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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

Antenna Basics

Scilab code Exa 2.1 1

1 // Chapter 2 : Antenna Ba s i c s
2 //Example 2−3.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 e_half_power = 1/sqrt (2) //E( th e t a ) at h a l f power

( r e l a t i v e quan t i t y )
7

8 // Ca l c u l a t i o n
9 theta = acos(sqrt(e_half_power)) // th e t a ( r a d i a n s )
10 hpbw = 2* theta *180/ %pi // Ha l f power beamwidth (

d e g r e e s )
11

12 // Re su l t
13 mprintf(”The Ha l f Power Beamwidth i s %. 0 f d e g r e e s ”,

hpbw)

Scilab code Exa 2.2 2
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1 // Chapter 2 : Antenna Ba s i c s
2 //Example 2−3.2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 e_half_power = 1/sqrt (2) //E( th e t a ) at h a l f power (

u n i t l e s s )
7 e_null = 0 //E( th e t a ) = 0 at n u l l p o i n t s (

u n i t l e s s )
8 theta_1 = 0 // theta ’ ( d e g r e e s )
9 theta = 1 // th e t a ( d e g r e e s )
10

11 // Ca l c u l a t i o n
12 for x=0:2 // l oop u n t i l l t h e t a = i
13 theta = 0.5* acos(e_half_power/cos(theta_1*%pi /180))

// th e t a ( r ad i an )
14 theta_1 = theta *180/ %pi // th e t a ( d e g r e e s )
15 end

16

17 hpbw = 2*( theta *180/ %pi) // Hal f−power beamwidth (
Degree s )

18 theta = 0.5* acos(e_null) // th e t a ( r a d i a n s )
19 fnbw = 2*( theta *180/ %pi) //Beamwidth between

f i r s t n u l l ( d e g r e e s )
20

21 // Re su l t
22 mprintf(”The h a l f power beamwidth i s %. 2 f d e g r e e s ”,

hpbw)

23 mprintf(”\nThe beamwidth between f i r s t n u l l s i s %d
d e g r e e s ”, fnbw)

Scilab code Exa 2.3 3

1 // Chapter 2 : Antenna Ba s i c s
2 //Example 2−4.1
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3 clc;

4

5 // Ca l c u l a t i o n
6 deff( ’ y=f ( x ) ’ , ’ y=s i n ( x ) ’ ) // s i n ( t h e t a )
7 omega=intg (20* %pi /180 ,40* %pi/180,f)

8 omega1=omega *(180/ %pi)

9 deff( ’ y=f 1 ( x ) ’ , ’ y=1 ’ )
10 omega2=intg (30,70,f1)

11 omega_f=omega2*omega1 // omega ( squa r e
d e g r e e s )

12

13 // Re su l t
14 mprintf(”The s o l i d ang le , omega i s %. 0 f s qua r e

d e g r e e s ”,omega_f)

Scilab code Exa 2.4 4

1 // Chapter 2 : Antenna Ba s i c s
2 //Example 2−4.2
3 clc;

4 clear;

5

6 // Ca l c u l a t i o n
7 deff( ’ z=f ( x , y ) ’ , ’ z=( co s ( x ) ∗∗4) ∗ s i n ( x ) ∗1 ’ )//

I n t e g r a t i o n Funct ion
8 X=[0 0;%pi/2 %pi/2;%pi/2 0];

9 Y=[0 0;2* %pi 2*%pi;0 2*%pi];

10 [I,err]= int2d(X,Y,f)//Beam area ( s t e r a d i a n s )
11

12 // Re su l t
13 mprintf( ’ The Beam Area o f the g i v en pa t t e r n i s %. 2 f

s r ’ ,I)
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Scilab code Exa 2.5 5

1 // Chapter 2 : Antenna Ba s i c s
2 //Example 2−7.1
3 clc;

4 clear;

5

6 // Va r i a b l e d e c l a r a t i o n
7 n = 10 //Number o f i s o t r o p i c po i n t s o u r c e s
8 dr = %pi/2 // D i s t anc e ( r a d i a n s )
9 hpbw = 40 // Ha l f power beamwidth ( d e g r e e s )
10

11 // Ca l c u l a t i o n
12 deff( ’ z=f ( x , y ) ’ , ’ z=( s i n (%pi /20) ∗ ( s i n ( ( %pi /2) ∗ (5∗ co s (

y )−6) ) / s i n ( ( %pi /20) ∗ (5∗ co s ( y )−6) ) ) ) ∗∗2 ’ )
13 X=[0 0;%pi/2 %pi/2;%pi/2 0];

14 Y=[0 0;2* %pi 2*%pi;0 2*%pi];

15 [g1 ,err]=int2d(X,Y,f)

16 gain = (4*%pi)/g1 //Gain ( u n i t l e s s )
17 gain_db = 10* log10(gain)//Gain (dB)
18 gain_hpbw = 40000/( hpbw **2) //Gain from approx .

e qua t i on ( u n i t l e s s )
19 gain_hpbw_db = 10* log10(gain_hpbw) //Gain from

approx . e qua t i on (dB)
20 gain_diff = gain_hpbw_db - gain_db // D i f f e r e n c e

i n ga in (dB)
21

22 // Re su l t
23 mprintf(”The Gain G i s %. 2 f dB”,gain_db)
24 mprintf(”\nThe Gain from approx . e qua t i on i s %. 0 f dB

”,gain_hpbw_db)
25 mprintf(”\nThe D i f f e r e n c e i s %. 2 f dB”,gain_diff)
26

27 //An e r r o r a r i s e s due to i n c o r r e c t i n t e g r a t i o n o f
the no rma l i z ed power pa t t e r n

28 // Subsequent ly , the d i f f e r e n c e i n ga in i s va ry i ng
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Scilab code Exa 2.6 6

1 // Chapter 2 : Antenna Ba s i c s
2 //Example 2−7.2
3 clc;

4 clear;

5

6 // Va r i a b l e I n i t i a l i z a t i o n
7 theta_hp = 90

8 phi_hp = 90

9

10 // Ca l c u l a t i o n
11 X=[0 0;%pi %pi;%pi 0];

12 Y=[0 0;0 %pi;%pi %pi];

13 function z = f(x,y), z=sin(x)*sin(x)*sin(x)*sin(y)*

sin(y),endfunction

14 [I,err]= int2d(X,Y,f) // Exact
D i r e c t i v i t y (No un i t )

15 direct_e =4* %pi/I // Exact D i r e c t i v i t y ( U n i t l e s s
)

16 direct_apprx =41253.0/( theta_hp * phi_hp)

// Approximate D i r e c t i v i t y ( U n i t l e s s )
17 db_diff =10* log10(direct_e/direct_apprx)

// D i f f e r e n c e (dB)
18

19 // Re su l t
20 mprintf(”The exac t d i r e c t i v i t y i s %. 1 f ”,direct_e)
21 mprintf(”\nThe approx imate d i r e c t i v i t y i s %. 1 f ”,

direct_apprx)

22 mprintf(”\nThe d e c i b e l d i f f e r e n c e i s %. 1 f dB”,
db_diff)
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Scilab code Exa 2.7 7

1 // Chapter 2 : Antenna Ba s i c s
2 //Example 2−10.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 Z = 120* %pi // I n t r i n s i c impedance o f

f r e e space (ohm)
7

8 // Ca l c u l a t i o n
9 max_aper = Z/(320* %pi **2) //Max . e f f e c t i v e

ap e r t u r e ( lambda squared )
10 direct = 4*%pi*max_aper // D i r e c t i v i t y ( u n i t l e s s )
11

12 // Re su l t
13 mprintf(”The Maximum e f f e c t i v e ap e r t u r e i s %. 3 f

lambda squa r e ”,max_aper)
14 mprintf(”\nThe D i r e c t i v i t y i s %. 1 f ”, direct)

Scilab code Exa 2.8 8

1 // Chapter 2 : Antenna Ba s i c s
2 //Example 2−10.2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 R_r = 73 // Rad i a t i on

r e s i s t a n c e (ohm)
7

8 // Ca l c u l a t i o n
9 eff_aper = 30/( R_r*%pi) // E f f e c t i v e ap e r t u r e

( lambda squared )
10 directivity = 4*%pi*eff_aper // D i r e c t i v i t y (

u n i t l e s s )
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11

12 // Re su l t
13 mprintf(”The e f f e c t i v e ap e r t u r e i s %. 2 f lambda

squa r e ”,eff_aper)
14 mprintf(”\nThe d i r e c t i v i t y i s %. 2 f ”,directivity)

Scilab code Exa 2.9 9

1 // Chapter 2 : Antenna Ba s i c s
2 //Example 2−11.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 P_t = 15 // Transmi t t e r power (W)
7 A_et = 2.5 // E f f e c t i v e ap e r t u r e o f t r a n sm i t t e r

( meter ˆ2)
8 A_er = 0.5 // E f f e c t i v e ap e r t u r e o f r e c e i v e r (

meter ˆ2)
9 r = 15e3 // D i s t anc e between the antennas (

L ine o f s i g h t ) (m)
10 frequency = 5e9 // Frequency (Hz )
11 c = 3e8 // Speed o f l i g h t (m/ s )
12

