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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 2

Generalized Configurations and
Functional Descriptions of
measuring instruments

Scilab code Exa 2.1 Error in measurement

1 // Chapter 2 G e n e r a l i z e d C o n f i g u r a t i o n s and
F u n c t i o n a l D e s c r i p t i o n s o f measur ing i n s t r u m e n t s

2 // C a p t i o n E r r o r i n measurement
3 // Ex 1 p a r t 2 // page 22
4 disp(” t s =0.1 ”)
5 disp(” ps =2.5 ”)
6 disp(”dT=20”)
7

8 ts=0.1 // ( ’ e n t e r the t empera tu r e s e n s i t i v i t y =: ’ )
9 ps=2.5 // ( ’ e n t e r the p r e s s u r e s e n s i t i v i t y ( i n u n i t s

/MPa) =: ’ )
10 dT=20 // ( ’ e n t e r the t empera tu r e change dur ing

p r e s s u r e measurement =: ’ )
11 P=120 // ( ’ e n t e r the p r e s s u r e to be measured ( i n

MPa) =: ’ )
12 error=(ts*dT)/(ps*P);

13 printf( ’ the e r r o r i n measurement i s %fd p e r c e n t \n ’ ,
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error)

7



Chapter 3

Generalized Performance
Characteristics Of Instruments

Scilab code Exa 3.1 Gaussian distribution

1 // Chapter 3 G e n e r a l i z e d Per formance C h a r a c t e r i s t i c s
Of I n s t ru m e nt s

2 // Capt ion : Gauss ian D i s t r i b u t i o n
3 // Example 1
4 clc;

5 close;

6 disp(”me=7”)
7 disp(” s tddev =0.5 ”)
8 disp(”x = 6 ”)
9 disp(”y= 7 . 5 ”)
10 me=7 ;

11 stddev =0.5;

12 x = 6 // ( ’ e n t e r the l owe r l i m i t o f the range =: ’ )
13 y= 7.5 // ( ’ e n t e r the upper l i m i t o f the range =: ’ )
14 n= 200 // ( ’ e n t e r the number o f sample s = : ’ )
15 disp(” u s i n g k =abs ( ( x−me) / ( ( 2 ˆ 0 . 5 ) ∗ s tddev ) ) ; ”)
16 k =abs((x-me)/((2^0.5)*stddev));

17 printf( ’ Value o f e t a1 i s %1 . 2 f \n ’ ,k)
18
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19 p=abs((y-me)/((2^0.5)*stddev));

20 printf( ’ Value o f e t a2 i s %1 . 2 f \n ’ ,p)
21 // Using the g a u s s i a n p r o b a b i l i t y e r r o r f u n c t i o n

t a b l e , f i n d the e r r o r f u n c t i o n c o r r e s p o n d i n g to
the v a l u e o f k and p

22 //LET IT BE s
23 s= 0.95 // ( ’ e n t e r the e r r o r f u n c t i o n c o r r e s p o n d i n g

to k v a l u e =: ’ )
24 F(x)=(1/2) +(1/2*s);// P r o b a b i l i t y o f hav ing l e n g t h s

l e s s than x
25 l= 0.68 // ( ’ e n t e r the e r r o r f u n c t i o n

c o r r e s p o n d i n g to p v a l u e =: ’ )
26 F(y)=(1/2) +(1/2*l);// P r o b a b i l i t y o f hav ing l e n g t h s

l e s s than y
27

28 printf( ’ p r o b a b i l i t y o f hav ing l e n g t h l e s s than 6 cm
i s %1 . 3 f ’ ,F(x));

29 printf( ’ p r o b a b i l i t y o f hav ing l e n g t h l e s s than 6 7 . 5
cm i s %1 . 3 f ’ ,F(y));

30

31 P(x)=abs(F(y)-F(x));

32 printf(”Number o f sample s i n the g i v e n l e n g t h range=
”)

33 m=(n*P(x));

34 disp(m);

Scilab code Exa 3.2 Combination of component errors in overall system

1 // Capt ion : Combination o f component e r r o r s i n o v e r a l l
system−ac cu ra cy c a l c u l a t i o n s

2 // example2
3 // page 62
4 clc;

5 // Cons ide r an exper iment f o r measur ing , by means o f
a dynamometer , the ave rage power t r a n s m i t t e d by a
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r o t a t i n g s h e f t
6 disp(”R=1202 ”)
7 disp(”F=45”)
8 disp(”L=0.397 ”)
9 disp(” t =60”)
10 R=1202 // ( ’ Enter the r e v o l u t i o n s o f s h a f t du r ing

t ime t =: ’ )
11 F=45 // ( ’ Enter the f o r c e at end o f t o r q u e arm =: ’ )
12 L=0.397 // ( ’ Enter the l e n g t h o f t o r q ue arm =: ’ )
13 t=60 // ( ’ Enter the t ime l e n g t h o f run =: ’ )
14 W=(2* %pi*R*F*L)/t;

15 // Computing v a r i o u s p a r t i a l d e r v a t i v e s
16 dWF =(2* %pi*R*L)/t;

17 disp(dWF) //dWF r e p r e s e n t s dW/dF
18 dWR =(2* %pi*F*L)/t;

19 dWL =(2* %pi*F*R)/t;

20 dWt=-(2*%pi*R*F*L)/(t^2);

21 // Let f , r , l and t r e p r e s e n t the u n c e r t a i n t i e s
22 disp(” f =0.18 ”)
23 disp(” r=1 ”)
24 disp(” l =0.00127 ”)
25 disp(” t =0.5 ”)
26 disp(”Ea=(dWF∗ f ) +(dWR∗ r ) +(dWL∗ l )+abs (dWt∗ t ) ; ”)
27 f=0.18 // ( ’ Enter the u n c e r t a i n t y i n f o r c e = : ’ )
28 r=1 // ( ’ Enter the u n c e r t a i n t y i n the no o f

r e v o l u t i o n s =: ’ )
29 l=0.00127 // ( ’ Enter the u n c e r t a i n t y i n the l e n g t h

=: ’ )
30 t=0.5 // ( ’ Enter the u n c e r t a i n t y i n the t ime l e n g t h

o f run =: ’ )
31 Ea=(dWF*f)+(dWR*r)+(dWL*l)+abs(dWt*t); //

a b s o l u t e e r r o r
32 printf(”The a b s o l u t e e r r o r i s ”)
33 disp(Ea);

34 //To f i n d t o t a l u n c e r t a i n t y
35 U=((( dWF*f)^2)+(dWR*r)^2+( dWL*l)^2+abs(dWt*t)^2) ^0.5

36 printf(” Tota l u n c e r t a i n t y i s ”)
37 disp(U)
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Scilab code Exa 3.5 First order instrument

1 // Chapter 3 G e n e r a l i z e d Per formance C h a r a c t e r i s t i c s
Of I n s t ru m e nt s

2 // Capt ion : F i r s t o r d e r i n s t rument
3 // Example 5
4 // Page no . 96
5 d=.004 // ( ’ Enter the d i amete r o f the d i amete r o f

the s p h e r e i n meter s = : ’ )
6 p=13600 // ( ’ Enter the d e n s i t y o f the l i q u i d i n

g l a s s bulb =: ’ )
7 c=150 // ( ’ Enter the s p e c i f i c heat o f l i q u i d ( i n j /

kg d e g r e e c e n t i g r a d e ) = : ’ )
8 U=40 // ( ’ Enter the heat t r a n s f e r c o e f f i c i e n t i n W/m

ˆ2−d e g r e e c e n t i g r a d e =: ’ )
9

10 Vb=(%pi*d*d*d)/6; // Volume o f s p h e r e
11 Ab=%pi*d*d; // S u r f a c e a r ea o f s p h e r e
12 timconstant =(p*c*Vb *1000) /(U*Ab); // t ime c o n s t a n t
13 disp(timconstant)

Scilab code Exa 3.6 Step response of first order instrument

1 // Capt ion : Step r e s p o n s e o f f i r s t o r d e r sy s t ems
2 // Example 6
3 // page 100
4 clc;

5 // Given : In a i r , probe dry t i m e c o n s t a n t ( t c )
=30 s

6 // In water t c
=5s
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7 // In a i r , probe wet t c
=20 s

8 // f o r t <0 ,T=25 d e g r e e C( i n i t i a l t empera tu r e )
9 // 0<t <7 , T=35 d e g r e e C( dry probe i n a i r )
10 // 7<t <15 , T=70 d e g r e e C( probe i n water )
11 // 15<t <30 , T=35 d e g r e e C( wet probe i n a i r )
12

13 // c a s e i T( a ) =25
14 T(7) =35+(25 -35)*%e^( -(7/30))

15 printf(” Temperature at the end o f f i r s t i n t e r v a l ”)
16 disp(T(7));

17 // c a s e i i T( a )=T( 7 )
18 T(15) =70+(T(7) -70)*%e^( -((15 -7) /5))

19 printf(” Temperature at the end o f s econd i n t e r v a l ”)
20 disp(T(15));

21 // c a s e i i i T( a )=T( 1 5 )
22 T(30) =35+(T(15) -35)*%e^( -((30 -15) /20))

23 printf(” Temperature at the end o f t h i r d i n t e r v a l ”)
24 disp(T(30));

Scilab code Exa 3.7 Adequate frequency response conditions for first o

1 // Capt ion : Adequate f r e q u e n c y r e s p o n s e c o n d i t i o n s f o r
f i r s t o r d e r i n s t r u m e n t s

2 // Example 7
3 // Page 103
4 // To measure q i g i v e n by
5 // q i=s i n 2 t +0.3 s i n 2 0 t
6 // t i m e c o n s t a n t =0.2 s
7 H=1/((0.16+1) ^0.5); //H( jw )=qo / qiK
8 phi =(( atan ( -2*0.2))*180)/%pi ;

9 H2 =1/((16+1) ^0.5);

10 phi2 =(( atan ( -20*0.2))*180)/%pi;

11 printf(” s i n u s o i d a l t r a n s f e r f u n c t i o n at 2 rad / s e c i s
”)
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12 disp(H);

13 disp(phi)

14 printf(” s i n u s o i d a l t r a n s f e r f u n c t i o n at 20 rad / s e c i s
”)

15 disp(H2)

16 disp(phi2)

