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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

Basic features of radio
communication systems

Scilab code Exa 1.1 Example 1

1 // Chapter 1 , Example 1 . 1
2 clc

3 E=10e-6 // e l e c t r i c f i e l d
s t r e n g t h i n v o l t s / metre

4 Z=377 // wave impedance
i n ohm

5 A=5 // a r ea i n metre
squa r e

6

7 // c a l c u l a t i n g magnet i c f i e l d s t r e n g t h
8 H=E/Z

9 // c a l c u l a t i n g i n c i d e n t power
10 P=E*H*A

11

12 printf(” ( a ) Magnet ic f i e l d s t r e n g t h = %. 3 f nA/m\n\n”
,H*10^9)

13 printf(” ( b ) I n c i d e n t power on a r e c i e v i n g a e r i a l = %
. 3 f pW\n\n”,P*10^12)
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Scilab code Exa 1.2 Example 2

1 // Chapter 1 , Example 1 . 2
2 clc

3 E=10e-6 // e l e c t r i c f i e l d
s t r e n g t h i n v o l t s / metre

4 Z=377 // wave impedance
i n ohm

5 P=2.65*10^ -13 // power i n c i d e n t
on a s u r f a c e a r ea 1m2

6

7 D1=10 // d i s t a n c e i n
k i l o m e t r e

8 D2=100 // d i s t a n c e i n
k i l o m e t r e

9 P1=(D1/D2)^2 // power d e n s i t y
f a c t o r

10 PD=P1*P // power d e n t i t y i n
W/m2

11

12 Erms=sqrt(PD*Z) //Erms at 100Km
13 Hrms=Erms/Z //Hrms at 100Km
14 printf(” ( a ) Erms at 100km = %. 3 f microV /m\n\n”,Erms

*10^6)

15 printf(” ( b ) Hrms at 100km = %. 3 f nA/m\n\n”,Hrms
*10^9)

Scilab code Exa 1.3 Example 3

1 // Chapter 1 , Example 1 . 3
2 clc
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3 Vo=100 // t r a n s m i t t e r output i n
v o l t s

4 Zo=72 // t r a n s m i t t e r output
impedance i n ohm

5 Zin =72 // antenna input
impedance i n ohm

6 R=72 // r a d i a t i o n r e s i s t a n c e
i n ohn

7 eff =100 // antenna e f f i c i e n c y
8

9 Vrms=Vo/2

10 Pr=(Vrms)^2/R

11

12 printf(”Power r a d i a t e d = %. 2 f W”,Pr)

Scilab code Exa 1.4 Example 4

1 // Chapter 1 , Example 1 . 4
2 clc

3 n=105 // no o f c o i l t u r n s
4 a=8*10^ -5 // c r o s s s e c t i o n a l

a r ea i n metre squa r e
5 ur=230 // r e l a t i v e

p e r m e a b i l i t y
6 uo=4*%pi *10^ -7 // p e r m e a b i l i t y o f

a i r
7 Erms =10*10^ -6 // e l e c t r i c f i e l d

s t r e n g t h
8 f=10^6 // f r e q u e n c y i n h e r t z
9

10 // c a l c u l a t i o n
11 erms=n*2*%pi*f*ur*uo*Erms*a*cos(0)

12

13 printf(” r .m. s open c i r c u i t v o l t a g e = %. 2 f mic roVo l t ”
,erms *10^6)
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Scilab code Exa 1.5 Example 5

1 // Chapter 1 , Example 1 . 5
2 clc

3 n=100 // no o f c o i l t u r n s
4 a=8*10^ -5 // e f f e c t i v e c r o s s−

s e c t i o n a l a r ea i n metre
5 ur=200 // r e l a t i v e

p e r m e a b i l i t y
6 uo=4*%pi *10^ -7 // p e r m e a b i l i t y , o f

a i r
7 ao=60* %pi /180 // a n g l e o f i n c i d e n c e

o f magnet i c f i e l d
8 f=10^6 // f r e q u e n c y i n h e r t z
9 E=100*10^ -6 // e l e c t r i c f i e l d

s t r e n g t h i n V/m
10 z=377 // wave impedance i n

ohm
11

12 // c a l c u l a t i o n
13 w=2*%pi*f

14 erms=n*w*ur*uo*a*(E/z)*cos(ao)

15

16 printf(” r .m. s open c i r c u i t v o l t a g e induced = %. 3 f uV
”,erms *10^6)

Scilab code Exa 1.6 Example 6

1 // Chapter 1 , Example 1 . 6
2 clc

3 n=2 // no o f r e c i e v e r s
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4 Zo=75 // input impedance o f
each r e c e i v e r

5

6 // c a l c u l a t i n g the v a l u e o f r e s i s t o r
7 R=((n-1)/(n+1))*Zo

8

9 printf(” Value o f the matching r e s i s t o r = %d ohm”,R)

Scilab code Exa 1.7 Example 7

1 // Chapter 1 , Example 1 . 7 , f i g u r e 1 . 2 3
2 clc

3 n=4 // no o f r e c i e v e r s
4 Zo=50 // input impedance o f

each r e c e i v e r
5

6 // c a l c u l a t i n g the v a l u e o f r e s i s t o r
7 R=((n-1)/(n+1))*Zo

8

9 printf(” Value o f the matching r e s i s t o r = %d ohm”,R)

Scilab code Exa 1.8 Example 8

1 // Chapter 1 , Example 1 . 8 , f i g u r e 1 . 2 3
2 clc

3 n=3 // no o f r e c i e v e r s
4 Zo=50 // input impedance o f

each r e c e i v e r
5 Van =100*10^ -6 // open−c i r c u i t v o l t a g e

i n a e r i a l
6

7 // c a l c u l a t i o n
8 R=((n-1)/(n+1))*Zo
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9 V=1/(2*n)*Van

10

11 printf(” ( a ) Value o f the matching r e s i s t o r = %d ohm\
n\n\n”,R)

12 printf(” ( b ) Vo l tage at r e c e i v e r i nput t e r m i n a l = %. 3
f uV”,V*10^6)

Scilab code Exa 1.9 Example 9

1 // Chapter 1 , Example 1 . 9 , F i gu r e 1 . 2 5
2 clc

3 r1=75 // network s p l i t t e r
and t e r m i n a t i o n impedance

4 r2=43 // matching network
5

6 // c a l c u l a t i o n
7 Voc=(r1/(r2+r1))*(((r1+r2)/2) /(((43+75) /2)+r1))

8 Zin =((r1+r2)/2)

9 Zsr=r2+(((r1+r2)*r1)/((r2+r1)+r1))

10

11 printf(” ( a ) Rat io Vout/Voc = %. 2 f \n\n”,Voc)
12 printf(” ( b ) Input impedance to the network = %d ohm\

n\n”,Zin)
13 printf(” ( c ) R e c i e v e r s o u r c e impedance = %. 2 f ohm\n\n

”,Zsr)
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Chapter 2

Transmission lines

Scilab code Exa 2.2 Example 2

1 // Chapter 2 , Problem 2
2 clc

3 D=300e-3 // d i s t a n c e i n meter
between the two w i r e

4 d=4e-3 // d iamete r i n meter o f a
conduc to r

5 e=1 // r e l a t i v e d i e l e c t r i c
6

7 // c a l c u l a t i n g the c h a r a c t e r i s t i c impedance o f the
type o f p a r a l l e l t r a n s m i s s i o n l i n e

8 z0 =(276/ sqrt(e))*log10 (2*D/d)

9 printf(” C h a r a c t e r i s t i c impedance , Z0 = %d ohm”,z0)

Scilab code Exa 2.4 Example 4

1 // Chapter 2 , Problem 4
2 clc

3 funcprot (0)
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4 R=23 // r e s i s t a n c e i n ohm
5 G=4*10^ -3 // conductance i n

s i emens
6 L=125*10^ -6 // i n d u c t a n c e i n

henry
7 C=48*10^ -9 // c a p a c i t a n c e i n

f a r a d
8

9 // l i s t o f f r e q u e n c i e s i n h e r t z
10 f1=100

11 f2=500

12 f3=15e3

13 f4=5e6

14 f5=10e6

15

16 deff( ’ [ a ]=imp (R,G, L , C, f ) ’ , ’ a=s q r t ( (R+(%i∗2∗%pi∗ f ∗L) )
/(G+(%i∗2∗%pi∗ f ∗C) ) ) ’ );

17 deff( ’ [ b ]= imp1 ( d ) ’ , ’ b={( r e a l ( d ) ˆ2) +(imag ( d ) ˆ2) }ˆ 0 . 5 ’
);

18 deff( ’ [ c ]= imp2 ( e ) ’ , ’ c=atan ( imag ( e ) , r e a l ( e ) ) ’ );
19 [Z01]=imp(R,G,L,C,f1)

20 [Z_mag1 ]=imp1(Z01)

21 [Z_ang1 ]=imp2(Z01)

22 [Z02]=imp(R,G,L,C,f2)

23 [Z_mag2 ]=imp1(Z02)

24 [Z_ang2 ]=imp2(Z02)

25 [Z03]=imp(R,G,L,C,f3)

26 [Z_mag3 ]=imp1(Z03)

27 [Z_ang3 ]=imp2(Z03)

28 [Z04]=imp(R,G,L,C,f4)

29 [Z_mag4 ]=imp1(Z04)

30 [Z_ang4 ]=imp2(Z04)

31 [Z05]=imp(R,G,L,C,f5)

32 [Z_mag5 ]=imp1(Z05)

33 [Z_ang5 ]=imp2(Z05)

34

35 printf(” C h a r a c t e r i s t i c impedance Z0 f o r a g i v e n
f r e q u e n c y i s , \ n\n”)
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36 printf(” ( a ) f o r 100 Hz , \nZ0 ( magnitude ) = %. 2 f ohm\n
Z0 ( a n g l e ) = %f rad \n\n”,Z_mag1 ,Z_ang1)

37 printf(” ( b ) f o r 500 Hz , \n Z0 ( magnitude ) = %. 2 f ohm\
n Z0 ( a n g l e ) = %f rad \n\n”,Z_mag2 ,Z_ang2)

38 printf(” ( c ) f o r 15 KHz , \n Z0 ( magnitude ) = %. 2 f ohm\
n Z0 ( a n g l e ) = %f rad \n\n”,Z_mag3 ,Z_ang3)

39 printf(” ( d ) f o r 5 MHz, \nZ0 ( magnitude ) = %. 2 f ohm\n
Z0 ( a n g l e ) = %f rad \n\n”,Z_mag4 ,Z_ang4)

40 printf(” ( e ) f o r 10 MHz, \n Z0 ( magnitude ) = %. 2 f ohm\
n Z0 ( a n g l e ) = %f rad \n\n”,Z_mag5 ,Z_ang5)

Scilab code Exa 2.5 Example 5

1 // Chapter 2 , Problem 5
2 clc

3 f=1.6*10^6 // f r e q u e n c y i n
h e r t z

4 Zoc_mag =900 // magnitude i n
ohm o f open c i r c u i t impedance

5 Zoc_ang =-30 // a n g l e i n
d e g r e e o f open c i r c u i t impedance

6 Zsc_mag =400 // magnitude i n
ohm o f s h o r t c i r c u i t impedance

7 Zsc_ang =-10 // a n g l e i n
d e g r e e o f s h o r t c i r c u i t impedance

8

9 // c a l c u l a t i o n o f c h a r a c t e r s i t i c s impedance
10 Z0_mag=sqrt(Zoc_mag*Zsc_mag)

11 Z0_ang=Zoc_ang -Zsc_ang

12

13 printf(”Z0 ( magnitude ) = %d ohm\n Z0 ( a n g l e ) = %d
d e g r e e ”,Z0_mag ,Z0_ang)
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Scilab code Exa 2.6 Example 6

1 // Chapter 2 , Problem 6
2 clc

3 a=2 // a t t e n u a t i o n
c o n s t a n t

4 l=10 // l e n g t h i n Km
5

6 // c a l c u l a t i o n o f l o s s i n dB
7 a10=a*l

8 loss =8.686* a10

9

10 printf(” Loss i n dB = %. 2 f dB”,loss)

Scilab code Exa 2.7 Example 7

1 // Chapter 2 , Problem 7
2 clc

3 Zl=80-%i*10 // l oad impedance i n
complex form

4 Z0=50 // c h a r a c t e r i s t i c
impedance i n ohm

5

6 // c a l c u l a t i o n o f r e f l e c t i o n c o e f f i c i e n t
7 ref=(Zl -Z0)/(Zl+Z0)

8 ref_mag ={( real(ref)^2)+(imag(ref)^2) }^0.5

9 ref_ang=atan(imag(ref)/real(ref))

10

11 printf(” R e f l e c t i o n c o e f f i c i e n t i s g i v e n by \n
magnitude = %. 2 f \n a n g l e = %. 2 f d e g r e e ”,ref_mag ,
ref_ang *180/ %pi)

Scilab code Exa 2.8 Example 8
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1 // Chapter 2 , Problem 8
2 clc

3 Z0=50 //
c h a r a c t e r i s t i c impedance i n ohm

4 // l oad impedance i n ohm
5 Zl1 =50

6 Zl2=0

7 Zl3 =75

8

9 // c a l c u l a t i o n o f r e f l e c t i o n c o e f f i c i e n t
10 ref1=(Zl1 -Z0)/(Zl1+Z0)

11 ref2=1

12 ref3=(Zl2 -Z0)/(Zl2+Z0)

13 ref4=(Zl3 -Z0)/(Zl3+Z0)

14 printf(” ( a ) with Zl = 50 , r e f l e c t i o n c o e f f i c i e n t i s
\n magnitude = %f \n a n g l e = %d d e g r e e \n\n”,ref1 ,
ref1)

15 printf(” ( b ) with Z l = open c i r c u i t , r e f l e c t i o n
c o e f f i c i e n t i s \n magnitude = %f \n a n g l e = %d
d e g r e e \n\n”,ref2 ,angle =0)

16 printf(” ( c ) with Z l = s h o r t c i r c u i t , r e f l e c t i o n
c o e f f i c i e n t i s \n magnitude = %f \n a n g l e = %d
d e g r e e \n\n”,ref3 ,angle2 =0)

17 printf(” ( d ) with Z l = 75 , r e f l e c t i o n c o e f f i c i e n t i s
\n magnitude = %f \n a n g l e = %d d e g r e e \n\n”,ref4 ,
angle3 =0)

Scilab code Exa 2.9 Example 9

1 // Chapter 2 , Problem 9
2 clc

3 Vin =100 // i n c i d e n t v o l t a g e
4 Vref =10 // r e f l e c t e d v o l t a g e
5

6 // c a l c u l a t i o n o f v o l t a g e s t a n d i n g wave r a t i o
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7 Vswr=(Vin+Vref)/(Vin -Vref)

8

9 printf(”VSWR = %. 2 f ”,Vswr)

Scilab code Exa 2.10 Example 10

1 // Chapter 2 , Problem 10
2 clc

3 ref =0.1 // r e f l e c t i o n
c o e f f i c i e n t

4

5 // c a l c u l a t i o n o f v o l t a g e s t a n d i n g wave r a t i o
6 Vswr =(1+ ref)/(1-ref)

7

8 printf(”VSWR = %. 2 f ”,Vswr)

Scilab code Exa 2.11 Example 11

1 // Chapter 2 , Problem 11
2 clc

3 Vswr =1.07 // v o l t a g e s t a n d i n g wave
r a t i o

4 Z0=50 // c h a r a c t e r i s t i c
impedance i n ohm

5

6 // c a l c u l a t i o n o f power r e f l e c t e d i n p e r c e n t
7 ref=(Vswr -1)/(Vswr +1)

