
13 L = (E*3600)/T; // l oad i n kW
14

15 // r e s u l t
16 mprintf(” Energy consumed i n 30 s e c o n d s = %3 . 2 f kWh”,

E);

17 mprintf(”\nLoad = %3 . 2 f kW”,L);

Scilab code Exa 8.6 Find out the percentage error

1 //
===========================================================================

2 // c h a p t e r 8 example 6
3

4

5 clc;clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 M = 500; // meter c o n s t a n t i n r e v o l u t i o n s

per kWh
9 n = 40; // number o f r e v o l u t i o n s made

10 T1 = 58.1; // t ime i n s e c o n d s
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11 P = 5; // power i n kW
12

13 // c a l c u l a t i o n s
14 x =P*T1;

15 E =(x/3600); // Energy consumed i n 5 8 . 1
s e c o n d s

16 E1 = n/(M); // ene rgy consumption
r e g i s t e r e d i n kWh

17 e = ((E1-E)/E)*100; // p e r c e n t a g e e r r o r i n %
18

19 // r e s u l t
20 mprintf(” p e r c e n t a g e e r r o r = %3 . 2 f p e r c e n t a g e ”,e);

Scilab code Exa 8.7 Calculate the percentage error

1 //
===========================================================================

2 // c h a p t e r 8 example 7
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 V = 230; // v o l t a g e i n V
7 I = 4.4; // c u r r e n t i n A
8 T = 3; // t ime i n minutes
9 x =1; // co s ( 0 ) =1

10 n = 10; // number o f r e v o l u t i o n s made
11 M = 200; // meter c o n s t a n t i n r e v o l u t i o n s

per kWh
12

13 // c a l c u l a t i o n s
14 E = (V*I*(T/(60))*x)/(1000); // Energy

consumed i 3 minutes
15 E1 = n/(M); // ene rgy consumption

r e g i s t e r e d i n kWh

159



16 e = ((E1-E)/(E))*100; // p e r c e n t a g e e r r o r
i n %

17

18 // r e s u l t
19 mprintf(” p e r c e n t a g e e r r o r = %3 . 3 f p e r c e n t a g e ”,e);

Scilab code Exa 8.8 Calculate how many units are recorded as error

1 //
===========================================================================

2 // c h a p t e r 8 example 8
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 L = 1; // Load i n kW
8 S = 10.2; // speed o f the d i s c i n rpm
9 T1 = 12; // t ime i n hours

10 M = 600; // meter c o n s t a n t i n r e v o l u t i o n s per
kWh

11

12 // c a l c u l a t i o n s
13 T2 = T1*60; // t ime i n minutes
14 E = L*T1; // a c t u a l ene rgy consumed i n 12 hours

i n kWh
15 N = S*T2; // R e v o l u t i o n s made by the d i s c i n 12

hours
16 E1 = N/(M); // Energy consumption r e c o r d e d by the

meter
17 e = E1-E; // e r r o r i n kWh
18

19 // r e s u l t
20 mprintf(” e r r o r = %3 . 2 f kWh more”,e);

160



Scilab code Exa 8.9 Determine the speed of the disc

1 //
===========================================================================

2 // c h a p t e r 8 example 9
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7

8 V = 240; // v o l t a g e i n V
9 I = 8; // c u r r e n t i n A

10 T = 1; // t ime i n minutes
11 x =0.6; // power f a c t o r
12 M = 600; // meter c o n s t a n t i n r e v o l u t i o n s per

kWh
13

14 // c a l c u l a t i o n s
15 E = (V*I*(T/(60))*x)/(1000); // Energy

consumed 1 minute
16 S = E*M; // speed o f the d i s c i n

r ev / minute
17

18 // r e s u l t
19 mprintf(” speed o f the d i s c = %3 . 2 f r ev / minute ”,S);

Scilab code Exa 8.10 Find out the error in registration and error in rpm of the meter

1 //
===========================================================================
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2 // c h a p t e r 8 example 10
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 V = 230; // v o l t a g e i n V
8 I = 10; // c u r r e n t i n A
9 T = 30; // t ime i n minutes

10 x =0.8; // power f a c t o r
11 n = 890; // number o f r e v o l u t i o n s made
12 M = 1200; // meter c o n s t a n t i n r e v o l u t i o n s

per kWh
13 E = 58.25; // d i a l r e a d i n g at the end o f

t e s t
14 E1 = 57.35; // d i a l r e a d i n g at the s t a r t

o f t e s t
15

16 // c a l c u l a t i o n s
17 Ea = (V*I*(T/(60))*x)/(1000); // Energy

consumed 1 minute
18 Em = E-E1; // ene rgy consumption

r e c o r d e d by the meter i n kWh
19 e = Em-Ea; // e r r o r i n r e g i s t r a t i o n

i n kWh
20 N = M*Em; // a c t u a l r e v o l u t i o n s

r e q u i r e d to be made by the meter f o r an ene rgy
consumption o f 0 . 9 0kWh

21 e = (n-N)/(T); // e r r o r i n rpm
22

23 // r e s u l t
24 mprintf(” e r r o r = %3 . 2 f rpm”,e);

Scilab code Exa 8.11 Calculate the power factor

1 //
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===========================================================================

2 // c h a p t e r 8 example 11
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 V = 230; // v o l t a g e i n v o l t s
8 I = 4; // c u r r e n t i n A
9 I1 = 5; // c u r r e n t i n A

10 cosphi = 1; // power f a c t o r
11 h = 6; // hours
12 R = 2208; // r e v o l u t i o s made by meter
13 R1 = 1472; // r e v o l u t i o s made by meter
14 E1 = 400; // ene rgy consumption
15 h1 =4;

16

17 // c a l c u l a t i o n s
18 E = (V*I*cosphi*h)/(1000); // ene rgy

consumption i n kWh
19 M = R/(E); // meter c o n s t a n t i n

r ev /kWh
20 cosphi2 = (R1/(E1)*(1000/(V*I1*h1))); // power

f a c t o r o f the l oad i s c o s p h i 2 f o r s econd
measuremnet

21

22 // r e s u l t
23 mprintf(” meter c o n s t a n t = %3 . 2 f r e v o l u t i o n s /kWhr”,M)

;

24 mprintf(”\npower f a c t o r o f the l oad i s c o s p h i 2 f o r
second measuremnet = %3 . 2 f ”,cosphi2);
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Chapter 9

Measurement of Speed and
Frequency and Power factor

Scilab code Exa 9.1 Determine the frequency of output pulses

1 //
===========================================================================

2 // c h a p t e r 9 example 1
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 N = 1500; // speed o f s h a f t i n rm
8 T =120; // number o f t e e t h on r o t a t o r
9

10 // c a l c u l a t i n s
11 f = (N/60)*T; // f r e q u e n c y o f output p u l s e s i n

p u l s e s per second
12

13 // r e s u l t
14 mprintf(” f r e q u e n c y o f output p u l s e s i n p u l s e s = %3 . 2

f p u l s e s per second ”,f);
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Scilab code Exa 9.2 Determine the speed of the shaft

1 //
===========================================================================

2 // c h a p t e r 9 example 2
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 R = 4; // d i g i t a l c o u n t e r r e a d i n g
8 G = 0.001; // g a t t i n g p e r i o d i n s
9 T = 150; // number o f t e e t h on r o t o r

10

11 // c a l c u l a t i o n s
12 f = R/(G); // number o f p u l s e s per second
13 N = (f/T)*60; // r o t a t i o n a l speed i n rpm
14

15 // r e s u l t
16 mprintf(” r o t a t i o n a l speed = %3 . 2 f rpm”,N);

Scilab code Exa 9.3 Determine the speed of the shaft

1 //
===========================================================================

2 // c h a p t e r 9 example 3
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
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7 H = 120; // number o f h o l e s on the r o t a t i n g
d i s c

8 f = 5400; // f r e q u e n c y o f output p u l s e s i n per
second

9

10 // c a l c u l a t i o n s
11 N = (f/(H))*60; // r o t a t i o n a l speed i n rpm
12

13 // r e s u l t
14 mprintf(” r o t a t i o n a l speed = %3 . 2 f rpm”,N);

Scilab code Exa 9.4 Find the frquency

1 //
===========================================================================

2 // c h a p t e r 9 example 4
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 f1 = 60; // f r e q u e n c y i n Hz
8 f2 = 50; // f r e q u e n c y i n Hz
9 C1 = 10^-6; // i n d u c t a n c e o f c i r c u i t
10 R1 = 100; // r e s i s t a n c e i n
11 C2 = 1.5*10^ -6; // c a p a c i t a n c e
12

13 // c a l c u l a t i o n s
14 L1 = 1/(4*(( %pi)^2)*((f1)^2)*C1); // i n d u c t a n c e o f

c i r c u i t i n H
15 w = 2*%pi*f2;

16 Z1 = R1+(%i)*((w*L1) -(1/(w*C1))); // impedance
o f c i r c u i t at 50 Hz

17 //Z2 = R1+(%i ) ∗ ( (w∗L2 ) −(1/(w∗C2) ) ) ; //
impedance o f c i r c u i t at 50 Hz
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18 // r e a l ( Z2 ) = r e a l ( Z1 )
19 // ( (w∗L2 ) −(1/(w∗C2) ) ) = r e a l ( Z1 ) =963
20 x =abs((w*L1) -(1/(w*C1)))

21 y = 1/(w*C2);

22 L2 =(x+y)/w;

23 z = sqrt (1/(L2*C2));

24 f2 = (1/(2* %pi))*(z);

25

26 // r e s u l t
27 mprintf(” r e s o n a n t f r e q u e n c y o f c i r c u i t = %3 . 1 f Hz”,

f2);
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Chapter 10

Measurement of Resistance

Scilab code Exa 10.1 Calculate the apparent resistance and actual resistance and the error

1 //
===========================================================================

2 // c h a p t e r 10 example 1
3

4

5 clc;

6 clear all;

7

8 // v a r i a b l e d e c l a r a t i o n
9 V = 100; // v o l t m e t e r r e a d i n g i n V

10 I =0.005; // ammeter r e a d i n g i n A
11 S = 1000; // s e n s i t i v i t y o f v o l t m e t e r i n

per v o l t
12 v = 150; // v o l t m e t e r range i n V
13

14 // c a l c u l a t i o n s
15 Rv = S*v; // v o l t m e t e r r e s i s t a n c e i n
16 Rm = V/I; // apparent v a l u e o f unknown

r e s i s t o r i n
17 y = V/(I*Rv);
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18 x = I*(1-y);

19 Rx = V/x; // a c t u a l v a l u e o f
unknown r e s i s t o r i n

20 er = ((Rm -Rx)/Rx)*100; // e r r o r due
to l o a d i n g e f f e c t o f v o l t m e t e r i n %

21

22 // r e s u l t
23 mprintf(” apparent v a l u e o f unknown r e s i s t o r = %3 . 2 f

”,Rm);
24 mprintf(”\ n a c t u a l v a l u e o f unknown r e s i s t o r = %3 . 2 f

”,Rx);
25 mprintf(”\ n e r r o r due to l o a d i n g e f f e c t o f v o l t m e t e r

= %3 . 2 f p e r c e n t a g e ”,er);

Scilab code Exa 10.2 Determine the resulting error

1 //
===========================================================================

2 // c h a p t e r 10 example 2
3

4

5 clc;clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 RA = 2.5; // r e s i s t a n c e o f ammeter
9 RV = 6000; // r e s i s t a n c e o f v o l t m e t e r

10 V = 38.4; // v o l t a g e i n V
11 I = 0.4; // c u r r e n t i n A
12

13 // c a l c u l a t i o n s
14 Rx = sqrt(RA*RV); // v a l u e o f unknown

r e s i s i t a n c e i n
15 Rm = V/I; // measured v a l u e o f unknown

r e s i s t a n c e i n
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16 Rx1 = V/(I*(1-(V/(I*RV)))); // t r u e v a l u e
o f unknown r e s i s t a n c e i n

17 EA = (1/2) *(1/100) *1; // e r r o r on
ammeter r e a d i n g i n A

18 EV = (1/2) *(50/100); // e r r o r on
v o l t m e t e r r e a d i n g i n V

19 PEA = (EA/I)*100; // p e r c e n t a g e
e r r o r at 0 . 4 A r e a d i n g i n %

20 PEV = (EV/V)*100; // p e r c e n t a g e
e r r o r at 3 8 . 4 A r e a d i n g i n %

21 E = sqrt((PEA ^2)+(PEV^2)); // e r r o r
due to ammeter and v o l t m e t e r i n %

22 AE = (E/100)*Rx1; // a b s o l u t e e r r o r
due to ammeter and v o l t m e t e r i n

23 R1 =Rx1+AE; // r e s i s t a n c e i n

24 R2 = Rx1 -AE; // r e s i s t a n c e i n

25

26 // r e s u l t
27 mprintf(” r e s i s t a n c e i s s p e c i f i e d as %3 . 3 f and %3 . 3 f

”,R1 ,R2);

Scilab code Exa 10.3 Determine the value of unknown resistance

1 //
===========================================================================

2 // c h a p t e r 10 example 3
3

4 clc;

5 clear all;

6

7

8 // v a r i a b l e d e c l a r a t i o n
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9 V = 120; // v o l t a g e i n V
10 I = 8; // c u r r e n t i n A
11 RA = 0.3; // r e s i s t a n c e i n
12 AR = 0.01; //maximum r e a d i n g o f ammeter i n A
13 VR = 0.1; //maximum r e a d i n g o f v o l t m e t e r i n V
14 AR1 = 10; // ammeter rane 0−10 A
15 AV1 = 150; // v o l t m e t e r range i n 0−150 V
16 EA = 0.25; // c o n s t r u c t i o n a l e r r o r o f ammeter i n

%
17 EV = 0.5; // c o n s t r u c t i o n a l e r r o r o f v o l t m e t e r

i n %
18

19

20 // c a l c u l a t i o n s
21 Rm = V/I; // measured v a l u e o f unknown

r e s i s t a n c e i n
22 Rx = Rm-RA; // t r u e v a l u e o f unknown

r e s i s t a n c e i n
23 EA1 = (AR/AR1)*100; // r e a d i n g e r r o r o f

ammeter i n %
24 EV1 = (VR/AV1)*100; // r e a d i n g o f v o l t m e t e r i n %
25 dI = EA+EA1; // e r r o r i n ammeter r e a d i n g

i n %
26 dv = EV+EV1; // e r r o r i n v o l t m e t e r r e a d i n g

i n %
27 d =dI+dv; // t o t a l e r r o r i n % r a n g i n g − to

+
28 R1 = Rx+d; // Value o f Rx i s s p e c i f i e d as
29 R2 = Rx-d; // Value o f Rx i s s p e c i f i e d as
30

31 // r e s u l t
32 mprintf(” Value o f Rx i s s p e c i f i e d = %3 . 3 f , %3 . 3 f ”,

R1 ,R2);

Scilab code Exa 10.4 Determine the value of resistor under test
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1 //
===========================================================================

2 // c h a p t e r 10 example 4
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 S = 0.02; // r e s i s t a n c e o f s t andard r e s i s t o r i n

8 Vs = 0.98; // v o l t a g e drop a c r o s s s t andard
r e s i s t o r i n V

9 Vx = 0.735; // v o l t a g e drop a c r o s s r e s i s t o r
under t e s t i n V

10

11 // c a l c u l a t i o n s
12 X = (S*Vx)/Vs; // R e s i s t a n c e o f r e s i s t o r under

t e s t i n
13

14 // r e s u l t
15 mprintf(” R e s i s t a n c e o f r e s i s t o r under t e s t= %3 . 3 f

”,X);

Scilab code Exa 10.5 Determine the value of resistor under test

1 //
===========================================================================

2 // c h a p t e r 10 example 5
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 Vx1 = 0.835; // i n d i c a t e d c a l u e o f v o l t a g e

drop a c r o s s the unknown r e s i s t a n c e i n V
7 emf = -25*10^ -6; // therma l emf with unknown
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r e s i s t a n c e i n V
8 S = 0.10025; // r e s i s t a n c e o f s t andard

r e s i s t o r i n
9 Vs = 0.984; // v o l t a g e drop a c r o s s s tandard

r e s i s t o r i n V
10

11 // c a l c u l a t i o n s
12 Vx = Vx1 -emf;

13 X = (S*Vx)/Vs; // R e s i s t a n c e o f r e s i s t o r under
t e s t i n

14

15 // r e s u l t
16 mprintf(”unknown r e s i s t o r = %3 . 5 f ”,X);

Scilab code Exa 10.6 Calculate the unknown resistance

1 //
===========================================================================

2 // c h a p t e r 10 example 6
3

4 clc;clear all;

5

6 // v a r i a b l e d e c a l a r t i o n
7 p = 200.62; // r e s i s t a n c e i n
8 q = 400; // r e s i s t a n c e i n
9 P = 200.48; // r e s i s t a n c e i n

10 Q = 400; // r e s i s t a n c e i n
11 S = 100.03; // r e s i s t a n c e i n
12 r = 700; // r e s i s t a n c e i n
13