17

18 printf(” qo /K can be w r i t t e n as ”)
19

20 printf(” qo =0.93K s i n (2 t −21 .8) +(0 .24K) 0 . 3 s i n
(20 t−76)”)

21 // Suppose we c o n s i d e r use o f an in s t rument with
t i m e c o n s t a n t =0.002 s

22 H=1/((1.6*(10) ^(-5)+1) ^0.5);

23 phi =(( atan ( -2*.002))*180)/%pi ;

24 H2 =1/((1.6*(10^ -3) +1) ^0.5);

25 phi2 =(( atan ( -20*0.002))*180)/%pi;

26 printf(” s i n u s o i d a l t r a n s f e r f u n c t i o n at 2 rad / s e c i s
”)

27 disp(H);

28 disp(phi)

29 printf(” s i n u s o i d a l t r a n s f e r f u n c t i o n at 20 rad / s e c i s
”)

30 disp(H2)

31 disp(phi2)

32 printf(” qo /K can be w r i t t e n as ”)
33

34 printf(” qo=K s i n (2 t −0 .23)+K 0 . 3 s i n (20 t −2.3) ”)
35 printf(” C l e a r l y , t h i s i n s t rument measures the g i v e n

q i f a i t h f u l l y ”)
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Chapter 4

Motion and Dimensional
Measurement

Scilab code Exa 4.1 Resistance strain gage

1 //CHAPTER 4 Motion and Dimens iona l Measurement
2 // Capt ion : R e s i s t a n c e s t r a i n gage
3 // Example 1// Page 163
4

5 disp(”Rg=120”)
6 disp(”E=200 ∗10ˆ9 ”)
7 disp(”dL=3 ”)
8 disp(”dp =0.3 ”)
9 disp(”v =0.3 ”)
10 Rg=120 // ( ’ e n t e r the r e s i s t a n c e o f s t r a i n gage =: ’ )
11 E=200 *10^9 // g i v e n
12 dL=3 // ( ’ e n t e r the p e r c e n t change i n the l e n g t h o f

nthe rod due to l o a d i n g =: ’ )
13 dp=0.3 // ( ’ e n t e r the c o r r e s p o n d i n g change i n the

r e s i s t i v i t y o f s t r a i n gage =: ’ )
14 v=0.3 // p o i s s o n s r a t i o
15 e=dL/100;

16 dp_p=dp/100

17 disp(”dR R=dp p+e ∗(1+2∗v ) ”)
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18 dR_R=dp_p+e*(1+2*v)

19 Sg=dR_R/e;

20 printf( ’ So the gage f a c t o r i s %fd \n ’ ,Sg)
21 u_dr =0.02 // ( ’ e n t e r the u n c e r t a i n t y i n r e s i s t a n c e

=: ’ )
22 u_sig=E*u_dr/(Rg*Sg)*10^ -6;

23 printf( ’ S t r e s s u n c e r t a i n t y i s %1 . 1 f MPa\n ’ ,u_sig)
24 // To c a l c u l a t e s t r a i n u n c e r t a i n t y
25 u_e=u_dr/(Rg*Sg)

26 printf( ’ S t r a i n u n c e r t a i n t y i s %fd\n ’ ,u_e)

Scilab code Exa 4.2 Rosette

1 //CHAPTER 4 Motion and Dimens iona l Measurement
2 // Capt ion : R o s e t t e
3 // Example 2// Page 168
4 Eh=625*10^ -6 // ( ’ e n t e r the c i r c u m f e r e n t i a l s t r a i n

=: ’ )
5 Ea= 147*10^ -6 // ( ’ e n t e r the l o n g i t u d i n a l s t r a i n

=: ’ )
6 E=200*10^9 // g i v e n
7 v=0.3; // p o i s s o n s r a t i o
8 // to c a l c u l a t e c i r c u m f e r e n t i a l s t r e s s
9 sig_h=E/(1-v^2)*(Eh+v*Ea)*10^ -6;

10 printf( ’ C i r c u m f e r e n t i a l s t r e s s ( hoops s t r e s s ) i s %1
. 1 f MPa\n ’ ,sig_h);

11 sig_a=E/(1-v^2)*(v*Eh+Ea)*10^ -6;

12 printf( ’ Ax i a l s t r e s s i s %1 . 2 f M Pa\n ’ ,sig_a);
13 // To c a l c u l a t e r a t i o o f s t r e s s e
14 disp(” Let the r a t i o be r e p r e s e n t e d by RR”)
15 RR=sig_h/sig_a;

16 printf( ’ Rat io o f s t r e s s e s i s %fd\n ’ ,RR)
17 disp(” Let the r a t i o o f s t r a i n s be r e p r e s e n t e d by SS”

)

18 SS=Eh/Ea;
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19 printf( ’THe r a t i o o f s t r a i n s i s %1 . 2 f ’ , SS)

Scilab code Exa 4.3 Strain gage

1 //CHAPTER 4 Motion and Dimens iona l Measurement
2 // Capt ion : S t r a i n gauge
3 // Example 3// Page 176
4 disp(”Rg=120”)
5 disp(”Sg =2; ”)
6 disp(”Rs=120000 ”)
7 Rg=120; // g i v e n
8 Sg=2; // gauge f a c t o r
9 v=0.3;

10 Rs =120000 // ( ’ e n t e r the v a l u e o f shunt r e s i s t o r
= : ’ )

11 disp(”The input b r i d g e e x c i t a t i o n i s r e p r e s e n t e d by
Eex”)

12 A=10; // ( ’ e n t e r the a m p l i f i e r ga in =: ’ )
13 // The shunt r e s i s t a n c e has to be very l a r g e s i n c e

we i n t e n d to measure on ly very s m a l l change i n
r e s i s t a n c e

14 eo=30*10^ -3 // ( ’ e n t e r the unba lanced b r i d g e
v o l t a g e =: ’ )

15 dR=Rg/(Rg+Rs);

16 r=1; // r a t i o o f r e s i s t a n c e s o f a d j a c e n t arms
17 Eex=eo*(1+r)^2/(r*dR*A);

18 printf( ’ The input e x c i t a t i o n v o l t a g e i s %fd V\n ’ ,Eex
)

19 p1=2 *(1+v) // b r i d g e f a c t o r
20 Eo=.5 // ( ’ e n t e r the v o l t m e t e r r e a d i n g when shunt

i s removed =: ’ )
21 E_axial=Eo*(1+r)^2/(r*Sg*p1*Eex*A);

22 printf( ’ Ax i a l s t r a i n i s %fd\n ’ ,E_axial)
23 E_trans=E_axial*v;

24 printf( ’ The t r a n s v e r s e s t r a i n i s −%fd ’ ,E_trans)
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Scilab code Exa 4.4 Capacitance pick ups

1 //CHAPTER 4 Motion and Dimens iona l Measurement
2 // Capt ion : Capac i t ance p i c k ups
3 // Example 4// Page 192
4 disp(”h=.005 ”)
5 disp(”A=200∗10ˆ−6”)
6 disp(”n=0.03 ”)
7 h=.005 // ( ’ e n t e r the d i s t a n c e between the

c a p a c i t o r s = : ’ )
8 A=200*10^ -6 // ( ’ e n t e r the a r ea o f the t r a n s d u c e r

= : ’ )
9 n=0.03 // ( ’ e n t e r the non l i n e a r i t y = : ’ )

10 w=.014 // ( ’ e n t e r the s i d e o f the squa r e c a p a c i t o r
= : ’ )

11 er=1 // g i v e n tha t a i r i f f i l l e d
12 eo=8.85 ;

13 // to c a l c u l a t e the s e n s i t i v i t y o f t h i s t r a n s d u c e r ,
l e t i t be r e p r e s e n t e d by c

14 c=eo*er*A/h^2;

15 printf( ’ s e n s i t i v i t y o f the t r a n s d u c e r i s %1 . 2 f pF/m
\n ’ ,c)

16 // to c a l c u l a t e the s e n s i t i v i t y o f the squa r e moving
p l a t e s e n s o r c l

17 cl=eo*er*w/h;

18 printf( ’ the s e n s i t i v i t y o f the squa r e moving p l a t e
s e n s o r i s %1 . 2 f pF/m ’ ,cl)

Scilab code Exa 4.5 Piezoelectric transducer

1 //CHAPTER 4 Motion and Dimens iona l Measurement
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2 // Capt ion : P i e z o e l e c t r i c t r a n s d u c e r
3 // Example 5// Page 207
4 g=15 // ( ’ e n t e r the v a l u e c o n s t a n t g f o r the c r y s t a l

= : ’ )
5 A=%pi *((5*10^ -3) ^2)/4 // ( ’ e n t e r the a r ea o f c r o s s

s e c t i o n o f the c r y s t a l = : ’ )
6 f=50 // ( ’ e n t e r the f r e q u e n c y o f s i n u s o i d a l l y

v a r y i n g p r e s s u r e =: ’ )
7 eoer =15*10^ -9 // f o r the c r y s t a l
8 E=120 *10^9 // youngs modulus o f e l a s t i c i t y
9 t=.003 // ( ’ e n t e r the t h i c h n e s s o f the c r y s t a l = : ’ )
10 Kq=g*eoer*A*E/t;

11 printf( ’ Charge s e n s i t i v i t y i s %fd mC/m \n ’ ,Kq)
12 Ccr=eoer*A/t;

13 Camp =2000*10^ -12;

14 Ccable =100*10^ -12;

15 C=Ccr+Camp+Ccable;

16 Ramp =2000000 // ( ’ e n t e r the input impedance o f the
a m p l i f i e r ’ )

17 Req=Ramp;

18 tou=Req*C; // t ime c o n s t a n t
19 // Let the ampl i tude r a t i o i s g i v e n by EOP
20 w=2*%pi*f;

21 EOP=Kq*t*w*tou/(C*E*sqrt (1+(w*tou)^2))

22 printf( ’ The ampl i tude r a t i o i s %fd mV/V\n ’ ,EOP)
23 // l e t the phase l a g be r e p r e s e n t e d by ph i
24 phi =360* atan (1/(w*tou))/(2* %pi);

25 printf( ’ The phase l a g i s %fd deg ’ ,phi);