8 Pref=(ref ^2*100)

9

10 printf(” R e f l e c t e d power = %. 1 f p e r c e n t a g e o f power
i n c i d e n t ”,Pref)
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Scilab code Exa 2.12 Example 12

1 // Chapter 2 , Problem 12
2 clc

3 funcprot (0)

4 R=23 // r e s i s t a n c e i n
ohm

5 G=4*10^ -3 // conductance i n
s i emens

6 L=125*10^ -6 // i n d u c t a n c e i n
henry

7 C=48*10^ -9 // c a p a c i t a n c e i n
f a r a d

8

9 // l i s t o f f r e q u e n c i e s i n h e r t z
10 f1=100

11 f2=500

12 f3 =15000

13 f4 =5*10^6

14 f5 =10*10^6

15

16 // c a l c u l a t i o n o f c h a r a c t e r i s t i c impedance by
d e c l a r i n g the f u n c t i o n

17 function [c,d,e,f]=myfct(u,v,x,y,z)

18 a=u+%i*2*%pi*z*v

19 b=x+%i*2*%pi*z*y

20 m=sqrt(a*b)

21 n=sqrt(a/b)

22 c=sqrt(real(m)^2+ imag(m)^2)

23 d=atan(imag(m),real(m))

24 e=sqrt(real(n)^2+ imag(n)^2)

25 f=atan(imag(n),real(n))

26 endfunction

27
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28 [y1 ,z1,x1,v1]=myfct(R,L,G,C,f1)

29 [y2 ,z2,x2,v2]=myfct(R,L,G,C,f2)

30 [y3 ,z3,x3,v3]=myfct(R,L,G,C,f3)

31 [y4 ,z4,x4,v4]=myfct(R,L,G,C,f4)

32 [y5 ,z5,x5,v5]=myfct(R,L,G,C,f5)

33

34 printf(” ( a ) f o r 100 Hz \n\ t P r o p a g a t i o n c o n s t a n t i s \n
\ t \ t= %f ( magnitude ) \n\ t \ t= %f ( a n g l e ) \n\n\
t C h a r a c t e r i s t i c impedance Z0 i s \n\ t \ t= %f ohm(
magnitude ) \n\ t \ t= %f ( a n g l e ) \n\n”,y1 ,z1,x1,v1)

35 printf(” ( b ) f o r 500 Hz \n\ t P r o p a g a t i o n c o n s t a n t i s \n
\ t \ t= %f ( magnitude ) \n\ t \ t= %f ( a n g l e ) \n\n\
t C h a r a c t e r i s t i c impedance Z0 i s \n\ t \ t= %f ohm(
magnitude ) \n\ t \ t= %f ( a n g l e ) \n\n”,y2 ,z2,x2,v2)

36 printf(” ( c ) f o r 15 KHz \n\ t P r o p a g a t i o n c o n s t a n t i s \n
\ t \ t= %f ( magnitude ) \n\ t \ t= %f ( a n g l e ) \n\n\
t C h a r a c t e r i s t i c impedance Z0 i s \n\ t \ t= %f ohm(
magnitude ) \n\ t \ t= %f ( a n g l e ) \n\n”,y3 ,z3,x3,v3)

37 printf(” ( d ) f o r 5 MHz \n\ t P r o p a g a t i o n c o n s t a n t i s \n\
t \ t= %f ( magnitude ) \n\ t \ t= %f ( a n g l e ) \n\n\
t C h a r a c t e r i s t i c impedance Z0 i s \n\ t \ t= %f ohm(
magnitude ) \n\ t \ t= %f ( a n g l e ) \n\n”,y4 ,z4,x4,v4)

38 printf(” ( e ) f o r 10 MHz \n\ t P r o p a g a t i o n c o n s t a n t i s \n
\ t \ t= %f ( magnitude ) \n\ t \ t= %f ( a n g l e ) \n\n\
t C h a r a c t e r i s t i c impedance Z0 i s \n\ t \ t= %f ohm(
magnitude ) \n\ t \ t= %f ( a n g l e ) \n\n”,y5 ,z5,x5,v5)

Scilab code Exa 2.13 Example 13

1 // Chapter 2 , Problem 13
2 clc

3 Z0=377 //
c h a r a c t e r i s t i c impedance i n ohm

4 l=1/7 // e l e c t r i c a l
l e n g t h

20



5

6 // c a l c u l a t i o n o f i nput impedance
7 Zin=%i*Z0*tan (2*%pi*l)

8

9 printf(” Input impedance = j% . 1 f ohm”,imag(Zin))

Scilab code Exa 2.14 Example 14

1 // Chapter 2 , Problem 14
2 clc

3 Z0=75 //
c h a r a c t e r i s t i c impedance i n ohm

4 l=1/5 // e l e c t r i c a l
l e n g t h

5

6 // c a l c u l a t i o n o f i nput impedance
7 Zin=-%i*Z0*cotg (2*%pi*l)

8

9 printf(” Input impedance = %. 1 f j ohm”,imag(Zin))

Scilab code Exa 2.15 Example 15

1 // Chapter 2 , Problem 15
2 clc

3 Zl=20 // l oad impedance i n
ohm

4 Z0=90 // c h a r a c t e r i s t i c
impedance i n ohm

5 l=1/4 // e l e c t r i c a l l e n g t h
6

7 // c a l c u l a t i o n o f i nput impedance
8 Zin=(Z0)^2/Zl

9 printf(” Input impedance = %d ohm ”,Zin);
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Chapter 3

Smith charts and scattering
parameters

Scilab code Exa 3.1 Example 1

1 // Chapter 3 , Problem 1 , F i gu r e 3 . 4
2 clc

3 // h t t p s : / / atoms . s c i l a b . o rg / t o o l b o x e s / microwave
4 // Download and i n s t a l l the Microwave t o o l b o x from

above l i n k and l oad i t from s c i l a b menubar >
Too lboxes > microwave

5

6

7 // P lo t the smith c h a r t
8 uW_display_smith ([.2 .5 1 2 5] ,12);

9 Z=[0.7 -%i*0.2 0.7+%i*0.3 0.3-%i*0.5 0.3+%i*0.3]

// impedances i n matr ix form
10

11 R2=0

12 plot2d(real(R2),imag(R2) ,-1);

13

14 for n=1: length(Z)

15 Z1=50*Z(n)

16 G=(Z1 -50)/(Z1+50);
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17 plot2d(real(G), imag(G) ,-8);

18 xtitle(” Smith Chart ”);
19 end;

Scilab code Exa 3.2 Example 2

1 // Chapter 3 , Problem 2
2 clc

3 // h t t p s : / / atoms . s c i l a b . o rg / t o o l b o x e s / microwave
4 // Download and i n s t a l l the Microwave t o o l b o x from

above l i n k and l oad i t from s c i l a b menubar >
Too lboxes > microwave

5

6 funcprot (0)

7

8 // A = p2z (R, Theta ) − Convert from p o l a r to
r e c t a n g u l a r form .

9 // R i s a matr ix c o n t a i n i n g the magnitudes
10 // Theta i s a matr ix c o n t a i n i n g the phase a n g l e s

( i n d e g r e e s ) .
11 function [A] = p2z(R,Theta)

12 A = R*exp(%i*%pi*Theta /180);

13 endfunction

14

15 // [ R1 , Theta1 ] = z2p (A1) − D i sp l a y p o l a r form o f
complex matr ix .

16 function [R1, Theta1] = z2p(A1)

17 Theta1 = atan(imag(A1),real(A1))*180/ %pi;

18 R1=sqrt(real(A1)^2+ imag(A1)^2)

19 endfunction

20

21 // P lo t the smith c h a r t
22 uW_display_smith ([.2 .5 1 2 5] ,12);

23 Z=0.8-%i *1.6; //
impedance
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24 Z1=50*Z; // 50 =
c h a r a c t e r i s t i c impedance

25 [Zm ,Za]=z2p(Z);

26 G=(Z1 -50)/(Z1+50); //
r e f l e c t i o n c o e f f i c i e n t

27 Ym=1/Zm //
admit tance ( magnitude )

28 Ya=Za*(-1) //
admit tance ( a n g l e )

29 Y=p2z(Ym,Ya)

30 Y1=50*Y;

31 R=(Y1 -50)/(Y1+50);

32 R2=0

33 plot2d(real(R2),imag(R2) ,-1);

34

35 plot2d(real(G),imag(G) ,-8);

36 plot2d(real(R),imag(R) ,-8);

37 xtitle(” Smith Chart ”);
38 printf(” Admittance va lue , Y = %. 2 f + j% . 1 f ”,real(Y),

imag(Y));

Scilab code Exa 3.3 Example 3

1 // Chapter 3 , Problem 3
2 clc

3 // h t t p s : / / atoms . s c i l a b . o rg / t o o l b o x e s / microwave
4 // Download and i n s t a l l the Microwave t o o l b o x from

above l i n k and l oad i t from s c i l a b menubar >
Too lboxes > microwave

5

6 // P lo t the smith c h a r t
7 uW_display_smith ([.2 .5 1 2 5] ,12);

8 r=0.667 //
r a d i u s o f VSWR c i r c l e

9 Z=0.25 -%i*0.5; //
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impedance
10 Z1=50*Z; // 50 =

c h a r a c t e r i s t i c impedance
11 G=(Z1 -50)/(Z1+50); //

r e f l e c t i o n c o e f f i c i e n t
12 R2=0

13 plot2d(real(R2),imag(R2) ,-1);

14 plot2d(real(G),imag(G) ,-8);

15

16 // P lo t a VSWR c i r c l e o f r a d i u s 0 . 6 6 7
17 x=linspace (0,2*%pi ,200);

18 plot2d(r*cos(x),r*sin(x))

19 xtitle(” Smith Chart ”);
20

21

22 printf(”From smith chart , The answer i s %. 3 f (
magnitude ) and −124 d e g r e e ( a n g l e ) ”,r)

23 disp(” This i s shown as p o i n t C i n F igu r e 3 . 1 1 . ”)

Scilab code Exa 3.4 Example 4

1 // Chapter 3 , Problem 4
2 clc

3 // h t t p s : / / atoms . s c i l a b . o rg / t o o l b o x e s / microwave
4 // Download and i n s t a l l the Microwave t o o l b o x from

above l i n k and l oad i t from s c i l a b menubar >
Too lboxes > microwave

5

6 // P lo t the smith c h a r t
7 uW_display_smith ([.2 .5 1 2 5] ,12);

8 r=0.667 //
r a d i u s o f VSWR c i r c l e

9 Z=0.21+ %i *0.21; //
impedance

10 Z1=50*Z; // 50 =
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c h a r a c t e r i s t i c impedance
11 G=(Z1 -50)/(Z1+50); //

r e f l e c t i o n c o e f f i c i e n t
12 R2=0

13 plot2d(real(R2),imag(R2) ,-1);

14 plot2d(real(G),imag(G) ,-8);

15

16 // P lo t a VSWR c i r c l e o f r a d i u s 0 . 6 6 7
17 x=linspace (0,2*%pi ,200);

18 plot2d(r*cos(x),r*sin(x))

19 xtitle(” Smith Chart ”);
20

21

22 printf(”From smith chart , The answer i s %. 2 f + j% . 2 f
”,real(Z),imag(Z))

23 disp(” This i s shown as p o i n t E i n F igu r e 3 . 1 1 . ”)

Scilab code Exa 3.6 Example 6

1 // Chapter 3 , Problem 6
2 clc

3 // h t t p s : / / atoms . s c i l a b . o rg / t o o l b o x e s / microwave
4 // Download and i n s t a l l the Microwave t o o l b o x from

above l i n k and l oad i t from s c i l a b menubar >
Too lboxes > microwave

5

6 funcprot (0)

7

8 // [ R1 , Theta1 ] = z2p (A1) − D i sp l a y p o l a r form o f
complex matr ix .

9 function [R1, Theta1] = z2p(A1)

10 Theta1 = atan(imag(A1),real(A1))*180/ %pi;

11 R1=sqrt(real(A1)^2+ imag(A1)^2)

12 endfunction

13
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14 function Zin = zin(d)

15 B=2*%pi*d

16 Zin=Zo*((Zl+(%i*Zo*tan(B)))/(Zo+(%i*Zl*tan(B))))

17 endfunction

18

19 Zo=50 // c h a r a c t e r i s t i c
impedance

20 Zl=40-%i*80 // l oad impedance
21 // l i n e
22 d1 =0.096

23 d2 =0.173

24 d3 =0.206

25

26 refl=(Zl-Zo)/(Zl+Zo) //
r e f l e c t i o n c o e f f i c i e n t

27 [reflm ,refla]=z2p(refl)

28 SWR =(1+ reflm)/(1-reflm) //
s t a n d i n g wave r a t i o

29 Zin1=zin(d1)

30 Zin2=zin(d2)

31 Zin3=zin(d3)

32 // // l oad impedance i s e x p r e s s e d i n n o r m a l i s e d form
33 a=Zl/Zo

34 d=0.25 -%i*0.5

35 f=0.2+ %i*0

36 h=0.2+ %i*0.2

37 j=0.25 -%i*0.5

38

39

40 // P lo t the smith c h a r t
41 uW_display_smith ([.2 .5 1 2 5] ,12);

42 Z=[a d f h j]

43 for n=1: length(Z)

44 Z1=50*Z(n)

45 G=(Z1 -50)/(Z1+50);

46 plot2d(real(G), imag(G) ,-8);

47 end;

48 R2=0
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49 plot2d(real(R2),imag(R2) ,-1);

50

51 // P lo t a VSWR c i r c l e o f r a d i u s 0 . 6 6 7
52 x=linspace (0,2*%pi ,200);

53 plot2d (0.66* cos(x) ,0.66* sin(x))

54 xtitle(” Smith Chart ”);
55

56 printf(”The input impedance Zin o f the t e rm ina t e d
l i n e \n\n”)

57 printf(” ( a ) 0 . 0 9 6 h = %. 2 f %. 2 f j \n\n”,real(Zin1),imag
(Zin1))

58 printf(” ( a ) 0 . 1 7 3 h = %. 2 f + %. 2 f j \n\n”,real(Zin2),
imag(Zin2))

59 printf(” ( a ) 0 . 2 0 6 h = %. 2 f + %. 2 f j \n\n”,real(Zin3),
imag(Zin3))

Scilab code Exa 3.8 Example 8

1 // Chapter 3 , Problem 8
2 clc

3

4 j=0.25+( %i*0.5) // Normal i s ed
impedance from smith c h a r t

5 Zo=50 // C h a r a c t e r i s t i c
impedance

6

7 // c a l c u l a t i n g l i n e impedance at p o i n t J i n F i gu r e
3 . 1 5

8 Zl=j*Zo

9

10 printf(” Line impedance = %. 1 f + j%d”,real(Zl),imag(
Zl))
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Scilab code Exa 3.9 Example 9

1 // Chapter 3 , Problem 9
2 clc

3 Z0=50 // c h a r a c t e r i s t i c
impedance i n ohm

4 Zl0=5 // r a t i o o f Z/Z0
5

6 // c a l c u l a t i o n
7 Z0t=sqrt(Zl0)

8 Z0t1=Z0*Z0t

9 printf(” Impedance = %. 2 f ohm”,Z0t1)