13 // Ca l c u l a t i o n
14 wave_len = c/frequency

//Wavelength (m)
15 P_r = (P_t*A_et*A_er)/((r**2)*( wave_len **2)) //

Rece ived power (W)
16

17 // Re su l t
18 mprintf(”The power d e l i v e r e d to the r e c e i v e r i s %. 2 e

watt s ”,P_r)
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Scilab code Exa 2.10 10

1 // Chapter 2 : Antenna Ba s i c s
2 //Example 2−16.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 E1 = 3 //Magnitude o f e l e c t r i c f i e l d i n x

d i r e c t i o n (V/m)
7 E2 = 6 //Magnitude o f e l e c t r i c f i e l d i n y

d i r e c t i o n (V/m)
8 Z = 377 // I n t r i n s i c impedance o f f r e e space (ohm

)
9

10 // Ca l c u l a t i o n
11 avg_power = 0.5*( E1**2 + E2**2)/Z // Average

power per un i t a r ea (W/mˆ2)
12

13 // Re su l t
14 disp(avg_power ,”The ave rage power per un i t a r ea i n

watt s /meter squa r e ”)

Scilab code Exa 2.11 11

1 // Chapter 2 : Antenna Ba s i c s
2 //Example 2−17.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 AR_w = 4 // Ax ia l Rat io f o r l e f t

e l l i p t i c a l l y p o l a r i z e d wave ( u n i t l e s s )
7 tau_w = 15 // T i l t ang l e f o r l e f t e l l i p t i c a l l y

p o l a r i z e d wave ( d e g r e e s )
8 AR_a = -2 // Ax ia l Rat io f o r r i g h t

e l l i p t i c a l l y p o l a r i z e d wave ( u n i t l e s s )

15



9 tau_a = 45 // T i l t ang l e f o r r i g h t
e l l i p t i c a l l y p o l a r i z e d wave ( d e g r e e s )

10 tau_w2 = 20.7 // 2∗ T i l t ang l e f o r l e f t
e l l i p t i c a l l y p o l a r i z e d wave ( d e g r e e s )

11 tau_a2 = 39.3 // 2∗ T i l t ang l e f o r r i g h t
e l l i p t i c a l l y p o l a r i z e d wave ( d e g r e e s )

12

13 // Ca l c u l a t i o n
14 eps_a2 = 2*atan(1,AR_a)*180/ %pi // P o l a r i s a t i o n

l a t i t u d e ( d e g r e e s )
15 eps_w2 = 2*atan(1,AR_w)*180/ %pi //Antenna l a t i t u d e

( d e g r e e s )
16 gamma_w2 =acos(cos(eps_w2*%pi /180)*cos(tau_w2*%pi

/180)) // grea t−c i r c l e ang l e − antenna (
r a d i a n s )

17 gamma_a2 =acos(cos(eps_a2*%pi /180)*cos(tau_a2*%pi

/180)) // grea t−c i r c l e ang l e − wave ( r a d i a n s )
18 M_Ma = (gamma_w2 *180/ %pi) + (gamma_a2 *180/ %pi)

// t o t a l g r ea t−c i r c l e ang l e ( d e g r e e s )
19 F = cos((M_Ma /2)*%pi /180) **2 // P o l a r i s a t i o n

matching f a c t o r ( r e l a t i v e quan t i t y )
20

21 // Re su l t
22 mprintf(”The p o l a r i z a t i o n matching f a c t o r i s %. 2 f ”,F

)
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Chapter 3

The Antenna Family

Scilab code Exa 3.1 1

1 // Chapter 3 : The Antenna Family
2 //Example 3−3.2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 Z_0 = 377 // I n t r i n s i c impedance o f f r e e space (ohm)
7 Z_d = 710 +%i // Terminal impedance o f d i p o l e

c y l i n d e r (ohm)
8

9 // Ca l c u l a t i o n
10 Z_s = (Z_0 **2) /(4* Z_d) // Terminal impedance o f the

s l o t (ohm)
11

12 // Re su l t
13 mprintf(”The t e rm i n a l impedance o f the s l o t i s %d

ohms”,Z_s)

Scilab code Exa 3.2 2
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1 // Chapter 3 : The Antenna Family
2 //Example 3−6.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 L = 10 //Horn l e n g t h ( lambda )
7 delta = 0.25 //Path l e n g t h d i f f e r e n c e ( lambda

)
8

9 // Ca l c u l a t i o n
10 theta = 2*acos(L/(L+delta)) //Horn f l a r e ang l e (

r a d i a n s )
11 theta = theta *180/ %pi //Horn f l a r e ang l e (

d e g r e e s )
12

13 // Re su l t
14 mprintf(”The l a r g e s t f l a r e ang l e f o r g i v en d e l t a i s

%. 1 f d e g r e e s ”,theta)

Scilab code Exa 3.3 3

1 // Chapter 3 : The Antenna Family
2 //Example 3−7.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 f = 599e6 // Frequency o f TV S t a t i o n (Hz )
7 E = 1e-6 // F i e l d s t r e n g t h (V/m)
8 D = 20 // Diameter o f antenna (m)
9 c = 3e8 // Speed o f l i g h t (m/ s )

10 Z_0 = 377 // I n t r i n s i c impedence o f f r e e space (
ohm)

11

12 // Ca l c u l a t i o n
13 wave_lt = c/f //Wavelength (m)
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14 A_e = (D*( wave_lt **2))/(4* %pi) // E f f e c t i v e ap e r t u r e
(mˆ2)

15 P_r = (E**2)*A_e/Z_0 // Rece ived power
(W)

16

17 // Re su l t
18 mprintf(”The r e c e i v e d power i s %. 2 e W”, P_r)

Scilab code Exa 3.4 4

1 // Chapter 3 : The Antenna Family
2 //Example 3−11.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 n = 4 //Number o f patch antennas (

lambda )
7 diameter = 0.5 // Diameter o f patch antennas (

lambda )
8

9 // Ca l c u l a t i o n
10 A_e = n*diameter // E f f e c t i v e ap e r t u r e (

lambda ˆ2)
11 D = (4*%pi*A_e) // D i r e c t i v i t y ( u n i t l e s s )
12 D_dbi = 10* log10(D) // D i r e c t i v i t y ( dBi )
13 ohm_a = (4* %pi)/D //Beam area ( s t e r a d i a n s )
14

15 // Re su l t
16 mprintf(”The d i r e c t i v i t y i s %d or %d dBi ”,D,D_dbi)
17 mprintf(”\nThe beam area i s %. 1 f s r ”, ohm_a)
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Chapter 4

Radiation

Scilab code Exa 4.1 1

1 // Chapter 4 : Rad i a t i on
2 //Example 4−4.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 theta = 30 // Angle o f r a d i a t i o n (

d e g r e e s )
7 epsilon_0 = 8.854e-12 // P e rm i t t i v i t y o f f r e e space

(F/m)
8 I_dl = 10 // Current i n l e n g t h d l (A−m)
9 r = 100e3 // D i s t anc e o f po i n t from

o r i g i n (m)
10

11 // Ca l c u l a t i o n
12 E_mag = (I_dl*sin(theta*%pi /180))/(4* %pi*epsilon_0)

//Magnitude o f E l e c t r i c
f i e l d v e c t o r (V/m)

13 H_mag = (I_dl*sin(theta*%pi /180))/(4)

//Magnitude o f Magnet ic
f i e l d v e c t o r (T)

14
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15 // Re su l t
16 disp(E_mag ,”The magnitude o f E v e c t o r i n V/m ”)
17 mprintf(”\nThe magnitude o f H v e c t o r i s %. 3 f / p i T”,

H_mag)

Scilab code Exa 4.2 2

1 // Chapter 4 : Rad i a t i on
2 //Example 4−4.2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 v = 3e8 // Speed o f l i g h t (m/ s )
7 f = 10e6 // Frequency (Hz )
8

9 // Ca l c u l a t i o n
10 w = 2*%pi*f // Angular f r e qu en cy ( rad / s )
11 r = v/w // D i s t anc e (m)
12

13 // Re su l t
14 mprintf(”The d i s t a n c e f o r the s p e c i f i e d c o n d i t i o n i s

%. 2 f m”,r)

Scilab code Exa 4.3 3

1 // Chapter 4 : Rad i a t i on
2 //Example 4−4.3
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 c = 3e8 // Speed o f l i g h t (m/ s )
7 f = 3e9 // Frequency (Hz )
8
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9 // Ca l c u l a t i o n
10 v = 0.6*c // 60% o f v e l o c i t y o f l i g h t (m/ s )
11 w = 2*%pi*f // Angular f r e qu en cy ( rad / s )
12 r = v/w // D i s t anc e (m)
13

14 // Re su l t
15 mprintf(”The d i s t a n c e f o r the s p e c i f i e d c o n d i t i o n i s

%. 6 f m”, r)

Scilab code Exa 4.4 4

1 // Chapter 4 : Rad i a t i on
2 //Example 4−5.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 dl = 1e-2 // Length o f r a d i a t i n g e l ement (m)
7 I_eff = 0.5 // E f f e c t i v e c u r r e n t (A)
8 f = 3e9 // Frequency (Hz )
9 c = 3e8 // Ve l o c i t y o f l i g h t (m/ s )
10