Scilab code Exa 4.7 Seismic vibrations

1 //CHAPTER 4 Motion and Dimens iona l Measurement
2 // Capt ion : S e i s m i c v i b r a t i o n
3 // Example 7// Page 232
4 disp(” ty =0.6 ”)
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5 disp(” fn =10”)
6 disp(” f =25”)
7 disp(”M=0.15 ”)
8 disp(” xo =1.5∗10ˆ−3 ”)
9 ty=0.6 // ( ’ e n t e r the damping r a t i o o f s e i s m i c

v i b r a t i o n p ickup =: ’ )
10 fn=10 // ( ’ e n t e r the n a t u r a l f r e q u e n c y =: ’ )
11 f=25 // ( ’ e n t e r the f r e q u e n c y at which the t a b l e i s

v i b r a t i n g = ’)
12 M=0.15 // ( ’ e n t e r the s e i s m i c mass = : ’ )
13 xo=1.5*10^ -3 // ( ’ e n t e r the r e l a t i v e ampl i tude o f

the mass = : ’ )
14 r=f/fn;

15 disp(” x i=xo / ( ( r ˆ2) / s q r t ((1− r ˆ2) ˆ2+(2∗ ty ∗ r ) ˆ2) ) ; ”)
16 xi=xo/((r^2)/sqrt((1-r^2) ^2+(2* ty*r)^2));

17 error=(xi -xo)/xo;

18 printf( ’ e r r o r i n measurement i s %fd\n ’ ,error)
19 wn=2*%pi*fn;

20 Ks=wn^2*M;

21 printf( ’ s p r i n g c o n s t a n t i s %fd N/m\n ’ ,Ks)
22 B=ty*(2* sqrt(Ks*M));

23 printf( ’ damping c o e f f i c i e n t o f p i ckup i s %fdN−s /m\n
’ ,B)

Scilab code Exa 4.8 Seismic velocity pick ups

1 //CHAPTER 4 Motion and Dimens iona l Measurement
2 // Capt ion : S e i s m i c v e l o c i t y p ickup
3 // Example 8// Page 235
4 disp(” fn=4”)
5 disp(”S=500”)
6 disp(”m=0.2 ”)
7 disp(”v=1.5∗10ˆ−2 ”)
8 fn=4 // ( ’ e n t e r the n a t u r a l f r e q u e n c y =: ’ )
9 S=500 // ( ’ e n t e r the s e n s i t i v i t y = : ’ )
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10 m=0.2 // ( ’ e n t e r the mass =: ’ )
11 v=1.5*10^ -2 // ( ’ e n t e r the maximum v e l o c i t y with

which the s u r f a c e i s v i b r a t i n g =: ’ )
12 f=10 // ( ’ e n t e r the f r e q u e n c y =: ’ )
13 r=f/fn;

14 tou =0.2 // g i v e n
15 w=2*%pi*f;

16 eo=(v*S*r^2)/sqrt((1-r^2) ^2+(2* tou*r)^2);

17 printf( ’ The peak v o l t a g e c o r r e s p o n d i n g to 10Hz
f r e q u e n c y i s %fd mV\n ’ ,eo)

18 phi1 =360* atan (2*tou*r/(1-r^2))/(2* %pi);

19 printf( ’ phase a n g l e c o r r e s p o n d i n g to the 10 Hz
f r e q u e n c y i s %fd deg \n ’ ,phi1)

20 f2=20 // ( ’ e n t e r the o t h e r f r e q u e n c y =: ’ )
21 r=f2/fn;

22 eo=(v*S*r^2)/sqrt((1-r^2) ^2+(2* tou*r)^2);

23 printf( ’ The peak v o l t a g e c o r r e s p o n d i n g to 20Hz
f r e q u e n c y i s %fd mV\n ’ ,eo)

24 phi2 =360* atan (2*tou*r/(1-r^2))/(2* %pi);

25 printf( ’ phase a n g l e c o r r e s p o n d i n g to the 20 Hz
f r e q u e n c y i s %fd deg \n ’ ,phi2)

Scilab code Exa 4.9 Piezoelectric transducer

1 //CHAPTER 4 Motion and Dimens iona l Measurement
2 // Capt ion : P i e z o e l e c t r i c t r a n s d u c e r
3 // Example 9// Page 237
4 disp(” Ccr =1200”)
5 disp(”Kq=100”)
6 disp(”Cc=250”)
7 Ccr =1200 // ( ’ e n t e r the c a p a c i t a n c e o f the

t r a n s d u c e r = : ’ )
8 Kq=100 // ( ’ e n t e r the cha rge s e n s i t i v i t y o f the

t r a n s d u c e r = : ’ )
9 Cc=250 // ( ’ e n t e r the c a p a c i t a n c e o f the c o n n e c t i n g
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c a b l e = : ’ )
10 // to c a l c u l a t e the s e n s i t i v i t y o f t r a n s d u c e r a l o n e
11 Ktrans=Kq/Ccr;

12 printf( ’ the s e n s i t i v i t y o f the t r a n s d u c e r a l o n e i s
%fd V/ micro m\n ’ ,Ktrans)

13 Camp =75 // ( ’ e n t e r the c a p a c i t a n c e o f a m p l i f i e r = : ’ )
14 Ceq=Ccr+Cc+Camp

15 Ktot=Kq/Ceq;

16 printf( ’ t o t a l s e n s i t i v i t y o f the t r a n s d u c e r i s %fdV/
micro m\n ’ ,Ktot)

17 Ramp =2*10^6 // ( ’ e n t e r the r e s i s t a n c e o f the
a m p l i f i e r = : ’ )

18 disp(” tou=Ramp∗Ceq∗10ˆ−12”)
19 tou=Ramp*Ceq *10^ -12;

20 e=5 // ( ’ e n t e r the e r r o r i n p e r c e n t = : ’ )
21 e1=1-(e/100);

22 // l e t tou ∗w1=l
23 l=sqrt(e1^2/(1-e1^2));

24 f1=l/(2* %pi*tou);

25 printf( ’ The l o w e s t f r e q u e n c y tha t can be measured
with 5 per c en t ampl i tude e r r o r by the e n t i r e
system i s %fd Hz\n ’ ,f1)

26 tou1=l/(2* %pi *100)

27 disp(”Ceq1=tou1 ∗10ˆ12/Ramp”)
28 Ceq1=tou1 *10^12/ Ramp

29 Creq=Ceq1 -Ceq;

30 printf( ’ The c a p a c i t a n c e tha t needs to be connec t ed
i n p a r a l l e l to extend the range o f 5 p e r c e n t e r r o r

to 100 hz i s %fd pF\n ’ ,Creq)
31 K_hf=Kq/Ceq1

32 printf( ’ h igh f r e q u e n c y s e n s i t i v i t y i s %fd V/ micro m\
n ’ ,K_hf)

Scilab code Exa 4.10 Seismic pick ups
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1 //CHAPTER 4 Motion and Dimens iona l Measurement
2 // Capt ion : S e i s m i c p ickup
3 // Example 10// Page 238
4 disp(” r1 =0 .2 ; ”)
5 disp(” r2 =0.6 ”)
6 disp(” tou =0.05 ”)
7 r1=0.2;

8 r2=0.6 // g i v e n
9 tou =0.05; // g i v e n
10 wn=1600 // ( ’ e n t e r the n a t u r a l f r e q u e n c y =: ’ )
11 disp(”H1=1/ s q r t ((1− r1 ˆ2) ˆ2+(2∗ tou ∗ r1 ) ˆ2) ”)
12 H1=1/ sqrt((1-r1^2) ^2+(2* tou*r1)^2);

13 H1_phase=-atan ((2* tou*r1)/(1-r1^2))*360/(2* %pi);

14 disp(” H1 phase=−atan ( ( 2∗ tou ∗ r1 ) /(1− r1 ˆ2) ) ∗360/(2∗%pi
) ”)

15 H2=1/ sqrt((1-r2^2) ^2+(2* tou*r2)^2);

16 H2_phase=-atan ((2* tou*r2)/(1-r2^2))*360/(2* %pi);

17 // In o r d e r to o b t a i n the ampl i tude o f r e l a t i v e
d i sp l a c ement , t r a n s f e r f u n c t i o n must be
m u l t i p l i e d by ampl i tude o f the input s i g n a l and
the s t a t i c s e n s i t i v t y o f the p ickup (1/wnˆ2) f o r
each f r e q u e n c y

18 //amp1=H1/wn ˆ 2 ;
19 //amp2=H2/wn ˆ 2 ;
20 tou2 =0.6; // g i v e n
21 H11 =1/ sqrt((1-r1^2) ^2+(2* tou2*r1)^2);

22 H11_phase=-atan ((2* tou2*r1)/(1-r1^2))*360/(2* %pi);

23 H22 =1/ sqrt((1-r2^2) ^2+(2* tou2*r2)^2);

24 H22_phase=-atan ((2* tou2*r2)/(1-r2^2))*360/(2* %pi);

25 //amp11=H11/wn ˆ 2 ;
26 //amp22=H22/wn ˆ 2 ;
27 printf( ’ the magnitude o f the t r a n s f e r f u n c t i o n w i l l

be %fd and %fd w h i l e the phase s w i l l s h i f t by %fd
and %fd f o r tou =0.05\n ’ ,H1 ,H2,H1_phase ,H2_phase)

28 printf( ’ the magnitude o f the t r a n s f e r f u n c t i o n w i l l
be %fd and %fd w h i l e the phase s w i l l s h i f t by %fd

and %fd f o r tou =0.6\n ’ ,H11 ,H22 ,H11_phase ,
H22_phase)

22



Scilab code Exa 4.11 Accelerometers

1 //CHAPTER 4 Motion and Dimens iona l Measurement
2 // Capt ion : A c c e l e r o m e t e r
3 // Example 11// Page 240
4 disp(” fn =20000”)
5 disp(” tou =0.6 ”)
6 disp(” f =10000 ”)
7 fn =20000 // ( ’ e n t e r the n a t u r a l f r e q u e n c y o f the

a c c e l e r o m e t e r = : ’ )
8 tou =0.6 // ( ’ e n t e r the daping r a t i o o f the

a c c e l e r o m e t e r = : ’ )
9 f=10000 // ( ’ e n t e r the f r e q u e n c y at which t r a n s f e r

f u n c t i o n i s to be c a l c u l a t e d =: ’ )
10 r=f/fn;

11 H_mag =1/ sqrt((1-r^2) ^2+(2* tou*r)^2);

12 H_phase=atan ((2* tou*r)/(1-r^2))*360/(2* %pi);

13 printf( ’ The magnitude i s %fd and phase i s %fd deg \n
’ ,H_mag ,H_phase)

