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

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

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

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

Introduction to Electronics

Scilab code Exa 1.1 Find the range of tolerance

1 // Find the range o f t o l e r a n c e
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 // c o l o r cod ing
8 orange =3;

9 gold =5;

10 yellow =4;

11 violet =7;

12 // band p a t t e r n
13 band1=yellow;

14 band2=violet;

15 band3=orange;

16 band4=gold;

17 // r e s i s t o r c o l o r cod ing
18 r=(band1 *10+ band2)*10^( band3);

19 tol=r*(band4 /100) // t o l e r a n c e
20 ulr=r+tol;// upper l i m i t o f r e s i s t a n c e
21 llr=r-tol;// l owe r l i m i t o f r e s i s t a n c e
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22 printf( ’ The Range o f r e s i s t a n c e i s %. 2 f k to %. 2 f
k ’ ,llr/1000, ulr /1000);

Scilab code Exa 1.2 Find the range of tolerance

1 // Find the range o f t o l e r a n c e
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 // c o l o r cod ing
8 blue =6;

9 gold=-1;

10 gray =8;

11 silver =10;

12 // band p a t t e r n
13 band1=gray;

14 band2=blue;

15 band3=gold;

16 band4=silver;

17 // r e s i s t o r c o l o r cod ing
18 r=(band1 *10+ band2)*10^( band3);

19 tol=r*(band4 /100) // t o l e r a n c e
20 ulr=r+tol;// upper l i m i t o f r e s i s t a n c e
21 llr=r-tol;// l owe r l i m i t o f r e s i s t a n c e
22 printf( ’ The Range o f r e s i s t a n c e i s %. 2 f to %. 2 f

’ ,llr ,ulr);

Scilab code Exa 1.3 Find the equivalent current source

1
2 // Find the e q u i v a l e n t c u r r e n t s o u r c e
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3 clear;

4 clc;

5 // s o l t i o n
6 // g i v e n
7 Vs=2; // V o l t s // dc v o l t a g e s o u r c e
8 Rs=1; //ohm // i n t e r n a l r e s i s t a n c e
9 Rl=1; //ohm // l oad r e s i s t a n c e

10 Ise=Vs/Rs;// ampere // e q u i v a l e n t c u r r e n t s o u r c e
11
12 // In ac co rdance to f i g u r e 1 . 2 3 a
13 Il1=Ise*(Rs/(Rs+Rl));// u s i n g c u r r e n t d i v i d e r concep t
14 Vl1=Il1*Rl;

15 printf(”\nIn ac co rdan ce to f i g u r e 1 . 2 3 a \n”);
16 printf(”The Load c u r r e n t ( c u r r e n t s o u r c e ) I l= %dA\n”

,Il1);

17 printf(”The Load v o l t a g e ( c u r r e n t s o u r c e ) Vl= %dV\n\
n”,Vl1);

18
19 // In ac co rdance to f i g u r e 1 . 2 3 b
20 Vl2=Vs*(Rs/(Rs+Rl));// u s i n g v o l t a g e d i v i d e r concep t
21 Il2=Vl2/Rl;

22 printf(”\nIn ac co rdan ce to f i g u r e 1 . 2 3 b \n”);
23 printf(”The Load v o l t a g e ( v o l t a g e s o u r c e ) Vl= %dV\n”

,Vl2);

24 printf(”The Load c u r r e n t ( v o l t a g e s o u r c e ) I l= %dA\n\
n”,Il2);

25 printf(” T h e r e f o r e they both p r o v i d e same v o l t a g e and
c u r r e n t to l oad ”);

Scilab code Exa 1.4 Find percentage variation in load current and load
voltage

1
2 // Find p e r c e n t a g e v a r i a t i o n i n l oad c u r r e n t and l oad

v o l t a g e

10



3 clear;

4 clc;

5 // s o l t i o n
6 // g i v e n
7 Vs=10; // v o l t // Supply v o l t a g e
8 Rs=100; //ohm// i n t e r n a l r e s i s t a n c e
9

10 // In ac co rdance to f i g u r e 1 . 2 4 a
11 // For 1 − 10
12 Rl11 =1; //ohm// min extreme v a l u e o f Rl
13 Rl12 =10; //ohm//max extreme v a l u e o f Rl
14 Il11=Vs/(Rs+Rl11);

15 Il12=Vs/(Rs+Rl12);

16 Pi1=(Il11 -Il12)*100/ Il11;// Pe r c en tage v a r i a t i o n i n
c u r r e n t

17 Vl11=Il11*Rl11;

18 Vl12=Il12*Rl12;

19 Pv1=(Vl12 -Vl11)*100/ Vl12;// Pe r c en tage v a r i a t i o n i n
v o l t a g e

20 printf(”\nIn ac co rdan ce to f i g u r e 1 . 2 4 a \n”);
21 printf(” Pe r c en tage v a r i a t i o n i n Current (1−10 ) %. 2

f p e r c e n t \n”,Pi1);
22 printf(” Pe r c en tage v a r i a t i o n i n Vo l tage (1−10 ) %. 1

f p e r c e n t \n\n”,Pv1);
23
24 // In ac co rdance to f i g u r e 1 . 2 4 b
25 // For 1 k − 10 k
26 Rl21 =1000; //ohm// min extreme v a l u e o f Rl
27 Rl22 =10000; //ohm//max extreme v a l u e o f Rl
28 Il21=Vs/(Rs+Rl21);

29 Il22=Vs/(Rs+Rl22);

30 Pi2=(Il21 -Il22)*100/ Il21;// Pe r c en tage v a r i a t i o n i n
c u r r e n t

31 Vl21=Il21*Rl21;

32 Vl22=Il22*Rl22;

33 Pv2=(Vl22 -Vl21)*100/ Vl22;// Pe r c en tage v a r i a t i o n i n
v o l t a g e

34 printf(”\nIn ac co rdan ce to f i g u r e 1 . 2 4 b \n”);
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35 printf(” Pe r c en tage v a r i a t i o n i n Current (1−10 ) %d
p e r c e n t \n”,Pi2);

36 printf(” Pe r c en tage v a r i a t i o n i n Vo l tage (1−10 ) %. 1
f p e r c e n t \n\n”,Pv2);

37 // In book the p e r c e n t a g e v a r i a t i o n i n v o l t a g e (1 k
−10 k ) i s 9 p e r c e n t due to

38 // the i n c o r r e c t v a l u e o f I l 2 2 i . e . 0 . 0 0 0 9 9 9 Amp
c o r r e c t v a l u e i s 0 . 0 00 9 9 0 1 Amp
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Chapter 2

Semiconductor Physics

Scilab code Exa 2.1 Calculate the conductivity and resistivity of germa-
nium

1 // C a l c u l a t e the c o n d u c t i v i t y and r e s i s t i v i t y o f
germanium

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 q=1.6*10^ -19; // Coulomb // cha rge o f an

e l e c t r o n
7 ni =2.5*10^19; // per mˆ3 // c o n c e n t r a t i o n
8 un =0.36; //mˆ2/Vs // m o b i l i t y o f e l e c t r o n
9 up =0.17; //mˆ2/Vs // m o b i l i t y o f h o l e s

10 con=q*ni*(un+up); // c o n d u c t i v i t y
11 res =(1/ con); // r e s i s t i v i t y
12 printf(”The c o n d u c t i v t y i s %. 2 f S/m \n”,con);
13 printf(”The r e s i s t i v i t y i s %. 2 f m ”,res);

Scilab code Exa 2.2 Determine the conductivity of extrinsic semiconduc-
tor
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1 // Determine the c o n d u c t i v i t y o f e x t r i n s i c
s em i conduc to r

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 e=1.6*10^ -19; // Coulomb // cha rge o f an

e l e c t r o n
7 ni =1.5*10^16; // per mˆ3 // c o n c e n t r a t i o n
8 un =0.13; //mˆ2/Vs // m o b i l i t y o f e l e c t r o n
9 up =0.05; //mˆ2/Vs // m o b i l i t y o f h o l e s

10 Si =5*10^28; // per mˆ3 // atomic d e n s i t y i n
s i l i c o n

11 dop =(1/(2*10^8)); // c o n c e n t r a t i o n o f an
antimony per s i l i c o n atoms

12 Nd=dop*Si;// per mˆ3 // donor c o n c e n t r a i o n
13 n=Nd;// per mˆ3 // f r e e e l e c t r o n

c o n c e n t r a t i o n
14 p=(ni^2/Nd);// per m ˆ3 // h o l e c o n c e n t r a t i o n
15 con=e*(n*un+p*up);

16 printf(”The c o n d u c t i v t y i s %. 1 f S/m \n”,con);
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Chapter 3

Semiconductor Diode

Scilab code Exa 3.1 find the value of threshold voltage

1 // f i n d the v a l u e o f t h r e s h o l d v o l t a g e
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 t1=25; // C // i n i t i a l t empera tu r e
7 t2=100; // C // f i n a l t empera tu r e
8 V=2*10^ -3; //V per c e l s i u s d e g r e e // d e c r e a s e i n

b a r r i e r p o t e n t i a l per d e g r e e
9 V0=0.7 //V// P o t e n t i a l a t normal t empera tu r e

10 Vd=(t2-t1)*V;// d e c r e a s e i n b a r r i e r p o t e n t i a l
11 Vt=V0-Vd;// t h r e s h o l d v o l a t g e at 100 C
12 printf(” Thresho ld v o l a t g e at 100 C = %. 2 f V”,Vt);

Scilab code Exa 3.2 detrenmine dc resistance of silicon diode

1 // det r enmine dc r e s i s t a n c e o f s i l i c o n d i ode
2 clear;
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3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 //At Id = 2 mA
8 Id=2*10^ -3; // Ampere // d i ode c u r r e n t
9 Vd=0.5; //V// v o l t a g e ( from g i v e n curve )

10 Rf=(Vd/Id);

11 printf(”The dc r e s i s t a n c e i s %d \n”,Rf);
12
13 //At Id = 20 mA
14 Id=20*10^ -3; // Ampere // d i ode c u r r e n t
15 Vd =0.75; //V// v o l t a g e ( from g i v e n curve )
16 Rf=(Vd/Id);

17 printf(”The dc r e s i s t a n c e i s %. 1 f \n”,Rf);
18
19 //At Vd = − 10 V
20 Id= -2*10^ -6; // Ampere // d i ode c u r r e n t ( from g i v e n curve

)
21 Vd=-10; //V// v o l t a g e
22 Rf=(Vd/Id);

23 printf(”The dc r e s i s t a n c e i s %d M \n”,Rf /10^6);

Scilab code Exa 3.3 determine dc and ac resistance of silicon diode

1 // de t e rmine dc & ac r e s i s t a n c e o f s i l i c o n d i ode
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 Id=20*10^ -3; //A// d i ode c u r r e n t
7 Vd =0.75; //V// as g i v e n i n the V−I graph
8 Rf=Vd/Id;

9 printf(”The dc r e s i s t a n c e o f d i ode i s %. 1 f \n”,Rf)
;
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10
11 //From Graph the v a l u e s o f dynamic v o l t a g e and

c u r r e n t a r e
12 // which i s e q u a l to MN and NL r e p e c t i v e l y ( i n graph )
13 del_Vd =(0.8 -0.68);//V
14 del_Id =(40 -0) *10^ -3; //A
15 rf=del_Vd/del_Id;

16 printf(”The ac r e s i s t a n c e o f the d i ode i s %d ”,rf)

Scilab code Exa 3.4 determine ac resistance of silicon diode

1 // de t e rmine ac r e s i s t a n c e o f s i l i c o n d i ode
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 //At Id =10mA
8 Id=10; //mA
9 rf=25/Id;

10 printf(”The ac r e s i s t a n c e o f the d i ode i s ( At Id= 10
mA) %. 1 f \n”,rf)

11
12 //At Id =20mA
13 Id=20; //mA
14 rf=25/Id;

15 printf(”The ac r e s i s t a n c e o f the d i ode i s ( At Id= 20
mA) %. 2 f ”,rf)

Scilab code Exa 3.5 Find current through diode

1 // Find c u r r e n t through d i ode
2 clear;
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3 clc;

4 // s o l t i o n
5 // g i v e n
6 Vt=0.3; //V// Thresho ld v o l t a g e
7 rf=25; //ohm// ave rage r e s i s t a n c e
8
9 // assuming i t to be i d e a l

10 // from f i g 3 . 1 9
11 Vaa =10; //V// supp ly
12 R1=45; //ohm
13 R2=5; //ohm
14 Vab=Vaa*R2/(R1+R2);

15 //Vab>Vt t h e r e f o r e d i ode i s f o rward b i a s and no
c u r r e n t f l o w through R2

16 Idi=Vaa/R1; // f o r i d e a l
17 printf(”The d i ode c u r r e n t ( f o r i d e a l ) i s %. 0 f mA\n”,

Idi *1000);

18
19 // assuming i t to be r e a l
20 // Thevenin ’ s e q u i v a l e n t c i r c u i t pa ramete r s o f f i g

3 . 1 9
21 Vth=Vaa*R2/(R1+R2);

22 Rth=R1*R2/(R1+R2);

23 Idr=(Vth -Vt)/(Rth+rf); // f o r r e a l
24 printf(”The d i ode c u r r e n t ( f o r r e a l ) i s %. 1 f mA”,Idr

*1000);

Scilab code Exa 3.6 Find current through resistance in given figure

1 // Find c u r r e n t through r e s i s t a n c e i n g i v e n f i g u r e
2 clear;