Scilab code Exa 3.10 Example 10

1 // Chapter 3 , Problem 10
2 clc

3 Zlo =0.2 // r a t i o o f Z l /Zo
impedance i n ohm

4 Zo=50 // output
impedance i n ohm

5

6 // c a l c u l a t i o n o f c h a r a c t e r i s t i c impedance
7 Z0t=Zo*sqrt(Zlo)

8

9 printf(” C h a r a c t e r i s t i c impedance , Z0t = %d ohm”,Z0t)

Scilab code Exa 3.11 Example 11

1 // Chapter 3 , Problem 11 , F i gu r e 3 . 1 6 ( a ) , 3 . 1 8
2 clc

3 Zs=50+%i*0 // impedance i n ohm
4 Zl=100+%i*0 // impedance i n ohm
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5

6 // u s i n g one q u a r t e r wave t r a n s f o r m e r i n the c i r c u i t
o f f i g u r e 3 . 1 6 ( a )

7 Z0=sqrt(Zs*Zl)

8

9 // Use two quar t e r−wave t r a n s f o r m e r s as i n F i gu r e
3 . 1 8

10 Z0t=sqrt(Zl/Zs)

11 Z0t2 =60

12 Z0t1=Z0t2*Z0t

13

14 // u s i n g t a b l e 3 . 3
15 x=[0.6 ,0.8 ,1.0 ,1.2 ,1.4]

16 y=[ -13.83 , -19.28 , -60 , -19.28 , -13.83]

17 clf;

18 x1=[0.6 ,0.8 ,1.0 ,1.2 ,1.4]

19 y1=[ -18.81 , -32.09 , -38.69 , -32.09 , -18.81]

20 plot(x,y,” . r ”)
21 plot(x1,y1,” . b”)
22 legend(” one h/4 ”,”Two h/4 ”)
23

24 xtitle(” r e f l e c t i o n c o e f f i c i e n t vs f r e q u e n c y ”,”
f r e q u e n c y (GHz) ”,” R e f l e c t i o n c o e f f i c i e n t (dB) ”);

25 printf(” ( a ) Matching network u s i n g one /4
t r a n s f o r m e r , \ n\ t Z0 = %. 2 f ohm\n\n”,Z0)

26 printf(” ( b ) Matching network u s i n g two /4
t r a n s f o r m e r s , \ n Rat io o f Z0t1 and Z0t2 = %. 3 f \n”,
Z0t)

27 printf(” I f I choo s e a v a l u e o f 60 ohm f o r Z0t2 , then
Z0t1 = %. 2 f ohm\n\n”,Z0t1)

Scilab code Exa 3.13 Example 13

1 // Chapter 3 , Problem 13
2 clc
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3

4 // h t t p s : / / atoms . s c i l a b . o rg / t o o l b o x e s / microwave
5 // Download and i n s t a l l the Microwave t o o l b o x from

above l i n k and l oad i t from s c i l a b menubar >
Too lboxes > microwave

6

7 funcprot (0)

8 // [ R1 , Theta1 ] = z2p (A1) − D i sp l a y p o l a r form o f
complex matr ix .

9 function [R1, Theta1] = z2p(A1)

10 Theta1 = atan(imag(A1),real(A1))*180/ %pi;

11 R1=sqrt(real(A1)^2+ imag(A1)^2)

12 endfunction

13

14 zin =100 // input r e s i s t a n c e
i n ohm

15 zo=50 // a m p l i f i e r i nput
r e s i s t a n c e i n ohm

16 cl=5e-12 // c a p a c i t a n c e i n
f a r a d

17 f=10^9 // f r e q u e n c y i n
h e r t z

18 d=1+(%i *2.3) // p o i n t C
19 h=0-(%i *2.3) // p o i n t E
20

21 // C a l c u l a t i o n
22 Yo=1/zo

23 Yl=(1/ zin)+(%i*2*%pi*f*cl)

24 Y=Yl/Yo

25

26 // P lo t the smith c h a r t
27 uW_display_smith ([.2 .5 1 2 5] ,12);

28 Y1=50*Y;

29 R=(Y1 -50)/(Y1+50);

30 R2=0

31 [Rm ,Ra]=z2p(R)

32 plot2d(real(R),imag(R) ,-8);

33 plot2d(real(R2),imag(R2) ,-1);
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34 y=[d h]

35 for n=1: length(y)

36 y1=50*y(n)

37 R1=(y1 -50)/(y1+50);

38 plot2d(real(R1), imag(R1) ,-8);

39 end;

40

41 // P lo t a VSWR c i r c l e o f r a d i u s 0 . 6 6 7
42 x=linspace (0,2*%pi ,200);

43 plot2d(Rm*cos(x),Rm*sin(x))

44 xtitle(” Smith c h a r t ”)
45

46 printf(” Yl /Yo = %. 1 f + j %. 2 f \n\n”,real(Y),imag(Y))

Scilab code Exa 3.15 Example 15

1 // Chapter 3 , Prblem 15 , f i g u r e 3 . 3 0
2 clc

3 // from f i g u r e 3 . 3 0
4 zo=50 // i n ohm
5 zl=50 // i n ohm
6

7 // c a l c u l a t i n g the S parameter
8 z1=zo+zl

9 s11=(z1 -zo)/(z1+zo)

10 z2=zo+zl

11 s22=(z2 -zo)/(z2+zo)

12 s21 =(2*zl)/(50+zo+zl)

13 s12 =(2*zl)/(50+zo+zl)

14

15 s=[s11 s12;s21 s22]

16

17 printf(” s11 ( magnitude ) = %. 3 f \n\ t ( a n g l e ) = 0
d e g r e e \n\n”,s11)

18 printf(” s12 ( magnitude ) = %. 3 f \n\ t ( a n g l e ) = 0
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d e g r e e \n\n”,s12)
19 printf(” s21 ( magnitude ) = %. 3 f \n\ t ( a n g l e ) = 0

d e g r e e \n\n”,s21)
20 printf(” s22 ( magnitude ) = %. 3 f \n\ t ( a n g l e ) = 0

d e g r e e \n\n”,s22)
21 disp(s,”S = ”)

Scilab code Exa 3.16 Example 16

1 // Chapter 3 , Prblem 16 , f i g u r e 3 . 3 2
2 clc

3 // from f i g u r e 3 . 3 2
4 zo=50 // i n ohm
5 zl=50 // i n ohm
6

7 // c a l c u l a t i n g the S parameter
8 z1=(zo*zl)/(zo+zl)

9 s11=(z1 -zo)/(z1+zo)

10 z2=(zo*zl)/(zo+zl)

11 s22=(z2 -zo)/(z2+zo)

12 s21 =(2*z1)/(50+z1)

13 s12 =(2*z2)/(50+z2)

14

15 s=[s11 s12;s21 s22]

16

17 printf(” s11 ( magnitude ) = %. 3 f \n\ t ( a n g l e ) = 180
d e g r e e \n\n”,-s11)

18 printf(” s12 ( magnitude ) = %. 3 f \n\ t ( a n g l e ) = 0
d e g r e e \n\n”,s12)

19 printf(” s21 ( magnitude ) = %. 3 f \n\ t ( a n g l e ) = 0
d e g r e e \n\n”,s21)

20 printf(” s22 ( magnitude ) = %. 3 f \n\ t ( a n g l e ) = 180
d e g r e e \n\n”,-s22)

21 disp(s,”S ( magnitude ) = ”)
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Scilab code Exa 3.17 Example 17

1 // Chapter 3 , Prblem 17 , f i g u r e 3 . 3 4
2 clc

3 funcprot (0)

4 // [ R1 , Theta1 ] = z2p (A1) − D i sp l a y p o l a r form o f
complex matr ix .

5 function [R1, Theta1] = z2p(A1)

6 Theta1 = atan(imag(A1),real(A1))*180/ %pi;

7 R1=sqrt(real(A1)^2+ imag(A1)^2)

8 endfunction

9

10

11 // from f i g u r e 3 . 3 4
12 zo=50 // i n ohm
13 zl=50 // i n ohm
14 r1=30

15 zai=%i*20

16 za=(r1*zo)/(r1+zo)

17 z1=za+zai

18 s11=(z1 -zo)/(z1+zo)

19 z2=(zo+zai)*r1/(zo+zai+r1)

20 s22=(z2 -zo)/(z2+zo)

21 s21=za*2/(za+(zo+zai))

22 s12=zo *0.75/( za+zo+zai)

23

24

25 [s11m ,s11a]=z2p(s11)

26 [s22m ,s22a]=z2p(s22)

27 [s21m ,s21a]=z2p(s21)

28 [s12m ,s12a]=z2p(s12)

29

30 ret_loss =-20* log10(s11m)

31 ins_loss =-20* log10(s21m)
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32

33 printf(” ( a ) S paramete r s i s , \n”)
34 printf(” s11 ( magnitude ) = %. 3 f \n\ t ( a n g l e ) = %. 2 f

d e g r e e \n\n”,s11m ,s11a)
35 printf(” s12 ( magnitude ) = %. 3 f \n\ t ( a n g l e ) = %. 2 f

d e g r e e \n\n”,s12m ,s12a)
36 printf(” s21 ( magnitude ) = %. 3 f \n\ t ( a n g l e ) = %. 2 f

d e g r e e \n\n”,s21m ,s21a)
37 printf(” s22 ( magnitude ) = %. 3 f \n\ t ( a n g l e ) = %. 2 f

d e g r e e \n\n”,s22m ,s22a)
38 printf(” ( b ) Return l o s s = %. 3 f dB\n\n”,ret_loss)
39 printf(” ( c ) I n s e r t i o n l o s s = %. 3 f dB\n\n”,ins_loss)

Scilab code Exa 3.18 Example 18

1 // Chapter 3 , Prblem 18 ,
2 clc

3 funcprot (0)

4 // A = p2z (R, Theta ) − Convert from p o l a r to
r e c t a n g u l a r form .

5 // R i s a matr ix c o n t a i n i n g the magnitudes
6 // Theta i s a matr ix c o n t a i n i n g the phase a n g l e s

( i n d e g r e e s ) .
7 function [A] = p2z(R,Theta)

8 A = R*exp(%i*%pi*Theta /180);

9 endfunction

10

11 // [ R1 , Theta1 ] = z2p (A1) − D i sp l a y p o l a r form o f
complex matr ix .

12 function [R1, Theta1] = z2p(A1)

13 Theta1 = atan(imag(A1),real(A1))*180/ %pi;

14 R1=sqrt(real(A1)^2+ imag(A1)^2)

15 endfunction

16

17

36



18 // t r a n s i s t o r S−parameter
19 s11=p2z (0.12 , -10)

20 s12=p2z (0.002 , -78)

21 s21=p2z (9.8 ,160)

22 s22=p2z (0.01 , -15)

23

24 [s11m ,s11a]=z2p(s11)

25 [s22m ,s22a]=z2p(s22)

26 [s21m ,s21a]=z2p(s21)

27 [s12m ,s12a]=z2p(s12)

28

29 vswr =(1+ s11m)/(1-s11m)

30 ret_loss =-20* log10(s11m)

31 Fig =20* log10(s21m)

32 Rig =20* log10(s12m)

33

34 printf(” ( a ) Input VSWR = %. 2 f \n\n”,vswr)
35 printf(” ( b ) Return l o s s (dB) = %. 2 f dB\n\n”,ret_loss

)

36 printf(” ( c ) Forward i n s e r t i o n ga in = %. 2 f dB\n\n”,
Fig)

37 printf(” ( d ) Rever se i n s e r t i o n ga in = %. 2 f dB\n\n”,
Rig)
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Chapter 5

Amplifier basics

Scilab code Exa 5.1 Example 1

1 // Chapter 5 , Problem 1
2 clc

3 R=3 // r e s i s t a n c e i n ohm
4 L=20*10^ -9 // i n d u c t a n c e i n henry
5 f0=500e6 // f r e q u e n c y i n h e r t z
6

7 // c a l c u l a t i o n
8 Z=R

9 C=(1/(2* %pi*f0*sqrt(L)))^2

10 Q=2*%pi*f0*L/R

11 B=f0/Q

12

13 printf(” ( a ) Impedance at r e s o n a n c e = %d ohm\n\n”,Z)
14 printf(” ( b ) Value o f s e r i e s c a p a c i t o r = %. 3 f pF\n\n”

,C*10^12)

15 printf(” ( c ) Q o f the c i r c u i t at r e s o n a n c e = %. 3 f \n\n
”,Q)

16 printf(” ( d ) 3 dB bandwidth o f the c i r c u i t = %. 3 f Mhz
\n\n”,B/10^6)
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Scilab code Exa 5.3 Example 3

1 // Chapter 5 , Problem 3
2 clc

3 f1 =260*10^6 // f r e q u e n c y
i n h e r t z

4 f2 =100*10^6 // f r e q u e n c y
i n h e r t z

5 A=40 //minimum
a t t e n u a t i o n i n dB

6

7 // c a l c u l a t i o n
8 fr=f1/f2

9 n=A/(20* log10(fr))

10

11 printf(”Number o f arms = %f\n i . e 5 arms ”,n)

Scilab code Exa 5.4 Example 4

1 // Chapter 5 , Problem 4
2 clc

3 z0=50 // c h a r a c t e r i s t i c
impedance i n ohm

4 fp =500*10^6 // passband l i m i t
f r e q u e n c y i n h e r t z

5

6 // Butte rworth n o r m a l i s e d v a l u e s
7 g1 =0.618

8 g2 =1.618

9 g3=2

10 g4 =1.618

11 g5 =0.618
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12 w=2*%pi*fp

13

14 // c a l c u l a t i o n o f component v a l u e s
15 c1=g1/(w*z0)

16 l2=g2*z0/w

17 c3=g3/(w*z0)

18 l4=g4*z0/w

19 c5=g5/(w*z0)

20

21 printf(”Component v a l u e s a r e \n\ tC1 = %. 2 f pF”,c1
*10^12)

22 printf(”\n\ tL2 = %. 2 f nH\n\ tC3 = %. 2 f pF\n\ tL4 = %. 2
f nH\n\ tC5 = %. 2 f pF”,l2*10^9,c3*10^12 ,l4*10^9 ,c5
*10^12)

Scilab code Exa 5.6 Example 6

1 // Chapter 5 , Problem 6
2 clc

3 z0=50 // c h a r a c t e r i s t i c
impedance i n ohm

4 fp =500*10^6 // passband l i m i t
f r e q u e n c y i n h e r t z

5

6 // Butte rworth n o r m a l i s e d v a l u e s
7 g1 =1/0.618

8 g2 =1/1.618

9 g3=1/2

10 g4 =1/1.618

11 g5 =1/0.618

12 w=2*%pi*fp

13

14 // c a l c u l a t i o n o f component v a l u e s
15 l1=g1*z0/(w)

16 c2=g2/(w*z0)
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17 l3=g3*z0/w

18 c4=g4/(w*z0)

19 l5=g5*z0/(w)

20

21 printf(”Component v a l u e s a r e \n\ tL1 = %. 2 f nH”,l1
*10^9)

22 printf(”\n\ tC2 = %. 2 f pF\n\ tL3 = %. 2 f nH\n\ tC4 = %. 2
f pF\n\ tL5 = %. 2 f nH”,c2*10^12 ,l3*10^9,c4*10^12 ,
l5 *10^9)

Scilab code Exa 5.8 Example 8

1 // Chapter 5 , Problem 8
2 clc

3 z0=50 // c h a r a c t e r i s t i c
impedance i n ohm

4 fb=525e6

5 fa=475e6

6 fp=fb-fa // passband l i m i t
f r e q u e n c y i n h e r t z

7

8 f0=sqrt(fb*fa)

