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Scilab numbering policy used in this document and the relation to the
above book.

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

AP Appendix to Example(Scilab Code that is an Appednix to a particular
Example of the above book)

For example, Exa 3.51 means solved example 3.51 of this book. Sec 2.3 means
a scilab code whose theory is explained in Section 2.3 of the book.
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Chapter 1

Measurement and Error

Scilab code Exa 1.1 To find Average voltage Range of error

1 // To f i n d Average v o l t a g e Range o f e r r o r
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 1−1 i n Page 3
7

8

9 clear; clc; close;

10

11 // Given data
12 E_1 = 117.02; // Vo l tage ob s e rved by 1 s t o b s e r v e r i s

1 1 7 . 0 2V
13 E_2 = 117.11; // Vo l tage ob s e rved by 2nd o b s e r v e r i s

1 1 7 . 1 1V
14 E_3 = 117.08; // Vo l tage ob s e rved by 3 rd o b s e r v e r i s

1 1 7 . 0 8V
15 E_4 = 117.03; // Vo l tage ob s e rved by 4 th o b s e r v e r i s

1 1 7 . 0 3V
16
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17 // C a l c u l a t i o n s
18 E_av = (E_1+E_2+E_3+E_4)/4;

19 printf(” ( a ) The ave rage v o l t a g e , E av = %0 . 2 f V\n ”
,E_av);

20

21 E_max = max (E_1 ,E_2 ,E_3 ,E_4); // Maximum v a l u e
among the 4 nos

22 E_min = min (E_1 ,E_2 ,E_3 ,E_4); // Minimum v a l u e
among the 4 nos

23

24 range_1 = E_max - E_av; // Range c a l c u l a t e d u s i n g
two d i f f e r e n t f o rmu la e

25 range_2 = E_av - E_min; // Range c a l c u l a t e d u s i n g
two d i f f e r e n t f o rmu la e

26

27 avg_range = (range_1+range_2)/2

28 printf(” ( b ) The ave rage range o f e r r o r = +/− %0. 2 f
V”,avg_range);

29

30 // R e s u l t
31 // ( a ) The ave rage v o l t a g e , E av = 1 1 7 . 0 6 V
32 // ( b ) The ave rage range o f e r r o r = +/− 0 . 0 5 V

Scilab code Exa 1.2 To find Total resistance

1 // To f i n d Tota l r e s i s t a n c e
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 1−2 i n Page 4
7
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8

9 clear; clc; close;

10

11 // Given data
12 R_1 = 18.7; // The f i r s t r e s i s t a n c e i s 1 8 . 7 ohm
13 R_2 = 3.624; // The second r e s i s t a n c e i s 3 . 6 2 4 ohm
14

15 // C a l c u l a t i o n s
16 R_T = R_1 + R_2; // fo rmu la to c a l c u l a t e t o t a l

r e s i s t a n c e i n s e r i e s
17 printf(”The t o t a l r e s i s t a n c e connec t ed i n s e r i e s =

%0 . 3 f ohm\n”,R_T);
18 printf(”As one o f the r e s i s t a n c e i s a c c u r a t e to on ly

t e n t h s o f an ohm , The r e s u l t shou ld be reduced
to the n e a r e s t t en th . \n Hence ”)

19 printf(” the t o t a l r e s i s t a n c e i s = %0 . 1 f ohm”,R_T);
20

21 // R e s u l t
22 // The t o t a l r e s i s t a n c e connec t ed i n s e r i e s = 2 2 . 3 2 4

ohm
23 // As one o f the r e s i s t a n c e i s a c c u r a t e to on ly

t e n t h s o f an ohm , The r e s u l t shou ld be reduced to
the n e a r e s t t en th .

24 // Hence the t o t a l r e s i s t a n c e i s = 2 2 . 3 ohm

Scilab code Exa 1.3 To find voltage drop across resistor

1 // To f i n d v o l t a g e drop a c r o s s r e s i s t o r
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
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6 // Example 1−3 i n Page 4
7

8

9 clear; clc; close;

10

11 // Given data
12 I = 3.18; // Current f l o w i n g through the r e s i s t o r =

3 . 1 8A
13 R = 35.68; // The v a l u e o f r e s i s t o r = 3 5 . 6 8 ohm
14

15 // C a l c u l a t i o n s
16 E = I*R;

17 printf(”The v o l t a g e drop a c r o s s the r e s i s t o r = %0 . 4 f
v o l t s ”,E);

18 disp( ’ S i n c e t h e r e a r e 3 s i g n i f i c a n t f i g u r e s i n v o l v e d
i n the m u l t i p l i c a t i o n , the r e s u l t can be w r i t t e n
on ly to a max o f 3 s i g n i f i c a n t f i g u r e s ’ );

19 printf(” Hence the v o l t a g e drop a c r o s s the r e s i s t o r =
%0 . 0 f v o l t s ”,E);

20

21 // R e s u l t
22 // The v o l t a g e drop a c r o s s the r e s i s t o r = 1 1 3 . 4 6 2 4

v o l t s
23 // S i n c e t h e r e a r e 3 s i g n i f i c a n t f i g u r e s i n v o l v e d i n

the m u l t i p l i c a t i o n , the r e s u l t can be w r i t t e n
on ly to a max o f 3 s i g n i f i c a n t f i g u r e s

24 // Hence the v o l t a g e drop a c r o s s the r e s i s t o r = 113
v o l t s

Scilab code Exa 1.4 To find sum with range of doubt

1 // To f i n d sum with range o f doubt
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement
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Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 1−4 i n Page 5
7

8

9 clear; clc; close;

10

11 // Given data
12 // l e t N 1 = X 1 +/− Y 1
13 // N 2 = X 2 +/− Y 2
14 X_1 = 826;

15 Y_1 = 5;

16 X_2 = 628;

17 Y_2 = 3;

18

19 // C a l c u l a t i o n s
20 X = (X_1 + X_2);

21 Y = (Y_1 + Y_2);

22 printf(”SUM = %d +/− %d\n”,X,Y);
23 %doubt = Y/X*100;

24 printf(”The p e r c e n t a g e range o f doubt = +/−%0. 2 f%%”,
%doubt);

25

26 // R e s u l t
27 // SUM = 1454 +/− 8
28 // The p e r c e n t a g e range o f doubt = +/−0.55%

Scilab code Exa 1.5 To find difference with range of doubt

1 // To f i n d d i f f e r e n c e with range o f doubt
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement
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Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 1−5 i n Page 5
7

8

9 clear; clc; close;

10

11 // Given data
12 // l e t N 1 = X 1 +/− Y 1
13 // N 2 = X 2 +/− Y 2
14 X_1 = 826;

15 Y_1 = 5;

16 X_2 = 628;

17 Y_2 = 3;

18

19 // C a l c u l a t i o n s
20 X = (X_1 - X_2);

21 Y = (Y_1 + Y_2);

22 printf(” D i f f e r e n c e = %d +/− %d\n”,X,Y);
23 %doubt = Y/X*100;

24 printf(”The p e r c e n t a g e range o f doubt = +/−%0. 2 f%%”,
%doubt);

25

26 // R e s u l t
27 // D i f f e r e n c e = 198 +/− 8
28 // The p e r c e n t a g e range o f doubt = +/−4.04%

Scilab code Exa 1.6 To find difference with range of doubt

1 // To f i n d d i f f e r e n c e with range o f doubt
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement
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Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 1−6 i n Page 5
7

8

9 clear; clc; close;

10

11 // Given data
12 // l e t N 1 = X 1 +/− Y 1
13 // N 2 = X 2 +/− Y 2
14 X_1 = 462;

15 Y_1 = 4;

16 X_2 = 437;

17 Y_2 = 4;

18

19 // C a l c u l a t i o n s
20 X = (X_1 - X_2);

21 Y = (Y_1 + Y_2);

22 printf(” D i f f e r e n c e = %d +/− %d\n”,X,Y);
23 %doubt = Y/X*100;

24 printf(”The p e r c e n t a g e range o f doubt = +/−%0. 2 f%%”,
%doubt);

25

26 // R e s u l t
27 // D i f f e r e n c e = 25 +/− 8
28 // The p e r c e n t a g e range o f doubt = +/−32.00%

Scilab code Exa 1.7 To find Apparent and actual resistance

1 // To f i n d Apparent and a c t u a l r e s i s t a n c e
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement
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Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 1−7 i n Page 6
7

8

9 clear; clc; close;

10

11 // Given data
12 I_T = 5*(10^ -3); // Reading o f the mi l l i ammete r i n

ampere
13 V_T = 100; // Reading o f the v o l t m e t e r i n v o l t
14 sensitivity = 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

ohm/ v o l t
15 scale = 150; // s c a l e o f the v o l t m e t e r
16

17 // C a l c u l a t i o n s
18 R_T = V_T / I_T; // fo rmu la to c a l c u l a t e t o t a l

c i r c u i t r e s i s t a n c e
19 printf(” ( a ) The apparent c i r c u i t r e s i s t a n c e

n e g l e c t i n g the r e s i s t a n c e o f mi l l i ammeter , R T =
%d ohm\n”,R_T);

20

21 R_V = sensitivity * scale; // c a l c u l a t i n g r e s i s t a n c e
o f v o l t m e t e r

22 R_X = (R_T * R_V)/(R_V - R_T); // e f f e c t i v e c i r c u i t
r e s i s t a n c e due to l o a d i n g e f f e c t

23 printf(” ( b ) The a c t u a l c i r c u i t r e s i s t a n c e with the
l o a d i n g e f f e c t o f vo l tmete r , R X = %0. 2 f ohm\n”,
R_X);

24

25 percentage_error = (R_X - R_T)*100/ R_X;

26 // %error = ( a c tu a l−apparent ) / a c t u a l
27 printf(” ( c ) The p e r c e n t a g e 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 = %0 . 2 f%%”,percentage_error);
28

29 // r e s u l t

13



30 // ( a ) The apparent c i r c u i t r e s i s t a n c e n e g l e c t i n g
the r e s i s t a n c e o f mi l l i ammeter , R T = 20000 ohm

