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

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

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

For example, Exa 3.51 means solved example 3.51 of this book. Sec 2.3 means
a scilab code whose theory is explained in Section 2.3 of the book.
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Chapter 2

ELECTROMAGNETIC
THEORY

Scilab code Exa 2.1 program to calculate wavelength phase velocity and

1 // example 2 . 1 , page no .−24.
2 // program to c a l c u l a t e wave length , phase v e l o c i t y

and wave impedence .
3 f=3*10^9;

4 mur =3;

5 muo =4*%pi *10^ -7;

6 eipsilao =8.854*10^ -12;

7 eipsilar =7;

8 mue=muo*mur;

9 eipsila=eipsilao*eipsilar;

10 Vp=sqrt (1/( mue*eipsila));

11 lamda=Vp/f;

12 eta=sqrt(mue/eipsila);

13 // R e s u l t
14 disp(Vp, ’ phase v e l o c i t y i n meter per second= ’ )

// phase v e l o c i t y .
15 disp(lamda , ’ wave l ength i n meter= ’ ) // wave l ength .
16 disp(eta , ’ wave impedence i n ohm= ’ ) // wave

impedence .
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Scilab code Exa 2.2 progarm to find out skin depth

1 // example : −2 . 2 . page no .−26.
2 // progarm to f i n d out s k i n depth o f aluminium ,

copper , go ld and s i l v e r at f r e q u e n c y 10GHZ.
3 f=10*10^9;

4 muo =4*%pi *10^ -7; // p e r m e a b i l i t y i n f r e e space .
5 omega =2* %pi*f;

6 sigma_aluminium =3.816*10^7;

7 sigma_copper =5.813*10^7;

8 sigma_gold =4.098*10^7;

9 sigma_silver =6.173*10^7;

10 delta1=sqrt (2/( omega*muo*sigma_aluminium));

11 delta2=sqrt (2/( omega*muo*sigma_copper));

12 delta3=sqrt (2/( omega*muo*sigma_gold));

13 delta4=sqrt (2/( omega*muo*sigma_silver));

14 // r e s u l t
15 disp(delta1 , ’ s k i n depth o f aluminium i n meter= ’ ) //

s k i n depth o f aluminium .
16 disp(delta2 , ’ s k i n depth o f copper i n meter= ’ ) //

s k i n depth o f copper .
17 disp(delta3 , ’ s k i n depth o f go ld i n meter= ’ ) // s k i n

depth o f go ld .
18 disp(delta4 , ’ s k i n depth o f s i l v e r i n meter= ’ ) //

s k i n depth o f s i l v e r .

Scilab code Exa 2.3 program to find the resulting fields

1 // example : −2 .3 , page no .−31.
2 // program to f i n d the r e s u l t i n g f i e l d s by assumibg

p l ane waves on e i t h e r s i d e o f the c u r r e n t s h e e t
and e n f o r c i n g the boundary c o n d i t i o n s .
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3 syms E x E1 E2 H1 H2 z Jo A B c N n d ko y;

4 sym( ’ n ∗ ( E2−E1 )=0 ’ ); // boundary c o n d i t i o n to be
s a t i s f i e d at z=0

5 sym( ’ z ∗ ( E2−E1 )=0 ’ ); // ” ” ”
”

6 sym( ’ n ∗ (H2−H1)=Jo ’ ); // ” ” ”
”

7 sym( ’ z ∗ (H2−H1)=Jo ’ ); // ” ” ”
”

8 E1=A*N*exp(%i*ko*z)*x; // x component o f e l e c t r i c
f i e l d ( r e g i o n z <0) .

9 H1=A*N*exp(%i*ko*z)*(-y); // −y component o f
magnet i c f i e l d ( r e g i o n z <0) .

10 E2=B*N*exp(-%i*ko*z)*x; // x component o f e l e c t r i c
f i e l d ( r e g i o n z >0) .

11 H2=B*N*exp(-%i*ko*z)*y; // y component o f e l e c t r i c
f i e l d ( r e g i o n z >0) .

12 disp(E1, ’ f o r z <0 , E1= ’ )
13 disp(H1, ’ f o r z <0 , H1= ’ )
14 disp(E2, ’ f o r z >0 , E2= ’ )
15 disp(H2, ’ f o r z >0 , H2= ’ )
16 // from boundary c o n d i t i o n s imposed . we g e t :−
17 c=[-1 -1;1 -1];

18 d=[A;B];

19 c*d==[Jo;0];

20 d=inv(c)*[Jo;0];

21 // r e s u l t
22 // A=−Jo / 2 ; B=−Jo / 2 .
23 disp(d)

Scilab code Exa 2.4 program to show decomposition in to RHCP and
LHCP

1 // example : −2 .4 , page no .−34.
2 // program to show tha t a c i r c u l a r l y p o l a r i z e d p l ane
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wave can be decomposed i n to RHCP and LHCP.
3 A=sym( ’A ’ );
4 B=sym( ’B ’ );
5 Eo=sym( ’ Eo ’ );
6 x=sym( ’ x ’ );
7 y=sym( ’ y ’ );
8 Ko=sym( ’Ko ’ );
9 z=sym( ’ z ’ );

10 E=Eo*(x+2*y)*exp(-%i*Ko*z); // g i v e n
11 // can be w r i t t e n as :=>E=A∗ ( x−y ) ∗ exp(−%i∗Ko∗ z )+B∗ ( x+

y ) ∗ exp(−%i∗Ko∗ z ) , so
12 p=[1 1;-%i/2 %i/2];

13 q=[A;B];

14 r=[1;1];

15 p*q==Eo*r;

16 q=inv(p)*Eo*r;

17 // r e s u l t
18 disp( ’ v a l u e o f A and B w i l l be= ’ )
19 disp(q)

20 disp(q(1,1)*(x-y)*exp(-%i*Ko*z)+q(2,1)*(x+y)*exp(-%i

*Ko*z), ’E= ’ )
21 // c o n c l u s i o n :−any l i n e a r l y p o l a r i z e d wave can be

decomposed i n to two c i r c u l a r l y p o l a r i z e d waves .

Scilab code Exa 2.5 program to compute the poynting vector

1 // example : −2 .5 , page no .−36.
2 // program to compute the poynt ing v e c t o r f o r the

p l ane wave f i e l d .
3 syms E Eo H k s n N x r;

4 E=Eo*exp(-%i*k*r); // e l e c t r i c f i e l d .
5 H=(E/N)*n; //N i s i n t r i n s i c impedence , n i s u n i t

v e c t o r .
6 H1=conj(H) // c o n j u g a t e o f magnet i c f i e l d .
7 s=E*H1;
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8 // r e s u l t
9 disp(s, ’ poynt ing v e c t o r i s ( meter squa r e )= ’ )

10 disp( ’ which shows tha t power d e n s i t y i s f l o w i n g i n
the d i r e c t i o n o f p r o p a g a t i o n . ’ )

Scilab code Exa 2.6 program to compute propagation constant and other

1 // example : −2 .6 , page no .−46.
2 // program to compute p r o p a g a t i o n constan , impedence ,

s k i n depth , r e f l e c t i o n and t r a n s m i s s i o n
c o e f f i c i e n t .

3 f=1*10^9;

4 omega =2* %pi*f;

5 sigma =5.813*10^7; // f o r copper .
6 mue =4*%pi *10^ -7; // p e r m e a b i l i t y i n f r e e space .
7 delta=sqrt (2/( mue*sigma*omega)); // s k i n depth .
8 gama =((1+%i)/delta); // p r o p a g a t i o n c o n s t a n t .
9 eta=gama/sigma; // impedence

10 etao =377; // i n t r i n s i c impedence i n f r e e space .
11 tao =((eta -etao)/(eta+etao)); // r e f l e c t i o n

c o e f f i c i e n t .
12 t=(2* eta)/(eta+etao); // t r a n s m i s s i o n c o e f f i c i e n t .
13 // r e s u l t
14 disp(delta , ’ s k i n depth i n meter= ’ )
15 disp(gama , ’ p r o p a g a t i o n c o n s t a n t= ’ )
16 disp(eta , ’ i n t r i n s i c impedence i n ohm= ’ )
17 disp(tao , ’ r e f l e c t i o n c o e f f i c i e n t= ’ )
18 disp(t, ’ t r a n s m i s s i o n c o e f f i c i e n t= ’ )

Scilab code Exa 2.7 program to plot the reflection coefficients

1 // example : −2 . 7 . page no .−50.
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2 // program to p l o t the r e f l e c t i o n c o e f f i c i e n t s f o r
p a r a l l e l and p e r p e n d i c u l a r p o l a r i z e d p l ane waves
i n c i d e n t from f r e e space on to a d i e l e c t r i c
r e g i o n with Er =2.55 , v e r s u s i n c i d e n c e a n g l e .

3 Er =2.55; // r e l a i t v e p e r m i t t i v i t y o f d i e l e c t r i c
medium .

4 N1=377; // i n t r i n s i c impedence
5 N2=N1/sqrt(Er); // i n t r i n s i c impedence o f

d i e l e c t r i c medium .
6 xb=asin(sqrt (1/(1+1/2.55))); // b r e w s t e r a n g l e

v a l i d on ly i n c a s e o f p a r a l l e l p o l a r i z a t i o n .
7 xt=acos(sqrt (1-(1/Er)^2*sin(xb))); // a n g l e o f

t r a n s m i s s i o n .
8 xi =[0:0.01: %pi /2]; // i n c i d e n c e a n g l e .
9 // f o r p a r a l l e l p o l a r i z a t i o n

10 N2=N2*cos(xt);

11 N1=N1*cos(xi);

12 Tpar=(N2-N1)./(N2+N1);

13 w=abs(Tpar);

14 // r e s u l t
15 subplot (1,2,1)

16 xtitle(” p a r a l l e l p o l a r i z a t i o n ”,” x i ( i n c i d e n c e a n g l e ) ”
,”Tpar ( r e f l e c t i o n c o e f f i c i e n t ) ”)

17 plot2d(xi,w,style=3,rect=[0,0,%pi /2,1])

18 // f o r p e r p e n d i c u l a r p o l a r i z a t i o n . //NOTE:− i n
c a s e o f t h i s p o l a r i z a t i o n . t h e r e i s no b r e w s t e r
a n g l e .

19 xt=acos(sqrt (1-(1/Er)^2*sin(xi)));

20 n1 =377.* cos(xt);

21 n2 =(377/ sqrt(Er)).*cos(xi);

22 Tper=(n2-n1)./(n1+n2);

23 z=abs(Tper);

24 // r e s u l t
25 subplot (1,2,2)

26 xtitle(” p e r p e n d i c u l a r p o l a r i z a t i o n ”,” x i ( i n x i d e n c e
a n g l e ) ”,” Tper ( r e f l e c t i o n c o e f f i c i e n t ) ”)

27 plot2d(xi,z,style=2,rect=[0,0,%pi /2,1])
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Figure 2.1: program to plot the reflection coefficients
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Chapter 3

TRANSMISSION LINE
THEORY

Scilab code Exa 3.1 program to determine transmission line parameters

1 // example : −3 .1 , page no .−72.
2 // program to de t e rmine t r a n s m i s s i o n l i n e pa ramete r s

.
3 syms E H Vo P a b Io mue y z Q pi L eipsila G C R Rs

w;

4 E=(Vo/(P*log(b/a)))*exp(-%i*y*z); // i n r a d i a l
d i r e c t i o n .

5 H=(Io/(2*pi*P))*exp(-%i*y*z); // i n ph i d i r e c t i o n .
6 H=H*conj(H)*P;

7 E=E*conj(E)*P;

8 L=(mue/((Io)^2))*integ(integ(H,P),Q); // s u r f a c e
i n t e g r a l i n c u l i n d r i c a l c o o r d i n a t e system

9 L=limit(L,P,b)-limit(L,P,a); // l i m i t s when
i n t e g r a t e d w. r . t rho .

10 L=limit(L,Q,2*pi)-limit(L,Q,0); // l i m i t s when
i n t e g r a t e d w. r . t ph i .

11 C=( eipsila /(Vo^2))*integ(integ(E,P),Q); // s u r f a c e
i n t e g r a l i n c u l i n d r i c a l c o o r d i n a t e system

12 C=limit(C,P,b)-limit(C,P,a); // l i m i t s when
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i n t e g r a t e d w. r . t rho .
13 C=limit(C,Q,2*pi)-limit(C,Q,0); // l i m i t s when

i n t e g r a t e d w. r . t ph i .
14 R=(Rs/(Io^2))*integ(H,Q);

15 R=limit(R,P,b)+limit(R,P,a);

16 R=limit(R,Q,2*pi)-limit(R,Q,0); // l i m i t s when
i n t e g r a t e d w. r . t ph i .

17 G=((w*eipsila)/(Vo^2))*integ(integ(E,P),Q); //
s u r f a c e i n t e g r a l i n c u l i n d r i c a l c o o r d i n a t e system

18 G=limit(G,P,b)-limit(G,P,a); // l i m i t s when
i n t e g r a t e d w. r . t rho .

19 G=limit(G,Q,2*pi)-limit(G,Q,0); // l i m i t s when
i n t e g r a t e d w. r . t ph i .

20 // r e s u l t
21 disp(L, ’ s e l f −i n d u c t a n c e i n H/m = ’ )
22 disp(C, ’ c a p a c i t a n c e i n F/m = ’ )
23 disp(R, ’ r e s i s t a n c e i n Ohm/m = ’ )
24 disp(G, ’ shunt conductance i n S/m = ’ )

check Appendix AP 2 for dependency:

smith_chart_tao.sci

Scilab code Exa 3.2 program to find out load impedence

1 // example : −3 .2 , page no .−87.
2 // program to f i n d out l oad impedence .
3 Zo=100; // c h a r a c t e r i s t i c impedence .
4 tao =0.560+0.215* %i; // r e f l e c t i o n c o e f f i c i e n t .
5 z=(1+ tao)/(1-tao); // no rma l i z ed impedence (

no rma l i z e d w. r . t Zo )
6 Zl=z*Zo;

7 // r e s u l t
8 disp(Zl, ’ l o ad impedence = ’ )
9 // by smith c h a r t .