14 error=(H_mag -1) *100/1;

15 printf( ’ E r ro r at %fd Hz i s %d p e r c e n t \n ’ ,f,error)

Scilab code Exa 4.12 Strain gage

1 //CHAPTER 4 Motion and Dimens iona l Measurement
2 // Capt ion : S t r a i n gage
3 // Example 12// Page 172
4 Rg=120; // g i v e n
5 Sg=2 // gage f a c t o r i s g i v e n
6 stress =7*10^6; // g i v e n
7 Ia=.03 // ( ’ e n t e r the gage c u r r e n t =: ’ )
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8 //maximum a l l o w a b l e b r i d g e v o l t a g e i s
9 Eex =240* Ia;

10 strain =7*10^6/(200*10^9);

11 dR=strain*Sg*Rg;

12 Eo=Eex*dR/(4*Rg);

13 printf( ’ output v o l t a g e i s %fd V\n ’ ,Eo)
14 k=1.38*10^ -23; // boltzmann c o n s t a n t
15 T=300 // room tempera tu r e
16 dF =100000 // bandwidth
17 E_noise=sqrt (4*k*Rg*T*dF)

18 printf( ’ rms n o i s e v o l t a g e i s %fd V\n ’ ,E_noise)
19 SN=Eo/E_noise;

20 printf( ’ S i g n a l to n o i s e r a t i o i s %fd\n ’ ,SN)
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Chapter 5

Force Torque and Shaft power
measurement

Scilab code Exa 5.1 Load cell

1 //CHAPTER 5 Force , Torque and S h a f t Power
Measurement

2 // Capt ion : Load c e l l
3 // Example 1// Page 294
4

5 disp(”Sg =2; ”)
6 disp(”Rg=120; ”)
7 disp(”v =0.3 ”)
8 disp(”E=210∗10ˆ9; ”)
9 Sg=2; // S t r a i n gage f a c t o r
10 Rg=120; // Gage r e s i s t a n c e
11 v=0.3 // p o i s s o n s r a t i o
12 E=210*10^9; // f o r s t e e l
13 Pd=1 // ( ’ e n t e r the power d i s s i p a t i o n c a p a c i t y =: ’ )
14 // Looking f o r a s u i t a b l e v o l t a g e measur ing system
15 sig_f =700*10^6 // ( ’ e n t e r the f a t i g u e s t r e n g t h =: ’ )
16 P_max =10000 // ( ’ e n t e r the maximum load =: ’ )
17 // For a l oad c e l l o f s qua r e c r o s s−s e c t i o n d ,
18 d=sqrt(P_max/sig_f);
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19 Ei=sqrt (4*Rg*Pd) // input e x c i t a t i o n to the b r i d g e
c i r c u i t

20 x=(Sg*sig_f *(1+v))/(2*E);

21 dEo_max=x*Ei *10^3;

22 disp(”x=(Sg∗ s i g f ∗(1+v ) ) /(2∗E) ”)
23 printf( ’ a v o l t m e t e r with a maximum range o f %1 . 2 f mV

i s s u i t a b l e f o r measurement ’ ,dEo_max)
24 disp(”Round i t o f f to g e t the s u i t a b l e range

v o l t m e t e r ”)

Scilab code Exa 5.2 Load cell

1 //CHAPTER 5 Force , Torque and S h a f t Power
Measurement

2 // Capt ion : Load c e l l
3 // Example 2// Page 295
4 disp(”b=.2 ”)
5 disp(”h=.05 ”)
6 disp(”Sg=2”)
7 disp(”Rg=120”)
8 disp(” s i g f =150∗10ˆ6 ”)
9 b=.2 // ( ’ e n t e r the width o f l oad c e l l = : ’ )
10 h=.05 // ( ’ e n t e r the t h i c k n e s s o f l o ad c e l l = : ’ )
11 Sg=2;

12 Rg=120;

13 sig_f =150*10^6 // ( ’ e n t e r the f a t i g u e s t r e n g t h =: ’ )
14 E=70; // ( i n GPa) f o r aluminium
15 v=0.33; // p o i s s o n s r a t i o
16 // Let dE/V max be r e p r e s e n t e d by W
17 W=Sg*sig_f/E;

18 printf( ’ (dE/V) max= %fd\n ’ ,W)
19 P_max =100000 // ( ’ e n t e r the v a l u e o f maximum load

=: ’ )
20 l=sig_f*b*h^2/(6* P_max);

21
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22 S=(6*Sg*l)/(E*b*h^2);

23 printf( ’ S e n s i t i v i t y o f t h i s l o ad c e l l i s %1 . 2 f nV/N/
per u n i t e x c i t a t i o n ’ ,S);

Scilab code Exa 5.3 Load cell

1 //CHAPTER 5 Force , Torque and S h a f t Power
Measurement

2 // Capt ion : Load c e l l
3 // Example 3// Page 296
4 Sg=2;

5 v=0.3; // p o i s s o n s r a t i o
6 Ei=10 // ( ’ e n t e r the e x c i t a t i o n v o l t a g e =: ’ )
7 A=5*10^ -4 // ( ’ e n t e r the a r ea o f l o ad c e l l = : ’ )
8 E=200; // ( i n Gpa) Youngs modulus
9 // Let s e n s i t i v i t y Eo/P be r e p r e s e n t e d by Se

10 Se=Sg*(1+v)*Ei/(2*A*E)*.001;

11 printf( ’ S e n s i t i v i t y o f t h i s l o ad c e l l i s %1 . 2 f micro
V/N\n ’ ,Se)

12 Rg=120 // g i v e n
13 Pd=1 // ( ’ e n t e r the power d i s s i p a t e d i n each gage =: ’ )
14 Ei_max=sqrt (4*Rg*Pd)

15 Se_max=Sg*(1+v)*Ei_max /(2*A*E)*.001

16 printf( ’ The maximum d e n s i t y tha t can be a c h i e v e d
wi thout endange r i ng the s t r a i n gage s e n s o r s i s %1
. 2 f m i c r o V/N\n ’ ,Se_max)

17 // Let ( Eo/ Ei ) max be r e p r e s e n t e d by Em
18 sig_f =600*10^6 // ( ’ e n t e r the f a t i g u e s t r e n g t h =: ’ )
19 Em=Sg*sig_f *(1+v)/(2*E)*10^-6

20 printf( ’ The v o l t a g e r a t i o i s %1 . 1 f mV/V ’ ,Em)

Scilab code Exa 5.4 Piezoelectric transducer
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1 //CHAPTER 5 Force , Torque and S h a f t Power
Measurement

2 // Capt ion : P i e z o e l e c t r i c Transduce r s
3 // Example 4// Page 302
4 mc=0.04 // ( ’ e n t e r the c o n n e c t o r mass = : ’ )
5 m=0.01 // ( ’ e n t e r the s e i s m i c mass =: ’ )
6 k=10^9 // ( ’ e n t e r the s t i f f n e s s o f the s e n s i n g

e l ement =: ’ )
7 Sf=.005 // ( ’ e n t e r the s e n s i t i v i t y o f the

t r a n s d u c e r = : ’ )
8 Xi=100*10^ -6 // ( ’ e n t e r the d i s p l a c e m e n t ampl i tude

o f the shake r v i b r a t i o n =: ’ )
9 Eo=.1 // ( ’ e n t e r the r e a d i n g o f v o l t a g e r e c o r d e r

connec t ed to the t r a n s d u c e r = : ’ )
10 wnc=sqrt(k/(m+mc));

11 R=20; // 20N ( rms )
12 Z=(1/(m+mc))*(1/ wnc^2)*R;

13 printf( ’ R e l a t i v e d i s p l a c e m e n t i s %fd ’ ,Z)
14 disp(”wncˆ2 i s approx . 1 0 ˆ 9 . So , ”)
15 disp(”Z i s approx . 20nm( rms ) ”)
16 f=100; // g i v e n
17

18 F=R-((2* %pi*f)^2*(m+mc)*Xi);

19 printf( ’ Actua l f o r c e t r a n s m i t t e d to the p l a t e i s %fd
N ’ ,F)

Scilab code Exa 5.5 Torque measurement on rotating shaft

1 //CHAPTER 5 Force , Torque and S h a f t Power
Measurement

2 // Capt ion : Torque measurement on r o t a t i n g s h a f t
3 // Example 5// Page 308
4 Sg=2;

5 Rg=120;

6 G=80*10^9 // ( ’ e n t e r the s h e e r modulus o f
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e l a s t i c i t y =: ’ )
7 D=0.05 // ( ’ e n t e r the s h a f t d i amete r = : ’ )
8 dR=0.1 // g i v e n
9 // we have to f i n d the l oad to r q u e
10 y=2*dR/(Rg*Sg);

11 tou_xy=y*G;

12 j=%pi*D^4;

13 T=tou_xy *2*j/(D*32);

14 printf( ’ The l oad t o rq u e i s%fd N−m’ ,T)
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Chapter 6

Pressure and sound
measurement

Scilab code Exa 6.1 manometers

1 //CHAPTER 6 PRESSURE AND SOUND MEASUREMENT
2 // Capt ion : MANOMETERS
3 // Example 1 // Page 329
4 D1=0.1 // ( ’ Enter the d i amete r o f w e l l = : ’ )
5 D2=0.01 // ( ’ Enter the d i amete r o f the tube =: ’ )
6 g=9.81;

7 pho_air =1.23 // ( ’ Enter the d e n s i t y o f a i r i n kg /m
ˆ3 =: ’ )

8 pho_liquid =1200 // ( ’ Enter the d e n s i t y o f l i q u i d i n
manometer = : ’ )

9 h=1 // ( ’ Enter the h e i g h t by which l i q u i d
d e c r e a s e s i n s m a l l e r a r ea arm when exposed to the

nominal p r e s s u r e o f p2 =: ’ )
10 // Let the p r e s s u r e d i f f e r e n c e i s r e p r e s e n t e d by P=

p1−p2
11 disp(”The p r e s s u r e d i f f e r e n c e i s g i v e n by : ”)
12 disp(”P=h ∗ (1+((D2/D1) ˆ2) ∗g ∗ ( p h o l i q u i d−p h o a i r ) ) ”)
13 P=h*(1+(( D2/D1)^2)*g*(pho_liquid -pho_air))*10^ -3;