11 // Ca l c u l a t i o n
12 w = 2*%pi*f // Angular Frequency ( rad / s )
13 P = 20*(w**2)*(I_eff **2)*(dl**2)/(c**2) //

Radiated power (W)
14

15 // Re su l t
16 mprintf(”The r a d i a t e d power i s %. 2 f W”, P)

17

18 //The answer ob ta i n ed i s va ry i ng compared with the
t ex tbook answer because o f a c a l c u l a t i o n e r r o r

Scilab code Exa 4.5 5
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1 // Chapter 4 : Rad i a t i on
2 //Example 4−5.2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 L = 5 // Length o f r a d i a t i n g e l ement (m)
7 f1 = 30e3 // Frequency (Hz )
8 f2 = 30e6 // Frequency (Hz )
9 f3 = 15e6 // Frequency (Hz )
10 c = 3e8 // Ve l o c i t y o f l i g h t (m/ s )
11

12 // Ca l c u l a t i o n
13 wave_lt1 = c/f1 //Wavelength (m)
14 wave_lt1 = wave_lt1 /10

15 R_r1 = 800*(L/wave_lt1)**2 // Rad i a t i on
r e s i s t a n c e (ohm)

16

17 wave_lt2 = c/f2 //Wavelength (m)
18 L = wave_lt2 /2 // E f f e c t i v e l e n g t h (

m)
19 R_r2 = 200*(L/wave_lt2)**2 // Rad i a t i on

r e s i s t a n c e (ohm)
20

21 wave_lt3 = c/f3 //Wavelength (m)
22 L = wave_lt3 /4 // E f f e c t i v e l e n g t h (

m)
23 R_r3 = 400*(L/wave_lt3)**2 // Rad i a t i on

r e s i s t a n c e (ohm)
24

25 // Re su l t
26 mprintf(”The r a d i a t i o n r e s i s t a n c e f o r f 1 i s %. 2 f

ohms”, R_r1)

27 mprintf(”\nThe r a d i a t i o n r e s i s t a n c e f o r f 2 i s %d
ohms”,R_r2)

28 mprintf(”\nThe r a d i a t i o n r e s i s t a n c e f o r f 3 i s %d
ohms”,R_r3)
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Scilab code Exa 4.6 6

1 // Chapter 4 : Rad i a t i on
2 //Example 4−6.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 Im = 5 //Maximum cu r r e n t (A)
7 r = 1e3 // D i s t anc e (km)
8 eta = 120* %pi // I n t r i n s i c impedance (ohm)
9 theta = 60* %pi /180 // Angle o f r a d i a t i o n (

r a d i a n s )
10

11 // Ca l c u l a t i o n
12 sin2 = sin(theta)**2 // S ine squared th e t a (

u n i t l e s s )
13 P_av = (eta*(Im**2))/(8*( %pi **2)*(r**2))

14 P_av = P_av*(cos(%pi/2* cos(theta))**2)/(sin2)

// Average power (W)
15

16 // Re su l t
17 mprintf(”The ave rage power a v a i l a b l e at 1km d i s t a n c e

i s %e W”,P_av)
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Chapter 5

Point Sources and their Arrays

Scilab code Exa 5.1 1

1 // Chapter 5 : Po int Source and The i r Arrays
2 //Example 5−6.1
3 clc;

4 clear;

5

6 // Va r i a b l e I n i t i a l i z a t i o n
7 Um=1 //Maximum r a d i a t i o n i n t e n s i t y ( u n i t l e s s )
8

9 // Ca l c u l a t i o n
10 deff( ’ z=f ( x , y ) ’ , ’ z=co s ( x ) ∗ s i n ( x ) ’ )// In t e g r and (

Un i t l e s s )
11 X=[0 0;%pi/2 %pi/2;%pi/2 0];

12 Y=[0 0;2* %pi 2*%pi;0 2*%pi];

13 [I,err]= int2d(X,Y,f)// Tota l power r a d i a t e d ( r e l a t i v e
to Um)

14

15 D=(4* %pi)/I // D i r e c t i v i t y ( u n i t l e s s )
16

17 mprintf( ’ The d i r e c t i v i t y i s %f ’ ,D)
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Scilab code Exa 5.2 2

1 // Chapter 5 : Po int Source and The i r Arrays
2 //Example 5−6.2
3 clc;

4 clear;

5

6 // Va r i a b l e I n i t i a l i z a t i o n
7 Um=1 //Maximum r a d i a t i o n i n t e n s i t y ( u n i t l e s s )
8 deff( ’ z=f ( x , y ) ’ , ’ z=co s ( x ) ∗ s i n ( x ) ’ )// In t e g r and (

Un i t l e s s )
9 X=[0 0;%pi/2 %pi/2;%pi/2 0];

10 Y=[0 0;2* %pi 2*%pi;0 2*%pi];

11 [I,err]= int2d(X,Y,f)// Tota l power r a d i a t e d ( r e l a t i v e
to Um)

12

13 D=(4* %pi)/(2*I) // D i r e c t i v i t y ( u n i t l e s s )
14

15 mprintf( ’ The d i r e c t i v i t y i s %f ’ ,D)

Scilab code Exa 5.3 3

1 // Chapter 5 : Po int Source and The i r Arrays
2 //Example 5−6.3
3 clc;

4 clear;

5

6 // Va r i a b l e I n i t i a l i z a t i o n
7 Um=1 //Maximum r a d i a t i o n i n t e n s i t y ( u n i t l e s s )
8 deff( ’ z=f ( x , y ) ’ , ’ z=s i n ( x ) ∗∗2 ’ )// In t e g r and ( Un i t l e s s )
9 X=[0 0;%pi %pi;%pi 0];

10 Y=[0 0;2* %pi 2*%pi;0 2*%pi];
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11 [I,err]= int2d(X,Y,f)// Tota l power r a d i a t e d ( r e l a t i v e
to Um)

12

13 D=(4* %pi)/I // D i r e c t i v i t y ( u n i t l e s s )
14

15 mprintf( ’ The d i r e c t i v i t y i s %. 3 f ’ ,D)

Scilab code Exa 5.4 4

1 // Chapter 5 : Po int Source and The i r Arrays
2 //Example 5−6.4
3 clc;

4 clear;

5

6 // Va r i a b l e I n i t i a l i z a t i o n
7 Um=1 //Maximum r a d i a t i o n i n t e n s i t y ( u n i t l e s s )
8 deff( ’ z=f ( x , y ) ’ , ’ z=s i n ( x ) ∗∗3 ’ )// In t e g r and ( Un i t l e s s )
9 X=[0 0;%pi %pi;%pi 0];

10 Y=[0 0;2* %pi 2*%pi;0 2*%pi];

11 [I,err]= int2d(X,Y,f)// Tota l power r a d i a t e d ( r e l a t i v e
to Um)

12

13 D=(4* %pi)/I // D i r e c t i v i t y ( u n i t l e s s )
14

15 mprintf( ’ The d i r e c t i v i t y i s %. 1 f ’ ,D)

Scilab code Exa 5.5 5

1 // Chapter 5 : Po int Source and The i r Arrays
2 //Example 5−6.5
3 clc;

4 clear;

5
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6 // Va r i a b l e I n i t i a l i z a t i o n
7 Um=1 //Maximum r a d i a t i o n i n t e n s i t y ( u n i t l e s s )
8 deff( ’ z=f ( x , y ) ’ , ’ z=s i n ( x ) ∗ co s ( x ) ∗∗2 ’ )// In t e g r and (

Un i t l e s s )
9 X=[0 0;%pi/2 %pi/2;%pi/2 0];

10 Y=[0 0;2* %pi 2*%pi;0 2*%pi];

11 [I,err]= int2d(X,Y,f)// Tota l power r a d i a t e d ( r e l a t i v e
to Um)

12

13 D=(4* %pi)/I // D i r e c t i v i t y ( u n i t l e s s )
14

15 mprintf( ’ The d i r e c t i v i t y i s %. 1 f ’ ,D)

Scilab code Exa 5.6 6

1 // Chapter 5 : Po int Source and The i r Arrays
2 //Example 5−6.6
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 lobes = [0.25 ,0.37 ,0.46 ,0.12 ,0.07] // Normal i zed

power o f l o b e s ( u n i t l e s s )
7

8 // Ca l c u l a t i o n
9 ohm_a = 0 //Beam area ( s r )
10 sum_lobes = 0 //Sum o f a l l l o b e s (

u n i t l e s s )
11 for i=lobes

12 ohm_a =ohm_a + 2*%pi*(%pi /36)*(i)

13 sum_lobes =sum_lobes + i

14 end

15 D = 4*%pi/ohm_a // D i r e c t i v i t y ( u n i t l e s s )
16 D_db = 10* log10(D) // D i r e c t i v i t y ( i n dBi )
17 e_m = lobes (1)/sum_lobes //Beam e f f i c i e n c y (

u n i t l e s s )

