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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

Review of Electromagnetics
and Transmission Lines

Scilab code Exa 1.1.1 Find the wavelengths

1 // Example No . 1 . 1 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,7);
6

7 f1=100; //kHz
8 f2=1; //MHz
9 f3=10; //MHz
10 c=3*10^8; //m/ s
11 lambda1=c/(f1 *10^3);//m
12 lambda2=c/(f2 *10^6);//m
13 lambda3=c/(f3 *10^6);//m
14 disp(lambda1 /1000 ,”At 100kHz , wave l ength (km) : ”);
15 disp(lambda2 ,”At 1MHz, wave l ength (m) : ”);
16 disp(lambda3 ,”At 10MHz, wave l ength (m) : ”);
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Chapter 3

Fundamental parameters of
Antenna

Scilab code Exa 3.3.1 Half Power Beam Width

1 // Example No . 3 . 3 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,7);
6 E_theta =1/ sqrt (2);// E l e c t r i c F i e l d at h a l f power
7 // t h e t a=thetaHP / 2 ; / /E( thetaHP /2)=cosd ( thetaHP /2)
8 thetaHP =2* acosd(E_theta);// d e g r e e ( Ha l f power beam

width )
9 disp(thetaHP ,” Ha l f power beam width ( d e g r e e ) : ”);

Scilab code Exa 3.3.2 HPBW and FNBW

1 // Example No . 3 . 3 . 2
2 clc;

3 clear;

9



4 close;

5 format( ’ v ’ ,7);
6 E_theta =1/ sqrt (2);// E l e c t r i c f i e l d at t h e t a=90−

thetaHP /2
7 //E(90− thetaHP /2)=s i n d (90− thetaHP /2)
8 thetaHP =2*(90 - asind(E_theta));// d e g r e e (HPBW)
9 disp(thetaHP ,”HPBW( d e g r e e ) : ”);
10 theta1 =0; theta2 =180; // d e g r e e ( Pat t e rn a n g l e s )
11 FNBW=theta2 -theta1;// d e g r e e (FNBW) // as E i s z e r o at

t h e s e p o i n t s
12 disp(FNBW ,”FNBW( d e g r e e ) : ”);

Scilab code Exa 3.3.3 Half Power Beam width

1 // Example No . 3 . 3 . 3
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,7);
6 E_theta =1/ sqrt (2);// E l e c r i c f i e l d at h a l f power

p o i n t
7 //E( thetaHP /2) =( cosd ( thetaHP /2) ) ˆ2
8 thetaHP =2*( acosd(sqrt(E_theta)));// d e g r e e (HPBW)
9 disp(thetaHP ,” Ha l f Power Beam Width ( d e g r e e ) : ”);

Scilab code Exa 3.8.1 Exact and Approximate Directivity

1 // Example No . 3 . 8 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 theta1 =0; theta2=%pi/2; // r a d i a n ( Ang le s )
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7 fi1 =0;fi2=2*%pi;// r a d i a n ( Ang le s )
8 // Prad=i n t e g r a t e ( ’ i n t e g r a t e ( ’U’ , ’ thheta ’ , theta1 ,

t h e t a 2 ) ’ , ’ f i ’ , f i 1 , f i 2 ) ;
9 Prad_BY_Um=%pi *(1/2) *(cos(2* theta1)-cos(2* theta2));

// ( Power r a d i a t e d /Max i n t e n s i t y )
10 Do=4*%pi/Prad_BY_Um;// Exact D i r e c t i v i t y
11 disp(Do,” Exact D i r e c t i v i t y : ”);
12 //Um∗Cosd ( thetaHP /2) =0.5∗Um
13 thetaHP =2* acosd (0.5);// d e g r e e (HPBW)
14 fiHP=thetaHP;// d e g r e e (HPBW)
15 Do =41253/( thetaHP*fiHP);// Approximate D i r e c t i v i t y
16 disp(Do,” Approximate D i r e c t i v i t y : ”);

Scilab code Exa 3.10.1 Power radiated

1 // Example No . 3 . 1 0 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6

7 K=90; //%// r a d i a t i o n e f f i c i e n c y
8 Pin =10; //W
9 Prad=(K/100)*Pin;//W

10 disp(Prad ,” Radiated power i n Watts : ”);

Scilab code Exa 3.11.1 Gain in dB

1 // Example No . 3 . 1 1 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
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6

7 D=20; // D i r e c t i v i t y
8 K=90; //%// r a d i a t i o n e f f i c i e n c y
9 G=(K/100)*D;// Gain
10 GdB =10* log10(G);//dB
11 disp(GdB ,” Gain i n dB : ”);
12 // Answer i s not c a l c u l a t e d i n the book .

Scilab code Exa 3.11.2 Directivity in dB

1 // Example No . 3 . 1 1 . 2
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,7);
6 Rr=72; //
7 RL=8; //
8 G=16; // Gain
9 K=Rr/(Rr+RL)*100; //%// r a d i a t i o n e f f i c i e n c y

10 D=G/(K/100);// D i r e c t i v i t y
11 DdB =10* log10(D);//dB
12 disp(DdB ,” D i r e c t i v i t y i n dB : ”);

Scilab code Exa 3.13.1 Radiation Resistance

1 // Example No . 3 . 1 3 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 Irms =15; //A( Current Drawn )
7 Prad =5; //kW( Radiated Power )
8 Rr=Prad *10^3/ Irms ^2; // ( Rad i a t i on R e s i s t a n c e )
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9 disp(Rr,” Rad i a t i on r e s i s t a n c e i n : ”);

Scilab code Exa 3.13.2 Current Drawn

1 // Example No . 3 . 1 3 . 2
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,4);
6 Prad =1000; //W( Radiated Power )
7 Rr=300; // ( Rad i a t i on R e s i s t a n c e )
8 Irms=sqrt(Prad/Rr);//A( Current Drawn )
9 disp(Irms ,” Current drawn i n A : ”);

Scilab code Exa 3.13.3 Maximum Effective Aperture

1 // Example No . 3 . 1 3 . 3
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,5);
6 Rr=73; // ( Rad i a t i on R e s i s t a n c e )
7 Z=120* %pi;// ( For f r e e space )
8 // l e=lambda /%pi
9 AemBYlambda_sqr =(1/ %pi)^2*Z/(4*Rr);

10 disp(”Maximum e f f e c t i v e a p e r t u r e i n m i s ”+string(
AemBYlambda_sqr)+”∗ l a m b d a ”);

Scilab code Exa 3.13.4 Effective length
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1 // Example No . 3 . 1 3 . 4
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,7);
6

7 Rr=73; //
8 Z=120* %pi;// ( For f r e e space )
9 //Aem=0.13∗ l a m b d a
10 AemBylambda_sqr =0.13;

11 leBYlambda =2* sqrt(AemBylambda_sqr*Rr)/sqrt(Z);

12 disp(” E f f e c t i v e l e n g t h i n meter i s ”+string(
leBYlambda)+”∗ lambda ”);

Scilab code Exa 3.15.1 Polarization Loss factor

1 // Example No . 3 . 1 5 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,4);
6

7 cos_si_p =1/ sqrt (2);

8 PLF=cos_si_p ^2; // P o l a r i z a t i o n Loss f a c t o r
9 PLFdB =10* log10(PLF);//dB

10 disp(PLFdB ,”Power l o s s f a c t o r i n dB : ”);

Scilab code Exa 3.16.1 Maximum effective aperture and power

1 // Example No . 3 . 1 6 . 1
2 clc;

3 clear;

4 close;
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5 format( ’ v ’ ,9);
6

7 Do_dB =20; //dB
8 f=10; //GHz
9 Wi=2*10^ -3; //W/ m
10 c=3*10^8; //m/ s
11 lambda=c/(f*10^9);//m
12 Do=10^( Do_dB /10);// u n i t l e s s
13 Aem=lambda ^2/(4* %pi)*Do;// m
14 disp(Aem ,”Maximum e f f e c t i v e a p e r t u r e i n m : ”);
15 Pr=Aem*Wi;//W
16 disp(Pr*10^6,”Maximum r e c e i v e d power i n W : ”);

Scilab code Exa 3.16.2 Directivity of Antenna

1 // Example No . 3 . 1 6 . 2
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 ecd =1; // f o r l o s s l e s s antenna
7 Aem =2.147; // m (Maximum E f f e c t i v e a p e r t u r e )
8 Zin =75; // ( Input impedence )
9 Zo=50; // ( Output impedence )

10 f=100; //MHz( Operat ing f r e q u e n c y )
11 c=3*10^8; //m/ s ( speed f l i g h t )
12 aw_aa =1; // For no p o l a r i z a t i o n l o s s
13 lambda=c/(f*10^6);//m( Wavelength )
14 Tau=(Zin -Zo)/(Zin+Zo);// ( R e f l e c t i o n C o e f f i c i e n t )
15 Do=Aem/(ecd*(1-Tau^2)*lambda ^2/(4* %pi)/aw_aa ^2);//

u n i t l e s s ( D i r e c t i v i t y )
16 disp(Do,” D i r e c t i v i t y o f antenna : ”);
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Scilab code Exa 3.17.1 Find the power delivered

