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Eqn Equation (Particular equation of the above book)

AP Appendix to Example(Scilab Code that is an Appednix to a particular
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Chapter 2

Operational Amplifier

Scilab code Exa 2.1 Design an amplifier for given conditions

1 // Exa 2 . 1
2

3 clc;

4 clear;

5

6 // Given data
7

8 // An a m p l i f i e r ( Re f e r Fig . 2 . 5 ( a ) )
9 Acl = -10; // Closed l oop ga in
10 Ri = 10 * 10^3; // Input r e s i s t a n c e o f a m p l i f i e r ( )
11

12 // S o l u t i o n
13

14 // S i n c e i t i s ment ioned to d e s i g n an a m p l i f i e r , i t
means to c a l c u l a t e v a l u e s f o r Rf ( Feedback
r e s i s t a n c e ) and R1 .

15 disp(” R e f e r r i n g Fig . 2 . 5 ( a ) , we choo s e R1 as 10 k
i . e e q u a l to input r e s i s t a n c e o f a m p l i f i e r . ”);

16 R1 = Ri;

17 // Acl = −1 ∗ Rf/R1 ;
18 // T h e r e f o r e ;
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19 Rf= - Acl * Ri;

20 printf( ’ The c a l c u l a t e d v a l u e o f Rf ( Feedback
r e s i s t a n e ) i s Rf = %d k . \n ’ ,Rf /1000);

Scilab code Exa 2.2 To calculate various parameters for given circuit

1 // Exa 2 . 2
2

3 clc;

4 clear;

5

6 // Given data
7

8 // An a m p l i f i e r as g i v e n i n Fig . 2 . 5 ( b )
9 R1 = 10*10^3; // Input r e s i s t a n c e o f a m p l i f i e r ( )
10 Rf = 100*10^3; // Feedback r e s i s t a n c e o f a m p l i f i e r

( )
11 vi = 1; // Input v o l t a g e a p p l i e d ( V o l t s )
12 RL = 25*10^3; // Load r e s i s t a n c e ( )
13

14 // S o l u t i o n
15

16 i1 = vi/R1; // Input c u r r e n t (A)
17 printf( ’ The v a l u e o f i nput c u r r e n t = i 1 = %. 1 f mA.

\n ’ ,i1 *1000);
18 vo = -1*(Rf/R1)*vi; // output v o l t a g e (V)
19 printf( ’ The v a l u e o f output v o l t a g e = vo = %d V. \n

’ ,vo);
20 iL = abs(vo)/RL; // Load c u r r e n t (A)
21 printf( ’ The v a l u e o f l o ad c u r r e n t = iL = %. 1 f mA. ’ ,

iL *1000);

22 disp(” The d i r e c t i o n o f iL i s as shown i n Fig . 2 . 5 ( b
) . ”);

23 // iTot = i 1 + iL ;
24 iTot = i1+iL; // Tota l c u r r e n t (A)
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25 printf( ’ The v a l u e o f t o t a l c u r r e n t = i o = %. 1 f mA.
’ ,iTot *1000);

26 disp(” In an i n v e r t i n g a m p l i f i e r , f o r a +i v e input ,
output w i l l be −i v e , t h e r e f o r e the d i r e c t i o n o f
i o i s as shown i n Fig . 2 . 5 ( b ) . ”);

Scilab code Exa 2.3 To design an amplifier using single op amp

1 // Exa 2 . 3
2

3 clc;

4 clear;

5

6 // Given data
7

8 // S i n g l e op−amp a m p l i f i e r .
9 ACL = 5; // Requ i red ga in ( p o s i t i v e )
10

11 // S o l u t i o n
12

13 disp(” S i n c e the ga in i s p o s i t i v e , we have to make a
non− i n v e r t i n g a m p l i f i e r . ”);

14 disp(” R e f e r r i n g Fig . 2 . 7 ( a ) , s e l e c t R1 = 10 k . ”);
15 R1 = 10*10^3; // Input r e s i s t a n c e i n
16 // Then from eqn . ( 2 . 2 0 ) , we get , ACL = 1+ ( Rf/R1) ;
17 // T h e r e f o r e
18 Rf = (ACL -1)*R1; // Feedback r e s i s t a n c e i n
19 printf( ’ The c a l c u l a t e d f e e d b a c k r e s i s t a n c e o f

a m p l i f i e r i . e Rf = %d k . \ n ’ ,Rf /1000);

Scilab code Exa 2.4 To determine the various parameters for Non inverting amplifier

1 // Exa 2 . 4
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2

3 clc;

4 clear;

5

6 // Given data
7

8 // R e f e r r i n g c i r c u i t g i v e n i n Fig . 2 . 7 ( a )
9 R1= 5*10^3; //
10 Rf =20*10^3; //
11 Vi=1; // Input v o l t a g e (V)
12 RL =5*10^3; // Load r e s i s t o r ( )
13

14

15 // S o l u t i o n
16

17 Vo= (1+(Rf/R1))*Vi; // Output v o l t a g e (V)
18 printf( ’ The output v o l t a g e i . e vo = %d V. \n ’ ,Vo);
19 AcL=Vo/Vi; // Closed l oop Gain
20 printf( ’ The c l o s e d l oop ga in i . e Acl = %d. \n ’ ,

AcL);

21 IL=Vo/RL; // Output c u r r e n t (A)
22 printf( ’ The l oad c u r r e n t i . e iL = %d mA. \n ’ ,IL

*1000);

23 I1=Vi/R1; // Input c u r r e n t (A)
24 Io=IL+I1; // Tota l c u r r e n t (A)
25 printf( ’ The output c u r r e n t i . e i o = %. 2 f mA. \n ’ ,

Io *1000);

26 disp(”The op−amp output c u r r e n t Io f l o w s outwards
from the output j u n c t i o n . ”);

Scilab code Exa 2.6 To determine the values of Rc and Re

1 // Exa 2 . 6
2

3 clc;
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4 clear;

5

6 // Given data
7

8 // R e f e r r i n g c i r c u i t shown i n Fig . 2 . 1 1 ( a )
9 B=200; // Current ga in
10 Icq = 100*10^ -6; // Amperes
11 ADM = 500; // Vo l tage ga in f o r d i f f e r e n t i a l mode

s i g n a l
12 CMRR_db = 80; // i n dB(Common mode r e j e c t i o n r a t i o )
13

14 // S o l u t i o n
15

16 // S i n c e gm = I cq /Vt t h e r e f o r e ,
17 gm = Icq /(25*10^ -3); // f o r Vt = 25 mV
18

19 printf( ’ Us ing Eq . 2 . 5 0 , we have ADM = −gm∗Rc so from
t h i s we g e t Rc as ’ );

20 Rc =abs(- ADM/gm);

21 printf( ’ %d k . \n ’ ,Rc /1000);
22 printf( ’ S i n c e CMRR = 80 dB c o n v e r t i n g i t i n t o non dB

v a l u e so CMRR = ’ );
23 CMRR = 10^( CMRR_db /20);

24 printf( ’ %d . \n ’ ,CMRR);
25 printf( ’ Us ing Eq . 2 . 5 5 , we g e t v a l u e o f Re as ’ );
26 // CMRR = 1+ 2∗gm∗Re ; t h e r e f o r e
27 Re = (CMRR -1) /(2*gm);

28 printf( ’ %. 2 f M . \n ’ ,Re /10^6);

Scilab code Exa 2.7 To determine the various parameters for basic differential amplifier

1 // Exa 2 . 7
2

3 clc;

4 clear;
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5

6 // Given data
7

8 // Fig . 2 . 1 1 ( a ) shows the b a s i c d i f f e r e n t i a l
a m p l i f i e r

9 Rc = 2*10^3; //
10 Re = 4.3*10^3; //
11 Vcc = 5 ; // Vcc = |VEE |
12 Bo = 200;

13 Vbe = 0.7; // V o l t s
14 Vt=25*10^ -3; // V o l t s
15

16 // S o l u t i o n
17

18 printf( ’ For V1 = V2 = 0 , a p p l y i n g KVL f o r the base
e m i t t e r loop , we may wr i t e , ’ );

19 printf( ’ \n Vbe+2∗(1+Bo) ∗ Ibq ∗Re−Vee = 0 .\ n From
t h i s we g e t Ibq as ’ );

20 Ibq = (Vcc -Vbe)/(2*(1+ Bo)*Re);

21 printf( ’ %. 2 f A . \n ’ ,Ibq *10^6);
22 Icq = Bo*Ibq;

23 printf( ’ The v a l u e o f I c q = %. 3 f mA. \n ’ ,Icq *10^3);
24 Vo1 = Vcc - Rc*Icq;

25 printf( ’ The v a l u e o f Vo1 = Vo2 ( due to symmetry ) = %
. 3 f V. \n ’ ,Vo1);

26 Vceq = Vo1 -(-Vbe);

27 printf( ’ The v a l u e o f Vceq = %. 3 f V. \n ’ ,Vceq);
28 gm = Icq/Vt;

29 r_pi = Bo/gm;

30 // u s i n g wq . 2 . 5 0 ADM = −gm∗Rc ;
31 ADM = -gm*Rc;

32 // u s i n g e q u a t i o n 2 . 5 3 ( a ) Acm can be g i v e n as
33 ACM = (-Bo*Rc)/(r_pi +2*(1+ Bo)*Re);

34

35 CMRR = ADM/ACM;

36 CMRR_db = 10*log(CMRR);

37 printf( ’ The r ema in ing v a l u e s a r e as f o l l o w s : \n
ADM = %. 2 f . \n ACM = %. 2 f . \n CMRR = %. 1 f = %. 1
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f dB . \ n ’ ,ADM ,ACM ,CMRR ,CMRR_db);

Scilab code Exa 2.8 To determine the output voltages vo1 and vo2

1 // Exa 2 . 8
2

3 clc;

4 clear;

5

6 // Given data
7

8 // With r e f e r e n c e to d i f f e r e n t i a l a m p l i f i e r d e s i g n e d
i n example 2 . 6

9 // 2 a p p l i e d i n p u t s a r e
10 t = [0 :1:100]; // t ime i n mSec
11 v1= 15*sin (2*%pi *60*t) + 5*sin(2* %pi *1000*t); //

i n mV
12 v2 = 15*sin (2*%pi *60*t) - 5*sin(2* %pi *1000*t); //

i n mV
13 fi = 60; // f r e q u e n c y o f i n t e r f e r e n c e s i g n a l ( Hz )
14 fo = 1000; // f r e q u e n c y at which s i g n a l i s to be

p r o c e s s e d ( Hz )
15

16 // S o l u t i o n
17

18 // We know from Example 2 . 6
19 gm=4; // m
20 Rc=125 ; // k
21 Re= 1.25; // k
22 Bo=200;

23 r_pi= Bo/gm; // i n k
24

25 ADM =-500; // from example 2 . 6 ( g i v e n )
26 // From eq . 2 . 5 3 ( a ) we g e t ACM as
27 ACM = (-Bo*Rc)/(r_pi *1000+2*(1+ Bo)*Re);
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28 printf( ’ The v a l u e o f ACM = %. 2 f \n ’ ,ACM);
29 // from eqns 2 . 5 6 ( a and b )
30 vDM = (v1 -v2)/2;

31 vCM = (v1+v2)/2;

32

33 // from Eq . 2 . 5 7 ( a and b )
34 vo1 = ADM*vDM+ACM*vCM;

35 vo2 = -ADM*vDM + ACM*vCM;

36

37 printf( ’ T h e r e f o r e f i n a l e q u a t i o n s are− \n ’ );
38 disp(” vo1 = −2500∗ s i n (2∗%pi ∗1000∗ t ) −0.75∗ s i n (2∗%pi

∗60∗ t ) mV ”);
39 disp(” vo2 = 2500∗ s i n (2∗%pi ∗1000∗ t ) −0.75∗ s i n (2∗%pi

∗60∗ t ) mV”);

Scilab code Exa 2.9 To find the differential voltage gain

1 // Exa 2 . 9
2

3 clc;

4 clear;

5

6 // Given data
7

8 // A d i f f e r e n t i a l a m p l i f i e r with s i n g l e ended output
9 // R e f e r r i n g c i r c u i t g i v e n i n Fig . 2 . 9
10 Bo = 100; // c u r r e n t ga in
11 Re = 150; //
12 Rc = 10*10^3; //
13 IQ = 0.5*10^ -3; // mA
14 VT = 25*10^ -3; // mV
15

16 // S o l u t i o n
17

18 ICQ = IQ/2;
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19 gm = ICQ/VT; // i n
20 r_pi = Bo/gm;

21

22 printf( ’ The d i f f e r e n t i a l mode ga in f o r a s i n g l e
s t a g e i s found from the e q u i v a l e n t c i r c u i t shown
i n f i g . ( i i ) \n on page no . 64 and i s e q u a l to ’ );

23 ADM = (1/2) *(Bo*Rc/(r_pi +(1+Bo)*Re));

24 printf( ’ %d V/V. \n ’ ,round(ADM));
25 printf( ’ \n We can s e e tha t s i g n o f ADM i s p o s i t i v e

because the output i s taken at the c o l l e c t o r o f
Q2\n whereas i nput i s a p p l i e d at the base o f Q1 .
\n ’ );