14 // c a l c u l a t i o n s
15 X = ((P/Q)*S)+((q*r)/(p+q))*((P/Q)-(p/q));

16

17 // r e s u l t
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18 mprintf(”unknown r e s i s t a n c e = %3 . 4 f u ”,X);

Scilab code Exa 10.7 Determine the value of unknown resistacne

1 //
===========================================================================

2 // c h a p t e r 10 example 7
3

4

5 clc;clear all;

6

7

8 // v a r i a b l e d e c l a r a t i o n
9 P = 100; // r e s i s t a n c e i n
10 Q = 10; // r e s i s t a n c e i n
11 S = 46; // r e s i s t a n c e i n
12

13 // c a l c u l a t i o n s
14 R = (P/Q)*S; // unknown r e i s t a n c e i n
15

16 // r e s u l t
17 mprintf(”unknown r e s i s t a n c e = %3 . 2 f ”,R);

Scilab code Exa 10.8 Determine the value of unknown resistance

1 //
===========================================================================

2 // c h a p t e r 10 example 8
3

4 clc;clear all;

5
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6 // v a r i a b l e d e c l a r a t i o n
7 S = 6; // r e s i s t a n c e i n
8 AB = 25; // l e n g t h o f AB i n cm
9 BC = 75; // l e n g t h o f BC i n cm
10

11 // c a l c u l a t i o n s
12 R = (AB/BC)*S; // unknown r e i s t a n c e i n
13

14 // r e s u l t
15 mprintf(”unknown r e s i s t a n c e = %3 . 0 f ”,R);

Scilab code Exa 10.9 Determine the dials required to adjusted for obtaining the required acuracy

1 //
===========================================================================

2 // c h a p t e r 10 example 9
3

4 clc;clear all;

5

6 // v a r i a b l e d e c a l a r t i o n
7 R =5000; // a r e s i s t a n c e o f appo rx imate l y

r e q u i r e d to b a l a n c e a b r i d g e i n
8 E = 0.1; // i n per c en t
9

10 // c a l c u l a t i o n s
11 R2 = R+(R*(E/100)); // l i m i t i n g v a l u e i n
12 R1 = R-(R*(E/100)); // l i m i t i n g v a l u e i n
13

14 // r e s u l t
15 mprintf(” l i m i t i n g v a l u e %3 . 0 f to %3 . 0 f ”,R1 ,R2

);

16 mprintf(”\nThus d i a l s o f 1 000 , 100 , 10 , 1 would have
to be a d j u s t e d ”);
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Scilab code Exa 10.10 Calculate the limiting values of unknown resistance

1 //
===========================================================================

2 // c h a p t e r 10 example 10
3

4

5 clc;

6 clear all;

7

8 // v a r i a b l e d e c l a r a t i o n
9 P = 100; // r e s i s t a n c e i n
10 Q = 100; // r e s i s t a n c e i n
11 S = 230; // r e s i s t a n c e i n
12 dP = 0.02; // l i m i t i n g e r r o r (dP/P) i n %
13 dQ = 0.02; // l i m i t i n g e r r o r (dQ/Q) i n %
14 dS = 0.01; // l i m i t i n g e r r o r ( dS/S ) i n %
15

16 // c a l c u l a t i o n s
17 R = (P/Q)*S; // unknown r e i s t a n c e i n
18 dR =dP+dQ+dS; // l i m i t i n g e r r o r (dR/R) i n %
19 dR1 = (dR*R)/100;

20 R1 = R-dR1; // l i m i t n g v a l u e s o f unknown
r e s i s t a n c e i n

21 R2 = R+dR1; // l i m i t n g v a l u e s o f unknown
r e s i s t a n c e i n

22

23 // r e s u l t
24 mprintf(”unknown r e s i s t a n c e = %3 . 0 f ”,R);
25 mprintf(” l i m i t n g v a l u e s o f unknown r e s i s t a n c e %3 . 3 f

to %3 . 3 f ”,R1 ,R2);
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Scilab code Exa 10.11 Find the magnitude and direction of the current flowing through galvanometer

1 //
===========================================================================

2 // c h a p t e r 10 example 11
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 P = 1000; // r e s i s t a n c e i n arm AC i n
8 Q = 1000; // r e s i s t a n c e i n arm AD i n
9 S = 100; // r e s i s t a n c e i n arm CB i n

10 R = 101; // r e s i s t a n c e i n arm BD i n
11 Rg = 50; // ga lvanomete r r e s i s t a n c e i n
12 E = 2; // v o l t a g e i n V
13

14 // c a l c u l a t i o n s
15 R1 = (Q*S)/P; // r e s i s t a n c e r e q u i r e d i n arm BD

f o r b a l a n c e b r i d g e
16 dR = R-R1; // the d e v i a t i o n from ba lanced

c o n d i t i o n i n
17 Eth = E*(((R1+dR)/(R1+dR+S))-(P/(P+Q))); //

theven in ’ s open c i r c u i t v o l t a g e i n V
18 Rth = (((R1+dR)*S)/(R1+dR+S))+((P*Q)/(P+Q)); //

theven in ’ s e q u i v a l e n t r e s i s t a n c e o f b r i d g e i n
19 Ig = Eth/(Rth+Rg); // ga lvanomete r c u r r e n t

i n A
20

21 // r e s u l t
22 mprintf(” ga lvanomete r c u r r e n t = %3 . 3 f uA” ,(Ig *10^6))

;

23 mprintf(”\ n s i n c e the p o i n t B i s at h i g h e r p o t e n t i a l
with r e s p e c t to p o i n t A , c u r r e n t w i l l f l o e from
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t e r m i n a l A”);

Scilab code Exa 10.12 Determine the sensitivity of the bridge

1 //
===========================================================================

2 // c h a p t e r 10 example 12
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 P = 100; // r e s i s t a n c e i n arm AB i n
7 Q = 1000; // r e s i s t a n c e i n arm BC i n
8 S = 2000; // r e s i s t a n c e i n arm CD i n
9 R = 202; // r e s i s t a n c e i n arm BD i n

10 Rg = 200; // ga lvanomete r r e s i s t a n c e i n
11 E = 5; // v o l t a g e i n V
12 Si = 5; // c u r r e n t s e n s i t i v i t y o f the

ga lavanomete r i n mm/uA
13

14 // c a l c u l a t i o n s
15 Si1 = 5*10^9; // c u r r e n t s e n s i t i v i t y o f the

ga lavanomete r i n mm
16 R1 = (P*S)/Q; // r e s i s t a n c e r e q u i r e d i n arm BD

f o r b a l a n c e b r i d g e
17 dR = R-R1; // the d e v i a t i o n from ba lanced

c o n d i t i o n i n
18 Eth = E*(((R1+dR)/(R1+dR+S))-(P/(P+Q))); //

theven in ’ s open c i r c u i t v o l t a g e i n V
19 Rth = (((R1+dR)*S)/(R1+dR+S))+((P*Q)/(P+Q)); //

theven in ’ s e q u i v a l e n t r e s i s t a n c e o f b r i d g e i n
20 Ig = Eth/(Rth+Rg); // ga lvanomete r c u r r e n t

i n A
21 d = Si1*Ig; // d e f l e c t i o n o f the

ga lvanomet r e t h e t a i n mm
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22 S = d/dR; // s e n s i t i v i t y o f the b r i d g e
i n mm/

23

24 // r e s u l t
25 mprintf(” ga lvanomete r c u r r e n t = %3 . 2 e A”,Ig);
26 mprintf(”\ n d e f l e c t i o n o f the ga lvanomet re t h e t a = %3

. 1 f mm” ,(d*10^ -3));
27 mprintf(”\ n s e n s i t i v i t y o f the b r i d g e = %3 . 2 f mm/ ”

,(S*10^ -3));

Scilab code Exa 10.13 Determine the ratio of galvanometer sensitivities

1 //
===========================================================================

2 // c h a p t e r 10 example 13
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 P = 1000; // r e s i s t a n c e i n arm AB i n
8 Q = 100; // r e s i s t a n c e i n arm BC i n
9 R = 200; // r e s i s t a n c e i n arm BD i n

10 Si1 = 10; // s e n s i t i v i t y
11 Si2 = 5; // s e n s i t i v i t y
12 Rg1 =400;

13 Rg2 =100;

14

15 // c a l c u l a t i o n s
16 S = R*Q/P; // r e s i s t a n c e r e q u i r e d i n arm

CD i n
17 Rth = ((R*S/(R+S))+(P*Q/(P+Q))); // theven in ’ s

e q u i v a l e n t r e s i s t a n c e o f b r i d g e i n
18 // t h e t a = ( S i ∗E∗S∗dR) / ( (R+S ) ˆ2) ∗ ( Rth+Rg1 ) )
19 // t h e t a 2 / t h e t a 1 = ( S i ∗E∗S∗dR) / ( (R+S ) ˆ2) ∗ ( Rth+Rg1 ) )
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∗ ( ( (R+S ) ˆ2) ∗ ( Rth+Rg1 ) /( S i ∗E∗S∗dR) )
20 r = (Si2/Si1)*((Rth+Rg1)/(Rth+Rg2)); // r a t i o

d e f l e c t i o n o f two ga lvanomete r
21

22 // r e s u l t
23 mprintf(” r a t i o d e f l e c t i o n o f two ga lvanomete r =

%3 . 3 f ”,r);
24 mprintf(”\ nthe f i r s t ga lvanomete r ( i n t e r n a l

r e s i s t a n c e 400 and s e n s i t i v i t y 10 mm/uA) i s
l e s s s e n s i t i v e to a s m a l l unba lance on the g i v e n
b r i d g e , through on i t s own i t i s more s e n s i t i v e
than the o t h e r ga lavanomete r ”)

Scilab code Exa 10.14 Determine the smallest change in the resistance

1 //
===========================================================================

2 // c h a p t e r 10 example 14
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 P = 500; // r e s i s t a n c e i n arm AB i n
9 Q = 500; // r e s i s t a n c e i n arm BC i n
10 S = 500; // r e s i s t a n c e i n arm CD i n
11 R = 500; // r e s i s t a n c e i n arm BD i n
12 Rg = 100; // ga lvanomete r i n
13 E = 10; // b a t t e r y v o l t a g e i n V
14 Rth = 500; // theven in ’ s e q u i v a l e n t r e s i s t a n c e o f

b r i d g e
15 Ig = 10^-9; // ga lavanomete r c a p a b l e o f

d e t e c t i n g Ig c u r r e n t i n A
16
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17 // c a l c u l a t i o n s
18 // Eth = (E∗dR) /(4∗R) ;
19 x = E/(4*R); // t h e v e n i n or open − c i r c u i t

v o l t a g e i n dR
20 // Ig = Eth /( Rth+Rg)
21 y = x/(Rth+Rg); // c u r r e n t through ga lvanomete r
22 dR = (Ig*(Rth+Rg))/x; // the s m a l l e s t change i n

r e s i s t a n c e tha t can be d e t e c t e d i n
23

24 // r e s u l t
25 mprintf(” the s m a l l e s t change i n r e s i s t a n c e tha t can

be d e t e c t e d = %3 . 2 f m ” ,(dR *10^3));

Scilab code Exa 10.15 Determine the value of resistance

1 //
===========================================================================

2 // c h a p t e r 10 example 15
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 P = 200; // r e s i s t a n c e i n arm i n
7 Q = 200; // r e s i s t a n c e i n arm i n
8 S = 200; // r e s i s t a n c e i n arm i n
9

10 R = 200; // r e s i s t a n c e i n arm i n
11 p = 0.5; // power i n W
12 r = 2; // r i s 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 i n
13 E = 24; // v o l t a g e i n V
14

15 // c a l c u l a t i o n s
16 //P = ( I ˆ2) ∗R; power d i s i i p a t i o n i n W
17 I = sqrt(p/R);
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18 V = I*2*R; // the maximum v o l t a g e , tha t can
be a p p l i e d t o the b r i d g e i n V

19 I1 = 2*I; // c u r r e n t through s e r i e s r e s i s t o r i n
A

20 //E = V+(2∗ I ∗ ( r+R) b a t t e r y emf E
21 R1 = ((E-V)/I1)-r; // s e r i e s r e s i s t a n c e i n
22

23 // r e s u l t
24 mprintf(” c u r r e n t = %3 . 2 f A”,I);
25 mprintf(”\ n s e r i e s r e s i s t a n c e = %3 . 2 f ”,R1);

Scilab code Exa 10.16 Determine the maximum value of the resistance and internal resistance

1 //
===========================================================================

2 // c h a p t e r 10 example 16
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 P = 10000; // r e s i s t a n c e i n arm AB i n
8 Q = 10; // r e s i s t a n c e i n arm BC i n
9 S = 5000; // r e s i s t a n c e i n arm BD i n

10 Si = 10^8; // s e n s i t i v i t y
11 Rg =100; // ga lvanomete r r e s i s t a n c e i n
12 E = 12; // v o l t a g e i n V
13 d = 2.5; // d e f l e c t i o n i n mm
14

15

16

17 // c a l c u l a t i o n s
18 R = P*S/Q; // r e s i s t a n c e r e q u i r e d i n arm

CD i n
19 Rth = ((R*S/(R+S))+(P*Q/(P+Q))); // theven in ’ s
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e q u i v a l e n t r e s i s t a n c e o f b r i d g e i n
20 dR = ((d*(Rth+Rg)*((R+S)^2))/(Si*E*S)); //

change i n d e f e l e c t i o n i n
21

22 // r e s u l t
23 mprintf(” the maximum v a l u e o f r e s i s t a n c e tha t can be

measured with the g i v e n arrangement = %3 . 2 f ”,
R);

24 mprintf(”\ nchange i n d e f e l c t i o n = %3 . 2 f k ” ,(dR
*10^ -3));

Scilab code Exa 10.17 Calculating how far are the balance positions

1 //
===============================================================

2 // Chapter 10 Example 17
3

4

5 clc;clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 r = 0.0250; // r e s i s t a n c e i n
9 R = 1.0125; // r e s i s t a n c e i n

10 S = 1 // s e n s i t i v i t y
11 P1 = 10; // r e s i s t a n c e i n
12 Q1 = 10; // r e s i s t a m c e i n
13 P2 = 9.95; // r e s i s t a n c e i n
14 Q2 = 10.05; // r e s i s t a m c e i n
15 l = 100;

16

17 // c a l c u l a t i o n s
18 r1 = r/100; // r e s i s t a n c e i n per s c a l e

d i v i s i o n
19 x1 = P1/Q1;
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20 x2 = P2/Q2;

21 //P/Q = (R+( l 1 ∗ r ) ) /( S+( l−l 1 ) ∗ r )
22 // ( s ∗x ) +(( l−l 1 ) ∗ r ) = R+( l 1 ∗ r )
23 // ( S∗x ) +( l ∗ r )−( l 1 ∗ r ) = R+(L1∗ r )
24 // ( S∗x ) +( l ∗ r )−R = ( l 1 ∗ r ) +( l 1 ∗ r )
25 l1 = ((S*x1)+(l*r1)-R)/(r1+r1); // s c a l e

d i v i s i o n s
26 l12 = ((S*x2)+(l*r1)-R)/(r1+r1); // s c a l e

d i v i s i o n s
27

28 // r e s u l t
29 mprintf(” hence the b a l a n c e i s o b t a i n d e at %3 . 0 f and

75 s c a l e d i v i s i o n s ”,l1);
30 mprintf(”\ nhence the b a l a n c e i s o b t a i n d e at %3 . 0 f

and 95 s c a l e d i v i s i o n s ”,l12);

Scilab code Exa 10.18 Calculate the insulation resistance of the cable

1 //
===========================================================================

2 // c h a p t e r 10 example 18
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 V1 = 250; // v o l t a g e i n V
8 V2 = 92; // v o l t a g e i n V
9 t = 60; // t ime i n s e c o n d s
10 C = 600*10^ -12; // c a p a c i t a n c e i n F
11

12 // c a l c u l a t i o n s
13 //V2 = V1∗ e ˆ( t /C∗R)
14 R = t/(C*log(V1/V2))

15
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16 // r e s u l t
17 mprintf(” i n s u l a t i o n r e s i s t a n c e = %3 . 0 f M ” ,(R

*10^ -6));

Scilab code Exa 10.19 Calculate the insulation resistance of the cable

1 //
===========================================================================

2 // c h a p t e r 10 example 19
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 V1 = 100; // v o l t a g e i n V
8 V2 = 80; // v o l t a g e i n V
9 t = 20; // t ime i n s e c o n d s
10 C = 300*10^ -12; // c a p a c i t a n c e i n F
11

12 // c a l c u l a t i o n s
13 //V2 = V1∗ e ˆ( t /C∗R)
14 R = t/(C*log(V1/V2))

15

16 // r e s u l t
17 mprintf(” i n s u l a t i o n r e s i s t a n c e = %3 . 2 e M ” ,(R

*10^ -6));