1 // Example No . 3 . 1 7 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,11);
6 PT=15; //W( Transmit ted Power )
7 AeT =0.2; // m ( E f f e c t i v e a p e r t u r e )
8 AeR =0.5; // m ( E f f e c t i v e a p e r t u r e )
9 f=5; //GHz( f r e q u e n c y )

10 r=15; //km( l i n e o f s i g h t d i s t a n c e )
11 c=3*10^8; //m/ s ( Speed o f l i g h t )
12 lambda=c/(f*10^9);//m( Wavelength )
13 PR=PT*AeT*AeR/((r*1000) ^2* lambda ^2);// Watts ( Power

d e l i v e r e d to r e c i e v e r )
14 disp(PR,”Power d e l i v e r e d to r e c e i v e r i n Watts : ”);
15 // Answer i s wrong i n the book . lambda i s 0 . 6 i n s t e a d

o f 0 . 0 6 and lambda ˆ2 i s 0 . 0 6 i n s t e a d o f 0 . 0 0 3 6

Scilab code Exa 3.17.2 Calculate the power

1 // Example No . 3 . 1 7 . 2
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 DT=20; //dB( Transmi t t e r D i r e c t i v i t y )
7 DR=20; //dB( R e c i e v e r D i r e c t i v i t y )
8 PT=10; //W( Transmit ted Power )
9 ecdT =1; ecdR =1; // ( For l o s s l e s s antenna )

10 aT_aR =1; // ( For p o l a r i z a t i o n match )
11 DT=10^(DT/10);// u n i t l e s s ( Tran smi t t e r D i r e c t i v i t y )
12 DR=10^(DR/10);// u n i t l e s s ( R e c i e v e r D i r e c t i v i t y )
13 Tau_T =0; Tau_R =0; // ( R e f l e c t i o n c o e f f i c i e n t )
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14 rBYlambda =50; //m
15 PR=PT*ecdT*ecdR*(1-Tau_T ^2)*(1-Tau_R ^2) /(4* %pi*

rBYlambda)^2*DT*DR*aT_aR ^2; // Watts ( Power
d e l i v e r e d to r e c i e v e r )

16 disp(PR,”Power at r e c e i v i n g antenna i n Watts : ”);

Scilab code Exa 3.17.3 Power delivered to load

1 // Example No . 3 . 1 7 . 3
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,9);
6 f=3; //GHz
7 c=3*10^8; //m/ s ( Speed o f l i g h t )
8 lambda=c/(f*10^9);//m( wave l ength )
9 r=500; //m( d i s t a n c e )

10 PT=100; //W( Transmit ted Power )
11 GT=25; //dB( Transmi t t e r Gain )
12 GR=20; //dB( R e c i e v e r Gain )
13 GT=10^(GT/10);// u n i t l e s s ( Transmi t t e r Gain )
14 GR=10^(GR/10);// u n i t l e s s ( R e c i e v e r Gain )
15 PLF =1; aT_aR =1; // ( For p o l a r i z a t i o n match )
16 PR=PT*( lambda /4/%pi/r)^2*GT*GR*aT_aR ^2; // Watts ( Power

d e l i v e r e d to r e c i e v e r )
17 disp(PR,”Power d e l i v e r e d to l oad i n Watts : ”);
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Chapter 4

Linear Wire Antennas

Scilab code Exa 4.2.1 Er Etheta and Hfi

1 // Example No . 4 . 2 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,7);
6 l=5; //cm( l e n g t h o f antenna )
7 f=100; //MHz( o p e r a t i n g f r e q u e n c y )
8 Io=120; //mA( Terminal c u r r e n t )
9 t=1; // s ( t ime )

10 theta =45; // d e g r e e ( Angle )
11 r=3; //m( r a d i u s )
12 c=3*10^8; //m/ s //// Speed o f l i g h t
13 omega =2* %pi*f*10^6; // rad / s e c ( r o t a t i o n )
14 k=omega/c;// rad /m( Phase c o n s t a n t )
15 kr=2*%pi*r/3; // d e g r e e ( Phase c o n s t a n t )
16 Er=Io*10^ -3*l*10^ -2/(2* %pi*r^2)*cosd(theta)*120* %pi

*[1+1/( %i*kr)]*exp(-%i*kr+%i*omega*t);//V/m(
E l e c t r i c f i e l d )

17 Er=Er *1000; //mV/m( E l e c t r i c f i e l d )
18 Er_mag=abs(Er);//mV/m( magnitude o f Er )
19 Er_angle=atand(imag(Er),real(Er));// d e g r e e ( a n g l e o f
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Er )
20 disp(Er_angle ,Er_mag ,” Value o f Er : magnitude (mV/m)

and a n g l e i n d e g r e e : ”);
21 Etheta=Io*10^ -3*l*10^ -2/(4* %pi*r)*sind(theta)*120*

%pi*%i*k*[1+1/( %i*kr)+1/(%i*kr)^2]* exp(-%i*kr+%i*

omega*t);//V/m( E l e c t r i c f i e l d )
22 Etheta_mag=abs(Etheta);//V/m( magnitude o f Etheta )
23 Etheta_angle=atand(imag(Etheta),real(Etheta));//

d e g r e e ( a n g l e o f Etheta )
24 disp(Etheta_angle ,Etheta_mag ,” Value o f Etheta :

magnitude (V/m) and a n g l e i n d e g r e e : ”);
25 Hfi=Io*10^ -3*l*10^ -2/(4* %pi*r)*sind(theta)*%i*k

*[1+1/( %i*kr)]*exp(-%i*kr+%i*omega*t);//A/m(
Magnet ic f i e l d )

26 Hfi_mag=abs(Hfi);//A/m( magnitude o f H f i )
27 Hfi_angle=atand(imag(Hfi),real(Hfi));// d e g r e e ( a n g l e

o f H f i )
28 disp(Hfi_angle ,Hfi_mag ,” Value o f H : magnitude (A/m

) and a n g l e i n d e g r e e : ”);
29 // Answer i s not a c c u r a t e i n the book .

Scilab code Exa 4.5.1 Effective area

1 // Example No . 4 . 5 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 f=500; //MHz( Operat ing Frequency )
7 Do =1.643; // f o r h a l f wave d i p o l e
8 c=3*10^8; //m/ s //// Speed o f l i g h t
9 lambda=c/(f*10^6);//m( Wavelength )

10 Aem=lambda ^2/(4* %pi)*Do;// m ( E f f e c t i v e a r ea )
11 disp(Aem ,” E f f e c t i v e a r ea i n m : ”);
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Scilab code Exa 4.6.1 Current required

1 // Example No . 4 . 6 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6

7 l=1; //m
8 Prad =4; //W
9 f=1.5; //MHz

10 c=3*10^8; //m/ s //// Speed o f l i g h t
11 lambda=c/(f*10^6);//m
12 // he r e l / lambda <1/50 t e l l s us i t i s a H e r t z i a n

monopole antenna
13 h=1; //m
14 Rr=40* %pi ^2*(h/lambda)^2; // m
15 Io=sqrt (2* Prad/Rr);//A
16 disp(Io,” Current r e q u i r e d i n A : ”);

Scilab code Exa 4.9.1 Power radiated

1 // Example No . 4 . 9 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6

7 le=100; //m
8 Irms =450; //A
9 f=40000; //Hz

10 c=3*10^8; //m/ s //// Speed o f l i g h t
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11 lambda=c/f;//m
12 P=160* %pi ^2*(le/lambda)^2* Irms ^2; //mW
13 Rr=160* %pi ^2*(le/lambda)^2; //
14 disp(P*10^-3,”Power r a d i a t e d i n W : ”);
15 disp(Rr,” Rad i a t i on r e s i s t a n c e i n : ”);
16 // Answer wrong f o r r a d i a t i o n r e s i s t a n c e i n the book .

Scilab code Exa 4.9.2 Radiation resistance and power

1 // Example No . 4 . 9 . 2
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6

7 le =61.4; //m
8 Irms =50; //A
9 lambda =625; //m
10 P=160* %pi ^2*(le/lambda)^2* Irms ^2; //kW
11 Rr=160* %pi ^2*(le/lambda)^2; //
12 disp(P*10^-3,”Power r a d i a t e d i n kW : ”);
13 disp(Rr,” Rad i a t i on r e s i s t a n c e i n : ”);

Scilab code Exa 4.9.3 Power radiated and efficiency

1 // Example No . 4 . 9 . 3
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,5);
6 le=10; //m( e f f e c t i v e l e n g t h )
7 Irms =450; //A( rms c u r r e n t )
8 Rl=1.5; // ( r e s i s t a n c e )
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9 f=50; //kHz ( Operat ing f r e q u e n c y )
10 c=3*10^8; //m/ s //// Speed o f l i g h t
11 lambda=c/(f*10^3);//m( Wavelength )
12 P=160* %pi ^2*(le/lambda)^2* Irms ^2; //kW( Power )
13 P=P*1000; //W( Power )
14 Rr=160* %pi ^2*(le/lambda)^2; // ( Rad i a t i on r e s i s t a n c e

)
15 Eta=Rr/(Rr+Rl)*100; //%( E f f i c i e n c y )
16 disp(Eta ,” E f f i c i e n c y o f antenna i n % : ”);