Scilab code Exa 2.10 To find the value of Resistor R1

1 // Exa 2 . 1 0
2

3 clc;

4 clear;

5

6 // Given data
7

8 // A c u r r e n t m i r r i r as shown i n Fig . 2 . 1 6
9 Ic = 1; // mA
10 Vcc = 10; // V o l t s
11 B = 125;

12 Vbe = 0.7; // B o l t s
13

14 // S o l u t i o n
15

16 // Case ( 1 )− When I c = 1mA.
17 printf( ’ From e q u a t i o n s 2 . 6 7 and 2 . 6 8 we g e t R1 as −

\n\n ’ );
18 // I c = (B/(B+2) ) ∗ ( ( Vcc−Vbe ) /R1) ;
19 // T h e r e f o r e
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20 R1 = (B/(B+2))*((Vcc -Vbe)/Ic);

21 printf( ’ The v a l u e o f R1 when I c = 1 mA i s R1 = %. 2 f
k . \n ’ ,R1);

22

23 // Now c a s e ( 2 )− when I c = 10 A .
24 Ic1 = 10*10^ -3; // i n mA
25 R2 = (B/(B+2))*((Vcc -Vbe)/Ic1);

26 printf( ’ The v a l u e o f R1 when I c = 10 A i s R1 = %d
k . \n ’ ,R2);

Scilab code Exa 2.11 To design a Wildar current source

1 // Exa 2 . 1 1
2

3 clc;

4 clear;

5

6 // Given data
7

8 Io=10*10^ -6; // Output c u r r e n t (A)
9 Vcc= 10; // V o l t s
10 B=125; // c u r r e n t ga in
11 Vbe =0.7; // Vo l tage between base and e m i t t e r (V)
12 Vt=25*10^ -3; // v o l t e q u i v a l e n t o f t empera tu re at

room tempera tu r e (V)
13

14 // S o l u t i o n
15

16 disp(” Let I r e f = 1 mA then u s i n g e q u a t i o n 2 . 7 9 , we
get− ”);

17

18 Iref =1*10^ -3; // we choos e
19

20 R1=(Vcc -Vbe)/Iref;

21 printf( ’ \n The v a l u e o f R1 = %. 1 f k . \n ’ ,R1 /1000)
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;

22

23 disp(” Using e q u a t i o n 2 . 7 4 , we get−”);
24 Re=(Vt /((1+1/B)*Io))*log(Iref/Io);

25 printf( ’ \n The v a l u e o f Re = %. 1 f k . \n ’ ,Re /1000)
;

26

27 disp(” Thus , i t i s c l e a r l y s e en tha t Wildar c i r c u i t
a l l o w s the g e n e r a t i o n o f s m a l l c u r r e n t s u s i n g
r e l a t i v e l y s m a l l r e s i s t o r s . ”);

Scilab code Exa 2.12 To determine the values of Ic1 Ic2 and Ic3

1 // Exa 2 . 1 2
2

3 clc;

4 clear;

5

6 // Given data
7

8 // R e f e r r i n g f i g No . 2 . 2 1 , we g e t
9

10 Vcc =9; // V o l t s
11 Vbe =0.7; // V o l t s
12 R1 =30*10^3; //
13 Re =1.94; //
14 B=125; // c u r r e n t ga in
15 VT = 25*10^ -3; // V o l t s
16

17 // S o l u t i o n
18

19 Iref= (Vcc -Vbe)/R1;

20 printf( ’ The v a l u e o f I r e f = %. 3 f mA. \n ’ ,Iref
*1000);

21 // Also at Node A.− I r e f=I c +3∗ Ib . i . e I c = I r e f ∗ (B/(
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B+2) )
22 // Assuming IB3 o f w i d l a r s o u r c e n e g l i g i b l e .
23 // T h e r e f o r e p u t t i n g back v a l u e o f I r e f we ge t

v a l u e s o f I c 1
24 Ic=Iref*(B/(B+3));

25 Ic_mA = Ic *1000; // i n mA
26

27 printf( ’ \n The v a l u e o f I c 1 = I c 2 = %. 3 f mA. \n ’ ,
Ic *10^3);

28 // C a l c u l a t i n g I c 3 u s i n g eqn 2 . 7 4 ;
29

30 // Re = (VT/( I c 3 ∗(1+1/B) ) ) ∗ l n ( ic mA / I c 3 ) ;
31 // Re − (VT/( I c 3 ∗(1+1/B) ) ) ∗ l n ( ic mA / I c 3 ) = 0 ;
32

33 deff( ’ y = f ( x ) ’ , ’ y = ( Re−(VT∗ l o g ( Ic mA/x ) ) /( x
∗(1+1/B) ) ) ’ ); // he r e x = I c 3

34 [x,v,info]= fsolve (0.01 ,f);

35

36 printf( ’ \n By t r i a l and e r r o r method , we g e t I c 3 =
%. 4 f mA. \ n ’ ,x);

Scilab code Exa 2.13 To determine the value of Io

1 // Exa 2 . 1 3
2

3 clc;

4 clear;

5

6 // Given data
7

8 // R e f e r i n g Fig . 2 . 2 4 we get ,
9

10 B=100; // Current ga in
11 Vbe =0.7; // V o l t s
12 Vcc =5; // V o l t s
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13 R1= 10*10^3; //
14

15 // S o l u t i o n
16

17 printf( ’ R e f e r r i n g to c i r c u i t shown i n Fig . 2 . 2 4 and
u s i n g KVL we g e t I r e f as ’ );

18 // KVL f o r l oop 1
19 // Vcc−Vbe−R1∗ I r e f+Vcc = 0 ;
20 // T h e r e f o r e
21 Iref= (2*Vcc -Vbe)/R1;

22 printf( ’ %. 2 f mA. \n ’ ,Iref *1000);
23 // At e m i t t e r node E . , I r e f =2∗ I e ( Assuming i d e n t i c a l

t r a n s i s t o r s
24 //Then ;
25 Ic= B*Iref /(2*(1+B));

26

27 printf( ’ Due to m i r r o r e f f e c t , I o = I c 1 = I c = %0 . 2
f mA. \n ’ ,Ic *1000);

Scilab code Exa 2.14 To determine the values of Ic1 Ic2 and Rc

1 // Exa 2 . 1 4
2

3 clc;

4 clear;

5

6 // Given data
7

8 // Fig . 2 . 2 5 shows c i r c u i t f o r c u r r e n t example
9 Vo = 6; // V o l t s
10 B = 200;

11 R1 =15; // k
12 R2 = 2.8; // k
13 Vcc = 12; // v o l t s
14 Vbe = 0.7; // V o l t s
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15

16 // S o l u t i o n
17

18 Iref = (Vcc -Vbe)/R1;

19 I1 = Vbe/R2;

20

21 // At node A− I r e f = I c 1 + 2IB + I1 ;
22 // I r e f = I c 1 ∗(1+2/B)+I1 ;
23 // T h e r e f o r e ; we g e t I c 1 as−
24 Ic1 = (Iref -I1)/(1+2/B);

25 printf( ’ The v a l u e o f I c 1 = %. 3 f mA. \ n ’ ,Ic1 );

26 printf( ’ The v a l u e o f I c 2 = I c 1 due to m i r r o r
e f f e c t . ’ );

27 // by KVL to o u t e r l oop we ge t Rc v a l u e
28 // 12V = I c 2 ∗Rc +Vo ;
29 Rc = (Vcc -Vo)/Ic1;

30 printf( ’ \n The v a l u e o f Rc = %d k . \n ’ ,Rc);

Scilab code Exa 2.15 To find the emitter current in transistor Q3

1 // Exa 2 . 1 5
2

3 clc;

4 clear;

5

6 // Given data
7

8 // R e f e r r i n g Fig . 2 . 2 6 , we ge t
9 Vcc =10; // V o l t s
10 R1= 4.7*10^3; // k O h m s
11 B=100; // Current ga in (>>1)
12 Vbe =0.75; // V o l t s
13

14 // S o l u t i o n
15
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16 disp(” Node A i s at t r a n s i s t o r Q1 , Node
B i s at t r a n s i s t o r Q2 and Node C i s

at t r a n s i s t o r Q3 . ”);
17

18 printf( ’ \n From Fig . 2 . 2 6 at node A . I = I c 1
+ Ib1 + I 1 . . . Eqn ( 1 ) ’ );

19 printf( ’ \n Also at node B . I 1 = I c 2 + Ib3
. ’ );

20 printf( ’ \n Put t ing v a l u e o f I 1 i n eqn ( 1 ) we g e t
I = ( approx imate l y ) 2 I c . \n ’ );

21

22 I = (Vcc -Vbe)/R1; // By o h m s law
23

24 printf( ’ \n The c a l c u l a t e d v a l u e o f I = %. 2 f mA. \n ’
, I*1000);

25

26 Ic3 = I/2;

27

28 printf( ’ The c o l l e c t o r c u r r e n t o f Q3 i s e q u a l to the
c o l l e c t o r c u r r e n t o f Q1 and Q2 due to m i r r o r

a c t i o n . \n There f o r e , the e m i t t e r c u r r e n t IE3 =
I c 3 = I c = I /2 = %. 2 f mA. \n ’ ,Ic3 *1000);

Scilab code Exa 2.16 To calculate the difference between V1 and V2 for the level shifter

1 // Exa 2 . 1 6
2

3 clc;

4 clear;

5

6 // Given data
7

8 // A l e v e l s h i f t e r as shown i n f i g . 2 . 3 1
9 // Assuming I d e a l s i l i c o n t r a n s i s t o r s
10 Vbe = 0.7; // V o l t s
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11 // B( c u r r e n t ga in ) has very l a r g e v a l u e s
12 Vcc = 15; // V o l t s
13 Rc = 10*10^3; //
14 Re = 5000; //
15

16 // S o l u t i o n
17

18 printf( ’ From f i g . 2 . 3 1 we g e t that , t r a n s i s t o r s Q1
and Q2 form a c u r r e n t m i r r o r . \ n ’ );

19 printf( ’ so I c 1 = I c 2 = I and tha t can be found by
O h m s law as ’ );

20 I = (Vcc - Vbe)/Rc; //
21 printf( ’ I = I c 2 = %. 2 f mA. \n ’ , I*1000 );

22 printf( ’ Now , the d i f f e r e n c e V1−V2 can be found
u s i n g KVL as ’ );

23 dV = Vbe + I * Re; // KVL between end p o i n t s
24 printf( ’ %. 2 f V. \n ’ ,dV);

Scilab code Exa 2.17 To calculate collector current in each transistor and the output voltage under quiescent condition along with open loop voltage gain

1 // Exa 2 . 1 7
2

3 clc;

4 clear;

5

6 // Given data
7

8 // Fig . 2.33− I n t e r n a l c i r c u i t o f Motoro la MC 1530
9 B = 100;

10 Vbe = 0.7; Vd = 0.7; Vcc = 6; Vee = 6; Vo = 5; Vt=

0.026; // V o l t s
11 // Vt = v o l t e q u i v a l e n t o f t e m p e r a s t u r e at room

tempera tu re
12 R1 = 2.2; R2 = 7.75; R3 = 7.75; R4 = 1.5; R5 = 3.2;

R6 = 1.5; R7 = 3;
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13 R8 = 3.4; R9 = 6; R10 = 30; R11 = 5; // A l l i n k
14

15 // S o l u t i o n
16

17 printf( ’ The d . c . a n a l y s i s i s per fo rmed by assuming
tha t both the i n v e r t i n g and non− i n v e r t i n g
t e r m i n a l s a r e at ground p o t e n t i a l . ’ );

18

19 Vbn1 = (-Vee+Vd+Vd)*R5/(R4+R5);

20 printf( ’ \n The v o l t a g e Vbn1 at base o f t r a n s i s t o r
Q1 w. r . t ground N = %. 2 f V. \n ’ ,Vbn1);

21 I1 = (Vee + Vbn1 - Vbe)/R1;

22 printf( ’ \n The c u r r e n t through e m i t t e r o f Q1 i . e I 1
= %. 3 f mA. \n ’ ,I1);

23 printf( ’ I f the base c u r r e n t o f Q1 i s n e g l e c t e d ,
then Iq ( c u r r e n t through c o l l e c t o r o f Q1) = I1 = %
. 3 f mA. \n ’ ,I1);

24

25 printf( ’ \n under dc c o n d i t i o n s , h a l f o f the Iq f l o w s
through each t r a n s i s t o r s Q2 and Q3 . T h e r e f o r e I c 2
= I c 3 = %. 3 f mA. \n ’ ,(I1/2));

26 Vc2 = Vcc - R2*(I1/2);

27 printf( ’ The v o l t a g e at c o l l e c t o r o f Q2 and Q3 = Vc2
= Vc2 = %. 2 f V. \n ’ ,Vc2);

28 printf( ’ \n By l o o k i n g at the I n t e r n a l c i r c u i t , the
v o l t a g e s at the base o f Q4 and Q5 i . e Vb4 = Vb5
= %. 2 f V. \n ’ ,Vc2);

29 Ve4 = Vc2 - Vbe;

30 printf( ’ The dc v o l t a g e at the e m i t t e r o f Q4 = Ve4 =
%. 2 f V. \ n ’ ,Ve4);