3 clc;

4 // s o l t i o n
5
6 //From f i g
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7 Vaa =20; //V// supp ly
8 Vt=0.7; //V// t h r e s h o l d v o l t a g e o f d i ode
9 rf=5; //ohm // fo rward r e s i s t a n c e

10 R=90; //ohm// g i v e n r e s i s t o r
11
12 // Diode D1 and D4 a r e fo rward b i a s and D2 and D3 a r e

r e v e r s e b i a s e d
13
14 Vnet=Vaa -Vt-Vt;

15 Rt=R+rf+rf;

16 I=Vnet/Rt;

17 printf(” Current through 90 ohm r e s i s t o r i s %. 0 f mA”,
I*1000);

Scilab code Exa 3.7 Find current drawn by the battery

1 // Find c u r r e n t drawn by the b a t t e r y
2 clear;

3 clc;

4 // s o l t i o n
5
6 //From f i g
7 Vaa =10; //V// supp ly
8 R1=100; //ohm
9 R2=100; //ohm

10
11 // Forward Bias
12 Id=Vaa/R1;

13 printf(” Current drawn from b a t t e r y ( f o rward b i a s ) %
. 1 f A\n”,Id);

14
15 // Rever se B ia s
16 Rnet=R1+R2;

17 Id=Vaa/Rnet;

18 printf(” Current drawn from b a t t e r y ( r e v e r s e b i a s ) %
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. 2 f A”,Id);

Scilab code Exa 3.8 determine dc current through load and rectification
efficiency and peak inverse voltage

1 // de t e rmine dc c u r r e n t through l oad and
r e c t i f i c a t i o n e f f i c i e n c y and peak i n v e r s e v o l t a g e

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 TR =31/2; // Turn r a t i o o f the t r a n s f o r m e r
7 rf=20; // // Dynamic fo rward r e s i s t a n c e
8 Rl =1000; // // Load r e s i s t a n c e
9 Vt =0.66; //V// Thresho ld v o l t a g e o f d i ode

10 V=220; //V// input v o l t a g e o f t r a n s f o r m e r
11 Vp=sqrt (2) *220 //V// peak v a l u e o f pr imary v o l t a g e
12 Vm=(1/TR)*Vp;

13 Im=(Vm-Vt)/(rf+Rl);

14 Idc=Im/%pi;

15 n=40.6/(1+ rf/Rl);

16 printf(”The dc c u r r e n t through l oad i s %d mA\n”,Idc
*1000);

17 printf(”The r e c t i f i c a t i o n e f f i c i e n c y i s %. 1 f p e r c e n t
\n”,n);

18 printf(”Peak i n v e r s e v o l t a g e =Vm = %. 2 f V\n”,Vm)

Scilab code Exa 3.9 determine dc voltage across load and peak inverse
voltage across each diode

1 // de t e rmine dc v o l t a g e a c r o s s l oad and peak i n v e r s e
v o l t a g e a c r o s s each d i ode

2 clear;
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3 clc;

4 // s o l t i o n
5 // g i v e n
6 TR =12/1; // Turn r a t i o o f the t r a n s f o r m e r
7 V=220; //V// input v o l t a g e o f t r a n s f o r m e r
8 Vp=sqrt (2) *220 //V// peak v a l u e o f pr imary v o l t a g e
9 Vm=(1/TR)*Vp;

10 Vdc =(2*Vm)/%pi;

11 printf(”The dc v o l t a g e a c r o s s l oad %. 1 f V\n”,Vdc);
12 printf(”Peak i n v e r s e v o l t a g e ( f o r b r i d g e r e c t i f i e r )

= %. 1 f V\n”,Vm);
13 printf(”Peak i n v e r s e v o l t a g e ( f o r c e n t r e tap

r e c t i f i e r ) = %. 2 f V\n” ,2*Vm);

Scilab code Exa 3.10 find dc power supplied to load and efficiency and
PIV rating of the diode

1 // f i n d dc power s u p p l i e d to l oad and e f f i c i e n c y and
PIV r a t i n g o f the d i ode

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 rf=2; // // Dynamic fo rward r e s i s t a n c e
7 Rs=5; // // r e s i s t a q n c e o f s e conda ry
8 Rl=25; // // Load r e s i s t a n c e
9 Idc =0.1; //A// dc c u r r e n t to a l oad

10 Pdc=Idc^2*Rl; // dc power
11 n=(81.2* Rl)/(Rl+rf+Rs); // e f f i c i e n c y
12 Im=(%pi*Idc)/2; // peak v a l u e c u r r e n t
13 Vm=Im*(Rl+rf+Rs); // peak v o l t a g e
14 Vlm=Vm -Im*(rf+Rs); // peak v o l t a g e

a c r o s s l oad
15 PIV=Vm+Vlm;

16 printf(”The dc power s u p p l i e d to the l oad i s %. 2 f W\
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n”,Pdc);
17 printf(” E f f i c i e n c y = %. 2 f p e r c e n t \n”,n);
18 printf(”The peak i n v e r s e v o l t a g e i s %. 2 f V”,PIV);

Scilab code Exa 3.11 Calculate output voltage and current through load
and voltage across series resistor and current and power dissipated in zener
diode

1 // C a l c u l a t e output v o l t a g e and c u r r e n t through l oad
and v o l t a g e a c r o s s s e r i e s r e s i s t o r and c u r r e n t
and power d i s s i p a t e d i n z e n e r d i ode

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 Vi=110; //V // input v o l t a g e
7 Rl =6*10^3; // ohm // l oad r e s i s t a n c e
8 Rs =2*10^3; //ohm // s e r i e s r e s i s t a n c e
9 Vz=60; //V // Zener v o l t a g e

10 V=Vi*Rl/(Rs+Rl);

11
12 // This V>Vz t h e r e f o r e Zener d i ode i s ON
13
14 Vo=Vz; // output v o l t a g e
15 Il=Vo/Rl; // Current through l oad r e s i s t a n c e
16 Vs=Vi-Vo; // Vo l tage drop a c r o s s the s e r i e s

r e s i s t o r
17 Is=Vs/Rs // c u r r e n t through the s e r i e s

r e s i s t o r
18 Iz=Is-Il // /By a p p l y i n g k i r c h h o f f ’ s law
19 Pz=Vz*Iz // Power d i s s i p a t e d a c c r o s s z e n e r

d i ode
20
21 printf(”The output v o l t a g e i s %. 0 f V\n”,Vo);
22 printf(”The c u r r e n t through l oad r e s i s t a n c e i s %. 0 f
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mA\n”,Il *1000);
23 printf(” Vo l tage a c r o s s s e r i e s r e s i s t o r i s %. 0 f V\n”,

Vs)

24 printf(” Current i n z e n e r d i ode i s %. 0 f mA\n”,Iz
*1000)

25 printf(”Power d i s s i p a t e d by z e n e r d i ode %. 0 f mW”,Pz
*1000);

Scilab code Exa 3.12 Calculate max and min values of zener diode current

1
2 // C a l c u l a t e max and min v a l u e s o f z e n e r d i ode

c u r r e n t
3 clear;

4 clc;

5 // s o l t i o n
6 // g i v e n
7 Vimin =80; //V //minimum input v o l t a g e
8 Vimax =120; //V //maximum input v o l t a g e
9 Rl =10*10^3; // ohm // l oad r e s i s t a n c e

10 Rs =5*10^3; //ohm // s e r i e s r e s i s t a n c e
11 Vz=50; //V // Zener v o l t a g e
12 V=Vimin*Rl/(Rs+Rl);

13
14 // This V>Vz t h e r e f o r e Zener d i ode i s ON
15
16 // For minimum v a l u e o f z e n e r d i ode
17
18 Vo=Vz; // output v o l t a g e
19 Vs=Vimin -Vo; // Vo l tage drop a c r o s s the s e r i e s

r e s i s t o r
20 Is=Vs/Rs // c u r r e n t through the s e r i e s

r e s i s t o r
21 Il=Vo/Rl; // Current through l oad r e s i s t a n c e
22 Izmin=Is-Il;
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23 printf(”\nMinimum v a l u e s o f z e n e r d i ode c u r r e n t i s %
. 0 f mA\n”,Izmin *1000);

24
25 // For maximum v a l u e o f z e n e r d i ode
26
27 Vo=Vz; // output v o l t a g e
28 Vs=Vimax -Vo; // Vo l tage drop a c r o s s the s e r i e s

r e s i s t o r
29 Is=Vs/Rs // c u r r e n t through the s e r i e s

r e s i s t o r
30 Il=Vo/Rl; // Current through l oad r e s i s t a n c e
31 Izmax=Is-Il;

32 printf(”Maximum v a l u e s o f z e n e r d i ode c u r r e n t i s %. 0
f mA”,Izmax *1000);

Scilab code Exa 3.13 determine value of the series resistor and wattage
rating

1 // de t e rmine v a l u e o f the s e r i e s r e s i s t o r and wattage
r a t i n g

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 Vi=12; //V // input v o l t a g e
7 Vz=7.2; //V // Zener v o l t a g e
8 Izmin =10*10^ -3; //A // min c u r r e n t through

z e n e r d i ode
9 Ilmax =100*10^ -3; //A //max c u r r e n t through

l oad
10 Ilmin =12*10^ -3; //A // min c u r r e n t through

l oad
11
12 Vs=Vi-Vz; // Vo l tage drop a c r o s s the s e r i e s

r e s i s t o r
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13 Is=Izmin+Ilmax; // Current through the s e r i e s
r e s i s t o r

14 Rs=Vs/Is;

15 printf(”The s e r i e s r e s i s t o r so tha t 10mA c u r r e n t
f l o w through z e n e r d i ode i s %. 1 f \n”,Rs);

16
17 Izmax=Is-Ilmin; //max z e n e r through z e n e r d i ode
18 Pmax=Izmax*Vz;

19 printf(”The maximum wattage r a t i n g i s %. 1 f mW”,Pmax
*1000);

Scilab code Exa 3.14 Find the capacitance of a varactor diode

1 // Find the c a p a c i t a n c e o f a v a r a c t o r d i ode
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 C=5; // p f // c a p c i t a n c e o f v a r a c t o r d i ode at V=4V
7 V=4; //V
8 K=C*sqrt (4);

9
10 //When b i a s v o l t a g e i s i n c r e a s e d upto 6 V
11 Vn=6; //V//new b i a s v o l t a g e
12 Cn=K/(sqrt(Vn));

13 printf(” Capac i t ance ( At 6 V ) = %. 3 f p f ”,Cn);
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Chapter 4

Bipolar Junction Transistors

Scilab code Exa 4.1 determine the collector and base current

1 // de t e rmine the c o l l e c t o r and base c u r r e n t
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 a=0.98; // dc a lpha
7 Ie=5*10^ -3; //A// e m i t t e r c u r r e n t
8 Ico =2*10^ -6; //A// c o l l e c t o r r e v e r s e l e a k a g e c u r r e n t
9 Ic=a*Ie+Ico;

10 Ib=Ie-Ic;

11 printf(”The c o l l e c t o r c u r r e n t i s %. 3 f mA\n”,Ic *1000)
;

12 printf(”The base c u r r e n t i s %. 0 f uA”,Ib *10^6);

Scilab code Exa 4.2 determine the base and collector current and exact
and approax dc alpha

1 // de t e rmine the base and c o l l e c t o r c u r r e n t and e x a c t
and approax dc a lpha
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2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 Ie=8.4*10^ -3 //A// e m i t t e r c u r r e n t
7 Icbo =0.1*10^ -6; //A// r e v e r s e l e a k a g e c u r r e n t
8 Ib =0.008* Ie;//A// base c u r r e n t
9 Ic=Ie-Ib;

10 Icinj=Ic-Icbo;

11 a0=Icinj/Ie;

12 a=Ic/Ie;

13 printf(” Base c u r r e n t i s %. 1 f uA\n”,Ib *10^6);
14 printf(” C o l l e c t o r c u r r e n t %. 4 f mA\n”,Ic *1000);
15 printf(” Exact v a l u e o f a lphha = %. 7 f \n”,a0);
16 printf(” Approax v a l u e o f a lpha = %. 3 f ”,a);

Scilab code Exa 4.3 Determine the base current

1 // Determine the base c u r r e n t
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 a=0.96; // dc a lpha
7 Rc =2*10^3; //ohm // r e s i s t o r a c r o s s c o l l e c t o r
8 Vc=4; //V // Vo l tage drop a c r o s s the

c o l l e c t o r r e s i s t o r
9 Ic=Vc/Rc; // C o l l e t o r c u r r e n t

10 Ie=Ic/a; // Emmiter c u r r e n t
11 Ib=Ie-Ic; // Base c u r r e n t
12 printf(”The base c u r r e n t i s %. 0 f uA”,Ib *10^6)

Scilab code Exa 4.4 determine dynamic input resistance
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1 // de t e rmine dynamic input r e s i s t a n c e
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 Ie=2; //mA
7 Vcb =10; //V
8
9 // Taking p o i n t s around I e & Vcb from graph

10 del_Ie =(2.5 -1.5) *10^ -3; //A
11
12 // c o r r e s p o n d i n g change i n Veb
13 del_Veb =(0.9 -0.8);//V
14 rib=del_Veb/del_Ie;

15 printf(”The dynamic input r e s i s t a n c e o f t r a n s i s t o r
i s %. 0 f ”,rib);