9

10 // Butte rworth n o r m a l i s e d v a l u e s
11 g1 =0.618

12 g2 =1.618

13 g3=2

14 g4 =1.618

15 g5 =0.618

16 w=2*%pi*fp

17

18 // c a l c u l a t i o n o f component v a l u e s
19 c1=g1/(w*z0)

20 l2=g2*z0/w

21 c3=g3/(w*z0)
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22 l4=g4*z0/w

23 c5=g5/(w*z0)

24

25 printf(”Component v a l u e s a r e \n\ tC1 = %. 2 f pF”,c1
*10^12)

26 printf(”\n\ tL2 = %. 2 f nH\n\ tC3 = %. 2 f pF\n\ tL4 = %. 2
f nH\n\ tC5 = %. 2 f pF”,l2*10^9,c3*10^12 ,l4*10^9 ,c5
*10^12)

Scilab code Exa 5.10 Example 10

1 // Chapter 5 , Problem 10
2 clc

3 z0=50 // c h a r a c t e r i s t i c
impedance

4 fb=525e6

5 fa=475e6

6 fp=fb-fa // passband l i m i t
f r e q u e n c y

7

8 f0=sqrt(fb*fa)

9

10 // Butte rworth n o r m a l i s e d v a l u e s
11 g1 =1/0.618

12 g2 =1/1.618

13 g3=1/2

14 g4 =1/1.618

15 g5 =1/0.618

16 w=2*%pi*fp

17

18 // c a l c u l a t i o n o f component v a l u e s
19 l1=g1*z0/(w)

20 c2=g2/(w*z0)

21 l3=g3*z0/w

22 c4=g4/(w*z0)
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23 l5=g5*z0/(w)

24

25 printf(”Component v a l u e s a r e \n\ tL1 = %f nH”,l1 *10^9)
26 printf(”\n\ tC2 = %f pF\n\ tL3 = %f nH\n\ tC4 = %f pF\n

\ tL5 = %f nH”,c2*10^12 ,l3*10^9,c4*10^12 ,l5 *10^9)

Scilab code Exa 5.11 Example 11

1 // Chapter 5 , Problem 11
2 clc

3 z0=50 // c h a r a c t e r i s t i c
impedance

4 fp =50*10^6 // passband l i m i t
f r e q u e n c y

5 // from Figu r e 5 . 3 9 , i t i s s e en tha t about f i v e arms
w i l l be r e q u i r e d

6 n=5

7

8

9 // Butte rworth n o r m a l i s e d v a l u e s
10 g1 =1.1468

11 g2 =1.3721

12 g3 =1.9760

13 g4 =1.3712

14 g5 =1.1468

15 w=2*%pi*fp

16

17 // c a l c u l a t i o n o f component v a l u e s
18 c1=g1/(w*z0)

19 l2=g2*z0/w

20 c3=g3/(w*z0)

21 l4=g4*z0/w

22 c5=g5/(w*z0)

23 printf(” ( a ) Number o f arms o f low pas s f i l t e r = %. 2 f
\n”,n)
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24 printf(”Component v a l u e s a r e \n\ tC1 = %. 2 f pF”,c1
*10^12)

25 printf(”\n\ tL2 = %. 2 f nH\n\ tC3 = %. 2 f pF\n\ tL4 = %. 2
f nH\n\ tC5 = %. 2 f pF”,l2*10^9,c3*10^12 ,l4*10^9 ,c5
*10^12)

Scilab code Exa 5.12 Example 12

1 // Chapter 5 , Problem 12
2 clc

3 z0=75 // c h a r a c t e r i s t i c
impedance

4 fp =500*10^6 // passband l i m i t
f r e q u e n c y

5 f1 =260*10^6 // f r e q u e n c y i n h e r t z
6 // from Figu r e 5 . 3 9 , i t i s s e en tha t about f i v e arms

w i l l be r e q u i r e d
7 n=5

8

9 // Butte rworth n o r m a l i s e d v a l u e s
10 g1 =1/1.382

11 g2 =1/1.326

12 g3 =1/2.209

13 g4 =1/1.326

14 g5 =1/1.382

15 w=2*%pi*fp

16

17 // c a l c u l a t i o n o f component v a l u e s
18 l1=g1*z0/(w)

19 c2=g2/(w*z0)

20 l3=g3*z0/w

21 c4=g4/(w*z0)

22 l5=g5*z0/(w)

23 printf(” ( a ) Number o f arms o f low pas s f i l t e r = %. 2 f
\n”,n)
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24 printf(” ( b ) Component v a l u e s a r e \n\ tL1 = %f nH”,l1
*10^9)

25 printf(”\n\ tC2 = %f pF\n\ tL3 = %f nH\n\ tC4 = %f pF\n
\ tL5 = %f nH”,c2*10^12 ,l3*10^9,c4*10^12 ,l5 *10^9)

Scilab code Exa 5.13 Example 13

1 // Chapter 5 , Problem 13
2 clc

3 n1=16 // no o f t u r n s on
pr imary

4 n2=8 // no o f t u r n s on
s e condary

5 zs=16 // t e r m i n a t i n g
r e s i s t a n c e

6

7 // c a l c u l a t i o n o f e f f e c t i v e r e s i s t a n c e
8 zp=zs*(n1/n2)^2

9 printf(” E f f e c t i v e r e s i s t a n c e at the pr imary = %d ohm
”,zp)

Scilab code Exa 5.14 Example 14

1 // Chapter 5 , Problem 14
2 clc

3 n1=160 // no o f turn
4 n2=40 // no o f t u r n s
5 n3=8 // no o f t u r n s
6 n4=150 // no o f t u r n s
7 n5=50 // no o f t u r n s
8 rl=2000 // l oad

r e s i s t a n c e i n ohms
9
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10 // c a l c u l a t i o n
11 rl1 =((n1+n2)/n3)^2*rl

12 req=(n2/(n1+n2))^2*rl1

13 rl2 =((n4+n5)/n3)^2*rl

14 req2=(n5/(n4+n5))^2*rl2

15 printf(” ( a ) T r a n s i s t o r l oad impedance at r e s o n a n c e =
%d Kohm\n\n”,req /1000)

16 printf(” ( b )New t r a n s i s t o r l oad impedance at
r e s o n a n c e = %. 2 f Kohm\n\n”,req2 /1000)

Scilab code Exa 5.15 Example 15

1 // Chapter 5 , Problem 15
2 clc

3 n1=160 // no o f turn
4 n2=40 // no o f t u r n s
5 n3=8 // no o f t u r n s
6 n4=150 // no o f t u r n s
7 n5=50 // no o f t u r n s
8 rl=2000 // l oad

r e s i s t a n c e i n ohms
9 rt=100e3 // output

impedance o f t r a n s i s t o r
10 Q=100 //Q f a c t o r
11 Ct =180*10^ -12 // c a p a c i t a n c e

i n f a r a d
12 f=465e3 // r e s o n a n t

f r e q u e n c y
13

14 rl1 =((n1+n2)/n3)^2*rl

15 rtr =((n1+n2)/n2)^2*rt

16 rckt=Q/(2* %pi*Ct*f)

17 req=rl1*rckt/(rl1+rckt)

18 rl2 =((n2/(n1+n2))^2)*req

19
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20 printf(” T r a n s i s t o r l oad impedance at r e s o n a n c e = %. 2
f Kohm\n\n”,rl2 /1000)

Scilab code Exa 5.16 Example 16

1 // Chapter 5 , Problem 16
2 clc

3 req =125e3 // e f f e c t i v e
r e s i s t a n c e i n ohm

4 f=465e3 // r e s o n a n t f r e q u e n c y
i n h e r t z

5 L=650e-6 // tun ing i n d u c t a n c e
i n i n d u c t a n c e

6

7 // c a l c u l a t i o n
8 Q=req /(2* %pi*f*L)

9 B=f/Q

10 printf(”Q = %. 1 f \n\n Bandwidth = %d Hz”,Q,B)

Scilab code Exa 5.17 Example 17

1 // Chapter 5 , Problem 17
2 clc

3 z1=22e3 // r e a c t a n c e i n ohm
4 c1=10 // c a p a c i t a n c e i n p i c o f a r a d
5 c2=100 // c a p a c i t a n c e i n p i c o f a r a d
6

7 // c a l c u l a t i o n
8 z2=z1*(c1/(c1+c2))

9 printf(” t ran fo rmed v a l u e o f r e a c t a n c e = %d Kohm”,z2
/1000)
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Scilab code Exa 5.18 Example 18

1 // Chapter 5 , Problem 18
2 clc

3 f=100e6 // f r e q u e n c y i n h e r t z
4 cp=100e-12 // c a p a c i t a n c e i n

f a r a d
5 rp=15e3 // r e s i s t a n c e i n ohm
6

7 // c a l c u l a t i o n
8 qp=2*%pi*f*cp*rp

9 printf(” Qua l i t y f a c t o r Qp = %. 2 f ”,qp)

Scilab code Exa 5.19 Example 19

1 // Chapter 5 , Problem 19
2 clc

3 f=800e3 // f r e q u e n c y i n h e r t z
4 Ls=365e-6 // c a p a c i t a n c e i n

f a r a d
5 Rs=8 // r e s i s t a n c e i n ohm
6

7 // c a l c u l a t i o n
8 Qs=(2* %pi*f*Ls)/Rs

9 printf(” Qua l i t y f a c t o r Qs = %d”,Qs)

Scilab code Exa 5.20 Example 20

1 // Chapter 5 , Problem 20
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2 clc

3 f=10e6 // f r e q u e n c y i n h e r t z
4 Ls=15e-6 // c a p a c i t a n c e i n f a r a d
5 Rs=2 // r e s i s t a n c e i n ohm
6

7 // c a l c u l a t i o n
8 Qs=(2* %pi*f*Ls)/Rs

9 Rp=Rs *(1+(Qs^2))

10 Lp=((1+Qs^2)/Qs^2)*Ls

11

12 printf(” R e s i s t a n c e Rp = %d Kohm\n\n Induc tance Lp =
%d uH\n\n Qua l i t y f a c t o r Qp = %d”,Rp/1000,Lp
*10^6,Qs)

Scilab code Exa 5.21 Example 21

1 // Chapter 5 , Problem 21 , f i g u r e 5 . 5 5
2 clc

3 Rp=500 // e q u a l s to l oad
r e s i s t a n c e

4 Rs=50 // e q u a l s to g e n e r a t o r
r e s i s t a n c e

5 f=100e6 // f r e q u e n c y i n h e r t z
6

7 w=2*%pi*f

8 Qs=sqrt((Rp/Rs) -1)

9 Ls=(Rs*Qs)/w

10 Xs=w*Ls

11 Ca=1/(w*Xs)

12 Lp=((1+Qs^2)/Qs^2)*Ls

13 printf(” C a pa c i t o r Ca = %. 2 f pF\n\ nInduc to r Lp = %. 2 f
nH”,Ca/10^-12,Lp/10^ -9)
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Scilab code Exa 5.22 Example 22

1 // Chapter 5 , Problem 22 , f i g u r e 5 . 5 8
2 clc

3 f=100e6 // supp ly
f r e q u e n c y i n h e r t z

4 Rs=50 // r e s i s t a n c e i n
ohms

5 Csh =42e-12 // shunt
c a p a c i t a n c e i n ohm

6 Rl=500 // l oad
r e s i s t a n c e i n ohm

7 Rp=Rl

8

9 // c a l c u l a t i o n
10 w=2*%pi*f

11 Qs=sqrt((Rp/Rs) -1)

12 Ls=(Rs*Qs)/w

13 Xs=w*Ls

14 Ca=1/(w*Xs)

15 Lp=((1+Qs^2)/Qs^2)*Ls

16

17 L=1/(w^2* Csh)

18 Lcom=(Lp*L)/(Lp+L)

19

20 printf(” Matching network component v a l u e are , \ n Ca =
%. 1 f pF \n L ( combined ) = %d nH\n\n”,Ca*10^12 ,
Lcom *10^9)

21 disp(” For the f i n a l network , shown i n f i g u r e 5 . 6 1 ”)

Scilab code Exa 5.23 Example 23

1 // Chapter 5 , Problem 23 , f i g u r e 5 . 6 5
2 clc

3 Rs=100 // r e s i s t a n c e i n ohm
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4 Rl=1000 // r e s i s t a n c e i n ohm
5 Q=15 //Q f a c t o r
6

7 // c a l c u l a t i o n
8 Rv=Rl/(Q^2+1)

9 Xp2=Rl/Q

10 Xs2=Q*Rv

11 Q1=sqrt((Rs/Rv) -1)

12 Xp1=Rs/Q1

13 Xs1=Q1*Rv

14

15 printf(” Zs = %d ohm\nXp1 = %. 3 f ohm \nXs1 = %. 3 f ohm
\n”,Rs ,Xp1 ,Xs1)

16 printf(”Xs2 = %. 3 f ohm\n Xp2 = %. 3 f ohm\n Zl = %d
ohm\n\n”,Xs2 ,Xp2 ,Rl)

17 disp(” Four t y p e s o f matching network i s shown i n
f i g u r e 5 . 6 6 , 5 . 6 7 , 5 . 6 8 , 5 . 6 9 . ”)

Scilab code Exa 5.24 Example 24

1 // Chapter 5 , Problem 24 , f i g u r e 5 . 7 2
2 clc

3 Rs=10 // r e s i s t a n c e i n ohm
4 Rl=50 // r e s i s t a n c e i n ohm
5 Q=10 //Q f a c t o r
6

7 // c a l c u l a t i o n
8 Rv=Rs*(Q^2+1)

9 Xs1=Q*Rs

10 Xp1=Rv/Q

11 Q2=sqrt((Rv/Rl) -1)

12 Xp2=Rv/Q2

13 Xs2=Q2*Rl

14

15 printf(” Zs = %d ohm\nXp1 = %. 3 f ohm \nXs1 = %. 3 f ohm

51



\n”,Rs ,Xp1 ,Xs1)
16 printf(”Xs2 = %. 3 f ohm\n Xp2 = %. 3 f ohm\n Zl = %d

ohm\n\n”,Xs2 ,Xp2 ,Rl)
17 disp(” Four t y p e s o f matching network i s shown i n

f i g u r e 5 . 6 6 , 5 . 6 7 , 5 . 6 8 , 5 . 6 9 . ”)
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Chapter 6

High frequency transistor
amplifiers

Scilab code Exa 6.1 Example 1

1 // Chapter 6 , Problem 1
2 clc

3 hfe =200 // dc c u r r e n t
ga in

4 vcc =10 // supp ly v o l t a g e
5 vbe =0.7 // base to

e m i t t e r v o l t a g e
6 ic=1e-3 // c o l l e c t o r

c u r r e n t
7 vc=5 // c o l l e c t o r

v o l t a g e
8

9 // c a l c u l a t i o n o f o p e r a t i n g p o i n t
10 ib=ic/hfe

11 rf=(vc-vbe)/ib

12 rc=(vcc -vc)/(ic+ib)

13 printf(” Operat ing p o i n t Rc = %. 3 f Kohm”,rc /1000)
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Scilab code Exa 6.2 Example 2

1 // Chapter 6 , Problem 2
2 clc

3 hfe =250 // dc c u r r e n t
ga in

4 vcc =24 // supp ly v o l t a g e
5 vbe =0.7 // base to

e m i t t e r v o l t a g e
6 ic=2e-3 // c o l l e c t o r

c u r r e n t
7 vc=12 // c o l l e c t o r

v o l t a g e
8

9 // c a l c u l a t i o n o f o p e r a t i n g p o i n t
10 ib=ic/hfe

11 rf=(vc-vbe)/ib

12 rc=(vcc -vc)/(ic+ib)