31 I6 = Ve4/R6;

32 printf( ’ \n The c u r r e n t through R6 = %. 3 f mA. \n ’ ,I6
);

33 printf( ’ This c u r r e n t d i v i d e s e q u a l l y i n t r a n s i s t o r s
Q4 and Q5 i . e I c 4 = I c 5 = %. 3 f mA. \n ’ ,(I6/2));

34 Vc5 = Vcc -(I6/2)*R7;

35 Ve6 = Vc5 -Vbe;

36 printf( ’ \n The c o l l e c t o r v o l t a g e o f Q5i . e Vc5 and
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e m i t t e r v o l t a g e o f Q6 i . e a r e %. 2 f V and %. 2 f V
r e s p e c t i v e l y . \n ’ ,Vc5 ,Ve6);

37 I8 = (Vee -Vd)/R8;

38 printf( ’ T r a n s i s t o r s Q7 a l ong with d i ode D3 forms a
c u r r e n t m i r r o r o f the type shown i n f i g . 2 . 1 5 .
Hence , I c 7 = I8 = %. 2 f mA. \n ’ ,I8);

39

40 Vb8 = Vbe + Vd - Vee;

41 printf( ’ \n The v o l t a g e at the base o f Q8 i . e Vb8 = %
. 2 f V. \n ’ ,Vb8);

42 I9 = (Ve6 -Vb8)/R9;

43 I10 = I8 -I9;

44 printf( ’ The c u r r e n t s a l ong r e s i s t o r s R9 and R10 a r e
%. 2 f mA and %. 2 f mA r e s p e c t i v e l y . \n ’ ,I9 ,I10 );

45

46 Vo_dc = I10*R10 + Vb8;

47 printf( ’ The v o l t a g e at output t e r m i n a l = %. 2 f V (
approx imate l y 0) as expec t ed . \n ’ ,Vo_dc);

48

49 printf( ’ \n\n ’ );
50 printf( ’ ////////////////////////////////FOR over a l l

v o l t a g e ga in /////////////////////\n\n ’ );
51 h_fe = 100;

52 printf( ’ we f i r s t c a l c u l a t e the v o l t a g e ga in o f the
d i f f e r e n t i a l a m p l i f i e r s t a g e s . \ n ’ );

53 // s i n c e I c 2 = I c 3 = I c 4 = I c 5 = approx 0 . 5 0 mA
54 Ic = 0.5; // i n mA
55 h_ie = h_fe*Vt/Ic;

56

57 RL2 = (1/R2 + 1/h_ie)^-1;

58 RL3 = RL2;

59

60 Av1 = h_fe*RL2/h_ie;

61 printf( ’ The output o f the f i r s t s t a g e i s doub le
ended , i t s d i f f e r e n t i a l ga in i s g i v e n as %d . \n ’ ,
Av1);

62

63 Av2 = -(1/2)*(h_fe*R7/h_ie);
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64 printf( ’ The output o f the second s t a g e i s s i n g l e
ended , so i t s d i f f e r e n t i a l ga in i s %. 1 f . \n ’ ,Av2)
;

65

66 printf( ’ The t h i r d s t a g e i s e m i t t e r f o l l o w e r , so ,
Av3 = ( approx imate l y ) 1 . \n ’ );

67 Av3 = 1;

68 Av4 =- R10/R9;

69 printf( ’ The l a s t output s t a g e u s e s v o l t a g e shunt
f e e d b a c k network R9−R10 , \n So , Av4 = (
a p p r o im a t e l y ) %d . \n ’ ,Av4);

70

71 Av = Av1 * Av2 * Av3 * Av4;

72 printf( ’ \n\n Hence the ove r a l l op−amp ga in i s , Av
= %d. \n ’ ,Av);

Scilab code Exa 2.18 To perform the dc analysis and to compute overall voltage gain

1 // Exa 2 . 1 8
2

3 clc;

4 clear;

5

6 // Given data
7

8 // op−amp c i r c u i t as shown i n Fig . 2 . 3 5
9 h_fe = 100;

10 Vbe = 0.7; Vcc = 15; Vee = 15; Vt = 0.025; // V o l t s
11 // Vt = v o l t e q u i v a l e n t at room tempera tu r e
12 R1 = 20; R2 = 20; R3 = 28.6; R6 = 3; R8 = 2.3;

13 R9 = 3; Ra = 15.7; // A l l i n k
14

15 // S o l u t i o n
16

17 printf( ’ I t can be s e en tha t the c i r c u i t has the f o u r
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s t a g e s : \n Dual−input , d i f f e r e n t i a l output . \n
Dual−input , s i n g l e ended output . \n Le ve l
t r a n s l a t o r . \n Emit te r f o l l o w e r . \ n ’ );

18

19 printf( ’ \n\n For d . c . a n a l y s i s , assume tha t the
input t e r m i n a l s a r e s h o r t e d to ground . \ n ’ );

20 I = (Vee -Vbe)/R3;

21 printf( ’ The r e f e r e n c e c u r r e n t I o f the c u r r e n t
minor Q3−Q4 i s o b t a i n e d as I = %. 1 f mA. \n ’ ,I);

22 printf( ’ \n Due to c u r r e n t m i r r o r a c t i o n , I cq4 = I =
%. 1 f mA and I cq1 = Icq2 = I c q /2 = %. 3 f mA. \n ’ ,I,
I/2);

23 Vcq1 = Vcc -(I/2)*R1;

24 printf( ’ The c o l l e c t o r v o l t a g e s f o r Q1 and Q2 a r e
Vcq1 = Vcq2 = %d V. \n ’ ,Vcq1);

25 Veq5 = Vcq1 -Vbe;

26 printf( ’ \n The v o l t a g e at e m i t t e r o f Q5 and Q6 i s
Veq5 = Veq6 = %. 1 f V. \n ’ ,Veq5);

27 Icq7 =4*I;

28 printf( ’ S i n c e the a r ea o f Q7 i s 4 t imes tha t o f Q3
and Q4 , the t r a n s i s t o r Q7 s u p p l i e s a c u r r e n t I cq7
= %d mA. \n ’ ,Icq7);

29 printf( ’ \n Thus , c o l l e c t o r c u r r e n t s o f Q5 and Q6 ar e
I cq5 = Icq6 = %d mA. \n ’ ,Icq7/2 );

30 Vcq6 = Vcc -(Icq7 /2)*R6;

31 printf( ’ Hence , c o l l e c t o r v o l t a g e o f Q6 i s Vcq6 = %d
V. \n ’ ,Vcq6);

32 Veq8 = Vcq6+Vbe;

33 printf( ’ \n This c a u s e s a v o l t a g e at the e m i t t e r o f
pnp t r a n s i s t o r Qr i . e Veq8 = %. 1 f V. \n ’ ,Veq8);

34 Ieq8 = (Vcc -Veq8)/R8;

35 printf( ’ The e m i t t e r c u r r e n t o f Q8 i . e I eq8 = %d mA.
\n ’ ,Ieq8);

36 Va = -Vee + Ieq8*Ra;

37 printf( ’ \n The v o l t a g e Va at the c o l l e c t o r o f Q8 i . e
Vcq8 or the base o f Q9 i . e Vbq9 = %. 1 f V. \n ’ ,Va

);

38 printf( ’ S i n c e the e m i t t e r o f Q9 w i l l be 0 . 7 V below
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the base t e rm ina l , \n the v o l t a g e at the output
t e r m i n a l 6 i s 0 V as i s expec t ed . ’ );

39

40 Vo = 0; // output v o l t a g e ( V o l t s )
41 Ieq9 = (Vo -(-Vee))/R9;

42 printf( ’ \n\n The e m i t t e r c u r r e n t o f Q9 i . e I eq9 = %d
mA. \n ’ ,Ieq9);

43

44 printf( ’ \n\n ////////////////////////// a . c . a n a l y s i s
///////////////////////////\n\n ’ );

45

46 h_ie1 = (h_fe*Vt)/(I/2);

47 printf( ’ The ac e m i t t e r r e s i s t a n c e o f the t r a n s i s t o r
Q1−Q2 i s h i e = %. 1 f k . \n ’ ,h_ie1);

48 h_ie5 = (h_fe*Vt)/(Icq7 /2);

49 printf( ’ The ac e m i t t e r r e s i s t a n c e o f the t r a n s i s t o r
Q5−Q6 i s h i e = %. 1 f k . \n ’ ,h_ie5);

50 RL1 = (1/R1 + 1/h_ie5)^-1;

51 printf( ’ S ince , e m i t t e r o f Q5−Q6 i s at ground
p o t e n t i a l under ac c o n d i t i o n s , \ n the e f f e c t i v e
l oad f o r Q1−Q2 i s RL1 = RL2 = %. 1 f k . \ n ’ ,RL1);

52 ADM1 = (h_fe*RL1)/h_ie1;

53 printf( ’ The v o l t a g e ga in o f f i r s t d i f f e r e n t i a l
s t a g e i s ADM1 = %d. \n ’ ,ADM1);

54 ADM2 = ( -1/2)*(h_fe*R6)/h_ie5;

55 printf( ’ The v o l t a g e ga in o f s econd d i f f e r e n t i a l
s t a g e i s ADM2 = ( approx imate l y ) %d . \n ’ ,ADM2);

56 A3 =-Ra/R8;

57 printf( ’ The ga in o f the l e v e l t r a n s l a t o r s t a g e i s
A3 = %. 2 f . \n ’ ,A3);

58 printf( ’ The l a s t s t a g e i s e m i t t e r f o l l o w e r , so i t s
v o l t a g e ga in Av4 = ( approx imat e l y ) 1 . ’ );

59 Av4 = 1;

60 Av = ADM1 * ADM2 * A3 * Av4;

61 printf( ’ \n\n So , the o v e r a l l v o l t a g e ga in i s Av = %d
. \n ’ ,Av);
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Chapter 3

Operational Amplifier
Characteristics

Scilab code Exa 3.1 To design an inverting amplifier using 741 opamp

1 // Exa 3 . 1
2

3 clc;

4 clear;

5

6 // Given data
7

8 // Fig . 3 . 1 ( e ) shows an i n v e r t i n g a m p l i f i e r
9 ACL = -10; // open l oop ga in o f ap−amp 741
10 R1 = 10*10^6; // Input impedence i n
11

12 // S o l u t i o n
13

14 printf( ’ In f i g . 3 . 1 ( e ) , to s e t i nput impedence Ri =
10 M , p i c k R1 = 10 M . ’ );

15 // s i n c e , ACL = − Rf/R1 ;
16 // Ther e f o r e ,
17 Rf = -ACL*R1;

18 printf( ’ \n The c a l c u l a t e d v a l u e o f Rf = %d M . \n
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’ ,Rf /10^6);
19 printf( ’ Choose Rt = 47 k . \n ’ );
20 Rt = 47*10^3; //
21 Rs = (Rt^2)/(Rf -2*Rt);

22 printf( ’ C a l c u l a t e d Rs = %d . ’ ,Rs);

Scilab code Exa 3.2 To calculate maximum output offset voltage along with value of Rcomp

1 // Exa 3 . 2
2

3 clc;

4 clear;

5

6 // Given data
7

8 // Fig . 3 . 2 ( b ) r e p r e s e n t s the non− i n v e r t i n g
a m p l i f i e r

9 R1 = 1000; //
10 Rf = 10000; //
11 Vios = 0.01; // V o l t s
12 Ib = 300*10^ -9; // Amperes
13 Ios = 50*10^ -9; // Amperes
14

15 // S o l u t i o n
16

17 printf( ’ From e q u a t i o n 3 . 2 4 , we g e t VoT = ’ );
18 VoT = (1+(Rf/R1))*Vios + Rf*Ib ;

19 printf( ’ %d mV. \n ’ ,VoT *1000);
20

21 Rcomp = 1/((1/ R1) + (1/Rf)); // Rf | | R1
22 printf( ’ The v a l u e o f Rcomp needed to r educe the

e f f e c t o f Ib i s %. 1 f . \n ’ ,Rcomp);
23 printf( ’ With Rcomp i n the c i r c u i t , VoT = ’ );
24 VoT1 = (1+(Rf/R1))*Vios + Rf*Ios;

25 printf( ’ %. 1 f mV. \n ’ , VoT1 *10^3);
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26 printf( ’ \n I t can be s e en from t h i s example tha t i t
i s the input o f f s e t v o l t a g e which i s more
r e s p o n s i b l e \n f o r p roduc ing an output o f f s e t
v o l t a g e compared to input b i a s c u r r e n t Ib or the
input o f f s e t c u r r e n t I o s . ’ );

27 // The answer p rov id ed i n the t ex tbook i s wrong .