10 smith_chart(tao)
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Figure 3.1: program to find out load impedence

11 // when a n a l y s e with the he lp o f smith c h a r t . s e e the
a n g l e from x=0 a x i s i . e T a o r e a l a x i s . i f i t i s

above t h i s a x i s take a n g l e a n t i c l o c k w i s e and i f
i t i s be low t h i s a x i s . t ake a n g l e c l o c k w i s e from
T a o r e a l a x i s below .

check Appendix AP 4 for dependency:

reflection_coefficient.sci

check Appendix AP 2 for dependency:

smith_chart_tao.sci

check Appendix AP 5 for dependency:
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swr.sci

Scilab code Exa 3.3 program to find out return loss in dB and others

1 // example : −3 .3 , page no .−87.
2 // program to f i n d out r e t u r n l o s s i n dB ,SWR and

r e f l e c t i o n c o e f f i c i e n t .
3 Zl=80 -40*%i; // l oad impedence .
4 Zo=50; // c h a r a c t e r i s t i c impedence .
5 z=Zl/Zo; // no rma l i z ed impedence .
6 tao=reflection_coefficient(Zl ,Zo);

7 SWR=VSWR(abs(tao));

8 Rl=-20* log10(abs(tao));

9 disp(abs(tao), ’ r e f l e c t i o n c o e f f i c i e n t = ’ )
10 disp(SWR , ’ s t a n d i n g wave r a t i o = ’ )
11 disp(Rl, ’ r e t u r n l o s s i n dB = ’ )
12 smith_chart(tao)

13 // when a n a l y s e with the he lp o f smith c h a r t . s e e the
a n g l e from x=0 a x i s i . e T a o r e a l a x i s . i f i t i s

above t h i s a x i s take a n g l e a n t i c l o c k w i s e and i f
i t i s be low t h i s a x i s . t ake a n g l e c l o c k w i s e from
T a o r e a l a x i s below .

check Appendix AP 3 for dependency:

input_impedence.sci

check Appendix AP 4 for dependency:

reflection_coefficient.sci

check Appendix AP 5 for dependency:

swr.sci
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Figure 3.2: program to find out return loss in dB and others
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Scilab code Exa 3.4 program to find input impedence and SWR of line

1 // example no . −3 .4 , page no .−88.
2 // program to f i n d input impedence and SWR o f l i n e .
3 Zo=75;Zl =37.5+75* %i;l=0.02; eipsilar =2.56;f=3*10^9;c

=3*10^8;

4 b=(2* %pi*f*sqrt(eipsilar))/c; // beta
5 tao=reflection_coefficient(Zl ,Zo);

6 Zin=input_impedence(tao ,b,l,Zo);

7 // r e s u l t
8 disp(Zin , ’ i npu t impedence = ’ )
9 tao=abs(tao);

10 s=VSWR(tao);

11 // r e s u l t
12 disp(s, ’SWR o f the l i n e = ’ )

Scilab code Exa 3.5 program to find out load admittance and other

1 // example : −3 .5 , page no .−91.
2 // program to f i n d out l oad admit tance and input

admit tance o f the l i n e
3 syms lamda;

4 Zl =100+50* %i;

5 Zo=50;

6 le =0.15; // e l e c t r i c a l l e n g t h ( l / lamda ) .
7 b=(2* %pi);

8 tao=reflection_coefficient(Zl ,Zo);

9 Zin=input_impedence(tao ,b,le ,Zo);

10 Yin =1/Zin;

11 Yl=1/Zl;

12 // r e s u l t
13 disp(Yin , ’ i npu t admit tance = ’ )
14 disp(Yl, ’ l o ad admit tance = ’ )
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Scilab code Exa 3.6 program to find out characteristic impedence

1 // example : −3 .6 , page no .−93.
2 // program to f i n d out c h a r a c t e r i s t i c impedence and

p l o t the magnitude o f r e f l e c t i o n c o e f f i c i e n t
v e r s u s no rma l i z ed f r e q u e n c y .

3 Zl=100; // l oad impedence
4 Zi=50; // impedence o f l i n e which i s to be matched
5 // as i t i s a q u a r t e r wave t r a n s f o r m e r so , Z i =(Zo ) ˆ2/

z l ;
6 Zo=sqrt(Zi*Zl);

7 disp(Zo, ’ c h a r a c t e r i s t i c impedence o f tne matching
s e c t i o n= ’ )

8 syms f fo x;

9 x=f/fo;

10 x=0:0.001:4;

11 y=(%pi/2)*(x);

12 Zin=Zo*(((Zl*cos(y))+(Zo*%i*sin(y)))./((Zo*cos(y))+(

Zl*%i.*sin(y))))

13 tao =((Zin -Zo)./(Zin+Zo));

14 tao=abs(real(tao)+imag(tao));

15 plot2d(x,tao ,style=6,rect =[0,0,4,1])

16 xtitle(” r e f l e c t i o n c o e f f i c i e n t v e r s u s no rm a l i z ed
f r e q u e n c y f o r q u a r t e r wave t r a n s f o r m e r ”,” f / f o ”,”
tao ( r e f l e c t i o n c o e f f i c i e n t ) ”)

check Appendix AP 2 for dependency:

smith_chart_tao.sci

Scilab code Exa 3.7 program to determine unknown load impedence
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Figure 3.3: program to find out characteristic impedence
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1 // example : −3 .7 , page no .−101.
2 // NOTE:− t h i s example i s a method f o r c a l c u l a t i n g

unknown load impedence o f s l o t t e d l i n e s e c t i o n .
a l l data a r e g i v e n and preassumed .

3 // program to de t e rmine unknown load impedence .
4 Zl=0;Zo=50; // f o r s h o r t c i r c u i t t i n g the l oad .
5 SWR=%inf;

6 // s h o r t c i r c u i t i s removed and r e p l a c e with unknown
load .

7 SWR =1.5; lamda =0.04;

8 lmin =4.2 -2.72;

9 tao =(1.5 -1) /(1.5+1);

10 theta=(%pi +((4* %pi)/4) *1.48);

11 tao=abs(tao)*exp(%i*theta);

12 Zl =50*((1+ tao)/(1-tao));

13 // r e s u l t
14 disp(Zl, ’ l o ad impedence = ’ )
15 smith_chart(tao)

16 // when a n a l y s e with the he lp o f smith c h a r t . s e e the
a n g l e from x=0 a x i s i . e T a o r e a l a x i s . i f i t i s

above t h i s a x i s take a n g l e a n t i c l o c k w i s e and i f
i t i s be low t h i s a x i s . t ake a n g l e c l o c k w i s e from
T a o r e a l a x i s below .

Scilab code Exa 3.8 program to calculate attenuation constant

1 // example : −3 .8 , page no .−108.
2 // program to c a l c u l a t e a t t e n u a t i o n c o n s t a n t .
3 syms alpha R Rs L G C eta a b w pi eipsila eipsilac

mue eta;

4 // from example 3 .1 :− a lpha =(R∗ ( s q r t (C/L)+G∗ s q r t (L/C) )
;

5 eta=sqrt(mue/eipsila);
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Figure 3.4: program to determine unknown load impedence
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6 L=(mue /(2*pi))*(log(b/a));

7 C=(2*pi*eipsila)/log(b/a);

8 R=(Rs/(2*pi))*((1/a)+(1/b));

9 G=(2*pi*w*eipsilac)/log(b/a);

10 alpha =(1/2) *(R*sqrt(C/L)+G*sqrt(L/C));

11 disp(alpha , ’ a t t e n u a t i o n c o n s t a n t = ’ )

Scilab code Exa 3.9 program to find the attenuation constant

1 // example : −3 .9 , page no .−111.
2 // program to f i n d ht e a t t e n u a t i o n c o n s t a n t o f

c o a x i a l l i n e .
3 syms E H Vo Zo P a b B z pi Po Q Rs Plc alpha Pld

Plc w eipsila;

4 //Zo=( e ta /(2∗ p i ) ) ∗ l o g ( b/a ) ;
5 E=(Vo/(P*(log(b)-log(a))))*exp(-%i*B*z); //B=beta .
6 H=(Vo/(2*pi*P*Zo))*exp(-%i*B*z);

7 H=conj(H)*P; // f o r d e f i n i n g E c r o s s H∗ .
8 Po =(1/2)*integ(integ((E*H),P),Q);

9 Po=limit(Po ,P,b)-limit(Po,P,a);

10 Po=limit(Po ,Q,2*pi)-limit(Po,Q,0);

11 disp(Po, ’ power f l o w i n g on the l o s s l e s s l i n e = ’ )
12 H=(H*conj(H))/P; // f o r d e f i n i n g |H | ˆ 2 ;
13 Plc=(Rs/2)*integ(integ(H,z),Q);

14 Plc=limit(Plc ,P,b)+limit(Plc ,P,a);

15 Plc=limit(Plc ,z,1)-limit(Plc ,z,0);

16 Plc=limit(Plc ,Q,2*pi)-limit(Plc ,Q,0);

17 disp(Plc , ’ c onduc to r l o s s = ’ )
18 E=E*conj(E)*P;

19 Pld =((w*eipsila)/2)*integ(integ(integ(E,P),Q),z);

20 Pld=limit(Pld ,P,b)-limit(Pld ,P,a);

21 Pld=limit(Pld ,z,1)-limit(Pld ,z,0);

22 Pld=limit(Pld ,Q,2*pi)-limit(Pld ,Q,0);

23 disp(Pld , ’ d i e l e c t r i c l o s s = ’ )
24 alpha=(Pld+Plc)/(2*Po); // a t t e n u a t i o n c o n s t a n t .
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25 disp(alpha , ’ a t t e n u a t i o n c o n s t a n t = ’ )

Scilab code Exa 3.10 program to calculate attenuaton

1 // example : −3 .10 , page no .−114.
2 // program to c a l c u l a t e a t t e nua ton due to conduc to r

l o s s o f a c o a x i a l l i n e u s i n g i n c r e m e n t a l
i n d u c t a n c e r u l e .

3 syms Zo eta pi a b Rs l alpha alpha_c alpha_dash

delta alpha_c_dash sigma w mue;

4 sd=sqrt (2/(w*mue*sigma))

5 Zo=(eta*log(b/a))/(2*pi);

6 alpha_c =(Rs/(4*Zo*pi^2))*(diff(log(b/a),b)-diff(log(

b/a),a));

7 disp(alpha_c , ’ a t t e n u a t i o n due to conduc to r l o s s = ’ )
8 alpha_c_dash=alpha_c *(1+((2/ pi)*atan ((1.4* delta)/sd)

));

9 disp(alpha_c_dash , ’ a t t e n u a t i o n c o r r e c t e d f o r s u r f a c e
r oughne s s = ’ )

26



Chapter 4

TRANSMISSION LINE AND
WAVEGUIDES

Scilab code Exa 4.1 program to find the cut off frequency

1 // example : −4 .1 , page no .−148.
2 // program to f i n d the cut o f f f r e q u e n c y f o the

f i r s t f o u r p r o p a g a t i n g modes .
3 a=0.02286;b=0.01016;f=10*10^9;k=209.44; sigma

=5.8*10^7; mue=4*%pi *10^ -7;

4 c=3*10^8;

5 m=0;n=1;

6 fc=(c/(%pi *2))*sqrt (((%pi*m)/a)^2+(( %pi*n)/b)^2);

7 fc=fc /(10^9);

8 disp(fc, ’ cut−o f f f r e q u e n c y f o r TE01 mode i n GHZ= ’ )
9 m=1;n=0;

10 fc=(c/(%pi *2))*sqrt ((( %pi*m)/a)^2+(( %pi*n)/b)^2);

11 fc=fc /(10^9);

12 disp(fc, ’ cut−o f f f r e q u e n c y f o r TE10 mode i n GHZ= ’ )
13 m=2;n=0;

14 fc=(c/(%pi *2))*sqrt ((( %pi*m)/a)^2+(( %pi*n)/b)^2);

15 fc=fc /(10^9);

16 disp(fc, ’ cut−o f f f r e q u e n c y f o r TE20 mode i n GHZ= ’ )
17 m=1;n=1;
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18 fc=(c/(%pi *2))*sqrt (((%pi*m)/a)^2+(( %pi*n)/b)^2);

19 fc=fc /(10^9);

20 disp(fc, ’ cut−o f f f r e q u e n c y f o r TE11 mode i n GHZ= ’ )
21 B=sqrt(k^2-(%pi/a)^2) // f o r TE10 mode
22 Rs=sqrt (((2* %pi*f)*mue)/(2* sigma)); // s u r f a c e

r e s i s t a n c e .
23 disp(Rs, ’ s u r f a c e r e s i s t a n c e i n ohm= ’ )
24 ac=(Rs/(a^3*b*B*k*377))*((2*b*%pi^2)+(a^3*k^2)) //

a t t e n u a t i o n c o n s t a n t .
25 ac=-20*(-ac)*log10(%e);

26 disp(ac, ’ a t t e n u a t i o n c o n s t a n t i n dB/m= ’ )

Scilab code Exa 4.2 program to find the cut off frequency

1 // example : −4 .2 , page no .−160.
2 // program to f i n d the cut o f f f r e q u e n c y o f two

p r o p a g a t i n g modes o f a c i r c u l a r waveguide .
3 a=0.005; eipsilar =2.25;f=13*10^9;c=3*10^8;d=0.001;

sigma =6.17*01^7; muo =4*%pi *10^ -7;

4 m=1;n=1;

5 p11 =1.841; p01 =2.405;

6 fc=(p11*c)/(2* %pi*a*sqrt(eipsilar));

7 kc=p11/a;

8 fc=fc /(10^9);

9 disp(fc, ’ cut−o f f f r e q u e n c y f o r TE11 mode i n GHZ ’ )
10 m=0;n=1;

11 fc=(p01*c)/(2* %pi*a*sqrt(eipsilar));

12 fc=fc /(10^9);

13 disp(fc, ’ cut−o f f f r e q u e n c y f o r TE01 mode i n GHZ ’ )
14 // so , TE01 can ’ t be p r o p a g a t i n g mode . on ly TE11 w i l l

be .
15 k=(2* %pi*f*sqrt(eipsilar))/c;

16 disp(k, ’ k i n m−1= ’ )
17 B=sqrt(k^2-kc^2);

18 disp(B, ’ p r o p a g a t i o n c o n s t a n t o f TE11 mode ’ )
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19 ac=(k^2*d)/(2*B);

20 Rs=sqrt ((2* %pi*f*muo)/(2* sigma)); // s u r f a c e
r e s i s t a n c e .

21 acm=(Rs/(a*k*377*B))*(kc^2+((k^2)/(p11^2-1)));

22 a=ac+acm;

23 a= -20*( -0.547*0.5)*log10(%e);

24 disp(a, ’ t o t a l a t t e n u a t i o n f a c t o r i n dB= ’ )

Scilab code Exa 4.3 program to find out the highest usable frequency

1 // example : −4 .3 , page no .−167.
2 // program to f i n d out the h i g h e s t u s a b l e f r e q u e n c y .
3 a=0.000889;b=0.0029464; eipsilar =2.2;c=3*10^8;

4 // he r e ( b/a ) =3.3 , so f o r t h i s kc ∗a =0.47
5 kc =0.47/a;

6 fc=(c*kc)/(2* %pi*sqrt(eipsilar))

7 fc=fc /(10^9);

8 fmax =0.95* fc;

9 disp(fmax , ’maximum u s a b l e f r e q u e n c y i n GHZ= ’ )

Scilab code Exa 4.4 program to calculate and plot propagation constant

1 // example : −4 .4 , page no .−175.
2 // program to c a l c u l a t e and p l o t the p r o p a g a t i o n

c o n s t a n t o f f i r s t t h r e e p r o p a g a t i n g s u r f a c e wave
mode .