Scilab code Exa 4.5 find dc current gain in common emitter configuration

1 // f i n d dc c u r r e n t ga in i n common e m i t t e r
c o n f i g u r a t i o n

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 a=0.98; // dc c u r r e n t ga in i n common base

c o n f i g u r a t i o n
7 B=a/(1-a);

8 printf(”The dc c u r r e n t ga in i n common e m i t t e r
c o n f i g u r a t i o n i s %. 0 f ”,B);

Scilab code Exa 4.6 calculate ac alpha and beta
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1 // c a l c u l a t e ac a lpha and beta
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 ic =0.995 //mA// Emit te r c u r r e n t change
7 ie=1 //mA// c o l l e c t o r c u r r e n t change
8 a=ic/ie;

9 B=a/(1-a);

10 printf(”The ac a lpha i s %. 3 f \n”,a)
11 printf(”The common e m i t t e r ac c u r r e n t ga in i s %. 0 f ”,

B);

Scilab code Exa 4.7 Calculate beta and Iceo and exact and approax col-
lector current

1 // C a l c u l a t e beta and I c e o and e x a c t and approax
c o l l e c t o r c u r r e n t

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 a0 =0.992; // dc c u r r e n t ga in i n common base

c o n f i g u r a t i o n
7 Icbo =48*10^ -9; //A
8 Ib=30*10^ -6; //A// base c u r r e n t
9 B=a0/(1-a0);

10 Iceo=Icbo/(1-a0);

11 printf(” Beta= %. 0 f \n”,B);
12 printf(” I c e o= %0 . f uA\n”,Iceo *10^6);
13 Ic=B*Ib+Iceo;

14 Ica=B*Ib;// approax
15 printf(” Exact c o l l e c t o r c u r r e n t %. 3 f mA\n”,Ic *1000);
16 printf(” Approax c o l l e c t o r c u r r e n t %. 2 f mA”,Ica *1000)

;
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Scilab code Exa 4.8 determine dynamic input resistance

1 // de t e rmine dynamic input r e s i s t a n c e
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 Vbe =0.75; //V
7 Vce =2; //V
8
9 // Taking p o i n t s around Vbe=0.75V from graph

10 del_Vbe =(0.98 -0.9);//V
11
12 // c o r r e s p o n d i n g change i n i b
13 del_ib =(68 -48) *10^ -6; //A
14
15 rie=del_Vbe/del_ib;

16 printf(”The dynamic input r e s i s t a n c e o f t r a n s i s t o r
i s %. 0 f k ”,rie /1000);

Scilab code Exa 4.9 determine dynamic input resistance and dc and ac
current gain

1 // de t e rmine dynamic input r e s i s t a n c e and dc and ac
c u r r e n t ga in

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 Ib=30*10^ -6; //A
7 Vce =10; //V
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8 Ic =3.6*10^ -3; //A // from graph
9

10 // Taking p o i n t s around Vce = 10V from graph
11 del_Vce =(12.5 -7.5);//V
12
13 // c o r r e s p o n d i n g change i n i c
14 del_ic =(3.7 -3.5) *10^ -3; //A
15
16 roe=del_Vce/del_ic;

17 printf(”The dynamic output r e s i s t a n c e o f t r a n s i s t o r
i s %. 0 f k \n”,roe /1000);

18
19 // dc c u r r e n t ga in
20 Bo=Ic/Ib;

21 printf(”The dc c u r r e n t ga in i s %. 0 f \n”,Bo);
22
23 // ac c u r r e n t ga in
24
25 del_ic =(4.7 -2.5) *10^ -3; // the c o l l e c t o r c u r r e n t

change i s from 3 . 5mA to 4 . 7mA as we can s e e from
graph when we change i b from 40mA to 20mA

26 del_ib =(40 -20) *10^ -6;

27 B=del_ic/del_ib;

28 printf(”The ac c u r r e n t ga in i s %. 0 f \n”,B);

Scilab code Exa 4.10 calculate ac current gain in CE and CC configura-
tion

1 // c a l c u l a t e ac c u r r e n t ga in i n CE and CC
c o n f i g u r a t i o n

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 a=0.99;
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7 B=a/(1-a);

8 printf(”The ac c u r r e n t ga in i n CE c o n f i g u r a t i o n i s %
. 0 f \n”,B);

9 y=1+B;

10 printf(”The ac c u r r e n t ga in i n CC c o n f i g u r a t i o n i s %
. 0 f ”,y);
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Chapter 5

Field Effect Transistors

Scilab code Exa 5.1 Calculate saturation voltage and saturation current

1 // C a l c u l a t e s a t u r a t i o n v o l t a g e and s a t u r a t i o n
c u r r e n t

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 Vp=-4 //V // p inch o f f v o l t a g e
7 Idss =12*10^ -3; //A // d r a i n to s o u r c e c u r r e n t

with ga t e s h o r t e d
8 Vgs=-2; //V // ga t e to s o u r c e v o l t a g e
9 Vds=Vgs -Vp;

10 Id=Idss*(Vds/Vp)^2;

11 printf(” S a t u r a t i o n Vo l tage i s %. 0 f V\n”,Vds);
12 printf(” S a t u r a t i o n c u r r e n t i s %. 0 f mA”,Id *10^3);

Scilab code Exa 5.2 Find the value of drain current

1 // Find the v a l u e o f d r a i n c u r r e n t
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2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 Vgso=-5; //V // ga t e to s o u r c e cut o f f

v o l t a g e
7 Idss =20*10^ -3; //A // d r a i n to s o u r c e c u r r e n t with

ga t e s h o r t e d
8
9 //At vgs = −2 V

10 vgs=-2; //V input v o l t a g e
11 id=Idss *(1-(vgs/Vgso))^2; // Schock l ey ’ s

e q u a t i o n
12 printf(” Drain c u r r e n t i s ( At vgs = −2 V) %. 1 f mA\n”,

id *10^3);

13
14 //At vgs = −4 V
15 vgs=-4; //V input v o l t a g e
16 id=Idss *(1-(vgs/Vgso))^2; // Schock l ey ’ s

e q u a t i o n
17 printf(” Drain c u r r e n t i s ( At vgs = −4 V) %. 1 f mA\n”,

id *10^3);

18
19 //At vgs = −8 V
20 printf(” Drain c u r r e n t i s 0 A ( At vgs = −8 V) because

ga t e i s b i a s e d beyond cut o f f ”);

Scilab code Exa 5.3 Calculate Vgs and Vds saturation

1 // C a l c u l a t e Vgs and Vds s a t u r a t i o n
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 Vp=5 //V // p inch o f f v o l t a g e

34



7 Idss = -15*10^ -3; //A // d r a i n to s o u r c e c u r r e n t
with ga t e s h o r t e d

8 Id= -3*10^ -3; //A // s a t u r a t i o n c u r r e n t
9 Vgs=Vp*(1-sqrt(Id/Idss));

10 Vds=Vgs -Vp;

11 printf(”The ga t e to s o u r c e v o l t a g e ( Vgs ) i s %. 3 f V\n
”,Vgs);

12 printf(”The s a t u r a t i o n v o l t a g e i s Vds ( s a t )= %. 3 f V”,
Vds);

13
14 // THe v a l u e o f Vgs = 2 . 1 1 5V and Vds= −2.885V i n

book because o f the c a l c u l a t i o n e r r o r

Scilab code Exa 5.4 Calculate drain current Id for N channel

1 // C a l c u l a t e d r a i n c u r r e n t Id f o r N channe l
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 Vp=5 //V // p inch o f f v o l t a g e
7 Idss =18*10^ -3; //A // d r a i n to s o u r c e c u r r e n t with

ga t e s h o r t e d
8
9 // For Vgs= − 3 V

10 Vgs=-3; //V
11 Id=Idss *(1-(Vgs/(-Vp)))^2;

12 printf(”The d r a i n c u r r e n t Id ( For Vgs= −3V) = %. 2 f mA
\n”,Id *10^3);

13
14 // For Vgs= 2 . 5 V
15 Vgs =2.5; //V
16 Id=Idss *(1-(Vgs/(-Vp)))^2;

17 printf(”The d r a i n c u r r e n t Id ( For Vgs= 2 . 5V) = %. 1 f
mA”,Id *10^3);
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Scilab code Exa 5.5 Calculate drain current Id for P channel

1 // C a l c u l a t e d r a i n c u r r e n t Id f o r P channe l
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 Vp=-5 //V // p inch o f f v o l t a g e
7 Idss =18*10^ -3; //A // d r a i n to s o u r c e c u r r e n t with

ga t e s h o r t e d
8
9 // For Vgs= −3V

10 Vgs=-3; //V
11 Id=Idss *(1-(Vgs/(-Vp)))^2;

12 printf(”The d r a i n c u r r e n t Id ( For Vgs= −3V) = %. 2 f
mA\n”,Id *10^3);

13
14 // For Vgs= 2 . 5V
15 Vgs =2.5; //V
16 Id=Idss *(1-(Vgs/(-Vp)))^2;

17 printf(”The d r a i n c u r r e n t Id ( For Vgs= 2 . 5V) = %. 1 f
mA”,Id *10^3);

Scilab code Exa 5.6 Find the value of drain current

1 // Find the v a l u e o f d r a i n c u r r e n t
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 Vt=2; //V // t h r e s h o l d v o l t a g e
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7 K=0.25*10^ -3; // A/Vˆ2 // c o n d u c t i v i t y parameter
8 Vgs =3; //V // ga t e supp ly
9 Vds =2; //V // s a t u r a t i o n v o l t a g e

10 Vdsm=Vgs -Vt; //minimum v o l t a g e r e q u i r e d to
p inch o f f

11
12 // Vds > Vdsm t h e r e f o r e the d e v i c e i s i n s a t u r a t i o n

r e g i o n
13
14 Id=K*(Vgs -Vt)^2;

15 printf(”The d r a i n c u r r e n t i s %. 2 f mA”,Id *1000);

Scilab code Exa 5.7 Find the value of Id

1 // Find the v a l u e o f Id
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 Vt=1.5; //V // t h r e s h o l d v o l t a g e
7 Id=2*10^ -3; //A
8 Vgs =3; //V // ga t e supp ly
9 Vds =5; //V // s a t u r a t i o n v o l t a g e

10 Vdsm=Vgs -Vt; //minimum v o l t a g e r e q u i r e d to
p inch o f f

11
12 // Vds > Vdsm t h e r e f o r e the d e v i c e i s i n s a t u r a t i o n

r e g i o n
13
14 // C a l c u l a t i n g K
15 K=Id/((Vgs -Vt)^2); // A/Vˆ2 //

c o n d u c t i v i t y parameter
16
17 // C a l c u l a t i n g Id f o r Vgs= 5 V and Vds= 6 V
18 Vgs =5; //V // ga t e supp ly
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19 Vds =6; //V // s a t u r a t i o n v o l t a g e
20 Id=K*((Vgs -Vt)^2);

21 printf(”The d r a i n c u r r e n t i s %. 2 f mA”,Id *1000);

Scilab code Exa 5.8 Calculate the dynamic drain resistance

1 // C a l c u l a t e the dynamic d r a i n r e s i s t a n c e
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 gm =200*10^ -6; //S t r a n s conductance
7 u=80; // a m p l i f i c a t i o n f a c t o r
8 rd=u/gm;

9 printf(”The dynamic d r a i n r e s i s t a n c e i s %. 0 f k ”,rd
/1000);
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Chapter 6

Transistor Biasing and
Stabilization

Scilab code Exa 6.1 Determine the Q point

1 // Determine the Q p o i n t
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 B=50; // dc beta
7 Rc =2.2*10^3; //ohm // r e s i s t o r connec t ed to

c o l l e c t o r
8 Rb =270*10^3; //ohm // r e s i s t o r connec t ed to base
9 Vcc =9; //V // Vo l tage supp ly a c r o s s the

c o l l e c t o r r e s i s t o r
10 Vbe =0.7; //V // base to e m i t t e r v o l t a g e
11 Ib=(Vcc -Vbe)/Rb; // Base c u r r e n t
12 Ic=B*Ib; // C o l l e t o r c u r r e n t
13 Ics=Vcc/Rc; // C o l l e t o r s a t u r a t i o n c u r r e n t
14
15 // Actua l I c i s the s m a l l e r o f the above two v a l u e s
16
17 Vce=Vcc -Ic*Rc;
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18 printf(”The Q p o i n t i s (%. 2 f V, %. 1 f mA) ”,Vce ,Ic
*1000);

19 // In book Vce = 5 . 7 V because o f approax imat ion

Scilab code Exa 6.2 Determine the Q point

1 // Determine the Q p o i n t
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 B=150; // dc beta
7 Rc =1*10^3; //ohm // r e s i s t o r connec t ed to

c o l l e c t o r
8 Rb =100*10^3; //ohm // r e s i s t o r connec t ed to base
9 Vcc =10; //V // Vo l tage supp ly a c r o s s the

c o l l e c t o r r e s i s t o r
10 Vbe =0.7; //V // base to e m i t t e r v o l t a g e
11 Ib=(Vcc -Vbe)/Rb; // Base c u r r e n t
12 Ic=B*Ib; // C o l l e t o r c u r r e n t
13 Ics=Vcc/Rc; // C o l l e t o r s a t u r a t i o n c u r r e n t
14
15 // Actua l I c i s the s m a l l e r o f the above two v a l u e s i

. e . I c ( s a t ) and s i n c e the t r a n s i s t o r i s i n
s a t u r a t i o n mode t h e r e f o r e Vce w i l l become 0