14 printf( ’ So the p r e s s u r e d i f f e r e n c e i s g i v e n by %1 . 2 f
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kPa \n ’ ,P)

Scilab code Exa 6.2 manometers

1 //CHAPTER 6 PRESSURE AND SOUND MEASUREMENT
2 // Capt ion : MANOMETERS
3 // Example 2 // Page 329
4 pho_l =900

5 disp(” p h o l =900 ”) // ( ’ Enter the d e n s i t y o f the
f l u i d =: ’ )

6 Pa= 500000

7 disp(”Pa= 500000 ”) // ( ’ Enter the a i r p r e s s u r e = : ’ )
8 t=298

9 disp(” t =298 ”) // ( ’ Air i s a t what t empera tu r e ( i n
deg c en t ) = : ’ )

10 R=287;

11 disp(”R=287; ”)
12 g=9.81;

13 T=t+273;

14 disp(” pho a=Pa /(R∗T) ; ”)
15 pho_a=Pa/(R*T);

16 printf( ’ The d e n s i t y o f a i r i s %fd kg /mˆ3 \n ’ ,pho_a)
17 h=.2 // ( ’ Enter the d i f f e r e n c e i n the h e i g h t o f

the f l u i d i n the manometer = : ’ )
18 disp(” P r e s d i f f =(g∗h ) ∗ ( pho l−pho a ) ”)
19 Pres_diff =(g*h)*(pho_l -pho_a)*10^ -3

20 printf( ’ The d i f f e r e n t i a l p r e s s u r e i s %1 . 2 f kPa\n ’ ,
Pres_diff)

Scilab code Exa 6.3 elastic transducers

1 //CHAPTER 6 PRESSURE AND SOUND MEASUREMENT
2 // Capt ion : E l a s t i c Transduce r s
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3 // Example 3 // Page 337
4 Sa=1000

5 disp(”Sa=1000”) // ( ’ Enter the s e n s i t i v i t y o f LVDT
=: ’ )

6 // P r o p e r t i e s o f diaphragm
7 E=200*10^9 // ( ’ Enter the v a l u e o f modulus o f

e l a s t i c i t y =: ’ )
8 disp(”E=200∗10ˆ9 ”)
9 v=0.3 // ( ’ Enter the P o i s s o n s r a t i o = : ’ )
10 disp(”v =0.3 ”)
11 d=0.2 // ( ’ Enter the d i amete r o f diaphragm =: ’ )
12 disp(”d=0.2 ”)
13 R=d*(1/2);

14 P_max =2*10^6 // ( ’ What i s the maximum p r e s s u r e ? ’ )
15 disp(”P max=2∗10ˆ6 ”)
16 p=7800 // ( ’ What i s the d e n s i t y o f s t e e l ? ’ )
17 disp(” Th i ckne s s i s g i v e n by : ”)
18 disp(” t =(3∗P max∗Rˆ4∗(1−v ˆ4) /(4∗E) ) ˆ ( 1 / 4 ) ; ”)
19 t=(3* P_max*R^4*(1 -v^4) /(4*E))^(1/4)

20 T=t*1000;

21 printf( ’ Th i ckne s s i s %1 . 1 f mm\n ’ ,T)
22 //To c a l c u l a t e the l o w e s t p r e s s u r e i n kPa which may

be s e n s e d by t h i s i n s t rument , r e s o l u t i o n and the
n a t u r a l f r e q u e n c y o f the diaphragm

23 y=.001 // ( ’ Enter the l ) e a s t v a l u e o f measurement
=: ’ )

24 p_min=(y*16*E*t^3) /(3*R^4*(1-v^2)*Sa)

25 printf( ’ So the minimum p r e s s u r e and r e s o l u t i o n i s %d
Pa \n ’ ,p_min)

26 f=(10.21/R^2)*((E*t^2) /(12*(1 -v^2)*p))^(1/2)

27 printf( ’ The n a t u r a l f r e q u e n c y o f diaphragm i s %fd Hz
’ ,f)

Scilab code Exa 6.4 design of pressure transducers
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1 //CHAPTER 6 PRESSURE AND SOUND MEASUREMENT
2 // Capt ion : Des ign o f P r e s s u r e Transduce r s
3 // Example 4 // Page 338
4 p_max =10*10^6 // ( ’ Enter the c a p a c i t y o f the

t r a n s d u c e r = : ’ )
5 D=.05 // ( ’ Enter the d i amete r o f diaphragm =: ’ )
6 R=D/2;

7 v=0.3; // p o i s s o n s r a t i o
8 E=200*10^9;

9 // We know tha t
10 // y=3pRˆ4(1−v ˆ2) /16 t ˆ3E
11 // i f y<t /4 , the non l i n e a r i t y i s r e s t r i c t e d to 0 . 3%
12 // So t i s g i v e n by
13 t=(3* p_max*R^4*(1 -v^2) /(4*E))^(1/4)

14 disp(t)

15 printf( ’ t h i c k n e s s comes out to be %fd m\n ’ ,t);
16 Sr_max =(3* p_max*R^2) /(4*t^2)

17 printf( ’ So the max r a d i a l s t r e s s i s %fd Pa\n ’ ,Sr_max
)

18 printf( ’ The g i v e n f a t i g u e s t r e n g t h i s 500MPa\n ’ )

19 if Sr_max > 500*10^6 then

20 disp(”The diaphragm must be r e d e s i g n e d ”);
21 t1=((3* p_max*R^2) /(4*500*10^6))^(1/2);

22 printf( ’ The r e q u i r e d t h i c k n e s s i s %fd m\n ’ ,t1)
23

24 else

25 disp(”The d e s i g n i s OK”);
26 end

27 // Let the v o l t a g e r a t i o be r e p r e s e n t e d by Err
28 Err =(820* p_max*R^2*(1 -v^2))/(E*(t1^2))

29 printf( ’ The v o l t a g e r a t i o i s %fd\n ’ , Err)

30 // For maximum power d i s s i p a t i o n
31 PT=1

32 RT=120

33 Ei=2*(PT*RT)^(1/2);

34 disp(” Let the s e n s i t i v i t y o f the t r a n s d u c e r be
r e p r e s e n t e d by s s ”)

35 ss =(820*R^2*(1 -v^2)*Ei)/(E*t1^2)
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36 printf( ’ s e n s i t i v i t y i s %fd\n ’ , ss)

37 // Part c
38 S_LVDT =(ss*16*t^3*E)/(3*R^4*(1 -v^2)*Ei)

39 printf( ’ SENSITIVITY OF LVDT IS %fd \n ’ ,S_LVDT)

Scilab code Exa 6.5 pressure gage

1 //CHAPTER 6 PRESSURE AND SOUND MEASUREMENT
2 // Capt ion : P r e s s u r e Gage
3 // Example 5 // Page 347
4 p_max =10*10^6 // ( ’ Enter the maximum d i f f e r e n t i a l

p r e s s u r e ’ )
5 fn =20000 // ( ’ Enter the f r equency ’ )
6 E=200*10^9; // modulus o f e l a s t i c i t y
7 v=0.3; // p o i s s o n s r a t i o
8 p=7800 // d e n s i t y o f s t e e l
9 disp(” Let t /R be r e p r e s e n t e d by TR ”)

10 TR=((3* p_max*(1-v^2))/(4*E))^(1/4)

11 // we know Rˆ2/ t = r 2 t =10.21( Et ˆ2/12(1−v ˆ2) p ) ˆ 0 . 5 /R
ˆ2 u s i n g i t , we have

12 r2t =(10.21* sqrt(E/(12*(1 -v^2)*p)))/fn

13 R=TR*r2t;

14 printf( ’ v a l u e o f R i s %fd m\n ’ , R)

15

16 t=R*TR;

17 printf( ’ v a l u e o f t i s %fd m \n ’ ,t)
18

19 eo =8.85*10^ -12

20 er =1.0006;

21 d=.001 // ( ’ Enter the d i s t a n c e between the p l a t e s
o f c a p a c i t o r = : ’ )

22 S=-(eo*er*%pi*R^2)/d^2;

23 // v a r i a t i o n o f c a p a c i t o r d i s t a n c e with r e s p e c t to
p r e s s u r e i s g i v e n by

24 q=(3*R^4*(1-v^2))/(16*E*t^3)
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25 // t o t a l s e n s i t i v i t y o f the p r e s s u r e t r a n s d u c e r i s
g i v e n by

26 sensitivity=S*q*10^18;

27 printf( ’ So the t o t a l s e n s i t i v i t y o f the p r e s s u r e
t r a n s d u c e r i s g i v e n by %1 . 2 f pF/MPa\n ’ ,
sensitivity)

Scilab code Exa 6.6 high pressure measurement

1 //CHAPTER 6 PRESSURE AND SOUND MEASUREMENT
2 // Capt ion : High P r e s s u r e Measurement
3 // Example 6 // Page 357
4 R1=100 // ( ’ Enter the r e s i s t a n c e o f Mangnin w i r e

= : ’ )
5 disp(”R1=100”)
6 b=25*10^ -12; // s tandard f o r mangnin
7 disp(”b=25∗10ˆ−12; ”)
8 disp(”u=0.5 ”)
9 u=0.5 // ( ’ e n t e r the u n c e r t a i n t y i n measur ing

p r e s s u r e f o r gage =: ’ )
10 // to c a l c u l a t e maximum u n c e r t a i n t y i n d i f f e r e n t i a l

p r e s s u r e
11 udp=u*(10 -0.1) *10^6/100;

12 uR=R1*b*udp;

13 printf( ’ So the maximum u n c e r t a i n t y i n measur ing
r e s i s t a n c e i s %fd ohm \n ’ ,uR)

14 // to c a l c u l a t e the output b r i d g e v o l t a g e f o r 10 MPa
15 Ei=5 // ( ’ e n t e r the input v o l t a g e =: ’ )
16 disp(”p1 =0.1∗10ˆ6 ”)
17 disp(”R2=R1∗(1+b∗p1 ) ”)
18 disp(”p2 =10∗10ˆ6 ”)
19 p1 =0.1*10^6 // ( ’ e n t e r the p r e s s u r e at which

b r i d g e i s assumed to be ba l anced =: ’ )
20 R2=R1*(1+b*p1)