28



18

19 // Re su l t
20 mprintf(”The d i r e c t i v i t y i s %d or %. 1 f dBi ”,D,D_db)
21 mprintf(”\nThe beam e f f i c i e n c y i s %. 1 f ”,e_m)

Scilab code Exa 5.7 7

1 // Chapter 5 : Po int Source and The i r Arrays
2 //Example 5−21.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 a = 25 // He ight o f v e r t i c a l c onduc t i ng

wa l l (m)
7 r = 100 // D i s t anc e to the r e c e i v e r (m)
8 wave_lt = 10e-2 // Transmi t t e r d imens ion (m)
9

10 // Ca l c u l a t i o n
11 k = sqrt (2/(r*wave_lt)) // Constant ( u n i t l e s s )
12 S_av = (r*wave_lt)/(4*( %pi **2)*(a**2)) // R e l a t i v e

s i g n a l l e v e l ( u n i t l e s s )
13 S_av_db = 10* log10(S_av) // S i g n a l l e v e l ( i n db )
14

15 // Re su l t
16 mprintf(”The s i g n a l l e v e l a t the r e c e i v e r i s %. 5 f or

%. 0 f dB”,S_av ,S_av_db)
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Chapter 6

Electric Dipoles Thin Linear
Antennas and Arrays of
Dipoles and Apertures

Scilab code Exa 6.1 1

1 // Chapter 6 : E l e c t r i c D ipo l e s , Thin L in ea r Antennas
and Arrays o f D i p o l e s and Ape r tu r e s

2 //Example 6−8.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 z = 333.0 // Dr i v i ng po i n t impedance (ohm)
7 r = 300.0 //Twin− l i n e impedance (ohm)
8 z1 = 73.0 // S e l f impedance o f lambda /2

d i p o l e (ohm)
9 z2 = 13.0 //Mutual impedance with lambda /2

spa c i n g (ohm)
10

11 // Ca l c u l a t i o n
12 pv = (z-r)/(z+r) // R e f l e c t i o n c o e f f i c i e n t (

u n i t l e s s )
13 vswr = (1+pv)/(1-pv) // Vo l tage Stand ing Wave
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Rat io ( u n i t l e s s )
14 gain_l2 =sqrt ((2*z1)/(z1 -z2)) // F i e l d ga in ove r

lambda /2 d i p o l e ( u n i t l e s s )
15 gain_l2_db = 20* log10(gain_l2) // F i e l d ga in ( i n dB)
16 gain_iso = (gain_l2 **2) *1.64 //Gain ove r

i s o t r o p i c s ou r c e ( u n i t l e s s )
17 gain_iso_db = 10* log10(gain_iso) //Gain ove r

i s o t r o p i c s ou r c e ( i n dB)
18

19 // Re su l t
20 mprintf(”The VSWR i s %. 2 f ”, vswr)

21 mprintf(”\nThe f i e l d ga in ove r lambda /2 d i p o l e i s %
. 2 f or %. 1 f dB”,gain_l2 ,gain_l2_db)

22 mprintf(”\nThe ga in ove r i s o t r o p i c s ou r c e i s %. 1 f or
%. 1 f dB”,gain_iso ,gain_iso_db)

Scilab code Exa 6.2 2

1 // Chapter 6 : E l e c t r i c D ipo l e s , Thin L in ea r Antennas
and Arrays o f D i p o l e s and Ape r tu r e s

2 //Example 6−8.2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 z = 73.0 // S e l f impedance o f lambda /2 d i p o l e (

ohm)
7 zm = 64.4 //Mutual impedance with lambda /8

spa c i n g (ohm)
8

9 // Ca l c u l a t i o n
10 D = sqrt ((2*z)/(z-zm))*sin(%pi/8) // F i e l d ga in ove r

lambda /2 d i p o l e ( u n i t l e s s )
11 D_db = 20* log10(D) // F i e l d ga in ove r lambda /2

d i p o l e ( i n dB)
12
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13 gain_iso = (D**2) *1.64 //Gain ove r i s o t r o p i c
s ou r c e ( u n i t l e s s )

14 gain_iso_db = 10* log10(gain_iso) //Gain ove r
i s o t r o p i c s ou r c e ( i n dB)

15

16 // Re su l t
17 mprintf(”The f i e l d ga in ove r lambda /2 d i p o l e i s %. 2 f

or %. 2 f dB”,D,D_db)
18 mprintf(”\nThe ga in ove r i s o t r o p i c s ou r c e i s %. 2 f or

%. 1 f dB”, gain_iso ,gain_iso_db)

Scilab code Exa 6.3 3

1 // Chapter 6 : E l e c t r i c D ipo l e s , Thin L in ea r Antennas
and Arrays o f D i p o l e s and Ape r tu r e s

2 //Example 6−12.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 s1 = 0.4 // Spac ing 1( lambda )
7 s2 = 0.5 // Spac ing 2( lambda )
8 s3 = 0.6 // Spac ing 3( lambda )
9 R_21_1 = 6.3 //Mutual r e s i s t a n c e f o r s1 (ohm)
10 R_21_2 = -12.691 //Mutual r e s i s t a n c e f o r s2 (ohm)
11 R_21_3 = -23.381 //Mutual r e s i s t a n c e f o r s3 (ohm)
12 Z = 73.13 // S e l f impedance o f lambda /2

d i p o l e (ohm)
13

14 // Ca l c u l a t i o n
15 gain_1 = sqrt (2*(Z/(Z+R_21_1))) //Gain i n f i e l d

f o r s1 ( u n i t l e s s )
16 gain_iso1 = 1.64*( gain_1 **2) //Power ga in

ove r i s o t r o p i c ( u n i t l e s s )
17 gain_iso_db1 = 10* log10(gain_iso1) //Power ga in ( i n

dBi )
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18

19 gain_2 = sqrt (2*(Z/(Z+R_21_2))) //Gain i n f i e l d
f o r s2 ( u n i t l e s s )

20 gain_iso2 = 1.64*( gain_2 **2) //Power ga in
ove r i s o t r o p i c ( u n i t l e s s )

21 gain_iso_db2 = 10* log10(gain_iso2) //Power ga in ( i n
dBi )

22

23 gain_3 = sqrt (2*(Z/(Z+R_21_3))) //Gain i n f i e l d
f o r s3 ( u n i t l e s s )

24 gain_iso3 = 1.64*( gain_3 **2) //Power ga in
ove r i s o t r o p i c ( u n i t l e s s )

25 gain_iso_db3 = 10* log10(gain_iso3) //Power ga in ( i n
dBi )

26

27 // Re su l t
28 mprintf( ”The ga in i n f i e l d ove r h a l f wave antenna

f o r s1 i s %. 2 f ”,gain_1)
29 mprintf( ”\nThe power ga in ove r i s o t r o p i c f o r s1 i s

%. 2 f or %. 1 f dBi ”,gain_iso1 ,gain_iso_db1)
30

31 mprintf( ”\n\nThe ga in i n f i e l d ove r h a l f wave
antenna f o r s2 i s %. 2 f ”,gain_2)

32 mprintf( ”\nThe power ga in ove r i s o t r o p i c f o r s2 i s
%. 2 f or %. 2 f dBi ”, gain_iso2 ,gain_iso_db2)

33

34 mprintf( ”\n\nThe ga in i n f i e l d ove r h a l f wave
antenna f o r s3 i s %. 2 f ”,gain_3)

35 mprintf( ”\nThe power ga in ove r i s o t r o p i c f o r s3 i s
%. 2 f or %. 2 f dBi ”,gain_iso3 ,gain_iso_db3)
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Chapter 7

Loop Slot and Horn Antennas

Scilab code Exa 7.1 1

1 // Chapter 7 : Loop , S l o t and Horn Antennas
2 //Example 7−8.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 C_lambda = 0.1* %pi // C i r cumf e r enc e ( lambda )
7 R_m = 1.6 //Mutual r e s i s t a n c e o f two

l o op s (ohm)
8 theta1 = 90*%pi /180 // Angle o f r a d i a t i o n

( r a d i a n s )
9 theta2 = 2*%pi /10 // Angle o f r a d i a t i o n (

r a d i a n s )
10

11 // Ca l c u l a t i o n
12 Rr = 197*( C_lambda)**4 // S e l f r e s i s t a n c e o f

l o op (ohm)
13 D1 = (1.5)*(sin(theta1))**2 // D i r e c t i v i t y o f l o op

a l on e ( u n i t l e s s )
14 D1_db = 10* log10(D1) // D i r e c t i v i t y o f l o op

a l on e ( dBi )
15 D2 = 1.5*(2* sqrt(Rr/(Rr -R_m))*sin(theta2))**2
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// D i r e c t i v i t y o f l o op with
ground p lane ( u n i t l e s s )

16 D2_db = 10* log10(D2) // D i r e c t i v i t y o f l o op with
ground p lane ( dBi )

17

18 // Re su l t
19 mprintf(”The d i r e c t i v i t y o f l o op a l on e i s %. 2 f or %

. 2 f dBi ”,D1 ,D1_db)
20 mprintf(”\nThe d i r e c t i v i t y o f l oop with ground p lane

i s %. 2 f or %. 0 f dBi ”,D2 ,D2_db)