31 // ( b ) The a c t u a l c i r c u i t r e s i s t a n c e with the
l o a d i n g e f f e c t o f vo l tmete r , R X = 2 3 0 7 6 . 9 2 ohm

32 // ( c ) The p e r c e n t a g e 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 = 1 3 . 3 3%

33

34

35 // The r e s u l t shown i n the t ex tbook i s p r i n t e d
i n c o r r e c t l y and does not match with the c o r r e c t
r e s u l t

Scilab code Exa 1.8 To find Apparent and actual resistance

1 // To f i n d Apparent and a c t u a l r e s i s t a n c e
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 1−8 i n Page 7
7

8

9 clear; clc; close;

10

11 // Given data
12 I_T = 800*(10^ -3); // Reading o f the mi l l i ammete r i n

ampere
13 V_T = 40; // Reading o f the v o l t m e t e r i n v o l t
14 sensitivity = 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

ohm/ v o l t
15 scale = 150; // s c a l e o f the v o l t m e t e r
16
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17 // C a l c u l a t i o n s
18 R_T = V_T / I_T; // fo rmu la to c a l c u l a t e t o t a l

c i r c u i t r e s i s t a n c e
19 printf(” ( a ) The apparent c i r c u i t r e s i s t a n c e

n e g l e c t i n g the r e s i s t a n c e o f mi l l i ammeter , R T =
%0 . 2 f ohm\n”,R_T);

20

21 R_V = sensitivity * scale; // c a l c u l a t i n g r e s i s t a n c e
o f v o l t m e t e r

22 R_X = (R_T * R_V)/(R_V - R_T); // e f f e c t i v e c i r c u i t
r e s i s t a n c e due to l o a d i n g e f f e c t

23 printf(” ( b ) The a c t u a l c i r c u i t r e s i s t a n c e with the
l o a d i n g e f f e c t o f vo l tmete r , R X = %0. 2 f ohm\n”,
R_X);

24

25 percentage_error = (R_X - R_T)*100/ R_X;

26 // %error = ( a c tu a l−apparent ) / a c t u a l
27 printf(” ( c ) The p e r c e n t a g e 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 = %0 . 2 f%%”,percentage_error);
28

29 // r e s u l t
30 // ( a ) The apparent c i r c u i t r e s i s t a n c e n e g l e c t i n g

the r e s i s t a n c e o f mi l l i ammeter , R T = 5 0 . 0 0 ohm
31 // ( b ) The a c t u a l c i r c u i t r e s i s t a n c e with the

l o a d i n g e f f e c t o f vo l tmete r , R X = 5 0 . 0 2 ohm
32 // ( c ) The p e r c e n t a g e 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 = 0 . 0 3%
33

34

35 // The r e s u l t shown i n the t ex tbook i s p r i n t e d
i n c o r r e c t l y and does not match with the c o r r e c t
r e s u l t
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Scilab code Exa 1.9 To find Arithmatic mean and deviation from mean

1 // To f i n d Ar i thmat i c mean and d e v i a t i o n from mean
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 1−9 i n Page 9
7

8

9 clear; clc; close;

10

11 // Given data
12 // Independent c u r r e n t measurements taken by s i x

o b s e r v e r s
13 I_1 = 12.8*(10^ -3);

14 I_2 = 12.2*(10^ -3);

15 I_3 = 12.5*(10^ -3);

16 I_4 = 13.1*(10^ -3);

17 I_5 = 12.9*(10^ -3);

18 I_6 = 12.4*(10^ -3);

19

20 // C a l c u l a t i o n s
21 arithmatic_mean = (I_1 +I_2 +I_3 +I_4 +I_5 +I_6)/6;

22 printf(” ( a ) The a r i t h m a t i c mean o f the o b s e r v a t i o n s
=%0 . 5 f A”,arithmatic_mean);

23

24 d_1 = I_1 - arithmatic_mean;

25 d_2 = I_2 - arithmatic_mean;

26 d_3 = I_3 - arithmatic_mean;

27 d_4 = I_4 - arithmatic_mean;

28 d_5 = I_5 - arithmatic_mean;

29 d_6 = I_6 - arithmatic_mean;

30

31 // d e v i a t i o n c a l c u l a t e d u s i n g the fo rmu la d n = x n −
a r i thmat i c mean

32 disp( ’ ( b ) The d e v i a t i o n s from the mean a r e : ’ );

16



33 printf(” d 1 = %0 . 5 f A\n d 2 = %0 . 5 f A\n d 3 = %0 . 5 f
A\n d 4 = %0 . 5 f A\n d 5 = %0 . 5 f A\n d 6 = %0 . 5 f A
\n”,d_1 , d_2 , d_3 , d_4 , d_5 , d_6);

34

35 // R e s u l t
36 // ( a ) The a r i t h m a t i c mean o f the o b s e r v a t i o n s

=0.01265 A
37 // ( b ) The d e v i a t i o n s from the mean a r e :
38 // d 1 = 0 . 0 0 0 1 5 A
39 // d 2 = −0.00045 A
40 // d 3 = −0.00015 A
41 // d 4 = 0 . 0 0 0 4 5 A
42 // d 5 = 0 . 0 0 0 2 5 A
43 // d 6 = −0.00025 A

Scilab code Exa 1.10 To find Average deviation

1 // To f i n d Average d e v i a t i o n
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 1−10 i n Page 10
7

8

9 clear; clc; close;

10

11 // Given data
12 // These a r e the data found out from the example 1−9
13 d_1 = 0.000150;

14 d_2 = -0.000450;

15 d_3 = -0.000150;
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16 d_4 = 0.000450;

17 d_5 = 0.000250;

18 d_6 = -0.000250;

19

20 // C a l c u l a t i o n
21 D = (abs(d_1) +abs(d_2) +abs(d_3) +abs(d_4) +abs(d_5

) +abs(d_6))/6;

22 printf(”The ave rage d e v i a t i o n , D = %0 . 2 e A”,D);
23

24 // R e s u l t
25 // The ave rage d e v i a t i o n , D = 2 . 8 3 e−004 A

Scilab code Exa 1.11 To find Std deviation and Probable error

1 // To f i n d Std d e v i a t i o n and Probab le e r r o r
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 1−11 i n Page 14
7

8

9 clear; clc; close;

10

11 // Given data
12 // l e t the 10 r e s i s t a n c e measurements i n ohm be

taken as e l e m e n t s o f matr ix
13 x = [101.2 101.7 101.3 101.0 101.5 101.3 101.2 101.4

101.3 101.1];

14

15 // C a l c u l a t i o n s
16 arithmatic_mean = mean(x);

18



17 sigma = stdev(x);

18 probable_error = 0.6745 * sigma;

19 printf(” ( a ) The a r i t h m a t i c mean o f the r e a d i n g s =
%0 . 1 f ohm\n”,arithmatic_mean);

20 printf(” ( b ) The s tandard d e v i a t i o n o f the r e a d i n g s
= %0 . 1 f ohm\n”,sigma);

21 printf(” ( c ) The p r o b a b l e e r r o r o f the r e a d i n g s = %0
. 4 f ohm”,probable_error);

22

23 // R e s u l t
24 // ( a ) The a r i t h m a t i c mean o f the r e a d i n g s = 1 0 1 . 3

ohm
25 // ( b ) The s tandard d e v i a t i o n o f the r e a d i n g s = 0 . 2

ohm
26 // ( c ) The p r o b a b l e e r r o r o f the r e a d i n g s = 0 . 1 3 4 9

ohm

Scilab code Exa 1.12 To find Limiting error

1 // To f i n d L i m i t i n g e r r o r
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 1−12 i n Page 14
7

8

9 clear; clc; close;

10

11 // Given data
12 scale = 150;

13 percentage_accuracy = 1/100; // ac cu ra cy o f 1% f u l l
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s c a l e r e a d i n g
14 V = 83; // v o l t a g e measured by in s t rument = 83 v o l t
15

16 // C a l c u l a t i o n s
17 limiting_error = percentage_accuracy * scale;

18 printf(”The magnitude o f the l i m i t i n g e r r o r = %0 . 1 f
V\n”,limiting_error);

19

20 percentage_error = limiting_error/V * 100;

21 printf(”The p e r c e n t a g e l i m i t i n g e r r o r = %0 . 2 f
p e r c e n t ”,percentage_error);

22

23 // R e s u l t
24 // The magnitude o f the l i m i t i n g e r r o r = 1 . 5 V
25 // The p e r c e n t a g e l i m i t i n g e r r o r = 1 . 8 1 p e r c e n t

Scilab code Exa 1.13 To find the maximum error

1 // To f i n d the maximum e r r o r
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 1−13 i n Page 15
7

8

9 clear; clc; close;

10

11 // Given data
12 // For the g i v e n t o l e r e n c e o f 0 . 1%
13 // h i g h e s t v a l u e o f r e s i s t o r i s 1 . 0 0 1 t imes the

nominal v a l u e
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14 // l o w e s t v a l u e o f r e s i s t o r i s 0 . 9 9 9 t imes the
nominal v a l u e

15

16 // C a l c u l a t i o n s
17 V_out_max = 1.001 * 1.001/ 0.999;

18 V_out_min = 0.999 * 0.999/ 1.003;

19 total_var = 0.1 * 3; // t o t a l v a r i a t i o n o f the
r e s u l t a n t v o l t a g e i s sum o f t o l e r e n c e s

20 printf(”The t o t a l v a r i a t i o n o f the r e s u l t a n t v o l t a g e
= +/− %0. 1 f %%”,total_var);

21

22 // R e s u l t
23 // The t o t a l v a r i a t i o n o f the r e s u l t a n t v o l t a g e =

+/− 0 . 3 %

Scilab code Exa 1.14 To find limiting error

1 // To f i n d l i m i t i n g e r r o r
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 1−14 i n Page 16
7

8

9 clear; clc; close;

10

11 // Given data
12 // l e t I = X 1 +/− Y 1
13 // R = X 2 +/− Y 2
14 X_1 = 2.00;

15 Y_1 = 0.5;
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16 X_2 = 100;

17 Y_2 = 0.2;

18

19 // C a l c u l a t i o n s
20 P_1 = ((1+0.005) ^2) *(1+0.002);