Scilab code Exa 10.20 Calculate the insulation resistance of the cable

1 //
===========================================================================

2 // c h a p t e r 10 example 20
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3 clc;clear all;

4 // v a r i a b l e d e c l a r a t i o n
5 V1 = 200; // v o l t a g e i n V
6 V2 = 126; // v o l t a g e i n V
7 t = 30; // t ime i n s e c o n d s
8 V12 = 200; // v o l t a g e i n V
9 V22 = 100; // v o l t a g e i n V
10

11 // c a l c u l a t i o n s
12 // l e t CR = a
13 //V2 = V1∗ e ˆ( t /C∗R)
14 a = t/log(V1/V2); //C∗R
15 //R1 = (10∗R) /(10+R)
16 a1 = t/log(V12/V22); //C∗R1
17 // a1 /a =R1/R=x
18 x = a1/a;

19 // s i n c e R1 = (10∗R) /(10+R)
20 //x∗(10+R) ∗R = 10∗R
21 // ( x ∗10)+R∗x = 10
22 R = (10-(x*10))/x; // R e s i s t a n c e i n
23

24 // r e s u l t
25 mprintf(” r e s i s t a n c e = %3 . 2 f M ”,R);

Scilab code Exa 10.21 Calculate the value of R

1 //
===========================================================================

2 // c h a p t e r 10 example 21
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 V1 = 450; // v o l t a g e i n V
7 V2 = 280; // v o l t a g e i n V
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8 t = 15.2; // t ime i n minutes
9 t1 = 10.8; // t ime i n minutes
10 C = 2.5*10^ -6; // c a p a c i t a n c e i n F
11

12 // c a l c u l a t i o n s
13 t12 = t*60; // t ime i n s e c o n d s
14 t22 = t1*60; // t ime i n s e c o n d s
15 //V2 = V1∗ e ˆ( t /C∗R)
16 x = V1/V2;

17 y = log(x);

18 R = t12/(C*y);

19 R1 =t22/(C*y);

20 //R1 = t1 /(C∗ l o g (V1/V2) ) ;
21 // 1/R‘ = (1/R1)−(1/R)
22 R11 = (R1*R)/(R-R1); // unknown r e s i s t a n c e i n

23

24 // r e s u l t
25 mprintf(”unknown r e s i s t a n c e= %3 . 2 d M ” ,(R11 *10^ -6)

);

Scilab code Exa 10.22 Calculate the insulation resistance of the cable

1 //
===========================================================================

2 // c h a p t e r 10 example 22
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 r = 250; // number o f s c a l e d i v i s i o n s

ga lvanomete r can read
8 s = 2.5; // u n i v e r s a l shunt m u l t i p l i e r
9 r1 = 350; // number o f s c a l e r e a d i n g

187



10 s1 = 1000; // u n i v e r s a l shunt m u l t i p l i e r when
s tandard r e s i s t o r i s c o n n e c t e r

11 S = 1000000;

12

13 // c a l c u l a t i o n s
14 // IR p r a p o r t i o n a l to ga lvanomete r ∗ u n i v e r s a l shunt

m u l t i p l i e r
15 IR = r*s; // c u r r e n t through the c i r c u i t with

unknown r e s i s t a n c e Rconnected
16 Is = r1*s1; // c u r r e n t through the c i r c u i t with

s tandard r e s i s t a n c e i n S
17 R1 = (Is/IR)*S; // i n s u l a t i o n r e s i s t a n c e o f c a b l e

i n
18

19 // r e s u l t
20 mprintf(” i n s u l a t i o n r e s i s t a n c e o f c a b l e = %3 . 2 f M ”

,(R1*10^ -6));

Scilab code Exa 10.23 Determine Rsh AND Rse AND maximum value of Rsh and scale error

1 //
===========================================================================

2 // c h a p t e r 10 example 23
3 clc

4 clear all

5

6 // v a r i a b l e d e c l a r a t i o n
7 V = 3; // b a t t e r y v o l t a g e i n v o l t s
8 Rm = 60; // r e s i s t a n c e i n
9 Ifm = 1.2; // f u l l −s c a l e d e f l e c t i o n meter

c u r r e n t i n mA
10 Rh = 1500; // h a l f−s c a l e d e f l e c t i o n

r e s i s t a n c e i n
11 V1 = 0.3; // at 10 % drop i n b a t t e r y
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v o l t a g e i n V
12

13 // c a l c u l a t i o n s
14 If = V/Rh; // b a t t e r y c u r r e n t f o r f u l l −s c a l e

d e f l e c t i o n i n A
15 If1 = If *10^3; // b a t t e r y c u r r e n t f o r

f u l l −s c a l e d e f l e c t i o n i n mA
16 Ish = If1 -Ifm; // c u r r e n t through z e r o

a d j u s t e r r e s i s t o r i . e , shunt r e s i s t o r i n mA
17 Rsh = (Ifm*Rm)/Ish; // r e s i s t a n c e i n
18 Rse = Rh -(( Rsh*Rm)/(Rsh+Rm)); // c u r r e n t

l i m i t i n g r e s i s t o r i . e , s e r i e s r e s i s t o r
19 V3 = V-V1; // v o l t a g e i n V
20 If2 = V3/Rh; // b a t t e r y c u r r e n t at f u l l −

s c a l e d e f l e c t i o n i n A
21 If21 = If2 *10^3; // b a t t e r y c u r r e n t at f u l l

−s c a l e d e f l e c t i o n i n mA
22 Ish1 =If21 -Ifm; // c u r r e n t through shunt

r e s i s t o r i n mA
23 Rsh1 = (Ifm*Rm)/Ish1; // shunt r e s i s t o r i n
24 Rh1 = Rse+((Rm*Rsh1)/(Rm+Rsh1)); // t o t a l

i n t e r n a l c i r c u i t r e s i s t a n c e i n
25 e =((Rh-Rh1)/(Rh1))*100; // p e r c e n t a g e

e r r o r i n %
26

27 // c a l c u l a t i o n
28 mprintf(” r e s i s t a n c e = %3 . 2 f ”,Rsh);
29 mprintf(”\ n c u r r e n t l i m i t i n g r e s i s t o r = %3 . 2 f ”,

Rse);

30 mprintf(”\ nshunt r e s i s t o r = %3 . 2 f ”,Rsh1);
31 mprintf(”\ n p e r c e n t a g e e r r o r = %3 . 3 f p e r c e n t a g e ”,e);

Scilab code Exa 10.24 Determine the value of current

1 //
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===========================================================================

2 // c h a p t e r 10 example 24
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 V = 3; // b a t t e r y v o l t a g e i n v o l t s
9 Rm = 2; // meter r e s i s t a n c e i n
10 Ifm = 10; // f u l l s c a l e d e f l e c t i o n meter c u r r e n t i n

mA
11 Rh = 0.5; // h a l f s c a l e d e f l e c t i o n r e s i s t a n c e i n
12

13 // c a l c u l a t i o n s
14 Im = 0.5* Ifm; // h a l f−s c a l e d e f l e c t i o n o f

the movement
15 Vm = Im*Rm; // v o l t a g e a c r o s s movement

i n mV
16 Ix = (Vm*10^ -3)/Rh; // c u r r e n t through

r e s i s t o r i n A
17 Ix1 = Ix *10^3; // u r r e n t through

r e s i s t o r i n mA
18 IB = Im+Ix1; // t o t a l b a t t e r y c u r r e n t

i n mA
19 V1 = V-(Vm*10^ -3); // v o l t a g e drop a c r o s s

c u r r e n t l o V
20 Rse = V1/(IB*10^ -3); // c u r r e n t l i m i t i n g

r e s i s t o r i n
21

22 // r e s u l t
23 mprintf(” c u r r e n t l i m i t i n g r e s i s t o r = %3 . 1 f ”,Rse);
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Chapter 11

Potentiometers

Scilab code Exa 11.1 Determine emf and current and voltage and percentage error in ammeter and voltmeter

1 //
===========================================================================

2 // c h a p t e r 11 example 1
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r t i o n
7 v = 1.0186; // emf o f s t andard c e l l i n v o l t s
8 l = 60; // l e n g t h i n cm
9 l1 = 75; // l e n g t h i n cm

10 l2 = 66; // l e n g t h i n cm
11 l3 = 84; // l e n g t h i n cm
12 l4 = 40; // l e n g t h i n cm
13 l5 = 72; // l e n g t h i n cm
14 S = 2; // r e s i s t a n c e i n
15 r = 100; // r a t i o o f v o l t r a t i o box
16 S1 = 2.5; // r e s i s t a n c e i n
17 I = 0.28; // ammeter r e a d i n g i n ampere
18 v1 =1.25; // v o l t m e t e r r e a d i n g i n v o l t s
19
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20 // c a l c u l a t i o n s
21 v0 = v/l; // the v o l t a g e drop per cm l e n g t h o f

p o t e n t i o m e t e r w i r e i n v o l t
22 V1 = v0*l1; // emf o f c e l l which b a l a n c e s at

75 cm i n v o l t s
23 V2 = v0*l2; // emf o f c e l l which b a l a n c e s at

66 cm i n v o l t s
24 I1 = v/S; // c u r r e n t f l o w i n g through 2

r e s i s t a n c e i n A
25 V3 = v0*l3; // emf o f c e l l which b a l a n c e s at

84 cm i n v o l t s
26 v31 = V3*r; // v o l t a g e o f supp ly main i n v o l t s
27 V4 = v0*l4; // emf o f c e l l which b a l a n c e s at

40 cm i n v o l t s
28 I4 =V4/S1; // c u r r e n t f l o w i n g through 2 . 5

r e s i s t a n c e i n A
29 e = ((I-I4)/I4)*100; // p e r c e n t a g e e r r o r i n the

ammeter r e a d i n g i n %
30 V5 = v0*l5; // emf o f c e l l which b a l a n c e s at

72 cm i n v o l t s
31 e1 = ((v1 -V5)/V5)*100; // p e r c e n t a g e e r r o r i n the

v o l t m e t e r r e a d i n g i n %
32

33 // r e s u l t
34 mprintf(” emf o f c e l l which b a l a n c e s at 75 cm = %3 . 5

f v o l t s ”,V1);
35 mprintf(”\ n c u r r e n t f l o w i n g through 2 r e s i s t a n c e =

%3 . 5 f A”,I1);
36 mprintf(”\ n v o l t a g e o f supp ly main i n v o l t s = %3 . 5 f

v o l t s ”,v31);
37 mprintf(”\ n p e r c e n t a g e e r r o r i n the ammeter r e a d i n g =

%3 . 1 d p e r c e n t a g e h igh ”,e);
38 mprintf(”\ n p e r c e n t a g e e r r o r i n the v o l t m e t e r r e a d i n g

= %3 . 2 f p e r c e n t a g e ”,e1);
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Scilab code Exa 11.2 Calculate the resolution of potenetiometer

1 //
===========================================================================

2 // c h a p t e r 11 example 2
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 R = 10; // r e s i s t a n c e o f s l i d e w i r e i n
8 n = 15; // number o f s t e p s o f d i a l
9 r = 10; // r e s i s t a n c e o f each d i a l i n

10 I = 0.01; // work ing c u r r e n t i n A
11 N = 100; // number o f d i v i s i o n s o f s l i d e
12 a = 0.2; // each d i v i s i o n o f s l i d e can read

upto a a c c u r a t e l y o f i t s span
13

14 // c a l c u l a t i o n s
15 R1 = (n*r)+R; // t o t a l r e s i s t a n c e o f

p o t e n t i o m e t e r i n
16 V = I*R1; // v o l t a g e range o f the p o t e n t i o m e t e r

V
17 v = R*I; // v o l t a g e drop a c r o s s s l i d e w i r e V
18 x = v/N; // each d i v i s i o n r e p r e s e n t s i n V
19 y = x*a; // r e s o l u t i o n o f p o t e n t i o m e t e r i n V
20

21 // r e s u l t
22 mprintf(” r e s o l u t i o n o f p o t e n t i o m e t e r = %3 . 4 f V”,y);

Scilab code Exa 11.3 Calculate the working current and resistance and measurement range and the resolution of the instrument

1 //
===========================================================================
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2 // c h a p t e r 11 example 3
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 R = 400; // t o t a l r e s i s t a n c e o f s l i d e −wi r e o f

200 cmin
8 L1 = 101.8; // l e n g t h o f s l i d e w i r e i n cm
9 L = 200; // l e n g t h o f w i r e i n cm
10 v1 = 1.018; // v o l t a g e drop a c r o s s 1 0 1 . 8 cm

l e n g t h o f s l i d e w i r e i n V
11 v = 3; // b a t t e r y v o l t a g e i n V
12 a = 0.2; // i t i s p o s s i b l e to read a o f 1 mm
13

14 // c a l c u l a t i o n s
15 R1 = (R/L)*L1; // r e s i s t a n c e o f s l i d e w i r e o f

1 0 1 . 8 cm i n
16 I1 = v1/R1; // work ing c u r r e n t i n A
17 RT = v/I1; // t o t a l r e s i s t a n c e o f b a t t e r y

c i r c u i t i n
18 RR = RT -R; // r e s i s t a n c e o f s e r i e s r h e o s t a t i n

19 r = I1*R; // measur ing range i n V
20 // s i n c e 200cm l e n g t h r e p r e s e n t s 2 V
21 // 1 mm l e n g t h r e p r e s e n t s = z
22 z = (r/L)*(1/10); // v o l t a g e r e p r e s e n t e d f o r 1mm

l e n g t h
23 Ri = z*a; // r e s o l u t i o n o f i n s t rument i n mV
24

25 // r e s u l t
26 mprintf(” work ing c u r r e n t = %3 . 1 e A” ,(I1 *10^3));
27 mprintf(”\ n r e s i s t a n c e o f s e r i e s r h e o s t a t = %3 . 2 f ”

,RR);

28 mprintf(”\ nmeasur ing range = %3 . 2 f V”,r);
29 mprintf(”\ n r e s o l u t i o n o f the i n s t rument = %3 . 2 f mV”

,(Ri *10^3));
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Scilab code Exa 11.4 Calculate the inductance of the coil

1 //
===========================================================================

2 // c h a p t e r 11 example 4
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 R1 = 0.1; // s tandard r e s i s t a n c e i n
9 V2 = 0.613; // v o l t a g e drop a c r o s s s tandard

r e s i s t a n c e i n V
10 a = 100;

11 r = 0.781; // v o l t r a t i o n box
12 theta = 50.48;

13 theta1 = 12.6;

14 f = 50; // f r e q u e n c y i n i n HZ
15

16 // c a l c u l a t i o n s
17 I = V2/R1; // c u r r e n t through c o i l i n A
18 V1 = a*r; // v o l t a g e drop a c r o s s i n d u c t i v e

c o i l i n V
19 theta2 = theta -theta1;

20 L = V1*sin(theta2 *180/ %pi)/(2* %pi*f*I); //
i n d u c a t a n c e o f c o i l i n H

21

22 // r e s u l t
23 mprintf(” i n d u c t a n c e o f c o i l =%3 . 2 f H”,L);

Scilab code Exa 11.5 Calculate the resistance and reactance of the coil
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1 //
===========================================================================

2 // c h a p t e r 11 example 5
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 R1 = 1; // s tandard r e s i s t a n c e i n
8 V3 = 0.952 -0.340* %i; // v o l t a g e through the c o i l

i n A
9 a = 10; // m u l t i p l y i n g power o f p o t e n t i a l

d i v i d e r
10 V2 = 1.35+1.28* %i; // v o l t a g e a c r o s s p o t e n t i a l i n A
11

12 // c a l c u l a t i o n s
13 x = complex ([0.952 , -0.342])

14 y = complex ([1.35 ,1.28])

15 I = x/R1;, // c u r r e n t through c o i l i n A
16 I = x/R1 // c u r r e n t through c o i l i n A
17 I1 = 0.952 -0.340* %i;

18 V1 = a*y // v o l t a g e a c r o s s c o i l i n V
19 V11 = 13.5+12.8* %i;

20 Z = V11/I1

21 R = real(Z) // r e s i s t a n c e o f c o i l i n
22 X = imag(Z) // r e a c t a n c e o f c o i l
23

24 // r e s u l t
25 mprintf(”%g + %gi\n”,R,X);
26 mprintf(” r e s i s t a n c e o f c o i l = %3 . 4 f ”,R);
27 mprintf(”\ n r e a c t a n c e o f c o i l = %3 . 2 f ”,X);

Scilab code Exa 11.6 Calculate the resistance and reactance of the coil

1 //
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===========================================================================