3 eipsilar =2.55;c=3*10^8; // x=d/ lamdao ;
4 x=0.001:0.01:1.2;

5 for n=0:1:4

6 y=sqrt(eipsilar -((n^2) ./(4.*(x^2)*(eipsilar -1))));

// y=beta / lamdao ;
7 plot2d(x,y,style=2,rect =[0 ,0 ,1.2 ,1.6])

8 end
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Figure 4.1: program to calculate and plot propagation constant

9 x=0.001:0.01:1.2;

10 for n=1:1:4

11 y=sqrt(eipsilar -((((2.*n) -1)^2) ./(16.*(x^2)*(

eipsilar -1))))

12 plot2d(x,y,style=6,rect =[0 ,0 ,1.2 ,1.6])

13 end

14 xtitle(” p l o t o f p r o p a g a t i o n c o n s t a n t o f f i r s t 4 mode
”,”d/ lamdao ”,” beta /Ko”);

15 legend(”TE MODE”)

Scilab code Exa 4.5 program to find width of a copper strip line

1 // example : −4 .5 , page no .−180.
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2 // program to f i n d width o f a copper s t r i p l i n e
conduc to r .

3 eipsilar =2.20; Zo=50;b=0.0032;d=0.001 ,f=10^10;t

=0.00001;

4 c=3*10^8; Rs =0.026;A=4.74;

5 x=(30* %pi)/(sqrt(eipsilar)*Zo);

6 x=x -0.441;

7 w=b*x;

8 if ((sqrt(eipsilar)*Zo) <120)

9 disp(” width o f copper s t r i p l i n e conduc to r i s
0 . 0 0 2 6 6m”)

10 end

11 K=(2* %pi*f*sqrt(eipsilar))/c;

12 ad=(K*d)/2;

13 ac =(2.7*(10^ -3)*Rs*eipsilar*Zo*A)/(30* %pi*(b-t));

14 a=ac+ad;

15 a=20*a*log10(%e);

16 lamda=c/(sqrt(eipsilar)*f);

17 alamda=lamda*a;

18 disp(K, ’ wave number= ’ )
19 disp(ad, ’ d i e l e c t r i c a a t t e n u a t i o n= ’ )
20 disp(ac, ’ c onduc to r a t t e n u a t i o n= ’ )
21 disp(a, ’ t o t a l a t t e n u a t i o n c o n s t a n t= ’ )
22 disp(alamda , ’ a t t e n u a t i o n i n dB/ lamda= ’ )

Scilab code Exa 4.7 program to calculate width and length

1 // example : −4 .7 , page no .−187.
2 // program to c a l c u l a t e the width and l e n g t h o f

m i c r o s t r i p l i n e .
3 eipsilae =1.87; // e f f e c t i v e d i e l e c t r i c c o n s t a n t .
4 Zo=50;q=%pi/2;c=3*10^8;

5 f=2.5*10^9;

6 ko=(2* %pi*f)/c;

7 d=0.00127;
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8 eipsilar =2.20;

9 // f o r w/d>2;
10 B=7.985;

11 w=3.081*d*100;

12 disp(w, ’ width i n c e n t i meter= ’ )
13 l=(q*100)/(sqrt(eipsilae)*ko);

14 disp(l, ’ l e n g t h o f m i c r o s t r i p i n c e n t i meter= ’ )

Scilab code Exa 4.9 program to calculate the group velocity

1 // example : −4 .9 , page no .−197.
2 // program to c a l c u l a t e the group v e l o c i t y .
3 syms w c v;

4 B=sym( ’B ’ );
5 ko=sym( ’ ko ’ );
6 kc=sym( ’ kc ’ );
7 ko=w/c;

8 B=sqrt(ko^2-kc^2);

9 v=diff(B,w);

10 vg=v^(-1);

11 vg=(c*B)/ko;

12 vp=w/B;

13 disp(vg, ’ group v e l o c i t y= ’ )
14 disp(vp, ’ phase v e l o c i t y= ’ )
15 disp( ’ c o n c l u s i o n :− s i n c e B<ko , we have tha t vg<c<vp ,

which i n d i c a t e s tha t the phase v e l o c i t y o f a
waveguide mode may be g r e a t e r than the speed o f
l i g h t . but the group v e l o c i t y w i l l be l e s s e r than
the speed o f l i g h t . ’ )
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Chapter 5

MICROWAVE NETWORK
ANALYSIS

Scilab code Exa 5.1 program to find equivalent voltages and current

1 // example : −5 .1 , page no .−209.
2 // program to f i n d the e q u i v a l e n t v o l t a g e s and

c u r r e n t .
3 syms a b A Zte V I C1 C2 P;

4 P=(a*b*A^2) /(4* Zte);

5 c=(1/2)*V*I;

6 d=(1/2) *(A^2)*C1*C2;

7 C1=sqrt((a*b)/2); // on c o m p a r i s i o n .
8 C2=sqrt((a*b)/2)*Zte; // on c o m p a r i s i o n .
9 c=[C1 C2];

10 disp(c)

11 disp(” which co mp l e t e s the t r a n s m i s s i o n l i n e
e q u i v a l e n c e f o r the TE10 mode . ”)

Scilab code Exa 5.2 program to compute reflection coefficient
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1 // example : −5 .2 , page no .−212.
2 // program to compute r e f l e c t i o n c o e f f i c i e n t .
3 a=0.03485;b=0.01580; eipsilao =8.854*10^ -12; muo=4*%pi

*10^ -7;

4 f=4.5*10^9;

5 w=2*%pi*f; // a n g u l a r f r e q u e n c y .
6 // f o r z<0 r e g i o n a i r f i l l e d .
7 eipsilar =2.56; // f o r z>0 r e g i o n .
8 ko=w*sqrt(muo*eipsilao);

9 k=ko*sqrt(eipsilar);

10 Ba=sqrt(ko^2-(%pi/a)^2); // p r o p a g a t i o n c o n s t a n t i n
a i r r e g i o n z <0.

11 Bd=sqrt(k^2-(%pi/a)^2); // p r o p a g a t i o n c o n s t a n t i n
d i e l e c t r i c r e g i o n z >0.

12 Zoa=(ko*377)/Ba;

13 Zod=(ko*377)/Bd;

14 tao=(Zod -Zoa)/(Zod+Zoa);

15 disp(tao , ’ r e f l e c t i o n c o e f f i c i e n t ’ )

Scilab code Exa 5.3 program to find z parameter of two port network

1 // example : −5 .3 , page no .−220.
2 // program to f i n d the z parameter o f the two po r t

network .
3 syms Z11 Z12 Z22 Z21 V1 I1 V2 I2 Za Zb Zc;

4 Z11=Za+Zc; // f o r I 2 =0.
5 Z12=(Zc/(Zb+Zc))*(Zb+Zc); // f o r I1 =0.
6 Z21=(Zc/(Za+Zc))*(Za+Zc); // f o r I 2 =0.
7 Z22=Zb+Zc; // f o r I1 =0.
8 Z=[Z11 Z12;Z21 Z22]; // z−parameter matr ix .
9 disp(Z, ’Z−parameter o f two po r t network = ’ )

Scilab code Exa 5.4 program to find the s parameter of 3 dB attenuator
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1 // example : −5 .4 , page no .−221.
2 // program to f i n d the s−parameter o f 3−dB

a t t e n u a t o r c i r c u i t .
3 Za =8.56; Zb=8.56 ,Zc =141.8; Zo=50;

4 S11 =((((( Zo+Zb)*Zc)/(Zo+Zb+Zc))+Za)-Zo)/((((( Zo+Zb)*

Zc)/(Zo+Zb+Zc))+Za)+Zo); // r e f l e c t i o n
c o e f f i c i e n t s e en at po r t 1 .

5 S22 =((((( Zo+Za)*Zc)/(Zo+Za+Zc))+Zb)-Zo)/((((( Zo+Za)*

Zc)/(Zo+Za+Zc))+Zb)+Zo); // r e f l e c t i o n
c o e f f i c i e n t s e en at po r t 2 .

6 S12 =(((1/(((( Zo+Za)*Zc)/(Zo+Za+Zc))+Zb))*(((Zo+Za)*

Zc)/(Zo+Za+Zc)))*(Zo/(Zo+Za))); // t r a n s m i s s i o n
c o e f f i c i e n t from por t 2 to 1 .

7 S21 =(((1/(((( Zo+Zb)*Zc)/(Zo+Zb+Zc))+Za))*(((Zo+Zb)*

Zc)/(Zo+Zb+Zc)))*(Zo/(Zo+Zb))); // t r a n s m i s s i o n
c o e f f i c i e n t from por t 1 to 2 .

8 S=[S11 S12;S21 S22]; // s−parameter matr ix .
9 disp(S, ’ S−parameter o f 3−db a t t e n u a t o r c i r c u i t i s = ’

)

Scilab code Exa 5.5 program to determine reciprccity and losslessness

1 // example : −5 .5 , page no .−226.
2 // program to de t e rmine the r e c i p r c c i t y and l o s s l e s s

o f two po r t network and f i n d r e t u r n l o s s .
3 syms S Rl tao;

4 S=[0.1 0.8*%i ;0.8*%i 0.2]; // s−parameter matr ix .
5 if (S(1,2)==S(2,1))

6 disp(” the network i s r e c i p r o c a l . ”)
7 else

8 disp(” the network i s not r e c i p r o c a l . ”)
9 end

10 if (S(1,1)^2+S(1,2) ^2==1)

11 disp(” the network i s l o s s l e s s . ”)
12 else
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13 disp(” the network i s l o s s y . ”)
14 end

15 tao=S(1,1) -(S(1,2)*S(2,1))/(1+S(2,2)); // input
r e f l e c t i o n c o e f f i c i e n t .

16 Rl=-20* log10(abs(tao)); // r e t u r n l o s s i n dB .
17 // r e s u l t
18 disp(Rl, ’ r e t u r n l o s s at po r t 1 i n dB= ’ )

Scilab code Exa 5.6 program to find ABCD parameter of two port net-
work

1 // example : −5 .6 , page no .−232.
2 // program to f i n d the ABCD parameter o f a two−po r t

network .
3 syms A B C D V1 V2 I1 I2 Z;

4 //A=V1/V2 ; // f o r i 2 =0;
5 A=1;

6 B=V1/(V1/Z);

7 C=0;

8 D=I1/I1;

9 ABCD=[A B;C D];

10 // r e s u l t
11 disp(ABCD , ’ abcd parameter ’ )

Scilab code Exa 5.7 program to find admittance matrix for bridge T

1 // example : −5 .7 , page no .−238.
2 // program to f i n d the admit tance matr ix f o r b r idge−

T network .
3 syms Za Z1 Z2 Z3 Y Ya Yb D;

4 Za=[Z1+Z2 Z2;Z2 Z1+Z2];

5 Yb=[1/Z3 -1/Z3;-1/Z3 1/Z3];

6 Y1=1/Z1;Y2=1/Z2;
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7 Ya=1/Za;

8 Y=Ya+Yb;

9 D=((Z2+Z1)^2-Z2^2);

10 // r e s u l t
11 disp(Y, ’ admi t tance matr ix f o r b r idge−T network= ’ )

Scilab code Exa 5.8 program to compute power gains

1 // example : −5 .8 , page no .−243.
2 // program to compute power g a i n s .
3 f=10^10; Zs=20;Zl=30;Zo=50;

4 S=[ -0.39+%i *0.225 0.009848+ %i * -0.001736;2.02+0.356*

%i -0.3464-%i *0.2];

5 taos=(Zs-Zo)/(Zs+Zo);

6 taol=(Zl-Zo)/(Zl+Zo);

7 taoin=S(1,1)+((S(1,2)*S(2,1)*taol)/(1-S(2,2)*taol));

8 taoout=S(2,2)+((S(1,2)*S(2,1)*taos)/(1-S(1,1)*taos))

;

9 Ga=(abs(S(2,1)^2)*(1-abs(taos)^2))/((abs(1-S(1,1)*

taos)^2)*(1-abs(taoout)^2));

10 Gt=(abs(S(2,1)^2)*(1-abs(taos)^2)*(1-abs(taol)^2))

/(( abs(1-S(2,2)*taol)^2)*abs(1-taos*taoin)^2);

11 G=(abs(S(2,1)^2)*(1-abs(taol)^2))/((abs(1-S(2,2)*

taol)^2)*(1-abs(taoin)^2));

12 disp(G, ’ a c t u a l power ga in= ’ )
13 disp(Ga, ’ the a v a i l a b l e power ga in= ’ )
14 disp(Gt, ’ the t r a n s d u c e r power ga in= ’ )
15 disp(taoin , ’ r e f l e c t i o n c o e f f i c i e n t l o o k i n g at po r t

1= ’ )
16 disp(taoout , ’ r e f l e c t i o n c o e f f i c i e n t l o o k i n g at po r t

2= ’ )
17 disp(taos , ’ r e f l e c t i o n c o e f f i c i e n t at the s o u r c e= ’ )
18 disp(taol , ’ r e f l e c t i o n c o e f f i c i e n t at the l oad= ’ )
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Scilab code Exa 5.9 program to derive the expression for taoin

1 // example : −5 .9 , page no .−248.
2 // program to d e r i v e the e x p r e s s i o n f o r t a o i n .
3 syms S S11 S22 S12 S21 taol taoin a1 a2 b1 b2 a b;

4 S=[S11 S12;S21 S22];

5 b=[b1;b2];

6 a=[a1;a2];

7 b=S*a;

8 disp(b)

9 // so , S11 w i l l be the r e f l e c t i o n c o e f f i c i e n t i . e
t a o i n .