Scilab code Exa 4.9.4 Radiation Resistance

1 // Example No . 4 . 9 . 4
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 // l=lambda /8
7 lBYlambda =1/8; // ( l e n g t h / Wavelength )
8 Rr=80* %pi ^2*( lBYlambda)^2; // ( Rad i a t i on r e s i s t a n c e )
9 disp(Rr,” Rad i a t i on r e s i s t a n c e i n : ”);

Scilab code Exa 4.9.5 Radiation Resistance

1 // Example No . 4 . 9 . 5
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 L=1; //m( Length o f e l ement )
7 f=10; //MHz( Operat ing f r e q u e n c y )
8 c=3*10^8; //m/ s //// Speed o f l i g h t
9 lambda=c/(f*10^6);//m( Wavelength )
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10 Rr=80* %pi ^2*(L/lambda)^2; // ( Rad i a t i on r e s i s t a n c e )
11 disp(Rr,” Rad i a t i on r e s i s t a n c e i n : ”);
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Chapter 6

Antenna Arrays

Scilab code Exa 6.2.1 Relative field pattern

1 // Example No . 6 . 2 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,5);
6 n=2; // (No . o f p o i n t s o u r c e )
7 //E=E0∗{ exp ( %i∗%pi /2)−exp(−%i∗ s i /2) } where exp(−%i∗

s i )=−1
8 // s i=Beta ∗d∗ cosd ( f i ) =2∗%pi∗ cosd ( f i )
9 //E=2∗%i∗E0∗ s i n d ( %pi∗ cosd ( f i ) ) ; But 2∗%i∗E0=1
10 fi=[0 30 60 90 120 150 180 210 240 270 300 330]; //

d e g r e e ( a n g l e )
11 En=sin(%pi*cosd(fi));// Normal i zed f i e l d
12 disp(” D i f f e r e n t v a l u e s o f f i : ”);
13 disp(string(fi));

14 disp(” Cor r e spond ing no rma l i z ed f i e l d i s : ”);
15 disp(string(abs(En)));

Scilab code Exa 6.2.2 Radiation patern
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1 // Example No . 6 . 2 . 2
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,5);
6 n=2; // (No . o f p o i n t s o u r c e )
7 //E=E0∗{ exp ( %i ∗ ( %pi/4+ s i /2) )−exp(−%i ∗ ( %pi/4+ s i /2) ) }

as exp ( %i∗ t h e t a )+exp(−%i∗ t h e t a ) =2∗ co s ( t h e t a )
8 //E=2∗E0∗ co s ( %pi/4+ s i /2) ;
9 // s i=Beta ∗d∗ cosd ( f i ) =2∗%pi∗ cosd ( f i )

10 //En=cos ( %pi/4+Beta ∗d∗ cosd ( %pi /4) ) ; But 2∗E0=1
11 fi=[0 30 60 90 120 150 180 210 240 270 300 330]; //

d e g r e e ( a n g l e )
12 En=cos(%pi /4+%pi/4* cosd(fi));// Normal i zed f i e l d
13 disp(” D i f f e r e n t v a l u e s o f f i : ”);
14 disp(string(fi));

15 disp(” Cor r e spond ing no rma l i z e d f i e l d i s : ”);
16 disp(string(abs(En)));

Scilab code Exa 6.2.3 Field pattern

1 // Example No . 6 . 2 . 3
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,5);
6 //E=cos ( f i )+s i n ( f i )< s i ;
7 //En=cos ( %pi/4+%pi∗ cosd ( f i ) ) as 2∗E0=1
8 fi=[0 30 60 90 120 150 180 210 240 270 300 330]; //

d e g r e e ( Angle )
9 si=%pi /2*( cosd(fi)+1);// ( Phase )

10 En=cos(%pi /4+%pi*cosd(fi));// Normal i zed f i e l d
11 disp(” D i f f e r e n t v a l u e s o f f i : ”);
12 disp(string(fi));

13 disp(” Cor r e spond ing no rma l i z e d f i e l d i s : ”);
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14 disp(string(abs(En)));

15 // Answer i n the book i s wrong .

Scilab code Exa 6.6.1 Location of first null

1 // Example No . 6 . 6 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,5);
6 n=80; // ( no . o f e l e m e n t s )
7 N=1; // f o r f i r s t n u l l
8 //d=lambda / 2 ; ( s p a c i n g )
9 dBYlambda =1/2; // ( s p a c i n g / wave l ength )

10 fi01=acosd(N/n/dBYlambda);// d e g r e e ( Angle )
11 Null_1st =(%pi /2*180/ %pi)-fi01;// d e g r e e ( F i r s t Nu l l )
12 disp(Null_1st ,” L oc a t i on o f 1 s t n u l l from maxima i n

d e g r e e : ”);

Scilab code Exa 6.6.2 Various parameters of isotropic array

1 // Example 6 . 6 . 2
2 clc;

3 clear;

4 close;

5 n=4; // (No . o f e l e m e n t s )
6 //d=lambda / 2 ; ( Spac ing )
7 dBYlambda =1/2; // ( Spac ing / wave l ength )
8 alfa =0; // d e g r e e ( a n g l e )
9 N=1; // ( For f i r s t n u l l )

10 disp(” Part ( i ) ”);
11 theta01 =[ acosd(+N/2) acosd(-N/2)]; // d e g r e e ( Angle )
12 N=2; // ( For second n u l l )
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13 theta02 =[ acosd(+N/2) acosd(-N/2)]; // d e g r e e ( a n g l e )
14 //N=3;// not p o s s i b l e as N/2 i s g r e a t e r than 1
15 disp(theta01 ,” Nu l l d i r e c t i o n s f o r N=1 : t h e t a 0 1 (

d e g r e e ) ”);
16 disp(theta02 ,” Nu l l d i r e c t i o n s f o r N=2 : t h e t a 0 2 (

d e g r e e ) ”);
17 disp(” Part ( i i ) ”);
18 m=0; // f o r maxima
19 theta_m=acosd(m/dBYlambda);// d e g r e e ( a n g l e )
20 disp(theta_m ,” D i r e c t i o n o f maxima : theta m ( d e g r e e )

”);
21 disp(” Part ( i i i ) ”);
22 S=1; // f o r s i d e l o b e maxima
23 //S=2 & onwards not p o s s i b l e
24 theta_S =[ acosd ((2*S+1)/2/n/dBYlambda) acosd (-(2*S+1)

/2/n/dBYlambda)]; // d e g r e e ( a n g l e f o r s i d e l o b e )
25 disp(theta_S ,” S ide l o b e maxima : t h e t a S ( d e g r e e ) ”);
26 disp(” Part ( i v ) ”);
27 HPBW =2*[90 - acosd (1.391/ %pi/n/dBYlambda)]; // d e g r e e (

HPBW)
28 disp(HPBW ,”HPBW( d e g r e e ) ”);
29 disp(” Part ( v ) ”);
30 FNBW =2*[90 - acosd (1/n/dBYlambda)]; // d e g r e e (FNBW)
31 disp(FNBW ,”FNBW( d e g r e e ) ”);
32 disp(” Part ( v i ) ”);
33 SLL = -13.46; //dB//// f o r i s o t r o p i c s o u r c e s a r r a y ( S id e

l o b e l e v e l )
34 disp(SLL ,” S ide l o b e l e v e l (dB) ”);

Scilab code Exa 6.8.1 Ordinary endfire array

1 // Example No . 6 . 8 . 1
2 clc;

3 clear;

4 close;
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5 format( ’ v ’ ,5);
6 n=4; // (No . o f e l e m e n t s )
7 //d=lambda / 2 ; ( s p a c i n g )
8 dBYlambda =1/2; // ( s p a c i n g / wave l ength )
9 theta =0; // d e g r e e ( a n g l e )
10 // Beta=2∗%pi/ lambda
11 disp(” Part ( i ) ”);
12 Beta_into_lambda =2* %pi;// ( C o e f f i c i e n t )
13 // a l f a=−Beta ∗d
14 alfa=-Beta_into_lambda*dBYlambda;// r a d i a n (

P r o g r e s s i v e phase s h i f t )
15 alfa=alfa *180/ %pi;// d e g r e e ( P r o g r e s s i v e phase s h i f t )
16 disp(alfa ,” P r o g r e s s i v e phase s h i f t ( d e g r e e ) ”);
17 disp(” Part ( i i ) ”);
18 N=1:3; // as N=4 i s not a l l o w e d
19 theta01=acosd(1-N(1)/n/dBYlambda);// d e g r e e ( a n g l e )
20 theta02=acosd(1-N(2)/n/dBYlambda);// d e g r e e ( a n g l e )
21 theta03=acosd(1-N(3)/n/dBYlambda);// d e g r e e ( a n g l e )
22 disp(theta03 ,theta02 ,theta01 ,” Nu l l d i r e c t i o n s ,

the ta01 , t h e t a 0 2 & t h e t a 0 3 i n d e g r e e a r e : ”);
23 disp(” Part ( i i i ) ”);
24 m=0:1; // as m=2 & onwards i s not a l l o w e d
25 theta0=acosd(1-m(1)/dBYlambda);// d e g r e e ( a n g l e )
26 theta1=acosd(1-m(2)/dBYlambda);// d e g r e e ( a n g l e )
27 disp(theta1 ,theta0 ,”Maxima d i r e c t i o n s , theta0 ,

t h e t a 1 i n d e g r e e a r e : ”);
28 disp(” Part ( i v ) ”);
29 FNBW =2* acosd (1-1/n/dBYlambda);// d e g r e e (FNBW)
30 disp(FNBW ,”FNBW i n d e g r e e : ”);
31 disp(” Part ( v ) ”);
32 HPBW =2* acosd (1 -1.391/n/%pi/dBYlambda);// d e g r e e (HPBW)
33 disp(HPBW ,”HPBW i n d e g r e e : ”);