13 printf(” Operat ing p o i n t Rc = %. 3 f Kohm”,rc /1000)

Scilab code Exa 6.3 Example 3

1 // Chapter 6 , Problem 3
2 clc

3 vbe =0.7 // base to
e m i t t e r v o l t a g e

4 vcc =20 // supp ly v o l t a g e
5 vc=10 // c o l l e c t o r

v o l t a g e
6 ic=5e-3 // c o l l e c t o r

c u r r e n t
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7 hfe =150 // dc c u r r e n t
ga in

8 vbb=2

9 ibb=1e-3

10

11 // c a l c u l a t i n g the b i a s i n g r e s i s t o r s
12 ib=ic/hfe

13 rb=(vbb -vbe)/ib

14 r1=vbb/ibb

15 rf=((vc-vbb)/(ibb+ib))

16 rc=((vcc -vc)/(ic+ib+ibb))

17

18 disp(” B i a s i n g r e s i s t o r s i s g i v e n by”)
19 printf(”R1 = %d Kohm\nRb = %. 2 f Kohm\nRc = %. 2 f Kohm

\nRf = %. 2 f Kohm”,r1/1000,rb/1000 ,rc/1000,rf
/1000)

Scilab code Exa 6.4 Example 4

1 // Chapter 6 , Problem 4
2 clc

3 vbe =0.7 // base to
e m i t t e r v o l t a g e

4 ic=1e-3 // c o l l e c t o r
c u r r e n t

5 vc=6 // c o l l e c t o r
v o l t a g e

6 hf1 =100 // dc c u r r e n t
ga in

7 hf2 =250 // dc c u r r e n t
ga in

8 vcc =12 // supp ly v o l t a g e
9 vbb =1.5

10 ibb =0.5e-3

11
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12 // c a l c u l a t i n g the b i a s i n g r e s i s t o r s
13 hfe=sqrt(hf1*hf2)

14 ib=ic/hfe

15 rb=((vbb -vbe)/ib)

16 r1=vbb/ibb

17 rf=((vc-vbb)/(ibb+ib))

18 rc=((vcc -vc)/(ic+ib+ibb))

19

20 disp(” B i a s i n g r e s i s t o r i s g i v e n by\n”)
21 printf(”R1 = %d Kohm\nRb = %. 2 f Kohm\nRc = %. 2 f Kohm

\nRf = %. 2 f Kohm”,r1/1000,rb/1000 ,rc/1000,rf
/1000)

Scilab code Exa 6.5 Example 5

1 // Chapter 6 , Problem 5
2 clc

3 vbe =0.7 // base to
e m i t t e r v o l t a g e

4 ic=10e-3 // c o l l e c t o r
c u r r e n t

5 vc=10 // c o l l e c t o r
v o l t a g e

6 vcc =20 // supp ly v o l t a g e
7 hfe =50 // dc c u r r e n t ga in
8

9

10 // c a l c u l a t i n g the b i a s i n g r e s i s t o r s
11 ie=ic // assuming f o r

h igh ga in t r a n s i s t o r
12 ve =(10/100)*vcc

13 re=ve/ie

14 rc=((vcc -vc)/ic)

15 ib=ic/hfe

16 vbb=ve+vbe
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17 ibb =10*ib

18 r2=vbb/ibb

19 r1=((vcc -vbb)/(ibb+ib))

20

21 disp(” B i a s i n g r e s i s t o r i s g i v e n by\n”)
22 printf(”R1 = %d ohm\nR2 = %. 2 f ohm\nRc = %. 2 f ohm\

nRe = %. 2 f ohm”,r1 ,r2,rc,re)

Scilab code Exa 6.6 Example 6

1 // Chapter 6 , Problem 6
2 clc

3 vbe =0.7 // base to
e m i t t e r v o l t a g e

4 ic=1e-3 // c o l l e c t o r
c u r r e n t

5 vc=6 // c o l l e c t o r
v o l t a g e

6 vcc =12 // supp ly v o l t a g e
7 hf1 =100 // dc c u r r e n t

ga in
8 hf2 =250 // dc c u r r e n t

ga in
9 ibb =0.5e-3

10

11 // c a l c u l a t i n g the b i a s i n g r e s i s t o r s
12 ie=ic

13 hfe=sqrt(hf1*hf2)

14 ve =(10/100)*vcc

15 re=ve/ie

16 rc=((vcc -vc)/ic)

17 ib=ic/hfe

18 vbb=ve+vbe

19 r2=vbb/ibb

20 r1=((vcc -vbb)/(ibb+ib))
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21

22 disp(” B i a s i n g r e s i s t o r i s g i v e n by\n”)
23 printf(”R1 = %. 2 f Kohm\nR2 = %. 2 f Kohm\nRc = %. 2 f

Kohm\nRe = %. 2 f Kohm”,r1/1000,r2/1000 ,rc/1000 ,re
/1000)

Scilab code Exa 6.7 Example 7

1 // Chapter 6 , Problem 7 , f i g u r e 6 . 1 3
2 clc

3 vcc =24 // supp ly
v o l t a g e

4 vds =10 // d r a i n to
s o u r c e v o l t a g e

5 id=5e-3 // d r a i n
c u r r e n t

6 vgs =2.3 // ga t e to
s o u r c e v o l t a g e

7 vs=2.3 // s o u r c e
v o l t a g e

8 vp=-8 // pinch−o f f
v o l t a g e

9 idss =10e-3 //
d r a i n source c u r r e n t when the ga t e and s o u r c e

a r e s h o r t e d
10

11 // c a l c u l a t i n g the b i a s i n g r e s i s t o r s
12 rs=vgs/id

13 vd=vds+vs

14 rd=(vcc -vd)/id

15 vgs=vp*(1-sqrt(id/idss))

16

17 disp(” S i n c e IG = 0 , RG = 1 Mohm ( approx ) ”)
18 printf(”Rs = %. 2 f ohm\nRd = %. 2 f ohm\n\n”,rs ,rd)
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Scilab code Exa 6.8 Example 8

1 // Chapter 6 , Problem 8
2 clc

3 id=2e-3 // d r a i n c u r r e n t
i n ampere

4 vds =12 // d r a i n to
s o u r c e v o l t a g e

5 vcc =24 // supp ly v o l t a g e
6 idss=8e-3 // d r a i n source

c u r r e n t when the ga t e and s o u r c e a r e s h o r t e d
7 vp=-6 // pinch−o f f

v o l t a g e
8

9 // c a l c u l a t i n g the b i a s i n g r e s i s t o r s
10 vgs=vp*(1-sqrt(id/idss))

11 rs=-vgs/id

12 vs=-vgs

13 vd=vds+vs

14 rd=((vcc -vd)/id)

15

16 disp(” S i n c e IG = 0 , RG = 1 Mohm ( approx ) ”)
17 printf(”Rs = %d ohm\nRd = %. 2 f ohm\n\n”,rs ,rd)

Scilab code Exa 6.9 Example 9

1 // Chapter 6 , Problem 9
2 clc

3 id=-5e-3 // d r a i n c u r r e n t
i n ampere

4 vds=-10 // d r a i n to
s o u r c e v o l t a g e
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5 vcc=-24 // supp ly
v o l t a g e

6 idss=8e-3 // d r a i n source
c u r r e n t when the ga t e and s o u r c e a r e s h o r t e d

7 vp=-6 // pinch−o f f
v o l t a g e

8 vgs =2.3 // ga t e to s o u r c e
v o l t a g e

9

10 // c a l c u l a t i n g the b i a s i n g r e s i s t o r s
11 rs=-vgs/id

12 vs=-vgs

13 vd=vds+vs

14 rd=((vcc -vd)/id)

15

16 disp(” S i n c e IG = 0 , RG = 1 Mohm ( approx ) ”)
17 printf(”\nRs = %. 2 f ohm\nRd = %. 2 f ohm\n\n”,rs ,rd)

Scilab code Exa 6.10 Example 10

1 // Chapter 6 , Problem 10
2 clc

3 id=-2e-3 // d r a i n c u r r e n t
i n ampere

4 vds=-8 // d r a i n to
s o u r c e v o l t a g e

5 vcc=-14 // supp ly
v o l t a g e

6 vs=2.1 // s o u r c e
v o l t a g e

7 vp=5 // pinch−o f f
v o l t a g e

8 idss=-6e-3 //
d r a i n source c u r r e n t when the ga t e and s o u r c e

a r e s h o r t e d
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9

10 // c a l c u l a t i n g the b i a s i n g r e s i s t o r s
11 vgs=vp*(1-sqrt(id/idss))

12 rs=-vgs/id

13 vd=-vds+vs

14 rd=((vcc+vd)/id)

15

16 disp(” S i n c e IG = 0 , RG = 1 Mohm ( approx ) ”)
17 printf(”\nRs = %d ohm\nRd = %. 2 f ohm\n\n”,rs ,rd)

Scilab code Exa 6.11 Example 11

1 // Chapter 6 , Problem 11
2 clc

3 id=5e-3 // d r a i n c u r r e n t
i n ampere

4 vds =10 // d r a i n to
s o u r c e v o l t a g e

5 vcc =18 // supp ly
v o l t a g e

6 vs=0.1* vcc // s o u r c e
v o l t a g e

7 vgs =3.2 // ga t e to
s o u r c e v o l t a g e

8 r2=220e3 // r e s i s t a n c e i n
ohm based upon d . c . i nput r e s i s t a n c e needs

9

10 // c a l c u l a t i n g the b i a s i n g r e s i s t o r s
11 rs=vs/id

12 vg=vgs+vs

13 r1=(r2*(vcc -vg)/vg)

14 vd=vds+vs

15 rd=((vcc -vd)/id)

16

17 printf(”\nRs = %d ohm\nRd = %. 2 f ohm\n\n”,rs ,rd)
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18 printf(”\nR1 = %d Kohm\nR2 = %. 2 f Kohm\n\n”,r1/1000,
r2 /1000)

Scilab code Exa 6.12 Example 12

1 // Chapter 6 , Problem 12
2 clc

3 id=2e-3 // d r a i n c u r r e n t
i n ampere

4 vds=6 // d r a i n to s o u r c e
v o l t a g e

5 vcc =12 // supp ly
v o l t a g e

6 vs=0.1* vcc // s o u r c e
v o l t a g e

7 vgs =1.8 // ga t e to
s o u r c e v o l t a g e

8 r2=220e3 // r e s i s t a n c e i n
ohm based upon d . c . i nput r e s i s t a n c e needs

9

10 // c a l c u l a t i n g the b i a s i n g r e s i s t o r s
11 rs=vs/id

12 vg=vgs+vs

13 r1=(r2*(vcc -vg)/vg)

14 vd=vds+vs

15 rd=((vcc -vd)/id)

16

17 printf(”\nRs = %d ohm\nRd = %. 2 f ohm\n\n”,rs ,rd)
18 printf(”\nR1 = %d Kohm\nR2 = %. 2 f Kohm\n\n”,r1/1000,

r2 /1000)

Scilab code Exa 6.13 Example 13
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1 // Chapter 6 , Problem 13
2 clc

3 funcprot (0)

4 // u s i n g Y−paramete r s g i v e n i n the c a s e s tudy
5 Yin =(18.33+ %i *11.59) *10^-3 // i n complex

form
6 y21 =(1.09 -%i *17.51) *10^-3 // i n complex

form
7 y22 =(0.3+ %i *1.57) *10^-3 // i n complex

form
8 Yl=3.33e-3

9

10 // d e f i n i n g a f u n c i o n
11 deff( ’ [ b ]= imp1 ( d ) ’ , ’ b={( r e a l ( d ) ˆ2) +(imag ( d ) ˆ2) }ˆ 0 . 5 ’

);

12 deff( ’ [ c ]= imp2 ( e ) ’ , ’ c=atan ( imag ( e ) / r e a l ( e ) ) ∗180/ %pi ’
);

13

14 a=y21*Yl

15 b=Yin*(y22+Yl)

16

17 // c a l l i n g a f u n c t i o n
18 [a1]=imp1(a)

19 [a2]=imp2(a)

20 [b1]=imp1(b)

21 [b2]=imp2(b)

22

23 Ai1=a1/b1

24 Ai2=a2 -b2

25

26 printf(” Ai ( magnitude ) = %. 2 f amp\n\n”,Ai1)
27 printf(” Ai ( a n g l e ) = %. 2 f d e g r e e ”,Ai2)

Scilab code Exa 6.14 Example 14
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1 // Chapter 6 , Problem 14
2 clc

3 // t r a n s i s t o r parameter
4 yi=(16+%i *11.78) *10^-3 // i n complex

form
5 y0 =(1.55+ %i *5.97) *10^ -3 // i n complex

form
6 gi=16e-3 // input

conductance
7 go=0.19e-3 // output

conductance
8 yr_mag =1.55e-3 // magnitude o f

yr parameter
9 yr_ang =258 // a n g l e o f yr

parameter
10 yf_mag =45e-3 // magnitude o f

y f parameter
11 yf_ang =285 // a n g l e o f y f

parameter
12

13 // c a l c u l a t i o n o f s t a b i l t y f a c t o r
14 a=yr_mag*yf_mag

15 b=(2*gi*go)+( yr_mag*yf_mag)

16 C=a/b

17

18 printf(” L i n v i l l s t a b i l i t y f a c t o r C = %. 2 f ”,C)

Scilab code Exa 6.15 Example 15

1 // Chapter 6 , Problem 15
2 clc

3 funcprot (0)

4 // A = p2z (R, Theta ) − Convert from p o l a r to
r e c t a n g u l a r form .

5 // R i s a matr ix c o n t a i n i n g the magnitudes
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6 // Theta i s a matr ix c o n t a i n i n g the phase a n g l e s
( i n d e g r e e s ) .

7 function [A] = p2z(R,Theta)

8 A = R*exp(%i*%pi*Theta /180);

9 endfunction

10

11 // [ R, Theta ] = z2p (A) − D i sp l a y p o l a r form o f
complex matr ix .

12 function [R, Theta] = z2p(A)

13 Theta = atan(imag(A),real(A))*180/ %pi;

14 R=sqrt(real(A)^2+ imag(A)^2)

15 endfunction

16

17 // t r a n s i s t o r parameter
18 yi =(4.8+ %i *4.52) *10^-3 // i n complex

form
19 y0 =(0.05+ %i *2.26) *10^ -3 // i n complex

form
20 gi=4.8e-3 // input

conductance
21 go=0.05e-3 // output

conductance
22 yr=p2z (0.90e-3 ,265) // i n p o l a r

form to complex form
23 yf=p2z(61e-3 ,325) // i n p o l a r

form to complex form
24

25 [yrm ,yra]=z2p(yr) // i n complex
form to p o l a r form

26 [yfm ,yfa]=z2p(yf) // i n complex
form to p o l a r form

27

28 Zs=50+%i*0

29 Zl =1000+ %i*0

30 Ys=1/Zs

31 Yl=1/Zl

32 a=2*(gi+Ys)*(go+Yl)

33 b=(yfm*yrm)+real(yr*yf)
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34 K=a/b

35 printf(” St e rn s t a b i l i t y f a c t o r , K = %. 2 f ”,K)

Scilab code Exa 6.16 Example 16

1 // Chapter 6 , Problem 16
2 clc

3 // t r a n s i s t o r Y parameter
4 yi=(16+%i *11.78) *10^-3 // i n complex

form
5 yf_mag =45e-3

6 yf_ang =285

7 yr_mag =1.55e-3

8 yr_ang =258

9 yo =0.19+ %i*5.97 // i n complex
form

10 gi=16e-3 // input
conductance i n s i emens

11 go=0.19e-3 // output
conductance i n s i emens

12

13 // c a l c u l a t i n g maximum a v a i l a b l e ga in
14 MAG=yf_mag ^2/(4* gi*go)

15 MAG_db =10* log10(MAG)

16 printf(”Maximum a v a i l a b l e ga in = %. 2 f \n\n”,MAG)
17 printf(”Maximum a v a i l a b l e ga in i n dB = %. 2 f dB”,

MAG_db)

Scilab code Exa 6.17 Example 17

1 // Chapter 6 , Problem 17
2 clc
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3 // A = p2z (R, Theta ) − Convert from p o l a r to
r e c t a n g u l a r form .