10 taoin=S11 +((S21*S12*taol)/(1-S22*taol));

11 // r e s u l t
12 disp(taoin , ’ the e x p r e s s i o n f o r t a o i n w i l l be= ’ )

Scilab code Exa 5.10 program to find out expression for taoin

1 // example : −5 . 1 0 . page no .−250.
2 // program to f i n d out e x p r e s s i o n f o r t a o i n .
3 syms P1 P2 S11 S22 S12 S21 taol taoin L1 l2;

4 P1=S11; // path one .
5 P2=S21*S12*taol; // path second .
6 L1=taol*S22; // l oop ga in f o r path 1 .
7 L2=L1^2; // l oop ga in t a k i n g two at a t ime . ( but

on ly one l oop w i i l e x i s t . i . e=L1 . )
8 L2=0;

9 // from mason ’ s ga in fo rmu la .
10 taoin=(S11*(1-taol*S22)+(S21*taol*S12))/(1-taol*S22)

;

11 // r e s u l t
12 disp(taoin)
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Scilab code Exa 5.11 determine amplitude of forward and backward wave

1 // example : −5 .11 , page no .−264.
2 // program to de t e rmine the ampl i tude o f the fo rward

and backward t r a v e l l i n g TE10 modes and the input
r e s i s t a n c e .

3 syms Io a b x y z h1 e1 J P1 A1p A1m pi Z1 delta b1

j P Rin;

4 e1=sin(pi*x/a); // i n y d i r e c t i o n .
5 h1=-sin(pi*x/a)/Z1; // i n z d i r e c t i o n .
6 P1=(2/Z1)*integ(integ(sin(pi*x/a)^2,x),y);

7 P1=limit(P1 ,x,a)-limit(P1,x,0);

8 P1=limit(P1 ,y,b)-limit(P1,y,0);

9 // t a k i n g s i n (2∗ p i ) =0. we get ,
10 P1=a*b/Z1;

11 A1p=(-1/P1)*Io*y; // as f o r x , i t w i l l be one at x=a
/2 and 1 f o r z at z =0;

12 A1p=limit(A1p ,y,b)-limit(A1p ,y,0);

13 A1m=(-1/P1)*Io*y; // as f o r x , i t w i l l be one at x=a
/2 and 1 f o r z at z =0;

14 A1m=limit(A1m ,y,b)-limit(A1m ,y,0);

15 P=integ(integ (((A1p^2)/Z1)*sin(pi*x/a)^2,x),y);

16 P=limit(P,x,a)-limit(P,x,0);

17 P=limit(P,y,b)-limit(P,y,0);

18 // t a k i n g s i n (2∗ p i ) =0. we get ,
19 P=(b*(Io^2)*Z1*pi)/(2*a*pi);

20 Rin =2*P/(Io^2);

21 disp(A1p , ’ ampl i tude o f the fo rward t r a v e l l i n g wave =
’ )

22 disp(A1m , ’ ampl i tude o f the backward t r a v e l l i n g wave
= ’ )

23 disp(Rin , ’ i npu t r e s i s t a n c e s e en by the probe = ’ )
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Scilab code Exa 5.12 find excitation coefficient of forward wave TE10

1 // example : −5 .12 , page no .−265.
2 // program to f i n d the e x c i t a t i o n c o e f f i c i e n t o f the

fo rward t r a v e l l i n g TE10 mode .
3 syms M Pm uo w j a b Io x y z ro pi Z1 h1 A1p P1 no

ko uo eo;

4 ko=w*sqrt(uo*eo);

5 no=sqrt(uo/eo);

6 h1=sin(pi*x/a)*(-1/Z1); // i n x d i r e c t i o n .
7 P1=(2/Z1)*integ(integ(sin(pi*x/a)^2,x),y);

8 P1=limit(P1 ,x,a)-limit(P1,x,0);

9 P1=limit(P1 ,y,b)-limit(P1,y,0);

10 // t a k i n g s i n (2∗ p i ) =0. we get ,
11 P1=a*b/Z1;

12 Pm=Io*pi*(ro^2); // d e f i n e d at x=a /2 , y=b/2 and z =0;
13 M=j*w*uo*Pm;

14 A1p =(1/P1)*( -(1/Z1)*M);

15 disp(A1p , ’ the f o rward wave e x c i t a t i o n c o e f f i c i e n t
w i l l be = ’ )

16 disp(” ! ! NOTE:− r e p l a c e w=s q r t ( uo∗ eo ) and no=s q r t ( uo/
eo ) , the answer w i l l match ! ! ”)

17 disp(” NOTE:− on i n t e g r a t i n g , x component w i l l
become one at x=a /2 , y component w i l l become one
at y=b/2 and z component w i l l become one at z =0. ”
)
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Chapter 6

IMPEDENCE MATCHING
AND TUNNING

Scilab code Exa 6.1 program to design an L section matching network

1 // example : −6 .1 , page no .−284.
2 // program to d e s i g n an L s e c t i o n matching network

to match a s e r i e s RC load .
3 Zl=200-%i*100; // l oad impedence .
4 Rl=200;Xl=-100;f=500*10^6; Zo=100;

5 B1=(Xl+sqrt(Rl/Zo)*sqrt(Rl^2+Xl^2-(Rl*Zo)))/(Rl^2+Xl

^2);

6 B2=(Xl-sqrt(Rl/Zo)*sqrt(Rl^2+Xl^2-(Rl*Zo)))/(Rl^2+Xl

^2);

7 C1=(B1/(2* %pi*f))*10^12;

8 L2=(-1/(B2*2*%pi*f))*10^9;

9 X1=(1/B1)+((Xl*Zo)/Rl)-(Zo/(B1*Rl));

10 X2=(1/B2)+((Xl*Zo)/Rl)-(Zo/(B2*Rl));

11 L1=(X1/(2* %pi*f))*10^9;

12 C2=(-1/(X2*2*%pi*f))*10^12;

13 disp(L1, ’ i n d u c t o r o f f i r s t c i r c u i t i n nH = ’ )
14 disp(C1, ’ c a p a c i t o r o f the f i r s t c i r c u i t i n pF = ’ )
15 disp(L2, ’ i n d u c t o r o f s econd c i r c u i t i n nH = ’ )
16 disp(C2, ’ c a p a c i t o r o f the second c i r c u i t i n pF = ’ )
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17 disp(”NOTE:− f o r above s p e c i f i c problem Rl>Zo ,
p o s i t i v e X i m p l i e s i nduc to r , n e g a t i v e X i m p l i e s
c a p a c i t o r , p o s i t i v e B i m p l i e s c a p a c i t o r and
n e g a t i v e B i m p l i e s i n d u c t o r . ”)

Scilab code Exa 6.5 design quarter wave matching transformer

1 // example : −6 .5 , page no .−304.
2 // program to d e s i g n a s i n g l e s e c t i o n q u a r t e r wave

matching t r a n s f o r m e r .
3 Zl=10; // l oad impedence .
4 Zo=50; // c h a r a c t e r i s t i c impedence .
5 fo =3*10^9; swr =1.5; // maximum l i m i t o f swr .
6 Z1=sqrt(Zo*Zl); // c h a r a c t e r i s t i c impedence o f the

matching s e c t i o n .
7 taom=(swr -1)/(swr+1);

8 frac_bw =2-(4/%pi)*acos((taom/sqrt(1-taom ^2))*(2* sqrt

(Zo*Zl)/abs(Zl -Zo))); // f r a c t i o n a l bandwidth .
9 disp(Z1, ’ c h a r e c t e r i s t i c impedence o f matching

s e c t i o n = ’ )
10 disp(frac_bw , ’ f r a c t i o n a l bandwidth = ’ )

Scilab code Exa 6.6 program to evaluate the worst case percent error

1 // example : −6 .6 , page no .−307.
2 // program to e v a l u a t e the wors t c a s e p e r c e n t e r r o r

i n computing magnitude o f r e f l e c t i o n c o e f f i c i e n t .
3 Z1=100;Z2=150; Zl =225;

4 tao_1=(Z2 -Z1)/(Z2+Z1);

5 tao_2=(Zl -Z2)/(Zl+Z2);

6 tao_exact =(tao_1+tao_2)/(1+ tao_1*tao_2); // t h i s
r e s u l t s as a n g l e i s taken z e r o .
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7 tao_approx=tao_1+tao_2; // t h i s r e s u l t s as a n g l e i s
taken z e r o .

8 eror=abs((( tao_exact -tao_approx)/tao_exact)*100);

9 disp(tao_approx , ’ approx imate v a l u e o f r e f l e c t i o n
c o e f f i c i e n t i s = ’ )

10 disp(eror , ’ the e r r o r i n p e r c e n t i s about = ’ )

Scilab code Exa 6.7 design three section binomial transformer

1 // example : −6 .7 , page no .−312.
2 // program to d e s i g n t h r e e s e c t i o n b i n o m i a l

t r a n s f o r m e r .
3 Zl=50;Zo=100;N=3; taom =0.05;

4 A=(2^-N)*abs((Zl-Zo)/(Zl+Zo));

5 frac_bw =2-(4/%pi)*acos (0.5*( taom/A)^2);

6 for c=1

7 Z1=Zo*((Zl/Zo)^((2^-N)*(c^N)));

8 disp(Z1, ’ Z1 = ’ )
9 end

10 for c=3^(1/3)

11 Z2=Z1*((Zl/Zo)^((2^-N)*(c^N)));

12 disp(Z2, ’ Z2 = ’ )
13 end

14 for c=3^(1/3)

15 Z3=Z2*((Zl/Zo)^((2^-N)*(c^N)));

16 disp(Z3, ’ Z3 = ’ )
17 end

Scilab code Exa 6.8 design three section chebysev transfomer

1 // example : −6 .8 , page no .−316.
2 // program to d e s i g n a t h r e e s e c t i o n chebysev

t r a n s f o r m e r .
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3 Zl=100;Zo=50; taom =0.05;N=3;A=0.05;

4 thetam=asec(cosh ((1/N)*acosh ((1/ taom)*abs((Zl-Zo)/(

Zl+Zo)))))*(180/ %pi);

5 x=(cosh ((1/N)*acosh ((1/ taom)*abs((Zl -Zo)/(Zl+Zo)))))

6 tao_o=A*(x^3)/2;

7 tao_1 =(3*A*(x^3-x))/2; // from symmetry t a o 3=t a o 0
;

8 Z1=Zo *((1+ tao_o)/(1-tao_o));

9 Z2=Z1 *((1+ tao_1)/(1-tao_1));

10 Z3=Zl*((1- tao_o)/(1+ tao_o));

11 disp(Z1,Z2,Z3 , ’ the c h a r a c t e r i s t i c impedences a r e = ’
)

Scilab code Exa 6.9 design triangular taper and a klopfenstein taper

1 // example : −6 .9 , page no .−323.
2 // program to d e s i g n a t r i a n g u l a r t a p e r and a

k l o p f e n s t e i n t a p e r .
3 taom =0.02; Zl=50;Zo =100;

4 tao_o =0.5* log(Zl/Zo);

5 A=acosh(tao_o/taom);

6 A=real(A);

7 disp(tao_o , ’ t a o o = ’ )
8 disp(A, ’A = ’ )
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Chapter 7

MICROWAVE RESONATORS

Scilab code Exa 7.1 program to compare the Q factor

1 // example : −7 .1 , page no .−339.
2 // program to compare the Q o f an a i r f i l l e d and

t e f l o n f i l l e d c o a x i a l l i n e r e s o n a t o r .
3 sigma =5.813*10^7; muo=4*%pi *10^ -7;f=5*10^9; eta =377;a

=1*10^ -3;b=4*10^ -3;

4 omega =2* %pi*f;ko =104.7;B=104.7; alpha =0.022;

5 Rs=sqrt((omega*muo)/(2* sigma));

6 alphaca =(Rs/(2* eta*log(b/a)))*((1/a)+(1/b)); //
a t t e n u a t i o n due to conduc to r l o s s f o r a i r f i l l e d
l i n e .

7 eipsilar =2.08; tandelta =0.0004; // f o r t e f l o n f i l l e d
l i n e .

8 alphact =((Rs*sqrt (2.08) *0.01) /(2* eta*log(b/a)))*((1/

a)+(1/b)); // a t t e n u a t i o n due to conduc to r l o s s
f o r t e f l o n f i l l e d l i n e .