21 printf(” For the wors t p o s s i b l e combinat ion o f the
v a l u e s o f c u r r e n t and r e s i s t a n c e , \ nThe h i g h e s t
power d i s s i p a t i o n becomes , \ n”);

22 printf(”P = %0 . 3 f ( I ˆ2) ∗R Watts\n”,P_1);
23 P_2 = ((1 -0.005) ^2) *(1 -0.002);

24 printf(” For the l o w e s t power d i s s i p a t i o n . \nP = %0 . 3 f
( I ˆ2) ∗R Watts\n”,P_2)

25 lim_error = 2 * Y_1 + Y_2;

26 printf(”The l i m i t i n g e r r o r = +/− %0. 1 f%%”,lim_error)
;

27

28 // R e s u l t
29 // For the wors t p o s s i b l e combinat i on o f the v a l u e s

o f c u r r e n t and r e s i s t a n c e ,
30 // The h i g h e s t power d i s s i p a t i o n becomes ,
31 // P = 1 . 0 1 2 ( I ˆ2) ∗R Watts
32 // For the l o w e s t power d i s s i p a t i o n .
33 // P = 0 . 9 8 8 ( I ˆ2) ∗R Watts
34 // The l i m i t i n g e r r o r = +/− 1 . 2%
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Chapter 2

Systems of Units of
Measurement

Scilab code Exa 2.1 To convert area in metre to feet

1 // To c o n v e r t a r ea i n metre to f e e t
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 2−1 i n Page 29
7

8 clear; clc; close;

9

10 // Given data
11 A_m = 5000; // a r ea i n metre ˆ2 u n i t
12

13 // C a l c u l a t i o n
14 A_ft = A_m * (1/0.3048) ^2; // As 1 f t = 0 . 3 0 4 8m
15 printf(”The a r ea i n f e e t = %d sq . f t ”,round(A_ft));
16

17 // R e s u l t
18 // The a r ea i n f e e t = 53820 sq . f t
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Scilab code Exa 2.2 To convert flux density to different units

1 // To c o n v e r t f l u x d e n s i t y to d i f f e r e n t u n i t s
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 2−2 i n Page 29
7

8 clear; clc; close;

9

10 // Given data
11 B_cm = 20; // f l u x d e n s i t y i n maxwel l / sq . cm
12

13 // C a l c u l a t i o n s
14

15 B_in = B_cm *2.54^2; // c o n v e r t i n g to l i n e s / sq . i n ch
16 printf(”The f l u x d e n s i t y i n l i n e s / sq . i n = %d l i n e s /(

i n ˆ2) ”,B_in);
17

18 // R e s u l t
19 // The f l u x d e n s i t y i n l i n e s / sq . i n = 129 l i n e s /( i n

ˆ2)

Scilab code Exa 2.3 To convert velocity to a different unit
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1 // To c o n v e r t v e l o c i t y to a d i f f e r e n t u n i t
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 2−3 i n Page 29
7

8 clear; clc; close;

9

10 // Given data
11 c_s = 2.997925 * 10^8; // v e l o c i t y i n m/ s
12

13 // C a l c u l a t i o n s
14 c_hr = 2.997925 *10^8* 1/10^3* 3.6*10^3; // v e l o c i t y

i n km/ hr
15 printf(”The v e l o c i t y o f l i g h t i n km/ hr = %0 . 3 e km/ hr

”,c_hr);
16

17 // R e s u l t
18 // The v e l o c i t y o f l i g h t i n km/ hr = 1 . 0 7 9 e +009 km/ hr

Scilab code Exa 2.4 To convert density to a different unit

1 // To c o n v e r t d e n s i t y to a d i f f e r e n t u n i t
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 2−4 i n Page 29
7

8 clear; clc; close;
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9

10 // Given data
11 Density_ft = 62.5;

12

13 // C a l c u a l t i o n s
14 Density_in = 62.5 * (1/12) ^3;

15 Density_cm = Density_in * 453.6 * (1/2.54) ^3;

16 printf(” ( a ) The d e n s i t y o f water i n l b / c u b i c i n ch =
%f l b /( i n ˆ3) . \ n”,Density_in);

17 printf(” ( b ) The d e n s i t y o f water i n g/ c u b i c cm = %f
g /(cmˆ3) . ”,Density_cm);

18

19 // R e s u l t
20 // ( a ) The d e n s i t y o f water i n l b / c u b i c i n ch =

0 . 0 3 6 1 6 9 l b /( i n ˆ3) .
21 // ( b ) The d e n s i t y o f water i n g/ c u b i c cm =

1 . 0 0 1 1 7 1 g /(cmˆ3) .

Scilab code Exa 2.5 To convert speed limit to a different unit

1 // To c o n v e r t speed l i m i t to a d i f f e r e n t u n i t
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 2−5 i n Page 30
7

8 clear; clc; close;

9

10 // Given data
11 speed_km = 60; // speed l i m i t i n km/ hr
12
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13 // C a l c u l a t i o n s
14 speed_m = 60 *10^3 *10^2 *(1/2.54) *(1/12) *(1/5280);

15 speed_ft = 37.3 *5280 *(1/(3.6*10^3));

16

17 printf(” ( a ) The speed l i m i t i n m/ hr = %0 . 1 f mi/ hr \n
”,speed_m);

18 printf(” ( b ) The speed l i m i t i n f t / s = %0 . 1 f f t / s ”,
speed_ft);

19

20 // R e s u l t
21 // ( a ) The speed l i m i t i n m/ hr = 3 7 . 3 mi/ hr
22 // ( b ) The speed l i m i t i n f t / s = 5 4 . 7 f t / s
23

24

25 //The answer g i v e n i n t ex tbook i s p r i n t e d
i n c o r r e c t l y and does not match with c a l c u l a t e d
answer
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Chapter 4

Electromechanical Indicating
Instruments

Scilab code Exa 4.1 To find Shunt resistance required

1 // To f i n d Shunt r e s i s t a n c e r e q u i r e d
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 4−1 i n Page 56
7

8

9 clear; clc; close;

10

11 // Given data
12 I_m = 1*(10^ -3); // F u l l s c a l e d e f l e c t i o n o f the

movement i n ampere
13 R_m = 100; // I n t e r n a l r e s i s t a n c e o f the movement ( the

c o i l ) i n ohm
14 I = 100*(10^ -3); // F u l l s c a l e o f the ammeter

i n c l u d i n g the shunt i n Ampere
15
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16 // C a l c u l a t i o n s
17 I_s = I - I_m; // c a l c u l a t i n g c u r r e n t through shunt
18 R_s = I_m * R_m/ I_s; // c a l c u l a t i n g shunt to be

added
19 printf(”The v a l u e o f the shunt r e s i s t a n c e r e q u i r e d ,

R s = %0 . 2 f ohm”,R_s);
20

21 // R e s u l t
22 // The v a l u e o f the shunt r e s i s t a n c e r e q u i r e d , R s =

1 . 0 1 ohm

Scilab code Exa 4.2 To design Ayrton shunt

1 // To d e s i g n Ayrton shunt
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 4−2 i n Page 57
7

8

9 clear; clc; close;

10

11 // Given data
12 I_1 = 1; // F u l l s c a l e c u r r e n t s o f the ammeter i n amp
13 I_2 = 5;

14 I_3 = 10;

15 R_m = 50; // I n t e r n a l r e s i s t a n c e o f the movement ( the
c o i l ) i n ohm

16 I_m = 1*(10^ -3); // F u l l s c a l e d e f l e c t i o n o f the
movement i n ampere

17
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18 // C a l c u l a t i o n s
19 // On the 1−A range :
20 I_s1 = I_1 - I_m; // c a l c u l a t i n g c u r r e n t through

shunt
21 // Using the eq . R s = I m ∗ R m/ I s
22 // 1 R a +R b +R c = I m ∗ R m/

I s ; // As ( R a +R b +R c ) a r e p a r a l l e l with R m
23

24 // On the 5−A range
25 I_s2 = I_2 - I_m;

26 // 2 R a +R b = I m ∗ ( R c +R m
) / I s ; // As ( R a+R b ) i n p a r a l l e l with ( R c+R m
)

27

28 // On the 10−A range
29 I_s3 = I_3 - I_m;

30 // 3 R a = I m ∗ ( R b +R c +R m
) / I s ; // As R a i s p a r a l l e l with ( R b +R c +R m
)

31

32

33 // S o l v i n g the 3 s i m u l t a n e o u s l i n e a r e q u a t i o n s
34 function y = rr(R);

35 y(1)= R(1) +R(2) +R(3) - (I_m * R_m/ I_s1);

36 y(2)= R(1) +R(2) -(I_m * (R(3) +R_m)/ I_s2);

37 y(3)= R(1) -(I_m * (R(2) +R(3) +R_m)/ I_s3);

38 endfunction

39

40 answer = fsolve ([0.1;0.1;0.1] , rr);

41 R_a = answer ([1]);

42 R_b = answer ([2]);

43 R_c = answer ([3]);

44

45 disp( ’ The d i f f e r e n t r e s i s t o r s used f o r the ayr ton
shunt f o r d i f f e r e n t r a n g e s a r e : ’ );

46 printf(”R a = %f ohm\n”,R_a);
47 printf(”R b = %f ohm\n”,R_b);
48 printf(” R c = %f ohm”,R_c);
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49

50 // R e s u l t
51 // The d i f f e r e n t r e s i s t o r s used f o r the ayr ton shunt

f o r d i f f e r e n t r a n g e s a r e :
52 // R a = 0 . 0 0 5 0 0 5 ohm
53 // R b = 0 . 0 0 5 0 0 5 ohm
54 // R c = 0 . 0 4 0 0 4 0 ohm

Scilab code Exa 4.3 To design multirange dc voltmeter

1 // To d e s i g n m u l t i r a n g e dc v o l t m e t e r
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 4−3 i n Page 60
7

8

9 clear; clc; close;

10

11 // Given data
12 R_m = 100; // i n t e r n a l r e s i s t a n c e o f movement
13 I_fsd = 1*(10^ -3); // f u l l −s c a l e c u r r e n t i n Amp
14 V_1 = 10; // d i f f e r e n t r a n g e s i n v o l t
15 V_2 = 50;