4 // R i s a matr ix c o n t a i n i n g the magnitudes
5 // Theta i s a matr ix c o n t a i n i n g the phase a n g l e s

( i n d e g r e e s ) .
6 function [A] = p2z(R,Theta)

7 A = R*exp(%i*%pi*Theta /180);

8 endfunction

9

10 // t r a n s i s t o r Y parameter
11 yi =(17.37+ %i *11.28) *10^ -3 // i n

complex form
12 yr_mag =1.17e-3

13 yf_mag =130.50e-3

14 yr=p2z (1.17e-3,-91)

15 yf=p2z (130.50e-3,-69)

16 yo =(0.95+ %i *3.11) *10^ -3 // i n
complex form

17 f=300e6 //
f r e q u e n c y i n h e r t z

18 Vce=5 // base to
e m i t t e r v o l t a g e

19 Ic=2e-3 //
c o l l e c t o r c u r r e n t

20 gi =17.37e-3 // input
conductance

21 go=0.95e-3 // output
conductance

22

23 // to c a l c u l a t e l i n v i l l s t a b i l i t y f a c t o r
24 a=yf_mag*yr_mag

25 b=(2*gi*go)-real(yf*yr)

26 c=a/b

27

28 // to c a l c u l a t e maximum a v a i l a b l e ga in
29 MAG=yf_mag ^2/(4* gi*go)

30 MAG_db =10* log10(MAG)

31
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32 // to c a l c u l a t e c o n j u g a t e input admit tance
33 m=sqrt (((2*gi*go)-real(yf*yr))^2-( yf_mag*yr_mag)^2)

34 n=2*go

35 Gs=m/n

36 Bs=-imag(yi)+(imag(yf*yr)/(2*go))

37 Gsi=Gs+%i*Bs

38

39 // to c a l c u l a t e c o n j u g a t e output admit tance
40 Gl=Gs*go/gi

41 Bl=-imag(yo)+(imag(yf*yr)/(2*gi))

42 Gsl=Gl+%i*Bl

43

44 // to c a l c u l a t e S t e rn s t a b i l i t y f a c t o r
45 u=2*(gi+Gs)*(go+Gl)

46 v=( yf_mag*yr_mag)+real(yf*yr)

47 K=u/v

48

49 printf(” ( 1 ) L i n v i l l s t a b i l i t y f a c t o r C = %. 2 f \n\n”,c
)

50 printf(” ( 2 ) Maximum a v a i l a b l e ga in (MAG) = %. 2 f dB\n
\n”,MAG_db)

51 printf(” ( 3 ) Conjugate input admit tance \n\ t r e a l = %
. 2 f mS \n\ t i m a g i n a r y = %. 2 f mS\n\n”,real(Gsi)
*1000, imag(Gsi)*1000)

52 printf(” ( 4 ) Conjugate output admit tance \n\ t r e a l = %
. 2 f mS \n\ t i m a g i n a r y = %. 2 f mS\n\n”,real(Gsl)
*1000, imag(Gsl)*1000)

53 printf(” ( 5 ) S t e rn s t a b i l i t y f a c t o r K = %. 2 f ”,K)

Scilab code Exa 6.18 Example 18

1 // Chapter 6 , Problem 18
2 clc

3 funcprot (0)

4 // A = p2z (R, Theta ) − Convert from p o l a r to
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r e c t a n g u l a r form .
5 // R i s a matr ix c o n t a i n i n g the magnitudes
6 // Theta i s a matr ix c o n t a i n i n g the phase a n g l e s

( i n d e g r e e s ) .
7 function [A] = p2z(R,Theta)

8 A = R*exp(%i*%pi*Theta /180);

9 endfunction

10

11 // [ R1 , Theta1 ] = z2p (A1) − D i sp l a y p o l a r form o f
complex matr ix .

12 function [R1, Theta1] = z2p(A1)

13 Theta1 = atan(imag(A1),real(A1))*180/ %pi;

14 R1=sqrt(real(A1)^2+ imag(A1)^2)

15 endfunction

16

17

18 // t r a n s i s t o r Y parameter
19 yi =(17.37+ %i *11.28) *10^ -3 // i n

complex form
20 yr_mag =1.17e-3

21 yf_mag =130.50e-3

22 yr=p2z (1.17e-3,-91)

23 yf=p2z (130.50e-3,-69)

24 yo =(0.95+ %i *3.11) *10^ -3 // i n
complex form

25 f=300e6 //
f r e q u e n c y i n h e r t z

26 Vce=5 // base to
e m i t t e r v o l t a g e

27 Ic=2e-3 //
c o l l e c t o r c u r r e n t

28 gi =17.37e-3 // input
conductance

29 go=0.95e-3 // output
conductance

30

31 // to c a l c u l a t e c o n j u g a t e input admit tance
32 m=sqrt (((2*gi*go)-real(yf*yr))^2-( yf_mag*yr_mag)^2)
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33 n=2*go

34 Gs=m/n

35 Bs=-imag(yi)+(imag(yf*yr)/(2*go))

36 Gsi=Gs+%i*Bs

37

38 // to c a l c u l a t e c o n j u g a t e output admit tance
39 Gl=Gs*go/gi

40 Bl=-imag(yo)+(imag(yf*yr)/(2*gi))

41 Gsl=Gl+%i*Bl

42

43

44 num =4*Gs*Gl*( yf_mag)^2

45 den =((yi+Gsi)*(yo+Gsl)) -(yf*yr)

46 [denm ,dena]=z2p(den)

47 Gt=num/denm^2

48 Gt_db =10* log10(Gt)

49 printf(” Transducer ga in = %. 2 f dB”,Gt_db)

Scilab code Exa 6.19 Example 19

1 // Chapter 6 , Problem 18
2 clc

3 // A = p2z (R, Theta ) − Convert from p o l a r to
r e c t a n g u l a r form .

4 // R i s a matr ix c o n t a i n i n g the magnitudes
5 // Theta i s a matr ix c o n t a i n i n g the phase a n g l e s

( i n d e g r e e s ) .
6 function [A] = p2z(R,Theta)

7 A = R*exp(%i*%pi*Theta /180);

8 endfunction

9

10 // t r a n s i s t o r parameter
11 yi =(2.25+ %i*7.2) *10^-3

12 yr=p2z (0.70e-3,-85.9)

13 yf=p2z (44.72e-3 ,-26.6)
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14 yo =(0.4+ %i*1.9) *10^-3

15 yr_mag =0.70e-3

16 yf_mag =44.72e-3

17 Rs=250

18 Gs=1/Rs

19 K=3 // s t e r n
s t a b i l i t y f a c t o r

20 gi=2.25e-3 // input
conductance

21 go=0.4e-3 // output
conductance

22 a=K*(( yr_mag*yf_mag)+real(yf*yr))

23 b=2*(gi+Gs)

24 Gl=(a/b)-go

25

26 Bl=-imag(yo)

27 Yl=Gl+%i*Bl

28

29 yin=yi -((yr*yf)/(yo+Yl))

30

31 Bs=-imag(yin)

32 Ys=Gs+%i*Bs

33

34 num =4*Gs*Gl*( yf_mag)^2

35 den=real (((yi+Ys)*(yo+Yl))-(yf*yr))^2

36 Gt=num/den

37 Gt_db =10* log10(Gt)

38

39 printf(” ( a ) Load admit tance Yl \n\ t r e a l = %. 2 f mS \n
\ t i m a g i n a r y = %. 2 f mS\n\n”,real(Yl)*1000 , imag(Yl)
*1000)

40 printf(” ( b ) Source admit tance Ys \n\ t r e a l = %. 2 f mS
\n\ t i m a g i n a r y = %. 2 f mS\n\n”,real(Ys)*1000 , imag(
Ys)*1000)

41 printf(” ( c ) Transducer ga in = %. 2 f dB”,Gt_db)
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Chapter 7

Microwave amplifiers

Scilab code Exa 7.1 Example 1

1 // Chapter 7 , Problem 1
2 clc

3 funcprot (0)

4 // A = p2z (R, Theta ) − Convert from p o l a r to
r e c t a n g u l a r form .

5 // R i s a matr ix c o n t a i n i n g the magnitudes
6 // Theta i s a matr ix c o n t a i n i n g the phase a n g l e s

( i n d e g r e e s ) .
7 function [A] = p2z(R,Theta)

8 A = R*exp(%i*%pi*Theta /180);

9 endfunction

10

11 // [ R, Theta ] = z2p (A) − D i sp l a y p o l a r form o f
complex matr ix .

12 function [R, Theta] = z2p(A)

13 Theta = atan(imag(A),real(A))*180/ %pi;

14 R=sqrt(real(A)^2+ imag(A)^2)

15 endfunction

16

17 // t r a n s i s t o r s−parameter
18 s11=p2z (0.3 ,160)
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19 s12=p2z (0.03 ,62)

20 s21=p2z (6.1 ,65)

21 s22=p2z (0.40 , -38)

22 R=50 // r e s i s t a n c e i n ohms
23 f=150e6 // f r e q u e n c y i n h e r t z
24 vce =12 // base to e m i t t e r

v o l t a g e
25 ic=8e-3 // c o l l e c t o r c u r r e n t
26

27 Ds=(s11*s22)-(s12*s21)

28 [Dmag ,Dang]=z2p(Ds)

29 [s11m ,s11a]=z2p(s11)

30 [s22m ,s22a]=z2p(s22)

31 [s21m ,s21a]=z2p(s21)

32 [s12m ,s12a]=z2p(s12)

33 K=(1+ Dmag^2-s11m^2-s22m ^2) /(2* s21m*s12m)

34 B1=1+ s11m^2-s22m^2-Dmag^2

35 MAG =10* log10(s21m/s12m)+10* log10(K-sqrt(K^2-1))

36 C2=s22 -(Ds*conj(s11))

37 [C2m ,C2a]=z2p(C2)

38 B2=1+ s22m^2-s11m^2-Dmag^2

39 reflm=(B2 -sqrt(B2^2-4*C2m^2))/(2* C2m)

40 refla=-C2a

41 refl=p2z(reflm ,refla)

42 refs=conj(s11 +((s12*s21*refl)/(1-(s22*refl))))

43 [refsm ,refsa]=z2p(refs)

44

45 // s i n c e we g e t s o u r c e and l oad r e f l e c t i o n
c o e f f i c i e n t . we p l o t t h i s s o u r c e r e f l e c t i o n
c o e f f i c i e n t on smith c h a r t f o r g e t t i n g input
matching network i n f i g u r e 7 . 1 . By p l o t t i n g , we
g e t Arc AB = shunt C = j 1 . 3 3 S and Arc BC =
s e r i e s L = j 0 . 3 4 ohm .

46 y=1.33

47 r=0.34

48 C1=y/(2* %pi*f*R)

49 L1=r*R/(2* %pi*f)

50

73



51 //we p l o t t h i s l o ad r e f l e c t i o n c o e f f i c i e n t on smith
c h a r t f o r g e t t i n g input matching network i n
f i g u r e 7 . 2 . By p l o t t i n g , Arc AB = s e r i e s C =

j1 . 1 ohm and Arc BC = shunt L = j0 . 8 S .
52 y1=0.8

53 r1=1.1

54 C2 =1/(2* %pi*f*R*r1)

55 L2=R/(2* %pi*f*y1)

56

57 printf(” For input matching network , \ n\n”)
58 printf(”C1 = %. 2 f pF\n”,C1 *10^12)
59 printf(”L1 = %. 2 f nH\n\n”,L1 *10^9)
60 printf(” For output matching network , \ n\n”)
61 printf(”C2 = %. 2 f pF\n”,C2 *10^12)
62 printf(”L2 = %. 2 f nH\n\n”,L2 *10^9)
63 printf(”The completed d e s i g n ( minus b i a s i n g network )

i s shown i n F igu r e 7 . 3 ”)

Scilab code Exa 7.2 Example 2

1 // Chapter 7 , Problem 2
2 clc

3 funcprot (0)

4 // A = p2z (R, Theta ) − Convert from p o l a r to
r e c t a n g u l a r form .

5 // R i s a matr ix c o n t a i n i n g the magnitudes
6 // Theta i s a matr ix c o n t a i n i n g the phase a n g l e s

( i n d e g r e e s ) .
7 function [A] = p2z(R,Theta)

8 A = R*exp(%i*%pi*Theta /180);

9 endfunction

10

11 // [ R, Theta ] = z2p (A) − D i sp l a y p o l a r form o f
complex matr ix .

12 function [R, Theta] = z2p(A)
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13 Theta = atan(imag(A),real(A))*180/ %pi;

14 R=sqrt(real(A)^2+ imag(A)^2)

15 endfunction

16

17 // t r a n s i s t o r s−parameter
18 s11=p2z (0.3 ,160)

19 s12=p2z (0.03 ,62)

20 s21=p2z (6.1 ,65)

21 s22=p2z (0.40 , -38)

22 R=50 // r e s i s t a n c e i n ohms
23 f=150e6 // f r e q u e n c y i n h e r t z
24 vce =12 // base to e m i t t e r

v o l t a g e
25 ic=8e-3 // c o l l e c t o r c u r r e n t
26

27 Ds=(s11*s22)-(s12*s21)

28 [Dmag ,Dang]=z2p(Ds)

29 [s11m ,s11a]=z2p(s11)

30 [s22m ,s22a]=z2p(s22)

31 [s21m ,s21a]=z2p(s21)

32 [s12m ,s12a]=z2p(s12)

33 K=(1+ Dmag^2-s11m^2-s22m ^2) /(2* s21m*s12m)

34 B1=1+ s11m^2-s22m^2-Dmag^2

35 MAG =10* log10(s21m/s12m)+10* log10(K-sqrt(K^2-1))

36 C2=s22 -(Ds*conj(s11))

37 [C2m ,C2a]=z2p(C2)

38 B2=1+ s22m^2-s11m^2-Dmag^2

39 reflm=(B2 -sqrt(B2^2-4*C2m^2))/(2* C2m)

40 refla=-C2a

41 refl=p2z(reflm ,refla)

42 refs=conj(s11 +((s12*s21*refl)/(1-(s22*refl))))

43 [refsm ,refsa]=z2p(refs)

44

45 a=s21m ^2*(1- refsm ^2)*(1-reflm ^2)

46 b=((1-s11*refs)*(1-s22*refl)) -(s12*s21*refl*refs)

47 [bm ,ba]=z2p(b)

48 Gt=a/bm^2

49 Gt_db =10* log10(Gt)
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50 printf(” Transducer ga in = %. 2 f dB”,Gt_db)

Scilab code Exa 7.3 Example 3

1 // Chapter 7 , Problem 3
2 clc

3 funcprot (0)

4 // A = p2z (R, Theta ) − Convert from p o l a r to
r e c t a n g u l a r form .