9 alphada =0; // f o r a i r f i l l e d l i n e .
10 alphadt=ko*(sqrt(eipsilar)/2)*tandelta;

11 Qair=B/(2* alpha);

12 B=B*sqrt(eipsilar);

13 alpha =0.062;

14 Qteflon=B/(2* alpha);
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15 disp(Qair , ’ Qair = ’ )
16 disp(Qteflon , ’ Q t e f l o n = ’ )
17 disp(” c o n c l u s i o n :−Qair i s a lmost t w i c e tha t o f

Q t e f l o n ”)

Scilab code Exa 7.2 program to compute length and Q of the resonator

1 // example : −7 .2 , page no .−342.
2 // program to compute the l e n g t h o f the l i n e f o r

r e s o n a n c e at 5 GHZ and the Q o f the r e s o n a t o r .
3 W=0.0049;c=3*10^8;f=5*10^9; Zo=50; eipsilar =2.2; ko

=104.7; tandelta =0.001;

4 Rs =0.0184; // taken from example 7 . 1 .
5 eipsilae =1.87; // e f f e c t i v e p e r m i t t i v i t y .
6 l=c/(2*f*sqrt(eipsilae)); // r e s o n a t o r l e n g t h .
7 B=(2* %pi*f*sqrt(eipsilae))/c;

8 alphac=Rs/(Zo*W);

9 alphad =(ko*eipsilar *(eipsilae -1)*tandelta)/(2* sqrt(

eipsilae)*(eipsilar -1));

10 alpha=alphac+alphad;

11 Q=B/(2* alpha);

12 disp(l, ’ l e n g t h o f the l i n e i n meter = ’ )
13 disp(Q, ’Q o f the r e s o n a t o r = ’ )

Scilab code Exa 7.3 program to find required length and other

1 // example : −7 .3 , page no .−347.
2 // program to f i n d r e q u i r e d l ength , d and Q f o r l =1

and l =2 r e s o n a t o r mode .
3 a=0.04755;b=0.02215; eipsilar =2.25; tandelta =0.0004;f

=5*10^9;c=3*10^8;

4 k=(2* %pi*f*sqrt(eipsilar))/c // wave number .
5 for l=1:1:2
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6 d=(l*%pi)/sqrt((k^2) -((%pi/b)^2)); // m=1 & n=0 mode
.

7 disp(d, ’ d i n meter = ’ )
8 end

9 eta =377/ sqrt(eipsilar);

10 Qc1 =3380; // l =1.
11 Qc2 =3864; // l =2.
12 Qd =2500; // Q due to d i e l e c t r i c l o s s on ly .
13 Q1=((1/ Qc1)+(1/Qd))^-1; // f o r l =1.
14 Q2=((1/ Qc2)+(1/Qd))^-1; // f o r l =2.
15 disp(Q1, ’Q1 = ’ );
16 disp(Q2, ’Q2 = ’ )

Scilab code Exa 7.4 program to find dimension and Q

1 // example : −7 .4 , page no .−353.
2 // program to f i n d d imens ion and Q;
3 f=5*10^9;c=3*10^8; p01 =3.832; sigma =5.813*10^7; muo=4*

%pi *10^ -7;

4 eipsilar =2.25;

5 // mode TE011 . and d=2a .
6 omega =2* %pi*f;

7 eta =377;

8 lamda=c/f;

9 k=(2* %pi)/lamda;

10 // f =(c /(2∗%pi ) ) ∗ s q r t ( ( p01 /a ) ˆ2+(%pi /(2∗ a ) ) ˆ2) ; as d
=2a g i v e n

11 a=sqrt((p01)^2+( %pi/2) ^2)/k;

12 Rs=sqrt((omega*muo)/(2* sigma))

13 Qc=(k*a*eta)/(2*Rs); // f o r m=l =1 ,n=0 and d=2a .
14 disp(a, ’ a i n meter = ’ )
15 disp(Qc, ’Qc = ’ )
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Scilab code Exa 7.5 program to find resonant frequency and Q

1 // example : −7 .5 , page no .−358.
2 // program to f i n d the r e s o n a n t f r e q u e n c y and Q f o r

TE01delta mode .
3 delta =0.001; eipsilar =95;a=0.413;L=0.008255;c=3*10^8;

4 // tan ( (B∗L) /2)=a lpha / beta .
5 // ko =(2∗%pi∗ f ) / c ;
6 alpha=sqrt ((2.405/a)^2-(ko)^2);

7 B=sqrt(( eipsilar *(ko)^2) -(2.405/a)^2); // beta
8 f1=((c*2.405) /(2* %pi*sqrt(eipsilar)*a))*10^ -7;

9 f2=((c*2.405) /(2* %pi*a))*10^ -7;

10 disp(f1, ’ f 1 i n GHZ = ’ )
11 disp(f2, ’ f 2 i n GHZ = ’ )
12 Q=1/tan(delta);

13 disp(Q, ’ approx . v a l u e o f Q due to d i e l e c t r i c l o s s =
’ )

Scilab code Exa 7.6 program to find the mode number and Q

1 // example : −7 .6 , page no .−361.
2 // program to f i n d the mode number and Q o f g i v e n

r e s o n a t o r .
3 fo =94*10^9;d=0.04;c=3*10^8; muo =4*%pi *10^ -7; sigma

=5.813*10^7;

4 l=(2*d*fo)/c; // mode number .
5 Rs=sqrt ((2* %pi*fo*muo)/(2* sigma));

6 Q=(%pi*l*377) /(4*Rs);

7 disp(l, ’ mode number = ’ )
8 disp(Q, ’Q = ’ )

Scilab code Exa 7.7 program to find value of the coupling capacitor
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1 // example : −7 .7 , page no .−367.
2 // program to f i n d the v a l u e o f the c o u p l i n g

c a p a c i t o r r e q u i r e d f o r c r i t i c a l c o u p l i n g .
3 l=0.02175; Zo=50; eipsilae =1.9;c=3*10^8;

4 fo=c/(2*l*sqrt(eipsilae)); // f i r s t r e s o n a n t
f r e q u e n c y w i l l o c cu r when the r e s o n a t o r i a about
l=lamdag /2 i n l e n g t h .

5 lamdag=c/fo;

6 alpha =1/8.7; // i n Np/m.
7 Q=%pi /(2*l*alpha);

8 bc=sqrt(%pi /(2*Q));

9 C=bc/(2* %pi*fo*Zo)*10^12;

10 disp(C, ’ c o u p l i n g c a p a c i t o r i n pF = ’ )
11 C=bc/(2* %pi*fo*Zo);

12 w1=atan (2* %pi*fo*C*Zo)*c/(l*sqrt(eipsilae)); //
from e q u a t i o n tan (B∗ l )=−bc ;

13 w1=w1*10^ -8;

14 disp(w1, ’ f r e q u e n c y i n GHZ = ’ )

Scilab code Exa 7.8 derive expression for change in resonant frequency

1 // example : −7 .8 , page no .−373.
2 // program to d e r i v e an e x p r e s s i o n f o r the change i n

r e s o n a n t f r e q u e n c y .
3 syms Ey Hx Hz A Zte n a pi x z d j k t y er eo c wo

w b;

4 Ey=A*sin((pi*x)/a)*sin((pi*z)/d);

5 Hx=((-j*A)/Zte)*sin((pi*x)/a)*cos((pi*z)/d);

6 Hz=((j*pi*A)/(k*n*a))*cos((pi*x)/a)*sin((pi*z)/d);

7 Ey=Ey^2;

8 // c=(er −1)∗ eo ;
9 w=c*integ(integ(integ(Ey ,z),y),x);

10 w=limit(w,z,d)-limit(w,z,0);

11 w=limit(w,y,t)-limit(w,y,0);

12 w=limit(w,x,a)-limit(w,x,0);
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13 disp(w)

14 // as s i n (2∗ p i ) =0; then l a s t term o f above r e s u l t
w i l l be :−

15 w=(c*A^2*a*t*d)/4;

16 disp(w, ’ on t a k i n g s i n (2∗ p i )=0 , w becomes = ’ )
17 wo=((a*b*d*eo)/2)*A^2;

18 deltaw =(w-wo)/wo;

19 disp(deltaw , ’ f r a c t i o n a l change i n r e s o n a n t f r e q u e n c y
= ’ )

Scilab code Exa 7.9 derive expression for change in resonant frequency

1 // example : −7 .9 , page no .−376.
2 // program to d e r i v e an e x p r e s s i o n f o r the change i n

r e s o n a n t f r e q u e n c y .
3 syms Ey Hx Hz A Zte n a pi x z d j eo c wo w b l ro;

4 Ey=A*sin((pi*x)/a)*sin((pi*z)/d);

5 Hx=((-j*A)/Zte)*sin((pi*x)/a)*cos((pi*z)/d);

6 Hz=((j*pi*A)/(k*n*a))*cos((pi*x)/a)*sin((pi*z)/d);

7 Ey=A;// at x=a /2 , y , z=d / 2 ;
8 Hx=0; // at x=a /2 , y , z=d / 2 ;
9 Hz=0; // at x=a /2 , y , z=d / 2 ;

10 // where w i s p e r t u rb e d r e s o n a n t f r e q u e n c y and wo i s
unper turbed r e s o n a n t f r e q u e n c y .

11 w=-eo*A^2*pi*l*ro^2;

12 wo=(a*b*eo*d*A^2)/2;

13 deltaw =(w-wo)/wo;

14 disp(deltaw , ’ the p e r t u r b a t i o n i n r e s o n a n t f r e q u e n c y
w. r . t wo = ’ )
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Chapter 8

POWER DIVIDERS
DIRECTIONAL COUPLERS
AND HYBRIDS

check Appendix AP 1 for dependency:

parallel_impedence.sce

Scilab code Exa 8.1 program to compute the reflection coefficients

1 // example : −8 .1 , page no .−392.
2 // program to compute the r e f l e c t i o n c o e f f i c i e n t s

s e en l o o k i n g i n to the output po r t .
3 // as the power i s d i v i d e d i n to 2 : 1 r a t i o . and Pin

=(1/2) ∗Voˆ2/ Zo ;
4 // so , P1=(1/3) ∗Pin ; and P2=(2/3) ∗Pin . . . . . . . . . . . . ( i )
5 Zo=50;

6 Z1=3*Zo; // from above c o n d i t i o n . . . . . . . . . . . . . ( i )
7 Z2 =(3/2)*Zo;

8 Zin=parallel_impedence(Z1,Z2); // input impedence
to the j u n c t i o n .

9 if Zin==Zo

10 disp(” input i s matched to the 50 ohm s o u r c e s ”)
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11 else

12 disp(” not matched ”)
13 end

14 Zin1=parallel_impedence(Zo ,Z2); // l o o k i n g i n to the
150 ohm s o u r c e .

15 Zin2=parallel_impedence(Zo ,Z1); // l o o k i n g i n to the
75 ohm s o u r c e .

16 tao1=(Zin1 -Z1)/(Zin1+Z1);

17 tao2=(Zin2 -Z2)/(Zin2+Z2);

18 disp(tao1 , ’ r e f l e c t i o n c o e f f i c i e n t l o o k i n g at 150 ohm
l i n e = ’ )

19 disp(tao2 , ’ r e f l e c t i o n c o e f f i c i e n t l o o k i n g at 75 ohm
l i n e = ’ )

Scilab code Exa 8.2 design equi split wilkinson power divider

1 // example : −8 .2 , page no .−398.
2 // program to d e s i g n an equi− s p l i t w i l k i n s o n power

d i v i d e r f o r 50 ohm system impedence .
3 Zo=50;

4 Z=sqrt (2)*Zo; // impedence o f q u a r t e r wave
t r a n s m i s s i o n l i n e .

5 R=2*Zo; // shunt r e s i s t o r .
6 disp(R, ’ the shunt r e s i s t a n c e v a l u e shou ld be i n ohm

= ’ )
7 disp(Z, ’ the q u a r t e r wave t r a n s m i s s i o n l i n e i n the

d i v i d e shou ld have a c h a r a c t e r i s t i c impedence i n
ohm = ’ )

Scilab code Exa 8.3 design bethe hole coupler for x band waveguide

1 // example : −8 .3 , page no .−404.
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2 // program to d e s i g n bethe−h o l e c o u p l e r f o r x−band
wave gu ide .

3 f=9*10^9;C=20;a=0.02286;b=0.01016; Ko =188.5;B=129; Z10

=550.9; P10 =4.22*10^ -7; lamdao =0.0333; uo=4*%pi

*10^ -7;eo =8.854*10^ -12;w=2* %pi*f;

4 s=(a/%pi)*asin(lamdao/sqrt (2*( lamdao^2-a^2)))*10^3;

5 // a=10∗b ; / / as C=20db ; // take x=a/b ; so x =10;
6 ro=(P10 /((10*w)*((((2* eo/3) +(4*uo)/(3* Z10 ^2))*0.944)

-((4*%pi^2*uo *0.056) /(3*B^2*a^2*Z10 ^2)))))^(1/3)

*10^3;

7 disp(s, ’ the a p e r t u r e p o s i t i o n i n mm = ’ )
8 disp(ro, ’ the a p e r t u r e s i z e i n mm = ’ )
9 disp(”NOTE:− the above shown r e s u l t s c o mp l e t e s the

d e s i g n o f the betha h o l e c o u p l e r . ”)

Scilab code Exa 8.4 program to design a four hole chebysev coupler

1 // example : −8 .4 , page no .−410.
2 // program to d e s i g n a f o u r h o l e chebysev c o u p l e r i n

x−band wave gu ide u s i n g round a p e r t u r e l o c a t e d
at s=a / 4 .

3 a=0.02286;b=0.01016; lamdao =0.0333; ko =188.5; bta =129;

Z10 =550.9; P10 =4.22*10^ -7;f=9*10^9; no=377;N=3;

4 s=a/4;

5 kf=((2*ko)/(3*no*P10))*((sin(%pi*s/a)^2) -(2*(bta^2)

/(ko^2))*(( sin(%pi*s/a)^2)+(( %pi ^2)/((bta ^2)*(a

^2)))*(cos(%pi*s/a)^2)));

6 kf=abs(kf)

7 kb=((2*ko)/(3*no*P10))*((sin(%pi*s/a)^2) +(2*( bta^2)

/(ko^2))*(( sin(%pi*s/a)^2) -((%pi ^2)/((bta ^2)*(a

^2)))*(cos(%pi*s/a)^2)));

8 kb=abs(kb)

9 x=cosh(acosh (100) /3); // x=s e c ( thetam ) .
10 thetam=asec(x)*180/ %pi; // so , thetam =70.6 and 1 0 9 . 4

at the band edge .