Scilab code Exa 6.8.2 Half Power Beam Width
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1 // Example No . 6 . 8 . 2
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 n=16; // no . o f p o i n t s o u r c e
7 //d=lambda / 4 ; ( s p a c i n g )
8 dBYlambda =1/4; // ( Spac ing / wave l ength )
9 HPBW =2* acosd (1 -1.391/n/%pi/dBYlambda);// d e g r e e (HPBW)
10 disp(HPBW ,”HPBW i n d e g r e e : ”);

Scilab code Exa 6.10.1 Find the Directivity

1 // Example No . 6 . 1 0 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 n=10; // no . o f e l e m e n t s
7 //d=lambda / 4 ; ( s p a c i n g )
8 dBYlambda =1/4; // /( Spac ing / wave l ength )
9 // Broads ide a r r a y
10 D=2*n*dBYlambda;// u n i t l e s s ( D i r e c t i v i t y )
11 D=10* log10(D);//dB( D i r e c t i v i t y )
12 disp(D,” D i r e c t i v i t y f o r b r o a d s i d e a r r a y i n dB : ”);
13 // E n d f i r e a r r a y
14 D=4*n*dBYlambda;// u n i t l e s s ( D i r e c t i v i t y )
15 D=10* log10(D);//dB( D i r e c t i v i t y )
16 disp(D,” D i r e c t i v i t y f o r Ordinary e n d f i r e a r r a y i n dB

: ”);

Scilab code Exa 6.10.2 Design ordinary endfire array
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1 // Example No . 6 . 1 0 . 2
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 D=20; //dB( D i r e c t i v i t y )
7 //d=lambda / 4 ; ( s p a c i n g )
8 dBYlambda =1/4; // ( s p a c i n g / wave l ength )
9 D=10^(D/10);// u n i t l e s s ( D i r e c t i v i t y )

10 n=D/4/ dBYlambda;// no . o f e l e m e n t s
11 disp(n,” ( i ) No . o f e l e m e n t s : ”);
12 LBYlambda =(n-1)*dBYlambda;// ( l e n g t h / wave l ength )
13 disp(” ( i i ) Length o f the a r r a y i s ”+string(LBYlambda

)+”∗ lambda ”);
14 HPBW =2* acosd (1 -1.391/ %pi/n/dBYlambda);// d e g r e e (HPBW)
15 disp(HPBW ,” ( i i i ) HPBW i n d e g r e e : ”);
16 SLL = -13.46; //dB( S ide l o b e l e v e l )
17 disp(SLL ,” ( i v ) SLL i n dB : ”);
18 Beta_into_lambda =2* %pi;// ( temorary c a l c u l a t u i o n )
19 // a l f a=−Beta ∗d ; / / f o r t h e t a =0
20 // a l f a=Beta ∗d ; / / f o r t h e t a =180
21 alfa1=-Beta_into_lambda*dBYlambda;// r a d i a n //// f o r

t h e t a =0
22 alfa1=alfa1 *180/ %pi;// d e g r e e ( a n g l e )
23 alfa2=Beta_into_lambda*dBYlambda;// r a d i a n //// f o r

t h e t a =180
24 alfa2=alfa2 *180/ %pi;// d e g r e e ( a n g l e )
25 disp(alfa2 ,alfa1 ,” ( v ) P r o g r e s s i v e phase s h i f t ,

f o r t h e t a e q u a l s to 0 & 180 a r e : ”);

Scilab code Exa 6.14.1 Four Element broadside array

1 // Example No . 6 . 1 4 . 1
2 clc;

3 clear;
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4 close;

5 format( ’ v ’ ,6);
6 SLL =19.1; //dB( S ide Lobe Leve l )
7 //d=lambda / 2 ; ( s p a c i n g )
8 dBYlambda =1/2; // ( Spac ing / wave l ength )
9 n=4; // ( no . o f e l e m e n t s )

10 r=round (10^( SLL /20));// ( r a t i o o f main l o b e to s i d e
l o b e )

11 m=n-1; // ( d e g r e e )
12 //T3( x0 )=r =4∗x0ˆ3−3∗x0 ;
13 x0=roots ([4 0 -3 -r]);// ( C o e f f i c i e n t )
14 x0=x0(1);// t a k i n g r e a l v a l u e ( C o e f f i c i e n t )
15 //E4 ( z )=T3( x ) =4∗xˆ3−3∗x=4∗a1∗ z ˆ3−3∗a1∗ z+a0∗ z
16 // 4∗ a1∗ z ˆ3=4∗xˆ3 where z ˆ3=(x/ x0 ) ˆ3
17 a1=4*x0 ^3/4; // ( C o e f f i c i e n t )
18 // a0∗z−3∗z∗a1=−3∗x
19 a0=(3/x0*a1 -3)*x0;// ( C o e f f i c i e n t )
20 disp(a0,a1,” C o e f f i c i e n t s o f a r r a y po lynomia l a1 & a0

a r e : ”);
21 disp(a0/a1,a1/a1 ,” R e l a t i v e c u r r e n t amp l i tude s a r e : ”

);
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Chapter 7

Loop Antenna

Scilab code Exa 7.10.1 Input Voltage

1 // Example No . 7 . 1 0 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 A=1; // m ( Area o f l oop )
7 N=400; // no . o f t u r n s
8 Q=100; // Qua l i t y f a c t o r
9 theta =60; // d e g r e e ( a n g l e )

10 Erms =10; // V /m( f i e l d s t r e n g t h )
11 f=1; //MHz( tuned f r e q u e n c y )
12 c=3*10^8; //m/ s //// Speed o f l i g h t
13 lambda=c/(f*10^6);//m( Wavelength )
14 Vr=Q*2*%pi*A*N*cosd(theta)*Erms *10^ -6/ lambda;//V(

r e c i e v e r i nput v o l t a g e )
15 disp(Vr*1000,” Input v o l t a g e to the r e c e i v e r i n mV :

”);

Scilab code Exa 7.10.2 Voltage induced in lop
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1 // Example No . 7 . 1 0 . 2
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,7);
6 N=12; // no . o f t u r n s
7 A=1; // m ( Area o f l oop )
8 Erms =100; // V /m( f i e l d s t r e n g t h )
9 f=10; //MHz( tuned f r e q u e n c y )

10 theta =0; // d e g r e e ( a n g l e )
11 c=3*10^8; //m/ s //// Speed o f l i g h t
12 lambda=c/(f*10^6);//m( Wavelength )
13 Vr=2*%pi*A*N*cosd(theta)*Erms *10^ -6/ lambda;//V(

r e c i e v e r i nput v o l t a g e )
14 disp(Vr*10^6,” Vo l tage induced i n l oop i n V /m : ”);

Scilab code Exa 7.10.3 Find the field strength

1 // Example No . 7 . 1 0 . 3
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 N=25; // no . o f t u r n s
7 Vrms =150; // V ( emf induced )
8 f=500; //kHz ( tuned f r e q u e n c y )
9 A=0.5^2; // m ( Area o f l oop )

10 theta =0; // d e g r e e ( a n g l e )
11 c=3*10^8; //m/ s //// Speed o f l i g h t
12 lambda=c/(f*10^3);//m( Wavelength )
13 Erms=lambda /(2* %pi*A*N*cosd(theta))*Vrms *10^ -6; //V/m

(maximum emf induced )
14 disp(Erms *10^3,” F i e l d s t r e n g t h i n mV/m : ”);
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Scilab code Exa 7.10.4 Radiation Resistance

1 // Example No . 7 . 1 0 . 4
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,7);
6 N1=1; // no . o f t u r n s i n pr imary
7 N2=8; // no . o f t u r n s i n s e condary
8 // a=lambda / 2 5 ;
9 aBYlambda =1/25; // ( temporary c a l c u l a t i o n )
10 //A=%pi∗a ˆ2
11 A_BY_lambda_sqr=%pi*aBYlambda ^2; // ( temporary

c a l c u l a t i o n )
12 Rr1 =31200*( N1*A_BY_lambda_sqr)^2; // ( Rad i a t i on

r e s i s t a n c e f o r s i n g l e turn )
13 disp(Rr1 ,” Rad i a t i on r e s i s t a n c e f o r s i n g l e turn l oop

i n : ”);
14 Rr2 =31200*( N2*A_BY_lambda_sqr)^2; // ( Rad i a t i on

r e s i s t a n c e f o r 8 turn )
15 disp(Rr2 ,” Rad i a t i on r e s i s t a n c e f o r 8 turn l oop i n

: ”);