5 // R i s a matr ix c o n t a i n i n g the magnitudes
6 // Theta i s a matr ix c o n t a i n i n g the phase a n g l e s

( i n d e g r e e s ) .
7 function [A] = p2z(R,Theta)

8 A = R*exp(%i*%pi*Theta /180);

9 endfunction

10

11 // [ R1 , Theta1 ] = z2p (A1) − D i sp l a y p o l a r form o f
complex matr ix .

12 function [R1, Theta1] = z2p(A1)

13 Theta1 = atan(imag(A1),real(A1))*180/ %pi;

14 R1=sqrt(real(A1)^2+ imag(A1)^2)

15 endfunction

16

17 // t r a n s i s t o r s−parameter
18 s11=p2z (0.3 ,140)

19 s12=p2z (0.03 ,65)

20 s21=p2z (2.1 ,62)

21 s22=p2z (0.40 , -38)

22

23 f=5e9 //
f r e q u e n c y i n h e r t z

24 vce =15 // base
to e m i t t e r v o l t a g e

25 ic=10e-3 //
c o l l e c t o r c u r r e n t i n ampere
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26

27 Ds=(s11*s22)-(s12*s21)

28 [Dmag ,Dang]=z2p(Ds)

29 [s11m ,s11a]=z2p(s11)

30 [s22m ,s22a]=z2p(s22)

31 [s21m ,s21a]=z2p(s21)

32 [s12m ,s12a]=z2p(s12)

33 K=(1+ Dmag^2-s11m^2-s22m ^2) /(2* s21m*s12m)

34 B1=1+ s11m^2-s22m^2-Dmag^2

35 MAG =10* log10(s21m/s12m)+10* log10(K-sqrt(K^2-1))

36

37 printf(”Maximum a v a i l a b l e ga in (MAG) = %. 1 f dB ”,MAG
)

Scilab code Exa 7.4 Example 4

1 // Chapter 7 , Problem 4
2 clc

3 funcprot (0)

4 // A = p2z (R, Theta ) − Convert from p o l a r to
r e c t a n g u l a r form .

5 // R i s a matr ix c o n t a i n i n g the magnitudes
6 // Theta i s a matr ix c o n t a i n i n g the phase a n g l e s

( i n d e g r e e s ) .
7 function [A] = p2z(R,Theta)

8 A = R*exp(%i*%pi*Theta /180);

9 endfunction

10

11 // [ R1 , Theta1 ] = z2p (A1) − D i sp l a y p o l a r form o f
complex matr ix .

12 function [R1, Theta1] = z2p(A1)

13 Theta1 = atan(imag(A1),real(A1))*180/ %pi;

14 R1=sqrt(real(A1)^2+ imag(A1)^2)

15 endfunction

16
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17 // t r a n s i s t o r s−parameter
18 s11=p2z (0.3 ,140)

19 s12=p2z (0.03 ,65)

20 s21=p2z (2.1 ,62)

21 s22=p2z (0.40 , -38)

22 refs=p2z (0.463 , -140)

23 refl=p2z (0.486 ,38)

24 [s11m ,s11a]=z2p(s11)

25 [s22m ,s22a]=z2p(s22)

26 [s21m ,s21a]=z2p(s21)

27 [s12m ,s12a]=z2p(s12)

28 [refsm ,refsa]=z2p(refs)

29 [reflm ,refla]=z2p(refl)

30

31 // c a l c u l a t i o n
32 a=(s21m ^2)*(1-refsm ^2)*(1- reflm ^2)

33 b=((1-(s11*refs))*(1-(s22*refl))-(s12*s21*refl*refs)

)^2

34 Gt=a/real(b)

35 Gtl =10* log10(Gt)

36 printf(” A m p l i f i e r t r a n s d u c e r ga in = %. 2 f dB ”,Gtl)

Scilab code Exa 7.5 Example 5

1 // Chapter 7 , Problem 5
2 clc

3 funcprot (0)

4 // A = p2z (R, Theta ) − Convert from p o l a r to
r e c t a n g u l a r form .

5 // R i s a matr ix c o n t a i n i n g the magnitudes
6 // Theta i s a matr ix c o n t a i n i n g the phase a n g l e s

( i n d e g r e e s ) .
7 function [A] = p2z(R,Theta)

8 A = R*exp(%i*%pi*Theta /180);

9 endfunction
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10

11 // [ R1 , Theta1 ] = z2p (A1) − D i sp l a y p o l a r form o f
complex matr ix .

12 function [R1, Theta1] = z2p(A1)

13 Theta1 = atan(imag(A1),real(A1))*180/ %pi;

14 R1=sqrt(real(A1)^2+ imag(A1)^2)

15 endfunction

16

17 // t r a n s i s t o r s−parameter
18 s11=p2z (0.28 , -58)

19 s12=p2z (0.08 ,92)

20 s21=p2z (2.1 ,65)

21 s22=p2z(0.8, -30)

22 f=1e9 // f r e q u e n c y i n
h e r t z

23 vce =15 // c o l l e c t o r to
e m i t t e r v o l t a g e

24 ic=5e-3 // c o l l e c t o r
c u r r e n t i n ampere

25 Zs=35-%i*60 // s o u r c e
impedance i n ohm

26 Zl=50-%i*50 // l oad impedance
i n ohm

27 K=1.168 // R o l l e t t
s t a b i l i t y f a c t o r

28 g=7.94 // d e s i r e d ga in
29 R=50 // r e s i s t a n c e i n

ohm
30

31 [s11m ,s11a]=z2p(s11)

32 [s22m ,s22a]=z2p(s22)

33 [s21m ,s21a]=z2p(s21)

34 [s12m ,s12a]=z2p(s12)

35

36 Ds=s11*s22 -s12*s21

37 [Dsm ,Dsa]=z2p(Ds)

38 D2=s22m^2-Dsm^2

39 C2=s22 -(Ds*conj(s11))
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40 G=g/s21m^2

41 ro=(G*conj(C2))/(1+(D2*G))

42 po=sqrt (1-(2*K*s12m*s21m*G)+(s12m*s21m)^2*G^2) /(1+(

D2*G))

43

44 //The Smith c h a r t c o n s t r u c t i o n i s shown i n F igu r e
7 . 5 . The t r a n s i s t o r s output network must
t r a n s f o r m the a c t u a l l o ad impedance i n t o a v a l u e
tha t f a l l s on the c o n s t a n t ga in 9 dB c i r c l e . By
p l o t t i n g , we g e t Arc AB = s e r i e s C = j2 . 0 ohm
and Arc BC = shunt L = j0 . 4 1 S

45 r=2

46 y=0.4

47 C1 =1/(2* %pi*f*r*R)

48 L1=R/(2* %pi*f*y)

49

50 // For a c o n j u g a t e match at the input to the
t r a n s i s t o r , the d e s i r e d s o u r c e r e f l e c t i o n
c o e f f i c i e n t must be c a l c u l a t e d as f o l l o w s

51 refl=p2z (0.82 ,13)

// p o i n t
C i n f i g u r e 7 . 5

52 refs=conj(s11 +((s12*s21*refl)/(1-(s22*refl))))

53 [refsm ,refsa]=z2p(refs)

54

55 //The p o i n t i s p l o t t e d as p o i n t D i n F igu r e 7 . 6 . The
a c t u a l n o r m a l i s e d s o u r c e impedance i s p l o t t e d at
p o i n t A ( 0 . 7 j 1 . 2 ) ohm . The input network

must t r a n s f o r m the a c t u a l impedance at p o i n t A to
the d e s i r e d impedance at p o i n t D. we ge t Arc AB

= shunt C2 = j 0 . 6 3 S , Arc BC = s e r i e s L2 = j 1 . 0 8
ohm , Arc CD = shunt C3 = j 2 . 1 5 S

56

57 y1=0.63

58 r1=1.08

59 y2=2.15

60

61 C2=y1/(2* %pi*f*R)
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62 L2=r1*R/(2* %pi*f)

63 C3=y2/(2* %pi*f*R)

64

65 printf(” For output matching network , \ n\n”)
66 printf(”C1 = %. 2 f pF\n”,C1 *10^12)
67 printf(”L1 = %. 1 f nH\n\n”,L1 *10^9)
68 printf(” For input matching network , \ n\n”)
69 printf(”C2 = %. 1 f pF\n”,C2 *10^12)
70 printf(”L2 = %. 1 f nH\n\n”,L2 *10^9)
71 printf(”C3 = %. 1 f pF\n”,C3 *10^12)
72 printf(”The completed d e s i g n ( minus b i a s i n g network )

i s shown i n F igu r e 7 . 7 ”)

Scilab code Exa 7.6 Example 6

1 // Chapter 7 , Problem 6
2 clc

3 funcprot (0)

4 // A = p2z (R, Theta ) − Convert from p o l a r to
r e c t a n g u l a r form .

5 // R i s a matr ix c o n t a i n i n g the magnitudes
6 // Theta i s a matr ix c o n t a i n i n g the phase a n g l e s

( i n d e g r e e s ) .
7 function [A] = p2z(R,Theta)

8 A = R*exp(%i*%pi*Theta /180);

9 endfunction

10

11 // [ R1 , Theta1 ] = z2p (A1) − D i sp l a y p o l a r form o f
complex matr ix .

12 function [R1, Theta1] = z2p(A1)

13 Theta1 = atan(imag(A1),real(A1))*180/ %pi;

14 R1=sqrt(real(A1)^2+ imag(A1)^2)

15 endfunction

16

17 // t r a n s i s t o r s−parameter
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18 s11=p2z (0.28 , -58)

19 s12=p2z (0.08 ,92)

20 s21=p2z (2.1 ,65)

21 s22=p2z(0.8, -30)

22 Ds=p2z (0.333 , -60.66)

23 C2=p2z (0.719 , -33.42)

24 D2 =0.529 // a n g l e i n
d e g r e e

25 K=1.168 // R o l l e t t
s t a b i l i t y f a c t o r

26 A=6.31 // d e s i r e d
ga in

27 [s11m ,s11a]=z2p(s11)

28 [s22m ,s22a]=z2p(s22)

29 [s21m ,s21a]=z2p(s21)

30 [s12m ,s12a]=z2p(s12)

31

32 // c a l c u l a t i n g the r a d i u s o f c o n s t a n t ga in c i r c l e o f
9 dB

33 G=A/s21m^2

34 ro=conj(G*C2)/(1+(D2*G))

35 [rom ,roa]=z2p(ro)

36 po=sqrt (1-(2*K*G*s12m*s21m)+(( s12m*s21m)^2*G^2))

/(1+(D2*G))

37

38 printf(” Constant ga in c i r c l e o f 8 dB = %. 3 f ”,po)

Scilab code Exa 7.7 Example 7

1 // Chapter 7 , Problem 7
2 clc

3 funcprot (0)

4 // A = p2z (R, Theta ) − Convert from p o l a r to
r e c t a n g u l a r form .

5 // R i s a matr ix c o n t a i n i n g the magnitudes
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6 // Theta i s a matr ix c o n t a i n i n g the phase a n g l e s
( i n d e g r e e s ) .

7 function [A] = p2z(R,Theta)

8 A = R*exp(%i*%pi*Theta /180);

9 endfunction

10

11 // [ R1 , Theta1 ] = z2p (A1) − D i sp l a y p o l a r form o f
complex matr ix .

12 function [R1, Theta1] = z2p(A1)

13 Theta1 = atan(imag(A1),real(A1))*180/ %pi;

14 R1=sqrt(real(A1)^2+ imag(A1)^2)

15 endfunction

16

17 // t r a n s i s t o r S−parameter
18 s11=p2z (0.4 ,280)

19 s12=p2z (0.048 ,65)

20 s21=p2z (5.4 ,103)

21 s22=p2z (0.78 ,345)

22 f=200e6 // f r e q u e n c y
i n h e r t z

23 vce=6 // c o l l e c t o r
to e m i t t e r v o l t a g e

24 ic=5e-3 // c o l l e c t o r
c u r r e n t i n ampere

25

26 [s11m ,s11a]=z2p(s11)

27 [s22m ,s22a]=z2p(s22)

28 [s21m ,s21a]=z2p(s21)

29 [s12m ,s12a]=z2p(s12)

30

31 Ds=(s11*s22)-(s12*s21)

32 [Dmag ,Dang]=z2p(Ds)

33 K=(1+ Dmag^2-s11m^2-s22m ^2) /(2* s21m*s12m)

34 C1=s11 -(Ds*conj(s22))

35 [C1m ,C1a]=z2p(C1)

36 C2=s22 -(Ds*conj(s11))

37 [C2m ,C2a]=z2p(C2)

38 rs1=conj(C1)/(s11m^2-Dmag ^2)
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39 [rs1m ,rs1a]=z2p(rs1)

40 ps1=s12*s21/(s11m^2-Dmag ^2)

41 [ps1m ,ps1a]=z2p(ps1)

42

43 rs2=conj(C2)/(s22m^2-Dmag ^2)

44 [rs2m ,rs2a]=z2p(rs2)

45 ps2=s12*s21/(s22m^2-Dmag ^2)

46 [ps2m ,ps2a]=z2p(ps2)

47

48 printf(” Centre o f i nput s t a b i l i t y c i r c l e ( magnitude )
= %. 3 f \n\ t \ t \ t \ t ( a n g l e ) = %. 2 f d e g r e e \n”,rs1m ,
rs1a)

49 printf(” Radius o f i nput s t a b i l i t y c i r c l e = %. 2 f \n\
n”,ps1m)

50 printf(” Centre o f output s t a b i l i t y c i r c l e ( magnitude
) = %. 3 f \n\ t \ t \ t \ t ( a n g l e ) = %. 2 f d e g r e e \n”,rs2m ,
rs2a)

51 printf(” Radius o f output s t a b i l i t y c i r c l e = %. 2 f \n
\n”,ps2m)

52 printf(” Using t h e s e po in t s , p l o t t i n g a c i r c l e on
smith c h a r t as shown on Fig 7 . 9 , \ n , with the he lp
o f t h e s e we w i l l g e t \n”)

53 printf(” l oad r e f l e c t i o n c o e f f i c i e n t = 0 . 8 9 (
magnitude ) , 70 ( d e g r e e ) \n Source r e f l e c t i o n
c o e f f i c i e n t = 0 . 6 7 8 ( magnitude ) , 7 9 . 4 ( d e g r e e ) ”)

Scilab code Exa 7.8 Example 8

1 // Chapter 7 , Problem 8
2 clc

3 funcprot (0)

4 // A = p2z (R, Theta ) − Convert from p o l a r to
r e c t a n g u l a r form .

5 // R i s a matr ix c o n t a i n i n g the magnitudes
6 // Theta i s a matr ix c o n t a i n i n g the phase a n g l e s
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( i n d e g r e e s ) .
7 function [A] = p2z(R,Theta)

8 A = R*exp(%i*%pi*Theta /180);

9 endfunction

10

11 // [ R1 , Theta1 ] = z2p (A1) − D i sp l a y p o l a r form o f
complex matr ix .