Scilab code Exa 7.2 2

1 // Chapter 7 : Loop , S l o t and Horn Antennas
2 //Example 7−8.2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 Rr = 197.0 // S e l f r e s i s t a n c e o f l o op (ohm)
7 Rm = 157.0 //Mutual r e s i s t a n c e o f two l o op s (

ohm)
8 theta = 2*%pi/10 // Angle o f r a d i a t i o n ( r a d i a n s )
9

10 // Ca l c u l a t i o n
11 D = 1.5*(2* sqrt(Rr/(Rr-Rm))*sin(theta))**2 //

D i r e c t i v i t y ( u n i t l e s s )
12 D_db = 10* log10(D) // D i r e c t i v i t y ( dBi )
13

14 // Re su l t
15 mprintf(”The d i r e c t i v i t y i s %. 1 f or %. 1 f dBi ”,D,D_db

)

Scilab code Exa 7.3 3
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1 // Chapter 7 : Loop , S l o t and Horn Antennas
2 //Example 7−11.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 c =%pi // C i r cumf e r enc e (m)
7 f1 = 1 // Frequency (MHz)
8 f2 = 10 // Frequency (MHz)
9 d = 10e-3 // Diameter o f copper w i r e (m)
10

11 // Ca l c u l a t i o n
12 RL_Rr1 = 3430/((c**3)*(f1 **3.5)*d)

13 RL_Rr2 = 3430/((c**3)*(f2 **3.5)*d) //
Rat io o f Loss r e s i s t a n c e and r a d i a t i o n r e s i s t a n c e
( u n i t l e s s )

14 k1 = 1/(1+ RL_Rr1) // Rad i a t i on e f f i c i e n c y ( u n i t l e s s
)

15 k_db1 = 10* log10(k1) // Rad i a t i on e f f i c i e n c y ( i n
dB)

16 k2 = 1/(1+ RL_Rr2) // Rad i a t i on e f f i c i e n c y ( u n i t l e s s
)

17 k_db2 = 10* log10(k2) // Rad i a t i on e f f i c i e n c y ( i n
dB)

18

19 // Re su l t
20 mprintf(”The r a d i a t i o n e f f i c i e n c y f o r 1 MHz i s %. 1 e f

o r %. 1 f dB”,k1 , k_db1)

21 mprintf(”\nThe r a d i a t i o n e f f i c i e n c y f o r 10 MHz i s %
. 2 f or %. 1 f dB”,k2 , k_db2)

Scilab code Exa 7.4 4

1 // Chapter 7 : Loop , S l o t and Horn Antennas
2 //Example 7−11.2
3 clc;
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4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 n = 10 //Number o f t u rn s ( u n i t l e s s )
7 dia = 1e-3 // Diameter o f copper w i r e (m)
8 dia_rod = 1e-2 // Diameter o f f e r r i t e rod (m)
9 len_rod = 10e-2 // Length o f f e r r i t e rod (m)
10 mu_r = 250 - 2.5*%i // R e l a t i v e p e rme a b i l i t y (

u n i t l e s s )
11 mu_er = 50 // E f f e c t i v e r e l a t i v e p e rme a b i l i t y (

u n i t l e s s )
12 f = 1e6 // Frequency (Hz )
13 c = 3e8 // Speed o f l i g h t (m/ s )
14 mu_0 = %pi*4e-7 // Abso lu t e p e rme a b i l i t y (H/m)
15

16 // C a l c u l a t i o n s
17 wave_lt = c/f //Wavelength (m)
18 radius = dia_rod /2

19 C_l = (2*%pi*radius)/( wave_lt) // C i r cumf e r enc e o f
l o op (m)

20 Rr = 197*( mu_er **2)*(n**2)*(C_l **4) // Rad i a t i on
r e s i s t a n c e (ohm)

21 Rf = 2*%pi*f*mu_er*(imag(mu_r)/real(mu_r))*mu_0*(n

**2)*(%pi*radius **2)/len_rod // Loss r e s i s t a n c e
(ohm)

22 conduc = 1/((7e -5**2)*f*%pi*mu_er) // Conduc t i v i t y
( S/m)

23 delta = 1/( sqrt(f*%pi*mu_er*conduc)) //Depth o f
p e n e t r a t i o n (m)

24

25 RL = n*(C_l/dia)*sqrt((f*mu_0)/(%pi*conduc)) //
Ohmic r e s i s t a n c e (ohm)

26 k = Rr/(RL+abs(Rf)) // Rad i a t i on e f f i c i e n c y (
u n i t l e s s )

27

28 L = mu_er*(n**2)*( radius **2)*mu_0/len_rod //
Induc tance (H)

29 Q = 2*%pi*f*L/(abs(Rf) + Rr + RL) // Rat io o f
ene rgy s t o r e d to ene rgy l o s t per c y c l e ( u n i t l e s s )
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30

31 fHP = f/Q //Bandwidth at h a l f power (Hz )
32

33

34 // Re su l t s
35 mprintf(”The r a d i a t i o n e f f i c i e n c y i s %. 2 e ”,k)
36 mprintf(”\nThe va lu e o f Q i s %. 3 f ”,Q)
37 mprintf(”\nThe ha l f−power bandwidth i s %d Hz”,fHP)

Scilab code Exa 7.5 5

1 // Chapter 7 : Loop , S l o t and Horn Antennas
2 //Example 7−17.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 Z0 = 376.7 // I n t r i n s i c impedance o f f r e e space

(ohm)
7 Zd = 73 + 42.5*%i // Impedance o f i n f i n i t e l y sma l l

t h i n lambda /2 antenna (ohm)
8

9 // Ca l c u l a t i o n
10 Z1 = (Z0**2) /(4*Zd) // Terminal impedance o f the

lambda /2 s l o t antenna (ohm)
11

12 // Re su l t
13 mprintf(”The t e rm i n a l impedance o f the t h i n lambda /2

s l o t antenna i s %. 0 f%dj ohm”,real(Z1),imag(Z1))

Scilab code Exa 7.6 6

1 // Chapter 7 : Loop , S l o t and Horn Antennas
2 //Example 7−17.2
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3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 Zd = 67 // Terminal impedance o f c y l i n d r i c a l

antenna (ohm)
7 Z0 = 376.7 // I n t r i n s i c impedance o f f r e e space (ohm

)
8 L = 0.475 // Length o f complementary s l o t ( lambda )
9

10 // Ca l c u l a t i o n
11 Z1 = Z0 **2/(4* Zd) // Terminal r e s i s t a n c e o f

complementary s l o t (ohm)
12 w = 2*L/100 //Width o f complementary s l o t (

lambda )
13

14 // Re su l t
15 mprintf(”The t e rm i n a l r e s i s t a n c e o f the

complementary s l o t i s %d ohm”,Z1)
16 mprintf(”\nThe width o f the complementary s l o t i s %

. 4 f lambda”, w)

Scilab code Exa 7.7 7

1 // Chapter 7 : Loop , S l o t and Horn Antennas
2 //Example 7−17.3
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 Zd = 710 // Terminal impedance o f c y l i n d r i c a l

d i p o l e
7 Z0 = 376.7 // I n t r i n s i c impedance o f f r e e space (ohm

)
8

9 // Ca l c u l a t i o n
10 Z1 = Z0 **2/(4* Zd) // Terminal r e s i s t a n c e o f
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complementary s l o t (ohm)
11

12 // Re su l t
13 mprintf(”The t e rm i n a l r e s i s t a n c e o f the

complementary s l o t i s %. 0 f ohm”,Z1)

Scilab code Exa 7.8 8

1 // Chapter 7 : Loop , S l o t and Horn Antennas
2 //Example 7−20.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 delta_e = 0.2 //Path l e n g t h d i f f e r e n c e i n E−

p lane ( lambda )
7 delta_h = 0.375 //Path l e n g t h d i f f e r e n c e i n H−

p lane ( lambda )
8 a_e = 10 //E−p lane ap e r t u r e ( lambda )
9

10

11 // Ca l c u l a t i o n
12 L = a_e **2/(8* delta_e) //Horn l e n g t h ( lambda )
13 theta_e = 2*atan(a_e ,2*L)*180/ %pi // F l a r e ang l e i n

E−p lane ( d e g r e e s )
14 theta_h = 2*acos(L/(L+delta_h))*180/ %pi

// F l a r e ang l e i n the H
−p lane ( d e g r e e s )

15 a_h = 2*L*tan(theta_h /2*%pi /180) //H−p lane
ap e r t u r e ( lambda )

16

17 hpbw_e = 56/a_e // Ha l f power beamwidth i n E−
p lane ( d e g r e e s )

18 hpbw_h = 67/a_h // Ha l f power beamwidth i n H−
p lane ( d e g r e e s )

19
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20 D = 10* log10 (7.5* a_e*a_h) // D i r e c t i v i t y (dB)
21

22 // Re su l t
23 mprintf(”The l e n g t h o f the pyramida l horn i s %. 1 f

lambda”, L)

24 mprintf(”\nThe f l a r e a n g l e s i n E−p lane and H−p lane
a r e %. 1 f and %. 2 f d e g r e e s ”,theta_e ,theta_h)