Scilab code Exa 7.10.5 Radiation Efficiency

1 // Example No . 7 . 1 0 . 5
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 f=100; //MHz( Operat ing f r e q u e n c y )
7 c=3*10^8; //m/ s //// Speed o f l i g h t
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8 lambda=c/(f*10^6);//m( Wavelength )
9 a=lambda /25; //m( r a d i u s )
10 C=2*%pi*a;//m( C i r cumf e r en c e )
11 d=2*10^ -4* lambda;//m( Spac ing )
12 disp(” For s i n g l e turn : ”);
13 N=1; //n . o f t u r n s
14 RL_BY_Rr =3430/(C^3*f^(3.5)*N*d);// ( temporary

c a l c u l a t i o n )
15 K=1/(1+ RL_BY_Rr)*100; //%( Rad ia t i on e f f i c i e n c y )
16 disp(K,” Rad i a t i on e f f i c i e n c y o f s i n g l e turn i n % : ”

);

17 disp(” For Eight turn : ”);
18 N=8; // no . o f t u r n s
19 RL_BY_Rr =3430/(C^3*f^(3.5)*N*d);// ( temporary

c a l c u l a t i o n )
20 K=1/(1+ RL_BY_Rr)*100; //%( Rad ia t i on e f f i c i e n c y )
21 disp(K,” Rad i a t i on e f f i c i e n c y o f e i g h t turn i n % : ”)

;

Scilab code Exa 7.10.6 Directivity

1 // Example No . 7 . 1 0 . 6
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 a=0.5; //m( r a d i u s )
7 f=0.9; //MHz( OPerat ing f r e q u e n c y )
8 c=3*10^8; //m/ s //// Speed o f l i g h t
9 lambda=c/(f*10^6);//m( wave l ength )

10 C=2*%pi*a;//m( C i r cumf e r en c e )
11 if C/lambda <1/3 then

12 D=3/2; // D i r e c t i v i t y
13 elseif C/lambda >1/3 then

14 D=0.682*C/lambda;// D i r e c t i v i t y
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15 end

16 disp(D,” D i r e c t i v i t y : ”);
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Chapter 8

Slot Antenna

Scilab code Exa 8.3.1 Input Impedence

1 // Example No . 8 . 3 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,7);
6 Zcs =73+%i *42.5; // ( Impedence o f complementry

s t r u c t u r e )
7 Eta =120* %pi;// ( Constant f o r f r e e space )
8 ZS=Eta ^2/4/ Zcs;// ( Input Impedence )
9 disp(ZS,” Input impedence i n : ”);
10 //At r e s o n a n c e
11 Zcs =73; // ( Impedence o f complementry s t r u c t u r e )
12 Eta =120* %pi;// ( Constant f o r f r e e space )
13 ZS=Eta ^2/4/ Zcs;// ( Input Impedence )
14 disp(ZS,”At re sonance , Input impedence i n : ”);
15 disp(”ZS can be rounded to 500 ”);
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Chapter 9

Horn Antenna

Scilab code Exa 9.6.1 Capture Area

1 // Example No . 9 . 6 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,7);
6 f=2; //GHz( Frequency )
7 G=12; // dBi ( Gain )
8 D=12; // dBi ( Gain )
9 D=10^(D/10);// u n i t l e s s ( D i r e c t i v i t y )

10 c=3*10^8; //m/ s ( speed o f l i g h t )
11 lambda=c/(f*10^9);//m( wave l ength )
12 Ap=D*lambda ^2/7.5; // m ( c a p t u r e a r ea )
13 disp(Ap,” Requ i red c a p t u r e a r ea i n m : ”);

Scilab code Exa 9.6.2 Various parameters of horn

1 // Example No . 9 . 6 . 2
2 clc;
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3 clear;

4 close;

5 format( ’ v ’ ,7);
6 aEBYlambda =10; // ( Aperture / wave l ength )
7 del_EBYlambda =0.2; // i n E−p lane
8 del_HBYlambda =0.375; // i n H−p lane
9 LBYlambda=aEBYlambda ^2/8/ del_EBYlambda;// ( Length /

wave l ength )
10 disp(” Length o f the horn i s ”+string(LBYlambda)+”∗

lambda ”);
11 aHBYlambda=sqrt(LBYlambda *8* del_HBYlambda);// (

Aperture / wave l ength )
12 disp(”H−p lane ape r tu r e , aH i s ”+string(aHBYlambda)+”

∗ lambda ”);
13 theta_E =2* atand(aEBYlambda /2/ LBYlambda);// d e g r e e (

Angle )
14 theta_H =2* atand(aHBYlambda /2/ LBYlambda);// d e g r e e (

Angle )
15 disp(theta_H ,theta_E ,” F l a r e a n g l e s the ta E & theta H

( i n d e g r e e ) a r e : ”);
16 HPBW_E =56/ aEBYlambda;// d e g r e e (HPBW f o r E−p lane )
17 disp(HPBW_E ,”HPBW(E−p lane ) i n d e g r e e : ”);
18 HPBW_H =67/ aHBYlambda;// d e g r e e (HPBW f o r H−p lane )
19 disp(HPBW_H ,”HPBW(H−p lane ) i n d e g r e e : ”);
20 FNBW_E =102/ aEBYlambda;// d e g r e e (FNBW f o r E−p lane )
21 disp(FNBW_E ,”FNBW(E−p lane ) i n d e g r e e : ”);
22 FNBW_H =172/ aHBYlambda;// d e g r e e (FNBW f o r F−p lane )
23 disp(FNBW_H ,”FNBW(H−p lane ) i n d e g r e e : ”);
24 D=10* log10 (7.5* aEBYlambda*aHBYlambda);// ( D i r e c t i v i t y

)
25 disp(D,” D i r e c t i v i t y i n dB : ”);
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Chapter 10

Broadband and frequency
independent antenna

Scilab code Exa 10.5.1 Five turn helical antenna

1 // Example No . 1 0 . 5 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 N=5; // no . o f t u r n s
7 f=400; //MHz( Frequency )
8 c=3*10^8; //m/ s ( Speed o f l i g h t )
9 lambda=c/(f*10^6);//m( Wavelength )

10 disp(” Part ( i ) ”);
11 S=lambda /50; //m( Spac ing between t u r n s )
12 S_BY_lambda =1/50; // ( Spac ing / wave l ength )
13 C_BY_lambda=sqrt (2* S_BY_lambda);// ( C i r c umfe r enc e /

wave l ength )
14 disp(” C i r cum fe r e nc e i s ”+string(C_BY_lambda)+”∗

lambda ”);
15 C=sqrt (2* lambda*S);//m( C i r cumf e r e nc e )
16 disp(C,” C i r cu mfe r enc e i n meter : ”);
17 disp(” Part ( i i ) ”);
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18 Lo_BY_lambda=sqrt(S_BY_lambda ^2+ C_BY_lambda ^2);// (
Length / wave l ength )

19 disp(” Length o f s i n g l e turn i s ”+string(Lo_BY_lambda
)+”∗ lambda ”);

20 Lo=sqrt(S^2+C^2);//m( Length o f s i n g l e turn )
21 disp(Lo,” Length o f s i n g l e turn i n meter : ”);
22 disp(” Part ( i i i ) ”);
23 Ln_BY_lambda=N*Lo_BY_lambda;// ( O v e r a l l l e n g t h /

wave l ength )
24 disp(” O v e r a l l Length i s ”+string(Ln_BY_lambda)+”∗

lambda ”);
25 Ln=N*Lo;//m( O v e r a l l l e n g t h )
26 disp(Ln,” O v e r a l l Length i n meter : ”);
27 disp(” Part ( i v ) ”);
28 alfa=atand(S/C);// d e g r e e ( P i t ch a n g l e )
29 disp(alfa ,” P i t ch ang le , i n d e g r e e : ”);

Scilab code Exa 10.5.2 Five turn helical antenna

1 // Example No . 1 0 . 5 . 2
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 N=5; // no . o f t u r n s
7 f=300; //MHz( Frequency )
8 c=3*10^8; //m/ s ( speed o f l i g h t )
9 disp(” Part ( i ) ”);

10 lambda=c/(f*10^6);//m( Wavelength )
11 C_BY_lambda =1; // ( C i r c umfe r enc e / wave l ength )
12 disp(” Near optimum c i r c u m f e r e n c e i s ”+string(

C_BY_lambda)+”∗ lambda ”);
13 C=lambda;//m( C i r cum fe r e nc e )
14 disp(C,” Near optimum c i r c u m f e r e n c e i n meter : ”);
15 disp(” Part ( i i ) ”);
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16 alfa =14; // d e g r e e //( P i t ch a n g l e ) // f o r near optimum
17 S_BY_lambda=C_BY_lambda*tand(alfa);

18 disp(” Spac ing i s ”+string(S_BY_lambda)+”∗ lambda ”);
19 S=C*tand(alfa);//m( Spac ing )
20 disp(S,” Spac ing i n meter : ”);
21 disp(” Part ( i i i ) ”);
22 Rin =140*C/lambda;// ( Input impedence )
23 disp(Rin ,” Input impedence i n : ”);
24 disp(” Part ( i v ) ”);
25 HPBW =52/(C/lambda*sqrt(N*S/lambda));// d e g r e e (HPBW)
26 disp(HPBW ,”HPBW i n d e g r e e : ”);
27 disp(” Part ( v ) ”);
28 FNBW =115/(C/lambda*sqrt(N*S/lambda));// d e g r e e (FNBW)
29 disp(FNBW ,”FNBW i n d e g r e e : ”);
30 disp(” Part ( v i ) ”);
31 Do=15*(C/lambda)^2*N*(S/lambda);// u n i t l e s s ////