16
17 Vce =0;

18 printf(”The Q p o i n t i s (%d V, %. 0 f mA) ”,Vce ,Ics
*1000);

Scilab code Exa 6.3 Determine Rb and percentage change in collector cur-
rent due to temperature rise
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1 // Determine Rb and p e r c e n t a g e change i n c o l l e c t o r
c u r r e n t due to t empera tu r e r i s e

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 // C a l c u l a t i n g the base r e s i s t a n c e
8 B=20; // dc beta
9 Rc =1*10^3; //ohm // r e s i s t o r connec t ed to

c o l l e c t o r
10 Ic=1*10^ -3; //A // c o l l e c t o r c u r r e n t
11 Vcc =6; //V // Vo l tage supp ly a c r o s s the

c o l l e c t o r r e s i s t o r
12 Vbe =0.3; //V // f o r germanium
13 Icbo =2*10^ -6; //A // c o l l e c t o r to base l e a k a g e

c u r r e n t
14
15 Ib=(Ic -(1+B)*Icbo)/B;

16 Rb=(Vcc -Vbe)/Ib;

17
18 printf(”The v a l u e o f r e s i s t o r Ib i s %. 4 f k = 120

k \n”,Rb /1000);
19
20 Rb =120*10^3; //ohm approax
21
22 //Now when tempera tu r e r i s e
23 Icbo =10*10^ -6; //A // c o l l e c t o r to base l e a k a g e

c u r r e n t
24 B=25; // dc beta
25 Ic1=B*Ib+(B+1)*Icbo; // changed c o l l e c t o r

c u r r e n t
26 perc=(Ic1 -Ic)*100/ Ic; // p e r c e n t a g e i n c r e a s e
27 printf(”The p e r c e n t a g e change i n c o l l e c t o r c u r r e n t

i s %. 0 f p e r c e n t ”,perc);
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Scilab code Exa 6.4 Determine the Q point at two different B

1 // Determine the Q p o i n t at two d i f f e r e n t B
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 //At B=50
8
9 B=50; // dc beta

10 Rc =2*10^3; //ohm // r e s i s t o r connec t ed to
c o l l e c t o r

11 Rb =300*10^3; //ohm // r e s i s t o r connec t ed to base
12 Vcc =9; //V // Vo l tage supp ly a c r o s s the

c o l l e c t o r r e s i s t o r
13 Ib=Vcc/Rb; // Base c u r r e n t
14 Ic=B*Ib; // C o l l e t o r c u r r e n t
15 Ics=Vcc/Rc; // C o l l e t o r s a t u r a t i o n c u r r e n t
16
17 // Actua l I c i s the s m a l l e r o f the above two v a l u e s
18
19 Vce=Vcc -Ic*Rc;

20 printf(”The Q p o i n t ( At B=50) i s (%. 0 f V, %. 1 f mA) \n
”,Vce ,Ic *1000);

21
22 //At B=150
23
24 B1=150; // dc beta
25 Ic1=B*Ib; // C o l l e t o r c u r r e n t
26 Ics1=Vcc/Rc; // C o l l e t o r s a t u r a t i o n c u r r e n t
27
28 // Actua l I c i s the s m a l l e r o f the above two v a l u e s i

. e . I c ( s a t ) and s i n c e the t r a n s i s t o r i s i n
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s a t u r a t i o n mode t h e r e f o r e Vce w i l l become 0
29
30 Vce =0;

31 printf(”The Q p o i n t ( At B=150) i s (%d V, %. 1 f mA) \n”
,Vce ,Ics *1000);

32
33 printf(”The f a c t o r at which c o l l e c t o r c u r r e n t

i n c r e a s e s %. 0 f ”,Ics1/Ic);

Scilab code Exa 6.5 determine Q point in collector to base bias circuit

1 // de t e rmine Q p o i n t i n c o l l e c t o r to base b i a s
c i r c u i t

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 B=100; // dc beta
7 Rc=500; //ohm // r e s i s t o r connec t ed to c o l l e c t o r
8 Rb =500*10^3; //ohm // r e s i s t o r connec t ed to base
9 Vcc =10; //V // Vo l tage supp ly a c r o s s the

c o l l e c t o r r e s i s t o r
10 Ib=Vcc/(Rb+B*Rc); // Base c u r r e n t
11 Ic=B*Ib; // C o l l e t o r c u r r e n t
12 Ics=Vcc/Rc; // C o l l e t o r s a t u r a t i o n c u r r e n t
13
14 // Actua l I c i s the s m a l l e r o f the above two v a l u e s
15
16 Vce=Vcc -(Ic+Ib)*Rc;

17 printf(”The Q p o i n t i s (%. 1 f V, %. 1 f mA) ”,Vce ,Ic
*1000);
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Scilab code Exa 6.6 Calculate the collector current and change in it if B
is changed by three times of previous B

1 // C a l c u l a t e the c o l l e c t o r c u r r e n t and change i n i t
i f B i s changed by t h r e e t imes o f p r e v i o u s B

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 B=50; // dc beta
7 Rc =2*10^3; //ohm // r e s i s t o r connec t ed to

c o l l e c t o r
8 Rb =300*10^3; //ohm // r e s i s t o r connec t ed to base
9 Vcc =9; //V // Vo l tage supp ly a c r o s s the

c o l l e c t o r as i t i s PNP so t a k i n g p o s i t i v e
10 Ib=Vcc/(Rb+B*Rc); // Base c u r r e n t
11 Ic=B*Ib; // C o l l e t o r c u r r e n t
12 printf(” C o l l e c t o r c u r r e n t (B=50)= %. 3 f mA\n”,Ic

*1000);

13 //Now B=150
14 B=3*B; // t h r e e t imes o f p r e v i o u s B
15 Ib1=Vcc/(Rb+B*Rc); // Base c u r r e n t
16 Ic1=B*Ib1; // C o l l e t o r c u r r e n t
17 printf(” C o l l e c t o r c u r r e n t (B=150)= %. 2 f mA\n”,Ic1

*1000);

18 printf(”The f a c t o r at which c o l l e c t o r c u r r e n t
i n c r e a s e s %. 0 f ”,Ic1/Ic);

Scilab code Exa 6.7 Calculate the value of all three current Ie and Ic and
Ib

1 // C a l c u l a t e the v a l u e o f a l l t h r e e c u r r e n t I e and I c
and Ib

2 clear;

3 clc;
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4 // s o l t i o n
5 // g i v e n
6 B=90; // dc beta
7 Rc =1*10^3; //ohm // r e s i s t o r connec t ed to

c o l l e c t o r
8 Rb =500*10^3; //ohm // r e s i s t o r connec t ed to base
9 Re=500; //ohm // r e s i s t o r connec t ed to e m i t t e r

10 Vcc =9; //V // Vo l tage supp ly a c r o s s the
c o l l e c t o r r e s i s t o r

11 Ib=Vcc/(Rb+B*Re); // Base c u r r e n t
12 Ic=B*Ib; // C o l l e t o r c u r r e n t
13 Ie=Ic+Ib; // Emit te r c u r r e n t
14 printf(” Base c u r r e n t = %. 1 f uA \ n C o l l e c t o r c u r r e n t =

%. 3 f mA \ nEmitter c u r r e n t = %. 4 f mA”,Ib*10^6,Ic
*10^3,Ie *10^3);

Scilab code Exa 6.8 Calculate max and min value of emitter current

1 // C a l c u l a t e max and min v a l u e o f e m i t t e r c u r r e n t
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 //At B=50
8
9 B=50; // dc beta

10 Rc=75; //ohm // r e s i s t o r connec t ed to c o l l e c t o r
11 Re=100; //ohm // r e s i s t o r connec t ed to e m i t t e r
12 Rb =10*10^3; //ohm // r e s i s t o r connec t ed to base
13 Vcc =6; //V // Vo l tage supp ly a c r o s s the

c o l l e c t o r r e s i s t o r
14 Vbe =0.3; //V // f o r germanium
15 Ib=(Vcc -Vbe)/(Rb+(1+B)*Re); // Base c u r r e n t
16 Ie=(1+B)*Ib;

45



17 Vce=Vcc -(Rc+Re)*Ie

18 printf(”Minimum e m i t t e r c u r r e n t %. 2 f mA\n”,Ie *10^3);
19 printf(”The c o l l e c t o r to e m i t t e r v o l a t g e i s %. 2 f V\n

”,Vce);
20
21 //At B=300
22
23 B1=300; // dc beta
24 Ib1=(Vcc -Vbe)/(Rb+(1+B1)*Re); // Base c u r r e n t
25 Ie1 =(1+B1)*Ib1;

26 Vce1=Vcc -(Rc+Re)*Ie1

27 // Here Vce1= −1.4874 V but can neve r have n e g a t i v e
v o l t a g e because I e 1 i s wrong as i t can ’ t be more
than s a t u r a t i o n v a l u e t h e r e f o r e

28 Ie1=Vcc/(Rc+Re);

29
30 //And Vce=0 V
31
32 Vce1 =0; //V
33 printf(”Maximum e m i t t e r c u r r e n t %. 2 f mA\n”,Ie1 *10^3)

;

34 printf(”The c o l l e c t o r to e m i t t e r v o l a t g e ( s a t u r a t i o n )
i s %. 0 f V\n”,Vce1);

Scilab code Exa 6.9 Determine the value of base resistance

1 // Determine the v a l u e o f base r e s i s t a n c e
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 B=100; // dc beta
8 Rc=200; //ohm // r e s i s t o r connec t ed to c o l l e c t o r
9 Re=500; //ohm // r e s i s t o r connec t ed to e m i t t e r
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10 Vcc =9; //V // Vo l tage supp ly a c r o s s the
c o l l e c t o r as i t i s PNP so t a k i n g p o s i t i v e

11 Vce =4.5; //V // C o l l e c t o r to e m i t t e r v o l t a g e
12 Ic=(Vcc -Vce)/(Rc+Re);

13 Ib=Ic/B;

14 Rb=(Vcc -B*Re*Ib)/Ib;

15 printf(”The v a l u e o f base r e s i s t a n c e i s %. 0 f k ”,Rb
/1000);

Scilab code Exa 6.10 Determine the collector current at two different B

1 // Determine the c o l l e c t o r c u r r e n t at two d i f f e r e n t B
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 //At B=50
8
9 B=50; // dc beta

10 Rc=2; //ohm // r e s i s t o r connec t ed to c o l l e c t o r
11 Re =1000; //ohm // r e s i s t o r connec t ed to e m i t t e r
12 Rb =300*10^3; //ohm // r e s i s t o r connec t ed to base
13 Vcc =9; //V // Vo l tage supp ly a c r o s s the

c o l l e c t o r r e s i s t o r
14 Ib=Vcc/(Rb+B*Re); // Base c u r r e n t
15 Ic=B*Ib; // C o l l e t o r c u r r e n t
16 printf(” the c o l l e c t o r c u r r e n t at (B=50)= %. 3 f mA\n”,

Ic *1000);

17
18 //At B=150
19
20 B1=150; // dc beta
21 Ib1=Vcc/(Rb+B1*Re); // Base c u r r e n t
22 Ic1=B1*Ib1; // C o l l e t o r c u r r e n t

47



23 printf(” the c o l l e c t o r c u r r e n t at (B=150)= %. 0 f mA\n”
,Ic1 *1000);

24 printf(”The f a c t o r at which c o l l e c t o r c u r r e n t
i n c r e a s e s %. 2 f ”,Ic1/Ic);

25
26 // IN BOOK I c (AT B=50)= 1 . 2 5 mA and I c 1 / I c =2.4 DUE TO

APPROAXIMATION

Scilab code Exa 6.11 Calculate Q point in voltage divider

1 // C a l c u l a t e Q p o i n t i n v o l t a g e d i v i d e r
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 B=100; // dc beta
7 Rc =2*10^3; //ohm // r e s i s t o r connec t ed to

c o l l e c t o r
8 R1 =10*10^3; //ohm // v o l t a g e d i v i d e r r e s i s t o r 1
9 R2 =1*10^3; //ohm // v o l t a g e d i v i d e r r e s i s t o r 2

10 Re=200; //ohm // r e s i s t o r connec t ed to e m i t t e r
11 Vcc =10; //V // Vo l tage supp ly a c r o s s the

c o l l e c t o r r e s i s t o r
12 Vbe =0.3; //V // base to e m i t t e r v o l t a g e
13
14 I=Vcc/(R1+R2); // c u r r e n t through v o l t a g e

d i v i d e r
15 Vb=I*R2; // v o l t a g e at base
16 Ve=Vb-Vbe;

17 Ie=Ve/Re;

18 Ic=Ie // approax imat ing Ib i s n e a r l y e q u a l to
0

19 Vc=Vcc -Ic*Rc;

20 Vce=ceil(Vc)-Ve;

21 printf(”The Q p o i n t i s (%. 1 f V, %. 0 f mA) ”,Vce ,Ic
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*1000);

22
23 Ibc=I/20; // c r i t i c a l v a l u e o f base c u r r e n t
24 Ib=Ic/B; // a c t u a l base c u r r e n t
25
26 // S i n c e Ib < Ibc , hence assumpt ion i s a l r i g h t

Scilab code Exa 6.12 Solve the voltage divider accurately by applying
thevenins theorem

1
2 // S o l v e the v o l t a g e d i v i d e r a c c u r a t e l y by a p p l y i n g

theven in ’ s theorem
3 clear;

4 clc;