21 p2 =10*10^6 // ( ’ e n t e r the p r e s s u r e at which output
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v o l t a g e i s to be c a l c u l a t e d =: ’ )
22 R3=R1*(1+b*p2);

23 dR=R3-R2;

24 r=1;

25 Eo=(r*dR*Ei)/((1+r)^2*R2)

26 printf( ’ The output b r i d g e v o l t a g e i s %fd v o l t \n ’ ,Eo
)

Scilab code Exa 6.7 Mc Leod gage

1 //CHAPTER 6 PRESSURE AND SOUND MEASUREMENT
2 // Capt ion : McLeod Gage
3 // Example 7 // Page 362
4 disp(”Vb=150∗10ˆ−6”)
5 disp(”d=1.5∗10ˆ−3 ”)
6 disp(”a=%pi∗d ˆ 2 / 4 ; ”)
7 Vb=150*10^ -6 // ( ’ e n t e r the volume o f the Mc Leod

gage =: ’ )
8 d=1.5*10^ -3 // ( ’ e n t e r the d i amete r o f c a p i l l a r y

=: ’ )
9 a=%pi*d^2/4;

10 p=40*10^ -6 // ( ’ e n t e r the p r e s s u r e f o r which the
gage r e a d i n g i s to be noted =: ’ )

11 //y=(−p∗ a r e a c a p+s q r t ( ( p∗ a r e a c a p ) ˆ2−4∗p∗ a r e a c a p ∗Vb
) ) /(2∗ a r e a c a p ) ;

12 l=p*a;

13

14 y=(sqrt(l^2+(4*l*Vb))-l)/(2*a)

15 printf( ’ The gage r e a d i n g comes out to be %fd mof Hg\
n ’ ,y)

Scilab code Exa 6.8 Knudsen gage
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1 //CHAPTER 6 PRESSURE AND SOUND MEASUREMENT
2 // Capt ion : Knudsen Gage
3 // Example 8 // Page 363
4 disp(”Td=40”)
5 disp(”Tv=300”)
6 disp(”p=2∗10ˆ−6”)
7 Td=40 // ( ’ e n t e r the t empera tu r e d i f f e r e n c e =: ’ )
8 Tv=300 // ( ’ e n t e r the gas t empera tu r e at which the

f o r c e has to be c a l c u l a t e d =: ’ )
9 p=2*10^ -6 // ( ’ e n t e r the p r e s s u r e ( i n m o f Hg) =: ’ )
10 pa=p*13600*9.81;

11 k=4*10^ -4; // knudsen c o n s t a n t
12 F=(pa*Td)/(k*Tv);

13 printf( ’ So the r e q u i r e d f o r c e i s %1 . 1 f N ’ ,F)

Scilab code Exa 6.9 sound measurement

1 //CHAPTER 6 PRESSURE AND SOUND MEASUREMENT
2 // Capt ion : Sound Measurement
3 // Example 9// Page 369
4 disp(”Lp=104”)
5 Lp=104 // ( ’ e n t e r the sound p r e s s u r e l e v e l i n

d e c i b l e s = : ’ )
6 disp(”pa =20∗10ˆ−6; ”)
7 disp(”p=s q r t ( 1 0 ˆ ( Lp /10) ∗pa ˆ2) ; ”)
8 pa=20*10^ -6; // rms p r e s s u r e t h r e s h o l d o f h e a r i n g
9 p=sqrt (10^(Lp/10)*pa^2);

10 printf( ’ r o o t mean squa r e sound p r e s s u r e i s %1 . 3 fPa \n
’ ,p)

Scilab code Exa 6.10 sound measurement

1 //CHAPTER 6 PRESSURE AND SOUND MEASUREMENT
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2 // Capt ion : Sound Measurement
3 // Example 10// Page 370
4 Lp1 =75 // ( ’ e n t e r the sound l e v e l f i r s t machine =: ’ )
5 Lp2 =77 // ( ’ e n t e r the sound l e v e l s econd machine

=: ’ )
6 Lp3 =79 // ( ’ e n t e r the sound l e v e l t h i r d machine =: ’ )
7 disp(” S i n c e the n o i s e l e v e l s a r e i n c o h e r e n t , the

t o t a l sound p r e s s u r e i s the sum o f the mean
squa r e v a l u e o f the i n d i v i d u a l sound p r e s s u r e s ”)

8 disp(” L p t o t a l =10∗ l o g 1 0 ( 1 0 ˆ ( Lp1 /10) +10ˆ(Lp2 /10) +10ˆ(
Lp3 /10) ) ”)

9 Lp_total =10* log10 (10^( Lp1 /10) +10^( Lp2 /10) +10^( Lp3

/10));

10 printf( ’ The t o t a l sound p r e s s u r e i s %ddB ’ ,Lp_total)
11 // d e c i b l e s a r e norma l ly rounded o f f to the n e a r e s t

i n t e g e r s
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Chapter 7

Flow measurement

Scilab code Exa 7.1 Flow measurement

1 //CHAPTER 7 Flow Measurement
2 // Capt ion : Flow Measurement
3 // Example 1// Page 406
4 t=293 // ( ’ E nt e r i n g the t empera tu r e ( i n k ) o f p i t o t

tube =: ’ )
5 p1 =0.1*10^6 // ( ’ e n t e r i n g the a i r p r e s s u r e i n

p i t o t tube =: ’ )
6 v=10 // ( ’ e n t e r i n g the v e l o c i t y o f a i r i n p i t o t

tube =: ’ )
7 R=287;

8 disp(” Dens i ty i s g i v e n by : ”)
9 disp(” pho1=p1 /(R∗ t ) ; ”)
10 pho1=p1/(R*t);

11 // dynamic p r e s s u r e
12 Pd=pho1*v^2/2;

13 //we know tha t v=s q r t (2Pd/pho )
14 // dv/dP=1/2(2/ pho∗Pd) ˆ 0 . 5
15 // Let the e r r o r or u n c e r t a i n t y i n v e l o c i t y i s

r e p r e s e n t e d by Wv and i n p r e s s u r e by Wp
16 Wp=1 // ( ’ e n t e r i n g the u n c e r t a i n t y i n the

measurement o f dynamic p r e s s u r e = : ’ )
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17 disp(” U n c e r t a i n t y i n v e l o c i t y i s g i v e n by ”)
18 disp(”Wv=(1/2) ∗ ( 2 / ( pho1∗Pd) ) ˆ 0 . 5∗Wp; ”)
19 Wv =(1/2) *(2/( pho1*Pd))^0.5*Wp;

20 per_unc=Wv *100/10;

21 printf( ’ So the p e r c e n t a g e u n c e r t a i n t y i n the
measurement o f v e l o c i t y i s %fd %% \n ’ ,per_unc)

Scilab code Exa 7.2 Anemometers

1 //CHAPTER 7 Flow Measurement
2 // Capt ion : Anemometers
3 // Example 2// Page 426
4 // To d e r i v e an e x p r e s s i o n f o r v e l o c i t y a c r o s s a hot

w i r e anemometer i n terms o f the w i r e r e s i s t a n c e
Rw, the c u r r e n t through the w i r e Iw and the

e m p i r i c a l c o n s t a n t s C0 and C1 and the f l u i d
t empera tu re .

5 disp(”C0+C1( v ) ˆ . 5 ) (Tw−Tf )=Iw ˆ2Rw”)
6 disp(”Rw= Rr [1+ a (Tw−Tr ) ] ”)
7 disp(”Rw/Rr=1+a (Tw−Tr ) ”)
8 disp(”Tw−Tr=1/a [Rw/Rr−1] ”)
9 disp(”Tw=1/a [Rw/Rr−1]+Tr”)
10 disp(”Co+C1( v ) ˆ0.5= Iw ˆ2Rw/Tw−Tf ”)
11 disp(” so , ”)
12 disp(”v=1/C1 [ { Iw ˆ2Rw/(1/ a [Rw/Rr−1]+Tr−Tf ) ]}ˆ2−C0”)

Scilab code Exa 7.3 Gross volume flow rate

1 //CHAPTER 7 Flow Measurement
2 // Capt ion : Gross volume f l o w r a t e ( v e n t u r i )
3 // Example 3// Page 438
4 dp=0.02 // ( ’ e n t e r i n g the d i amete r o f the l i n e i n

which water i s f l o w i n g =: ’ )
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5 dt=0.01 // ( ’ e n t e r i n g the d i amete r o f v e n t u r i = : ’ )
6 B=0.5; // g i v e n
7 // The d i s c h a r g e c o e f f i c i e n t s r ema ins i n the f l a t

p o r t i o n o f the curve f o r r e y n o l d s numbers 10ˆ4 to
10ˆ6 Cd=0.95

8 u=8.6*10^ -4 // ( ’ e n t e r i n g the v i s c o s i t y = : ’ )
9 Cd =0.95;

10 Rn_min =10^4;

11 disp(”Minimum f l o w r a t e i s g i v e n by : ”)
12 disp(” mdot min=%pi∗dp∗u∗Rn min /4 ”)
13 mdot_min=%pi*dp*u*Rn_min /4

14 g=9.81;

15 printf( ’Minimum f l o w r a t e at 25 deg c en t i s %1 . 3 f kg
/ s \n ’ ,mdot_min)

16 pf=1000 // d e n s i t y o f water
17 At =78.53*10^ -6 // ( ’ e n t e r i n g the t h r o a t a r ea =: ’ )
18 pm=13.6 // ( ’ e n t e r i n g the d e n s i t y o f manometer

f l u i d =: ’ )
19

20 //h i s the h e i g h t o f mercury column due to f l o w
21 disp(”To c a l c u l a t e the mercury r e a d i n g c o r r e s p o n d i n g

to minimum f low , us ing−”)
22 disp(” h min =(( mdot min∗ s q r t (1−Bˆ4) ) / ( ( s q r t (2∗ g ∗ (pm−

p f / p f ) ) ∗ p f ∗At∗Cd) ) ) ˆ 2 ; ”)
23 h_min =(( mdot_min*sqrt(1-B^4))/(( sqrt (2*g*(pm-pf/pf))

*pf*At*Cd)))^2;

24 // i n mm
25 H_min=h_min *1000

26 printf( ’ So the p r e s s u r e r e a d i n g obs e rved f o r the
g i v e n f l o w r a t r e i s %1 . 1 f mm o f Hg\n ’ ,H_min)