D i r e c t i v i t y
32 disp(Do,” D i r e c t i v i t y ( u n i t l e s s ) : ”);
33 Do_dB =10* log10(Do);//dB( D i r e c t i v i t y )
34 disp(Do_dB ,” D i r e c t i v i t y i n dB : ”);
35 disp(” Part ( v i i ) ”);
36 AR=(2*N+1) /2/N;// a x i a l r a t i o
37 disp(AR,” Ax ia l r a t i o : ”);
38 disp(” Part ( v i i i ) ”);
39 Rin =140*(C/lambda);// ( Input impedence )
40 // 50 l i n e
41 Zo=50; // ( Output impedence )
42 Tau=(Rin -Zo)/(Rin+Zo);// S c a l i n g f a c t o r
43 VSWR =(1+ Tau)/(1-Tau);// (VSWR)
44 disp(VSWR ,”VSWR f o r 50 l i n e : ”);
45 // 75 l i n e
46 Zo=75; // ( Output impedence )
47 Tau=(Rin -Zo)/(Rin+Zo);// S c a l i n g f a c t o r
48 VSWR =(1+ Tau)/(1-Tau);// (VSWR)
49 disp(VSWR ,”VSWR f o r 75 l i n e : ”);
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Scilab code Exa 10.5.3 Various parameters of helix array

1 // Example No . 1 0 . 5 . 3
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 HPBW =39; // d e g r e e (HPBW)
7 alfa =12.5; // d e g r e e ( P i t ch a n g l e )
8 f=475; //MHz( Frequency )
9 c=3*10^8; //m/ s ( Speed o f l i g h t )

10 lambda=c/(f*10^6);//m( Wavelength )
11 C=lambda;//m( C i r cum fe r e nc e )
12 disp(” Part ( i ) ”);
13 // i t i s i n a x i a l mode as 3/4∗ lambda<C<4/3∗ lambda
14 S=C*tand(alfa);// meter ( Spac ing )
15 N=52^2/ HPBW ^2/(S/lambda)/(C/lambda)^2; // t u r n s
16 disp(round(N),”Number o f t u r n s : ”);
17 disp(” Part ( i i ) ”);
18 N=round(N);// t u r n s
19 Do=15*(C/lambda)^2*N*(S/lambda);// u n i t l e s s (

D i r e c t i v i t y )
20 Do_dB =10* log10(Do);//dB( D i r e c t i v i t y )
21 disp(Do_dB ,” D i r e c t i v i t y i n d e c i b e l s : ”);
22 disp(” Part ( i i i ) ”);
23 AR=(2*N+1) /2/N;// a x i a l r a t i o
24 disp(AR,” Ax ia l r a t i o : ”);
25 disp(” Part ( i v ) ”);
26 // 3/4∗ lambda<C<4/3∗ lambda
27 lambda1=C/(3/4);// meter ( Wavelength )
28 lambda2=C/(4/3);// meter ( Wavelength )
29 f1=c/lambda1;//Hz ( Frequency )
30 f2=c/lambda2;//Hz ( Frequency )
31 disp(” Frequency range i s ”+string(f1 /10^6)+” MHz to
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”+string(f2 /10^6)+” MHz. ”)
32 disp(” Part ( v ) ”);
33 //At d e s i g n f r e q u e n c y
34 Rin =140*C/lambda;// ( Input impedence )
35 disp(Rin ,”At d e s i g n f r equency , Input impedence i n

i s : ”);
36 // 3/4∗ lambda<C<4/3∗ lambda
37 //At h igh f r e q u e n c y end
38 Rin =140*C/lambda2;// ( Input impedence )
39 disp(Rin ,”At h igh f r e q u e n c y end , Input impedence i n

i s : ”);
40 //At low f r e q u e n c y end
41 Rin =140*C/lambda1;// ( Input impedence )
42 disp(Rin ,”At low f r e q u e n c y end , Input impedence i n

i s : ”);

Scilab code Exa 10.5.4 Input Impedence HPBW and Axial ratio

1 // Example No . 1 0 . 5 . 4
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 Do_dB =14; //dB( D i r e c t i v i t y )
7 f=2.4; //GHz( Frequency )
8 c=3*10^8; //m/ s ( Speed o f l i g h t )
9 lambda=c/(f*10^6);//m( Wavelength )

10 Do=10^( Do_dB /10);// u n i t l e s s ( D i r e c t i v i t y )
11 C=lambda;//m//// f o r optimum r e s u l t ( C i r c umfe r enc e )
12 alfa =14; // d e g r e e ; / / / / f o r optimum r e s u l t ( P i t ch a n g l e )
13 S=C*tand(alfa);//m( Spac ing )
14 N=Do/15/(C/lambda)^2/(S/lambda);// t u r n s
15 N=round(N);// t u r n s
16 Rin =140*C/lambda;// ( Input impedence )
17 disp(Rin ,” Input impedence i n i s : ”);
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18 HPBW =52/(C/lambda*sqrt(N*S/lambda));// d e g r e e
19 disp(HPBW ,”HPBW i n d e g r e e : ”);
20 format( ’ v ’ ,4);
21 FNBW =115/(C/lambda*sqrt(N*S/lambda));// d e g r e e
22 disp(FNBW ,”FNBW i n d e g r e e : ”);
23 AR=(2*N+1) /2/N;// ( Ax ia l r a t i o )
24 disp(AR,” Ax ia l r a t i o : ”);

Scilab code Exa 10.8.1 Symmetrical two wire spiral

1 // Example No . 1 0 . 8 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,8);
6 f=10; //MHz( Frequency )
7 c=3*10^8; //m/ s ( Speed o f l i g h t )
8 lambda=c/(f*10^6);//m( Wavelength )
9 d0=10^ -3* lambda;//m( s p a c i n g )

10 Lo=1* lambda;//m( Length )
11 fi=%pi;fi0 =0; // r a d i a n
12 r0=d0/2; //m
13 disp(” Part ( i ) ”);
14 //R=r0 ∗ exp ( a∗ f i −a∗ f i 0 ) ; / /m
15 // a=s q r t (1/ Lo ˆ2/(R−r0 ) ˆ2−1) ; / / per ad ian
16 a=1.166; // rad ˆ−1(by above e q u a t i o n )
17 disp(a,” Rate o f s p i r a l i n radˆ−1 : ”);
18 R_BY_lambda=r0/lambda*exp(a*2*%pi);//m( Radius /

wave l ength )
19 disp(” Radius o f t e r m i n a l p o i n t i s ”+string(

R_BY_lambda)+”∗ lambda ”);
20 disp(” Part ( i i ) ”);
21 R=r0*exp(a*2*%pi);//m( Radius )
22 disp(R,” Radius at t e r m i n a l p o i n t i n meter : ”);
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Scilab code Exa 10.8.2 Design Equiangular spiral Antena

1 // Example No . 1 0 . 8 . 2
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,5);
6 fU=900; //MHz( Upper f r e q u e n c y )
7 fL=450; //MHz( Lower f r e q u e n c y )
8 c=3*10^8; //m/ s ( Speed o f l i g h t )
9 lambdaU=c/(fU *10^6);//m( Upper wave l ength )

10 lambdaL=c/(fL *10^6);//m( Lower wave l ength )
11 Exp_ratio =4; // expans i on r a t i o
12 a=log(Exp_ratio)/(2* %pi);// rad ˆ−1//// r a t e o f s p i r a l
13 Beta=atand (1/a);// d e g r e e
14 r0=lambdaU /4; // meter ////minimum r a d i u s
15 disp(r0*100,”Minimum r a d i u s i n cm : ”);
16 R=lambdaL /4; // meter ////minimum r a d i u s
17 disp(R*100,”Maximum r a d i u s i n cm : ”);
18 fi_m=log(R/r0)/a;// r a d i a n
19 fi_m=fi_m *180/ %pi;// d e g r e e
20 disp(fi_m ,” m i n d e g r e e i s ”);
21 N=1/2; // f o r m =180;// d e g r e e
22 disp(N,”Number o f turns , N i s ”);

Scilab code Exa 10.10.1 Elements length and spacing

1 // Example No . 1 0 . 1 0 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,7);
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6 Gain =8.5; //dB( Gain )
7 tau =0.822; sigma =0.149; // f o r g i v e n ga in
8 alfa =2* atand((1-tau)/4/ sigma);// d e g r e e
9 fL=54; //MHz( Lower f r e q u e n c y )

10 fU=216; //MHz( Upper f r e q u e n c y )
11 c=3*10^8; //m/ s ( Speed o f l i g h t )
12 lambdaU=c/(fU *10^6);//m( Upper wave l ength )
13 lambdaL=c/(fL *10^6);//m( Lower wave l ength )
14 l1=lambdaU /2; //m( Length o f e l ement1 )
15 lN=lambdaL /2; //m( Length o f l o n g e s t e l ement )
16 l2=l1/tau;l3=l2/tau;l4=l3/tau;l5=l4/tau;l6=l5/tau;l7