16 V_3 = 250;

17 V_4 = 500;

18

19 // C a l c u l a t i o n s
20

21 // For the 10−V range
22 R_T = V_1 / I_fsd;
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23 R_4 = R_T - R_m;

24 printf(”The v a l u e o f the r e s i s t a n c e R 4 = %d ohm\n”,
R_4);

25

26 // For the 50−V range
27 R_T = V_2 / I_fsd;

28 R_3 = R_T - (R_4 +R_m);

29 printf(”The v a l u e o f the r e s i s t a n c e R 3 = %dk ohm\n”
,R_3 /1000);

30

31 // For the 250−V range
32 R_T = V_3 / I_fsd;

33 R_2 = R_T -(R_3 +R_4 +R_m);

34 printf(”The v a l u e o f the r e s i s t a n c e R 2 = %dk ohm\n”
,R_2 /1000);

35

36 // For the 500−V range
37 R_T = V_4 / I_fsd;

38 R_1 = R_T - (R_2 +R_3 +R_4 +R_m);

39 printf(”The v a l u e o f the r e s i s t a n c e R 1 = %dk ohm”,
R_1 /1000);

40

41 // R e s u l t
42 // The v a l u e o f the r e s i s t a n c e R 4 = 9900 ohm
43 // The v a l u e o f the r e s i s t a n c e R 3 = 40k ohm
44 // The v a l u e o f the r e s i s t a n c e R 2 = 200 k ohm
45 // The v a l u e o f the r e s i s t a n c e R 1 = 250 k ohm

Scilab code Exa 4.4 To design multirange dc voltmeter

1 // To d e s i g n m u l t i r a n g e dc v o l t m e t e r
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
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3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 4−4 i n Page 62
7

8

9 clear; clc; close;

10

11 // Given data
12 // This i s a r e p i t i t i o n o f example 4−3 with

s e n s i t i v i t y method
13 R_m = 100; // i n t e r n a l r e s i s t a n c e o f movement
14 I_fsd = 1*(10^ -3); // f u l l −s c a l e c u r r e n t i n Amp
15 V_1 = 10; // d i f f e r e n t r a n g e s i n v o l t
16 V_2 = 50;

17 V_3 = 250;

18 V_4 = 500;

19

20 // C a l c u l a t i o n s
21 S = 1/ I_fsd; // s e n s i t i v i t y i n ohm/V
22 R_4 = (S * V_1)-R_m;

23 R_3 = (S * V_2) -(R_4 +R_m);

24 R_2 = (S * V_3) -(R_3 +R_4 +R_m);

25 R_1 = (S * V_4) -(R_2 +R_3 +R_4 +R_m);

26

27 printf(”The v a l u e o f the r e s i s t a n c e R 4 = (%dohm/V ∗
%dV)− %dohm = %d ohm\n”,S,V_1 ,R_m ,R_4);

28 printf(”The v a l u e o f the r e s i s t a n c e R 3 = (%dohm/V ∗
%dV)− %dohm = %dK ohm\n”,S,V_2 ,(R_4+R_m),R_3
/1000);

29 printf(”The v a l u e o f the r e s i s t a n c e R 2 = (%dohm/V ∗
%dV)− %dohm = %dK ohm\n”,S,V_3 ,(R_3 +R_4 +R_m),

R_2 /1000);

30 printf(”The v a l u e o f the r e s i s t a n c e R 1 = (%dohm/V ∗
%dV)− %dohm = %dK ohm”,S,V_4 ,(R_2 +R_3 +R_4 +R_m

),R_1 /1000);

31

32 // R e s u l t
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33 // The v a l u e o f the r e s i s t a n c e R 4 = (1000ohm/V ∗10V
)− 100ohm = 9900 ohm

34 // The v a l u e o f the r e s i s t a n c e R 3 = (1000ohm/V ∗50V
)− 10000ohm = 40K ohm

35 // The v a l u e o f the r e s i s t a n c e R 2 = (1000ohm/V ∗250
V)− 50000ohm = 200K ohm

36 // The v a l u e o f the r e s i s t a n c e R 1 = (1000ohm/V ∗500
V)− 250000ohm = 250K ohm

Scilab code Exa 4.5 To find voltage reading and Error

1 // To f i n d v o l t a g e r e a d i n g and Er ro r
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 4−5 i n Page 62
7

8 clear; clc; close;

9

10 // Given data
11 // r e s i s t a n c e s i n s e r i e s
12 R_1 = 100 * 10^3;

13 R_2 = 50 *10^3;

14 // s e n s i t i v i t y o f two v o l t m e t e r s
15 S_1 = 1000;

16 S_2 = 20000;

17 V = 50; // range o f the v o l t m e t e r s
18 E = 150; // v o l t a g e o f b a t t e r y i n v o l t
19

20 // C a l c u l a t i o n s
21 //By v o l t a g e d i v i d e r r u l e
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22 V_true = R_2 /(R_1+R_2)*E;

23 printf(”The t r u e v o l t a g e a c r o s s r e s i s t o r R 2 = %d V\
n”,V_true);

24

25 // Reading o f the f i r s t v o l t m e t e r
26 R_T1 = S_1 * V; // r e s i s t a n c e o f v o l t m e t e r =

s e n s i t i v i t y ∗ range
27 R_p =(R_2 *R_T1)/(R_2 +R_T1)// e f f e c t i v e p a r a l l e l

r e s i s t a n c e
28 R_c1 = R_1+R_p // The t o t a l c i r c u i t r e s i s t a n c e
29 V_1 = 25*10^3/ R_c1 *E;

30 printf(”The r e a d i n g o f the f i r s t v o l t m e t e r = %d V\n”
,V_1);

31

32 // Reading o f the second v o l t m e t e r
33 R_T2 = S_2 * V; // r e s i s t a n c e o f v o l t m e t e r =

s e n s i t i v i t y ∗ range
34 R_p =(R_2 *R_T2)/(R_2 +R_T2)

35 R_c2 = R_1 +R_p // The t o t a l c i r c u i t r e s i s t a n c e
36 V_2 = 47.6*10^3/ R_c2 *E;

37 printf(”The r e a d i n g o f the second v o l t m e t e r = %0 . 2 f
V\n”,V_2);

38

39 %error_1 = (V_true - V_1)/V_true *100;

40 printf(”The e r r o r i n the r e a d i n g due to v o l t m e t e r 1
=%d%%\n”,%error_1);

41 %error_2 = (V_true - V_2)/V_true *100;

42 printf(”The e r r o r i n the r e a d i n g due to v o l t m e t e r 2
=%0 . 2 f%%”,%error_2);

43

44 // R e s u l t s
45 // The t r u e v o l t a g e a c r o s s r e s i s t o r R 2 = 50 V
46 // The r e a d i n g o f the f i r s t v o l t m e t e r = 30 V
47 // The r e a d i n g o f the second v o l t m e t e r = 4 8 . 3 7 V
48 // The e r r o r i n the r e a d i n g due to v o l t m e t e r 1 =40%
49 // The e r r o r i n the r e a d i n g due to v o l t m e t e r 2 =3.26

%
50
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51 //The answers a r e v a r y i n g as approx imat ion i s not
done

Scilab code Exa 4.6 To find the value of unknown resistor

1 // To f i n d the v a l u e o f unknown r e s i s t o r
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 4−6 i n Page 64
7

8

9 clear; clc; close;

10

11 // Given data
12 S = 100; // S e n s i t i v i t y o f the v o l t m e t e r
13 // Three r a n g e s o f the v o l t m e t e r
14 V_1 = 50;

15 V_2 = 150;

16 V_3 = 300;

17 V_p = 4.65; // Reading o f the meter on i t s 50−V s c a l e
18 R_s = 100*10^3;

19 E = 100; // emf a p p l i e d i n v o l t
20 // C a l c u l a t i o n s
21 R_V = S * V_1;

22 R_p = ceil(V_p *R_s/ (E -V_p)); // R p i s the
p a r a l l e l r e s i s t a n c e o f R x and R v

23 R_x = R_p *R_V/ (R_V -R_p);

24 printf(”The v a l u e o f the unknown r e s i s t a n c e R x = %0
. 1 e ohm”,ceil(R_x));

25
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26 // R e s u l t
27 // The v a l u e o f the unknown r e s i s t a n c e R x = 2 . 0 e

+005 ohm

Scilab code Exa 4.7 To find the scale error

1 // To f i n d the s c a l e e r r o r
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 4−7 i n Page 67
7

8

9 clear; clc; close;

10

11 // Given data
12 R_h = 2000; //The d e s i r e d s c a l e marking f o r the h a l f

s c a l e d e f l e c t i o n
13 E = 3; //The i n t e r n a l b a t t e r y v o l t a g e i n v o l t
14 I_fsd = 1 *(10^ -3); // Current f o r f u l l s c a l e

d e f l e c t i o n i n ampere
15 R_m = 50; // r e s i s t a n c e o f the b a s i c movement i n ohm
16

17 // C a l c u l a t i o n s
18 I_t = E / R_h; // Tota l b a t t e r y c u r r e n t at FSD
19 I_2 = I_t - I_fsd; // Current through zero−a d j u s t

r e s i s t o r R 2
20 R_2 = I_fsd * R_m/I_2;

21 R_p = R_2*R_m/(R_2 + R_m);

22 R_1 = R_h - R_p;

23 printf(” ( a ) The v a l u e o f R 1 and R 2 i s ”)
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24 printf(”The v a l u e o f ze ro−a d j u s t r e s i s t o r R2 =%0 . 1 f
ohm\n”,R_2);

25 printf(”The v a l u e o f cu r r en t− l i m i t i n g r e s i s t o r R1 =
%0 . 1 f ohm\n”,R_1);

26

27 //At a 10% drop i n b a t t e r y v o l t a g e
28 E = 3- 0.3;

29 I_t = E / R_h; // Tota l b a t t e r y c u r r e n t i n A
30 I_2 = I_t - I_fsd; // Shunt c u r r e n t i n A
31 R_2 = ceil(I_fsd * R_m/I_2);