2 // c h a p t e r 11 example 6
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 R = 1; // r e s i s t a c e i n
9 V2 = 0.238 -%i *0.085; // v o l t a g e a c r o s s

s tandard r e s i s t o r i n V
10 P = 10; // m u l t i p l y i n g ower o f

p o t e n t i a l d i v i d e r
11 V1 = 0.3375+ %i *0.232; // v o l t a g e a c r o s s

p o t e n t i a l d i v i d e r i n V
12

13

14

15 // c a l c u l a t i o n s
16 I = V2/R; // c u r r e n t through c o i l

i n A
17 V2 = P*V1; // v o l t a g e a c r o s s t h e

c o i l i n V
18 Z = V2/I; // impedance o f c o i l i n

19 R1 = real(Z); // r e s i s t a n c e o f
c o i l i n

20 X1 =imag(Z); // r e a c t a n c e o f c o i l i n

21

22 // r e s u l t
23 mprintf(” r e s i s t a n c e = %3 . 2 f ”,R1);
24 mprintf(”\ n r e a c t a n c e = %3 . 3 f ”,X1);

Scilab code Exa 11.7 Determine the core loss in the choke coil
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1 //
===========================================================================

2 // c h a p t e r 11 example 7
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 R1 = 1.0; // r e s i s t a c e i n
9 V1 = 0.8-%i *0.75; // v o l t a g e drop

a c r o s s the r e s i s t a n c e i n v o l t
10 V2 = 1.2+%i*0.3; // v o l t a g e a c r o s s the

c o i l i n v o l t
11

12 // c a l c u l a t i o n s
13 I = V1/R1; // c u r r e n t through c o i l i n A
14 x = (atan(imag(V1)/real(V1)))*180/ %pi;

15 y = (atan(imag(V2)/real(V2)))*180/ %pi;

16 phi = y-x;

17 a =sqrt ((( real(V2))^2)+(( imag(V2))^2));

18 b =sqrt ((( real(I))^2)+(( imag(I))^2));

19 V3 = a*cos(phi*%pi /180); // r e s i s t i v e
drop the c o i l i n V

20 P = a*b*cos(phi*%pi /180); // power l o s s
i n the c o i l i n W

21

22

23 // r e s u l t
24 mprintf(” i r o n l o s s i n the c o i l =%3 . 3 f watt ”,P);

Scilab code Exa 11.8 Determine the true reading of the wattmeter and the load powre factor

1 //
===========================================================================
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2 // c h a p t e r 11 example 8
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 R1 = 0.1; // s tandard r e s i s t a n c e i n
9 V1 = 0.35-%i *0.1; // v o l t a g e drop a c r o s s

r e s i s t a n c e i n V
10 V2 = 0.8-%i *0.15; // v o l t a g e a c r o s s c o i l i n V
11

12 // c a l c u l a t i o n s
13 I = V1/R1;, // c u r r e n t through c o i l i n A
14 V = 300*V2; // apply v o l t a g e V
15 x1 = real(I);

16 y1 = abs(imag(I));

17 V1 = sqrt((x1^2)+(y1^22));

18 x = real(V);

19 y = imag(V);

20 I1 = sqrt((x^2)+(y^2));

21 P = (x1*x)+(y1*y);

22 // p f = P/(V1∗ I ) ; // power f a c t o r o f the
l oad c i r c u i t i n l a g g i n g

23 pf = P/(V1*I1); // power f a c t o r o f
the l oad c i r c u i t i n co s ( ph i )

24

25 // r e s u l t
26 mprintf(” power f a c t o r o f the l oad c i r c u i t = %3 . 3 f

l a g g i n g ”,pf);
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Chapter 12

AC bridges

Scilab code Exa 12.1 Determine whether to balance the bridge

1 //
=====================================================================================

2 // Chapter 12 example 1
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 Z1 = 100; // r e s i s t a n c e o f arm i n

7 Z2 = 50; // r e s i s t a n c e o f arm i n

8 Z3 = 200; // r e s i s t a n c e o f arm i n

9 Z4 = 100; // r e s i s t a n c e o f arm i n

10 theta1 = 30; // phase a n g l e i n
11 theta2 = 0; // phase a n g l e i n
12 theta3 = -90; // phase a n g l e i n
13 theta4 = 30; // phase a n g l e i n
14

15 // c a l c u l a t i o n s
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16 x = Z1*Z4; // magnitude
17 y = Z2*Z3; // magnitude
18 thetax = theta1+theta4;

19 thetay = theta2+theta3;

20

21 // r e s u l t
22 mprintf(”x = %3 . 2 f ”,x)
23 mprintf(”\nx = %3 . 2 f ”,y);
24 mprintf(”\ n s i n c e x =y\n ’ ) ;
25 mpr in t f ( ”\nthe first condition is satisfied ’);

26 mprintf(”\ nthe tax = %3 . 2 f ”,thetax);
27 mprintf(”\ nthe tay = %3 . 2 f ”,thetay);
28 mprintf(”\ nsecond c o n d i t i o n i s not s a a t i s f i e d ’ ) ;
29 mpr in t f ( ”\nIt means bridge is unbalancedthrough

first condition for equality of magnitude product

satisfied ,obviously balance is not possible

under above conditions ” ) ;

Scilab code Exa 12.2 Determne whether or not the bidge is complete balance

1 //
===================================================================

2 // Chapter 12 Example 2
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 Z1 = 1000; // r e s i s t a n c e o f arm i n

9 Z2 = 500; // r e s i s t a n c e o f arm i n

10 Z3 = 1000; // r e s i s t a n c e o f arm i n
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11 Z4 = 509.9; // r e s i s t a n c e o f arm
i n

12 ZX4 =100+500* %i;

13 theta1 = -90; // a n g l e i n
14 theta2 = 0; // a n g l e i n
15 theta3 = 0; // a n g l e i n
16 theta4 = -90; // a n g l e i n
17 theta41 = 78.69;

18

19 // c a l c u l a t i o n s
20

21 thetax = theta1+theta41;

22 thetay = theta2+theta3;

23 x = Z2*Z3;

24 //Z1∗Z4 =Z2∗Z3
25 // 1/Z1 = A = Z4/Z2∗Z3 = Z4/x
26 A = ZX4/x;

27 // 1/Z1 = 1/R1 +(w∗C1) ∗%i
28 Zx3 = (Z1*Z4)/Z2;

29 thetax3 = theta1+theta41 -theta2;

30 Z3 = (Zx3*cos(thetax3*%pi /180))+(Zx3*sin(

thetax3*%pi /180));

31

32

33 // r e s u l t
34 mprintf(” t he t a x = %3 . 2 f ”,thetax);
35 mprintf(”\ nthe tax = %3 . 2 f ”,thetay);
36 mprintf(”\ nba lance can be r e s t o r e d by mod i f y ing the

c i r c u i t so a s t o s a t i s f y the phase a n g l e c o n d i t i o n
”);

37 mprintf(”\ ncomparing e q u a t i o n s 1 and 2 R1 = %3
. 2 f ” ,1/real(A));

38 mprintf(”\ ncomparing e q u a t i o n s 1 and 2 1/w∗C1 =
%3 . 2 e ”,imag(A));

39 mprintf(”\n1/w∗C1 i s a l r e a d y e q u a l to 1000 so
the b r i d g e can be e a s i l y ba l anced by adding 5000

a c c r o s s c a p a c i t o r i n arm 1”);
40 mprintf(”\ n s i n c e R3 i s a l r e a d y o f 1000 so the
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b r i d g e can be e a s i l y ba l anced by adding
c a p a c i t a n c e 200 i n s e r i e s a c r o s s i n arm 3”);

41 mprintf(” Note : t h e r e was a p o s s i b i l i t y tha t with the
a d d i t i o n o f r e s i s t a n c e R1 i n armm 1 as f i r s t
o p t i o n or with teh a d d i t i o n o f c a p a c i t a n c e C3 i n
arm 3”);

Scilab code Exa 12.3 Find the resistance and inductance of the coil

1 //
===============================================================================

2 // Chapter 12 Example 3
3

4

5 clc;clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 R2 = 100; // r e s i s t a n c e o f arm i n
9 R3 = 32.7; // r e s i s t a n c e o f arm i n
10 R4 = 100; // r e s i s t a n c e o f arm i n
11 R = 1.36; // r e s i s t a n c e o f arm i n
12 L = 47.8; // i n d u c a t a n c e i n mH
13

14

15 // c a l c u l a t i o n s
16 R1 = ((R2*R3)/(R4))-R; // r e s i s t a n c e o f c o i l

i n
17 L1 = (R2/(R4))*L; // i n c a s e o f ba l anced

p o s i t i o n o f b r i d g e i n mH
18

19 // r e s u l t
20 mprintf(” R e s i s t a n c e p f the c o i l = %3 . 2 f ”,R1);
21 mprintf(”\ n induc tanc e i n c a s e o f ba l anced b r i d g e =

%3 . 2 f mH”,L1);
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Scilab code Exa 12.4 Find the resistance and inductance

1 //
===============================================================================

2 // Chapter 12 Example 4
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 R2 = 1000; // r e s i s t a n c e o f arm i n
8 R3 = 1000; // r e s i s t a n c e o f arm i n
9 R4 = 1000; // r e s i s t a n c e o f arm i n
10 C4 = 0.5*10^ -6; // c a p a c i t a n c e i n F
11

12 // c a l c u l a t i o n s
13 R1 = ((R2*R3)/(R4)); // r e s i s t a n c e o f c o i l i n

14 L1 = C4*R2*R3; // i n d u c t a n c e o f i n d u c t o r
i n H

15

16 // r e s u l t
17 mprintf(” r e s i s t a n c e o f c o i l = %3 . 2 f ”,R1);
18 mprintf(”\ n induc tanc e o f i n d u c t o r = %3 . 2 f H”,L1);

Scilab code Exa 12.5 Find the resistance and inductance of the unknown resistance

1 //
===============================================================================

2 // Chapter 12 Example 5
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3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 R2 = 1000; // r e s i s t a n c e o f arm i n
8 R3 = 218; // r e s i s t a n c e o f arm i n
9 R4 = 1000; // r e s i s t a n c e o f arm i n
10 C4 = 10*10^ -6; // c a p a c i t a n c e i n F
11 r = 469;

12

13 // c a l c u l a t i o n s
14 R1 = ((R2*R3)/(R4)); // r e s i s t a n c e o f c o i l i n

15 x = (r*(R3+R4))+(R3*R4)

16 L1 = (C4*R2*x)/(R2); // i n d u c t a n c e o f
i n d u c t o r i n H

17

18 // r e s u l t
19 mprintf(” r e s i s t a n c e o f c o i l = %3 . 2 f ”,R1);
20 mprintf(”\ n induc tanc e o f i n d u c t o r = %3 . 2 f H”,L1);

Scilab code Exa 12.6 Find the resistance and inductance

1 //
===============================================================================

2 // Chapter 12 Example 6
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 R2 = 400; // r e s i s t a n c e o f arm i n
8 R3 = 400; // r e s i s t a n c e o f arm i n
9 R4 = 400; // r e s i s t a n c e o f arm i n
10 C4 = 2*10^ -6; // c a p a c i t a n c e i n F
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11 r = 500; // r e s i s t a n c e i n
12

13 // c a l c u l a t i o n s
14 R1 = ((R2*R3)/(R4)); // r e s i s t a n c e o f c o i l i n

15 x = (r*(R3+R4))+(R3*R4)

16 L1 = (C4*R2*x)/(R3); // i n d u c t a n c e o f
i n d u c t o r i n H

17

18 // r e s u l t
19 mprintf(” r e s i s t a n c e o f c o i l = %3 . 2 f ”,R1);
20 mprintf(”\ n induc tanc e o f i n d u c t o r = %3 . 2 f Henry ”,L1)

;

Scilab code Exa 12.7 Find the resistance and inductance

1 //
===============================================================================

2 // Chapter 12 Example 7
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 R2 = 1000; // r e s i s t a n c e o f arm i n
8 R3 = 500; // r e s i s t a n c e o f arm i n
9 R4 = 1000; // r e s i s t a n c e o f arm i n
10 C4 = 3*10** -6; // c a p a c i t a n c e i n F
11 r = 100;

12

13 // c a l c u l a t i o n s
14 R1 = ((R2*R3)/(R4)); // r e s i s t a n c e o f c o i l i n

15 x = (r*(R3+R4))+(R3*R4)

16 L1 = (C4*R2*x)/(R4); // i n d u c t a n c e o f

206



i n d u c t o r i n H
17

18 // r e s u l t
19 mprintf(” r e s i s t a n c e o f c o i l = %3 . 2 f ”,R1);
20 mprintf(”\ n induc tanc e o f i n d u c t o r = %3 . 2 fHenry ”,L1);

Scilab code Exa 12.8 Find the resistance and inductance

1 //
===============================================================================

2 // Chapter 12 Example 8
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 R2 = 1000; // r e s i s t a n c e o f arm i n
8 R3 = 16800; // r e s i s t a n c e o f arm i n

9 R4 = 833; // r e s i s t a n c e o f arm i n
10 C4 = 0.38*10^ -6; // c a p a c i t a n c e i n F
11 f = 50; // f r e q u e n c y i n Hz
12

13 // c a l c u l a t i o n s
14 w = 2*(%pi)*f;

15 L1 = (R2*R3*C4)/(1+((w^2)*(R4^2)*(C4^2)));

// i n d u c t a n c e i n H
16 R1 = (R2*R3*R4*(w^2)*(C4^2))/(1+((w^2)*(R4^2)*(

C4^2))); // r e s i s t a n c e i n
17

18

19 // r e s u l t
20 mprintf(” i n d u c t a n c e o f i n d u c t o r = %3 . 2 fHenry ”,L1);
21 mprintf(”\ n r e s i s t a n c e o f c o i l = %3 . 2 f ”,R1);
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Scilab code Exa 12.9 Find the Resistance and Capacitance

1 //
===============================================================================

2 // Chapter 12 Example 9
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 R2 = 1000; // r e s i s t a n c e o f arm i n
8 R3 = 1000; // r e s i s t a n c e o f arm i n
9 R1 = 500; // r e s i s t a n c e o f arm i n
10 L1 = 0.18; // i n d u c t a n c e i n H
11

12 // c a l c u l a t i o n s
13 f = 5000/(2*( %pi)); // f r e q u e n c y i n

Hz
14 w = 2*(%pi)*f;

15 x = R1/((w^2)*L1); //R4∗C4 be x
16 z = ((w^2)*(x^2));

17 a = (1+z);

18 C4 = (L1*a)/(R2*R3);

19 // from 1 and 2 e q u a t i o n s
20 //R4 = R4∗C4/C4 = x/C4
21 R4 = (x)/(C4); // r e s i s t a n c e i n
22

23 // r e s u l t
24 mprintf(” r e s i s t a n c e = %3 . 2 f ”,R4);

Scilab code Exa 12.10 Find the series equivalent inductance and resistance of the network
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1 //
===============================================================================

2 // Chapter 12 Example 10
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 R2 = 1000; // r e s i s t a n c e o f arm i n
8 R3 = 10000; // r e s i s t a n c e o f arm i n

9 R4 = 2000; // r e s i s t a n c e o f arm i n
10 C4 = 1*10** -6; // c a p a c i t a n c e i n F
11 w = 3000; // r a d i a n per second
12

13 // c a l c u l a t i o n s
14

15 L1 = (R2*R3*C4)/(1+((w^2)*(R4^2)*(C4^2)));

// i n d u c t a n c e i n H
16 R1 = (R2*R3*R4*(w^2)*(C4^2))/(1+((w^2)*(R4^2)*(

C4^2))); // r e s i s t a n c e i n
17

18 // r e s u l t
19 mprintf(”\ n induc tanc e o f i n d u c t o r = %3 . 2 f H”,L1);
20 mprintf(” r e s i s t a n c e o f c o i l = %3 . 2 f ”,R1);

Scilab code Exa 12.11 Find the resistance and inductance of the choke coil

1 //
===============================================================================

2 // Chapter 12 Example 11
3

4 clc;clear all;

5
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6 // v a r i a b l e d e c l a r a t i o n
7 R2 = 2410; // r e s i s t a n c e o f arm i n
8 R3 = 750; // r e s i s t a n c e o f arm i n
9 R4 = 64.9; // r e s i s t a n c e o f arm i n
10 R = 0.4; // r e s i s t a n c e i n
11 C4 = 0.35*10^ -6; // c a p a c i t a n c e i n F
12 f = 500; // f r e q u e n c y i n Hz
13

14 // c a l c u l a t i o n s
15 w = 2*(%pi)*f; // r a d i a n per second
16 R41 = R4+R; // r e s i s t a n c e i n
17 L1 = (R2*R3*C4)/(1+((w)*(R4^2)*(C4^2)));

// i n d u c t a n c e i n H
18 R1 = (R2*R3*R41*(w^2)*(C4^2))/(1+((w^2)*(R41 ^2)

*(C4^2))); // r e s i s t a n c e i n
19

20 // r e s u l t
21 mprintf(” r e s i s t a n c e o f c o i l = %3 . 2 f ”,R1);
22 mprintf(”\ n induc tanc e o f i n d u c t o r = %3 . 4 f Henry ”,L1)

;

Scilab code Exa 12.12 Derive the balance condition and calculate the effective impedance of the specimen

1 //
=====================================================================================