53



11 k=10^( -171.94/20);

12 ro=(((k/2) ^(1/3))*x)*1000;

13 r1 =(1.5*k*((x^3)-x))^(1/3) *1000;

14 disp(kf, ’ k f = ’ )
15 disp(kb, ’ kb = ’ )
16 disp(thetam , ’ thetam i n d e g r e e = ’ )
17 disp(ro, ’ ro i n mm = ’ )
18 disp(r1, ’ r1 i n mm = ’ )

Scilab code Exa 8.5 design 50 ohm branchline quadrature hybrid junc

1 // example : −8 .5 , page no .−415.
2 // program to d e s i g n a 50 ohm branch− l i n e quadra tu r e

hybr id j u n c t i o n .
3 Zo=50;

4 Z=Zo/sqrt (2);

5 disp(Z, ’ the branch l i n e impedence i n ohm w i l l be = ’
)

Scilab code Exa 8.6 determine even and odd mode characteristic impeden

1 // example : −8 .6 , page no .−419.
2 // program to de t e rmine the even and odd mode

c h a r a c t e r i s t i c impedence .
3 syms C A d W C11 C12 Ce Co v eo er s b uo Zoe Zoo

eipsila;

4 C=A*eipsila/d;

5 C11=(eo*er*W)/((b-s)/2)+(eo*er*W)/((b+s)/2);

6 C12=er*eo*W/s;

7 Ce==C11;

8 Co=C11+2* C12

9 v=1/ sqrt(er*eo*uo);

10 Zoe =1/(v*C11); // as Ce=C11 ;
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11 Zoo =1/(v*Co);

12 disp(Zoe , ’ Zoe = ’ )
13 disp(Zoo , ’ zoo = ’ )

Scilab code Exa 8.7 design a 20 db single section coupled line coupler

1 // example : −8 .7 , page no .−425.
2 // d e s i g n a 20 db s i n g l e s e c t i o n coup l ed l i n e c o u p l e r

i n s t r i p l i n e .
3 C=10^( -20/20);f=3*10^9; eipsila =2.56; Zo=50;b=0.00158;

4 Zoe=Zo*sqrt ((1+C)/(1-C));

5 Zoo=Zo*sqrt((1-C)/(1+C));

6 Zoe=eipsila*Zoe;

7 Zoo=eipsila*Zoo;

8 x=0.72; //x=w/b .
9 y=0.34; // y=s /b .

10 w=0.72*b*100;

11 s=0.34*b*100;

12 disp(w, ’ c onduc to r width i n cm = ’ )
13 disp(s, ’ c onduc to r s e p e r a t i o n i n cm = ’ )

Scilab code Exa 8.8 design a three section 20 db coupler

1 // example : −8 .8 , page no .−428.
2 // d e s i g n a t h r e e s e c t i o n 20 db c o u p l e r with a

b i n o m i a l r e s p o n s e .
3 Zo=50;f=3*10^9;N=3;

4 syms C C1 C2 theta;

5 C=10^( -20/20);

6 disp(” f o r a maximal ly f l a t r e s p o n s e f o r a t h r e e=
s e c t i o n c o u p l e r doupble d e r i v a t i v e o f C w i l l be
z e r o . ”)

7 C1 =0.0125; C2 =0.125; C3 =0.0125;
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8 Zoe1=Zo*sqrt ((1+C1)/(1-C1));

9 Zoe3=Zo*sqrt ((1+C3)/(1-C3));

10 Zoo1=Zo*sqrt((1-C1)/(1+C1));

11 Zoo3=Zo*sqrt((1-C1)/(1+C1));

12 Zoe2=Zo*sqrt ((1+C2)/(1-C2));

13 Zoo2=Zo*sqrt ((1+C2)/(1-C2));

14 disp(” the even and odd mode c h a r a c t e r i s t i c
impedences f o r each s e c t i o n a r e = ”)

15 disp(Zoe1 , ’ Zoe1 = ’ )
16 disp(Zoo1 , ’ Zoo1 = ’ )
17 disp(Zoe2 , ’ Zoe2 = ’ )
18 disp(Zoo2 , ’ Zoo2 = ’ )
19 disp(Zoe3 , ’ Zoe3 = ’ )
20 disp(Zoo3 , ’ Zoo3 = ’ )

Scilab code Exa 8.9 design a 3 dB 50 ohm langer coupler

1 // example : −8 .9 , page no .−434.
2 // program to d e s i g n a 3 dB 50 ohm l a n g e r c o u p l e r

f o r o p e r a t i o n at 5 GHZ.
3 f=5*10^9;C=10^( -3/20);

4 Zo=50;

5 Zoe =(((4*C) -3+sqrt (9 -(8*C^2)))/((2*C)*sqrt((1-C)/(1+

C))))*Zo;

6 Zoo =(((4*C)+3-sqrt (9 -(8*C^2)))/((2*C)*sqrt ((1+C)/(1-

C))))*Zo;

7 disp(Zoe , ’ even mode c h a r a c t e r i s t i c impedence o f a
p a i r o f a d j a c e n t coup l ed l i n e s i s = ’ )

8 disp(Zoo , ’ even mode c h a r a c t e r i s t i c impedence o f a
p a i r o f a d j a c e n t coup l ed l i n e s i s = ’ )

Scilab code Exa 8.10 design 180 deg ring hybrid for 50 ohm system imped
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1 // example : −8 .10 , page no .−440.
2 // d e s i g n a 180 deg . r i n g hybr id f o r a 50 ohm system

impedence .
3 Zo=50;

4 Z=sqrt (2)*Zo;

5 disp(Z, ’ the c h a r a c t e r i s t i c impedence o f the r i n g
t r a n s m i s s i o n l i n e i n ohm i s = ’ )

Scilab code Exa 8.11 calculate even and odd mode characteristic impeden

1 // example : −8 .11 , page no .−444.
2 // c a l c u l a t e the even and odd−mode c h a r a c t e r i s t i c

impedences f o r a t a p e r e d coup l ed l i n e 180 deg .
hybr id f o r a 3 db c o u p l i n g r a t i o and a 50 ohm
c h a r a c t e r i s t i c impedence .

3 alpha =0.707; bta =0.707; Zo=50;

4 k=(1-alpha)/(1+ alpha);

5 Zoe=Zo/k;

6 Zoo=k*Zo;

7 disp(Zoo , ’ Zoo = ’ )
8 disp(Zoe , ’ a t (Z=L) the c h a r a c t e r i s t i c impedences o f

the coup l ed l i n e must be = ’ )
9 disp( ’ a t Z=0 , t h e r e w i l l be no c o u p l i n g ’ )
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Chapter 9

MICROWAVE FILTERS

Scilab code Exa 9.1 program to compute the propagation constant

1 // example : −9 .1 , page no .−462.
2 // program to compute the p r o p a g a t i o n cons tant , phase

v e l o c i t y and b l o ch impedence .
3 Co =2.666*10^ -12;

4 d=0.01;c=3*10^8;

5 Zo=50;f=3*10^9;

6 p=(Co*Zo*c)/(2*d); // c o n s t a n t o f e q u a t i o n g i v e n
below .

7 y=0:0.001:0.96;

8 x=acos(cos(y)-p.*y.*sin(y)); // x=ko∗d ; and y=beta ∗d
;

9 subplot (2,1,1)

10 plot2d(x,y,style=2,rect=[-%pi ,0,%pi ,0.96])

11 plot2d(-x,y,style=2,rect=[-%pi ,0,%pi ,0.96])

12 xtitle(”k−beta diagram f o r f i r s t pa s s band ”,” beta ∗d
”,” ko∗d”)

13 y=3:0.001:4;

14 x=acos(cos(y)-p.*y.*sin(y)); // x=ko∗d ; and y=beta ∗d
;

15 subplot (2,1,2)

16 plot2d(x,y,style=3,rect=[-%pi ,3,%pi ,4])
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Figure 9.1: program to compute the propagation constant

17 plot2d(-x,y,style=3,rect=[-%pi ,3,%pi ,4])

18 xtitle(”k−beta diagram f o r second pas s band ”,” beta ∗
d”,” ko∗d”)

19 bta=(acos(cos(ko*d)-p*ko*d*sin(ko*d)))/d;

20 ko=(2* %pi*f)/c;

21 vp=(ko*c)/150; // phase v e l o c i t y .
22 b=2*%pi*f*Co*Zo;

23 A=cos(ko*d)-(b/2)*sin(ko*d);

24 B=%i*(sin(ko*d)+(b/2)*cos(ko*d)-(b/2));

25 Zb=(B*Zo)/sqrt(A^2-1); // b l o ch impedence .
26 disp(Zb, ’ Bloch impedence = ’ )
27 disp(vp, ’ phase v e l o c i t y = ’ )
28 disp(bta , ’ p r o p a g a t i o n c o n s t a n t = ’ )

59



Scilab code Exa 9.2 program to design a low pass composite filter

1 // example : −9 .2 , page no .−473.
2 // program to d e s i g n a low pas s compos i t e f i l t e r

with c u t o f f f r e q u e n c y o f 2 MHZ.
3 fc =2*10^6;f=2.05*10^6; Ro=75;

4 L=(2*Ro)/(2* %pi*fc);

5 C=2/(Ro*2* %pi*fc);

6 for m=sqrt(1-(fc/f)^2)

7 x=m*L/2;

8 y=m*C;

9 z=((1-m^2) /(4*m))*L; // x , y , z a r e d e s i g n parameter
assumed .

10 disp(x,y,z, ’ d e s i g n parameter f o r m=0.2195 ’ )
11 end

12 for m=0.6

13 x=m*L/2;

14 y=m*C/2;

15 z=((1-m^2) /(2*m))*L; // x , y , z a r e d e s i g n parameter
assumed .

16 disp(x,y,z, ’ d e s i g n parameter f o r m=0.6 ’ )
17 end

Scilab code Exa 9.3 program to find out number of filter elements

1 // example : −9 .3 , page no .−482.
2 // program to f i n d out number o f f i l t e r e l e m e n t s

r e q u i r e d .
3 fc =8*10^9;f=11*10^9;

4 w=2*%pi*f;

5 wc=2*%pi*fc;

6 x=abs(w/wc) -1;
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7 disp(x,” from t a b l e we s e e tha t an a t t e n u a t i o n o f 20
db at t h i s f r e q u e n c y r e q u i r e s tha t N>=8 f o r x =
”)

Scilab code Exa 9.4 program to design a maximum flat low pass filter

1 // example : −9 .4 , page no .−488.
2 // program to d e s i g n a maximum f l a t low pas s f i l t e r

with cut o f f f r e q u e n c y o f 2 GHZ.
3 fc =2*10^9;f=3*10^9;

4 w=2*%pi*f;

5 wc=2*%pi*fc;

6 x=abs(w/wc) -1;

7 // from t a b l e we can s e e tha t N=5 w i l l be s u f f i c i e n t
.

8 // then p r o t o t y p e e l ement v a l u e s a r e :−
9 g1 =0.618; g2 =1.618; g3 =2.000; g4 =1.618; g5 =0.618;

10 disp(g1, ’ g1 = ’ )
11 disp(g2, ’ g2 = ’ )
12 disp(g3, ’ g3 = ’ )
13 disp(g4, ’ g4 = ’ )
14 disp(g5, ’ g5 = ’ )

Scilab code Exa 9.5 program to design a band pass filter

1 // example : −9 .5 , page no .−492.
2 // d e s i g n a band pas s f i l t e r hav ing a 0 . 5 db e q u a l

r i p p l e r e s p n s e with N=3.
3 N=3;Zo=50;f=1*10^9; delta =1*10^8;

4 L1 =1.596; L3 =1.5963; C2 =1.0967; Rl =1.000;

5 L_1=(L1*Zo)/(2* %pi*f*delta);

6 C_1=delta /(2* %pi*f*L1*Zo);

7 L_2=(delta*Zo)/(2* %pi*f*C2);
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8 C_2=C2/(2* %pi*f*delta*Zo);

9 L_3=(L3*Zo)/(2* %pi*f*delta);

10 C_3=delta /(2* %pi*f*L3*Zo);

11 disp(L_1)

12 disp(L_2)

13 disp(C_1)

14 disp(C_2)

15 disp(L_3)

16 disp(C_3)

Scilab code Exa 9.6 design a low pass filter using micrstrip lines

1 // example : −9 .6 , page no .−498.
2 // d e s i g n a low pas s f i l t e r f o r f a b r i c a t i o n u s i n g

m i c r s t r i p l i n e s .
3 disp(” from t a b l e , the no r ma l i z ed low pas s p r o t o t y p e

e l ement v a l u e s a r e = ”)
4 L1 =3.3487; C2 =0.7117; L3 =3.3487; Rl =1.0000;

5 n=1+(1/3.3487);

6 disp(L1)

7 disp(Rl)

8 disp(C2)

9 disp(L3)

10 disp(n)

Scilab code Exa 9.7 design a stepped impedence low pass filter

1 // example : −9 .7 , page no .−503.
2 // d e s i g n a stepped−impedence low pas s f i l t e r hav ing

a maximal ly f l a t r e s p o n s e and a cut−o f f
f r e q u e n c y o f 2 . 5 GHZ.

3 w=4*10^9; wc =2.5*10^9; Zh=150;Ro=50;Zl=10;
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4 C1 =0.517; L2 =1.414; C3 =1.932; L4 =1.932; C5 =1.414; L6

=0.517;

5 // above v a l u e s a r e taken from t a b l e .
6 // f o r f i n d i n g e l e c t r i c a l l e n g t h s .
7 x1=(C1*Zl/Ro)*(180/ %pi);

8 x2=(L2*Ro/Zh)*(180/ %pi);

9 x3=(C3*Zl/Ro)*(180/ %pi);

10 x4=(L4*Ro/Zh)*(180/ %pi);

11 x5=(C5*Zl/Ro)*(180/ %pi);

12 x6=(L6*Ro/Zh)*(180/ %pi);

13 disp(x1)

14 disp(x2)

15 disp(x3)

16 disp(x4)

17 disp(x5)

18 disp(x6)

Scilab code Exa 9.8 design a coupled line band pass filter

1 // example : −9 .8 , page no .−516.
2 // d e s i g n a coup l ed l i n e band pas s f i l t e r with N=3.
3 delta =0.1;f=1.8*10^9; fo =2*10^9; Zo=50;fc=1;

4 f=(1/ delta)*((f/fo) -(fo/f));

5 x=abs(f/fc) -1; // the v a l u e on the h o r i z o n t a l s c a l e .
6 attntn =20; // from above v a l u e s .
7 disp(attntn , ’ a t t e n u a t i o n i n db = ’ )

Scilab code Exa 9.9 design a bandpass filter

1 // example : −9 .9 , page no .−521.
2 // d e s i g n a bandpass f i l t e r u s i n g t h r e e q u a r t e r wave

open c i r c u i t s t u b s .
3 f=2*10^9; delta =0.15; Zo=50;N=3;gn =1.5963;
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4 Zon =4*Zo/(%pi*gn*delta);

5 Z_on=(%pi*Zo*delta)/(4*gn);

6 disp(Zon , ’ the c a h r a c t e r i s t i c impedence o f a bandpass
f i l t e r i s = ’ )

7 disp(Z_on , ’ f o r a bandpass f i l t e r u s i n g s h o r t
c i r c u i t e d s tub r e s o n a t o r s , the c o r r e s p o n d i n g
r e s u l t i s = ’ )

Scilab code Exa 9.10 design a bandpass filter using capacitive coupled

1 // example : −9 .10 , page no .−524.
2 // d e s i g n a bandpass f i l t e r u s i n g c a p a c i t i v e coup l ed

r e s o n a t o r s , with a 0 . 5 db e q u a l passband
h a r a c t e r i s t i c .