32 R_p = R_2 *R_m/(R_2+R_m);

33 R_h = R_1 + R_p;

34 %error = (2000 -2003.7) /2003.7*100;

35 printf(”\n ( b ) The maximum v a l u e o f R2 to compensate
the drop i n b a t t e r y v o l t a g e = %d ohm\n”,R_2);

36 printf(”The t r u e v a l u e o f the h a l f−s c a l e mark on the
meter i s = %0 . 3 f ohm\n”,R_h);

37 printf(”\n ( c ) The p e r c e n t a g e e r r o r = %0 . 3 f%%\n”,
%error);

38 disp( ’ The n e g a t i v e s i g n i n d i c a t e s tha t the meter
r e a d i n g i s low ’ );

39

40 // R e s u l t
41 // ( a ) The v a l u e o f R 1 and R 2 i sThe v a l u e o f ze ro

−a d j u s t r e s i s t o r R2 =100.0 ohm
42 // The v a l u e o f cu r r en t− l i m i t i n g r e s i s t o r R1 =1966.7

ohm
43

44 // ( b ) The maximum v a l u e o f R2 to compensate the
drop i n b a t t e r y v o l t a g e = 143 ohm

45 // The t r u e v a l u e o f the h a l f−s c a l e mark on the
meter i s = 2 0 0 3 . 7 1 3 ohm

46

47 // ( c ) The p e r c e n t a g e e r r o r = −0.185%
48

49 // The n e g a t i v e s i g n i n d i c a t e s tha t the meter
r e a d i n g i s low
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Scilab code Exa 4.8 To find shunt and current limiting resistor

1 // To f i n d shunt and c u r r e n t l i m i t i n g r e s i s t o r
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 4−8 i n Page 70
7

8

9 clear; clc; close;

10

11 // Given data
12 I_fsd = 10*(10^ -3); // 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 ampere
13 R_m = 5; // i n t e r n a l r e s i s t a n c e o f the d ’ Arsonva l

movement i n ohm
14 E = 3; // Bat t e ry v o l t a g e i n v o l t
15 R_h = 0.5; //The d e s i r e d s c a l e marking f o r the h a l f

s c a l e d e f l e c t i o n i n ohm
16

17 // C a l c u l a t i o n s
18 I_m = 0.5 * I_fsd; // Current f o r h a l f s c a l e

d e f l e c t i o n o f movement
19 E_m = I_m * R_m; //The v o l t a g e a c r o s s movement
20 I_x = E_m / R_h; // Vo l tage a c r o s s unknown r e s i s t o r

R x
21 I_sh = I_x - I_m; //As I x = I s h + I m
22 R_sh = E_m / I_sh;

23 I_t = I_m +I_sh +I_x; //The t o t a l b a t t e r y c u r r e n t
24 R_1 = (E - E_m)/I_t;
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25 printf(” ( a ) The v a l u e o f the shunt r e s i s t o r , R sh =
%0 . 3 f ohm\n”,R_sh);

26 printf(” ( b ) The v a l u e o f the c u r r e n t l i m i t i n g
r e s i s t o r , R 1 = %0 . 2 f ohm”,R_1);

27

28 // R e s u l t
29 // ( a ) The v a l u e o f the shunt r e s i s t o r , R sh =

0 . 5 5 6 ohm
30 // ( b ) The v a l u e o f the c u r r e n t l i m i t i n g r e s i s t o r ,

R 1 = 2 9 . 7 5 ohm

Scilab code Exa 4.9 To find multiplier resistor

1 // To f i n d m u l t i p l i e r r e s i s t o r
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 4−9 i n Page 79
7

8

9 clear; clc; close;

10

11 // Given data
12 R_m = 50; // I n t e r n a l r e s i s t a n c e o f the movement i n

ohm
13 I_fsd = 1 *(10^ -3); // 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 ampere
14 E_rms = 10; // AC v o l t a g e a p p l i e d to input t e r m i n a l s

i n v o l t
15

16 // C a l c u l a t i o n
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17 disp( ’ Assuming z e r o fo rward r e s i s t a n c e and i n f i n i t e
r e v e r s e r e s i s t a n c e ’ );

18 E_dc = round(2 *sqrt (2)*E_rms/%pi);

19 R_t = E_dc / I_fsd; // Tota l c i r c u i t r e s i s t a n c e
20 R_s = R_t - R_m; // C a l c u l a t i n g m u l t i p l i e r r e s i s t o r
21 printf(”The v a l u e o f the m u l t i p l i e r r e s i s t o r , R s =

%d ohm”,R_s);
22

23 // R e s u l t
24 // Assuming z e r o fo rward r e s i s t a n c e and i n f i n i t e

r e v e r s e r e s i s t a n c e
25 // The v a l u e o f the m u l t i p l i e r r e s i s t o r , R s = 8950

ohm

Scilab code Exa 4.10 To find voltmeter sensitivity on AC range

1 // To f i n d v o l t m e t e r s e n s i t i v i t y on AC range
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 4−10 i n Page 81
7

8

9 clear; clc; close;

10

11 // Given data
12 R_m = 100; // I n t e r n a l r e s i s t a n c e o f the movement i n

ohm
13 R_sh = 100;

14 I_fsd = 1*(10^ -3); // 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
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15 R_D1 = 400;

16 R_D2 = 400;

17 E_rms = 10; //AC range o f the v o l t m e t e r
18

19 // C a l c u l a t i o n s
20 disp( ’ Assuming i n f i n i t e r e v e r s e r e s i s t a n c e ’ );
21 I_t = 2 *I_fsd;

22 E_dc = 0.45 * E_rms;

23 R_t = E_dc / I_t;

24 R_p = R_m *R_sh/(R_m+R_sh);

25 R_s = R_t - (R_D1 + R_p);

26 printf(” ( a ) The v a l u e o f the m u l t i p l i e r r e s i s t o r
r e q u i r e d , R s = %d ohm\n”,R_s);

27 S = R_t / E_rms;

28 printf(” ( b ) The s e n s i t i v i t y o f the v o l t m e t e r on ac
range , S = %d ohm/V”,S);

29

30 // R e s u l t
31 // Assuming i n f i n i t e r e v e r s e r e s i s t a n c e
32 // ( a ) The v a l u e o f the m u l t i p l i e r r e s i s t o r

r e q u i r e d , R s = 1800 ohm
33 // ( b ) The s e n s i t i v i t y o f the v o l t m e t e r on ac range

, S = 225 ohm/V
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Chapter 5

Bridge Measurements

Scilab code Exa 5.1 To find deflection caused by the given unbalance

1 // To f i n d d e f l e c t i o n caused by the g i v e n unba lance
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 5−1 i n Page 101
7

8

9 clear; clc; close;

10

11 // Given data
12 // R e s i s t a n c e s o f the 4 arms i n ohm
13 R_1 = 1000;

14 R_2 = 100;

15 R_3 = 200;

16 R_4 = 2005;

17

18 E = 5; // b a t t e r y EMF i n v o l t
19 S_I = 10*(10^ -3) /(10^ -6); // Current s e n s i t i v i t y i n m

/A

43



20 R_g = 100; // I n t e r n a l r e s i s t a n c e o f ga lvanomete r i n
ohm

21

22 // C a l c u l a t i o n s
23

24 // C a l c u l a t i o n s a r e made wrt f i g 5−3 i n page 103
25 // Br idge b a l a n c e o c c u r s i f arm BC has a r e s i s t a n c e

o f 2000 ohm . The diagram shows arm BC has as a
r e s i s t a n c e o f 2005 ohm

26

27 //To c a l c u l a t e the c u r r e n t i n the ga lvanometer , the
ck t i s t h e v e n i s e d wrt t e r m i n a l s B and D.

28 //The p o t e n t t i a l from B to D, with the ga lvanomete r
removed i s the Thevenin v o l t a g e

29

30 // E TH = E AD − E AB
31

32 E_TH = E * ((R_2/(R_2+R_3)) - (R_1/ (R_1+R_4)));

33 R_TH = ((R_2 * R_3/(R_2+R_3)) + (R_1 * R_4/ (R_1+R_4

)));

34

35 //When the ga lvanomete r i s now connec t ed to the
output t e r m i n a l s , The c u r r e n t through the
ga lvanomete r i s

36

37 I_g = E_TH /(R_TH +R_g);

38 d = I_g * S_I;

39 printf(”The d e f l e c t i o n o f the ga lvanomete r = %0 . 2 f
mm” ,(d*1000));

40

41 // R e s u l t
42 // The d e f l e c t i o n o f the ga lvanomete r = 3 3 . 2 6 mm
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Scilab code Exa 5.2 To check the capability of detecting unbalance

1 // To check the c a p a b i l i t y o f d e t e c t i n g unba lance
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 5−2 i n Page 102
7

8

9 clear; clc; close;

10

11 // Given data
12 // R e s i s t a n c e s o f the 4 arms i n ohm
13 R_1 = 1000;

14 R_2 = 100;

15 R_3 = 200;

16 R_4 = 2005;

17

18 E = 5; // b a t t e r y EMF i n v o l t
19 S_I = 1*(10^ -3) /(10^ -6); // Current s e n s i t i v i t y i n m/

A
20 R_g = 500; // I n t e r n a l r e s i s t a n c e o f ga lvanomete r i n

ohm
21

22

23

24

25 // C a l c u l a t i o n s
26

27 // C a l c u l a t i o n s a r e made wrt f i g 5−3 i n page 103
28 // Br idge b a l a n c e o c c u r s i f arm BC has a r e s i s t a n c e

o f 2000 ohm . The diagram shows arm BC has as a
r e s i s t a n c e o f 2005 ohm

29

30 //To c a l c u l a t e the c u r r e n t i n the ga lvanometer , the
ck t i s t h e v e n i s e d wrt t e r m i n a l s B and D.
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31 //The p o t e n t t i a l from B to D, with the ga lvanomete r
removed i s the Thevenin v o l t a g e