Scilab code Exa 3.3 To find the change in output voltage due to change in temperature

1 // Exa 3 . 3
2

3 clc;

4 clear;

5

6 // Given data
7

8 // A non− i n v e r t i n g a m p l i f i e r
9 G=100; // Gain o f a m p l i f i e r a t 25 d e g r e e c e l s i u s

10 T1 = 25; // d e g r e e c e l s i u s
11 T2 = 50; // d e g r e e c e l s i u s
12 VoT =0.15; // O f f s e t v o l t a g e d r i f t i n mV/

d e g r e e c e l s i u s
13

14 // S o l u t i o n
15

16 printf( ’ Input o f f s e t v o l t a g e due to t empera tu r e
r i s e = ’ );

17 Vos=VoT*(T2-T1);

18 printf( ’ %. 2 f mV. \n ’ ,Vos);
19 printf( ’ Due to t h i s i nput change , the output

v o l t a g e w i l l change by ’ );
20 Vo=Vos*G;

21 printf( ’%d mV. \n ’ ,Vo);
22 printf( ’ This cou ld r e p r e s e n t a very major s h i f t i n

the output v o l t a g e . ’ );
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Scilab code Exa 3.4 To find the slew rate of the opamp whose output is shown in figure

1 // Exa 3 . 4
2

3 clc;

4 clear;

5

6 // Given data
7

8 // Fig . 3 . 1 3 shows output o f an op−amp v o l t a g e
f o l l o w e r

9 F =2; // f r e q u e n c y i n MHz
10 Vipp= 8; // Input v o l t a g e ( Peak to peak ) i n v o l t s
11

12 // S o l u t i o n
13

14 printf( ’ S i n c e the f r e q u e n c y i s g i v e n we can g e t
t ime p e r i o d as T = %. 1 f sec . \n\n ’ ,1/F);

15

16 printf( ’ S ince , the s l ew r a t e i s d e f i n e d as the
maximum r a t e o f change o f the output , \n so from

Fig . 3 . 1 3 , i t can be s e en that , maximum change
i n output i s 6V i n 0 . 2 5 sec . ’ );

17

18 dVo =6;

19 dT=0.25 ; // sec
20 SR=dVo/dT;

21

22 printf( ’ \n\n There f o r e , the s l ew r a t e o f the op−amp
= %d V/ sec . \n ’ ,SR);

Scilab code Exa 3.5 To determine maximum peak to peak input signal that can be applied without distorting the output
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1 // Exa 3 . 5
2

3 clc;

4 clear;

5

6 // Given data
7

8 // A 741C op−amp i s used
9 G=50; // Gain o f op−amp
10 F=20*10^3; // Vo l tage ga in Vs f r e q u e n c y curve i s

f l a t upto t h i s f r e q u e n c y ( Hz )
11

12 // S o l u t i o n
13

14 printf( ’ The s l ew r a t e f o r 741C i s 0 . 5 V/ sec . \n ’ )
;

15 SR=0.5; // V/ sec
16 printf( ’ From Eq . 3 . 5 1 , we can ge t Vm as : ’ );
17 // SR = 2∗%pi∗ f ∗Vm/ 1 0 ˆ 6 ; // V/ sec
18 Vm = SR *10^6/(2* %pi*F);

19 printf( ’%. 2 f V. \n ’ ,Vm);
20 Vpp =2*Vm;

21 printf( ’ The peak to peak output v o l t a g e = %. 2 f V. \
n ’ ,Vpp);

22 printf( ’ Hence , f o r the output to be u n d i s t o r t e d
s i n e wave , the maximum input s i g n a l shou ld be
l e s s than %d mV peak to peak . \ n ’ ,(Vpp *10^3)/G);

Scilab code Exa 3.6 To determine whether IC 741 can be used or not for given specifications

1 // Exa 3 . 6
2

3 clc;

4 clear all;

5
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6 // Given data
7

8 Vinpp =500; // Peak to peak input v o l t a g e i n mV
9 Vopp= 3; // Peak to peak output v o l t a g e i n V
10 Tr= 4; // Ri s e t ime i n s e c
11

12 // S o l u t i o n
13

14 printf( ’ S i n c e the output has a peak ampl i tude
g r e a t e r than 1 vo l t , the s l ew r a t e i s the
l i m i t i n g f a c t o r . \ n ’ );

15

16 // The s l ew r a t e = dVo/dT ;
17

18 printf( ’ \n From the d e f i n i t i o n o f r i s e time , i t i s
t ime the output t a k e s to change from 10 to 90
p e r c e n t o f the f i n a l v a l u e . \n \n There f o r e , the
change i n the output v o l t a g e dVo i n 4 m i c r o s e c i s

e q u a l to : ’ );
19 dVo = (0.9 -0.1)*Vopp;

20 printf( ’ %. 1 f V. \n ’ ,dVo);
21

22 SR = dVo/Tr;

23 printf( ’ The s l ew r a t e i s %. 1 f V/ sec . \n ’ ,SR);
24 printf( ’ \n Since , the s l ew r a t e o f 741 i s 0 . 5 V s e c

, i t i s too s low and cannot be used . ’ );
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Chapter 4

Operational Amplifier Circuits

Scilab code Exa 4.1 To design an adder circuit using an operational amplifier

1 // Exa 4 . 1
2

3 clc;

4 clear;

5

6 // Given data
7

8 // To d e s i g n an adder c i r c u i t as shown i n Fig . 4 . 2 ( a
)

9 // Vo = −(0.1∗V1+V2+10∗V3) ;
10 // V1 , V2 , V3 a r e the i n p u t s
11

12 // S o l u t i o n
13

14 printf( ’ The output i n Fig . 4 . 2 ( a ) i s − \n Vo = − [(
Rf/R1) ∗V1 + ( Rf/R2) ∗V2 + ( Rf/R3) ∗V3 ] . ’ );

15 printf( ’ \n The d e s i r e d output i s −\n Vo = [ ( 0 . 1 ) ∗V1
+ ( 1 ) ∗V2 + ( 1 0 ) ∗V3 ] . ’ );

16 printf( ’ \n\n Comparing above two eq ua t i on s , ’ );
17 printf( ’ \n We can say , Let Rf = 10 k , R1 = 100 k

and R2 = 10 k and R3 = 1 k . \ n ’ );

34



18 printf( ’ \n Thus , the d e s i r e d output e x p r e s s i o n i s
o b t a i n e d . ’ );

Scilab code Exa 4.2 To find the output voltage for the adder subtractor circuit

1 // Exa 4 . 2
2

3 clc;

4 clear;

5

6 // Given data
7

8 // Added−s u b t r a c t o r as shown i n f i g . 4 . 4 ( a ) .
9 R1 =40*10^3; //

10 R2 =25*10^3; //
11 R3 =10*10^3; //
12 R4 =20*10^3; //
13 R5 =30*10^3; //
14 Rf =50*10^3; //
15 V1=2; // V o l t s
16 V2=3; // V o l t s
17 V3=4; // V o l t s
18 V4=5; // V o l t s
19

20 // S o l u t i o n
21

22 printf( ’ The n e g a t i v e sum i s o b t a i n e d by s e t t i n g V3=
V4=0. Thus , \ n ’ );

23 Vo1=-(Rf/R1)*V1 -(Rf/R2)*V2;

24 printf( ’ Vo1 = %. 1 f V o l t s . \n ’ ,Vo1);
25 printf( ’ \n Now s e t V1=V2=0 to f i n d the output

v o l t a g e due to V3 and V4 . \n The v o l t a g e Vo2 at
the p o s i t i v e t e r m i n a l due to V3 and V4 can be
found by u s i n g s u p e r p o s i t i o n theorem as shown i n
Fig . 4 . 4 ( b ) as \n ’ );
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26

27 Rllel=( 1/R4 + 1/R5)^-1;

28 Rllel1 =(1/R3+1/R5)^-1;

29 Vo2= (Rllel/(R3+Rllel))*V3+ (Rllel1 /( Rllel1+R4))*V4;

30 printf( ’ Vo2 = %. 3 f V o l t s . \n ’ ,Vo2 );

31 printf( ’ \n The output v o l t a g e Vo3 due to V3 and V4
now can be dete rmined from the e q u i v a l e n t c i r c u i t

o f Fig . 4 . 4 ( c ) as \n ’ );
32 Rllel2 =(1/R1+1/R2)^-1;

33 Vo3 =(1+( Rf/Rllel2))*Vo2;

34 printf( ’ Vo3 = %. 3 f V o l t s . \n ’ ,Vo3);
35 printf( ’ \n The t o t a l output v o l t a g e V0 i s g i v e n as

sum o f Vo1 + Vo3 . \ n ’ );
36 Vout=Vo1+Vo3;

37 printf( ’ The output v o l t a g e = %. 3 f V o l t s . \n ’ ,Vout)
;

38 printf( ’ \n\n The e q u i v a l e n t c i r c u i t at v a r i o u s i n
between s t e p s a r e shown i n Fig . 4 . 4 ( b−c ) . ’ );

Scilab code Exa 4.3 To design an operational amplifier to differentiate an input signal

1 // Exa 4 . 3
2

3 clc;

4 clear;

5

6 // Given data
7

8 // An op−amp d i f f e r e n t i a t o r
9 fa = 100; // Hz
10 Vpp = 1; // V o l t s
11

12 // S o l u t i o n
13

14 printf( ’ S e l e c t , Fa = fmax = 100 Hz . \ n ’ );
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15 printf( ’ Let , C1 = 0 . 1 F . \ n ’ );
16 C1 = 0.1*10^ -6; // Farads
17 // s i n c e Fa = 1/(2∗%pi∗Rf∗C1) ;
18 // Ther e f o r e ,
19 Rf = 1/(2* %pi*fa*C1);

20 printf( ’ The r e f o r e , the c a l c u l a t e d v a l u e o f Rf = %. 1
f k . \n ’ ,Rf /1000);

21

22 printf( ’ S e l e c t , f b = 10∗Fa = 1000 Hz . \ n ’ );
23 fb = 1000; // Hz
24 // T h e r e f o r e
25 R1 = 1/(2* %pi*fb*C1);

26 printf( ’ The c a l c u l a t e d v a l u e o f R1 = %. 2 f k . \n ’ ,
R1 /1000);

27 // S ince , RfCf = R1C1
28 // T h e r e f o r e we get ,
29 Cf = R1*C1/Rf;

30 printf( ’ The c a l c u l a t e d v a l u e o f Cf = %. 2 f F . \n ’ ,
Cf *10^6);

31

32 printf( ’ \n\n For a s i n u s o i d a l i nput − \n\n ’ );
33 disp(” s i n c e , v i = s i n (2∗%pi ∗100∗ t ) , ”);
34 disp(”From Eq . 4 . 6 9 , vo = −Rf∗C1∗ d/ dt ( v i ) , ”);
35 disp(”Above e q u a t i o n y i e l d f o l l o w i n g r e s u l t once

so l v ed− vo = −co s (2∗%pi ∗100∗ t ) . ”);
36 printf( ’ \n The input and output waveforms a r e shown

i n Graphic window 0 ans 1 r e s p e c t i v e l y . \n\n ’ );
37 // p l o t t i n g wave forms
38

39 t = [0:%pi :13* %pi];

40 figure (0);

41

42 a=gca(); // Handle on axes e n t i t y
43 a.x_location = ” o r i g i n ”;
44 a.y_location = ” o r i g i n ”;
45 plot2d(t,sin (2* %pi *100*t));

46 title( ’ S ine−wave−i npu t ’ ,” c o l o r ”,”Red”,” f o n t s i z e ” ,3);
47 figure (1);
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48

49 a=gca(); // Handle on axes e n t i t y
50 a.x_location = ” o r i g i n ”;
51 a.y_location = ” o r i g i n ”;
52 plot2d(t,-cos (2*%pi *100*t));

53 title( ’ Cos ine−wave−output ’ ,” c o l o r ”,” b lue ”,” f o n t s i z e ”
,3);

54

55 printf( ’ \n For a sq ua r e wave input −\n\n ’ );
56 printf( ’ \n For a sq ua r e wave input , say 1 V peak and

1 KHz, \ n The output waveform w i l l c o n s i s t o f
p o s i t i v e and n e g a t i v e s p i k e s o f magnitude Vsat \n
which i s app rox imat e l y 13 V f o r 15 V op−amp
power supp ly . \ n\n ’ );

57 printf( ’ During the t i m e p e r i o d s f o r which input i s
c o n s t a n t at 1V, the d i f f e r e n t i a t e d output
w i l l be z e r o . \n However , when input t r a n s i t s
between 1V l e v e l s , \n the s l o p e o f the input i s

i n f i n i t e f o r an i d e a l s qua r e wave . \n\n The
output , t h e r e f o r e , g e t s c l i p p e d to about 13V
f o r a 15 V op−amp power supp ly . ’ );

58

59 printf( ’ \n\n The output o f a sq ua r e wave input i s a
s p i k e output as shown i n Fig . 4 . 2 2 ( b ) . \n ’ );

Scilab code Exa 4.4 To determine various parameters for a lossy integrator

1 // Exa 4 . 4
2

3 clc;

4 clear;

5

6 // Given data
7

8 // R e f e r i n g i n t e g r a t o r c i r c u i t i n Fig . 4 . 2 3 ( c )
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9 R1 = 10*1000; //
10 Rf = 100*10^3; //
11 Cf = 10*10^ -9; // Farads
12

13

14 // S o l u t i o n
15

16 printf( ’ For the g i v e n component va lue s , the l owe r
f r e q u e n c y l i m i t o f i n t e g r a t i o n f a i s ’ );

17 fa = 1/(2* %pi*Rf*Cf);