25 mprintf(”\nThe H−p lane ap e r t u r e i s %. 1 f lambda”,a_h)
26 mprintf(”\nThe Ha l f power beamwidths i n E−p lane and

H−p lane a r e %d and %. 1 f d e g r e e s ”, hpbw_e ,hpbw_h)

27 mprintf(”\nThe d i r e c t i v i t y i s %. 1 f dBi ”,D)
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Chapter 8

Helical Antennas

Scilab code Exa 8.1 1

1 // Chapter 8 : H e l i c a l Antennas
2 //Example 8−5.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 w = 5 //Width o f f l a t t e n e d tub ing at

t e rm i n a t i o n (mm)
7 Er = 2.7 // R e l a t i v e p e rm i t t i v i t y o f the s h e e t
8 Z0 = 50 // C h a r a c t e r i s t i c impedance o f the s h e e t
9

10 // Ca l c u l a t i o n
11 h = w/((377/( sqrt(Er)*Z0)) -2)

12

13 // Re su l t
14 mprintf(”The r e q u i r e d t h i c k n e s s o f the p o l y s t y r e n e

s h e e t i s %. 1 f mm”,h)

Scilab code Exa 8.2 2
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1 // Chapter 8 : H e l i c a l Antennas
2 //Example 8−5.2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 n = 16.0 //Number o f t u rn s ( u n i t l e s s )
7 C = 1 // C i r cumf e r enc e ( lambda )
8 S = 0.25 //Turn Spac ing ( lambda )
9

10 // Ca l c u l a t i o n
11 hpbw = 52/(C*sqrt(n*S)) // Ha l f power beamwidth (

d e g r e e s )
12 ax_rat = (2*n + 1)/(2*n) // Ax ia l r a t i o ( u n i t l e s s )
13 gain = 12*(C**2)*n*S //Gain o f antenna (

u n i t l e s s )
14 gain_db = 10* log10(gain) //Gain o f antenna ( i n

dBi )
15

16 mprintf(”The h a l f power beam width i s %d d e g r e e s ”,
hpbw)

17 mprintf(”\nThe a x i a l r a t i o i s %. 2 f ”,ax_rat)
18 mprintf(”\nThe ga in i s %d or %. 1 f dBi ”,gain ,gain_db)

Scilab code Exa 8.3 3

1 // Chapter 8 : H e l i c a l Antennas
2 //Example 8−5.3
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 n = 10.0 //Number o f t u rn s ( u n i t l e s s )
7 S = 0.236 // Spac ing between tu rn s ( lambda )
8 n_a = 4.0 //Number o f h e l i c a l antennas i n the

a r r ay ( u n i t l e s s )
9
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10 // Ca l c u l a t i o n
11 D = 12*n*S // D i r e c t i v i t y o f a s i n g l e antenna (

u n i t l e s s )
12 Ae = D/(4* %pi) // E f f e c t i v e ap e r t u r e ( lambda ˆ2)
13

14 A = sqrt(Ae) //Area o f s qua r e / spa c i n g between
h e l i x e s ( lambda )

15 Ae_total = Ae*n_a // Tota l e f f e c t i v e ap e r t u r e (
lambda ˆ2)

16 D_array = (4*%pi*Ae_total) // D i r e c t i v i t y o f the
a r r ay ( u n i t l e s s )

17 D_array_db = 10* log10(D_array) // D i r e c t i v i t y o f the
a r r ay ( dBi )

18

19 // Re su l t
20 mprintf(”The b e s t s p a c i n g between the h e l i x e s i s %. 1

f lambda”,A)
21 mprintf(”\nThe d i r e c t i v i t y o f the a r r ay i s %d or %. 1

f dBi ”,D_array ,D_array_db)

Scilab code Exa 8.4 4

1 // Chapter 8 : H e l i c a l Antennas
2 //Example 8−16.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 gain = 24.0 //Gain (dB)
7 alpha = 12.7 // P i t ch ang l e ( d e g r e e s )
8 c_lambda = 1.05 // C i r cumf e r enc e ( lambda )
9 s_lambda = 0.236 // Spac ing between tu rn s ( lambda )
10

11 // Ca l c u l a t i o n
12 D = 10**( gain /10) // D i r e c t i v i t y ( u n i t l e s s )
13 L = D/(12*( c_lambda **2)) // He l i x l e n g t h ( lambda )
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14 n = L/s_lambda //Number o f t u rn s (
u n i t l e s s )

15 D = D/4 // D i r e c t i v i t y f o r f o u r 20− turn
h e l i x e s ( u n i t l e s s )

16 Ae = D/(4* %pi) // E f f e c t i v e ap e r t u r e o f each
h e l i x ( lambda ˆ2)

17

18 // Re su l t
19 mprintf(”The Ax ia l l e n g t h i s %. 0 f lambda”,L)
20 mprintf(”\nThe number o f t u rn s f o r the a x i a l l e n g t h

i s %d”,n)
21 mprintf(”\nThe e f f e c t i v e ap e r t u r e f o r 20 tu rn s i s %

. 0 f lambda squa r e ”,Ae)
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Chapter 9

Reflector Antennas

Scilab code Exa 9.1 1

1 // Chapter 9 : R e f l e c t o r Antennas
2 //Example 9−2.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 P_transmit = 25000.0 //Power t r a n sm i t t e d by

s t a t i o n t r a n sm i t t e r (W)
7 gain_dbi = 29.0 //Gain o f a r r ay ( dBi )
8 r = 7500e3 // D i s t anc e (m)
9 h = 250e3 // He ight (m)

10 z = 377.0 // I n t r i n s i c impedance o f
f r e e space (ohm)

11

12 // Ca l c u l a t i o n
13 gain = 10**( gain_dbi /10) //Gain o f a r r ay (

u n i t l e s s )
14 erp = gain*P_transmit // E f f e c t i v e r a d i a t e d

power (W)
15 p_area = erp /(2* %pi*r*h) //Power per un i t a r ea

at d i s t a n c e r (W/mˆ2)
16 field_str = sqrt(p_area*z) // F i e l d s t r e n g t h (mV/m
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)
17

18 // Re su l t
19 disp(erp ,”The e f f e c t i v e r a d i a t e d power i n W”)
20 mprintf(”\nThe f i e l d s t r e n g t h at the d i s t a n c e r i s %

. 3 f V/mˆ2”,field_str)
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Chapter 11

Broadband and Frequency
Independent Antennas

Scilab code Exa 11.1 1

1 // Chapter 1 1 : Broadband and Frequency−Independent
Antennas

2 //Example 11−1.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 d = 4 // spa c i n g (mm)
7 D = 100 // d i s t a n c e between the open ing s (mm)
8

9 // Ca l c u l a t i o n
10 lambda_short = 10*d // Sh o r t e s t wave l ength (mm)
11 lambda_long = 2*D // Longes t wave l ength (mm)
12 bandwidth = lambda_long/lambda_short //Bandwidth

( u n i t l e s s )
13

14 // Re su l t
15 mprintf(”The approx imate bandwidth i s %d to 1”,

bandwidth)
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Scilab code Exa 11.2 2

1 // Chapter 1 1 : Broadband and Frequency−Independent
Antennas

2 //Example 11−7.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 gain_dbi = 7.0 //Gain ( dBi )
7 bandwidth = 4 // R e l a t i v e bandwidth (

u n i t l e s s )
8 s_lambda = 0.15 // Spac ing ( lambda )
9 k = 1.2 // S c a l e c on s t an t ( u n i t l e s s )

10

11 // Ca l c u l a t i o n
12 alpha = atan ((1-1/k)/(4* s_lambda))*180/ %pi //Apex

ang l e ( d e g r e e s )
13 n = round(log(bandwidth)/log(k)) //Number o f

e l emen t s ( u n i t l e s s )
14 n =n + 1

15 n =n + 2 //Number o f e l emen t s c o n s i d e r i n g
c o n s e r v a t i v e d e s i g n ( u n i t l e s s )

16

17 // Re su l t
18 mprintf(”The apex ang l e i s %. 1 f d e g r e e s ”,alpha)
19 mprintf(”\nThe number o f e l emen t s i s %d”, n)
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Chapter 12

The Cylindrical Antenna and
the Moment Method

Scilab code Exa 12.1 1

1 // Chapter 1 2 : The C y l i n d r i c a l Antenna and the Moment
Method

2 //Example 12−12.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 N = 3 // P i e c ew i s e s i n u s o i d a l d i p o l e modes (

u n i t l e s s )
7 l = 1/10.0 // D ipo l e l e n g t h ( lambda )
8 z11_exact = 0.4935 - 3454*%i // Exact impedance

v e c t o r (ohm)
9 z11_apprx = 0.4944 - 3426*%i // Approximate impedance

v e c t o r (ohm)
10 z12_exact = 0.4935 + 1753*%i // Exact impedance

v e c t o r (ohm)
11 z12_apprx = 0.4945 + 1576*%i // Approximate

impedance v e c t o r (ohm)
12 z13_exact = 0.4935 + 129.9* %i // Exact impedance

v e c t o r (ohm)
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13 z13_apprx = 0.4885 + 132.2* %i // Approximate
impedance v e c t o r (ohm)