32

33 // E TH = E AD − E AB
34

35 E_TH = E * ((R_2/(R_2+R_3)) - (R_1/ (R_1+R_4)));

36 R_TH = ((R_2 * R_3/(R_2+R_3)) + (R_1 * R_4/ (R_1+R_4

)));

37

38 //When the ga lvanomete r i s now connec t ed to the
output t e r m i n a l s , The c u r r e n t through the
ga lvanomete r i s

39

40 I_g = E_TH /(R_TH +R_g);

41 d = I_g * S_I;

42 printf(”The d e f l e c t i o n o f the ga lvanomete r = %0 . 3 f
mm”,d*1000);

43 disp( ’ Given tha t ga lvanomete r i s c a p a b l e o f
d e t e c t i n g a d e f l e c t i o n o f 1mm’ );

44 disp( ’ Hence l o o k i n g at the r e s u l t , i t can be s e en
tha t t h i s ga lvanomete r p roduce s a d e f l e c t i o n tha t

can be e a s i l y ob s e rved ’ );
45

46 // R e s u l t
47 // The d e f l e c t i o n o f the ga lvanomete r = 2 . 2 4 7 mm
48 // Given tha t ga lvanomete r i s c a p a b l e o f d e t e c t i n g a

d e f l e c t i o n o f 1mm
49

50 // Hence l o o k i n g at the r e s u l t , i t can be s e en tha t
t h i s ga lvanomete r p roduce s a d e f l e c t i o n tha t can
be e a s i l y ob s e rv ed

Scilab code Exa 5.3 To find the unknown impedence
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1 // To f i n d the unknown impedence
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 5−3 i n Page 111
7

8

9 clear; clc; close;

10

11 // Given data
12 // The g i v e n p o l a r forms i n t ex tbook i s r e p r e s e n t e d

i n r e c t form
13 Z_1 = 17.36482 +%i *98.48078;

14 Z_2 = 250;

15 Z_3 = 346.4102 +%i *200;

16

17 // C a l c u l a t i o n s
18 //The f i r s t c o n d i t i o n f o r b r i d g e b a l a n c e i s Z 1 ∗Z 4

= Z 2 ∗Z 3
19 mod_Z_4 = (abs(Z_2) *abs(Z_3)/abs(Z_1));

20

21 //The second c o n d i t i o n f o r b r i d g e b a l a n c e r e q u i r e s
tha t sum o f the phase a n g l e s o f o p p o s i t e arms be
e q u a l

22 theta_Z_4 = (atan(imag(Z_2),real(Z_2)) +atan(imag(

Z_3),real(Z_3)) -atan(imag(Z_1),real(Z_1)))*180/

%pi;

23

24 printf(”The impedence o f the unknown arm = %d ohm /
%d deg \n”,mod_Z_4 ,theta_Z_4);

25 printf(” Here the magnitude o f impedence i s 1000 and
phase a n g l e i s 50 i n d e g r e e s \n”);

26 printf(”The above v a l u e i n d i c a t e s tha t we a r e
d e a l i n g with a c a p a c i t i v e e lement , p o s s i b l y
c o n s i s t i n g o f a s e r i e s combinat ion o f a r e s i s t o r
and c a p a c i t a n c e ”);
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27

28 // R e s u l t
29 // The impedence o f the unknown arm = 1000 ohm /

−50 deg
30 // Here the magnitude o f impedence i s 1000 and phase

a n g l e i s 50 i n d e g r e e s
31 // The above v a l u e i n d i c a t e s tha t we a r e d e a l i n g

with a c a p a c i t i v e e lement , p o s s i b l y c o n s i s t i n g o f
a s e r i e s combinat ion o f a r e s i s t o r and

c a p a c i t a n c e

Scilab code Exa 5.4 To find the unknown impedence

1 // To f i n d the unknown impedence
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 5−4 i n Page 112
7

8

9 clear; clc; close;

10

11 // Given data
12 // The n o t a t i o n s a r e wrt to the f i g u r e 5−10 i n page

109
13

14 //Arm AB
15 R_1 = 450;

16 //Arm BC
17 R_2 = 300;

18 C = 0.265 *(10^ -6);
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19 //Arm DA
20 R_3 = 200;

21 L = 15.9*(10^ -3);

22 f = 1000;

23

24 // C a l c u l a t i o n s
25 w = 2*%pi*f;

26 Z_1 = 450;

27 Z_2 = R_2 - %i *floor (1/(w*C));

28 Z_3 = R_3 + %i*ceil(w*L);

29

30 Z_4 = Z_1*Z_3/Z_2;

31 printf(”The impedence o f the unknown arm = %di ohm\n
”,imag(Z_4));

32 printf(”The r e s u l t i n d i c a t e s tha t Z 4 i s a pure
i n d u c t a n c e with an i n d u c t i v e r e a c t a n c e o f 150 ohm

at a f r e q u e n c y o f 1 khz . \ n”)
33

34 L_ans = imag(Z_4)/w;

35 printf(”The i n d u c t a n c e p r e s e n t i n the arm CD = %0. 1
fm H”,L_ans *1000);

36

37 // R e s u l t
38 // The impedence o f the unknown arm = 150 i ohm
39 // The r e s u l t i n d i c a t e s tha t Z 4 i s a pure

i n d u c t a n c e with an i n d u c t i v e r e a c t a n c e o f 150 ohm
at a f r e q u e n c y o f 1 khz .

40 // The i n d u c t a n c e p r e s e n t i n the arm CD = 2 3 . 9m H

Scilab code Exa 5.5 To balance the unbalanced bridge

1 // To b a l a n c e the unba lanced b r i d g e
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement
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Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 5−5 i n Page 119
7

8

9 clear; clc; close;

10

11 // Given data
12 Z_1 = -1000*%i;

13 Z_2 = 500;

14 Z_3 = 1000;

15 Z_4 = 100+500* %i;

16

17 // The b a l a n c e i s not p o s s i b l e with t h i s c o n d i t i o n
as t h e t a 1+t h e t a 4 w i l l be s l i g h t l y n e g a t i v e than

t h e t a 2+t h e t a 3
18 // Balance can be a c h i e v e d by 2 methods :
19 disp( ’ F i r s t o p t i o n i s to modi fy Z 1 so tha t i t s

phase a n g l e i s d e c r e a s e d to l e s s than 90 deg by
p l a c i n g a r e s i s t o r i n p a r a l l e l with the c a p a c i t o r
. ’ )

20 // The r e s i s t a n c e R 1 can be dete rmined by the
s tandard approach

21

22 // C a l c u l a t i o n s
23 Y_1 = Z_4/(Z_2*Z_3);

24 // Also ,
25 // Y 1 = (1/R) + %i / 1 0 0 0 ;
26 // e q u a t i n g both the e q u a t i o n s and s o l v i n g f o r R 1
27

28 R_1 = 1/(Y_1 -(%i/1000 ));

29 printf(”The v a l u e o f the r e s i s t o r R 1 i n p a r a l l e l
with c a p a c i t o r = %d ohm\n”,R_1);

30

31 // I t shou ld be noted tha t the a d d i t i o n o f R 1
u p s e t s the f i r s t b a l a n c e c o n d i t i o n as the
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magnitude o f Z 1 i s changed
32 // Hence the v a r i a b l e R 3 shou ld be a d j u s t e d to

compensate t h i s e f f e c t
33

34 disp( ’ The second o p t i o n i s to modi fy the phase a n g l e
o f arm 2 or arm 3 by adding s e r i e s c a p a c i t o r ’ );

35 Z_3_1 = Z_1 *Z_4/Z_2;

36 // s u b s t i t u t i n g f o r the component v a l u e s and s o l v i n g
f o r X C y e i l d s

37

38 X_C = abs(1000- Z_3_1)/-%i;

39 printf(”The v a l u e o f the r e a c t a n c e o f the c a p a c i t o r
used , X C = %d ohm”,imag(X_C));

40

41

42 // In t h i s c a s e the magnitude o f the Z 3 i s i n c r e a s e d
so tha t the f i r s t b a l a n c e c o n d i t i o n i s changed

43 //A s m a l l ad jus tment o f R 3 i s n e c e s s a r y to r e s t o r e
b a l a n c e

44

45 // R e s u l t
46 // F i r s t o p t i o n i s to modi fy Z 1 so tha t i t s phase

a n g l e i s d e c r e a s e d to l e s s than 90 deg by p l a c i n g
a r e s i s t o r i n p a r a l l e l with the c a p a c i t o r .

47 // The v a l u e o f the r e s i s t o r R 1 i n p a r a l l e l with
c a p a c i t o r = 5000 ohm

48

49 // The second o p t i o n i s to modi fy the phase a n g l e o f
arm 2 or arm 3 by adding s e r i e s c a p a c i t o r

50 // The v a l u e o f the r e a c t a n c e o f the c a p a c i t o r used ,
X C = 200 ohm
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Chapter 6

Electronic Instruments for
Measuring Basic Parameters

Scilab code Exa 6.1 To find the form factor and error

1 // To f i n d the form f a c t o r and e r r o r
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 6−1 i n Page 131
7

8

9 clear; clc; close;

10

11 // Given data
12 // l e t
13 E_m = 10; // Let the peak ampl i tude o f the squa r e

wave be 10V
14 T = 1; // Let the t ime p e r i o d o f the squa r e wave be 1

s
15

16 function y= f(t),y=(E_m)^2 ,endfunction
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17 E_rms = sqrt (1/T * intg(0,T,f));

18 printf(” ( a ) The rms v a l u e o f the squa r e wave = %d V
\n”,E_rms);

19

20 function x = ff(t),x =(E_m) ,endfunction

21 E_av = (2/T * intg(0,T/2,ff));

22 printf(” The ave rage v a l u e o f the squa r e wave = %d
V\n”,E_av);

23

24 k = E_rms/E_av;

25 printf(” The form f a c t o r o f the squa r e wave =%d\n”,
k);

26

27 k_sine = 1.11;

28 k_square = 1;

29 %error = (k_sine - k_square)/k_square *100;

30 printf(” ( b ) The p e r c e n t a g e e r r o r i n meter
i n d i c a t i o n = %d %%”,%error);