18 printf( ’%d Hz \n\n ’ ,fa);
19 printf( ’ For 99 p e r c e n t accuracy , the input

f r e q u e n c y shou ld be at l e a s t one decade above f a .
\n However , t h e r e i s an l i m i t up to which

c i r c u i t w i l l i n t e g r a t e and i s de te rmined by the
f r e q u e n c y r e s p o n s e o f op−amp . \ n However , as i nput

f r e q u e n c y i s i n c r e a s e d , the output ampl i tude
r e d u c e s as the ga in o f the i n t e g r a t i o n f a l l s \n at
a r a t e o f 6 dB/ o c t av e . \ n\n ’ );

20

21 // c a s e ( 1 ) : S in e wave input
22 printf( ’ c a s e ( 1 ) : For s i n e Wave Input \n ’ );
23 printf( ’ \n\n For a input o f 1 V peak s i n e wave at 5

kHz , the i n t e g r a l o f v i ( t ) =1∗ s i n (2∗ p i ∗5000∗ t ) i s
c o s i n e f u n c t i o n . \ n ’ );

24 t1 = 0:%pi :100* %pi;

25 disp(” Input Funct ion − v i = s i n (2∗%pi ∗5000∗ t ) ; ”);
26 disp(” Output Funct ion − vo = 0 . 3 1 8∗ co s (2∗%pi ∗5000∗ t )

; ”);
27 printf( ’ The input and output waveforms a r e d e p i c t e d

i n Graphic window # 0\n ’ );
28

29 vi = sin(2* %pi *5000* t1); // Input
30 vo = 0.318* cos(2*%pi *5000* t1); // Output
31

32 a=gca(); // Handle on axes e n t i t y
33 a.x_location = ” o r i g i n ”;
34 a.y_location = ” o r i g i n ”;
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35 plot(t1,vi, ’ ro− ’ );
36 plot(t1,vo, ’ o−b ’ );
37 legend ([” Input Funct ion ”,” Output Funct ion ”]);
38 xlabel(” t ime ”);
39 ylabel(”Vi , Vo”);
40 title(” S ine wave p l o t ”);
41

42 // c a s e ( 2 ) : Step input
43 printf( ’ \n\n c a s e ( 2 ) : Step input \n ’ );
44 printf( ’ \n\n I f i nput i s a s t e p v o l t a g e v i = 1V f o r

0<t <=0.3msec , then the output v o l t a g e at t = 0 . 3
ms i s ’ );

45 vos = (-1/(R1*Cf))*integrate( ’ 1 ’ , ’ x ’ ,0 ,0.3*10^ -3);
46 printf( ’%d V \n ’ ,vos);
47 printf( ’ \n The output v o l t a g e i s a ramp f u n c t i o n

with a s l o p e o f 10V/ms and i s shown i n g r a p h i c
window #1\n ’ );

48 yi = [1,1,1,1,1,1,1,1,1,1,1];

49 t2 = 0:0.1:1; // t ime i n m i l l i s e c
50 yo = -10*t2;

51 figure (1);

52 a=gca(); // Handle on axes e n t i t y
53 a.x_location = ” o r i g i n ”;
54 a.y_location = ” o r i g i n ”;
55 plot(t2,yi, ’ ro− ’ );
56 plot(t2,yo, ’ o−b ’ );
57 legend ([” Input Funct ion ”,” Output Funct ion ”]);
58 xlabel(”Time i n m i l l i s e c ”);
59 ylabel(”Vi , Vo”);
60 title(” Step p l o t ”);
61

62 // c a s e ( 3 ) : s qua r e wave input
63 printf( ’ \n\n c a s e ( 3 ) : Square wave input \n ’ );
64 printf( ’ \n\n The output waveform f o r an input o f 5

kHz , 1 V peak squa r e wave . \n I t can be s e en tha t
input i s o f c o n s t a n t ampl i tude o f 1 V from 0 to

0 . 1 msec and −1 V from 0 . 1 ms to 0 . 2 ms . \ n Thus ,
the expec t ed output waveform w i l l be a t r i a n g u l a r
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wave . ’ );
65 vosq = -(1/(R1*Cf))*integrate( ’ 1 ’ , ’ x ’ ,0 ,0.1*10^ -3);
66 printf( ’ \n The peak v a l u e o f the output f o r f i r s t

h a l f c y c l e i s %. 1 f V \n ’ ,vosq);
67 printf( ’ \n Both input and output waveforms a r e

d e p i c t e d i n g r a p h i c window #3\n ’ );
68 t3 = 0:0.1*10^ -3:10^ -3;

69 zi = [1,-1,1,-1,1,-1,1,-1,1,-1,1];

70 zo =

[0.5 , -0.5 ,0.5 , -0.5 ,0.5 , -0.5 ,0.5 , -0.5 ,0.5 , -0.5 ,0.5];

71 figure (2);

72 a=gca(); // Handle on axes e n t i t y
73 a.x_location = ” o r i g i n ”;
74 a.y_location = ” o r i g i n ”;
75 plot2d2(t3,zi ,2);

76 plot2d(t3,zo ,4);

77 legend ([” Input Funct ion ”,” Output Funct ion ”]);
78 xlabel(”Time i n s e c ”);
79 ylabel(”Vi , Vo”);
80 title(” Square wave p l o t ”);

Scilab code Exa 4.5 To find R1 and Rf values in the lossy integrator

1 // Exa 4 . 5
2

3 clc;

4 clear;

5

6 // Given data
7

8 App = 20; // peak ga in i n dB
9 A = 17; // Actua l ga in i n dB
10 w = 10000; // Angular Frequancy i n rad / s e c
11 C = 0.01*10^ -6; // Farads
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12

13 // S o l u t i o n
14

15 printf( ’ From Eq . ( 4 . 8 4 ) , we s e e tha t ga in i s at i t s
peak when w = 0 .\ n There f o r e , 20∗ l o g ( Rf/R1) =

2 0 .\ n ’ );
16

17 // Ther e f o r e ,
18 // Rf = 10 R1 ; . . . . . . . . . . . . Eq . ( 1 )
19 z = 10; // z i s r a t i o o f Rf/R1
20 printf( ’ i . e Rf/R1 = %d. \n ’ ,z );

21 printf( ’ At w = 10ˆ4 rad / sec , ga in i n dB i s down
from i t s peak o f 20 dB . \n There f o r e , c o n v e r i n g
ga in to dB i n Eq . ( 4 . 8 4 ) and sub s i t u t i n g f o r w
, C, and Rf/R1 we can g e t v a l u e o f Rf . \ n\n ’ );

22 // 20∗ l o g 1 0 10 = 17 dB
23 // −−−−−−−−−−−−−−−−−−−−−−−−−−
24 // s q r t (1 + [10ˆ4∗10ˆ−8∗Rf ] ˆ 2 )
25

26 deff( ’ y=f ( x ) ’ , ’ y = 20∗ l o g 1 0 ( 10 / s q r t (1+[10ˆ−4∗x
] ˆ 2 ) )−17 ’ );// x i s Rf ( )

27 [x,v,info] = fsolve (10,f);

28 printf( ’ The c a l c u l a t e d v a l u e o f Rf i s %d .
Rounding o f f to n e a r e s t p o s s i b l e v a l u e i . e 10

k . \n ’ ,x);
29 Rf = 10000; //
30 printf( ’ S i n c e we have r a t i o o f Rf by R1 so , \n

The v a l u e o f R1 can be g i v e n as R1 = %d k .
\n ’ ,0.1*(Rf /1000)); // as R1/Rf = 0 . 1

Scilab code Exa 4.6 To calculate output of an operational amplifier to a step input of magnitude V and compare it with output of a low pass RC circuit

1 // Exa 4 . 6
2

3 clc;
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4 clear;

5

6 // Given data
7

8 // R e f e r r i n g c i r c u i t i n Fig . 4 . 2 6
9 // An op amp i n t e g r a t o r and a low pas s Rc c i r c u i t )
10

11 // S o l u t i o n
12

13 printf( ’ F i gu r e ( 4 . 2 6 ) i s a s i m p l e op−amp i n t e g r a t o r
where M i l l e r s theorem i s a p p l i e d a c r o s s the

f e e d b a c k c a p a c i t o r Cf . \n The input t ime c o n s t a n t
T = R1∗Cf∗(1−Av) . \n There f o r e , v i = V∗(1− eˆ(− t /

T) ) ; ’ );
14 printf( ’ \n There f o r e , vo = Av∗Vi = Av∗ V∗(1− eˆ(− t /

R1∗Cf∗(1−Av) ) ) ; ’ );
15 printf( ’ \n By expanding eˆ(− t / . . ) s e r i e s by Tay l o r s

Expans ion method we w i l l r e a ch to f o l l o w i n g
approx imat ion ’ );

16 printf( ’ \n vo (−V∗ t /R1∗Cf ) ∗ [1− t /(2∗R1∗Cf∗(1−
Av) ) ] ; i f Av>>1 . . . eq ( 1 ) ’ );

17 printf( ’ \n\n ’ );
18 printf( ’ Also , we know tha t f o r a low pas s RC

i n t e g r a t i n g c i r c u i t network ( wi thout op−amp) the
output vo f o r a s t e p input o f V becomes \n ’ );

19 printf( ’ For a l a r g e Rc , vo (V∗ t ) /R∗C) ∗ (1 − t
/(2∗R∗C) . . eq ( 2 ) ’ ); //Eq ( 2 )

20 printf( ’ \n\n ’ );
21 printf( ’ I t can be s e en tha t the output v o l t a g e s o f

both c i r c u i t s v a r i e s a p r o x i m a t e l y l i n e a r l y with
t ime ( f o r l a r g e RC) and \n f o r e i t h e r case ,
d e r i v a t i v e ( vo ) = V/RC. \n However , the second
term i n both the e x p r e s s i o n r e p r e s e n t d e v i a t i o n
from the l i n e a r i t y . \n we s e e tha t op−amp
i n t e g r a t o r i s more l i n e a r than the s i m p l e RC
c i r c u i t by a f a c t o r o f 1/(1−Av) . \ n ’ );
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Scilab code Exa 4.7 To show that output is given by a differential equation

1 // Exa 4 . 7
2

3 clc;

4 clear;

5

6 // Given data
7

8 // R e f e r r i n g C i r c u i t i n Fig . 4 . 2 7
9

10 // S o l u t i o n
11

12 printf( ’ The t r a n s f e r ga in o f the c i r u c u i t i s − \n ’ )
;

13 printf( ’ Vo( s ) = −Zf = (R2+R3)+s ∗C∗R2∗R3 \n ’ );
14 printf( ’ −−−− −−−− −−−−−−−−−−−−−−−−−\n ’ );
15 printf( ’ Vi ( s ) = R1 = R1∗(1+ s ∗C∗R3) \n ’ );
16

17 printf( ’ \n i . e R1(1+ s ∗C∗R3) ∗Vo( s ) +[(R2+R3)+s ∗C∗R2∗R3
] ∗ Vi ( s ) = 0 .\ n ’ );

18 printf( ’ \n\n Wri t ing above e q u a t i o n i n t ime domain
( s d / dt ) , we get , \ n ’ );

19 printf( ’ \n R1 + C∗R3∗R1( d/ dt Vo( t ) )+ [ ( R2+R3)+c∗R2∗
R3 ] ∗ ( d/ dt Vi ( t ) ) = 0 . . . eq ( 1 ) \n\n ’ );

20

21 printf( ’ S ince , v i ( t ) = V, \n There f o r e , d/ dt Vi ( t )
= 0 .\ n\n ’ );

22 printf( ’ T h e r e f o r e eq ( 1 ) becomes− \n C∗ ( d/ dt vo ) +
vo /R3 + V/R1 + (R2/R1∗R3) ∗V = 0 .\ n ’ );

23 printf( ’ \n Thus , output vo ( t ) i s g i v e n by a
d i f f e r e n t i a l e q u a t i o n as shown above . \n ’ );
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Scilab code Exa 4.8 To show that output is integral of input

1 // Exa 4 . 8
2

3 clc;

4 clear;

5

6 // Given data
7

8 // R e f e r r i n g Fig . ( 4 . 2 8 ) −Non− i n v e r t i n g t e r m i n a l
i n t e g r a t o r

9

10 // S o l u t i o n
11

12 printf( ’ The v o l t a g e at the (+) input t e r m i n a l o f
the op−amp due to p o t e n t i a l d i v i d e r i s , \ n ’ );

13 printf( ’ V(+) = 1/ s ∗C ∗ Vi ( s ) \n ’ );
14 printf( ’ −−−−−−−−−−\n ’ );
15 printf( ’ R+ 1/ s ∗C \n\n ’ );
16 printf( ’ The output v o l t a g e Vo( s ) f o t the non−

i n v e r t i n g a m p l i f i e r i s − \n ’ );
17 printf( ’ Vo( s ) = (1 + 1/( s ∗C∗R) ) ∗V(+) = Vi ( s ) / ( s ∗R

∗C) ) . \ n\n ’ );
18 printf( ’ Hence i n t ime domain , we get , vo = ( 1 / (R∗C)

) v i dt . \ n ’ );
19 printf( ’ Hence proved . \n ’ );

Scilab code Exa 4.9 To set up an analog simulation to generate a sinusoidal signal

1 // Exa 4 . 9
2

3 clc;
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4 clear;