27 h_max =.25 // ( ’ e n t e r i n g the v a l u e o f h maximum
=: ’ )

28 m_max=(pf*At*Cd*sqrt (2*g*(pm-pf/pf))*sqrt(h_max))/

sqrt(1-B^4);

29 printf( ’ The maximum f l o w r a t e i s %1 . 1 f kg / s \n ’ ,m_max
)
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Scilab code Exa 7.4 Gross volume flow rate

1 //CHAPTER 7 Flow Measurement
2 // Capt ion : Gross volume f l o w r a t e ( v e n t u r i )
3 // Example 4// Page 439
4 dt=0.15 // ( ’ e n t e r i n g the t h r o a t d i amete r = : ’ )
5 dp=0.3 // ( ’ e n t e r i n g the upstream d iamete r = : ’ )
6 Cd =0.95;

7 B=0.5;

8 pm =13600 // ( ’ e n t e r i n g the d e n s i t y o f manometer
f l u i d =: ’ )

9 At=%pi*dt^2/4;

10 g=9.81;

11

12 pf =995.8

13 h=0.2 // ( ’ e n t e r i n g the h e i g h t o f mercury column
due to f l o w ( i n m) =: ’ )

14 q=pf*At*Cd;

15 w=(1-B^4) ^(1/2);

16 e=sqrt (2*g*((pm/pf) -1));

17 mdot_25=q*e*sqrt(h)/w

18 disp(”Mass f l o w i s g i v e n by : ”)
19 disp(”mdot=pf ∗At∗Cd∗(1/(1−Bˆ4) ˆ ( 1 / 2 ) ) ∗ s q r t (2∗ g ∗ ( (pm/

p f )−1)∗ s q r t h ) ”)
20 printf( ’ So the mass f l o w at 25 deg c en t i s %fd kg /

s \n ’ ,mdot_25)
21

22

23

24 pf =999.8 // ( ’ e n t e r i n g d e n s i t y o f water at 25 deg
c en t = : ’ )

25 h=0.2 // ( ’ e n t e r i n g the h e i g h t o f mercury column
due to f l o w ( i n m) =: ’ )

26 q=pf*At*Cd;
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27 w=(1-B^4) ^(1/2);

28 e=sqrt (2*g*((pm/pf) -1));

29 mdot=q*e*sqrt(h)/w

30 // e r r o r i s mdot (25 deg c en t )−mdot ( t deg c en t )
31 printf( ’ The mass f l o w at 0 deg c en t i s %fd kg / s \n ’ ,

mdot)

32 error1=abs((( mdot_25 -mdot)/mdot_25)*100);

33

34

35

36 printf( ’ Change i n t empera tu re o f water i n t r o d u c e s
i n s i g n i f i c a n t e r r o r i n mass f l o w measurement i . e .
%1 . 2 f%% \n ’ ,error1)

37 pf =988.8 // ( ’ e n t e r i n g d e n s i t y o f water at 25 deg
c en t = : ’ )

38 h=0.2 // ( ’ e n t e r i n g the h e i g h t o f mercury column
due to f l o w ( i n m) =: ’ )

39 q=pf*At*Cd;

40 w=(1-B^4) ^(1/2);

41 e=sqrt (2*g*((pm/pf) -1));

42 mdot=q*e*sqrt(h)/w

43 // e r r o r i s mdot (25 deg c en t )−mdot ( t deg c en t )
44 printf( ’ The mass f l o w at 50 deg c en t i s %fd kg / s \n

’ ,mdot)
45 error2=abs((( mdot_25 -mdot)/mdot_25)*100);

46

47

48

49 printf( ’ The r e f o r e , change i n t empera tu r e o f water
i n t r o d u c e s i n s i g n i f i c a n t e r r o r i n mass f l o w
measurement i . e . %1 . 2 f%% \n ’ ,error2)

Scilab code Exa 7.5 Gross volume flow rate

1 //CHAPTER 7 Flow Measurement
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2 // Capt ion : Gross volume f l o w r a t e ( v e n t u r i )
3 // Example 5// Page 440
4 dt=.1 // ( ’ e n t e r i n g the t h r o a t d i amete r = : ’ )
5 dp=.2 // ( ’ e n t e r i n g the upstream d iamete r = : ’ )
6 Cd =0.95;

7 g=9.81

8 B=0.5;

9 At=%pi*dt^2/4;

10 pf=780 // ( ’ e n t e r i n g d e n s i t y o f o i l i n the
p i p e l i n e =: ’ )

11 pm=1000 // ( ’ e n t e r i n g the d e n s i t y o f manometer
f l u i d =: ’ )

12 w=(1-B^4) ^(1/2);

13 e=sqrt (2*g*((pm/pf) -1));

14 S_ideal=At*e/w;

15 printf( ’ The i d e a l volume f l o w r a t e s e n s i t i v i t y i s %1
. 4 f (mˆ3/ s /h ˆ 0 . 5 ) \n ’ ,S_ideal)

16 // pa r t b
17 disp(” Actua l volume r a t e s e n s i t i v i t y i s g i v e n by : ”)
18 disp(” S a c t u a l=S i d e a l /Cd”)
19 S_actual=S_ideal/Cd;

20 printf( ’ The a c t u a l volume r a t e s e n s i t i v i t y i s %1 . 4 f
\n ’ ,S_actual)

21 h=.3 // ( ’ e n t e r i n g the manometer r e a d i n g o f water
h e i g h t =: ’ )

22 disp(” Actua l volume f l o w r a t e i s g i v e n by : ”)
23 disp(” Q ac tua l=S a c t u a l ∗ s q r t ( h ) ”)
24 Q_actual=S_actual*sqrt(h);

25 printf( ’ The a c t u a l volume f l o w r a t e i s %1 . 3 f mˆ3/ s \n
’ ,Q_actual)

Scilab code Exa 7.6 sonic nozzle

1 //CHAPTER 7 Flow Measurement
2 // Capt ion : Son i c n o z z l e
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3 // Example 6// Page 443
4 disp(” Let u n c e r t a i n t y i n mass f l o w r a t e be

r e p r e s e n t e d by wm”)
5 disp(” Let u n c e r t a i n t y with p r e s s u r e be r e p r e s e n t e d

by wp”)
6 disp(” Let u n c e r t a i n t y with t empera tu r e measurement

be r e p r e s e n t e d by wt”)
7 // To c a l c u l a t e the u n c e r t a i n t y i n the t empera tu r e

measurement
8 wm_m =0.02 // ( ’ e n t e r i n g the u n c e r t a i n t y i n mass

f l o w =: ’ )
9 wp_p =0.01 // ( ’ e n t e r i n g the u n c e r t a i n t y i n

p r e s s u r e measurement =: ’ )
10 disp(” U n c e r t a i n t y i n t empera tu r e i s g i v e n by : ”)
11 disp(” wt t =2∗ s q r t (wm mˆ2−wp p ˆ2) ∗100 ”)
12 wt_t =2* sqrt(wm_m^2-wp_p ^2) *100

13 printf( ’ u n c e r t a i n t y i n the t empera tu r e measurement
i s %1 . 2 f %%\n ’ ,wt_t)

Scilab code Exa 7.7 venturi

1 //CHAPTER 7 Flow Measurement
2 // Capt ion : Ventur i
3 // Example 7// Page 446
4 p1 =5*10^6 // ( ’ e n t e r i n g the p r e s s u r e o f a i r when

v e n t u r i i s to be used =: ’ )
5 t1=298 // ( ’ e n t e r i n g the t empera tu r e o f a i r f o r

the same =: ’ )
6 m_max=1 // ( ’ e n t e r i n g the maximum f l o w r a t e = : ’ )
7 m_min =0.3 // ( ’ e n t e r i n g the minimum f l o w r a t e = : ’ )
8 Re_min =10^5 // ( ’ e n t e r i n g the t h r o a t s r e y n o l d

number =: ’ )
9 R=287; // f o r a i r

10 pho1=p1/(R*t1);

11 b=0.5;
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12 mu =1.8462*10^ -5 // ( ’ e n t e r the a b s o l u t e v i s c o s i t y
= : ’ )

13 D_max =(4* m_max)/(%pi*Re_min*mu);

14 D_min =(4* m_min)/(%pi*Re_min*mu);

15 printf( ’ So the t h r o a t d i a m e t e r s f o r maximum and
minimum f l o w s so the r e y n o l d s number does not
exceed 10ˆ5 a r e %1 . 4 f m and %1 . 4 f m r e s p e c t i v e l y \
n ’ ,D_max ,D_min)

16 // To c a l c u l a t e the d i f f e r e n t i a l p r e s s u r e
17 At=%pi*D_max ^2/4;

18 C=1; // d i s c h a r g e c o e f f i c i e n t
19 M=1.0328; // V e l o c i t y approach c o e f f i c i e n t
20 Y=.9912; // Expans ion f a c t o r
21 dP_max =( m_max)^2/(Y^2*M^2*C^2*At ^2*2* pho1);

22 printf( ’ The d i f f e r e n t i a l p r e s s u r e f o r maximum f l o w
r a t e i s %1 . 5 f Pa\n ’ ,dP_max)

23 dP_min =( m_min)^2/(Y^2*M^2*C^2*At ^2*2* pho1)*1000;

24 printf( ’ The d i f f e r e n t i a l p r e s s u r e f o r minimum f l o w
r a t e i s %1 . 2 f mPa\n ’ ,dP_min)

Scilab code Exa 7.8 constant pressure drop

1 //CHAPTER 7 Flow Measurement
2 // Capt ion : Constant−Pre s su r e−Drop , Var i ab l e−Area

Meters ( Rotameters )
3 // Example 8// Page 455
4 Qd =.1/60 // ( ’ e n t e r the maximum f l o w o f water = : ’ )
5 t=298 // ( ’ e n t e r the t empera tu r e i n k =: ’ )
6 d=.03 // ( ’ e n t e r the f l o a t d i amete r i n m=: ’ )
7 L=0.5 // ( ’ e n t e r the t o t a l l e n g t h o f r o t a m e t e r = : ’ )
8 D=.03 // ( ’ e n t e r the d i amete r o f tube at i n l e t = : ’ )
9 Vb=25*10^ -6 // ( ’ e n t e r the t o t a l volume o f f l o a t = : ’ )