5 // s o l t i o n
6 // g i v e n
7 B=100; // dc beta
8 Rc =2*10^3; //ohm // r e s i s t o r connec t ed to

c o l l e c t o r
9 R1 =10*10^3; //ohm // v o l t a g e d i v i d e r r e s i s t o r 1

10 R2 =1*10^3; //ohm // v o l t a g e d i v i d e r r e s i s t o r 2
11 Re=200; //ohm // r e s i s t o r connec t ed to e m i t t e r
12 Vcc =10; //V // Vo l tage supp ly a c r o s s the

c o l l e c t o r r e s i s t o r
13 Vbe =0.3; //V // base to e m i t t e r v o l t a g e
14
15 Vth=Vcc*R2/(R1+R2);

16 Rth=R1*R2/(R1+R2);

17
18 printf(”\nThevenin e q u i v a l e n t v o l t a g e Vth = %. 5 f V”,

Vth);

19 printf(”\nThevenin e q u i v a l e n t r e s i s t a n c e Rth = %. 2 f
ohm”,Rth);

20
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21 Ib=(Vth -Vbe)/(Rth +(1+B)*Re);

22 Ic=B*Ib;

23 Ie=Ic+Ib;

24 Vce=Vcc -Ic*Rc-Ie*Re;

25 printf(”\nThe a c c u r a t e v a l u e o f I c = %. 5 f mA”,Ic
*10^3);

26 printf(”\nThe a c c u r a t e v a l u e o f Vce = %. 6 f V”,Vce);
27 Icp =3*10^ -3; // Current c a l c u l a t e d by v o l t a g e

d i v i d e r i n p r e v i o u s example
28 Vcep =3.4; // Vo l tage c a l c u l a t e d by v o l t a g e d i v i d e r

i n p r e v i o u s example
29 Err_Ic =(Ic-Icp)*100/ Ic;

30 Err_Vce =(Vce -Vcep)*100/ Vce;

31 printf(”\ nError i n I c= %. 1 f p e r c e n t \n”,Err_Ic);
32 printf(” Er ro r i n Vce= %. 0 f p e r c e n t ”,Err_Vce);
33
34 // The e r r o r s and The a c c u r a t e v a l u e s a r e d i f f e r e n t
35 // because o f the approax imat ion i n Vth and Rth i n

book
36
37 // In Book I c = 2 . 8 4 3 6 mA and Vce = 3 . 7 3 8 3 9 V
38 // Er ro r i n I c = −5.5%
39 // Er ro r i n Vce = +9%

Scilab code Exa 6.13 determine the Q point for the emitter bias circuit

1 // de t e rmine the Q p o i n t f o r the e m i t t e r b i a s c i r c u i t
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 B=100; // dc beta
7 Rc =5*10^3; //ohm // r e s i s t o r connec t ed to

c o l l e c t o r
8 Rb =10*10^3; //ohm // r e s i s t o r connec t ed to base
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9 Re =10*10^3; //ohm // r e s i s t o r connec t ed to
e m i t t e r

10 Vcc =12; //V // Vo l tage supp ly a c r o s s the
c o l l e c t o r r e s i s t o r

11 Vee =15; //V // supp ly at e m i t t e r
12 Ie=Vee/Re;

13 Ic=Ie;

14 Vce=Vcc -Ic*Rc;

15 printf(”The Q p o i n t i s (%. 1 f V, %. 1 f mA) ”,Vce ,Ic
*1000);

Scilab code Exa 6.14 Calculate Vgs and Rs

1 // C a l c u l a t e Vgs and Rs
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 Vp=2; //V
8 Idss =1.75*10^ -3; //A // d r a i n c u r r e n t at Vgs=0
9 Vdd =24; //V // d r a i n to supp ly s o u r c e

10 Id=1*10^ -3; //A // d r a i n c u r r e n t
11 Vgs=(-Vp)*(1-sqrt(Id/Idss));

12 Rs=abs(Vgs)/Id;

13 printf(”Vgs = %. 3 f V\n”,Vgs);
14 printf(”Rs = %. 0 f ”,Rs);
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Chapter 7

Small Signal Single Stage
Amplifier

Scilab code Exa 7.1 Calculate max current and check will the capacitor
act as short for given frequency

1 // C a l c u l a t e max c u r r e n t and check w i l l the c a p a c i t o r
a c t as s h o r t f o r g i v e n f r e q u e n c y

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 C=100*10^ -6; // Farad
8 Rs =1*10^3; //ohm
9 Rl =4*10^3; //ohm

10 Vs=1; //V
11 Imax=Vs/(Rs+Rl);

12 fc =1/(2* %pi*(Rs+Rl)*C) // c r i t i c a l f r e q u e n c y
13 fh=10*fc; // Border f r e q u e n c y
14 printf(”Maximum c u r r e n t i s %. 0 f uA\n”,Imax *10^6);
15 printf(” fh = %. 2 f Hz\n”,fh);
16 printf(”As l ong as s o u r c e f r e q u e n c y i s g r e a t e r than

%. 2 f Hz , the c o u p l i n g c a p a c i t o r a c t s l i k e an ac
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s h o r t f o r 20Hz to 20kHz . ”,fh)
17
18 // In book Imax i s 200mA but t h e r e i s m i s p r i n t i n g o f

’m’ i n mA i t shou ld be uA

Scilab code Exa 7.2 Check whether the capacitor is an effective bypass
for the signal currents of lowest frequency 20 Hz

1 // Check whether the c a p a c i t o r i s an e f f e c t i v e bypass
f o r the s i g n a l c u r r e n t s o f l o w e s t f r e q u e n c y 20

Hz
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 C=100*10^ -6; // Farad
8 Rs =1*10^3; //ohm
9 Rl =4*10^3; //ohm

10 f=20; //Hz // l o w e s t f r e q u e n c y
11 Xc =1/(2* %pi*f*C) // r e a c t a n c e o f c a p a c i t o r at

20Hz
12 Rth=Rs*Rl/(Rs+Rl); // Thevenin ’ s e q u i v a l e n t

r e s i s t a n c e
13 printf(”Xc < Rth /10 = %. 1 f < %. 1 f i s s a t i s f i e d

\n”,Xc ,Rth /10);
14 printf(”The c a p a c i t o r o f 100uF w i l l work as a good

bypass f o r f r e q u e n c i e s g r e a t e r than 20 Hz ”)

Scilab code Exa 7.3 Calculate the value of capacitor required

1 // C a l c u l a t e the v a l u e o f c a p a c i t o r r e q u i r e d
2 clear;
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3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 Rs1 =20*10^3; //ohm
8 Rs2 =30*10^3; //ohm
9 Rl1 =40*10^3; //ohm

10 Rl2 =80*10^3; //ohm
11 Rl3 =80*10^3; //ohm
12 Rth=Rs1*Rs2/(Rs1+Rs2); // Thevenin ’ s

e q u i v a l e n t r e s i s t a n c e
13 Rl_=Rl2*Rl3/(Rl2+Rl3);

14 Rl=Rl1*Rl_/(Rl1+Rl_); // E q u i v a l e n t l oad
15 f=50; //Hz // l o w e s t f r e q u e n c y
16 R=Rth+Rl;

17 C=10/(2* %pi*f*R)

18 printf(”The r e q u i r e d v a l u e o f c o u p l i n g c a p a c i t o r i s
%. 0 f uF”,C*10^6);

Scilab code Exa 7.4 Calculate voltage and current gain and input and
output resistance

1 // C a l c u l a t e v o l t a g e and c u r r e n t ga in and input and
output r e s i s t a n c e

2 clear;

3 clc;

4 // s o l t i o n
5
6 function [z]=prll(r1 ,r2)// Funct ion f o r the p a r a l l e l

combinat i on o f r e s i s t o r
7 z=r1*r2/(r1+r2);

8 endfunction

9
10 // g i v e n
11
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12 //DC a n a l y s i s
13 Vcc =12; //V
14 Rb =200*10^3; //ohm
15 Rc =1*10^3; //ohm
16 B=100; // beta
17 Ib=Vcc/Rb;

18 Ic=B*Ib;

19 Icsat=Vcc/Rc;

20 Vce=Vcc -Ic*Rc;

21 printf(”The Q p o i n t o f DC a n a l y s i s= (%. 0 f V, %. 0 f mA
) \n”,Vce ,Ic *1000);

22
23 //AC a n a l y s i s
24 Rl =1*10^3; //ohm
25 hfe=B;

26 hie =2*10^3; //ohm
27 hoe_1 =40*10^3; //ohm // 1/ hoe
28 Rac=prll(Rc,Rl);

29 Av=-hfe*Rac/hie;

30 printf(”The v o l t a g e ga in = %. 0 f \n”,Av);
31
32 // S i i n c e (1/ hoe ) > Rac t h e r e f o r e e n t i r e c u r r e n t w i l l

f l o w s through Rac
33 Io= -100*Ib;

34 Ac=Io/Ib;

35 printf(”The c u r r e n t ga in = %. 0 f \n”,Ac);
36
37 Ri=prll(Rb,hie);

38 Ro=prll(Rl,prll(Rc,hoe_1));

39 printf(”The input r e s i s t a n c e= %. 0 f k \n”,Ri /1000);
40 printf(”The output r e s i s t a n c e= %. 1 f k ”,Ro /1000);
41
42 // In book the v o l t a g e ga in i s 25 due to s k i p p i n g o f

’− ’ i n p r i n t i n g
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Scilab code Exa 7.5 Solve previous example using hybrid pie model

1 // S o l v e p r e v i o u s example u s i n g hybr id p i e model
2 clear;

3 clc;

4 // s o l t i o n
5 function [z]=prll(r1 ,r2)// Funct ion f o r the p a r a l l e l

combinat i on o f r e s i s t o r
6 z=r1*r2/(r1+r2);

7 endfunction

8
9 // g i v e n

10
11 Vcc =12; //V
12 Rb =200*10^3; //ohm
13 Rc =1*10^3; //ohm
14 Rl =1*10^3; //ohm
15 B=100; // beta
16 hie =2*10^3; //ohm
17 hoe_1 =40*10^3; //ohm // 1/ hoe
18
19 Ib=Vcc/Rb;

20 Ic=B*Ib;

21 Rac=prll(Rc,Rl);

22 gm=Ic /(25*10^ -3);

23 rpi=B/gm;

24 ri=hie;

25 rb=ri-rpi;

26 ro=hoe_1;

27 Vi=poly(0,” Vi ”); // l e t the input be Vi
28 Vpi=Vi*rpi/(rpi+rb);

29 Vo=-gm*Vpi*Rac; // output v o l t a g e
30 Av=Vo/Vi;

31 printf(”The v o l t a g e ga in ”);
32 disp(Av);

33 // In book v o l t a g e ga in i s −24.96 due to
appraox imat ion
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Scilab code Exa 7.6 Determine the value of output voltage

1 // Determine the v a l u e o f output v o l t a g e
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 Vcc =12; //V
8 Rb =150*10^3; //ohm
9 Rc =5*10^3; //ohm

10 B=200; // beta
11 hie =2*10^3; //ohm
12 ro =60*10^3; //ohm // 1/ hoe
13 Vi=1*10^ -3; //V
14 Ib=Vcc/Rb;

15 Ic=B*Ib;

16 Icsat=Vcc/Rc;

17 // I c s a t < I c t h e r e f o r e t r a n s i s t o r i s i n s a t u r a t i o n
mode and outpuut v o l t a g e w i l be z e r o

18 Vo=0;

19 printf(”The output v o l t a g e= %. 0 f V”,Vo);

Scilab code Exa 7.7 Calculate voltage gain and input resistance

1 // C a l c u l a t e v o l t a g e ga in and input r e s i s t a n c e
2 clear;

3 clc;

4 // s o l t i o n
5
6 function [z]=prll(r1 ,r2)// Funct ion f o r the p a r a l l e l

combinat i on o f r e s i s t o r
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7 z=r1*r2/(r1+r2);

8 endfunction

9
10 // g i v e n
11 R1 =75*10^3; //ohm
12 R2 =7.5*10^3; //ohm
13 Rc =4.7*10^3; //ohm
14 Re =1.2*10^3; //ohm
15 Rl =12*10^3; //ohm
16 B=150;

17 ri =2*10^3; //ohm
18 Vcc =15; //V
19 Vb=Vcc*R2/(R1+R2);

20 Ve=Vb; // s i n c e Vbe=0
21 Ie=Ve/Re;

22 Ic=Ie;

23 Icsat=Vcc/(Rc+Re);

24 // I c < I c s a t t h e r e f o r e t r a n s i s t o r i s i n a c t i v e mode
25 Vce=Vcc -Ic*(Rc+Re);

26 printf(”The Q p o i n t o f DC a n a l y s i s= (%. 1 f V, %. 3 f mA
) \n”,Vce ,Ic *1000);

27
28 Rac=prll(Rc,Rl);

29 Av=-B*Rac/ri;

30 printf(”The v o l t a g e ga in = %. 1 f \n”,Av);
31 Ri_=prll(ri,R2);

32 printf(”The input r e s i s t a n c e= %. 2 f k \n”,Ri_ /1000);

Scilab code Exa 7.8 Calculate the value of gm at different values of Vgs

1
2 // C a l c u l a t e the v a l u e o f gm at d i f f e r e n t v a l u e s o f

Vgs
3 clear;

4 clc;
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5 // s o l t i o n
6 // g i v e n
7
8 Idss =8*10^ -3; //A
9 Vp=4; //V