5

6 // Given data
7

8 // To g e n e r a t e a s i n u s o i d a l s i g n a l 10 s i n 3 t .
9

10 // S o l u t i o n
11

12 printf( ’ Let us f i r s t o b t a i n a d i f f e r e n t i a l e q u a t i o n
whose s o l u t i o n i s 10 s i n 3 t . \ n ’ );

13 printf( ’ Let x ( t ) = 10 s i n 3 t −−−−−−eq ( 1 ) \n ’ );
14 printf( ’ The f i r s t d e r i v a t i v e o f t h i s i . e . dx ( t ) =

30 co s 3 t −−−−eq ( 2 ) \n ’ );
15 printf( ’ The second d e r i v a t i v e o f t h i s i . e . d2x ( t ) =

−90 s i n 3 t = −9∗x ( t ) \n ’ );
16 printf( ’ \n There f o r e , r e q u i r e d d i f f e r e n t i a l e q u a t i o n

i s d2x ( t ) +9∗x ( t ) =0. \n\n ’ );
17

18 printf( ’ The i n i t i a l c o n d i t i o n i s o b t a i n e d by
p u t t i n g t=0 i n eq (1&2) , \n x ( 0 ) =0 and dx ( 0 ) = 3 0 .
\n ’ );

19 printf( ’ Assuming tha t d2x ( t ) i s a v a i l a b l e , x ( t ) can
be o b t a i n e d by i n t e g r a t i n g x t w i c e . \ n The

comple te s e tup i s shown i n Fig . 4.31− S i m u l a t i o n
o f 10 s i n 3 t . \ n ’ );
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Chapter 5

Comparators and Waveform
Generators

Scilab code Exa 5.1 To plot the transfer curve for opamp with given conditions

1 // Exa 5 . 1
2

3 clc;

4 clear;

5

6 // Given data
7

8 // A comparator as shown i n FIg . 5 . 7 ( a )
9 Aol =50000; // open l oop ga in o f op−amp
10 Vz=9; // V o l t s
11 Vd=0.7; // c u t o f f v o l t a g e
12

13 // S o l u t i o n
14

15 // c a s e 1
16 printf( ’ S i n c e AOL = , even a s m a l l p o s i t i v e or

n e g a t i v e v o l t a g e at the input d r i v e s the output
to +− Vsat . \n This c a u s e s Vz1 or Vz2 to break
down , g i v i n g output v o l t a g e vo = +−(Vz+Vd)= ’ );
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17 Vsat = Vz+Vd;

18 printf( ’ %. 1 f V. \n The same i s shown i n Graphic
Window No . 0 \n ’ , Vsat);

19 Vi= [ -1:0.1:1];

20 for i=1:21

21 if(Vi(i) <0)

22 Vo(i)=-Vsat;

23 elseif(Vi(i)==0)

24 Vo(i)=Vsat;

25 else

26 Vo(i)=Vsat;

27

28 end

29 end

30 set(gca(),” g r i d ” ,[1,1]);
31 a=gca(); // Handle on axes e n t i t y
32 a.x_location = ” o r i g i n ”;
33 a.y_location = ” o r i g i n ”;
34 plot2d2(Vi,Vo);

35 title( ’ T r a n s f e r cu rve f o r i d e a l op−amp c o n d i t i o n ’ ,”
c o l o r ”,” b lue ”,” f o n t s i z e ” ,3);

36

37

38 // c a s e 2
39

40 DellVi = Vsat/Aol; // Zener b r eak s down a f t e r +−
D e l l V i

41 scf (1);

42 Vi= [ -1:0.1:1];

43 for i=1:21

44 if(Vi(i) <0)

45 Vo(i)=-Vsat;

46 elseif(Vi(i)==0)

47 Vo(i)=DellVi;

48 else

49 Vo(i)=Vsat;

50

51 end
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52 end

53 set(gca(),” g r i d ” ,[1,1]);
54 a=gca(); // Handle on axes e n t i t y
55 a.x_location = ” o r i g i n ”;
56 a.y_location = ” o r i g i n ”;
57 plot(Vi,Vo, ’ ro− ’ );
58 title( ’ T r a n s f e r cu rve f o r p r a c t i c a l op−amp c o n d i t i o n

’ ,” c o l o r ”,” b lue ”,” f o n t s i z e ” ,3);
59

60 printf( ’ \n\n Now s i n c e , Vi = %. 3 f mV. The
z e n e r s break down a f t e r +− %. 3 f mV \n as shown
i n the t r a n s f e r cu rve d e p i c t e d i n Graphic Windows
No . 1 ’ ,DellVi *1000, DellVi *1000);

Scilab code Exa 5.2 To determine the upper and lower threshold voltages

1 // Exa 5 . 2
2

3 clc;

4 clear;

5

6 // Given data
7

8 // C i r c u i t o f Schmitt t r i g g e r
9

10 R2=100; // Ohms
11 R1 =50*10^3; // Ohms
12 Vref =0; // V o l t s
13 Vi=1; // peak to peak ( V o l t s )
14 Vsat =14; // s S a t u r a t i o n v o l t a g e ( V o l t s )
15

16 // S o l u t i o n
17

18 printf( ’ Us ing Equat ions ( 5 . 1 ) and ( 5 . 2 ) , we g e t
c a l c u l a t e d v a l u e s as f o l l o w s −\n ’ );
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19 Vut=(R2*Vsat)/(R1+R2);

20 printf( ’ Upper t h r e s h o l d v o l t a g e (VUT) = %d mV. \n ’
,round(Vut *1000));

21 Vlt=(R2*-Vsat)/(R1+R2);

22 printf( ’ Lower t h r e s h o l d v o l t a g e (VLT) = %d mV. \n ’
,round(Vlt *1000));

Scilab code Exa 5.3 To calculate time period of the negative and positive portion of the output waveform

1 // Exa 5 . 3
2

3 clc;

4 clear;

5

6 // Given data
7

8 // A Schmitt t r i g g e r as shown i n f i g . 5.9− c i r c u i t
f o r example 5 . 3

9

10 VUT =0; // Upper t h r e s h o l d (V)
11 VH=0.2; // H y s t e r e s i s width (V)
12 F=1000; // Hz
13 Vpp =4; // peak to peak v o l t a g e (V)
14

15 // S o l u t i o n
16

17 // S i n c e VH=VUT−VLT
18 VLT=VUT -VH;

19

20 // From f i g . 5 . 9 , the a n g l e can be c a l c u l a t e d as
21 // VLT = (Vpp/2) ∗ s i n ( %pi+ ) ;
22 // Rear rang ing above e q u a t i o n
23 Theta = asin(VLT/-(Vpp /2)); // i n r a d i a n s
24 T= 1/F; // Time p e r i o d ( s e c )
25
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26 // w T = 2∗%pi∗F∗ T = 0 . 1
27 // Rear rang ing
28 Ttheta= Theta /(2* %pi*F);

29

30 T1=T/2 + Ttheta;

31 T2=T/2 - Ttheta;

32

33 printf( ’ The d u r a t i o n o f p o s i t i v e p u l s e (T1) = %. 3 f
msec and d u r a t i o n o f n e g a t i v e p u l s e (T2) = %. 3 f
msec . \n ’ ,T1*1000,T2 *1000);

Scilab code Exa 5.4 To design a phase shift oscillator to oscillate at 100 Hz

1 // Exa 5 . 4
2

3 clc;

4 clear;

5

6 // Given data
7

8 // Phase s h i f t o s c i l l a t o r as g i v e n i n Fig . 5 . 1 5
9

10 F=100; // O s c i l l a t i o n f r e q u e n c y ( Hz )
11

12

13 // S o l u t i o n
14

15 printf( ’ Let C=0.1 microFarads , then from Eq . ( 5 . 2 5 )
we can g e t v a l u e o f R. \n ’ );

16 R = 1/( sqrt (6) *2*%pi *10^ -7*F);

17

18 printf( ’ The v a l u e o f R as c a l c u l a t e d = %. 2 f k . \n
’ ,R/1000);

19

20 printf( ’ To p r even t o v e r l o a d i n g o f the a m p l i f i e r by
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RC network , R1 <= 10∗R. \n ’ );
21 R1=10*R;

22 printf( ’ T h e r e f o r e R1 = %d k . \n ’ ,round(R1 /1000)
);

23 // S i n c e Rf = 29∗R1 ;
24 Rf= 29* round(R1 /1000); // k
25 printf( ’ S i n c e Rf = 29∗R1 , t h e r e f o r e v a l u e o f Rf =

%d k . \n ’ ,Rf);
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Chapter 6

Voltage Regulator

Scilab code Exa 6.1 To calculate the output current coming from 7805

1 // Exa 6 . 1
2

3 clc;

4 clear;

5

6 // Given data
7

8 // IC 7805 i s s p e c i f i e d
9 Veb_on =1; // V o l t s
10 B=15; // Current ga in
11 R1=100; // Load 1( )
12 R2=5; // Load 2( )
13 R3=1; // Load 3( )
14

15 // S o l u t i o n
16

17 // Case ( 1 )
18 printf( ’ Load = 100 \n\n ’ );
19 printf( ’ For IC 7805 , the output v o l t a g e a c r o s s the

l oad w i l l be 5 V. \ n ’ );
20 V1=5; // Vo l tage a c r o s s l oad
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21 IL1=V1/R1;

22 VR1= 7 * IL1; // Vo l tage a c r o s s R1
23 printf( ’ The output c u r r e n t coming from 7805 = IL1 =

Io = I i = %d mA. \n ’ ,IL1 *1000);
24 printf( ’ The v o l t a g e a c r o s s R1 = %. 2 f V which i s l e s s

than 0 . 7 V. Hence Q1 i s o f f . \n ’ ,VR1);
25 printf( ’ So I c 1 = 0 . ’ );
26 printf( ’ \n\n ’ );
27

28

29

30 // Case ( 2 )
31 printf( ’ Load = 5 \n ’ );
32 printf( ’ \n For IC 7805 , the output v o l t a g e a c r o s s

the l oad w i l l be 5 V. \ n ’ );
33 V2=5; // Vo l tage a c r o s s l oad
34 IL2=V2/R2;

35 VR2= 7 * IL2; // Vo l tage a c r o s s R2
36 printf( ’ The output c u r r e n t coming from 7805 = IL2 =

Io = I i = %d A. \n ’ ,IL2);
37 printf( ’ Assume tha t the e n t i r e c u r r e n t comes through

r e g u l a t o r and tha t Q1 i s OFF. Now the v o l t a g e
drop a c r o s s R1 i s e q u a l to %d V. \ n Thus , our
assumpt ion i s wrong and Q1 i s ON. \ n ’ ,VR2);

38

39 // From e q u a t i o n 6.10− I l 2 = 1A = (B+1)∗ Io−B∗Veb on /
R2 ;

40 // T h e r e f o r e
41 Io2 = (IL2+(B*Veb_on)/7)/(B+1);

42 // From e q u a t i o n 6.6− IL2 = 1A = I c 2+Io2 ;
43 // T h e r e f o r e
44 Ic2= IL2 -Io2;

45 printf( ’ Us ing e q u a t i o n s 6 . 6 and 6 . 1 0 we got v a l u e s
as Io2 = %d mA and I c 2 = %d mA. \n ’ ,Io2*1000, Ic2
*1000);

46 printf( ’ \n\n ’ );
47

48
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49

50 // Case ( 3 )
51 printf( ’ Load = 1 \n ’ );
52 printf( ’ \n For IC 7805 , the output v o l t a g e a c r o s s

the l oad w i l l be 5 V. \ n ’ );
53 V3=5; // Vo l tage a c r o s s l oad
54 IL3=V2/R3;

55 VR3= 7 * IL3; // Vo l tage a c r o s s R3
56 printf( ’ The output c u r r e n t coming from 7805 = IL3 =

Io = I i = %d A. \n ’ ,IL3);
57 printf( ’ Assume tha t the e n t i r e c u r r e n t comes through

r e g u l a t o r and tha t Q1 i s OFF. Now the v o l t a g e
drop a c r o s s R1 i s e q u a l to %d V. \ n Thus , our
assumpt ion i s wrong and Q1 i s ON. \ n ’ ,VR3);

58

59 // From e q u a t i o n 6.10− IL3 = 5A = (B+1)∗ Io−B∗Veb on /
R3 ;

60 // T h e r e f o r e
61 Io3 = (IL3+(B*Veb_on)/7)/(B+1);

62 // From e q u a t i o n 6.6− IL3 = 5A = I c 3+Io3 ;
63 // T h e r e f o r e
64 Ic3= IL3 -Io3;

65 printf( ’ Us ing e q u a t i o n s 6 . 6 and 6 . 1 0 we got v a l u e s
as Io3 = %d mA and I c 3 = %. 3 f Amp. \n ’ ,Io3*1000,
Ic3);

Scilab code Exa 6.2 To calculate component values to get desired output voltage

1 // Exa 6 . 2
2

3 clc;

4 clear;

5

6 // Given data
7
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8 // / R e f e r r i n g Fig . 6.5− A d j u s t a b l e r e g u l a t o r
9 Vo= 7.5; // V o l t s
10

11 // S o l u t i o n
12

13 printf( ’ From the data s h e e e t o f 7805 , IQ=4.2 mA.
Say , we choo s e IR1 = 25 mA. \ n ’ );