2 // Chapter 12 example 12
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 R2 = 834; // r e s i s t a n c e o f arm i n
9 R3 = 100; // r e s i s t a n c e o f arm i n
10 R4 = 64.9; // r e s i s t a n c e o f arm i n
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11 R = 0.4; // r e s i s t a n c e i n
12 C4 = 0.1*10^ -6; // c a p a c i t a n c e i n F
13 C2 = 0.124*10^ -6; // c a p a c i t a n c e i n F
14 f = 2000; // f r e q u e n c y i n Hz
15

16 // c a l c u l a t i o n s
17 L1 = R2*R3*C4; // i n d u c t a n c e i n H
18 R1 = (R3*C4/C2); // r e s i s t a n c e i n
19 Z = R1+(2* %pi*f*L1)*%i; //

e f f e c t i v e impedance
20 Z1 = sqrt ((( real(Z))^2) +((( imag(Z))^2)));

21 angle = (atan((imag(Z))/real(Z)))*180/ %pi;

22

23 // r e s u l t
24 mprintf(”L1 = %3 . 2 e ”,L1);
25 mprintf(”\nR1 = %3 . 2 f ”,R1);
26 mprintf(”\ n e f f e c t i v e impedance o f t e s t spec imen =%3

. 2 f a n g l e %3 . 2 f ”,Z1 ,angle);

Scilab code Exa 12.13 Find out the phase angle error and unknown capacitance

1 //
=====================================================================================

2 // Chapter 12 example 13
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 R1 = 1000; // r e s i s t a n c e o f arm i n
8 R2 = 1000; // r e s i s t a n c e o f arm i n
9 R3 = 2000; // r e s i s t a n c e o f arm i n
10 R4 = 2000; // r e s i s t a n c e o f arm i n
11 C1 = 1*10^ -6; // c a p a c i t a n c e i n F
12 f = 1000;
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13 r1 =10; // r e s i s t a n c e i n
14

15 // c a l c u l a t i o n s
16 W = 2*%pi*f;

17 C2 = (C1*R1)/(R2); // c a p a c i t a n c e i n F
18 r2 = ((R2*(R3+r1))-(R1*R4))/(R1); //

R e s i s t a n c e i n
19 d1 = (W*r1*C1)*(180/ %pi); // phase

a n g l e e r r o r i n
20 d2 = (W*r2*C2)*(180/ %pi); // phase

a n g l e e r r o r i n
21

22 // c a l c u l a t i o n s
23 mprintf(” phase a n g l e e r r o r = %3 . 1 f ”,d1);
24 mprintf(”\ nphase a n g l e e r r o r = %3 . 1 f ”,d2);

Scilab code Exa 12.14 Calculate the resistance and capacitance and also the dissipation factor of the unknown capacitor

1 //
=====================================================================================

2 // Chapter 12 example 14
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7

8 R2 = 4.8; // r e s i s t a n c e o f arm i n
9 R3 = 2000; // r e s i s t a n c e o f arm i n
10 R4 = 2850; // r e s i s t a n c e o f arm i n
11 C2 = 0.5*10^ -6; // c a p a c i t a n c e i n F
12 f = 500; // f r e q u e n c y i n Hz
13 r2 =0.4; // r e s i s t a n c e i n
14

15 // c a l c u l a t i o n s
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16 w = 2*( %pi)*f;

17 C1 = C2*(R4/(R3)); // unknown c a p a c i t a n c e i n
F

18 x =R2+r2

19 r1 = (R3/R4)*(x); // r e s i s t a n c e i n
20 D = w*C1*r1; // d i s s i p a t i o n f a c t o r
21

22 // r e s u l t
23 mprintf(”unknown c a p a c i t a n c e = %3 . 2 e uF” ,(C1 *10^6));
24 mprintf(”\ n r e s i s t a n c e = %x3 . 2 f ”,x);
25 mprintf(”\ n d i s s i p a t i o n f a c t o r = %3 . 5 f ”,D);

Scilab code Exa 12.15 Calculate the power factor

1 //
=====================================================================================

2 // Chapter 12 example 15
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 R2 = 100; // r e s i s t a n c e o f arm i n
8 R4 = 309; // r e s i s t a n c e o f arm i n
9 C4 = 0.5*10^ -6; // c a p a c i t a n c e i n F

10 C3 = 109*10^ -12; // c a p a c i t a n c e i n F
11 f = 50; // f r e q u e n c y i n Hz
12

13 // c a l c u l a t i o n s
14 w =2*( %pi)*f;

15 Cx = (R4*C3)/(R2); // e q u i v a l e n t s e r i e s
c a p a c i t a n c e i n F

16 Rx = (C4*R2)/(C3); // s e r i e s r e s i s t a n c e
i n

17 p = w*Rx*Cx; // power f a c t o r o f
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the spec imen ( s i n d =tand )
18

19

20 // r e s u l t
21 mprintf(” power f a c t o r o f the spec imen = %3 . 5 f ”,p)

;

Scilab code Exa 12.16 Derive the variable resistance

1 clc;clear all;

2

3 // v a r i a b l e d e c a l a r a t i o n
4 R4 = 1000; // r e s i s t a n c e i n
5 C3 = 50*10^ -12; // c a p a c i t a n c e i n F
6 A = 314*10^ -4; // a r ea i n m∗∗2
7 D = 0.3*10^ -2; // t h i c k n e s s i n m
8 er = 2.3; // d i e l e c t r i c c o n s t a n t
9 e0 = 8.854*10^ -12; // d i e l e c t r i c c o n s t a n t

10 d = 9; // l o s s a n g l e i n
11 f = 50;

12

13 // c a l c u l a t i o n s
14 // c a l c u l a t i o n s
15 C1 = (er*e0*A)/D; // c a p a c i t a n c e i n F
16 w = 2*%pi*f;

17 x = tan(d*%pi /180);

18 R1 = 1/(w*C1*x); // r e s i s t a n c e i n
19 C4 = 1/((w^2)*C1*R1*R4); // v a r i a b l e

c a p a c i t o r i n F
20 R2 = (C3*R4*((cos(d*%pi /180))^2))/(C1); //

v a r i a b l e r e s i s t a n c e i n
21

22 // r e s u l t
23 mprintf(” V a r i a b l e c a p a c i t o r = %3 . 1 f M ” ,(R1*10^ -6)

);
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24 mprintf(”\ n v a r i a b l e r e s i s t a n c e = %3 . 0 f ”,R2);

Scilab code Exa 12.17 Find the equivalent resistance

1 //
=====================================================================================

2 // c h a p t e r 12 example 17
3

4

5

6 clc;

7 clear all;

8

9 // v a r i a b l e d e c l a r a t i o n
10 R1 = 3100; // r e s i s t a n c e o f arm i n

11 R2 = 25000; // r e s i s t a n c e o f arm i n

12 R4 = 100000; // r e s i s t a n c e o f arm i n

13 C1 = 5.2*10^ -6; // c a p a c i t a n c e i n F
14 f = 25000; // f r e q u e n c y i n Hz
15

16 // c a l c u l a t i o n s
17 //C3 = C1 ∗ ( ( R2/R4)−(R1/R3) )
18 //X = C1∗ (R2/R4)
19 //Y = C1∗ (R1/R3)
20 w = 2*%pi*f;

21 x =1/((w^2)*R1*C1);

22 //R3 = x/C3
23 A = (C1*R2)/R4;

24 B = 1+(C1*R1/x);

25 C3 = A/B; // c a p c i t a n c e i n uuF
26 R3 = x/C3; // e q u i v a l e n t p a r a l l e l
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r e s i s t a n c e i n
27

28 // r e s u l t
29 mprintf(” 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 = %3 . 2 f K

” ,(R3*10^ -3));

Scilab code Exa 12.18 Find the dissipation factor

1 //
=====================================================================================

2 // Chapter 12 example 18
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 R3 = 2000; // r e s i s t a n c e o f arm i n
8 R4 = 2950; // r e s i s t a n c e o f arm i n
9 R2 = 5; // r e s i s t a n c e o f arm i n
10 r2 = 0.4; // r e s i s t a n c e i n
11 C2 = 0.5*10^ -6; // c a p a c i t a n c e i n F
12 f = 450; // f r e q u e n c y i n Hz
13

14 // c a l c u l a t i o n s
15 r1 = (R3*(r2+R2))/R4 // r e s i s t a n c e i n
16 C1 = ((R4/R3)*C2) // c a p a c i t a n c e i n F
17 tand = 2*(%pi)*f*C1*r1 // d i s s i p a t i o n power ,C1

i n uF
18

19 // r e s u l t
20 mprintf(” r e s i s t a c e = %3 . 2 f ”,r1);
21 mprintf(”\ n c a p a c i t a n c e = %3 . 2 e uF” ,(C1 *10^6));
22 mprintf(”\ n d i s s i p a t i o n f a c t o r = %3 . 2 e ” ,(tand));
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Scilab code Exa 12.19 Calculate the capacitance and dielectric loss angle of bushing

1 //
=====================================================================================

2 // Chapter 12 example 19
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 R3 = 300; // r e s i s t a n c e o f arm i n
8 R4 = 72.6; // r e s i s t a n c e o f arm i n
9 C2 = 500*10^ -12; // c a p a c i t a n c e i n F

10 C4 = 0.148*10^ -6; // c a p a c i t a n c e i n F
11 f = 50; // f r e q u e n c y i n Hz
12

13 // c a l c u l a t i o n s
14 Cx = (R4*C2)/(R3); // c a p a c i t a n c e i n F
15 Rx = (R3*C4)/(C2); // r e s i s t a n c e i n
16 x = 2*(%pi)*f*Cx*Rx;

17 d = atan(x); // d i e l e c t r i c l o s s a n g l e o f
bush ing i n

18 d1 = (d*180)/%pi;

19 // r e s u l t
20

21 mprintf(”\ n c a p a c i t a n c e = %3 . 2 e uF” ,(Cx));
22 mprintf(” r e s i s t a c e = %3 . 2 f K ” ,(Rx*10^ -3));
23 mprintf(”\ n d i e l e c t r i c l o s s a n g l e o f bush ing = %3 . 3 f

”,d1);

Scilab code Exa 12.20 Calculate the power factor and equivalent series resistance of the capacitor
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1 //
=====================================================================================

2 // Chapter 12 example 20
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 R3 = 130; // r e s i s t a n c e o f arm i n
8 R4 = 318; // r e s i s t a n c e o f arm i n
9 C2 = 106*10** -12; // c a p a c i t a n c e i n F
10 C4 = 0.35*10** -6; // c a p a c i t a n c e i n F
11 f = 50; // f r e q u e n c y i n Hz
12

13 // c a l c u l a t i o n s
14 Cx = (R4*C2)/(R3); // c a p a c i t a n c e i n F
15 Rx = (R3*C4)/(C2); // r e s i s t a n c e i n
16 x = 2*(%pi)*f*Cx*Rx; // power f a c t o r
17

18

19 // r e s u l t
20

21 mprintf(” c a p a c i t a n c e = %3 . 2 e uF” ,(Cx));
22 mprintf(”\ n r e s i s t a c e = %3 . 2 f K ” ,(Rx*10^ -3));
23 mprintf(”\npower f a c t o r = %3 . 3 f ”,x);

Scilab code Exa 12.21 Find the resistance and inductance of the coil

1

2 //
=====================================================================================

3 // Chapter 12 example 21
4

5 clc;clear all;
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6

7 // v a r i a b l e d e c l a r a t i o n
8 M1 = 15.9; // mutual i n d u c t a n c e i n mH
9 M2 = 0.1; // mutual i n d u c t a n c e i n mH
10 r1 = 25.9; // r e s i s t a n c e i n
11 r2 = 12.63; // r e s i s t a n c e i n
12

13 // c a l c u l a t i o n s
14 L1 = 2*(M1-M2); // s e l f i n d u c t a n c e i n mH
15 R1 = r1 -r2; // r e s i s t a n c e i n
16

17 // r e s u l t
18 mprintf(” s e l f i n d u c t a n c e = %3 . 2 f mH”,L1);
19 mprintf(”\ n r e s i s t a n c e = %3 . 2 f ”,R1);

Scilab code Exa 12.22 Calculate the value of L and C

1 //
=====================================================================================

2 // Chapter 12 example 22
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 f1 = 2*10^6; // f r e q u e n c y from second data i n

Hz
8 f2 = 1*10^6; // f r e q u e n c y from f i r s t data i n

Hz
9 C1 = 230*10^ -12; // c a p a c i t a n c e i n F

10 C2 = 8*10^ -12; // c a p a c i t a n c e i n F
11

12 // c a l c u l a t i o n s
13 C = C1+C2;

14 L = 1/((((2*( %pi)*f1)^2)*C)); // i n d u c t a n c e
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i n uH
15 Cx = 1/(((2*( %pi)*f2)^2)*L); //

c a p a c i t a n c e i n pF
16

17 // r e s u l t
18 mprintf(” i n d u c t a n c e = %3 . 2 f uH” ,(L*10^6));
19 mprintf(”\ n c a p a c i t a n c e = %3 . 2 f pF” ,(Cx *10^12));

Scilab code Exa 12.23 Determine the resistive and reactive component of unknown impedance

1 //
=====================================================================================

2 // Chapter 12 example 23
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 f = 165*10^3; // f r e q u e n c y i n Hz
8 C1 = 208*10^ -12; // c a p a c i t a n c e i n F
9 C2 = 184*10^ -12; // c a p a c i t a n c e i n F

10 Q1 = 80; //Q− f a c t o r
11 Q2 = 50; //Q− f a c t o r
12

13 // c a l c u l a t i o n s
14 x = C2*Q2;

15 y = C1*Q1;

16 w = 2*( %pi)*f;

17 Rm = (1/(w))*((1/(x)) -(1/(y))); // r e s i s t i v e
component o f unknown impedance i n

18 Xm = (1/(w))*((1/C2) -(1/C1)); // r e a c t i v e
component o f unknown impedance i n

19

20

21 // r e s u l t
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22 mprintf(” r e s i s t i v e component o f unknown impedance =
%3 . 2 f ”,Rm);

23 mprintf(”\ n r e a c t i v e component o f unknown impedance =
%3 . 0 f ”,Xm);

Scilab code Exa 12.24 Determine the self capacitance and inductance of the coil

1

2 //
=====================================================================================

3 // Chapter 12 example 21
4

5 clc;clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 M1 = 15.9; // mutual i n d u c t a n c e i n mH
9 M2 = 0.1; // mutual i n d u c t a n c e i n mH
10 r1 = 25.9; // r e s i s t a n c e i n
11 r2 = 12.63; // r e s i s t a n c e i n
12

13 // c a l c u l a t i o n s
14 L1 = 2*(M1-M2); // s e l f i n d u c t a n c e i n mH
15 R1 = r1 -r2; // r e s i s t a n c e i n
16

17 // r e s u l t
18 mprintf(” s e l f i n d u c t a n c e = %3 . 2 f mH”,L1);
19 mprintf(”\ n r e s i s t a n c e = %3 . 2 f ”,R1);

Scilab code Exa 12.25 Determine the self capacitance
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1 //
=====================================================================================

2 // Chapter 12 example 25
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 f1 = 3; // f r e q u e n c y i n MHz
7 f2 =6; // f r e q u e n c y i n MHz
8 C1 = 251; // c a p a c i t a n c e i n pF
9 C2 = 50; // c a p a c i t a n c e i n pF

10

11 // c a l c u l a t i o n s
12 Cd = (C1 -(4*C2))/(3); // s e l f c a p a c i t a n c e

o f the c o i l i n uuF
13 // s i n c e f 1 = 2 f 2
14

15

16 // r e s u l t
17 mprintf(” s e l f c a p a c i t a n c e o f the c o i l = %3 . 2 f pF”,Cd

);

Scilab code Exa 12.26 Determine the self capacitance of the coil

1 //
=====================================================================================

2 // Chapter 12 example 26
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 C1 = 1530; // c a p a c i t a n c e i n pF
7 C2 = 162; // c a p a c i t a n c e i n pF
8 f1 = 3; // f r e q u e n c y i n MHz
9 f2 =1; // f r e q u e n c y i n MHz
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10

11 // c a l c u l a t i o n s
12 // f 1 = 1 / ( ( 2∗math . p i ) ∗ ( math . s q r t (L∗ (C2+Cd) ) ) )
13 // f 1 = 1 / ( ( 2∗math . p i ) ∗ ( math . s q r t (L∗ (C2+Cd) ) ) )
14 // f 2 = 3∗ f 1
15 Cd = (C1 -(9*C2))/(8); // s e l f c a p a c i t a n c e

o f the c o i l i n pF
16

17 // r e s u l t
18 mprintf(” s e l f c a p a c i t a n c e o f the c o i l = %3 . 2 f pF”,Cd

);

Scilab code Exa 12.27 Determine the effective inductance and resistance of unknown coil

1 //
=====================================================================================

2 // Chapter 12 example 27
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 f = 450*10^3; // r e s i s t a n c e inHz
8 C = 250*10^ -12; // c a p c a i t a n c e i n F
9 Rsh = 0.75; // r e s i s t a n c e i n