3 fo =2*10^9; delta =0.1;Zo=50;f=2.2*10^9; g1 =1.5963; g2

=1.0967; g3 =1.5963; g4=1;

4 f=(1/ delta)*((f/fo) -(fo/f));

5 x=abs(f/fc) -1; // the v a l u e on the h o r i z o n t a l s c a l e .
6 x0=sqrt((%pi*delta)/(2*g1))/Zo; // x0=ZoJ1 ;
7 x1=((%pi*delta)/(2* sqrt(g1*g2)))/Zo; // x0=ZoJn ;
8 B0=x0/(1-(Zo*x0)^2)

9 B1=x1/(1-(Zo*x1)^2)

10 theta0 =(%pi -0.5*( atan (2*Zo*B0)+atan (2*Zo*B1)))*(180/

%pi);

11 C0=(B0/(2* %pi*fo))*10^12;

12 disp(theta0 , ’ t h e t a o i n d e g r e e = ’ )
13 disp(C0, ’ the c o u p l i n g c a p a c i t o r v a l u e i n PF = ’ )
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Chapter 10

THEORY AND DESIGN OF
FERRIMAGNETIC
COMPONENTS

Scilab code Exa 10.1 calculate and plot phase and attenuation constants

1 // example : −1 0 . 1 ; page no .−547.
2 // problem to c a l c u l a t e and p l o t the phase and

a t t e n u a t i o n c o n s t a n t s f o r RHCP & LHCP p lane wave .
3 M=1800; // M=4∗ p i ∗Ms ;
4 deltaH =75;eo =8.854*10^ -12; muo=4*%pi *10^ -7;c=3*10^8;

5 Ho =3570; er=14; tandelta =0.001;

6 fo =(2.8*10^9)/Ho; // IN GHZ.
7 wo=2*%pi*fo;

8 fm =(2.8*10^9)/M; // IN GHZ.
9 wm=2*%pi*fm;

10 mue=muo *(1+(wo*wm)/(wo^2-wm^2));

11 e=eo*er*(1-%i*tandelta);

12 f=0:1000000:20*10^9;

13 w=2*%pi.*f;

14 k=muo*((w.*wm)/(wo^2-w^2));

15 gama=%i*w*sqrt(e.*(mue -k));

16 alpha=abs(real(gama));
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Figure 10.1: calculate and plot phase and attenuation constants

17 bta=abs(imag(gama));

18 plot2d(f,gama ,style=3,rect =[0 ,0 ,20*10^9 ,24])

19 plot2d(f,bta ,style=2,rect =[0 ,0 ,20*10^9 ,24])

Scilab code Exa 10.2 program to design an e plane resonance isolator

1 // example : −10 .2 , page no .−559.
2 // program to d e s i g n an e p l ane r e s o n a n c e i s o l a t o r i n

x band waveguide .
3 er=13; revatt =30;

4 deltaH =200;x=1700; // x=4∗%pi∗Ms .
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5 f=10*10^9; alpha_ =12.4; // from graph 1 0 . 1 3 .
6 L=revatt/alpha_;

7 alpha_1 =27/L;

8 disp(L, ’ f o r t o t a l r e v e r s e a t t e n u a t i o n o f 20 db , the
l e n g t h o f the s l a b i n cm must be = ’ )

9 disp(alpha_1 , ’ f o r t o t a l r e v e r s e a t t e n u a t i o n to be at
l e a s t 27 db , a l p h a i n db/cm be > ’ )

Scilab code Exa 10.3 program to design a resonance isolator

1 // example : −1 0 . 3 . page no .−560.
2 // program to d e s i g n a r e s o n a n c e i s o l a t o r u s i n g the

H−p lane f e r r i t e s l a b geometry i n x−band .
3 f=10*10^9; delta_sbys =0.01; forpims =1700; deltaH =200;

4 revatt =30;ko=(2* %pi*f)/(3*10^8);

5 Ho=f/(2.8*10^9);

6 // f o r x−band waveguide , a =2.286 cm .
7 a=2.286;

8 kc=(%pi *100)/a;

9 betao=sqrt(ko^2-kc^2);

10 x=(1/ %pi)*atan(kc/betao); // x=c /a .
11 L=revatt /2;

12 disp(L, ’ the s l a b l e n g t h r e q u i r e d f o r 30db t o t a l
r e v e r s e a t t e n u a t i o n i n cm = ’ )

13 disp(kc, ’ cut−o f f wave number i n m−1 = ’ )
14 disp(betao , ’ p r o p a g a t i o n c o n s t a n t = ’ )

Scilab code Exa 10.5 design a two slab remanent phase shifter

1 // example : 1 0 . 5 , page no .−567.
2 // program to d e s i g n a two s l a b remanent phase

s h i f t e r .
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3 forpims =1786; er=13;f=10*10^9; uo=4*%pi *10^ -7;ko=(2*

%pi*f)/(3*10^10);

4 fm=2.8;s=0.1; // s and a i n cm .
5 x=(2* %pi*fm*forpims)/(2* %pi*f);// x=wm/w = k/uo .
6 a=2.286; // f o r x−band .
7 t=.274; // from f i g u r e 1 0 . 1 9 ;
8 diffphaseshift =0.4* ko *(180/ %pi); // d i f f e r e n t i a l

phase s h i f t .
9 L_1 =180/ diffphaseshift;

10 L_2 =90/ diffphaseshift;

11 disp(L_1 , ’ the f e r r i t e l e n g t h r e q u i r e d f o r the 180
deg . phase s h i f t s e c t i o n i n cm = ’ )

12 disp(L_2 , ’ the f e r r i t e l e n g t h r e q u i r e d f o r the 90 deg
. phase s h i f t s e c t i o n i n cm = ’ )
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Chapter 11

ACTIVE MICROWAVE
CIRCUITS

Scilab code Exa 11.1 determine equivalent noise temperature of amplifie

1 // example : −11 .1 , page no .−589.
2 // program to de t e rmine the e q u i v a l e n t n o i s e

t empera tu re o f the a m p l i f i e r .
3 T1=290;P1=-62;G=100;B=10^9;k=1.38*10^ -23;

4 T2=77;P2= -64.7;Ts =450;

5 Y=P1 -P2; // Y− f a c t o r i n db .
6 Y=10^0.27;

7 Te=(T1-Y*T2)/(Y-1);

8 Po=G*k*B*(Ts+Te);

9 Po=10* log10(Po /0.001); // / c o n v e r t i n g i n to dBm.
10 disp(Te, ’ the e q u i v a l e n t n o i s e t empera tu r e i n k e l w i n

= ’ )
11 disp(Po, ’ the t o t a l n o i s e power out o f the a m p l i f i e r

i n dBm w i l l be = ’ )

Scilab code Exa 11.2 find the dynamic range of the amplifier
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1 // example : −11 .2 , page no .−591.
2 // program to f i n d the dynamic range o f the

a m p l i f i e r .
3 G=20;F=3.5; // i n db .
4 k=1.38*10^ -23; To =290;B=2*10^9;

5 // output n o i s e power => No=G∗F∗k∗To∗B. so i n dbm i t
w i l l be−

6 No =20+3.5+10* log10((k*To*B)/0.001);

7 DR=10-No;

8 disp(DR, ’ the dynamic range i n dB = ’ )

Scilab code Exa 11.3 program to calculate the noise figure

1 // example : −11 .3 , page no .−593.
2 // program to c a l c u l a t e the n o i s e f i g u r e i g anteena

i s r e p l a c e d by a m p l i f i e r .
3 L=10^0.2;T=300; To =290;Te=150;

4 Fl=1+(L-1)*(T/To);

5 Fld =10* log10(Fl); // c o n v e r t i n g i n to dBm.
6 Fa=1+(Te/To)

7 Fad =10* log10(Fa);// c o n v e r t i n g i n to dBm.
8 Fcas=Fl+L*(Fa -1);

9 Fcasd =10* log10(Fcas);// c o n v e r t i n g i n to dBm.
10 disp(Fcasd , ’ the n o i s e f i g u r e o f the c a s c a d e i n dB =

’ )
11 disp(Fad , ’ the n o i s e f i g u r e o f the a m p l i f i e r i n dB =

’ )
12 disp(Fld , ’ the n o i s e f i g u r e o f the l i n e i n dB = ’ )

Scilab code Exa 11.4 calculate the impedence of the diode

1 // example : −11 .4 , page no .−596.
2 // program to c a l c u l a t e the impedence o f the d i ode .
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3 Cp =0.1*10^ -12; Lp=2*10^ -9;Cj =0.15*10^ -12; Rs=10;Is

=0.1*10^( -6);

4 Io1 =0;Io2 =60*10^( -6);alpha =(1/25) *(10^3);

5 R1j =1/( alpha*(Io1+Is)); // f o r I o =0.
6 R2j =1/( alpha*(Io2+Is)); // f o r I o =60 mA.
7 disp(R1j , ’ j u n c t i o n r e s i s t a n c e f o r I o =0 , i n ohm = ’ )
8 disp(R2j , ’ j u n c t i o n r e s i s t a n c e f o r I o =0 , i n ohm = ’ )

Scilab code Exa 11.5 determine the stability of the transistor

1 // example : −11 .5 , page no .−617.
2 // program to de t e rmine the s t a b i l i t y o f the

t r a n s i s t o r by c a l c u l a t i n g k and | d e l t a | .
3 s11 =0.894* expm(%i*( -60.6)*%pi /180);

4 s21 =3.122* expm(%i *(123.6)*%pi /180);

5 s12 =0.02* expm(%i *(62.4)*%pi /180);

6 s22 =0.781* expm(%i*( -27.6)*%pi /180);

7 delta=(s11*s22) -(s12*s21);

8 [mag_delta ,theta_delta ]=polar(delta);

9 k=(1+( abs(delta)^2) -(abs(s11)^2) -(abs(s22)^2))/(2*

abs(s12*s21));

10 Cl=conj(s22 -delta*conj(s11))/(abs(s22)^2-abs(delta)

^2);

11 [mag_Cl ,theta_Cl ]= polar(Cl);

12 Rl=abs(s12*s21)/(abs(s22)^2-abs(delta)^2);

13 Cs=conj(s11 -delta*conj(s22))/(abs(s11)^2-abs(delta)

^2);

14 [mag_Cs ,theta_Cs ]= polar(Cs);

15 Rs=abs(s12*s21)/(abs(s11)^2-abs(delta)^2);

16 disp([mag_Cl ,theta_Cl ])

17 disp([mag_Cs ,theta_Cs ])

18 disp(Rl)

19 disp(Rs)

20 disp(”NOTE:− t h e t a i s i n r a d i a n ”)
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Scilab code Exa 11.6 design an amplifier for maximum gain

1 // example : 1 1 . 6 , page no .−620.
2 // program to d e s i g n an a m p l i f i e r f o r maximum ga in

at 4 GHZ u s i n g s i n g l e s tub matching s e c t i o n .
3 s11 =0.72* expm(%i*( -116)*%pi /180);

4 s22 =0.73* expm(%i*(-54)*%pi /180);

5 s12 =0.03* expm(%i*(57)*%pi /180);

6 s21 =2.6* expm(%i*(76)*%pi /180);

7 delta=(s11*s22) -(s12*s21)

8 k=(1+( abs(delta)^2) -(abs(s11)^2) -(abs(s22)^2))/(2*

abs(s12*s21))

9 B1=1-(abs(delta)^2)+(abs(s11)^2) -(abs(s22)^2);

10 B2=1-(abs(delta)^2) -(abs(s11)^2)+(abs(s22)^2);

11 C1=s11 -delta*conj(s22);

12 C2=s22 -delta*conj(s11);

13 taos=(B1-sqrt(B1^2-4*abs(C1)^2))/(2*C1);

14 [mag_taos ,theta_taos ]=polar(taos);

15 taol=(B2-sqrt(B2^2-4*abs(C2)^2))/(2*C2);

16 [mag_taol ,theta_taol ]=polar(taol);

17 Gs=1/(1- abs(taos)^2);

18 Gs=10* log10(Gs);

19 Go=abs(s21)^2;

20 Go=10* log10(Go);

21 Gl=(1-abs(taol)^2)/(abs(1-s22*taol)^2);

22 Gl=10* log10(Gl);

23 Gtmax=Gs+Go+Gl;

24 disp(Gs, ’ Gs = ’ )
25 disp(Go, ’Go = ’ )
26 disp(Gl, ’ Gl = ’ )
27 disp(Gtmax , ’ the ove r a l l t r a n s d u c e r ga in i n dB w i l l

be = ’ )
28 Gs=1/(1- abs(taos)^2);

29 Gs=10* log10(Gs);
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Scilab code Exa 11.7 design an amplifier to have a gain of 11 dB

1 // example : −11 .7 , page no .−625.
2 // program to d e s i g n an a m p l i f i e r to have a ga in o f

11 dB at 4 GHZ.
3 s11 =0.75* expm(%i*( -120)*%pi /180);