14 IQ = 0.0042; // Amperes
15 IR1 = 0.025; // Amperes
16 printf( ’ The v o l t a g e a c r o s s l oad f o r 7805 i s 5 V o l t s

. \ n ’ );
17 VR=5; // V o l t s
18 R1 = VR/IR1;

19 printf( ’ Thus , c a l c u l a t e d v a l u e o f R1 = %d . \n ’ ,
R1);

20

21 printf( ’ We have to choo s e R2 as to deve l op a
v o l t a g e o f 2 . 5 V a c r o s s i t . So , R2 comes out to
be , \ n ’ );

22 R2= 2.5/( IR1+IQ);

23 printf( ’ The v a l u e o f R2 = %d . \n ’ ,int(R2));
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Chapter 7

Active Filters

Scilab code Exa 7.1 Design a second order Butterworth low pass filter

1 // Exa 7 . 1
2

3 clc;

4 clear;

5

6 // Given data
7

8 n=2; // Second o r d e r Butte rworth f i l t e r
9 fL =1000; // Higher cut o f f f r e q u e n c y ( Hz )

10

11 // S o l u t i o n
12

13 printf( ’ Let C = 0 . 1 F . \n ’ );
14 C=0.1*10^ -6; // Farads
15

16 // S i n c e fL = 1/(2 ∗ %pi ∗ R∗C) ;
17 // T h e r e f o r e ;
18 R = 1/(2* %pi*fL*C);

19 printf( ’ The c a l c u l a t e d v a l u e o f R = %. 1 f k . \n ’ ,
R/1000);

20
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21 printf( ’ From Table 7 . 1 , f o r n=2 , the damping f a c t o r
a lpha = 1 . 4 1 4 . ’ );

22 alpha =1.414;

23 A0 = 3-alpha;

24 printf( ’ \n Then the pa s s band ga in A0 = %. 3 f . \n ’ ,A0
);

25 printf( ’ \n ’ );
26 printf( ’ The t r a n s f e r f u n c t i o n o f the no rma l i z ed

second o r d e r Butte rworth f i l t e r i s
1 . 5 8 6 ’ );

27 printf( ’ \n

−−−−−−−−−−−−−−−− ’ );
28 printf( ’ \n

Sn ˆ2+1.414∗Sn+1 ’ );
29

30 // S i n c e Af= 1 + Rf/ Ri = 1 + 0 . 5 8 6 ;
31 printf( ’ \n S i n c e A0= 1 . 5 8 6 so Let Rf = 5 . 8 6 k and

Ri = 10 k to make A0 = 1 . 5 8 6 . ’ );

32

33 printf( ’ \n The c i r c i u i t r e a l i z e d i s as shown i n
Fig . 7 . 4 with component v a l u e as mentioned above .
’ );

34

35 printf( ’ \n\n\n Frequency , f i n Hz Gain
magnitude i n dB 20 l o g ( vo / v i ) \n ’ );

36 // Frequency Response
37 x=[0.1*fL ,0.2*fL ,0.5*fL ,1*fL ,5*fL ,10*fL]

38 for i = 1:1:6

39 response(i) = 20* log10(A0/(sqrt (1+(fL/x(i))^4)

));

40 printf( ’ %d %. 2
f \n ’ ,x(i),response(i));

41 end
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Scilab code Exa 7.2 Design a fourth order Butterworth low pass filter

1 // Exa 7 . 2
2

3 clc;

4 clear;

5

6 // Given data
7

8 n=4; // Fourth o r d e r Butte rworth low−pas s f i l t e r
9 fH =1000; // Hz
10

11 // S o l u t i o n
12

13 printf( ’ Let C = 0 . 1 F . \n ’ );
14 C=0.1*10^ -6; // Farads
15 // S i n c e fH = 1/(2 ∗ %pi ∗ R∗C) ;
16 // T h e r e f o r e ;
17 R = 1/(2* %pi*fH*C);

18 printf( ’ The c a l c u l a t e d v a l u e o f R = %. 1 f k . \n ’ ,R
/1000);

19

20 printf( ’ From Table 7 . 1 , f o r n=4 , we ge t two damping
f a c t o r s namely , \ n a lpha1 = 0 . 7 6 5 and a lpha2 =

1 . 8 4 8 . ’ );
21 alpha1 =0.765;

22 alpha2 =1.848;

23 A01 = 3-alpha1;

24 A02 = 3-alpha2;

25 printf( ’ \n ’ );
26 printf( ’ \n Then the pa s s band ga in A01 = %. 3 f and

A02 = %. 3 f . \n ’ ,A01 ,A02);
27 printf( ’ \n ’ );
28 printf( ’ The t r a n s f e r f u n c t i o n o f the no rma l i z ed
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s econd o r d e r low−pas s Butte rworth f i l t e r i s
2 . 2 3 5 1 . 1 5 2 ’ );

29 printf( ’ \n

−−−−−−−−−−−−−−−− ∗ −−−−−−−−−−−−−−−−−− ’ );
30 printf( ’ \n

Sn ˆ2+0.765∗Sn+1 Sn ˆ2+1.848∗Sn+1 ’ );
31

32 // S i n c e A01= 1 + Rf/ Ri = 1 + 1 . 2 3 5 ;
33 printf( ’ \n S i n c e A01= 2 . 2 3 5 so Let Rf1 = 1 2 . 3 5 k

and Ri1 = 10 k to make A01 = 2 . 2 3 5 . ’ );

34 printf( ’ \n S i n c e A02= 1 . 1 5 2 so Let Rf2 = 1 5 . 2 0 k
and Ri1 = 100 k to make A01 = 1 . 1 5 2 . ’ );

35

36 printf( ’ \n The c i r c i u i t r e a l i z e d i s as shown i n
Fig . 7 . 7 with component v a l u e as mentioned above .
’ );

Scilab code Exa 7.3 To determine order of a low pass Butterworth filter

1 // Exa 7 . 3
2

3 clc;

4 clear;

5

6 // Given data
7

8 Attn =40; // At t enua t i on i n dB
9 x=2; // x= r a t i o o f W to Wh

10

11 // S o l u t i o n
12

13 printf( ’ Us ing e q u a t i o n 7 . 2 6 ,\ n ’ );
14
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15 // 20∗ l o g (H( jw ) /A0) =−40; // −ve s i n c e i t i s
a t t e n u a t i o n

16 // g i v e s
17 // H( jw ) /A0 = 10ˆ−2 = 0 . 0 1
18 // so
19 // ( 0 . 0 1 ) ˆ2 = 1/(1+2ˆ(2∗n ) ) ;
20 // or 2ˆ2n = 10ˆ4 − 1 ;
21 // s o l v i n g f o r n , we ge t
22

23 n=log (10^(4) -1)/(2* log(2));

24 printf( ’ The c a l c u l a t e d v a l u e o f n = %. 2 f . \n ’ ,n);
25 printf( ’ S i n c e o r d e r o f f i l t e r must be an i n t e g e r

so , n = %d. \n ’ ,round(n));

Scilab code Exa 7.4 Design a second order Butterworth high pass filter

1 // Exa 7 . 4
2

3 clc;

4 clear;

5

6 // Given data
7

8 n=2; // Second o r d e r Butte rworth f i l t e r
9 fH =1000; // Lower cut o f f f r e q u e n c y ( Hz )

10

11 // S o l u t i o n
12

13 printf( ’ Let C = 0 . 1 F . \n ’ );
14 C=0.1*10^ -6; // Farads
15

16 // S i n c e fH = 1/(2 ∗ %pi ∗ R∗C) ;
17 // T h e r e f o r e ;
18 R = 1/(2* %pi*fH*C);

19 printf( ’ The c a l c u l a t e d v a l u e o f R = %. 1 f k . \n ’ ,
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R/1000);

20

21 printf( ’ From Table 7 . 1 , f o r n=2 , the damping f a c t o r
a lpha = 1 . 4 1 4 . ’ );

22 alpha =1.414;

23 A0 = 3-alpha;

24 printf( ’ \n Then the pa s s band ga in A0 = %. 3 f . \n ’ ,A0
);

25 printf( ’ \n ’ );
26 printf( ’ The t r a n s f e r f u n c t i o n o f the no rma l i z ed

second o r d e r low−pas s Butte rworth f i l t e r i s
1 . 5 8 6 ’ );

27 printf( ’ \n

−−−−−−−−−−−−−−−− ’ );
28 printf( ’ \n

Sn ˆ2+1.414∗Sn+1 ’ );
29

30 // S i n c e Af= 1 + Rf/ Ri = 1 + 0 . 5 8 6 ;
31 printf( ’ \n S i n c e A0= 1 . 5 8 6 so Let Rf = 5 . 8 6 k and

Ri = 10 k to make A0 = 1 . 5 8 6 . ’ );

32

33 printf( ’ \n The c i r c i u i t r e a l i z e d i s as shown i n
Fig . 7 . 4 with component v a l u e as mentioned above .
’ );

34

35 printf( ’ \n By c o n s i d e r i n g minimum DC o f f s e t
c o n d i t i o n , the m o d i f i e d v a l u e o f R and C comes
out to be R = 1 . 8 5 k and C=0.086 F . ’ );

36 printf( ’ \n\n\n Frequency , f i n Hz Gain
magnitude i n dB 20 l o g ( vo / v i ) \n ’ );

37 // Frequency Response
38 x=[0.1*fH ,0.2*fH ,0.5*fH ,1*fH ,5*fH ,10*fH]

39 for i = 1:1:6

40 response(i) = 20* log10(A0/(sqrt (1+(x(i)/fH)^4)

));

41 printf( ’ %d %. 2
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f \n ’ ,x(i),response(i));
42 end

Scilab code Exa 7.5 Design a wide band pass filter

1 // Exa 7 . 5
2

3 clc;

4 clear;

5

6 // Given data
7

8 // A wide−band pas s f i l t e r
9 fL=400; // Lower c u t o f f f r e q u e n c y ( Hz )
10 fH =2000; // Higher c u t o f f f r e q u e n c y ( Hz )
11 A0=4; // passband ga in
12

13 // S o l u t i o n
14

15 printf( ’ S ince , the pa s s band ga in i s 4 . so each o f
LPF and HPF s e c t i o n may be d e s i g n e d to g i v e ga in
o f 2 ,\n tha t i s Ao=1+ ( Rf/ Ri ) = 2 .\ n So , Rf and
Ri shou ld be e q u a l . \n Let Rf=Ri=10 k f o r each
o f LPF and HPF s e c t i o n s . ’ );

16

17 disp(””);
18 disp(””);
19 disp(” For HPF, fL =400 Hz . ”);
20 printf( ’ Assume C2=0.01 F . ’ );
21 C2 =0.01*10^ -6; // Farads
22 // S i n c e fL= 1/(2∗%pi∗R2∗C2) ;
23 // T h e r e f o r e
24 R2= 1/(2* %pi*C2*fL);

25 printf( ’ \n The c a l c u l a t e d v a l u e o f R = %. 1 f k . ’ ,
int(R2)/1000);
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26

27 disp(””);
28 disp(””);
29 disp(” For LPF , fH=2000 Hz . ”);
30 printf( ’ Assume C1=0.01 F . ’ );
31 C1 =0.01*10^ -6; // Farads
32 // S i n c e fH= 1/(2∗%pi∗R1∗C1) ;
33 // T h e r e f o r e
34 R1= 1/(2* %pi*C1*fH);

35 printf( ’ \n The c a l c u l a t e d v a l u e o f R = %. 2 f k . ’ ,
R1 /1000);

36

37 disp(””);
38 disp(””);
39

40 fo=sqrt(fL*fH);

41 Q=fo/(fH-fL);

42

43 printf( ’ The v a l u e o f c u t o f f f r e q u e n c y = %. 1 f Hz . \ n
’ ,fo);

44 printf( ’ \n The q u a l i t y f a c t o r = %. 2 f (<10) s i n c e
wide passband f i l t e r . ’ ,Q);

Scilab code Exa 7.6 Design a 50 Hz active notch filter

1 // Exa 7 . 6
2

3 clc;

4 clear;

5

6 // Given data
7

8 // A notch f i l t e r
9 fo=50; // c u t o f f f r e q u e n c y f o r notch f i l t e r ( Hz )
10
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11 // S o l u t i o n
12

13 printf( ’ As Given f o =50 Hz . Let C=0.1 F . ’ );
14 C=0.1*10^ -6; // Farads
15 // s i n c e f o =1/(2∗%pi∗R∗C) ;
16 // T h e r e f o r e R −
17 R=1/(2* %pi*fo*C);

18 printf( ’ \n For R/2 , take two r e s i s t o r s o f 3 1 . 8 k
Ohms i n p a r a l l e l and f o r 2C, \ n take two 0 . 1
mocroFarads c a p a c i t o r s i n p a r a l l e l to make the
twin−T notch f i l t e r \n as shown i n Fig . 7 . 1 5 ( a ) on

page no . 279 where r e s i s t o r s R1 and R2 a r e f o r
ad jus tment o f ga in . \ n ’ )

Scilab code Exa 7.7 Design a wide band reject filter

1 // Exa 7 . 7
2

3 clc;