12 function [R1, Theta1] = z2p(A1)

13 Theta1 = atan(imag(A1),real(A1))*180/ %pi;

14 R1=sqrt(real(A1)^2+ imag(A1)^2)

15 endfunction

16

17 // t r a n s i s t o r S−parameter
18 s11=p2z (0.4 ,280)

19 s12=p2z (0.048 ,65)

20 s21=p2z (5.4 ,103)

21 s22=p2z (0.78 ,345)

22 ro=p2z (0.287 ,24) // c e n t r e o f
ga in c i r c l e

23 po =0.724 // r a d i u s o f
12dB c o n s t a n t ga in c i r c l e

24 f=200e6 // f r e q u e n c y
i n h e r t z

25 vce=6 // base to
e m i t t e r v o l t a g e

26 ic=5e-3 //
c o l l e c t o r c u r r e n t

27 A=15.85 // ga in
d e s i r e d

28 K=0.802 //
R o l l e t t ’ s s t a b i l i t y f a c t o r

29 C2=p2z (0.651 ,24.1)

30

31 [s11m ,s11a]=z2p(s11)

32 [s22m ,s22a]=z2p(s22)

33 [s21m ,s21a]=z2p(s21)

34 [s12m ,s12a]=z2p(s12)

35 Ds=(s11*s22)-(s12*s21)
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36 [Dmag ,Dang]=z2p(Ds)

37 G=A/s21m^2

38 D2=s22m^2-Dmag^2

39 ro=C2*G/(1+( D2*G))

40 [rom ,roa]=z2p(ro)

41 po1=sqrt (1 -(2*K*G*abs(s12m*s21m))+(( abs(s12m*s21m))

^2*G^2))/(1+(D2*G))

42

43 printf(” ro ( magnitude ) = %. 3 f \n\ t ( a n g l e ) = %. 3 f
d e g r e e \n\n”,rom ,roa)

44 printf(”po = %. 3 f \n\n”,po1)
45 disp(” There the v a l u e s a r e c o r r e c t ”)

Scilab code Exa 7.9 Example 9

1 // Chapter 7 , Problem 9
2 clc

3 funcprot (0)

4 // A = p2z (R, Theta ) − Convert from p o l a r to
r e c t a n g u l a r form .

5 // R i s a matr ix c o n t a i n i n g the magnitudes
6 // Theta i s a matr ix c o n t a i n i n g the phase a n g l e s

( i n d e g r e e s ) .
7 function [A] = p2z(R,Theta)

8 A = R*exp(%i*%pi*Theta /180);

9 endfunction

10

11 // [ R1 , Theta1 ] = z2p (A1) − D i sp l a y p o l a r form o f
complex matr ix .

12 function [R1, Theta1] = z2p(A1)

13 Theta1 = atan(imag(A1),real(A1))*180/ %pi;

14 R1=sqrt(real(A1)^2+ imag(A1)^2)

15 endfunction

16

17 // t r a n s i s t o r S parameter
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18 s11=p2z (0.4 ,280)

19 s12=p2z (0.048 ,65)

20 s21=p2z (5.4 ,103)

21 s22=p2z (0.78 ,345)

22 rs=p2z (0.678 ,79.4) // s o u r c e
r e f l e c t i o n c o e f f i c i e n t

23 rl=p2z (0.89 ,70) // l oad
r e f l e c t i o n c o e f f i c i e n t

24

25 Rs=conj(s11 +((s12*s21*rl)/(1-(s22*rl))))

26 [Rsm ,Rsa]=z2p(Rs)

27 printf(” Source r e f l e c t i o n c o e f f i c i e n t , magnitude = %
. 3 f \n\ t \ t \ t \ t a n g l e = %. 1 f d e g r e e ”,Rsm ,Rsa)

Scilab code Exa 7.10 Example 10

1 // Chapter 7 , Problem 10
2 clc

3 funcprot (0)

4 // A = p2z (R, Theta ) − Convert from p o l a r to
r e c t a n g u l a r form .

5 // R i s a matr ix c o n t a i n i n g the magnitudes
6 // Theta i s a matr ix c o n t a i n i n g the phase a n g l e s

( i n d e g r e e s ) .
7 function [A] = p2z(R,Theta)

8 A = R*exp(%i*%pi*Theta /180);

9 endfunction

10

11 // [ R1 , Theta1 ] = z2p (A1) − D i sp l a y p o l a r form o f
complex matr ix .

12 function [R1, Theta1] = z2p(A1)

13 Theta1 = atan(imag(A1),real(A1))*180/ %pi;

14 R1=sqrt(real(A1)^2+ imag(A1)^2)

15 endfunction

16
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17 // t r a n s i s t o r S−parameter
18 s11=p2z (0.35 ,165)

19 s12=p2z (0.035 ,58)

20 s21=p2z (5.9 ,66)

21 s22=p2z (0.46 , -31)

22 refs=p2z (0.68 ,142) // s o u r c e
r e f l e c t i o n c o e f f i c i e n t

23 f=300e6 //
f r e q u e n c y i n h e r t z

24 vce =12 // base
to e m i t t e r v o l t a g e

25 ic=4e-3 //
c o l l e c t o r c u r r e n t i n ampere

26 [s11m ,s11a]=z2p(s11)

27 [s22m ,s22a]=z2p(s22)

28 [s21m ,s21a]=z2p(s21)

29 [s12m ,s12a]=z2p(s12)

30

31 Ds=(s11*s22)-(s12*s21)

32 [Dmag ,Dang]=z2p(Ds)

33 K=(1+ Dmag^2-s11m^2-s22m ^2) /(2* s21m*s12m)

34

35 y=1.65

36 r=0.85

37 y1=0.62

38 r1=1.2

39 R=50

40

41 //The d e s i g n v a l u e s o f the input matching network
a r e shown i n F i g u r e s 7 . 1 0 . By p l o t t i n g , we g e t
Arc AB = shunt C = j 1 . 6 5 S and Arc BC = s e r i e s L
= j 0 . 8 5 ohm

42 C1=y/(2* %pi*f*R)

43 L1=(r*R)/(2* %pi*f)

44

45 refl=conj(s11 +((s12*s21*refs)/(1-(s22*refs))))

46

47 //The d e s i g n v a l u e s o f the input matching network
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a r e shown i n F i g u r e s 7 . 1 2 . By p l o t t i n g , we g e t
Arc AB = shunt L = j0 . 7 2 S and Arc BC = s e r i e s
C = j1 . 0 7 ohm

48

49 C2 =1/(2* %pi*f*r1*R)

50 L2=R/(2* %pi*f*y1)

51

52 printf(” For input matching network , \ n\n”)
53 printf(”C1 = %. 2 f pF\n”,C1 *10^12)
54 printf(”L1 = %. 2 f nH\n\n”,L1 *10^9)
55 printf(” For output matching network , \ n\n”)
56 printf(”C2 = %. 2 f pF\n”,C2 *10^12)
57 printf(”L2 = %. 2 f nH\n\n”,L2 *10^9)
58 printf(”The completed d e s i g n i s shown i n F igu r e 7 . 1 2

”)

Scilab code Exa 7.12 Example 12

1 // Chapter 7 , Problem 12
2 clc

3

4 Vg=200e-3 // g e n e r a t o r v o l t a g e
5 Zg=2000 // r e s i s t a n c e i n ohm
6 // t r a n s i s t o r Y−parameter
7 Y11 =1/1200

8 Y12=0

9 Y21 =70/1200

10 Y22 =1/40000

11 Yl =1/1000

12 Y1=[Y11 Y12;Y21 Y22]

13 Yf =[1/10000 -1/10000; -1/10000 1/10000]

14

15 // c a l c u l a t i o n
16 Yc=Y1+Yf

17 dely=Yc(1,1)*Yc(2,2)-Yc(1,2)*Yc(2,1)
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18 Zin=(Yc(2,2)+Yl)/(dely+(Yc(1,1)*Yl))

19 vin=(Zin*Vg)/(Zin+Zg)

20 Av=-Yc(2,1)/(Yc(2,2)+Yl)

21 vout=vin*Av

22

23 printf(” ( a ) Input impedance ( Zin ) = %. 1 f ohm\n\n”,
Zin)

24 printf(” ( b ) Gain (Av) o f the c i r c u i t = %. 2 f \n\n”,Av)
25 printf(” ( c ) Output v o l t a g e = %d mV\n\n”,vout *10^3)
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Chapter 8

Oscillators and frequency
synthesizers

Scilab code Exa 8.1 Example 1

1 // Chapter 8 , Problem 1
2 clc

3 L=630e-9 // i n d u c t a n c e i n
henry

4 C=400e-12 // c a p a c i t a n c e i n
f a r a d

5

6 // c a l c u l a t i n g the r e s o n a t i n g f r e q u e n c y
7 fos =1/(2* %pi*sqrt(L*C))

8

9 printf(” Resonant f r e q u e n c y = %. 3 f MHz”,fos /10^6)

Scilab code Exa 8.2 Example 2

1 // Chapter 8 , Problem 2
2 clc
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3 r1=100e3 // r e s i s t a n c e i n
ohm

4 r2=10e3 // r e s i s t a n c e i n
ohm

5 c1=10e-9 // c a p a c i t a n c e i n
f a r a d

6 c2=100e-9 // c a p a c i t a n c e
i n f a r a d

7

8 // c a l c u l a t i o n
9 w=sqrt (1/(c1*c2*r1*r2))

10 f=w/(2* %pi)

11 g=1+(r1/r2)+(c2/c1)

12

13 printf(” ( a ) Frequency o f o s c i l l a t i o n = %. 2 f Hz\n\n”,
f)

14 printf(” ( b ) Minimum ga in o f the a m p l i f i e r = %d ”,g)

Scilab code Exa 8.3 Example 3

1 // Chapter 8 , Problem 3
2 clc

3 c1=10e-12 // c a p a c i t a n c e
i n f a r a d

4 c2=100e-12 // c a p a c i t a n c e
i n f a r a d

5 f=100e6 // f r e q u e n c y
i n h e r t z

6

7 // c a l c u l a t i o n
8 w=2*%pi*f

9 L=(1/w^2) *((1/ c1)+(1/c2))

10 g=1+(c2/c1)

11

12 printf(” ( a ) Value o f i n d u c t o r = %. 2 f nH\n\n”,L*10^9)
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13 printf(” ( b ) Minimum v o l t a g e ga in = %d ”,g)

Scilab code Exa 8.4 Example 4

1 // Chapter 8 , Problem 4
2 clc

3 ct=15e-12 // c a p a c i t a n c e
i n f a r a d

4 c1=47e-12 // c a p a c i t a n c e
i n f a r a d

5 c2=100e-12 // c a p a c i t a n c e
i n f a r a d

6 L=300e-9 // i n d u c t a n c e i n
henry

7

8 // c a l c u l a t i o n
9 w1=(1/(L*ct))*(1+(ct/c1)+(ct/c2))

10 w=sqrt(w1)

11 fos=w/(2* %pi)

12

13 printf(” Approximate f r e q u e n c y = %. 2 f MHz”,fos /10^6)

Scilab code Exa 8.5 Example 5

1 // Chapter 8 , Problem 5 , f i g u r e 8 . 2 8
2 clc

3 Rf=9e3 // r e s i s t a n c e i n
ohm

4 R1=1e3 // r e s i s t a n c e i n
ohm

5 Kphi =0.12 // t r a n s f e r ga in
i n v o l t / r a d i a n
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6 Ko=-40e3 // t r a n s f e r ga in
i n h e r t z / v o l t

7 fi=100e3 // input
f r e q u e n c y i n h e r t z

8 fo=120e3 // o i t p u t
f r e q u e n c y i n h e r t z from VCO

9

10 // c a l c u l a t i o n
11 Ka=(Rf/R1)+1

12 Kl=Kphi*Ka*Ko*2*%pi

13 Kl_dB=real (20* log10(Kl))

14 fd=fi-fo

15 Vo=fd/Ko

16 Vd=Vo/Ka

17 theta=Vd/Kphi

18 fd1=-Kl/(2* %pi)

19 Vd1=Kphi*%pi/2

20

21 printf(” ( a ) Vo l tage ga in ( ka ) f o r the op−amp = %d\n\
n”,Ka)

22 printf(” ( b ) Loop ga in ( kL ) = %. 1 f s ˆ−1\n\ t \ t= %. 1 f
dB\n\n”,Kl ,Kl_dB)

23 printf(” ( c ) With S1 open as shown , t h e r e i s no phase
l o c k and the beat f r e q u e n c y = %d kHz\n\n”,fd

/1000)

24 printf(” ( d ) ( i ) f o = %d kHz\n”,fi /1000)
25 printf(” ( i i ) S t a t i c phase e r r o r = %. 3 f rad \n”,

theta)

26 printf(” ( i i i ) Vo = %. 1 f V\n\n”,Vo)
27 printf(” ( e ) Hold−i n range Df = %. 2 f kHz\n\n”,fd1

/1000)

28 printf(” ( f ) Maximum v a l u e o f vd = %. 3 f V d . c ”,Vd1)

Scilab code Exa 8.6 Example 6
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1 // Chapter 8 , Problem 6
2 clc

3 f1=70e6 // s e c t i o n 1 , f r e q u e n c y i n
h e r t z

4 f2=5e6 // s e c t i o n 2 , f r e q u e n c y i n
h e r t z

5 f3=400e3 // s e c t i o n 3 , f r e q u e n c y i n
h e r t z

6 f4=80e3 // s e c t i o n 4 , f r e q u e n c y i n
h e r t z

7

8 // c a l c u l a t i o n
9 F3h=f3+f4

10 F3l=f3 -f4

11

12 F2h=f2+F3h

13 F2l=f2 -F3h

14

15 F1h=f1+F2h

16 F1l=f1 -F2h

17

18 printf(” Mixer 3 : %d Khz and %d Khz\n”,F3h/1000, F3l
/1000)

19 printf(” A f t e r f i l t e r 3 : %d Khz\n\n”,F3h /1000)
20 printf(” Mixer 2 : %. 2 f Mhz and %. 2 f Mhz\n”,F2h/10^6,

F2l /10^6)

21 printf(” A f t e r f i l t e r 2 : %. 2 f Mhz\n\n”,F2h /10^6)
22 printf(” Mixer 1 : %. 2 f Mhz and %. 2 f Mhz\n”,F1h/10^6,

F1l /10^6)

23 printf(” A f t e r f i l t e r 1 : %. 2 f Mhz\n\n”,F1h /10^6)

Scilab code Exa 8.7 Example 7

1 // Chapter 8 , Problem 7
2 clc
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3 fl=511e6 // l o w e s t f r e q u e n c y at the
d i v i d e r

4 res=1e6 // r e s o l u t i o n
5 fh=887e6 // h i g h e s t f r e q u e n c y at the

d i v i d e r
6

7 // c a l c u l a t i o n o f d i v i s i o n f a c t o r
8 N=fl/res

9 N2=fh/res

10

11 printf(” Lowest v a l u e o f d i v i s i o n f a c t o r , N = %d \n\n
”,N)

12 printf(” H ighe s t v a l u e o f d i v i s i o n f a c t o r , N = %d ”,
N2)

Scilab code Exa 8.8 Example 8

1 // Chapter 8 , Problem 8
2 clc

3 fl=18.7e6 // l o w e s t f r e q u e n c y at
the d i v i d e r

4 fo=50e3 // d i v i d e r output
5 fl2 =38.7 e6 // h i g h e s t f r e q u e n c y at

the d i v i d e r
6

7 // c a l c u l a t i o n o f d i v i s i o n f a c t o r
8 N=fl/fo

9 N2=fl2/fo

10

11 printf(” Lowest v a l u e o f d i v i s i o n f a c t o r , N = %d \n\n
”,N)

12 printf(” H ighe s t v a l u e o f d i v i s i o n f a c t o r , N = %d ”,
N2)
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