4 s21 =2.5* expm(%i*(80)*%pi /180);

5 s12 =0;

6 s22 =0.6* expm(%i*(-70)*%pi /180);

7 Gsmax =1/(1-abs(s11)^2);

8 Gsmax =10* log10(Gsmax);

9 Glmax =1/(1-abs(s22)^2);

10 Glmax =10* log10(Glmax);

11 Go=abs(s21)^2;

12 Go=10* log10(Go);

13 Gtumax=Gsmax+Glmax+Go;

14 disp(Gsmax , ’ the maximum matching s e c t i o n ga in i n dB
= ’ )

15 disp(Glmax , ’ the maximum matching s e c t i o n ga in i n dB
= ’ )

16 disp(Go, ’ the ga in o f the mismatched t r a n s i s t o r i n dB
= ’ )

17 disp(Gtumax , ’ the maximum u n i l a t e r a l t r a n s d u c e r ga in
i n dB = ’ )

Scilab code Exa 11.8 calculate maximum error in Gt and design amplifier

1 // example : −11 .8 , page no .−629.
2 // program to maximum e r r o r i n Gt and d e s i g n an

a m p l i f i e r hav ing a 2 dB n o i s e f i g u r e with the
maximum ga in tha t i s c ompat ib l e with the n o i s e
f i g u r e .
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3 s11 =0.6* expm(%i*(-60)*%pi /180);

4 s21 =1.9* expm(%i*(81)*%pi /180);

5 s12 =0.05* expm(%i*(26)*%pi /180);

6 s22 =0.5* expm(%i*(-60)*%pi /180);

7 Fmin =1.6;F=1.58; Zo=50;

8 Fmin1 =10^0.16

9 tao_opt =0.62* expm(%i *(100)*%pi /180);

10 atan(imag(tao_opt)/real(tao_opt))

11 Rn=20;

12 U=abs(s12*s21*s11*s22)/((1-abs(s11)^2)*(1-abs(s22)

^2));

13 x=1/(1+U)^2;

14 y=1/(1 -U)^2;

15 disp(”x<(Gt/Gtu )<y”)
16 N=(((F-Fmin1)*Zo)/(4*Rn))*abs(1+ tao_opt)^2

17 Cf=tao_opt /(N+1);

18 [mag_Cf ,theta_Cf ]= polar(Cf);

19 Rf=sqrt(N*(N+1-abs(tao_opt)^2))/(N+1);

20 disp(N, ’N = ’ )
21 disp([mag_Cf ,theta_Cf], ’ c e n t e r o f the 2 db n o i s e

f i g u r e c i r c l e = ’ )
22 disp(Rf, ’ the r a d i u s o f the 2 dB n o i s e f i g u r e c i r c l e

= ’ )
23 Gl=1/(1- abs(s22)^2);

24 Gl=10* log10(Gl);

25 Go=abs(s21)^2;

26 Go=10* log10(Go);

27 Gs=1.7; // a l l Gl , Go , Gtu a r e i n dB .
28 Gtu=Gs+Go+Gl;

29 disp(Gtu , ’ the ove r a l l t r a n s d u c e r ga in i n db w i l l be
= ’ )

Scilab code Exa 11.9 design a load matching network

1 // example : −11 .9 , page no .−635.

74



2 // program to d e s i g n a l oad matching network f o r a
50 ohm load impedence .

3 Zo=50;f=6*10^9; taoin =1.25* expm(%i*(40)*%pi /180);

4 Zin =((1+ taoin)/(1-taoin))*Zo;

5 Zl=-Zin;

6 disp(Zl, ’ the l oad impedence = ’ )

Scilab code Exa 11.10 program to design a transistor oscillator

1 // example : 1 1 . 1 0 , page no .−637.
2 // program to d e s i g n a t r a n s i s t o r o s c i l l a t o r at 4

GHZ u s i n g a GaAs FET i n common ga t e c o n f i g u r a t i o n
.

3 s11 =2.18* expm(%i*(-35)*%pi /180);

4 s21 =2.75* expm(%i*(96)*%pi /180);

5 s12 =1.26* expm(%i*(18)*%pi /180);

6 s22 =0.52* expm(%i *(155)*%pi /180);// a l l a r e s
parameter tha t a r e a p p l i c a b l e f o r t r a n s i s t o r i n
common ga t e c o n f i g u r a t i o n with a s e r i e s i n d u c t o r .

7 delta=s12*s21 -s11*s22;

8 Ct=conj(s22 -delta*conj(s11));

9 Rt=abs((s12*s21)/(abs(s22)^2-abs(delta)^2))

10 taot =0.59* expm(%i*( -104)*%pi /180);

11 taoin=s11+(s12*s21*taot)/(1-s22*taot);

12 [mag_taoin ,theta_taoin ]=polar(taoin)

13 Zin =((1+ taoin)/(1-taoin))*Zo;

14 Zl=-(real(Zin)/3) -(%i*imag(Zin));

15 disp([mag_taoin ,theta_taoin ])

16 disp(Zl, ’ the l oad impedence w i l l be = ’ )

Scilab code Exa 11.11 obtain the greatest ratio of off to on attenuation

1 // example : −11 .11 , page no .−642.
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2 // program to o b t a i n the g r e a t e s t r a t i o o f o f f to
on a t t e n u a t i o n .

3 Cj =0.1*10^ -12; Rr=1;Rf=5;Li =0.4*10^ -9;f=5*10^9; Zo=50;

4 w=2*%pi*f;

5 Zr=Rr+%i*((w*Li) -(1/(w*Cj)));

6 Zf=Rf+(%i*w*Li);

7 // f o r s e r i e s c i r c u i t .
8 ILon =-20* log10(abs ((2*Zo)/(2*Zo+Zf)));

9 ILoff =-20* log10(abs ((2*Zo)/(2*Zo+Zr)));

10 // f o r shunt c i r c u i t .
11 ILon1 =-20* log10(abs ((2*Zr)/(2*Zr+Zo)));

12 ILoff1 =-20* log10(abs ((2*Zf)/(2*Zf+Zo)));

13 disp(ILon , ’ f o r s e r i e s c i r c u i t = ’ )
14 disp(ILoff , ’ f o r s e r i e s c i r c u i t = ’ )
15 disp(ILon1 , ’ f o r shunt c i r c u i t = ’ )
16 disp(ILoff1 , ’ f o r shunt c i r c u i t = ’ )
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Chapter 12

INTRODUCTION TO
MICROWAVE SYSTEMS

Scilab code Exa 12.1 compute directivity radiation intensity and others

1 // example : −12 .1 , page no .−668.
2 // program to compute d i r e c t i v i t y , r a d i a t i o n i n t e n s i t y

, F , the e f f e c t i v e a r ea .
3 syms Etheta Hphi ko no Io l r pi theta C phi lamda;

4 Etheta =((%i*ko*no*Io*l)/(4*pi*r))*sin(theta)*exp(-%i

*ko*r);

5 Hphi =((%i*ko*Io*l)/(4*pi*r))*sin(theta)*exp(-%i*ko*r

);

6 F=(r^2)*( Etheta*conj(Hphi));

7 Prad=C*integ(integ(sin(theta)^3,theta),phi);

8 Prad=limit(Prad ,theta ,pi)-limit(Prad ,theta ,0);

9 Prad=limit(Prad ,phi ,2*pi)-limit(Prad ,phi ,0); // take
co s ( p i ) =−1;

10 Prad =8*pi*C/3;

11 D=4*pi*C/Prad;

12 Ac=(( lamda ^2)*D)/(4*pi);

13 disp(F, ’ the r a d i a t i o n i n t e n s i t y i s g i v e n by = ’ )
14 disp(D, ’ d i r e c t i v i t y i s g i v e n by = ’ )
15 disp(Ac, ’ the e f f e c t i v e a r ea o f the d i p o l e = ’ )
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Scilab code Exa 12.2 program to find the reactive power in dbm

1 // example : −12 .2 , page no .−674.
2 // program to f i n d the r e a c t i v e power i n dbm .
3 Pt=120;f=6*10^9;

4 Gt =10^4.2; Gr =10^3.1;

5 lamda =0.05;R=3.59*10^7;

6 Pr=(Pt*Gt*Gr*( lamda ^2))/((4* %pi*R)^2);

7 Pr=10* log10(Pr /0.001);

8 disp(Pr, ’ r e c e i v e d power i n dBm w i l l be = ’ )

Scilab code Exa 12.3 calculate the input and output SNR

1 // example : −12 .3 , page no .−677.
2 // program to c a l c u l a t e the input and output SNR.
3 f=4*10^9;B=1*10^6; Grf =10^2; Gif =10^3; Lt =10^0.15; Lm

=10^0.6; To=290;

4 Fm =10^0.7; Tm=(Fm -1)*To;Tp =300;Tb=200; eta =0.9;

5 Frf =10^0.3; Fif =10^0.11;k=1.38*10^ -23;

6 Trf=(Frf -1)*To;

7 Tif=(Fif -1)*To;

8 Trec=Trf+(Tm/Grf)+((Tif*Lm)/Grf);

9 Ttl=(Lt -1)*Tp;

10 Ta=eta*Tb+(1-eta)*Tp;

11 Ni=k*B*Ta;

12 Ni=10* log10(Ni /0.001); // c o n v e r t i n g i n to dBm.
13 si=-80; // i n dBm.
14 SNRi=si-Ni; // input SNR.
15 Tsys=Ta+Ttl+Lt*Trec;

16 SNRo=si -10* log10 ((k*B*Tsys)/0.001);

17 disp(SNRi , ’ i npu t SNR i n dB = ’ )
18 disp(SNRo , ’ output SNR i n dB = ’ )
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Scilab code Exa 12.4 program to find the maximum range of radar

1 // example : −12 .4 , page no .−683.
2 // program to f i n d the maximum range o f r ada r .
3 G=10^2.8; Pt =2000; sigma =12;

4 Pmin =10^ -12; lamda =0.03;

5 Rmax =((Pt*(G^2)*sigma*(lamda ^2))/(((4* %pi)^3)*Pmin))

^(0.25);

6 disp(Rmax , ’ the maximum range o f the rada r i n meter =
’ )

Scilab code Exa 12.5 program to find the J by S ratio

1 // example : −12 .5 , page no .−702.
2 // program to f i n d the J/S r a t i o .
3 Gr =10^3.5; Pj =1000;R=3000; Br =1*10^6; Bj =20*10^6;

4 Gj=10; lamda =0.03; Pt =10^5; sigma =4;Rj =10000;

5 x=(Pj/Pt)*((4* %pi*(R^2)*Gj)/( sigma*Gr))*(Br/Bj); //
x=J/S

6 x=10* log10(x);

7 Grsl =10^(3.5 -2);// rada r anteena ga in i n i t s
s i d e l o b e r e g i o n .

8 x1=(Pj/Pt)*(((R^4)*Gj*Grsl)/((Gr^2)*(Rj^2)))*(Br/Bj)

;

9 x1=10* log10(x1);

10 disp(x, ’THE J/S r a t i o n f o r the SSJ c a s e i n dB i s = ’
)

11 disp(x1, ’THE J/S r a t i o f o r the SOJ c a s e i n dB i s = ’
)
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Scilab code Exa 12.6 calculate power density of 20 m from anteena

1 // example : −12 .6 , page no .−704.
2 // program to c a l c u l a t e the power d e n s i t y o f 20 m

from the anteena .
3 G=10^4; Pin =5;R=20;

4 S=(Pin*G)/(4* %pi*(R^2))*0.1;

5 disp(S, ’ the power d e n s i t y i n the main beam o f the
anteena at a d i s t a n c e o f 20 m i n mw/cmˆ2 = ’ )
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Appendix

Scilab code AP 1 equivalent of two resistances in parallel

1 // f u n c t i o n example : −5 .4 , page no .−221.
2 function[Z]= parallel_impedence(Z1 ,Z2)

3 Z=(Z1*Z2)/(Z1+Z2);

4 endfunction

Scilab code AP 2 smith chart for finding load impedence when reflection
coefficient is given.

1 // f u n c t i o n f o r smith c h a r t f o r f i n d i n g l oad
impedence when 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 .

2 function []= smith_chart(tao)

3 theta =0:0.1:2* %pi;

4 for r=0:0.1:10

5 x=(1/(1+r))*cos(theta)+(r/(1+r));

6 y=(1/(1+r))*sin(theta);

7 plot2d(x,y,style=2,rect=[-2,-2,2,2])

8 end

9 for X= -2:0.1:2

10 if X==0

11 X=0.01;

12 end

13 x=1+(1/X)*cos(theta);

14 y=(1/X)*sin(theta)+(1/X);

15 plot2d(x,y,style=3,rect=[-2,-2,2,2])

16 xgrid (2)

17 xtitle(” smith c h a r t ”,” Tao Real ”,” Tao Imaginary ”)
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18 end

19 x=abs(tao)*cos(theta);

20 y=abs(tao)*sin(theta);

21 plot2d(x,y,style=5,rect=[-2,-2,2,2])

22 theta=-%pi /2:0.1: %pi/2;

23 x=abs(tao)*cos(theta);

24 [r angle]=polar(tao);

25 tao=[r angle]

26 y=x*tan(tao(1,2));

27 plot2d(x,y,style=5,rect=[-2,-2,2,2])

28 endfunction

Scilab code AP 3 function for input impedence

1 // f u n c t i o n f o r i nput impedence .
2 function[Zin]= input_impedence(tao ,b,l,Zo)

3 Zin=Zo *((1+( tao*exp(-2*%i*b*l)))/(1-(tao*exp(-2*%i

*b*l))))

4 endfunction

Scilab code AP 4 function for reflection coefficient

1 ” Tao Real ”,” Tao Imaginary ”” Tao Real ”,” Tao Imaginary ”
// f u n c t i o n f o r r e f l e c t i o n c o e f f i c i e n t .

2 function[tao]= reflection_coefficient(Zl,Zo)

3 tao=(Zl -Zo)/(Zl+Zo);

4 endfunction

Scilab code AP 5 function to find SWR

1 // f u n c t i o n to f i n d SWR,
2 function[SWR]=VSWR(tao)

3 SWR =(1+ tao)/(1-tao)

4 endfunction
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