4 clear;

5

6 // Given data
7 fH= 400; // Higher c u t o f f f r e q u e n c y ( Hz )
8 fL =2000; // l owe r c u t o f f f r e q u e n c y ( Hz )
9 Ao=2; // Pass band ga in

10

11 // S o l u t i o n
12

13 disp(” For HPF, fL=2 kHz . ”);
14 disp(”Assume C2=0.1 F . ”);
15 C2 =0.1*10^ -6; // Farads
16 // S i n c e fL= 1/(2∗%pi∗R∗C2) ;
17 // T h e r e f o r e
18 RL= 1/(2* %pi*C2*fL);

19 printf( ’ The c a l c u l a t e d v a l u e o f R = %d . ’ ,int(RL)
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);

20 printf( ’ \n Let R = 800 . ’ );
21 // S i n c e Ao=Ao2 = 1+ ( Rf/ Ri ) ;
22 disp(” Let Rf = Ri =10 k ( say ) to g i v e A02 o f 2 . ”);
23 disp(””);
24 disp(””);
25 disp(” For LPF , fL =400 Hz . ”);
26 disp(”Assume C1=0.1 F . ”);
27 C1 =0.1*10^ -6; // Farads
28 // S i n c e fH= 1/(2∗%pi∗R∗C1) ;
29 // T h e r e f o r e
30 RF= 1/(2* %pi*C1*fH);

31 printf( ’ The c a l c u l a t e d v a l u e o f R = %d . ’ ,int(RF)
);

32 printf( ’ \n Let R = 4 k . ’ );..
33 // S i n c e Ao=Ao1 = 1+ ( Rf/ Ri ) ;
34 disp(” Let Rf = Ri =10 k ( say ) to g i v e A01 o f 2 . ”);
35

36 disp(””);
37 disp(””);
38

39 disp(”The s c hem at i c arrangement and the f r e q u e n c y
r e s p o n s e i s shown i n f i g s . 7 . 1 6 ( a , b ) on page no .
2 8 0 . ”)

Scilab code Exa 7.9 Design a switched capacitor integrator

1 // Exa 7 . 9
2

3 clc;

4 clear;

5

6 // Given data
7

8 fo=10; // Hz

66



9

10 // S o l u t i o n
11

12 disp(” For a s w i t c h e d c a p a c i t o r i n t e g r a t o r , assume
fCK=1000 Hz . ”);

13 fCK =1000; // Hz
14 disp(” From Eq . ( 7 . 1 2 9 ) on page no . 293 , we get , ”)

;

15 disp(” Cf /C1 =x= fCK /(2∗%pi∗ f o ) . ”); // x = r a t i o
o f Cf by C1

16 x=fCK /(2* %pi*fo);

17 disp(” Let s choo s e cF =15.9 pF . ”);
18 cF =15.9*10^ -12; // Farads
19 C1=cF/x;

20 printf( ’ By c a l c u l a t i o n C1 = %d pF . \ n ’ ,round(C1
*10^12));

21 disp(” For RC i n t e g r a t o r , s e l e c t R1=1.6∗10ˆ6 . ”) ;

22 R1 =1.6*10^6; //
23 cF1 =1/(2* %pi*R1*fo);

24 printf( ’ By c a l c u l a t i o n cF = %d nF . \n ’ ,round(cF1
*10^9));

25 disp(””);
26 printf( ’ The v a l u e s o f R1 = 1 . 6 mHz and cF = 10nF

a r e not q u i t e p r a c t i c a l f o r a mono lo th i c c i r c u i t
. \ n From t h i s , i t i s obv i ou s tha t s w i t c h e d
c a p a c i t o r c i r c u i t s a r e more p r a c t i c a l so f a r as
IC f a b r i c a t i o n i s conce rned . \ n So i t can be s e en

tha t an SC i n t e g r a t o r r e q u i r e s very low v a l u e s
o f c a p a c i t a n c e compared to l o s s y i n t e g r a t o r . ’ );

27 disp(””);
28 printf( ’ I f a r e s i s t o r R2 i s p l a c e d i n p a r a l l e l

with the f e e d b a c k c a p a c i t o r cF o f Fig . 7 . 2 6 ( a ) , a
l o s s y or p r a c t i c a l i n t e g r a t o r i s o b t a i n e d . \n

The t r a n s f e r f u n c t i o n f o r t h i s c i r c u i t i s g i v e n
i n Eq . ( 7 . 1 3 0 ) and ( 7 . 1 3 1 ) on page no . 2 9 4 . ’ );

29

30 printf( ’ \n \n The s w i t c h e d c a p a c i t o r imp l ementa t i on
o f Fig . 7 . 2 6 ( a ) i s shown i n Fig . 7 . 2 6 ( b ) \n
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where r e s i s t o r s R1 and R2 have been r e p l a c e d by
s w i t c h e d c a p a c i t o r s C1 and C2 and i t s MOS v e r s i o n

i s i n Fig . 7 . 2 6 ( c ) . ’ );
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Chapter 8

555 Timer

Scilab code Exa 8.1 To calculate value of Capacitor

1 // Exa 8 . 1
2

3 clc;

4 clear;

5

6 // Given data
7

8 // Monostable m u l t i v i b r a t o r
9 R=100*10^3; //

10 T=100*10^ -3; // Time d e l a y ( s e c )
11

12 // S o l u t i o n
13 printf( ’ Us ing Eqn . ( 8 . 2 ) on page no . 3 1 3 , we get , ’ );
14 //T= 1 . 1∗R∗C;
15 C=T/(1.11*R);

16 printf( ’ C = %. 1 f F . \ n From the graph o f Fig . 8 . 6
on page no . 314 , the v a l u e o f C i s found to be
0 . 9 F a l s o . \ n ’ ,C*10^6);
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Scilab code Exa 8.2 To calculate various parameters of Astable multivibrator

1 // Exa 8 . 2
2

3 clc;

4 clear;

5

6 // Given data
7

8 // As tab l e m u l t i v i b r a t o r
9 Ra =6.8*10^3; //
10 Rb =3.3*10^3; //
11 C=0.1*10^ -6; // F
12

13 // S o l u t i o n
14

15 disp(”By u s i n g Eq . ( 8 . 1 1 ) on page no . 320 we get ,
tHigh as ”);

16

17 tHigh =0.69*( Ra+Rb)*C; // Time r e q u i r e d to cha rge
from 1/3 Vcc to 2/3 Vcc

18 printf( ’ tHIGH = %. 1 f mSec . \n ’ ,tHigh *1000);
19 disp(”By u s i n g Eq . ( 8 . 1 2 ) on page no . 320 we get ,

tLow as ”);
20

21 tLow =0.69*( Rb)*C; // TIme r e q u i r e d to d i s c h a r g e
from 2/3 Vcc to 1/3 Vcc

22 printf( ’ tLOw = %. 2 f mSec . \n ’ ,tLow *1000);
23

24 disp(”By u s i n g Eq . ( 8 . 1 3 ) on page no . 320 we get ,
f r e e runn ing f r e q u e n c y as ”);

25 f= 1.45/(( Ra+2*Rb)*C);

26 printf( ’ f = %. 2 f kHz . \n\n ’ ,f/1000);
27

28 D= Rb/(Ra+2*Rb);

29 printf( ’ The duty c y c l e D = %. 2 f (%d p e r c e n t ) . \ n ’ ,

D,round(D*100));
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Chapter 10

D to A and A to D Converters

Scilab code Exa 10.1 To calculate output voltage for given 9 bit input

1 // Exa 1 0 . 1
2

3 clc;

4 clear;

5

6 // Given data
7

8 //9−b i t DAC
9 step = 10.3; // mV
10 y=[1 0 1 1 0 1 1 1 1];

11 n = 9; // s i n c e 9 b i t DAC
12

13 // S o l u t i o n
14

15 i = n;

16 add = 0;

17 while(i>0)

18 op = step *2^(i-1)*y((n+1)-i);

19 i = i-1;

20 add = add + op

21 end
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22 printf( ’ The output v o l t a g e f o r i nput 101101111 i s %
. 2 f V. \n ’ ,add *10^ -3);

Scilab code Exa 10.2 To calculate LSB MSB and full scale output for an 8 bit DAC

1 // Exa 1 0 . 2
2

3 clc;

4 clear;

5

6 // Given data
7

8 // 8 b i t DAC
9 n = 8;

10 Vmin = 0; // V o l t s
11 Vmax = 10; // V o l t s
12

13 // S o l u t i o n
14

15 printf( ’ For a 8−b i t DAC :−\n\n ’ );
16 LSB = 1/2^n;

17 LSB10 = LSB*Vmax;

18 printf( ’ LSB = %. 3 f V ( i . e . 1/256) . \ n ’ ,LSB10);
19 MSB10 = (1/2)*Vmax;

20 printf( ’ MSB = %d V. \ n ’ ,MSB10);
21 fso = (Vmax -LSB10);

22 printf( ’ F u l l s c a l e output = %. 3 f V. \n ’ ,fso);

Scilab code Exa 10.3 To calculate output voltage for different input

1 // Exa 1 0 . 3
2

3 clc;
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4 clear;

5

6 // Given data
7

8 // D/A c o n v e r t e r i s used
9 Vmin = 0; // Vo l tage
10 Vmax = 10; // Vo l tage
11 ip1 = [1 0]; // f o r a 2−b i t D/A c o n v e r t e r ( i nput 1)
12 ip2 = [0 1 1 0]; // f o r a 4−b i t DAC( input 2)
13 ip3 = [1 0 1 1 1 1 0 0 ]; // f o e a 8−b i t DAC( input

3)
14

15 // S o l u t i o n
16 V01 = Vmax*(ip1 (1) *2^( -1)+ip1(2) *2^( -2)); // output

1
17 printf( ’ The output v o l t a g e f o r i nput1 = [ 1 0 ] i s %d

V. \n ’ ,V01);
18 V02 = Vmax*(ip2 (1) *2^( -1)+ip2(2) *2^( -2)+ip2(3)

*2^( -3)+ip2(4) *2^( -4)); // Output 2
19 printf( ’ The output v o l t a g e f o r i nput2 = [ 0 1 1 0 ] i s %

. 2 f V. \n ’ ,V02);
20 V03 = Vmax*(ip3 (1) *2^( -1)+ip3(2) *2^( -2)+ip3(3)

*2^( -3)+ip3(4) *2^( -4)+ip3 (5) *2^( -5)+ip3(6) *2^( -6)

+ip3(7) *2^( -7)+ip3(8) *2^( -8)); // Output 3
21 printf( ’ The output v o l t a g e f o r i nput3 = [ 1 0 1 1 1 1 0 0 ]

i s %. 2 f V. \n ’ ,V03);

Scilab code Exa 10.4 To calculate value of the resistor R of the integrator

1 // Exa 1 0 . 4
2

3 clc;

4 clear;

5

6 // Given data
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7

8 // A 16 b i t dua l s l o p e ADC i s s p e c i f i e d
9 n = 16; // 16 b i t c o u n t e r
10 CR = 4*10^6; // c l o c k r a t e i n Hz
11 Vimax = 10; // Maximum input v o l t a g e
12 Vomax= -8; // Maximum i n t e g r a t o r output v o l t a g e
13 C = 0.1*10^ -6; // C a pa c i t o r ( Farads )
14

15 // S o l u t i o n
16

17 // R e f e r r i n g Eqn 1 0 . 4 , 1 0 . 5 , 1 0 . 6 , 1 0 . 7 g i v e n on page
no 364 and 3 6 5 ;

18

19 T1 = 2^n/CR; // Time Per i od
20 // For the i n t e g r a t o r
21 // d e l l Vo= (−1/RC) ∗Vmax∗T1 ;
22 // T h e r e f o r e
23 R = -(Vimax*T1)/( Vomax*C); // R e s i s t o r v a l u e
24 printf( ’ The v a l u e o f r e s i s t o r R o f the i n t e g r a t o r i s

%d k . \n ’ ,round(R/1000));

Scilab code Exa 10.5 To find the equivalent digital number

1 // Exa 1 0 . 5
2

3 clc;

4 clear;

5

6 // Given data
7

8 // A 16 b i t dua l s l o p e ADC i s s p e c i f i e d
9 Va = 4.129; // Input ana l og Vo l tage

10 Vr= 8; // Maximum i n t e g r a t o r output v o l t a g e (
R e f e r e n c e Vo l tage )

11 n=16; // 16 b i t c o u n t e r
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12

13 // S o l u t i o n
14

15 disp(” R e f e r r i n g to Eqn 1 0 . 7 on page no . 365 we get , ”
)

16 // Va = Vr ∗ (N/2ˆn ) ;
17 N = round(Va * 2^n / Vr); // D i g i t a l count
18 printf( ’ The d i g i t a l count N = %d f o r which the

b i na r y e q u i v a l e n t = \n ’ ,N);
19

20 // code to c o n v e r t dec ima l to b i n a ry w e u i v a l e n t
21 Nbin = [0000000000000000];

22 while (N > 0 & n > 0)

23 if (modulo(N,2)== 0)

24 Nbin(n)=0;

25 else

26 Nbin(n)=1;

27 end

28 n=n-1;

29 N=int(N/2);

30 end

31 disp((Nbin) ’);
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