10 //At Vgs= −0.5 V
11 Vgs= -0.5; //V
12 gmo =2* Idss/(abs(Vp));

13 gm=gmo*(1-(Vgs/(-Vp)));

14 printf(”gmo = %. 0 f mS\n”,gmo *1000);
15 printf(”gm ( At Vgs = −0.5V) =%. 1 f mS\n”,gm *1000);
16
17 //At Vgs= −1.5 V
18 Vgs= -1.5; //V
19 gmo =2* Idss/(abs(Vp));

20 gm=gmo*(1-(Vgs/(-Vp)));

21 printf(”gm ( At Vgs = −1.5V) =%. 1 f mS\n”,gm *1000);
22
23 //At Vgs= −2.5 V
24 Vgs= -2.5; //V
25 gmo =2* Idss/(abs(Vp));

26 gm=gmo*(1-(Vgs/(-Vp)));

27 printf(”gm ( At Vgs = −2.5V) =%. 1 f mS\n”,gm *1000);

Scilab code Exa 7.9 Find the output signal voltage of the amplifier

1 // Find the output s i g n a l v o l t a g e o f the a m p l i f i e r
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 Rd =12*10^3; //ohm
8 Rg =1*10^6; //ohm
9 Rs =1*10^3; //ohm
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10 Cs=25*10^ -6; //F
11 u=80; // a m p l i f i c a t i o n f a c t o r
12 rd =200*10^3; //ohm
13 Vi=0.1; //V
14 f=1*10^3; //Hz // input f r e q u e n c y
15 Xcs =1/(2* %pi*f*Cs);

16 // This i s much s m a l l e r than Rs t h e r e f o r e i t i s
bypassed

17
18 gm=u/rd;

19 Av=gm*(rd*Rd/(rd+Rd));

20 Vo=Av*Vi;

21 printf(”The output v o l t a g e i s %. 3 f V”,Vo);

Scilab code Exa 7.10 Determine the small signal voltage gain and input
and output resistance

1 // Determine the s m a l l s i g n a l v o l t a g e ga in and input
and output r e s i s t a n c e

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 Rd =2*10^3; //ohm
8 rd =100*10^3; //ohm
9 Rg =1*10^6; //ohm

10 gm=2*10^ -3; //S
11 Av=-gm*(rd*Rd/(rd+Rd));

12 Ri=Rg;

13 Ro=rd*Rd/(rd+Rd);

14 printf(”The s m a l l s i g n a l v o l t a g e ga in = %. 0 f \ n input
r e s i s t a n c e= %. 0 f M \ noutput r e s i s t a n c e = %. 0 f
k ”,Av ,Ri/10^6,Ro /1000);
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Scilab code Exa 7.11 Determine the small signal voltage gain and input
and output resistance

1 // Determine the s m a l l s i g n a l v o l t a g e ga in and input
and output r e s i s t a n c e

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 R1 =500*10^3; //ohm
8 R2 =50*10^3; //ohm
9 Rd =5*10^3; //ohm

10 Rs=100; //ohm
11 Rl =5*10^3; //ohm
12 gm =1.5*10^ -3; //S
13 rd =200*10^3; //ohm
14 Rg=R1*R2/(R1+R2);

15 Rac=Rd*Rl/(Rd+Rl);

16 Av=-gm*Rac;

17 Ri=Rg;

18 Ro=(rd*Rac/(rd+Rac));

19 printf(”The s m a l l s i g n a l v o l t a g e ga in = %. 2 f \ n input
r e s i s t a n c e= %. 2 f k \ noutput r e s i s t a n c e = %. 1 f
k ”,Av ,Ri/1000,Ro /1000);

Scilab code Exa 7.12 Calculate the voltage gain of the FET

1 // C a l c u l a t e the v o l t a g e ga in o f the FET
2 clear;

3 clc;

4 // s o l t i o n
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5 // g i v e n
6
7 Idss =8*10^ -3; //A
8 Vp=4; //V
9 rd =25*10^3; //ohm

10 Rd =2.2*10^3; //ohm // by the he lp o f f i g u r e
11 Vgs =-1.8; //V
12 gmo =2* Idss/(abs(Vp));

13 gm=gmo*(1-(Vgs/(-Vp)));

14 Av=-gm*(rd*Rd/(rd+Rd));

15 printf(”The v o l t a g e ga in o f the FET %. 2 f ”,Av);
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Chapter 8

Multistage Amplifiers

Scilab code Exa 8.1 Express the gain in decibel

1 // Expre s s the ga in i n d e c i b e l
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 // Powere ga in o f 1000
8 Pg1 =1000;

9 Pgd1 =10* log10(Pg1);

10 printf(”Power ga in ( i n dB)= %. 0 f dB\n”,Pgd1);
11
12 // Vo l tage ga in o f 1000
13 Vg1 =1000;

14 Vgd1 =20* log10(Vg1);

15 printf(” Vo l tage ga in ( i n dB)= %. 0 f dB\n”,Vgd1);
16
17 // Powere ga in o f 1/100
18 Pg2 =1/100;

19 Pgd2 =10* log10(Pg2);

20 printf(”Power ga in ( i n dB)= %. 0 f dB\n”,Pgd2);
21
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22 // Vo l tage ga in o f 1/100
23 Vg2 =1/100;

24 Vgd2 =20* log10(Vg2);

25 printf(” Vo l tage ga in ( i n dB)= %. 0 f dB\n”,Vgd2);

Scilab code Exa 8.2 Determine power and voltage gain

1
2 // Determine power and v o l t a g e ga in
3 clear;

4 clc;

5 // s o l t i o n
6 // g i v e n
7
8 // For Gain = 10 dB
9 G=10; //dB

10 Pg1 =10^(G/10); // t a k i n g a n t i l o g
11 Vg1 =10^(G/20); // t a k i n g a n t i l o g
12 printf(”\nFor Gain = %. 0 f dB”,G)
13 printf(”\nPower ga in r a t i o = %. 0 f \n”,Pg1);
14 printf(” Vo l tage ga in r a t i o = %. 2 f \n”,Vg1);
15
16 // For Gain 3 dB
17 G=3; //dB
18 Pg2 =10^(G/10); // t a k i n g a n t i l o g
19 Vg2 =10^(G/20); // t a k i n g a n t i l o g
20 printf(”\nFor Gain = %. 0 f dB\n”,G)
21 printf(”Power ga in r a t i o = %. 0 f \n”,Pg2);
22 printf(” Vo l tage ga in r a t i o = %. 3 f \n”,Vg2);

Scilab code Exa 8.3 Calculate the overall voltage gain

1 // C a l c u l a t e the o v e r a l l v o l t a g e ga in
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2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 A1=80

8 A2=50

9 A3=30

10 Ad=20* log10(A1)+20* log10(A2)+20* log10(A3);;

11
12 // A l t e r n a t i v e l y
13 A=A1*A2*A3;

14 Ad=20* log10(A);

15 printf(”The Vo l tage ga in i s %. 2 f dB”,Ad);

Scilab code Exa 8.4 Calculate quiescent output voltage and small signal
voltage gain

1 // C a l c u l a t e q u i e s c e n t output v o l t a g e and s m a l l
s i g n a l v o l t a g e ga in

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 //At input Vo l tage =3V
8 Vi1 =3; //V // input v o l t a g e
9 Vbe =0.7; //V

10 B=250;

11 Vcc =10; //V // Supply
12 Re1 =1*10^3; //ohm
13 Rc1 =3*10^3; //ohm
14 Re2 =2*10^3; //ohm
15 Rc2 =4*10^3; //ohm
16 Vb1=Vi1; // Vo l tage at the base o f t r a n s i s t o r
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T1
17 Ve1=Vb1 -Vbe; // Vo l tage at the e m i t t e r o f

t r a n s i s t o r T1
18 Ie1=Ve1/Re1;

19 Ic1=Ie1;

20 Vc1=Vcc -Ic1*Rc1;

21 Vb2=Vc1;

22 Ve2=Vb2 -Vbe;

23 Ie2=Ve2/Re2;

24 Ic2=Ie2;

25 Vo1=Vcc -Ic2*Rc2;

26 printf(”The q u i e s c e n t output v o l t a g e ( At input
Vo l tage =3 V ) i s %. 1 f V\n”,Vo1);

27
28 //At input Vo l tage =3.2 V
29 Vi2 =3.2; //V // input v o l t a g e
30 Vb1=Vi2; // Vo l tage at the base o f t r a n s i s t o r

T1
31 Ve1=Vb1 -Vbe; // Vo l tage at the e m i t t e r o f

t r a n s i s t o r T1
32 Ie1=Ve1/Re1;

33 Ic1=Ie1;

34 Vc1=Vcc -Ic1*Rc1;

35 Vb2=Vc1;

36 Ve2=Vb2 -Vbe;

37 Ie2=Ve2/Re2;

38 Ic2=Ie2;

39 Vo2=Vcc -Ic2*Rc2;

40 printf(”The q u i e s c e n t output v o l t a g e ( At input
Vo l tage =3.2 V) i s %. 1 f V\n”,Vo2);

41
42 // Smal l S i g n a l i nput and output v o l t a g e
43 vi=Vi2 -Vi1;

44 vo=Vo2 -Vo1;

45 Av=vo/vi;

46 printf(”The s m a l l s i g n a l v o l t a g e ga in i s %. 0 f ”,Av)
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Scilab code Exa 8.5 Calculate the maximum voltage gain and bandwidth
of multistage amplifier

1 // C a l c u l a t e the maximum v o l t a g e ga in and bandwidth
o f m u l t i s t a g e a m p l i f i e r

2 clear;

3 clc;

4 // s o l t i o n
5 //FUNCTIONS
6
7 function [z]=prll(r1 ,r2)// Funct ion f o r the p a r a l l e l

combinat i on o f r e s i s t o r
8 z=r1*r2/(r1+r2);

9 endfunction

10
11 // g i v e n
12 rin =10*10^6; //ohm // input r e s i s t a n c e o f JFET
13 Rd =10*10^3; //ohm
14 Rs=500; //ohm
15 Rg =470*10^3; //ohm
16 Rl =470*10^3; //ohm
17 Cc =0.01*10^ -6; // Farad
18 Csh =100*10^ -12; // Farad
19 Cs=50*10^ -6; // Farad
20 rd =100*10^3; //ohm
21 gm=2*10^ -3; //S
22 Rac2=prll(Rd,Rl);

23 Rac1=prll(Rd,Rg);

24 Req=prll(rd,prll(Rd,Rl));

25 Am=ceil(gm*Req);

26 Am2=Am*Am; // Vo l tage ga in o f two s t a g e
a m p l i f i e r

27 printf(” Vo l tage ga in o f two s t a g e a m p l i f i e r= %. 0 f \n”
,Am2);
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28 R_=prll(rd ,Rd)+prll(Rg ,rin);

29 f1 =1/(2* %pi*Cc*R_); // l owe r c u t o f f f r e q u e n c y
30 f1_=f1/(sqrt(sqrt (2) -1));

31 f2 =1/(2* %pi*Csh*Req); // upper c u t o f f f r e q u e n c y
32 f2_=f2*(sqrt(sqrt (2) -1));

33 BW=f2_ -f1_;

34 printf(” Bandwidth= %. 1 f kHz”,BW /1000);
35
36 // There i s a s l i g h t e r r o r i n f 1 due to use o f R ’ (

he r e R ) =479 k and i n f 2 due to approax imat ion
o f Req t h e r e i s a s l i g h t v a r i a t i o n

Scilab code Exa 8.6 Calculate the midband voltage gain and bandwidth
of cascade amplifier

1 // C a l c u l a t e the midband v o l t a g e ga in and bandwidth
o f c a s c a d e a m p l i f i e r

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6 Am=8; // midband v o l t a g e ga in o f i n d i v i d u a l

MOSFET
7 BW =500*10^3 //Hz
8 f2=BW;

9 n=4;

10 A2m=Am^n;

11 f2_=f2*(sqrt ((2^(1/n)) -1));

12 printf(”Midband v o l t a g e ga in = %. 0 f \n”,A2m);
13 printf(” O v e r a l l Bandwidth= %. 1 f kHz”,f2_ /1000);

Scilab code Exa 8.7 Calculate the input and output impedance and volt-
age gain
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1 // C a l c u l a t e the input and output impedance and
v o l t a g e ga in

2 clear;

3 clc;

4 // s o l t i o n
5 //FUNCTIONS
6
7 function [z]=prll(r1 ,r2)// Funct ion f o r the p a r a l l e l

combinat i on o f r e s i s t o r
8 z=r1*r2/(r1+r2);

9 endfunction

10
11 hie =1.1*10^3; //ohm = r i n
12 hfe =120; // = B
13
14 // the v a l u e s o f Rac2 , Zi , Zo a r e as per diagram
15 Rac2=prll (3.3*10^3 ,2.2*10^3);

16 Rac1=prll (6.8*10^3 , prll (56*10^3 , prll

(5.6*10^3 ,1.1*10^3)));

17 Zi=prll (5.6*10^3 , prll (56*10^3 ,1.1*10^3));

18 Zo=prll (3.3*10^3 ,2.2*10^3);

19
20 printf(” Input R e s i s t a n c e = %. 3 f k \nOutput

R e s i s t a n c e = %. 2 f k \n”,Zi/1000,Zo /1000);
21
22 Am2=-hfe*Rac2/(hie);

23 Am1=-hfe*Rac1/(hie);

24 Am=Am1*Am2;

25 Am=20* log10(Am);

26 printf(”The O v e r a l l Vo l tage ga in i s %. 2 f dB”,Am);
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Chapter 9