31

32 // R e s u l t
33 // ( a ) The rms v a l u e o f the squa r e wave = 10 V
34 // The ave rage v a l u e o f the squa r e wave = 10 V
35 // The form f a c t o r o f the squa r e wave =1
36 // ( b ) The p e r c e n t a g e e r r o r i n meter i n d i c a t i o n =

11 %

Scilab code Exa 6.2 To find the form factor and error

1 // To f i n d the form f a c t o r and e r r o r
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
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5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 6−2 i n Page 132
7

8

9 clear; clc; close;

10

11 // Given data
12 E_m = 150; // Let the peak ampl i tude o f the sawtooth

wave be 150V
13 T = 3; // Let the t ime p e r i o d o f the sawtooth wave be

3 s
14 // e = 50∗ t ; As s e en from the f i g u r e 6−7b i n page

131
15

16 // C a l c u l a t i o n s
17 function y= f(t),y=(50*t)^2 ,endfunction

18 E_rms = sqrt (1/T * intg(0,T,f));

19 printf(” ( a ) The rms v a l u e o f the sawtooth wave = %d
V \n”,E_rms);

20

21 function x = ff(t),x =(50*t) ,endfunction

22 E_av = (1/T * intg(0,T,ff));

23 printf(”The ave rage v a l u e o f the sawtooth wave = %d
V\n”,E_av);

24

25 k_st = E_rms/E_av;

26 printf(”The form f a c t o r o f the sawtooth wave =%0 . 3 f \
n”,k_st);

27

28 k_sine = 1.11;

29 r = k_sine/k_st;

30 printf(” ( b ) The r a t i o o f the two form f a c t o r s = %0
. 3 f \n”,r);

31

32 printf(”The meter i n d i c a t i o n i s low by a f a c t o r o f
%0 . 3 f \n”,r);

33 %error = (r - 1) /1*100;

34 printf(”The p e r c e n t a g e e r r o r i n meter i n d i c a t i o n =
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%0. 1 f %%”,%error);
35

36 // R e s u l t
37 // ( a ) The rms v a l u e o f the sawtooth wave = 86 V
38 // The ave rage v a l u e o f the sawtooth wave = 75 V
39 // The form f a c t o r o f the sawtooth wave =1.155
40 // ( b ) The r a t i o o f the two form f a c t o r s = 0 . 9 6 1
41 // The meter i n d i c a t i o n i s low by a f a c t o r o f 0 . 9 6 1
42 // The p e r c e n t a g e e r r o r i n meter i n d i c a t i o n = −3.9 %

Scilab code Exa 6.3 To find the maximum time

1 // To f i n d the maximum time
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 6−3 i n Page 144
7

8

9 clear; clc; close;

10

11 // Given data
12 R = 100*(10^3); // Value o f r e s i s t a n c e i n ohm
13 C = 0.1*(10^ -6); // The v a l u e o f i n t e g r a t i n g

c a p a c i t o r i n F
14 V_ref = 2; // The r e f e r e n c e v o l t a g e i n V
15 V_out = 10; // The maximum l i m i t o f the output i n V
16

17 // C a l c u l a t i o n s
18 T = R*C;

19 printf(”The i n t e g r a t o r t ime c o n s t a n t = %0 . 3 f s \n”,T)
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;

20 V_s = V_ref/T; // Unit i s V/ s
21 V = 1/V_s;

22 printf(” T h e r e f o r e the i n t e g r a t o r output = %0 . 3 f s /V”
,V)

23 disp( ’ T h e r e f o r e to i n t e g r a t e 10V ’ );
24 T_max = V*V_out; //The max t ime the r e f v o l t a g e can

be i n t e g r a t e d
25 printf(”The t ime r e q u i r e d = %0 . 4 f s ”,T_max);
26

27 // R e s u l t
28 // The i n t e g r a t o r t ime c o n s t a n t = 0 . 0 1 0 s
29 // T h e r e f o r e the i n t e g r a t o r output = 0 . 0 0 5 s /V
30 // T h e r e f o r e to i n t e g r a t e 10V
31 // The t ime r e q u i r e d = 0 . 0 5 0 0 s

Scilab code Exa 6.4 To find the distributed capacitance

1 // To f i n d the d i s t r i b u t e d c a p a c i t a n c e
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 6−4 i n Page 162
7

8

9 clear; clc; close;

10

11 // Given data
12 // Frequency measurements i n Hz
13 f_1 = 2*10^6;

14 f_2 = 4*10^6;
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15 // Value o f tun ing c a p a c i t o r i n F
16 C_1 = 460*10^ -12;

17 C_2 = 100*10^ -12;

18

19 // C a l c u l a t i o n s
20 C_d = (C_1 - (4*C_2))/3;

21 printf(”C d = %0 . 0E F\n”,C_d);
22 printf(” i . e The v a l u e o f the d i s t r i b u t e d c a p a c i t a n c e

= %d pF” ,(C_d *10^12));
23

24 // R e s u l t
25 // C d = 2E−011 F
26 // i . e The v a l u e o f the d i s t r i b u t e d c a p a c i t a n c e = 20

pF

Scilab code Exa 6.5 To find the self capacitance

1 // To f i n d the s e l f c a p a c i t a n c e
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 6−5 i n Page 162
7

8

9 clear; clc; close;

10

11 // Given data
12 // Values o f f r e q u e n c i e s i n Hz
13 f_1 = 2*10^6;

14 f_2 = 5*10^6;

15 // Values o f the tun ing c a p a c i t o r s i n F
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16 C_1 = 450*10^ -12;

17 C_2 = 60*10^ -12;

18

19 // C a l c u l a t i o n s
20

21 // Using the e q u a t i o n f = 1/(2∗%pi∗ s q r t (L∗ ( C 2+C d ) ) )
;

22 // S i n c e f 2 = 2 . 5∗ f 1
23 // Equat ing & r e d u c i n g the e q u a t i o n s
24 // 1/( C 2 +C d ) = 6 . 2 5 / ( C 1 +C d )
25

26 C_d = (C_1 -6.25*C_2)/5.25

27 printf(”C d = %0 . 2E F\n”,C_d);
28 printf(” i . e The v a l u e o f the d i s t r i b u t e d c a p a c i t a n c e

= %0 . 1 f pF” ,(C_d *10^12));
29

30 // R e s u l t
31 // C d = 1 . 4 3E−011 F
32 // i . e The v a l u e o f the d i s t r i b u t e d c a p a c i t a n c e =

1 4 . 3 pF

Scilab code Exa 6.6 To find percentage error

1 // To f i n d p e r c e n t a g e e r r o r
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 6−6 i n Page 163
7

8

9 clear; clc; close;
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10

11 // Given data
12 R = 10; // R e s i s t a n c e o f the c o i l i n ohm
13 f = 1*10^6; //The o s c i l l a t o r f r e q u e n c y i n Hz
14 C = 65*10^ -12; //The v a l u e o f r e s o n a t i n g c a p a c i t o r

i n F
15 R_i = 0.02; //The v a l u e o f the i n s e r t i o n r e s i s t o r i n

ohm
16

17 // C a l c u l a t i o n s
18 w = 2*%pi*f;

19 Q_e = 1/(w*C*R);

20 printf(”The e f f e c t i v e Q o f the c o i l = %0 . 1 f \n”,Q_e);
21 Q_i = 1/(w*C*(R+R_i));

22 printf(”The i n d i c a t e d Q o f the c o i l = %0 . 1 f \n”,Q_i);
23 %error = (Q_e - Q_i)/Q_e *100;

24 printf(”The p e r c e n t a g e e r r o r i s = %0 . 1 f %%”,%error);
25

26 // R e s u l t
27 // The e f f e c t i v e Q o f the c o i l = 2 4 4 . 9
28 // The i n d i c a t e d Q o f the c o i l = 2 4 4 . 4
29 // The p e r c e n t a g e e r r o r i s = 0 . 2 %

Scilab code Exa 6.7 To find percentage error

1 // To f i n d p e r c e n t a g e e r r o r
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 6−7 i n Page 163
7
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8

9 clear; clc; close;

10

11 // Given data
12 R = 0.1; // R e s i s t a n c e o f the c o i l i n ohm
13 f = 40*10^6; //The f r e q u e n c y at r e s o n a n c e i n Hz
14 C = 135*10^ -12; //The v a l u e o f tun ing c a p a c i t o r i n F
15 R_i = 0.02; //The v a l u e o f the i n s e r t i o n r e s i s t o r i n

ohm
16

17

18 // C a l c u l a t i o n s
19 w = 2*%pi*f;

20 Q_e = 1/(w*C*R);

21 printf(”The e f f e c t i v e Q o f the c o i l = %d\n”,ceil(Q_e
));

22 Q_i = 1/(w*C*(R+R_i));

23 printf(”The i n d i c a t e d Q o f the c o i l = %d\n”,ceil(Q_i
));

24 %error = (Q_e - Q_i)/Q_e *100;

25 printf(”The p e r c e n t a g e e r r o r i s = %d %%”,ceil(%error
));

26

27 // R e s u l t
28 // The e f f e c t i v e Q o f the c o i l = 295
29 // The i n d i c a t e d Q o f the c o i l = 246
30 // The p e r c e n t a g e e r r o r i s = 17 %
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Chapter 7

Oscilloscopes

Scilab code Exa 7.1 To find minimum distance

1 // To f i n d minimum d i s t a n c e
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 7−1 i n Page 184
7

8

9 clear; clc; close;

10

11 // Given data
12 D = 4*10^ -2; // D e f l e c t i o n on the s c r e e n i n m
13 G = 100*100; // D e f l e c t i o n f a c t o r i n V/m
14 E_a = 2000; // A c c e l a r a t i n g p o t e n t i a l i n V
15

16 // C a l c u l a t i o n s
17 // wkt . L = 2∗d∗E a /(G∗ I d )
18

19 // Also L/D = I d / d
20 // T h e r e f o r e
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21

22 L = sqrt (2*D*E_a/G);

23 printf(”The d i s t a n c e from the d e f l e c t i o n p l a t e s to
the o s c i l l o s c o p e tube s c r e e n = %0 . 3 f m”,L);