10 Q = 105; //Q− f a c t o r
11

12 // c a l c u l a t i o n s
13 w = 2*( %pi)*f;

14 L = 1/(((w)^2)*(C)); // i n d u c t a n c e i n uH
15 R = ((w*L)/(Q))-Rsh; // r e s i s t a n c e o f the

c o i l i n
16

17 // r e s u l t
18 mprintf(” i n d u c t a n c e = %3 . 2 f uH” ,(L*10^6));
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19

20 mprintf(”\n r e s i s t a n c e o f the c o i l = %3 . 2 f ”,R);

Scilab code Exa 12.28 Determine the percentage error

1 //
=====================================================================================

2 // Chapter 12 example 28
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 f = 500*10^3; // r e s i s t a n c e inHz
8 C = 120*10^ -12; // c a p c a i t a n c e i n F
9 R = 5; // r e s i s t a n c e i n

10 r = 0.02; // r e s i s t a n c e a c r o s s o s c i l l t o r y
c i r c u i t i n

11

12 // c a l c u l a t i o n s
13 w = 2*( %pi)*f;

14 Qt = 1/(w*C*R); // the t r u e or e f f e c t i v e Q o f
the c o i l

15 Qi = 1/(w*C*(R+r)); // the i n d i c a t e d or
c a l c u l a t e d Q o f the c o i l

16 e = ((Qt-Qi)/(Qt))*100; // p e r c e n t a g e e r r o r i n %
17

18 // r e s u l t
19 mprintf(” p e r c e n t a g e e r r o r =%3 . 2 f p e r c e n t a g e ”,e);

Scilab code Exa 12.29 Determine the self capacitance
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1 //
=====================================================================================

2 // Chapter 12 example 29
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 C1 = 95*10^ -12; // c a p a c i t a n c e i n F
8 f1 = 800*10^3; // f r e q u e n c y i n Hz
9 f2 = 2.5*10^6; // f r e q u e n c y i n Hz
10

11 // c a l c u l a t i o n s
12 w2 = 2*%pi*f;

13 L = 1/((w2)^2)*Cd;

14 L = 1/((w2)^2)*(C1+Cd)

15 // comparing above e q u a t i o n s
16 // Cd =(((w1) ∗∗2) ∗C1) / ( ( w2) ∗∗2)−(w1) ∗∗2) )
17 Cd =(((f1)^2)*C1)/(((f2)^2) -((f1)^2)); //

c a p c i t a n c e i n pF
18

19 // r e s u l t
20 mprintf(” c a p a c i t a n c e = %3 . 2 f pF” ,(Cd *10^12));

Scilab code Exa 12.30 Determine the self capacitance

1 //
=====================================================================================

2 // Chapter 12 example 30
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 f1 = 1*10^6; // f r e q u e n c y i n Hz
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8 f2 = 2*10^6; // f r e q u e n c y i n Hz
9 C1 = 480*10^ -12; // c a p a c i t a n c e i n F
10 C2 = 90*10^ -12; // c a p a c i t a n c e i n F
11 R = 10; // r e s i s t a n c e
12

13 // c a l c u l a t i o n s
14 Cd = (C1 -(4*C2))/3; // s e l f c a p a c i t a n c e o f

the c o i l i n pF
15 Q1 = 1/(2* %pi*f1*(C1+Cd)*R); // the

i n d i c a t e d or e f f e c t i v e Q o f the c o i l
16 Q11 = 1/(2* %pi*f1*(C1)*R); // the t r u e Q

o f the f i r s t i n s t rument
17 Q2 = 1/(2*( %pi)*f2*(C2+Cd)*R); // the

i n d i c a t e d or e f f e c t i v e Q f o r the second
in s t rument

18 Q22 = 1/(2*( %pi)*f2*(C2)*R); // the t r u e
Q o f the second in s t rument

19

20 // r e s u l t
21 mprintf(” the i n d i c a t e d or e f f e c t i v e Q o f the c o i l

= %3 . 1 f ”,Q1);
22 mprintf(”\ nthe t r u e Q o f the f i r s t i n s t rument = %3

. 3 f ”,Q11);
23 mprintf(”\ nthe i n d i c a t e d or e f f e c t i v e Q f o r the

second in s t rument = %3 . 3 f ”,Q2);
24 mprintf(”\ nthe t r u e Q o f the second in s t rument =

%3 . 2 f ”,Q22);
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Chapter 13

Magnetic measurements

Scilab code Exa 13.1 Find the magnetic field strength

1 //
=====================================================================================

2 // Chapter 13 example 1
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 l = 0.6; // l e n g t h o f s o l e n o i d i n m
8 N = 600; // number o f t u r n s
9 I = 2; // c u r r e n t p a s s i n g through s o l e n o i d i n

A
10 ur = 1; // a i r c o i l e d s o l e n o i d
11 r = 0.025; // r a d i u s i n m
12

13 // c a l c u l a t i o n s
14 H = (N*I)/(l); // magnet i c f i e l d at the c e n t r e

i n AT/ metre
15 u0 = 4*(%pi)*(10^ -7); // f l u x
16 a = ((%pi)/(4))*(r^2); // a r ea
17 phi = ur*u0*H*a; // f l u x p a s s i n g through
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t h e s e c o n d a r y c o i l
18

19 // c a l c u l a t i o n s
20 mprintf(” magnet i c f i e l d = %3 . 2 f AT/ metre ”,H);
21 mprintf(” f l u x = %3 . 2 e Wb”,phi);

Scilab code Exa 13.2 Find the constant of the galvanometer

1 //
=====================================================================================

2 // Chapter 13 example 2
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 m = 100; // number o f t u r n s
7 n = 1000; // t u r n s per m
8 theta1 = 10; // f i r s t throw i n mm
9 theta2 = 9.5; // second throw i n mm

10 I =10; // c u r r e n t i n A
11 R = 500; // r e s i s t a n c e i n
12 A = 0.002; // a r ea i n m∗∗2
13

14 // c a l c u l a t i o n s
15 //Q = ( 8∗ ( math . p i ) ∗(10∗∗−7) ∗N∗Ns∗ I ∗A) /( l ∗R)

// i n columbs
16 //Q = ( 8∗ ( math . p i ) ∗(10∗∗−7) ∗n∗ l ∗m∗ I ∗A) /( l ∗R)
17 //Q =(8∗( math . p i ) ∗(10∗∗−7) ∗n∗m∗ I ∗A) /(R)
18 lamda = log(theta1 /( theta2));

19 theta = theta1 *(1+( lamda /(2)));

20 K =(8*( %pi)*(10^ -7)*n*m*I*A)/(R*theta); //
ga lvanomete r c o n s t a n t i n C/mm

21

22 // r e s u l t
23
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24 mprintf(” ga lvanomete r c o n s t a n t = %3 . 2 e C/mm”,K);

Scilab code Exa 13.4 Find the capacity of the condenser

1 //
=====================================================================================

2 // Chapter 13 example 4
3

4

5 clc;clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 T0 = 4; // t ime o f swing i n s e c o n d s
9 Ig =0.001; // c u r r e n t i n A
10 lamda = 0;

11 theta = 50; // s t eady d e f l e c t i o n i n s c a l e
d i v i s i o n s

12 theta1 = 220; //maximum throw i n s c a l e d i v i s i o n
13 V =100; // p o t e n t i a l o f the con den s e r i n V
14

15 // c a l c u l a t i o n s
16 Q = (T0/(2* %pi))*(Ig/theta)*(1+( lamda /2))*theta1;

// q u a n t i t y o f e l e c t r i c i t y d i s c h a r g e d i n uC
17 C = Q/(V); // c a p a c i t y o f the co nde n s e r i n F
18

19 // r e s u l t
20 mprintf(” c a p a c i t y o f the c ond en s e r = %3 . 2 d uF” ,(C

*10^6));

Scilab code Exa 13.5 Calculate the shunt required for the use with search coil
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1 //
=====================================================================================

2 // Chapter 13 example 5
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 N = 1; // number o f t u r n s on s e a r c h c o i l
7 Rc = 0.025; // r e s i s t a n c e o f s e a r c h c o i l i n
8 Nw = 1.5*10^ -4; // number o f wb−t u r n s r e q u i r e d

f o r d e f l e c t i o n o f 1 d i v i s i o n
9 M = 120000; // r e l u c t a n e o f magnet i c c i r c u i t
10 MMF = 8000; // magnet i c c i r c u i t i s e x c i t e d i n

ampere−turn
11 f = 1.5*10^ -4; // f l u x m e t e r w i thout shunt (K

/N = phi / t h e t a )
12 theta =120;

13

14 // c a l c u l a t i o n s
15 phi = (MMF/(M)); // f l u x produced i n WB
16 // ph i = ( ( Rs+Rc ) /Rs ) ∗ ( (K∗ t h e t a ) /N)
17 Rs = (Rc*f*theta)/(phi -(f*theta)); //

r e s i s t a n c e o f shunt i n
18

19 // r e s u l t
20 mprintf(” r e s i s t a n c e o f shunt = %3 . 2 e ”,Rs);

Scilab code Exa 13.6 Find the resistance of the shunt to be connected in parallel with the flux meter

1 //
=====================================================================================

2 // Chapter 13 example 6
3

4 clc;clear all;
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5

6 // v a r i a b l e d e c l a r a t i o n
7 Rc = 1; // r e s i s t a n c e i n
8 N = 5; // m u l t i p l y i n g f a c t o r
9

10 // c a l c u l a t i o n s
11 //N = ( Rs+Rc ) /Rs
12 Rs = Rc/(N-1); // shunt r e s i s t a n c e i n
13

14 // r e s u l t
15 mprintf(” shunt r e s i s t a n c e = %3 . 2 f ”,Rs);

Scilab code Exa 13.7 Calculate the flux density in the core

1 //
=====================================================================================

2 // Chapter 13 example 7
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 R1 = 180; // r e s i s t a n c e i n
8 R2 = 20; // r e s i s t a n c e i n
9 A = 0.005; // a r ea i n mˆ2

10 Ns = 1000; // number o f t u r n s on s e a r c h c o i l
11 G1 = 100*10^ -6; // ga lvanomete r c o n s t a n t C
12 G2 = 100; // ga lvanomete r throw
13

14 // c a l c u l a t i o n s
15 Rs = R1+R2; // t o t a l r e s i s t a n c e o f s e conda ry

c i r c u i t i n
16 Q = G1*G2; // cha rge pa s s ed through b a l l i s t i c

ga lvanomete r i n C
17 //Q = i ∗ t = (E/Rs ) ∗ t = ( ( 2∗ ph i ∗Ns ) /( t ∗Rs ) ) ∗ t =
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(2∗ ph i ∗Ns ) /Rs
18 phi = (Q*Rs)/(2*Ns); // f l u x i n Wb
19 B = phi/(A); // f l u x d e n s i t y i n Wb/mˆ2
20

21 // r e s u l t
22

23 mprintf(” f l u x d e n s i t y = %3 . 2 f Wb/mˆ2 ”,B);

Scilab code Exa 13.8 Find the relative permeability of the specimen

1 //
=====================================================================================

2 // Chapter 13 example 8
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 d = 0.1; // d iamete r i n m
8 a = 33.5*10^ -6; // c r o s s s e c t i o n a l a r ea o f i r o n

r i n g i n mˆ2
9 Ns = 220; // number o f t u r n s on s e conda ry

c o i l
10 Nm = 320; // number o f t u r n s on m a g n e t i s i n g

wind ing
11 I = 10; // c u r r e n t i n A
12 B = 2.5*10^ -3; // f l u x i n Wb
13 n = 102; // r e a d i n g o f s c a l e
14 g = 272; // ga lvanomete r throw
15

16

17 // c a l c u l a t i o n s
18 l = (%pi)*d; //mean l e n g t h o f i r o n r i n g i n m
19 H = (Nm*I)/(l); // m a g n e t i s i n g f o r c e with 10 A

c u r r e n t
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20 K = B/(n);

21 // 2∗ ph i ∗Ns = K∗g
22 phi = (K*g)/(2*Ns); // f l u x i n Wb
23 B1 = phi/(a); // f l u x d e n s i t y i n Wb/m∗∗2
24 u0 = 4*%pi *10^ -7;

25 //B = u0∗ur ∗H
26 x = u0*H;

27 //B = x∗ur
28 // ur = B/x
29 ur = B1/x; // r e l a t i v e p e r m e a b i l i t y
30

31 // r e s u l t
32 mprintf(” r e l a t i v e p e r m e a b i l i t y = %3 . 1 f ”,ur);

Scilab code Exa 13.9 Compute the flux density and relative permeability

1 //
=====================================================================================

2 // Chapter 13 example 9
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 R = 2000; // r e s i s t a n c e i n
7 l = 1; //mean l e n g t h o f i r o n r i n g i n m
8 A = 350*10^ -6; // a r ea i n m∗∗2
9 Ns = 200; // number o f t u r n s on s e conda ry

c o i l
10 G1 = 1*10^ -6; // ga lvanomete r c o n s t a n t C
11 G2 = 100; // ga lvanomete r throw
12 N =100;

13

14 // c a l c u l a t i o n s
15 u0 = 4*(%pi)*10^ -7;

16 H = (N*I)/(l); // m a g n e t i s i n g f o r c e with 10 A
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c u r r e n t
17 Q = G1*G2; // cha rge pa s s ed through b a l l i s t i c

ga lvanomete r i n C
18 //Q = i ∗ t = (E/Rs ) ∗ t = ( ( 2∗ ph i ∗Ns ) /( t ∗Rs ) ) ∗ t =

(2∗ ph i ∗Ns ) /Rs
19 phi = (Q*R)/(2*Ns); // f l u x i n Wb
20 B = phi/(A); // f l u x d e n s i t y i n Wb/m∗∗2
21 ur = (B/(u0*H)); // r e l a t i v e p e r m e a b i l i t y
22

23 // r e s u l t
24 mprintf(” f l u x d e n s i t y = %3 . 3 f Wb/m∗∗2 ”,B);
25 mprintf(”\ n r e l a t i v e p e r m e a b i l i t y = %3 . 0 f ”,ur);

Scilab code Exa 13.10 Calculate the relative permeability

1 //
=====================================================================================

2 // Chapter 13 example 10
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 d = 0.3; // d iamete r i n m
8 a = 4*10^ -4; // c r o s s s e c t i o n a l a r ea o f i r o n

r i n g i n m∗∗2
9 N = 80; // number o f t u r n s on m a g n e t i s i n g

c o i l
10 Ns = 30; // number o f t u r n s on s e conda ry c o i l
11 F = 0.1*10^ -3; // f l u x meter c o n s t a n t i n Wb−

turn
12 D = 46; // d e f l e c t i o n f a c t o r
13 I = 2; // c u r r e n t i n A
14

15 // c a l c u l a t i o n s
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16 // ph i = (N∗ I ∗u0∗ur ∗a ) / l
17 // ph i = x∗ l
18 // l a t x = (N∗ I ∗u0∗a ) / l
19 l = d*%pi;

20 u0 = 4*(%pi)*10^ -7;

21 x =(N*I*u0*a)/(l);

22 // t o t a l change i n Wb−t u r n s y = 2∗ ph i ∗Ns = 2∗x∗ur ∗Ns
23 y = 2*x*Ns;

24 df = F*D; // change i n f l u x measuredby the f l u x
meter i n wb−t u r n s

25 ur =df/y; // r e l a t i v e p e r m e a b i l i t y
26

27 // r e s u l t
28 mprintf(” r e l a t i v e p e r m e a b i t l i t y = %3 . 0 d”,ur);
29 mprintf(”\n Note : t ex tbook answer r e p r e s e n t s the

approx imate v a l u e ”)

Scilab code Exa 13.11 Find the quantity of the electricity

1 //
=====================================================================================

2 // Chapter 13 example 13
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 Q = 1000; // Charge pas s ed through

ga lvanomete r i n uC
8 theta1 = 60;

9 d = 10; // d e f e l c t i o n i n mm
10 r = 1000; //m=c i r c u l a r s c a l e
11

12 // c a l c u l a t i o n s
13 theta2 = %pi /(3) // c o n v e r s i o n o f d e g r e e s to
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r a d i a n s
14 K = Q/( theta2); // ga lvanomete r c o n s t a n t i n uC/

r a d i a n
15 theta = d/(2*r); // a n g l e turned through by

r e f l e c t e d ray f o r aswing o f 10 mm
16 Q1 = K*theta; // cha rge f o r a swing o f

0 . 0 0 5 r a d i a n i n uC
17

18 // r e s u l t
19 mprintf(” cha rge f o r a swing o f 0 . 0 0 5 r a d i a n = %3 . 2 f

uC”,Q1);

Scilab code Exa 13.12 Calculate the hysteresis loss in watts per kg

1 //
=====================================================================================

2 // Chapter 13 example 12
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 f = 50; // number o f r e v e r s a l s
8 m = 1; // mass
9 d = 7.8*10**3; // d e n s i t y