Power Amplifiers

Scilab code Exa 9.1 Determine the turns ratio of the transformer

1 // Determine the t u r n s r a t i o o f the t r a n s f o r m e r
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 Rl=8; //ohm
8 Rl_ =5*10^3; //ohm
9 TR=sqrt(Rl_/Rl); // Turns r a t i o

10 printf(” Turns Rat io= %. 0 f : 1”,TR);

Scilab code Exa 9.2 Determine the output impedance of the transistor

1 // Determine the output impedance o f the t r a n s i s t o r
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
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6
7 TR =16/1; // turn r a t i o
8 Rl=4; //ohm // l o u d s p e a k e r impedance
9 ro=(TR^2)*Rl;

10 printf(”The output impedance o f the t r a n s i s t o r %. 0 f
”,ro);

Scilab code Exa 9.3 Determine the efficiency of a single ended transformer

1
2 // Determine the e f f i c i e n c y o f a s i n g l e ended

t r a n s f o r m e r
3 clear;

4 clc;

5 // s o l t i o n
6 // g i v e n
7
8 Vceq =10; //V // supp ly v o l t a g e
9

10 //At Vp=10V
11 Vp=10; //V
12 Vce_max1=Vceq+Vp;

13 Vce_min1=Vceq -Vp;

14 n1 =50*(( Vce_max1 -Vce_min1)/( Vce_max1+Vce_min1))^2;

15 printf(” E f f i c i e n c y ( At Vp = 10V)= %. 0 f p e r c e n t \n”,n1
);

16
17 //At Vp=5V
18 Vp=5; //V
19 Vce_max2=Vceq+Vp;

20 Vce_min2=Vceq -Vp;

21 n2 =50*(( Vce_max2 -Vce_min2)/( Vce_max2+Vce_min2))^2;

22 printf(” E f f i c i e n c y ( At Vp = 5V)= %. 1 f p e r c e n t \n”,n2)
;

23
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24 //At Vp=1V
25 Vp=1; //V
26 Vce_max3=Vceq+Vp;

27 Vce_min3=Vceq -Vp;

28 n3 =50*(( Vce_max3 -Vce_min3)/( Vce_max3+Vce_min3))^2;

29 printf(” E f f i c i e n c y ( At Vp = 1V)= %. 1 f p e r c e n t \n”,n3)
;

Scilab code Exa 9.4 Determine input and output power and efficiency

1 // Determine input and output power and e f f i c i e n c y
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 Vcc =20; //V // supp ly v o l t a g e
8 Rl=4; //
9 Vp=15; //V

10 Ip=Vp/Rl;

11 Idc=Ip/%pi;

12 Pi=Vcc*Idc;

13 Po=((Vp/2) ^2)/Rl;

14 n=100* Po/Pi;

15 printf(” Input power %. 2 f W\n”,Pi);
16 printf(” Output power %. 2 f W\n”,Po);
17 printf(” E f f i c i e n c y = %. 0 f p e r c e n t \n”,n);

Scilab code Exa 9.5 Calculate the percentage increase in output power

1 // C a l c u l a t e the p e r c e n t a g e i n c r e a s e i n output power
2 clear;

3 clc;
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4 // s o l t i o n
5 // g i v e n
6
7 D=0.2; // harmonic d i s t o r t i o n
8 P=(1+D^2);// Tota l power i n c r e a s e
9

10 // p e r c e n t i n c r e a s e= ( Pi ∗(1+Dˆ2)−Pi ) ∗100/ Pi ;
11 // t a k i n g out and c a n c e l l i n g Pi
12 PI=(P-1) *100;

13 printf(”The p e r c e n t a g e i n c r e a s e i n output power= %. 0
f p e r c e n t ”,PI);

Scilab code Exa 9.6 Calculate harmonic distortion and percentage increase
in output voltage due to this

1 // C a l c u l a t e harmonic d i s t o r t i o n and p e r c e n t a g e
i n c r e a s e i n output v o l t a g e due to t h i s

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 I1=60; //A
8 I2=6; //A
9 I3=1.2; //A

10 I4=0.6; //A
11 D2=I2/I1;

12 D3=I3/I1;

13 D4=I4/I1;

14 printf(”The Harmonic d i s t o r t i o n o f each component\
nD2= %. 0 f p e r c e n t \nD3= %. 0 f p e r c e n t \nD4= %. 0 f
p e r c e n t \n”,D2*100,D3*100,D4 *100);

15
16 D=sqrt((D2)^2+(D3)^2+(D4)^2);

17 printf(”The Tota l Harmonic d i s t o r t i o n = %. 0 f p e r c e n t
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\n”,D*100);
18 P=(1+D^2);// Tota l power i n c r e a s e
19
20 // p e r c e n t i n c r e a s e= ( Pi ∗(1+Dˆ2)−Pi ) ∗100/ Pi ;
21 // t a k i n g out and c a n c e l l i n g Pi
22 PI=(P-1) *100;

23 printf(”The p e r c e n t a g e i n c r e a s e i n output power= %. 0
f p e r c e n t ”,PI);
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Chapter 10

Feedback in Amplifiers

Scilab code Exa 10.1 Determine the gain of feedback amplifier

1 // Determine the ga in o f f e e d b a c k a m p l i f i e r
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 A=100; // i n t e r n a l ga in
8 B=0.1; // f e e d b a c k f a c t o r
9 Af=A/(1+A*B);

10 printf(”The ga in o f f e e d b a c k a m p l i f i e r %. 2 f ”,Af);

Scilab code Exa 10.2 Determine the gain of feedback amplifier in dB

1 // Determine the ga in o f f e e d b a c k a m p l i f i e r i n dB
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
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6
7 Ad=60; //dB // i n t e r n a l ga in i n dB
8 A=10^( Ad/20); // i n t e r n a l ga in
9 B=1/20; // f e e d b a c k f a c t o r

10 Af=A/(1+A*B);

11 Afd =20* log10(Af);

12 printf(”The ga in o f f e e d b a c k a m p l i f i e r %. 2 f dB”,Afd)
;

Scilab code Exa 10.3 Calculate the percentage of output fed back to input

1 // C a l c u l a t e the p e r c e n t a g e o f output f e d back to
input

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 A=600; // i n t e r n a l ga in
8 Af=50; // ga in o f f e e d b a c k a m p l i f i e r
9 B=(A/Af -1)/A;

10 printf(”The p e r c e n t a g e o f output f e d back to input=
%. 3 f p e r c e n t ”,B*100);

Scilab code Exa 10.4 Calculate the internal gain and percentage of output
fed back to input

1 // C a l c u l a t e the i n t e r n a l ga in and p e r c e n t a g e o f
output f e d back to input

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
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6
7 Af=80; // ga in o f f e e d b a c k a m p l i f i e r
8 Vi =0.05; //V // input with f e e d b a c k
9 Vi_ =4*10^ -3; //V // input wi thout f e e d b a c k

10 Vo_=Af*Vi;

11 A=Vo_/Vi_;

12 printf(”The i n t e r n a l ga in i s %. 0 f \n”,A);
13 B=(A/Af -1)/A;

14 printf(”The p e r c e n t a g e o f output f e d back to input=
%. 2 f p e r c e n t ”,B*100);

Scilab code Exa 10.5 Calculate the gain with and without feedback and
feedback factor

1 // C a l c u l a t e the ga in with and wi thout f e e d b a c k and
f e e d b a c k f a c t o r

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 Vo_ =5; //V // output v o l t a g e
8 Vi=0.2; //V // input with f e e d b a c k
9 Vi_ =0.05; //V // input wi thout f e e d b a c k

10 A=Vo_/Vi_;

11 Af=Vo_/Vi;

12 printf(”The ga in wi thout f e e d b a c k i s %. 0 f \n”,A);
13 printf(”The ga in with f e e d b a c k i s %. 0 f \n”,Af);
14 B=(A/Af -1)/A;

15 printf(”The f e e d b a c k f a c t o r= %. 0 f p e r c e n t ”,B*100);

Scilab code Exa 10.6 Calculate the gain of feedback amplifier and feed-
back factor
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1 // C a l c u l a t e the ga in o f f e e d b a c k a m p l i f i e r and
f e e d b a c k f a c t o r

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 A=100; // i n t e r n a l ga in
8 N=20; //dB // n e g a t i v e f e e d b a c k
9 B=(10^( -N/(-20)) -1)/A; // t a k i n g a n t i l o g

10 Af=A/(1+A*B);

11 printf(”The f e e d b a c k f a c t o r= %. 0 f p e r c e n t \n”,B*100);
12 printf(”The ga in o f the f e e d b a c k a m p l i f i e r i s %. 0 f \n

”,Af);

Scilab code Exa 10.7 Calculate percentage change in the overall gain

1 // C a l c u l a t e p e r c e n t a g e change i n the o v e r a l l g a in
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 A=1000; // i n t e r n a l ga in
8 N=40; //dB // n e g a t i v e f e e d b a c k
9 D=10^(( -N)/-20); //D=(1+AB) d e s e n s i t i v i t y

10 dA_A =10; // p e r c e n t //dA/A
11 dAf_Af=dA_A/D; // dAf/Af
12 printf(”The p e r c e n t a g e change i n the o v e r a l l g a in= %

. 1 f p e r c e n t ”,dAf_Af);

Scilab code Exa 10.8 Calculate percentage change in the overall gain
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1 // C a l c u l a t e p e r c e n t a g e change i n the o v e r a l l g a in
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 Adb =60; //dB // i n t e r n a l ga in i n dB
8 B=0.005; // f e e d b a c k f a c t o r
9 A=10^( Adb /(20)); // t a k i n g a n t i l o g

10 dA_A =-12; // p e r c e n t //dA/A
11 D=(1+A*B); //D=(1+AB) d e s e n s i t i v i t y
12 dAf_Af=dA_A/D; // dAf/Af
13 printf(”The p e r c e n t a g e change i n the o v e r a l l g a in

r e d u c e s by %. 1 f p e r c e n t ”,-dAf_Af);

Scilab code Exa 10.9 Determine the input resistance of feedback amplifier

1 // Determine the input r e s i s t a n c e o f f e e d b a c k
a m p l i f i e r

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 A=250; // i n t e r n a l ga in
8 B=0.1; // f e e d b a c k f a c t o r
9 Ri =1.1*10^3; //ohm // input r e s i s t a n c e

10 Rif=Ri*(1+A*B);

11 printf(”The input r e s i s t a n c e o f f e e d b a c k a m p l i f i e r %
. 1 f k ”,Rif /1000);

12 //The ans i n book i s i n c o r r e c t due to use o f (2+A∗B)
i n s t e a d o f (1+A∗B) the ans i n book i s 2 9 . 7 k
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Scilab code Exa 10.10 Calculate the percentage of negative feedback to
input

1 // C a l c u l a t e the p e r c e n t a g e o f n e g a t i v e f e e d b a c k to
input

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 Adb =60; //dB // i n t e r n a l ga in i n dB
8 A=10^( Adb /(20)); // t a k i n g a n t i l o g
9 Ro =12*10^3; //ohm // output r e s i s t a n c e

10 Rof =600; //ohm
11 B=(Ro/Rof -1)/A;

12 printf(”The p e r c e n t a g e o f n e g a t i v e f e e d b a c k to input
= %. 1 f p e r c e n t ”,B*100);
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Chapter 11

Tuned Voltage Amplifiers

Scilab code Exa 11.1 Calculate frequency and impedance and current and
voltage across each element at resonance

1 // C a l c u l a t e f r e q u e n c y and impedance and c u r r e n t and
v o l t a g e a c r o s s each e l ement at r e s o n a n c e

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 R=12; //ohm
8 L=200*10^ -6; //H
9 C=300*10^ -12; //F

10 Vs=9; //V
11 fo =1/(2* %pi*sqrt(L*C));

12 Z=R; // impedance
13 printf(”The Resonant f r e q u e n c y= %. 1 f kHz\n”,fo /1000)

;

14 printf(”The impedance Z= %. 0 f \n”,Z);
15
16 Io=Vs/R;

17 printf(”The Source c u r r e n t= %. 2 f A\n”,Io);
18
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19 Vl=Io*(2* %pi*fo*L);

20 Vc=Io/(2* %pi*fo*C);

21 Vr=Io*R;

22 printf(”The v o l t a g e a c r o s s the i n d u c t o r =%. 1 f V\n”,
Vl);

23 printf(”The v o l t a g e a c r o s s the c a p a c i t o r =%. 1 f V\n”,
Vc);

24 printf(”The v o l t a g e a c r o s s the r e s i s t o r =%. 0 f V\n”,
Vr);

25 // There i s a s l i g h t v a r i a t i o n i n v o l t a g e a c r o s s
c a p a c i t o r due to the approax imat i on

Scilab code Exa 11.2 Calculate frequency and impedance and current at
resonance and current in coil and capacitor

1 // C a l c u l a t e f r e q u e n c y and impedance and c u r r e n t at
r e s o n a n c e and c u r r e n t i n c o i l and c a p a c i t o r

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 R=10; //ohm
8 L=100*10^ -6; //H
9 C=100*10^ -12; //F

10 Vs=10; //V
11 fo =1/(2* %pi*sqrt(L*C));

12 Zp=L/(C*R); // impedance
13 printf(”The Resonant f r e q u e n c y= %. 3 f MHz\n”,fo /10^6)

;