14

15 // C a l c u l a t i o n s
16 N2 = N + 1 //Number o f equa l segments ( u n i t l e s s )
17 d = l/4 // Length o f each segment ( lambda )
18 Rmn = 20*(2* %pi*d)**2 // Real pa r t o f e l emen t s o f Z

−matrix , Zmn (VA)
19 zmat_apprx =([ z11_apprx+z13_apprx ,z12_apprx ;2*

z12_apprx ,z11_apprx ]) // matr ix ( u n i t l e s s )
20 vmat = ([0;1]) // Vo l tage matr ix ( u n i t l e s s )
21 [i1]= linsolve(zmat_apprx ,vmat) // Current matr ix (

u n i t l e s s )
22 i1=i1*-1

23 i_ratio = i1(2)/i1(1) // Current r a t i o (
u n i t l e s s )

24 zin = vmat (2)/i1(2) // Input impedance (ohm)
25

26

27 zmat_exact =([ z11_exact+z13_exact ,z12_exact ;2*

z12_exact ,z11_exact ])

28 [i1_e] = linsolve(zmat_exact ,vmat) // Current
matr ix ( u n i t l e s s )

29 i1_e=i1_e*-1

30 i_ratio_exact = i1_e (2)/i1_e (1) // Current
r a t i o ( u n i t l e s s )

31 zin_exact = vmat (2)/i1_e (2) // Input impedance
(ohm)

32

33

34 // Re su l t
35 mprintf(”The c u r r e n t r a t i o i s %. 2 f+%. 4 f j ”,real(

i_ratio),imag(i_ratio))

36 mprintf(”\ nThis i s n e a r l y equa l to 1 . 9 i n d i c a t i n g a
n e a r l y t r i a n g u l a r c u r r e n t d i s t r i b u t i o n ”)

37 mprintf(”\nThe input impedance i s %. 3 f% . 3 f j ohm
us i ng approx imate v a l u e s ”, real(zin),imag(zin))

38 mprintf(”\nThe input impedance i s %. 3 f% . 3 f j ohm
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u s i n g exa c t v a l u e s ”, real(zin_exact),imag(

zin_exact))

Scilab code Exa 12.2 2

1 // Chapter 1 2 : The C y l i n d r i c a l Antenna and the Moment
Method

2 //Example 12−12.2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 z_load = 2.083 + 1605* %i // Conjugate matched l oad

(ohm)
7 e0 = 1.0 // E l e c t r i c f i e l d

magnitude ( u n i t l e s s )
8 l = 1/10.0 // Length o f d i p o l e (

lambda )
9 ima = 0+1*%i // Imag inary number
10

11 z11_exact = 0.4935 - 3454*%i // Exact impedance
v e c t o r (ohm)

12 z11_apprx = 0.4944 - 3426*%i // Approximate impedance
v e c t o r (ohm)

13 z12_exact = 0.4935 + 1753*%i // Exact impedance
v e c t o r (ohm)

14 z12_apprx = 0.4945 + 1576*%i // Approximate
impedance v e c t o r (ohm)

15 z13_exact = 0.4935 + 129.9* %i // Exact impedance
v e c t o r (ohm)

16 z13_apprx = 0.4885 + 132.2* %i // Approximate
impedance v e c t o r (ohm)

17

18 // Ca l c u l a t i o n
19 d = l/4 // Length o f each segment ( lambda )
20 vm = (2*e0/(2* %pi))*tan (2*%pi*d/2) // Vo l tage
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v e c t o r (VA)
21 z22 = z11_exact + z_load // Impedance matr ix

f o r l oaded d i p o l e (VA)
22 zmat_exact =([ z11_exact+z13_exact ,z12_exact ;2*

z12_exact ,z22]) //Z( impedance ) matr ix ( u n i t l e s s
)

23 vmat = ([vm;vm]) // Vo l tage matr ix ( u n i t l e s s )
24 [i1]= linsolve(zmat_exact ,vmat) // Current matr ix

( u n i t l e s s )
25 i1=i1*-1

26 i3 = i1(1) // Current v e c t o r ( u n i t l e s s )
27 e_zn = (60* tan (2*%pi*d/2))*ima // Free space

e l e c t r i c f i e l d (V/m)
28 e_s = i1(1)*e_zn + i1(2)*e_zn + i3*e_zn //

S c a t t e r e d f i e l d (V/m)
29 sigma = 4*%pi*(abs(e_s)**2)/(abs(e0)**2) //Radar

Cross s e c t i o n ( lambda ∗∗2)
30

31 // Re su l t
32 mprintf(”The rada r c r o s s s e c t i o n u s i n g exac t v a l u e s

o f Z matr ix i s %. 4 f lambda squa r e ”,sigma (1))

Scilab code Exa 12.3 3

1 // Chapter 1 2 : The C y l i n d r i c a l Antenna and the Moment
Method

2 //Example 12−12.3
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 z11_exact = 2 -1921*%i // Exact impedance

v e c t o r (ohm)
7 z12_exact = 1.9971 -325.1* %i // Exact impedance

v e c t o r (ohm)
8
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9 z11_apprx = 1.9739 -1992* %i // Approximate
impedance v e c t o r (ohm)

10 z12_apprx = 1.9739 -232.8* %i // Approximate
impedance v e c t o r (ohm)

11

12 vmat =([1;0])

13

14 // C a l c u l a t i o n s
15 zmat_exact =([ z11_apprx ,z12_apprx;z12_apprx ,

z11_apprx ]) // Impedance matr ix ( u n i t l e s s )
16 [i1] = linsolve(zmat_exact ,vmat) // Current

matr ix ( u n i t l e s s )
17 i1=i1*-1

18 zin = 1/i1(1)

19

20 // Re su l t
21 mprintf(”The input impedance f o r o rd e r N = 2 i s %. 3

f% . 3 f i ohm”,real(zin),imag(zin))
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Chapter 15

Antennas for Special
Applications

Scilab code Exa 15.1 1

1 // Chapter 1 5 : Antennas f o r S p e c i a l App l i c a t i o n s
2 //Example 15−2.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 frequency = 100e3 // Frequency (Hz )
7 height = 150 // He ight o f antenna (m)
8 RL = 2 // Loss r e s i s t a n c e (ohm)
9 c = 3e8 // Speed o f l i g h t (m/ s )
10

11 // C a l c u l a t i o n s
12 wave_lt = c/frequency //Wavelength (m)
13 hp = height/wave_lt //Antenna ( p h y s i c a l ) h e i g h t (

lambda )
14 he = hp/2 // E f f e c t i v e h e i g h t ( lambda )
15

16 Rr = 400*(hp**2) // Rad i a t i on r e s i s t a n c e (ohm)
17

18 R_E = Rr/(Rr+RL) // Rad i a t i on e f f i c i e n c y (
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u n i t l e s s )
19

20 // Re su l t s
21 mprintf(”The E f f e c t i v e h e i g h t o f the antenna i s %. 3 f

lambda”, he)

22 mprintf(”\nThe Rad i a t i on r e s i s t a n c e f o r 150m
v e r t i c a l r a d i a t o r i s %d ohm”, Rr)

23 mprintf(”\nThe r a d i a t i o n e f f i c i e n c y i s %. 2 f or %. 2 f
p e r c en t ”, R_E ,R_E *100)

Scilab code Exa 15.2 2

1 // Chapter 1 5 : Antennas f o r S p e c i a l App l i c a t i o n s
2 //Example 15−4.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 eps_r1 = 16 // Real pa r t o f r e l a t i v e p e rm i t t i v i t y

o f ground ( u n i t l e s s )
7 sigma = 1e-2 // c o n du c t i v i t y o f ground (mho per

meter )
8 eps_0 = 8.85e-12 // Air p e rm i t t i v i t y (F/m)
9 f1 = 1e6 // Frequency (Hz )
10 f2 = 100e6 // Frequency (Hz )
11

12 // Ca l c u l a t i o n
13 eps_r11 = sigma /(2* %pi*f1*eps_0) // Loss pa r t o f

r e l a t i v e p e rm i t t i v i t y f o r f 1 ( u n i t l e s s )
14 eps_r11_2 = sigma /(2* %pi*f2*eps_0) // Loss pa r t o f

r e l a t i v e p e rm i t t i v i t y f o r f 2 ( u n i t l e s s )
15

16 eps_ra = eps_r1 -(%i)*eps_r11 // R e l a t i v e
p e rm i t t i v i t y f o r f 1 ( u n i t l e s s )

17 eps_rb = eps_r1 -(%i)*eps_r11_2 // R e l a t i v e
p e rm i t t i v i t y f o r f 2 ( u n i t l e s s )
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18

19 n1 = sqrt(eps_ra) // R e f r a c t i v e index f o r f 1 (
u n i t l e s s )

20 n2 = sqrt(eps_rb) // R e f r a c t i v e index f o r f 2 (
u n i t l e s s )

21

22 E_perp1t =[]

23 E_perp2t =[]

24

25 for i=0: %pi /180: %pi/2

26 E_perp1 = [1 + (abs((sin(i) - n1)/(sin(i)+n1))*exp(

%i*(2* %pi*sin(i) + ((sin(i) - n1)/(sin(i)+n1)))))