10 A = 4800; // a r ea o f the l oop mˆ3
11 x = 200; // i n AT/m
12 x1 = 10; // 1 u n i t i n mm
13 y1 = 10; // 1 u n i t i n mm
14 y = 0.1; // i n T
15

16 // c l a c u l a t i o n s
17 V = m/d; // volume o f magnet i c

m a t e r i a l i n mˆ3
18 l = A*(x/x1)*(y/y1);
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19 l1 = l*V*f; // h y s t e r e s i s l o s s i n
watt s per kg at 50 Hz

20

21 // r e s u l t
22 mprintf(” h y s t e r e s i s l o s s at 50 Hz = %3 . 3 f watt s per

kg ”,l1);

Scilab code Exa 13.13 At what frequency will the iron loss be doubled if the flux density is kept the same

1 clc;

2 clear all;

3

4 // v a r i a b l e d e c l a r a t i o n
5 f = 60; // supp ly f r e q u e n c y i n Hz
6 Pi = 360; // i r o n l o s s i n W
7 f = 60;

8 //Pe =6∗Ph ;
9 // Pi = Pe+Ph

10 //360= (6∗Ph)+Ph
11 Ph = Pi/7; // h y s t e r e s i s l o s s i n W
12 Pe = Pi -Ph; // eddy c u r r e n t l o s s i n W
13 //Ph1 = ( f 1 / f ) ∗Ph
14 Ph1 = (1/f)*Pe; // h y s t e r e s i s l o s s i n watt s
15 //Ph1 =Ph1∗ f 1
16 // Pe1 = ( ( f 1 / f ) ˆ2) ∗Pe
17 Pe1 =((1/f)^2)*Pe; // eddy c u r r e n t l o s s
18 // Pe1 = Pe1∗Pe
19 Pi1 =Ph1+Pe1;

20 Pi1 = 2*Pi;

21 // 720 = 0 . 8 5 7∗ f 1 +(0 .0857∗ f 1 ˆ2)
22 f1 =86.8

23

24

25 // r e s u l t
26 mprintf(”new s u p p l y f r e q u e n c y = %3 . 2 f HZ”,f1);
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Scilab code Exa 13.14 Estimate the hysteresis and eddy current losses

1 //
=====================================================================================

2 // Chapter 13 example 14
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 //Ph = A∗ f
9 //Pe = B∗ f ˆ2
10 // Pi = Ph+Pe
11 Pi = 17.2; // power i n W
12 f = 50; // f r e q u e n c y i n Hz
13 Pi1 = 28.9; // i r o n l o s s i n W
14

15 m = 13; // we ight i n kg
16

17 // c a l c u l a t i o n s
18 // 1 7 . 2 = 40∗A+((40) ˆ2) ∗B
19 // 2 8 . 9 = 60∗A+((60) ˆ2) ∗B
20 A = 0.326667

21 B = 0.002583

22 Ph = (A*f)/m // h y s t e r e s i s l o s s per kg i n W
23 Pe = (B*(f^2))/m // eddy c u r r e n t l o s s per kg i n W
24

25 // r e s u l t
26 mprintf(” h y s t e r e s i s l o s s per kg = %3 . 2 f W”,Ph);
27 mprintf(”\neddy c u r r e n t l o s s per kg = %3 . 3 f W”,Pe);
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Scilab code Exa 13.15 Calculate the eddy current loss per kg

1 //
=====================================================================================

2 // Chapter 13 example 15
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 A = 0.5;

8 B = 0.01;

9 f = 50;

10 n = 10;

11

12 // c a l c u l a t i o n s
13 Pe = B*(f^2); // eddy c u r r e n t l o s s at 50 Hz i n

W
14 Pe1 = Pe/n; // eddy c u r r e n t l o s s per kg at 50 Hz

i n watt s
15

16 // r e s u l t
17 mprintf(” eddy c u r r e n t l o s s per kg at 50 Hz = %3 . 2 f

watt s ”,Pe1);

Scilab code Exa 13.16 Calculate the percentage change in hysteresis loss

1 //
=====================================================================================

2 // Chapter 13 example 16
3

4 clc;

5 clear all;

6
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7 // v a r i a b l e d e c l a r a t i o n
8 x = 0.8; // Kf2 / Kf1
9 y =1.2;

10

11 // Pe2/Pe1 = ( Kf2 / Kf1 ) ˆ2
12 p = x^2;

13 // Pe2 = p∗Pe1 ; //
14 // p1 = ( Pe1−Pe2 ) /Pe1 ;
15 p1 = (1-p)*100; // p e r c e n t a g e change i n

h y s t e r e s i s c u r r e n t l o s s
16 p2 = y^2;

17 p12 = (y-1) *100; // p e r c e n t a g e change i n
h y s t e r e s i s c u r r e n t l o s s

18 p3 =(p2 -1) *100; // p e r c e n t a g e change i n eddy
c u r r e n t l o s s i n %

19

20 // r e s u l t
21 mprintf(” p e r c e n t a g e change i n h y s t e r e s i s c u r r e n t

l o s s = %3 . 3 f p e r c e n t a g e d e c r e a s e ”,p1);
22 mprintf(”\ n p e r c e n t a g e change i n h y s t e r e s i s c u r r e n t

l o s s = %3 . 3 f p e r c e n t a g e i n c r e a s e ”,p12);
23 mprintf(”\ n p e r c e n t a g e change i n eddy c u r r e n t l o s s i n

= %3 . 2 f p e r c e n t a g e i n c r e a s e ”,p3);

Scilab code Exa 13.17 Calculate the iron in watts loss per kg

1 //
=====================================================================================

2 // Chapter 13 example 17
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
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8 w = 0.03; // width o f p l a t e s i n m
9 n = 51; // number o f p l a t e s
10 t = 0.000489; // t h i c k n e s s i n mˆ3
11 f = 50; // f r e q u e n c y i n Hz
12 Bmax = 1;

13 N = 600;

14 P1 = 3; // copper l o s s i n watt s
15 m = 11; // we ight i n kg
16

17 // c a l c u l a t i o n s
18 A = w*n*t; //mean a r ea o f p l a t e s i n mˆ3
19 E = 4.44*f*Bmax*A*N; // induced v o l t a g e i n V
20 // from graph c o r r e s p o n d i n g to v o l t a g e o f 100 v o l t s
21 P2 = 30.5; // t o t a l l o s s e s i n watt s
22 P = P2 -P1; // i r o n l o s s i n watt s
23 PL = P/m; // l o s s per kg i n watt s
24

25 // r e s u l t
26 mprintf(” i r o n l o s s per kg = %3 . 2 f watt s ”,PL);
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Chapter 14

Digital Measurement of
Electrical Quantities

Scilab code Exa 14.1 Determine the full scale output

1 //
=====================================================================================

2 // Chapter 14 example 1
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 VREF =10; // r e f e r e n c e v o l t a g e i n V
8

9

10 // c a l c u l a t i o n s
11 W1 = VREF /2; // the second MSB we ight i n V
12 W2 = VREF /4; // the t h i r d MSB we ight i n V
13 W3 = VREF/8 // the f o u r t h ( or LSB ) MSB

we ight i n V
14 W = VREF+W1+W2+W3; // f u l l s c a l e output i n

V
15 r = W/4; // r e s o l u t i o n i n V
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16

17 // r e s u l t
18 mprintf(” the second MSB we ight =%3 . 2 d”,W1);
19 mprintf(”\ nthe t h i r d MSB we ight =%3 . 2 d”,W2);
20 mprintf(”\ nthe f o u r t h ( or LSB ) we ight =%3 . 2 d”,W3);
21 mprintf(”\ nthe r e s o l u t i o n o f DAC i s e q u a l to the

we ight o f the LSB = %3 . 2 f V”,W3);
22 mprintf(”\ n f u l l s c a l e output = %3 . 2 f V”,r);

Scilab code Exa 14.2 Find out the voltage

1 //
===================================================================================

2 // Chapter 14 example 2
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 D = 16; // output v o l t a g e i n V
9

10 // c a l c u l a t i o n s
11 Dn1 = D/(2^1); // f i r s t MSB output i n

V
12 Dn2 = D/(2^2); // second MSB output i n

V
13 Dn3 = D/(2^3); // t h i r d MSB output i n

V
14 Dn4 = D/(2^4); // f o u r t h MSB output i n

V
15 Dn5 = D/(2^5); // f i f t h MSB output i n

V
16 Dn6 = D/(2^6); // S i x t h MSB output i n

V
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17 V = Dn1+Dn2+Dn3+Dn4+Dn5+Dn6;

18 Vout = ((D*(2^0))+(D*(2^1))+(0*(2^2))+(D

*(2^3))+(0*(2^4))+(D*(2^5)))/(2^6); // f o r
d i g i t a l i nput 101011

19

20 // r e s u l t
21 mprintf(” f i r s t MSB output = %3 . 2 f V”,Dn1);
22 mprintf(”\n second MSB output = %3 . 2 f V”,Dn2);
23 mprintf(”\n t h i r d MSB output = %3 . 2 f V”,Dn3);
24 mprintf(”\n f o u r t h MSB output = %3 . 2 f V”,Dn4);
25 mprintf(”\n f i f t h MSB output = %3 . 2 f V”,Dn5);
26 mprintf(”\n S i x t h MSB output = %3 . 2 f V”,Dn6);
27 mprintf(”\ nthe r e s o l u t i o n i s e q u a l to the we ight o f

the LSB = %3 . 2 f V”,Dn6);
28 mprintf(”\ nthe f u l l s c a l e output f o r d i g i t a l i nput

o f 101011 =%3 . 2 f V”,V);
29 mprintf(”\ nthe v o l t a g e output f o r a d i g i t a l i nput o f

101011 = %3 . 2 f V”,Vout);

Scilab code Exa 14.3 Determine the display indication

1 //
=====================================================================================

2 // Chapter 14 example 3
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8

9 T = 2500; // t r a n s i t i o n s per second
10 t1 = 0.1; // t ime i n s
11 t2 = 1; // t ime i n s
12 t3 = 10; // t ime i n s
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13

14 // c a l c u l a t i o n s
15 C1 = T*t1; // c o u n t e r can count or

d i s p l a y
16 C2 = T*t2; // c o u n t e r can count or

d i s p l a y
17 C3 = T*t3; // c o u n t e r can count or

d i s p l a y
18

19 // r e s u l t
20 mprintf(” c o u n t e r can count or d i s p l a y when 0 . 1 s =

%3 . 2 d”,C1);
21 mprintf(” \ ncounte r can count or d i s p l a y when 1 s =

%3 . 2 d”,C2);
22 mprintf(” \ ncounte r can count or d i s p l a y when 10 s =

%3 . 2 d”,C3);

Scilab code Exa 14.4 Calculate the frequency of the system

1 //
=====================================================================================

2 // Chapter 14 example 4
3 clc;

4 clear al;

5

6 // v a r i a b l e d e c l a r a t i o n
7 N = 45; // count
8 t = 0.01; // ga t e e n a b l e t ime i n s
9

10 // c a l c u l a t i o n s
11 f = N/t; // f r e q u e n c y i n Hz
12

13 // r e s u l t
14 mprintf(” f r e q u e n c y = %3 . 1 f kHz” ,(f*10^ -3));
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Scilab code Exa 14.5 Find the maximum likely errors

1 //
=====================================================================================

2 // Chapter 14 example 5
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 t = 5*10^6; // t ime r e a a d i n g i n ms
8 t2 = 500; // t ime r e a a d i n g i n ms
9 x = 0.005; // ac cu racy i n p e r c e n t o f

r e a d i n g
10 t3 = 500*10^3; // t ime r e a a d i n g i n ms
11

12 // c a l c u l a t i o n s
13 e = ((x/100)*t)+1; //maximum l i k e l y

t im ing e r r o r i n ms
14 e1 = ((x/100)*t2)+1; //maximum t im ing

e r r o r i n ms
15 a = t2 *10^6; //maximum accu racy

mininum e r r o r w i l l be o b t a i n e d when the t ime i s
r ead on the us read

16 e3 = ((x/100)*t3)+1; //maximum t im ing
e r r o r i n ms

17

18 // r e s u l t
19 mprintf(”maximum l i k e l y t im ing e r r o r when t ime

r e a d i n g i s 05000000 ms = %3 . 2 f ms”,e);
20 mprintf(”\nmaximum t im ing e r r o r when t ime r e a d i n g

i s 00000500 ms = %3 . 2 f ms”,e1);
21 mprintf(”\nmaximum e r r o r when t ime r e a d i n g i s

00500000 = %3 . 2 f ms”,e3);
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Scilab code Exa 14.6 Calculate the resolution

1 //
=====================================================================================

2 // Chapter 14 example 6
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 n =3; // number o f f u l l d i g i t s
9 v1 = 1; // v o l t a g e i n V
10 v2 = 10; // v o l t a g e i n V
11 v3 = 5; // v o l t a g e i n V
12 a = 0.5; // ac cu racy o f r e a d i n g i n %
13 r = 2; // r e a d i n g i n V
14

15 // c a l c u l a t i o n s
16 R = 1/(10^n); // r e s o l u t i o n
17 V1 = R*v1; // f o r f u l l s c a l e range o f 1V ,

the r e s o l u t i o n i n V
18 V2 = R*v2; // f o r f u l l s c a l e range o f 10V ,

the r e s o l u t i o n i n V
19 v = v3*R; // the d i g i t i n l e a s t s i g n i f i c a n t

d i g i t has a v a l u e o f i n V
20 e = ((a/100)*r)+v; // t o t a l p o s s i b l e e r r o r

on i n V
21

22 // r e s u l t
23 mprintf(” f o r f u l l s c a l e range o f 1V , the r e s o l u t i o n

= %3 . 4 f V”,V1);
24 mprintf(”\ n f o r f u l l s c a l e range o f 10V , the

r e s o l u t i o n = %3 . 4 f V”,V2);
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25 mprintf(”\ n t o t a l p o s s i b l e e r r o r = %3 . 5 f V”,e);

Scilab code Exa 14.7 Find the resolution

1 //
=====================================================================================

2 // Chapter 14 example 7
3 clc;

4 clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 n =4; // number o f f u l l d i g i t s
8 v1 = 1; // v o l t a g e i n V
9 v2 = 10; // v o l t a g e i n V

10

11 // c a l c u l a t i o n s
12 R = 1/(10^n); // r e s o l u t i o n
13 R1 = R*v1; // r e s o l u t i o n on 1V range i n V
14 R2 = R*v2; // r e s o l u t i o n on 10V range i n V
15

16 // r e s u l t
17 mprintf(”R = %3 . 4 f V”,R);
18

19 mprintf(”\ n t h e r e a r e 5 d i g i t s i n 4 ( 1 / 2 ) d i s p l a y
d i g i t d i s p l a y , so 1 5 . 8 4 would d i s p l a y as 1 5 . 8 4 0 ”)
;

20 mprintf(”\nR1 = %3 . 4 f V”,R1);
21 mprintf(”\nany r e a d i n g upto 4 th dec ima l can be

d i s p l a y e d ”);
22 mprintf(”\ nhence 0 . 5 2 4 3 can be d i s l a y e d as 0 . 5 2 4 3 ”)
23 mprintf(”\n R2 = %3 . 4 f V”,R2);
24 mprintf(”\nany r e a d i n g upto t h i r d dec ima l can be

d i s p l a y e d ”);
25 mprintf(”\ nhence 0 . 5 2 4 3 can be d i s l a y e d as 0 . 5 2 4
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i n s t e a d o f 0 . 5 2 4 3 ”);

Scilab code Exa 14.8 Find the resolution

1 //
=====================================================================================

2 // Chapter 14 example 8
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 n =3; // number o f f u l l d i g i t s
9 v1 = 10; // v o l t a g e i n V

10 v2 = 100; // v o l t a g e i n V
11

12 // c a l c u l a t i o n s
13 R = 1/(10^n); // r e s o l u t i o n
14 R1 = R*v1; // r e s o l u t i o n on 1V range i n V
15 R2 = R*v2; // r e s o l u t i o n on 10V range i n V
16

17 // r e s u l t
18 mprintf(”R = %3 . 4 f V”,R);
19

20 mprintf(”\ nthe meter cannot d i s t i n g u i s h the v a l u e s
tha t d i f f e r from each by l e s s than 0 . 0 0 1 o f f u l l
s c a l e ”);

21 mprintf(”\nR1 = %3 . 4 f V”,R1);
22 mprintf(”\nany dec ima l upto second dec ima l can be

d i s p l a y e d ”);
23 mprintf(”\ nhence 1 5 . 4 5 can be d i s l a y e d as 1 5 . 4 5 ”)
24 mprintf(”\n R2 = %3 . 4 f V”,R2);
25 mprintf(”\nany d e c c i m a l upto one dec ima l can be

d i s p l a y e d ”);

249



26 mprintf(”\ nhence 2 5 . 6 5 can be d i s l a y e d as 0 2 5 . 6
i n s t e a d o f 2 5 . 6 5 ”);

Scilab code Exa 14.9 Find the resolution

1 //
=====================================================================================

2 // Chapter 14 example 9
3

4 clc;