=l6/tau;l8=l7/tau;l9=l8/tau;//m( Length o f
e l e m e n t s )

17 d1=2* sigma*l1;d2=2* sigma*l2;d3=2* sigma*l3;d4=2* sigma

*l4;d5=2* sigma*l5;d6=2* sigma*l6;d7=2* sigma*l7;d8

=2* sigma*l8;d9=2* sigma*l9;// meter ( Spac ing between
e l e m e n t s )

18 d=d1+d2+d3+d4+d5+d6+d7+d8+d9;// meter ( t o t a l s p a c i n g )
19 disp(lN,” Length (m) o f l o n g e s t e l ement : ”);
20 disp(l1,” Length (m) o f e l ement1 : ”);
21 disp(l2,” Length (m) o f e l ement2 : ”);
22 disp(l3,” Length (m) o f e l ement3 : ”);
23 disp(l4,” Length (m) o f e l ement4 : ”);
24 disp(l5,” Length (m) o f e l ement5 : ”);
25 disp(l6,” Length (m) o f e l ement6 : ”);
26 disp(l7,” Length (m) o f e l ement7 : ”);
27 disp(l8,” Length (m) o f e l ement8 : ”);
28 disp(l9,” Length (m) o f e l ement9 : ”);
29 disp(d1,” Spac ing (m) o f e l ement1 : ”);
30 disp(d2,” Spac ing (m) o f e l ement2 : ”);
31 disp(d3,” Spac ing (m) o f e l ement3 : ”);
32 disp(d4,” Spac ing (m) o f e l ement4 : ”);
33 disp(d5,” Spac ing (m) o f e l ement5 : ”);
34 disp(d6,” Spac ing (m) o f e l ement6 : ”);
35 disp(d7,” Spac ing (m) o f e l ement7 : ”);
36 disp(d8,” Spac ing (m) o f e l ement8 : ”);
37 disp(d9,” Spac ing (m) o f e l ement9 : ”);
38 disp(d,” Tota l Spac ing l e n g t h (m) : ”);
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39 // Answer i s not a c c u r a t e i n the book .

Scilab code Exa 10.10.2 Design a log periodic dipole

1 // Example No . 1 0 . 1 0 . 2
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,7);
6 tau =0.895; // s c a l e f a c t o r
7 sigma =0.166; // ( s p a c i n g f a c t o r )
8 fU=30; //MHz( Upper f r e q u e n c y )
9 fL=10; //MHz( Lower f r e q u e n c y )
10 c=3*10^8; //m/ s ( Speed o f l i g h t )
11 lambdaU=c/(fU *10^6);//m( Upper wave l ength )
12 lambdaL=c/(fL *10^6);//m( Lower wave l ength )
13 l1=lambdaU /2; //m( Length o f s h o r t e s t e l ement )
14 disp(l1,” Length o f s h o r t e s t e lement , l 1 i n meter i s

: ”);
15 l2=l1/tau;l3=l2/tau;l4=l3/tau;l4=l3/tau;l5=l4/tau;l6

=l5/tau;l7=l6/tau;l8=l7/tau;l9=l8/tau;l10=l9/tau;

l11=l10/tau;//m( Length o f e l ement )
16 disp(l11 ,l10 ,l9 ,l8,l7,l6 ,l5 ,l4,l3,l2 ,” Other e l e m e n t s

l e n g t h (m) l2 , l3 , l4 , l5 , l 6 , l7 , l 8 , l9 , l 10 ,
l 1 1 a r e : ”);

17 alfa =17.97; // d e g r e e ( a n g l e )
18 R1=(l1/2)/tand(alfa /2);//m( Spac ing between e l e m e n t s )
19 R2=R1/tau;R3=R2/tau;R4=R3/tau;R4=R3/tau;R5=R4/tau;R6

=R5/tau;R7=R6/tau;R8=R7/tau;R9=R8/tau;R10=R9/tau;

R11=R10/tau;//m
20 disp(R11 ,R10 ,R9 ,R8,R7,R6 ,R5 ,R4,R3,R2 ,R1,” Spac ing

between e l e m e n t s i n meter R1 , R2 , R3 , R4 , R5 , R6 ,
R7 , R8 , R9 , R10 , R11 a r e : ”);

21 // Answer i s not a c c u r a t e i n the book .
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Chapter 11

Microstrip Antennas

Scilab code Exa 11.9.1 Determine physical dimensions

1 // Example No . 1 1 . 9 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,7);
6 fr=10; //GHz( c e n t e r f r e q u e n c y )
7 fr=fr *10^9; //Hz ( c e n t e r f r e q u e n c y )
8 epsilon_r =10.2; // ( c o n s t a n t )
9 h=0.127; //cm( h e i g h t o f s u s t r a t e )

10 c=3*10^10; //cm/ s ( Speed o f l i g h t )
11 W=c/2/fr*sqrt (2/( epsilon_r +1));//cm( P h y s i c a l

d imens ion )
12 epsilon_reff =( epsilon_r +1) /2+( epsilon_r -1) /2*[1+12*h

/W]^( -1/2);// ( e f f e c t i v e c o n s t a n t )
13 delta_L=h*0.412*( epsilon_reff +0.3)*(W/h+0.264) /[(

epsilon_reff -0.258) *(W/h+0.8) ]; //cm( d i s t a n c e )
14 L=c/2/fr/sqrt(epsilon_reff) -2*delta_L;//cm( d i s t a n c e )
15 disp(L,W,” Des ign v a l u e s o f W & L( i n cm) a r e : ”);
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Chapter 12

Reflector Antennas

Scilab code Exa 12.9.1 First null beam width and power gain

1 // Example No . 1 2 . 9 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 D=2; //m( Diameter )
7 f=6000; //MHz( Frequency )
8 c=3*10^8; //m/ s //// speed o f l i g h t
9 lambda=c/(f*10^6);//m( Wavelength )

10 FNBW =140* lambda/D;// d e g r e e
11 disp(FNBW ,” F i r s t n u l l beam width (FNBW i n d e g r e e ) : ”

);

12 GP=6*(D/lambda)^2; // u n i t l e s s ( Power ga in )
13 GP_dB =10* log10(GP);//dB( Power ga in )
14 disp(GP_dB ,”Power Gain i n dB : ”);
15 //Ans i n the book i s not a c c u r a t e .

Scilab code Exa 12.9.2 Diameter of mouth and HPBW
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1 // Example No . 1 2 . 9 . 2
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,5);
6 GP =1000; // u n i t l e s s ( Power ga in )
7 lambda =10; //cm( Wavelength )
8 D=sqrt(GP/6)*( lambda /100);//m( Diameter )
9 disp(D,” Diameter o f mouth i n meter : ”);
10 HPBW =58*( lambda /100)/D;// d e g r e e (HPBW)
11 disp(HPBW ,” Ha l f power beam width (HPBW i n d e g r e e ) : ”

);

Scilab code Exa 12.9.3 Gain Beamwidth and capture area

1 // Example No . 1 2 . 9 . 3
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 D=6; // meter ( Diameter )
7 f=10; //GHz( Frequency )
8 c=3*10^8; //m/ s //// speed o f l i g h t
9 lambda=c/(f*10^9);//m( Wavelength )

10 GP=6*(D/lambda)^2; // u n i t l e s s ( Power ga in )
11 GP_dB =10* log10(GP);//dB( Power ga in )
12 disp(GP_dB ,” Gain i n dB : ”);
13 FNBW =140* lambda/D;// d e g r e e (FNBW)
14 disp(FNBW ,”FNBW i n d e g r e e : ”);
15 HPBW =58* lambda/D;// d e g r e e (HPBW)
16 disp(HPBW ,”HPBW i n d e g r e e : ”);
17 K=0.65; // c o n s t a n t
18 Ao=K*%pi /4*D^2; // m ( Capture a r ea )
19 disp(Ao,” Capture a r ea i n m : ”);

51



Chapter 13

Antenna Measurement

Scilab code Exa 13.4.1 Gains of Antennas

1 // Example No . 1 3 . 4 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,7);
6 Pr1 =0.0297/1000; //W( Rec i eved power )
7 Pr2 =0.0471/1000; //W( Rec i eved power )
8 Pr3 =0.0374/1000; //W( Rec i eved power )
9 Pt=1; //W( Transmit ted power )
10 R=10; //m( Radius )
11 f=980; //MHz( Frequency )
12 f=f*10^6; //Hz ( Frequency )
13 c=3*10^8; //m/ s ( Speed o f l i g h t )
14 lambda=c/f;//m( Wavelength )
15 A=20* log10 (4*%pi*R/lambda)+10* log10(Pr1/Pt);// (A=

G1dB+G2dB)
16 B=20* log10 (4*%pi*R/lambda)+10* log10(Pr2/Pt);// (B=

G1dB+G3dB)
17 C=20* log10 (4*%pi*R/lambda)+10* log10(Pr3/Pt);// (C=

G2dB+G3dB)
18 G1dB=(A+B-C)/2;
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19 G2dB=(A-B+C)/2;

20 G3dB=(-A+B+C)/2;

21 disp(round(G3dB),round(G2dB),round(G1dB),” Gain o f
antennas , G1db , G2dB & G3dB( i n dB) a r e : ”);
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Chapter 14