10 Af =7.068*10^ -4 // a r ea o f f l o a t
11 j=2*9.81* Vb/Af;

12 y=L;
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13 disp(”Tube t a p e r i s g i v e n by : ”)
14 disp(”a=(Qd∗2) /( %pi∗D∗y∗ j ˆ ( 1 / 2 ) ) ”)
15 a=(Qd*2)/(%pi*D*y*j^(1/2));

16 printf( ’ tube t a p e r i s %1 . 4 f m/m( t a p e r ) \n ’ ,a)
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Chapter 8

TEMPRATURE
MEASUREMENT

Scilab code Exa 8.1 thermocouple

1 //CHAPTER 8 TEMPERATURE MEASUREMENT
2 // Capt ion : Thermocouple
3 // Example 1 // Page 500
4 t1 = 100 // ( ’ e n t e r i n g the t empera tu r e ( i n deg c en t

) = : ’ )
5 e1= 5 // ( ’ e n t e r i n g the emf ( i n mv) at

t empera tu re t1 =: ’ )
6 t2=445 // ( ’ e n t e r i n g the second tempera tu r e ( i n deg

c en t )= : ’ )
7 e2=25 // ( ’ e n t e r i n g the emf ( i n mv) at t empera tu r e

t2 =: ’ )
8 // TO CALCULATE CONSTANTS a AND b
9 // e1=a ∗ ( t1 )+b ∗ ( t1 ˆ2) ;
10 // e2=a ∗ ( t2 )+b ∗ ( t2 ˆ2) ;
11 A=[t1 t1^2;t2 t2^2];

12

13 B=[e1 0 ;e2 0]

14 Y=lsq(A,B); // computes the minimum norm l e a s t
squa r e s o l u t i o n o f the e q u a t i o n A∗Y=B,
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15 disp(Y)

16

17 printf( ’ v a l u e o f c o n s t a n t s a and b a r e %fd V/ deg
c en t and %fd V/ deg c en t r e s p e c t i v e l y ’ ,Y(1,1),Y
(2,1))

18 //PART B
19 // Let e (0−40) be r e p r e s e n t e d by E1 , e (40− t ) by E2

and e (0− t ) by E3
20

21 E1=(Y(1,1) *40)+(Y(2,1) *40^2);

22 disp(E1);

23 E2=2; // g i v e n
24 E3=E1+E2;

25 D=sqrt((Y(1,1)^2) +(4*Y(2,1)*E3));

26 t=(-Y(1,1)+D)/(2*Y(2,1));

27 disp(t)

28 printf( ’ Hot j u n c t i o n t empera tu r e i s %1 . 1 f deg c en t ’
,t);

29 // PART C
30 // Let e (0−500) be r e p r e s e n t e d by E4 and e (40−500)

by E5
31 E4=Y(1,1) *500+Y(2,1) *500^2;

32 E5=E4-E1;

33 disp (E5)

34 printf( ’ emf when the hot j u n c t i o n i s at 500 and c o l d
at 40 i s %1 . 1 f mV ’ ,E5);

Scilab code Exa 8.2 thermocouple and thermopile

1 //CHAPTER 8 TEMPERATURE MEASUREMENT
2 // Capt ion : THERMOCOUPLE AND THERMOPILE
3 // Example 2 // Page 511
4 h=(100/5) *10^ -3 // i n mv
5 printf( ’ emf per the rmocoup l e i s %1 . 2 f mV \n ’ , h);

6 // e (0−100)+e (100− t )=e(0− t )
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7 // Let e (0−100) = E1 and e (100− t )= E2
8 E1= 5.27 // g i v e n
9 E2=h;

10 E3=E1+E2;

11 E4 =5.325; // g i v e n emf at 101 deg c en t
12 c=100 ; // g i v e n tha t c o l d j u n c t i o n i s at 100 deg

c en t
13 // BT EXTRAPOLATION
14 t=c+((E3-E1)/(E4-E1));

15 printf( ’ Requ i red t empera tu re d i f f e r e n c e i s %1 . 2 f deg
c en t ’ ,t)

Scilab code Exa 8.3 electrical resistance sensors

1 //CHAPTER 8 TEMPERATURE MEASUREMENT
2 // Capt ion : ELECTRICAL− RESISTANCE SENSORS
3 // Example 3 // Page 517
4 s =0.2 // ( ’ e n t e r the s e n s i t i v i t y =: ’ )
5 d=0.4*10^ -3

6 A=%pi*(d^2) /4;

7 // R=pho ∗ l /A
8 R=100

9 pho =0.8*10^ -3;

10 l=(R*A)/pho;

11

12 printf( ’ Length c o r r e s p o n d i n g to r e s i s t a n c e 100 ohm
and d iamete r 0 . 4mm i s %fd m\n ’ ,l)

13 d=2*10^ -3

14 A=%pi*(d^2) /4;

15 R=100

16 pho =0.8*10^ -3;

17 l=(R*A)/pho;

18 printf( ’ Length c o r r e s p o n d i n g to r e s i s t a n c e 100 ohm
and d iamete r 2mm i s %1 . 2 f m\n ’ ,l)

19 // The above l e n g t h s o f w i r e i n d i c a t e tha t t h e i r
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d i a m e t e r s shou ld be very s m a l l so r e a s o n a b l e
l e n g t h s can be used i n p r a c t i c a l a p p l i c a t i o n s .

20 // Let r e s i s t a n c e at 50 deg c en t be R1 and at 100 deg
c en t be R2

21 t=-50 // ( ’ Enter the t emper tu r e at which
r e s i s t a n c e has to be c a l c u l a t e d = : ’ )

22 R1= R+s*(t-20);

23 printf( ’ R e s i s t a n c e at t empera tu r e %d i s %f ohm \n ’ ,t
,R1)

24 t2=100 // ( ’ Enter the t emper tu r e at which
r e s i s t a n c e has to be c a l c u l a t e d = : ’ )

25 R2= R+s*(t2 -20);

26 printf( ’ R e s i s t a n c e at t empera tu r e %d i s %f ohm\n ’ ,
t2 ,R2)

Scilab code Exa 8.4 thermistors

1 //CHAPTER 8 TEMPERATURE MEASUREMENT
2 // Capt ion : THERMISTOR
3 // Example 4 // Page 521
4 To= 293 // ( ’ Enter the t empera tu r e i n K=: ’ )
5 Ro=1000 // ( ’ E nt e r i n g the c o r r e s p o n d i n g

r e s i s t a n c e i n ohm=: ’ )
6 B=3450 // ( ’ E nt e r i n g the v a l ) ue o f c o n s t a n t

= : ’ )
7 Rt=2500 // ( ’ Ent e r i ng the r e s i s t a n c e at which

t empera tu re has to be c a l c u l a t e d =: ’ )
8 T=1/((1/ To)+(1/B)*log(Rt/Ro));

9 disp(” Temperature i s g i v e n by : ”)
10 disp(”T=1/((1/To) +(1/B) ∗ l o g ( Rt/Ro) ) ; ”)
11 printf( ’ The t empera tu r e c o r r e s p o n d i n g to r e s i s t a n c e

o f %d ohm i s %1 . 3 f K \n ’ ,Rt ,T)
12 Wrt=5 // ( ’ E nt e r i n g the e r r o r i n Rt r e s i s t a n c e

measurement =: ’ )
13 Wro=2 // ( ’ E nt e r i n g the e r r o r i n Ro tempera tu r e
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measurement =: ’ )
14 // Let dT/dRt be r e p r e s e n t e d by DRt and dT/dRo by

DRo
15 DRt=-T^2/(B*Rt) ;

16 DRo=-T^2/(B*Ro);

17 disp (” Er ro r i n t empera tu r e measurement i s g i v e n by :
”)

18 disp(”Wt=s q r t ( ( DRt∗Wrt ) ˆ2+(DRo∗Wro) ˆ2) ; ”)
19 Wt=sqrt((DRt*Wrt)^2+( DRo*Wro)^2);

20 printf( ’ E r ro r i n the r e q u i r e d t empera tu r e
measurement i s %1 . 4 f K \n ’ ,Wt)

21 printf( ’ So the r e q u i r e d t empera tu r e i s %d+ %1 . 4 f K \
n ’ ,T,Wt)

Scilab code Exa 8.5 pyrometers

1 //CHAPTER 8 TEMPERATURE MEASUREMENT
2 // Capt ion : PYROMETERS
3 // Example 5// Page 545
4

5 // ( i ) O p t i c a l Pyrometer
6 // Ta(K) i s the a c t u a l t empera tu re and Ti (K) i s the

i n d i c a t e d t empera tu re
7 TI=1200 // ( ’ Enter the i n d i c a t e d t empera tu r e i n

d e g r e e c e n t i g r a d e =: ’ )
8 Ti=TI+273

9 disp(” Ti=TI+273”)
10 lamda =0.7*10^ -6 // ( ’ E nt e r i n g the wave l ength ( i n

mete r s ) at which i n t e n s i t i e s a r e compared ’ )
11 epsilon =0.6 // ( ’ E nt e r i n g the e m i s s i v i t y o f

the body ’ )
12 C2 =0.014387 // ( ’ E nt e r i n g the v a l u e o f cons tant ’ )
13 disp(” Actua l t empera tu r e i s g i v e n by : ”)
14 disp(”Ta=(Ti∗C2) /(C2−lamda∗Ti∗ l o g ( e p s i l o n ) ) ; ”)
15 Ta=(Ti*C2)/(C2-lamda*Ti*log(epsilon));
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16 ta=Ta -273;

17 printf( ’ Actua l t empera tu re o f the body i s %d \n ’ ,ta)
18 // ( i i ) For r a d i a t i o n pyrometer
19 T=( epsilon*Ta^4) ^(1/4);

20 ti=T -273;

21 printf( ’ I n d i c a t e d t empera tu re i n d e g r e e c e l s i u s o f
the t o t a l r a d i a t i o n pyrometer i s %d d e g r e e c en t \
n ’ ,ti)

22 //To c a l c u l a t e e r r o r
23 Error1=Ta-Ti;

24 printf( ’ E r ro r u s i n g O p t i c a l Pyrometer i s %d K \n ’ ,
Error1)

25 Error2=Ta-T;

26 printf( ’ E r ro r u s i n g Rad i a t i on Pyrometer i s %d K \n ’ ,
Error2)
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