5 clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 n =4; // number o f f u l l d i g i t s
9 v1 = 10; // v o l t a g e i n V

10 V1 = 1; // v o l t a g e i n V
11 V2 =10; // v o l t a g e i n V
12

13 // c a l c u l a t i o n s
14 R = 1/(10^n); // r e s o l u t i o n
15 R1 = R*v1; // r e s o l u t i o n on 1V range i n V
16 R2 = R*V1; // r e s o l u t i o n on 1V range i n V

f o r d i s p l a y 0 . 6 1 3 2 V
17 R3 = R*V2; // r e s o l u t i o n on 10V range i n V

f o r d i s p l a y 0 . 6 1 3 2 V
18

19 // r e s u l t
20 mprintf(”R = %3 . 4 f V”,R);
21 mprintf(”\nR1 = %3 . 4 f V”,R1);
22 mprintf(”\nany dec ima l upto t h i r d dec ima l can be

d i s p l a y e d ”);
23 mprintf(”\ nhence 1 3 . 9 7 can be d i s l a y e d as 1 3 . 9 7 0 ”)
24 mprintf(”\n R2 = %3 . 4 f V”,R2);
25 mprintf(”\nany d e c c i m a l upto f o u r t h dec ima l can be
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d i s p l a y e d on 1V”);
26 mprintf(”\ nhence 0 . 6 1 3 2 can be d i s l a y e d as 0 . 6 1 3 2 V”

);

27 mprintf(”\n R3 = %3 . 4 f V”,R3);
28 mprintf(”\nany d e c c i m a l upto t h i r d dec ima l can be

d i s p l a y e d on 10 V ”);
29 mprintf(”\ nhence 0 . 6 1 3 2 can be d i s l a y e d as 0 . 6 1 3 V”)

;
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Chapter 15

Signal Analyzers

Scilab code Exa 15.1 Find the dynamic range

1 //
=====================================================================================

2 // Chapter 15 example 1
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 Ip = 25; // power l e v e l o t the t h i r d−o r d e r

i n t e r c e p t i n dBm
7 M = -85; //minimum d e t e c t a b l e s i g n a l i n

dBm
8

9 // c a l c u l a t i o n s
10 Rd = (2/3) *(Ip-M);

11

12 // r e s u l t
13 mprintf(” dynamic range = %3 . 0 f dB”,Rd);

Scilab code Exa 15.2 Find the minimum detectable signal of a spectrum
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1 //
=====================================================================================

2 // Chapter 15 example 2
3

4 clc;clear all;

5

6 // v a r i a b l e d e c a l a r a t i o n
7 N = 20; // n o i s e f i g u r e indB
8 B = 1000; // bandwidth i n Hz
9

10 // c a l c u l a t i o n s
11 x = B/(10^6);

12 // l o g (10∗∗−3)= (−3)∗ l o g ( 1 ) = −3
13 M = (-114) +((10*( -3))*(1))+N; // l o g ( 1 ) = 1
14

15 // r e s u l t
16 mprintf(”minimum d e t e c t a b l e s i g n a l = %3 . 2 f dBm”,M);
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Chapter 16

Cathode Ray Oscilloscope

Scilab code Exa 16.1 Find the rms value and also the electrostatic deflection sensitivity

1 //
=====================================================================================

2 // Chapter 16 example 1
3

4

5 clc;clear all;

6

7 // v a r i a b l e d e c l a r a t i o n
8 l = 0.025; // l e n g t h o f p l a t e s i n m
9 d = 0.005; // d i s t a n c e between p l a t e s i n m

10 S = 0.2; // the d i s t a n c e between the s c r e e n
and c e n t r e o f p l a t e s i n m

11 Va =3000; // a c c e l e r a t i n g v o l t a g e i n V
12 x =0.1; // t r a c e l e n g t h (2∗ y ) i n m
13

14

15 // c a c u a l t i o n s
16 //y = lSVd /(2∗d∗Va)
17 Vd = (d*Va*x)/(l*S); // d e f l e c t i o n v o l t g a e i n V
18 Vrms = Vd/(sqrt (2)); // rms v a l u e o f s i n u s o i d a l

254



v o l t a g e a p p l i e d to the X−d e f l e c t i n g p l a t e s i n V
19 Sd = (l*S)/(2*d*Va); // d e f l e c t i o n v o l t a g e

i n mm/V
20

21 // r e s u l t
22 mprintf(” rms v a l u e o f s i n u s o i d a l v o l t a g e a p p l i e d to

the X−d e f l e c t i n g p l a t e s = %3 . 2 d V”,Vrms);
23 mprintf(”\ n d e f e l e c t i o n s e n s i t i v i t y = %3 . 3 f mm/V” ,(Sd

*10**3));

Scilab code Exa 16.2 Find the input voltage

1 //
=====================================================================================

2 // Chapter 16 example 2
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 l = 0.02; // l e n g t h o f p l a t e s i n m
8 d = 0.005; // d i s t a n c e between p l a t e s i n m
9 S = 0.3; // the d i s t a n c e between the s c r e e n

and c e n t r e o f p l a t e s i n m
10 Va =2000; // a c c e l e r a t i n g v o l t a g e i n V
11 Y =0.03; // t r a c e l e n g t h i n m
12

13

14 // c a c u a l t i o n s
15 //y = lSVd /(2∗d∗Va)
16 Vd = (d*Va*x)/(l*S); // d e f l e c t i o n v o l t g a e i n V
17 Vrms = Vd/(sqrt (2)); // rms v a l u e o f s i n u s o i d a l

v o l t a g e a p p l i e d to the X−d e f l e c t i n g p l a t e s i n V
18 Vin = Vrms/(Vd); // input v o l t a g e r e q u i r e d i n V
19
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20 // r e s u l t
21 mprintf(” nput v o l t a g e r e q u i r e d = %3 . 3 f V”,Vin);

Scilab code Exa 16.3 Calculate the maximum velocity of electrons

1 //
=====================================================================================

2 // Chapter 16 example 3
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 Va = 1000; // a c c e l e r a t i n g v o l t a g e i n V
8 e = 1.6*10^ -19; // cha rge o f e l e c t r o n i n C
9 m = 9.1*10^ -31; // mass o f e l e c t r o n i n kg

10

11

12 // c a l c u a t i o n s
13 V = sqrt (2*Va*(e/m)); //maximum v e l o c i t y o f

e l e c t r o n s i n m/ s
14

15 // r e s u l t
16 mprintf(”maximum v e l o c i t y o f e l e c t r o n s = %3 . 3 e m/ s ”,

V);

Scilab code Exa 16.4 Find the beam speed and deflection sensitivity of the tube and deflection factor

1 //
=====================================================================================

2 // Chapter 16 example 4
3
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4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 Va = 2000; // a c c e l e r a t i n g v o l t a g e i n V
8 e = 1.6*10^ -19; // cha rge o f e l e c t r o n i n C
9 m = 9.1*10^ -31; // mass o f e l e c t r o n i n kg
10 l = 0.015; // l e n g t h o f p l a t e s i n m
11 d = 0.005; // d i s t a n c e between p l a t e s i n m
12 S = 0.5; // the d i s t a n c e between the s c r e e n

and c e n t r e o f p l a t e s i n m
13

14 // c a l c u a t i o n s
15 V = sqrt (2*Va*(e/m)); //beam speed i n m/ s
16 Sd = (l*S)/(2*d*Va); // d e f l e c t i o n

s e n s i t i v i t y o f the tube i n mm/V
17 D = 1/(Sd); // d e f e l e c t i o n f a c t o r i n V

/mm
18

19 // r e s u l t
20 mprintf(”Beam speed = %3 . 3 e m/ s ”,V);
21 mprintf(”\ n d e f l e c t i o n s e n s i t i v i t y o f the tube %3 . 3 f

mm/V” ,(Sd *10^3));
22 mprintf(”\ n d e f e l c c t i o n f a c t o r = %3 . 4 f V/mm” ,(D

*10^ -3));

Scilab code Exa 16.5 Determine the deflection sensitivity

1 //
=====================================================================================

2 // Chapter 16 example 5
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
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7 l = 0.02; // l e n g t h o f p l a t e s i n m
8 d = 0.005; // d i s t a n c e between p l a t e s i n m
9 S = 0.2; // the d i s t a n c e between the s c r e e n

and c e n t r e o f p l a t e s i n m
10 Va = 2500; // a c c e l e r a t i n g v o l t a g e i n V
11

12 // c a l c u l a t i o n s
13 Sd = (l*S)/(2*d*Va); // d e f l e c t i o n

s e n s i t i v i t y o f the tube i n mm/V
14

15 // r e s u l t
16 mprintf(” d e f l e c t i o n s e n s i t i v i t y o f the tube %3 . 2 f mm

/V” ,(Sd *10^3));

Scilab code Exa 16.6 Deduce the formula used

1 //
=====================================================================================

2 // Chapter 16 example 6
3

4 clc;clear all;

5

6 // v a r a b l e d e c l a r a t i o n
7 l = 2.5; // l e n g t h o f p l a t e s i n cm
8 d = 1; // d i s t a n c e between p l a t e s i n cm
9 theta = 1; // a n g u l a r d e f e l e c c t i o n o f e l e c t r o n

beam i n d e g r e e s
10 Va = 1000; // a c c e l e r a t i n g v o l t a g e i n V
11

12 // c a l c u l a t i o n s
13 // tan ( t h e t a ) = l ∗Vd/(2∗d∗Va)
14 x = tan((( theta*%pi)/180));

15 Vd =(( 2*d*Va)/(l))*x; // r e q u i r e d v o l t a g e i n
V
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16

17 // r e s u l t
18 mprintf(” Vo l tage r e q u i r e d a c r o s s the d e f l e c t i o n

p l a t e s = %3 . 2 f V”,Vd);

Scilab code Exa 16.7 Calculate the deflection voltage

1 //
=====================================================================================

2 // Chapter 16 example 7
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a a r t i o n
7 l = 0.025; // l e n g t h o f p l a t e s i n m
8 d = 0.005; // d i s t a n c e between p l a t e s i n m
9 S = 0.2; // the d i s t a n c e between the s c r e e n

and c e n t r e o f p l a t e s i n m
10 Va = 2500; // a c c e l e r a t i n g v o l t a g e i n V
11

12 // c a l c u l a t i o n s
13 //y = ( s ∗ ( d /2) ) /( l /2)
14 y = (S*d)/(l); // d e f e l c t i o n i n m
15

16 // r e s u l t
17 mprintf(” d e f l e c t i o n= %3 . 2 f m”,y);

Scilab code Exa 16.8 Find the Phase angle

1 //
=====================================================================================
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2 // Chapter 16 example 8
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 // as shown i n pa t e rn i s s t r a i g h t l i n e
8 dvo = 0;

9 Dv = 6;

10 // p a t t e r n i s e l l i p s e
11 dvo1 = 3;

12 Dv1 =6;

13 // p a t t e r n i s c i r c l e
14 dvo2 = 1;

15 Dv2 = 1;

16 // p a t t e r n i s e l l i p s e
17 dvo3 = 3;

18 Dv3 =5;

19

20 // c a l c u l a t i o n s
21 y4 =dvo1/(Dv1);

22 phi1 = asin(dvo/(Dv)); // phase a n g l e i n d e g r e e s
23 phi2 = asin(dvo1/(Dv1)); // phase a n g l e i n

d e g r e e s
24 phi3 = asin(dvo2/(Dv2)); // phase a n g l e i n

d e g r e e s
25 phi4 = asin(dvo3/(Dv3)); // phase a n g l e i n

d e g r e e s
26 phi22 = 180 -(( phi2 *180) /(%pi));

27 phi44 = 180 -(( phi4 *180) /(%pi));

28

29 // r e s u l t
30

31 mprintf(” phase a n g l e = %3 . 2 f ” ,((phi1 *180)/%pi));
32 mprintf(”\ nphase a n g l e = %3 . 2 f or %3 . 2 f ” ,((

phi2 *180)/%pi),(phi22));

33 mprintf(”\nbut from f i g u r e e l l i p s e i s inn 2nd and
f o u r t q u a r t e r s o the v a l i d v a l u e o f phase a n g l e i s
%3 . 2 f ”,phi2);
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34 mprintf(”\ nphase a n g l e = %3 . 2 f ” ,((phi3 *180)/(%pi)
));

35 mprintf(”\ nphase a n g l e = %3 . 2 f or %3 . 2 f ” ,(((
phi4 *180)/%pi)),(phi44));

36 mprintf(”\nbut from f i g u r e e l l i p s e i s inn 2nd and
f o u r t q u a r t e r s o the v a l i d v a l u e o f phase a n g l e i s
%3 . 2 f ”,phi44);

Scilab code Exa 16.9 Find the pulse duration

1 //
=====================================================================================

2 // Chapter 16 example 9
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 f = 2000; // f r e q u e n c y i n Hz
7 D = 0.2; // duty c y c l e
8

9 // c a l c u l a t i o n s
10 T = 1/(f); // t ime p e r i o d i n ms
11 d = D*T; // p u l s e d u r a t i o n i n ms
12

13 // r e s u l t
14 mprintf(” p u l s e d u r a t i o n = %3 . 2 f ms” ,(d*10^3));

Scilab code Exa 16.10 Find the ratio of frequencies of vertical and horizontal signals

1 //
=====================================================================================

2 // Chapter 16 example 10
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3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r t i o n
7 wy = 3; // p o s i t i v e Y−a x i s i n p a t t e r n
8 wx = 2; // p o s i t i v e X−a x i s i n p a t t e r n
9

10 // c a l c u l a t i o n s
11 f =wy/(wx); // f r e q u e n c y o f v e r t i c a l and

h o r i z o n t a l s i g n a l
12

13 // r e s u l t
14 mprintf(” f r e q u e n c y o f v e r t i c a l and h o r i z o n t a l s i g n a l

= %3 . 1 f ”,f);

Scilab code Exa 16.11 Find out the frequency of vertical signal

1 //
=====================================================================================

2 // Chapter 16 example 11
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 y1 = 2; // p o s i t i v e y− peaks i n p a t t e r n
8 y2 = 0.5; // p o s i t i v e y−peaks i n p a t t e r n
9 x1 = 0.5; // p o s i t i v e x−peaks i n p a t t e r n

10 x2 = 0.5; // p o s i t i v e x−peaks i n p a t t e r n
11 F = 3; // f r e q u e n c y o f h o r i z o n t a l v o l t a g e

s i g n a l i n kHz
12

13 // c a l c u l a t i o n s
14 fx = x1+x2; // f r e q u e n c y o f X
15 fy = y1+y2; // f r e q u e n c y o f Y
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16 f = fy/(fx);

17 fv = f*F; // f r e q u e n c y o f v e r t i c a l v o l t a g e
s i g n a l i n kHz

18

19 // R e s u l t
20 mprintf(” f r e q u e n c y o f v e r t i c a l v o l t a g e s i g n a l i n =

%3 . 1 f kHz”,fv);

Scilab code Exa 16.12 Determine the frequency of vertical input

1 //
=====================================================================================

2 // Chapter 16 example 12
3 clc;clear all;

4

5 // v a r i a b l e d e c l a r a t i o n
6 fx = 1000; // f r e q u e n c y o f h o r i z o n t a l i nput i n

Hz
7 Pv = 2; // p o i n t s o f tangency to v e r t i c a l l i n e
8 Ph = 5; // p o i n t s o f tangency to h o r i z o n t a l

l i n e
9

10 // c a l c u l a t i o n s
11 fy = fx*(Ph/(Pv)); // f r e q u e n c y o f v e r t i c a l

i nput i n Hz
12

13 // r e s u l t
14 mprintf(” f r e q u e n c y o f v e r t i c a l i nput = %3 . 2 f Hz”,fy);

Scilab code Exa 16.13 Determine the mark to space ratio of the pulse
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1 //
=====================================================================================

2 // Chapter 16 example 13
3

4 clc;clear all;

5

6 // v a r i a b l e d e c l a r a t i o n
7 d = 1; // 1 d i v i s i o n i s e q u a l to 1 cm
8 M = 0.4; // mark i n cm
9 S = 1.6; // mark i n cm

10 A = 2.15; // ampl i tude i n cm
11 t = 10; // time−base c o n t r o l s e t t i n g i n us
12 p = 0.2; // ampl i tude c o n t r o l s e t t i n g
13

14 // c a l c c u l a t i o n s
15 R = M/S; // mark to space r a t i o
16 T = (M+S)*t; // t ime f o r mark and space i n

d i v i s i o n s
17 f = 1/T; // p u l s e i n f r e q u e n c y kHz
18 P = A*p; // magnitude o f pu l e v o l t a g e

i n V
19

20 // R e s u l t
21 mprintf(”mark−to−space r a t i o = %3 . 2 f ”,R);
22 mprintf(”\ n p u l s e f r e q u e n c y = %3 . 2 f kHz”,f);
23 mprintf(”\nmagnitude o f p u l s e v o l t a g e = %3 . 2 f V”,P);
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