Ground Wave Propagation

Scilab code Exa 14.6.1 Loss and power received

1 // Example No . 1 4 . 6 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,7);
6 d=36000; //km( h e i g h t o f s a t e l l i t e )
7 f=4000; //MHz( f r e q u e n c y )
8 GT=20; //dB( Transmi t t e r ga in )
9 GR=40; //dB( R e c i e v e r ga in )

10 PT=200; //W( Transmit ted power )
11 PT=10* log10(PT);//dB( Transmit ted power )
12 disp(” Part ( i ) ”);
13 Ls =32.44+20* log10(f)+20* log10(d);//dB( Free space

t r a n s m i s s i o n l o s s )
14 disp(Ls,” Free space t r a n s m i s s i o n l o s s i n dB : ”);
15 disp(” Part ( i i ) ”);
16 PT=200; //W( Transmit ted power )
17 PT_dB =10* log10(PT);//dB( Transmit ted power )
18 PR_dB=PT_dB+GT+GR-Ls;//dB( Rec i eved power )
19 PR=10^( PR_dB /10);//W( Rec i eved power )
20 disp(PR*10^12 ,” Rece ived power i n pW : ”);
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Scilab code Exa 14.6.2 Open circuit voltage

1 // Example No . 1 4 . 6 . 2
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,7);
6 f=150; //MHz( f r e q u e n c y )
7 c=3*10^8; //m/ s ( speed o f l i g h t )
8 GT =1.64; //dB( Transmi t t e r ga in )
9 PT=20; //W( Transmit ted power )

10 d=50; //km( d i s t a n c e )
11 lambda=c/(f*10^6);//m( Wavelength )
12 E=sqrt (30*GT*PT)/(d*1000);//V/m( emf induced )
13 le=lambda/%pi;//m( E f f e c t i v e l e n g t h )
14 Voc=E*le;//V/m( Open c i r c u i t v o l t a g e )
15 disp(Voc*10^6,”Open c i r c u i t v o l t a g e i n micro Vol t :

”);

Scilab code Exa 14.10.1 Calculate the range

1 // Example No . 1 4 . 1 0 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,7);
6 ht=100; //m( t r a n s m i t t e r h e i g h t )
7 hr=100; //m( r e c e i v e r h e i g h t )
8 d=3.57*[ sqrt(ht)+sqrt(hr)]; //km( Range )
9 disp(d,”Range o f space wave p r o p a g a t i o n i n km : ”);
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Scilab code Exa 14.10.2 Radio horizon

1 // Example No . 1 4 . 1 0 . 2
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 ht=100; // f e e t ( t r a n s m i t t e r h e i g h t )
7 hr=50; // f e e t ( r e c e i v e r h e i g h t )
8 d=1.4142*[ sqrt(ht)+sqrt(hr)]; // m i l e s ( Range )
9 disp(d,” Radio h o r i z o n i n m i l e s : ”);

Scilab code Exa 14.10.3 Maximum covered distance

1 // Example No . 1 4 . 1 0 . 3
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 ht=80; //m( t r a n s m i t t e r h e i g h t )
7 hr=50; //m( r e c e i v e r h e i g h t )
8 d=4.12*[ sqrt(ht)+sqrt(hr)]; //km( Range )
9 disp(d,”Maximum d i s t a n c e i n km : ”);

Scilab code Exa 14.10.4 Required height of antenna

1 // Example No . 1 4 . 1 0 . 4
2 clc;

3 clear;
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4 close;

5 format( ’ v ’ ,6);
6 ht=100; //m( t r a n s m i t t e r h e i g h t )
7 d=80; //km( r e c e i v e r h e i g h t )
8 hr=(d/4.12- sqrt(ht))^2; //m( range )
9 disp(hr,” Requ i red h e i g h t o f r e c e i v i n g antenna i n

meter : ”);

Scilab code Exa 14.10.5 Radio horizon distance

1 // Example No . 1 4 . 1 0 . 5
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 ht=100; //m( t r a n s m i t t e r h e i g h t )
7 d=4.12* sqrt(ht);//km( Hor i zon d i s t a n c e )
8 disp(d,” Hor i zon d i s t a n c e i n km : ”);

Scilab code Exa 14.10.6 Find Distance and field strength

1 // Example No . 1 4 . 1 0 . 6
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 P=35; //W( Transmi t t e r power
7 ht=45; //m( t r a n s m i t t e r h e i g h t )
8 hr=25; //m( r e c e i v e r h e i g h t )
9 f=90; //MHz( f r e q u e n c y )
10 c=3*10^8; //m/ s ( Speed o f l i g h t )
11 d=4.12*[ sqrt(ht)+sqrt(hr)]; //km( l i n e o f s i g h t

d i s t a n c e )
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12 disp(d,” D i s t a n c e o f l i n e o f s i g h t communicat ion i n
km : ”);

13 lambda=c/(f*10^6);//m( Wavelength )
14 ER=88* sqrt(P)*ht*hr/( lambda *(d*1000) ^2);//V/m( F i e l d

s t r e n g t h )
15 disp(ER*10^6,” F i e l d s t r e n g t h i n micro Vol t / meter : ”

);

16 // Answer i s wrong i n the t ex tbook .
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Chapter 15

Ionospheric Propagation

Scilab code Exa 15.8.1 Maximum electron density

1 // Example No . 1 5 . 8 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,11);
6 fc_E =2.5; //MHz( c r i t i c a l f r e q u e n c y o f E− l a y e r )
7 fc_F =8.4; //MHz( c r i t i c a l f r e q u e n c y o f F− l a y e r )
8 disp(” For E− l a y e r : ”);
9 Nm=(fc_E *10^6) ^2/81; // per mˆ3(Maximum e l e c t r o n

d e n s i t y )
10 disp(Nm,”Maximum e l e c t r o n d e n s i t y i n per mˆ3 : ”);
11 disp(” For F− l a y e r : ”);
12 Nm=(fc_F *10^6) ^2/81; // per mˆ3(Maximum e l e c t r o n

d e n s i t y )
13 disp(Nm,”Maximum e l e c t r o n d e n s i t y i n per mˆ3 : ”);

Scilab code Exa 15.8.2 Critical Frequency
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1 // Example No . 1 5 . 8 . 2
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,6);
6 Nm_D =400; // e l e c t r o n /cmˆ3(Maximum e l e c t r o n d e n s i t y )
7 Nm_E =5*10^5; // e l e c t r o n /cmˆ3(Maximum e l e c t r o n d e n s i t y

)
8 Nm_F =2*10^6; // e l e c t r o n /cmˆ3(Maximum e l e c t r o n d e n s i t y

)
9 fc_D =9* sqrt(Nm_D);//kHz ( c r i t i c a l f r e q u e n c y o f D−

l a y e r )
10 disp(fc_D ,” C r i t i c a l f r e q u e n c y f o r D− l a y e r i n kHz : ”

);

11 fc_E =9* sqrt(Nm_E);//kHz ( c r i t i c a l f r e q u e n c y o f E−
l a y e r )

12 disp(fc_E /1000,” C r i t i c a l f r e q u e n c y f o r E− l a y e r i n
MHz : ”);

13 fc_F =9* sqrt(Nm_F);//kHz ( c r i t i c a l f r e q u e n c y o f F−
l a y e r )

14 disp(fc_F /1000,” C r i t i c a l f r e q u e n c y f o r F− l a y e r i n
MHz : ”);

Scilab code Exa 15.8.3 Calculate frequency

1 // Example No . 1 5 . 8 . 3
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,7);
6 Eta =0.5; // ( r e f r a c t i v e index )
7 N=400; // e l e c t r o n /cmˆ3( E l e c t r o n d e n s i t y )
8 f=sqrt (81*N/(1-Eta^2));//kHz ( f r e q u e n c y )
9 disp(f,” Frequency i n kHz : ”);
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Scilab code Exa 15.9.1 Find the virtual height

1 // Example No . 1 5 . 9 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,7);
6 T=5; // m i l l i −s e c o n d s ( t ime p e r i o d )
7 c=3*10^8; //m/ s /// speed o f l i g h t
8 H=1/2*c*T*10^ -3; //m( V i r t u a l h e i g h t )
9 disp(H/1000,” V i r t u a l h e i g h t i n km : ”);

Scilab code Exa 15.12.1 Calculate MUF

1 // Example No . 1 5 . 1 2 . 1
2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,7);
6

7 d=2000; //km
8 H=200; //km
9 fc=6; //MHz

10 f_MUF=fc*sqrt (1+(d/2/H)^2);//MHz
11 disp(f_MUF ,”MUF i n MHz : ”);

Scilab code Exa 15.13.1 Calculate the range

1 // Example No . 1 5 . 1 3 . 1
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2 clc;

3 clear;

4 close;

5 format( ’ v ’ ,8);
6

7 Eta =0.9; // r e f r a c t i v e index
8 f_MUF =10; //MHz
9 H=400; //km

10 Nm=(1-Eta ^2)*( f_MUF *10^6) ^2/81; // per mˆ3
11 fc=9* sqrt(Nm);//Hz
12 Dskip =2*H*sqrt((f_MUF *10^6/ fc)^2-1);//km
13 disp(Dskip ,” Sk ip d i s t a n c e or range i n km : ”);
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