14 printf(”The impedance Z= %. 0 f k \n”,Zp /1000);
15
16 Io=Vs/Zp;

17 printf(”The Source c u r r e n t= %. 0 f uA\n”,Io *10^6);
18
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19 Xl=(2* %pi*fo*L);

20 Xc =1/(2* %pi*fo*C);

21 Z1=sqrt(Xl^2+R^2);

22 Z2=Xc;

23 Ic=Vs/Z2;

24 Il=Ic;

25 printf(”The c u r r e n t i n the c o i l = %. 0 f mA\n”,Il
*1000);

26 printf(”The c u r r e n t i n the c a p a c i t o r = %. 0 f mA\n”,Ic
*1000);

Scilab code Exa 11.3 Calculate impedance and quality factor and band-
width

1 // C a l c u l a t e impedance and q u a l i t y f a c t o r and
bandwidth

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 R=10; //ohm
8 L=150*10^ -6; //H
9 C=100*10^ -12; //F

10 fo =1/(2* %pi*sqrt(L*C));

11 Zp=L/(C*R); // impedance
12 printf(”The impedance Z= %. 0 f k \n”,Zp /1000);
13
14 Xl=(2* %pi*fo*L);

15 Q=Xl/R;

16 BW=fo/Q;

17 printf(”The Qua l i t y f a c t o r o f the c i r c u i t =%. 1 f \n”,
Q);

18 printf(”The Band width o f the c i r c u i t =%. 1 f kHz\n”,
BW /1000);
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Chapter 12

Sinusoidal Oscillators

Scilab code Exa 12.1 Calculate frequency of oscillations

1 // C a l c u l a t e f r e q u e n c y o f o s c i l l a t i o n s
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 L=55*10^ -6; //H
8 C=300*10^ -12; //F
9 fo =1/(2* %pi*sqrt(L*C));

10 printf(”The f r e q u e n c y o f o s c i l l a t i o n s = %. 0 f kHz\n”,
fo /1000);

Scilab code Exa 12.2 Calculate frequency of oscillations and feedback fac-
tor and voltage gain

1 // C a l c u l a t e f r e q u e n c y o f o s c i l l a t i o n s and f e e d b a c k
f a c t o r and v o l t a g e ga in

2 clear;
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3 clc;

4 // s o l t i o n
5
6 function [z]=prll(r1 ,r2)// Funct ion f o r the p a r a l l e l

combinat i on o f r e s i s t o r
7 z=r1*r2/(r1+r2);

8 endfunction

9
10 // g i v e n
11 C1 =0.001*10^ -6; //F
12 C2 =0.01*10^ -6; //F
13 L=15*10^ -6; //H
14 C=prll(C1,C2);

15 fo =1/(2* %pi*sqrt(L*C));

16 printf(”The f r e q u e n c y o f o s c i l l a t i o n s = %. 2 f MHz\n”,
fo /10^6);

17 B=C1/C2;

18 Amin =1/B;

19 printf(”The f e e d b a c k f a c t o r o f the c i r c u i t =%. 1 f \n”
,B);

20 printf(”The c i r c u i t needs a minimum v o l t a g e ga in o f
%. 0 f ”,Amin);

Scilab code Exa 12.3 Calculate frequency of oscillations

1 // C a l c u l a t e f r e q u e n c y o f o s c i l l a t i o n s
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 R=10*10^3; //ohm
8 C=0.01*10^ -6; //F
9 fo =1/(2* %pi*R*C*sqrt (6));

10 printf(”The f r e q u e n c y o f o s c i l l a t i o n s = %. 1 f Hz\n”,fo
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);

Scilab code Exa 12.4 Calculate frequency of oscillations

1 // C a l c u l a t e f r e q u e n c y o f o s c i l l a t i o n s
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 R=22*10^3; //ohm
8 C=100*10^ -12; //F
9 fo =1/(2* %pi*R*C);

10 printf(”The f r e q u e n c y o f o s c i l l a t i o n s = %. 2 f KHz\n”,
fo /1000);

Scilab code Exa 12.5 Determine the series and parallel resonant frequen-
cies

1 // Determine the s e r i e s and p a r a l l e l r e s o n a n t
f r e q u e n c i e s

2 clear;

3 clc;

4 // s o l t i o n
5
6 function [z]=prll(r1 ,r2)// Funct ion f o r the p a r a l l e l

combinat i on o f r e s i s t o r
7 z=r1*r2/(r1+r2);

8 endfunction

9
10 // g i v e n
11
12 L=3; //H

87



13 Cm =10*10^ -12; //F
14 Cs =0.05*10^ -12; //F
15 fs =1/(2* %pi*sqrt(L*Cs));

16 printf(”The s e r i e s r e s o n a n t f r e q u e n c y =%. 0 f kHz\n”,
fs /1000);

17
18 Cp=prll(Cm,Cs);

19 fp =1/(2* %pi*sqrt(L*Cp));

20 printf(”The p a r a l l e l r e s o n a n t f r e q u e n c y =%. 0 f kHz”,
fp /1000);
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Chapter 14

Operational Amplifiers

Scilab code Exa 14.1 Calculate voltage gain and input and output resis-
tance

1 // C a l c u l a t e v o l t a g e ga in and input and output
r e s i s t a n c e

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 R1 =20*10^3; //ohm
8 Rf =2000*10^3; //ohm
9 Acl=-Rf/R1;

10 Ricl=R1;

11 Ro=0;

12 printf(”The v o l t a g e ga in= %. 0 f \n”,Acl);
13 printf(”The input r e s i s t a n c e =%. 0 f k \n”,R1 /1000);
14 printf(”The output r e s i s t a n c e =%. 0 f \n”,Ro);

Scilab code Exa 14.2 Find the output voltage
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1 // Find the output v o l t a g e
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 R1 =20*10^3; //ohm
8 Rf =2000*10^3; //ohm
9 v1=4; //V

10 v2=3.8; //V
11 vo=v2*(1+Rf/R1) -(Rf/R1)*v1;

12 printf(”The output v o l t a g e= %. 1 f V”,vo);

Scilab code Exa 14.4 Design an adder circuit using an op amp

1 // Des ign an adder c i r c u i t u s i n g an op amp
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 //Vo=−(V1+10∗V2+100∗V3)
8 Rf =100*10^3; //ohm
9 C1=1; // c o e f f i c i e n t o f V1

10 C2=10; // c o e f f i c i e n t o f V2
11 C3=100; // c o e f f i c i e n t o f V3
12 R1=Rf/C1;

13 R2=Rf/C2;

14 R3=Rf/C3;

15 printf(”R1 = %. 0 f k \n”,R1 /1000);
16 printf(”R2 = %. 0 f k \n”,R2 /1000);
17 printf(”R3 = %. 0 f k \n”,R3 /1000);
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Scilab code Exa 14.5 Calculate CMRR in dB

1 // C a l c u l a t e CMRR i n dB
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 Ad=100; // d i f f e r e n t i a l mode ga in
8 Ac =0.01; //common mode ga in
9 CMRR =20* log10(Ad/Ac);

10 printf(”The CMRR i n dB %. 0 f dB”,CMRR);

Scilab code Exa 14.6 Calculate the output voltage

1 // C a l c u l a t e the output v o l t a g e
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 Ad =2000; // d i f f e r e n t i a l mode ga in
8 CMRR =10000;

9 V1=10^ -3; //V
10 V2 =0.9*10^ -3; //V
11 Vd=V1-V2;

12 Vc=(V1+V2)/2;

13 Vo=Ad*Vd*(1+Vc/(CMRR*Vd));

14 printf(”The output v o l t a g e i s %. 2 f mV”,Vo *1000);
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Chapter 15

Electronic Instruments

Scilab code Exa 15.1 Calculate shunt resistance and multiplying factor

1 // C a l c u l a t e shunt r e s i s t a n c e and m u l t i p l y i n g f a c t o r
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 Im=5*10^ -3; //A
8 Rm=20; //ohm
9 I=5; //A

10 Rsh=Rm*Im/(I-Im);

11 n=I/Im;

12 printf(” Shunt r e s i s t a n c e= %. 5 f \n”,Rsh);
13 printf(” M u l t i p l y i n g f a c t o r= %. 0 f ”,n);

Scilab code Exa 15.2 Calculate shunt resistance

1 // C a l c u l a t e shunt r e s i s t a n c e
2 clear;
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3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 //At I= 1 mA
8 I1=1*10^ -3; //A
9 Im =0.1*10^ -3; //A

10 Rm=500; //ohm
11 Rsh=Rm*Im/(I1-Im);

12 printf(” Shunt r e s i s t a n c e= %. 4 f \n”,Rsh);
13
14
15 //At I= 1 mA
16 I2=10*10^ -3; //A
17 Rsh=Rm*Im/(I2-Im);

18 printf(” Shunt r e s i s t a n c e= %. 4 f \n”,Rsh);
19
20
21 //At I= 1 mA
22 I3 =100*10^ -3; //A
23 Rsh=Rm*Im/(I3-Im);

24 printf(” Shunt r e s i s t a n c e= %. 4 f \n”,Rsh);

Scilab code Exa 15.3 Caluclate the series resistance to convert it into volt-
meter

1 // C a l u c l a t e the s e r i e s r e s i s t a n c e to c o n v e r t i t i n t o
v o l t m e t e r

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 Im =100*10^ -6; //A
8 Rm=100; //ohm
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9 V=100; //V
10 Rs=V/Im-Rm;

11 printf(”The v a l u e o f s e r i e s r e s i s t a n c e i s %. 1 f k ”,
Rs /1000);

Scilab code Exa 15.4 Calculate multiplier resistance and voltage multi-
plying factor

1 // C a l c u l a t e m u l t i p l i e r r e s i s t a n c e and v o l t a g e
m u l t i p l y i n g f a c t o r

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 Im=50*10^ -6; //A
8 Rm =1000; //ohm
9 V=50; //V

10 Rs=V/Im-Rm;

11 printf(”The v a l u e o f m u l t i p l i e r r e s i s t a n c e i s %. 0 f
k \n”,Rs /1000);

12 Vm=Im*Rm;

13 n=V/Vm;

14 printf(” Vo l tage m u l t i p l y i n g f a c t o r =%. 0 f ”,n);

Scilab code Exa 15.5 Calculate reading and error of each voltmeter

1 // C a l c u l a t e r e a d i n g and e r r o r o f each v o l t m e t e r
2 clear;

3 clc;

4 // s o l t i o n
5
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6 function [z]=prll(r1 ,r2)// Funct ion f o r the p a r a l l e l
combinat i on o f r e s i s t o r

7 z=r1*r2/(r1+r2);

8 endfunction

9
10 // g i v e n
11
12 S_A =1000; // /V // s e n s i t i v i t y
13 S_B =20000; // /V // s e n s i t i v i t y
14 R=50; //V // range o f v o l t m e t e r
15 Vs=150; //V // Supply
16 R1 =100*10^3; //ohm
17 R2 =50*10^3; //ohm
18 Vt=Vs*(R2/(R1+R2));

19
20 // Vol tmeter A
21 Ri1=S_A*R;

22 Rxy_A=prll(Ri1 ,R2); // t o t a l r e s i s t a n c e at X and
Y

23 V1=Vs*( Rxy_A/( Rxy_A+R1));

24 printf(”The v o l t m e t e r i n d i c a t e s %. 0 f V\n”,V1);
25
26 // Vol tmeter B
27 Ri2=S_B*R;

28 Rxy_B=prll(Ri2 ,R2); // t o t a l r e s i s t a n c e at X and
Y

29 V2=Vs*( Rxy_B/( Rxy_B+R1));

30 printf(”The v o l t m e t e r i n d i c a t e s %. 2 f V\n”,V2);
31
32 e1=(Vt-V1)*100/ Vt;

33 e2=(Vt-V2)*100/ Vt;

34 printf(”The e r r o r i n the r e a d i n g o f v o l t m e t e r A = %
. 0 f p e r c e n t \n”,e1);

35 printf(”The e r r o r i n the r e a d i n g o f v o l t m e t e r A = %
. 1 f p e r c e n t ”,e2);
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Scilab code Exa 15.6 Determine rms value of the ac voltage

1 // Determine rms v a l u e o f the ac v o l t a g e
2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 l=8.3; //cm // l e n g t h o f the t r a c e
8 D=5; // V/cm // d e f l e c t i o n s e n s i t i v i t y
9 Vpp=l*D;

10 Vrms=Vpp /(2* sqrt (2));

11 printf(”The rms v a l u e o f the ac v o l t a g e %. 2 f V”,Vrms
);

Scilab code Exa 15.7 Determine rms value and frequency of the sine volt-
age

1 // Determine rms v a l u e and f r e q u e n c y o f the s i n e
v o l t a g e

2 clear;

3 clc;

4 // s o l t i o n
5 // g i v e n
6
7 l=3.5; //cm // l e n g t h o f the t r a c e
8 D=2; // V/cm // d e f l e c t i o n s e n s i t i v i t y
9 Vpp=l*D;

10 Vrms=Vpp/sqrt (2);

11 printf(”The rms v a l u e o f the s i n e v o l t a g e = %. 2 f V\n
”,Vrms);

12 x=4; // cm // one c y c l e l e n g t h on x a x i s
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13 t=0.5*10^ -3; // s /cm // t imebase s e t t i n g
14 T=x*t;

15 f=1/T;

16 printf(”The f r e q u e n c y o f the s i n e v o l t a g e = %. 1 f kHz
”,f/1000);
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