24

25 // R e s u l t
26 // The d i s t a n c e from the d e f l e c t i o n p l a t e s to the

o s c i l l o s c o p e tube s c r e e n = 0 . 1 2 6 m
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Chapter 9

Signal Analysis

Scilab code Exa 9.1 To find dynamic range of spectrum analyser

1 // To f i n d dynamic range o f spectrum a n a l y s e r
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 9−1 i n Page 277
7

8

9 clear; clc; close;

10

11 // Given data
12 I_p = +25; // Third o r d e r i n t e r c e p t p o i n t i n dBm
13 MDS = -85; // n o i s e l e v e l i n dBm
14

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

17 dynamic_range = 2/3*( I_p -MDS);

18 printf(”The dynamic range o f the spectrum a n a l y s e r =
%d dB”,dynamic_range);

19
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20 // R e s u l t
21 // The dynamic range o f the spectrum a n a l y s e r = 73

dB

Scilab code Exa 9.2 To find minimum detectable signal

1 // To f i n d minimum d e t e c t a b l e s i g n a l
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 9−2 i n Page 277
7

8

9 clear; clc; close;

10

11 // Given data
12 NF = 20; // No i s e f i g u r e i n dB
13 BW = 1*10^3; // Bandwidth i n Hz
14

15 // C a l c u l a t i o n s
16 MDS = -114 +10* log10 ([BW /(1*10^6) ]) +NF;

17 printf(”The minimum d e t e c t a b l e s i g n a l o f the
spectrum a n a l y s e r = %d dBm”,MDS);

18

19 // R e s u l t
20 // The minimum d e t e c t a b l e s i g n a l o f the spectrum

a n a l y s e r = −124 dBm
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Scilab code Exa 9.3 To find dynamic range and total frequency display

1 // To f i n d dynamic range and t o t a l f r e q u e n c y d i s p l a y
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 9−3 i n Page 285
7

8

9 clear; clc; close;

10

11 // Given data
12 T = 4; // Sample window i n s
13 f_s = 20*10^3; // sample f r e q u e n c y i n Hz
14 N = 10; // no o f b i t s
15

16 // C a l c u l a t i o n s
17 f_r = 1/T;

18 f_h = f_s/2;

19 R_d = 20* log10 (2^N);

20

21 printf(”The r a t i o o f the s p e c t r a l c a l c u l a t i o n = %0 . 2
f Hz\n”,f_r);

22 printf(”The maximum c a l c u l a t e d s p e c t r a l f r e q u e n c y =
%d Hz\n”,f_h);

23 printf(”The dynamic range = %d dB”,R_d);
24

25 // R e s u l t
26 // The r a t i o o f the s p e c t r a l c a l c u l a t i o n = 0 . 2 5 Hz
27 // The maximum c a l c u l a t e d s p e c t r a l f r e q u e n c y = 10000
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Hz
28 // The dynamic range = 60 dB
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Chapter 11

Transducers as Input Elements
to Instrumentation Systems

Scilab code Exa 11.1 To find change in resistance

1 // To f i n d change i n r e s i s t a n c e
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 11−1 i n Page 317
7

8

9 clear; clc; close;

10

11 // Given data
12 K =2; // Gauge f a c t o r
13 s = 1050; // s t r e s s i n kg /cmˆ2
14 E = 2.1*10^6; // modulus o f e l a s t i c i t y o f s t e e l i n kg

/cmˆ2
15

16 // C a l c u l a t i o n s
17 strain = s/E; // Hooke ’ s law

67



18 change_in_resistance = K*strain;

19 %change = change_in_resistance * 100;

20

21 printf(”The change i n r e s i s t a n c e = %0 . 3 f \n”,
change_in_resistance);

22 printf(”The p e r c e n t a g e change i n r e s i s t a n c e = %0 . 1 f
%%”,%change);

23

24 // R e s u l t
25 // The change i n r e s i s t a n c e = 0 . 0 0 1
26 // The p e r c e n t a g e change i n r e s i s t a n c e = 0 . 1 %
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Chapter 12

Analog and Digital Data
Acquisition Systems

Scilab code Exa 12.1 To find percentage error

1 // To f i n d p e r c e n t a g e e r r o r
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 12−1 i n Page 360
7

8

9 clear; clc; close;

10

11 // Given data
12 R = 1; // R e s i s t a n c e o f the w i r e i n ohm
13 R_L = 10*10^3; // Load r e s i s t a n c e i n ohm
14 I_supply = 50*10^ -3; // power supp ly c u r r e n t i n A
15 V_out = 1; // output o f the a m p l i f i e r i n V
16

17 // C a l c u l a t i o n s
18 V_L = (V_out+( I_supply*R))*R_L /(2*R+R_L);
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19 printf(”The l oad v o l t a g e c a l c u l a t e d = %0 . 2 f \n”,V_L);
20

21 %error = ceil((V_L -V_out)/V_L *100);

22 printf(”The p e r c e n t a g e e r r o r i s about %d %%, which
i s u n a c c e p t a b l e i n most sys t ems ”,%error);

23

24 // R e s u l t
25 // The l oad v o l t a g e c a l c u l a t e d = 1 . 0 5
26 // The p e r c e n t a g e e r r o r i s about 5 %, which i s

u n a c c e p t a b l e i n most sys t ems
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Chapter 14

Fiber Optics Measurements

Scilab code Exa 14.1 To find acceptance angle and numerical aperture

1 // To f i n d a c c e p t a n c e a n g l e and nu m e r i c a l a p e r t u r e
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 14−1 i n Page 392
7

8

9 clear; clc; close;

10

11 // Given data
12 n_2 = 1.45; // Core index o f r e f r a c t i o n
13 n_1 = 1.47; // Cladd ing index o f r e f r a c t i o n
14

15 // C a l c u l a t i o n
16 theta_c = acos(n_2/n_1);

17 theta_A = 2*asin(n_1*sin(theta_c));

18 NA = sqrt(n_1^2 -n_2^2);

19

20 printf(”The c r i t i c a l a n g l e o f the f i b e r = %0 . 2 f
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d e g r e e \n”,theta_c *180/ %pi);
21 printf(”The a c c e p t a n c e a n g l e o f the f i b e r = %0 . 2 f

d e g r e e \n”,theta_A *180/ %pi);
22 printf(”The n u m e r i c a l a p e r t u r e o f the f i b e r = %0 . 3 f

”,NA);
23

24 // R e s u l t
25 // The c r i t i c a l a n g l e o f the f i b e r = 9 . 4 6 d e g r e e
26 // The a c c e p t a n c e a n g l e o f the f i b e r = 2 7 . 9 7 d e g r e e
27 // The nu m e r i c a l a p e r t u r e o f the f i b e r = 0 . 2 4 2

Scilab code Exa 14.2 To find loss in the fiber

1 // To f i n d l o s s i n the f i b e r
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 14−2 i n Page 393
7

8

9 clear; clc; close;

10

11 // Given data
12 NA_1 = 0.3; // n u m er i c a l a p e r t u r e s o f Source f i b e r
13 NA_2 = 0.242; // n u m e r i c a l a p e r t u r e s o f r e c e i v i n g

f i b e r
14

15 // C a l c u l a t i o n s
16 loss = 20* log10(NA_1/NA_2);

17 printf(”The ene rgy tha t i s l o s t through the c l a d d i n g
o f the r e c e i v i n g f i b e r = %0 . 2 f dB”,loss);
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18

19 // R e s u l t
20 // The ene rgy tha t i s l o s t through the c l a d d i n g o f

the r e c e i v i n g f i b e r = 1 . 8 7 dB

Scilab code Exa 14.3 To find current developed in photodiode

1 // To f i n d c u r r e n t deve l oped i n photod iode
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 14−3 i n Page 395
7

8

9 clear; clc; close;

10

11 // Given data
12 h = 6.63*10^ -34; // Planck ’ s c o n s t a n t
13 c = 3*10^8; // Speed o f l i g h t i n m/ s
14 lambda = 1.3*10^ -6; // photon wave l ength i n m
15 QE = 0.82; //Quantum e f f i c i e n c y
16 p = 75*10^ -6; // Power i n W
17 q = 1.6*10^ -19; // Charge o f an e l e c t r o n
18

19 // C a l c u l a t i o n s
20 e = h*c/lambda;

21 N = p/e;

22 N_QE= QE*N;

23 I = N_QE*q;

24 printf(”The c u r r e n t deve l oped i n a PIN photod iode =
%0 . 2 e A”,I);
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25

26 // R e s u l t
27 // The c u r r e n t deve l oped i n a PIN photod iode = 6 . 4 3 e

−005 A

Scilab code Exa 14.4 To find elapsed time

1 // To f i n d e l a p s e d t ime
2 // Modern E l e c t r o n i c I n s t r u m e n t a t i o n And Measurement

Techn iques
3 // By A l b e r t D. H e l f r i c k , Wi l l iam D. Cooper
4 // F i r s t E d i t i o n Second Impre s s i on , 2009
5 // D o r l i n g K i n d e r s l y Pvt . Ltd . I n d i a
6 // Example 14−4 i n Page 401
7

8

9 clear; clc; close;

10

11 // Given data
12 n = 1.55; // index o f r e f r a c t i o n
13 c = 3*10^8; // speed o f l i g h t i n m/ s
14 d = 1.4*10^3; // D i s t a n c e i n m
15

16 // C a l c u l a t i o n s
17 v = c/n;

18 t = d/v;

19 printf(” t = %0 . 1 e s ”,t);
20 disp( ’ S i n c e t w i c e the t ime to r each the break i s

r e q u i r e d f o r the r e f l e c t i o n to a r r i v e at the
r e f l e c t o m e t e r , ’ )

21 printf(” Hence the t o t a l e l a p s e d t ime = %0 . 3 e s ” ,2*t)
;

22
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23 // R e s u l t
24 // t = 7 . 2 e−006 s
25 // S i n c e t w i c e the t ime to r each the break i s

r e q u i r e d f o r the r e f l e c t i o n to a r r i v e at the
r e f l e c t o m e t e r ,

26 // Hence the t o t a l e l a p s e d t ime = 1 . 4 4 7 e−005 s
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