]

27 E_perp2 = [1 + (abs((sin(i) - n2)/(sin(i)+n2))*exp(

%i*(2* %pi*sin(i) + ((sin(i) - n2)/(sin(i)+n2)))))

]

28 E_perp1t($+1)=E_perp1

29 E_perp2t($+1)=E_perp2

30 end

31

32 E_perp1_rel = E_perp1 /( E_perp1t) // R e l a t i v e
e l e c t r i c f i e l d f o r f 1 ( u n i t l e s s )

33

34 E_perp2_rel = E_perp2 /( E_perp2t) // R e l a t i v e
e l e c t r i c f i e l d f o r f 2 ( u n i t l e s s )

35

36

37 // Re su l t
38 mprintf(”The l o s s parameter f o r 1MHz i s %. 0 f ”,

eps_r11)

39 mprintf(”\nThe l o s s parameter f o r 100MHz i s %. 1 f ”,
eps_r11_2)

40 mprintf(”\nThe r e l a t i v e p e rm i t t i v i t y f o r 1MHz i s (
%d%. 0 f j ) ”, eps_ra ,imag(eps_ra))

41 mprintf(”\nThe r e l a t i v e p e rm i t t i v i t y f o r 100MHz i s (
%d%. 1 f j ) ”, eps_rb ,imag(eps_rb))
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Scilab code Exa 15.3 3

1 // Chapter 1 5 : Antennas f o r S p e c i a l App l i c a t i o n s
2 //Example 15−12.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 f = 60e6 // Frequency (Hz )
7 dep = 20 //Depth o f antenna l o c a t i o n (m)
8 sigma = 1.33e-2 // Conduc t i v i t y (mho per m)
9 eps0 = 8.85e-12 // Air P e rm i t t i v i t y (F/m)

10 epr1 = 80 // Real pa r t o f r e l a t i v e p e rm i t t i v i t y (
u n i t l e s s )

11 alphat = 10 // E l e v a t i o n ang l e ( d e g r e e s )
12 cl = 1 // C i r cumf e r enc e ( lambda )
13 %pitch = 12.5 //%pitch ang l e ( d e g r e e s )
14 c = 3e8 // Speed o f l i g h t (m/ s )
15

16 dir_gb = 3 // D i r e c t i v i t y o f George Brown
t u r n s t i l e ( u n i t l e s s )

17 Aer_gb = 6 // E f f e c t i v e ap e r t u r e o f George Brown
t u r n s t i l e ( u n i t l e s s )

18 r = 1e3 // D i s t anc e between t r a n sm i t t e r and
r e c e i v e r (m)

19 Pt = 100 // Transmit ted power (W)
20

21 // C a l c u l a t i o n s
22 epr11 = sigma /(eps0 *2* %pi*f) // Loss term o f

r e l a t i v e p e rm i t t i v i t y ( u n i t l e s s )
23 epr = epr1 + %i*epr11 // R e l a t i v e p e rm i t t i v i t y (

u n i t l e s s )
24 alphac = acos(sqrt (1/ epr1)) // C r i t i c a l ang l e (

d e g r e e s )
25 alpha = acos(cos(( alphat)*%pi /180)/sqrt(epr1)) //
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Angle o f i n c i d e n c e ( d e g r e e s )
26

27 n1=12 //Number o f t u rn s
28 rad = cl/(2* %pi) // Radius o f l o op ( lambda )
29 sl = tan ((12.5)*%pi /180)

30 hpbw1 = 52/(cl*sqrt(n1*sl)) // Ha l f power
beamwidth f o r 12 tu rn s ( d e g r e e s )

31 dir1 = 12*(cl**2)*n1*sl // D i r e c t i v i t y f o r 12
tu rn s ( u n i t l e s s )

32 n2 = n1*2 //Number o f t u rn s
33 hpbw2 = 52/(cl*sqrt(n2*sl)) // Ha l f power

beamwidth f o r 24 tu rn s ( d e g r e e s )
34 dir2 = 12*(cl**2)*n2*sl // D i r e c t i v i t y f o r 24

tu rn s ( u n i t l e s s )
35 num = 20 //Number o f t u rn s chosen
36

37 p_perpt =[]

38 p_pallt =[]

39 for i=0: %pi /180: %pi

40 p_perp = [(sin(i)-sqrt(epr - cos(i)**2))/(sin(i)+

sqrt(epr - cos(i)**2))]

41 p_pall = [(epr*sin(i)-sqrt(epr - cos(i)**2))/(epr*

sin(i)+sqrt(epr - cos(i)**2))]

42 p_perpt($+1)=p_perp

43 p_pallt($+1)=p_pall

44 end

45

46 Sr = 0.5*(( p_perpt)**2 + (p_pallt)**2) // R e l a t i v e
power d e n s i t y r e f l e c t e d ( u n i t l e s s )

47 St = 1 - Sr // R e l a t i v e power d e n s i t y t r an sm i t t e d
( u n i t l e s s )

48

49 theta = 0:%pi /180: %pi

50

51 subplot (1,2,1)

52 plot(theta ,St)

53 title(” R e l a t i v e Power Vs E l e v a t i o n Angle ”)
54
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55 subplot (1,2,2)

56 polarplot(theta ,real(St))

57 title(” Pat t e rn o f Transmi s s i on ”)
58

59 wave_lt = c/f //Wavelength (m)
60 diam = wave_lt /(sqrt(epr1)*%pi) // Submerged h e l i x

d i amete r (m)
61 att_cons = (%pi*epr11)/( wave_lt*sqrt(epr1)) //

At t enua t i on c on s t an t f o r water (Np/m)
62 att_d = 20* log10(exp(-att_cons*dep)) //

At t enua t i on i n the water path (dB)
63 Dir = 12*(cl**2)*num*sl // D i r e c t i v i t y f o r 20 turn

h e l i x ( u n i t l e s s )
64 Ae = Dir*( wave_lt **2) /(4* %pi) // E f f e c t i v e

ap e r t u r e (mˆ2)
65

66 Pr = Pt*Ae*dir_gb /((r**2)*( wave_lt **2)) //
Rece ived power (W)

67

68 loss_inter = 10* log10(St(10)) // Loss at the
i n t e r f a c e f o r a lpha = 83 . 6 8 (dB)

69 tot_loss = abs(att_d + loss_inter) // Tota l l o s s (
dB)

70 Pr_act = Pr /(10**( ceil(tot_loss)/10)) //Net
Actua l r e c e i v e d power (W)

71

72

73 // Re su l t s
74 mprintf(” Ha l f power beamwidth f o r 12 tu rn s i s %. 0 f

d e g r e e s ”,hpbw1)
75 mprintf(”\ nD i r e c t i v i t y f o r 12 tu rn s i s %. 1 f ”, dir1)

76 mprintf(”\ nHal f power beamwidth f o r 24 tu rn s i s %. 0 f
d e g r e e s ”,hpbw2)

77 mprintf(”\ nD i r e c t i v i t y f o r 24 tu rn s i s %. 1 f ”, dir2)

78 mprintf(”\nA h e l i x o f %d tu rn s i s chosen f o r
r e a s o n ab l e compromise ”,num)

79 mprintf(”\nThe s i g n a l l e v e l a t the d i s t a n c e o f 1km
i s %. 2 e W”,Pr_act)
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Scilab code Exa 15.4 4

1 // Chapter 1 5 : Antennas f o r S p e c i a l App l i c a t i o n s
2 //Example 15−13.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 fre = 3e9 // Frequency (Hz )
7 Re_Zc = 14.4e-3 // Real pa r t o f i n t r i n s i c impedance

o f copper (ohm)
8 Zd = 377 // I n t r i n s i c impedance o f a i r (ohm)
9

10 // Ca l c u l a t i o n
11 tau = atan(Re_Zc/Zd)*180/ %pi // T i l t ang l e ( d e g r e e s )
12

13 // Re su l t
14 mprintf(”The t i l t ang l e i s %. 4 f d e g r e e s ”,tau)

Scilab code Exa 15.5 5

1 // Chapter 1 5 : Antennas f o r S p e c i a l App l i c a t i o n s
2 //Example 15−13.2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 fre = 3e9 // Frequency (Hz )
7 eps_r = 80 // R e l a t i v e p e rm i t t i v i t y o f water (

u n i t l e s s )
8

9 // Ca l c u l a t i o n
10 tau = atan (1/ sqrt(eps_r))*180/ %pi // Forward T i l t

ang l e ( d e g r e e s )
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11

12 // Re su l t
13 mprintf(”The fo rward t i l t ang l e i s %. 1 f d e g r e e s ”,tau

)

Scilab code Exa 15.6 6

1 // Chapter 1 5 : Antennas f o r S p e c i a l App l i c a t i o n s
2 //Example 15−13.3
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 lambda_g = 1.5 //Wavelength i n gu ide ( lambda )
7 m = -1 //Mode number
8

9 // Ca l c u l a t i o n
10 phi = acos ((1/ lambda_g)+m)*180/ %pi // Forward t i l t

ang l e ( d e g r e e s )
11

12 // Re su l t
13 mprintf(”The beam ang l e i s %. 1 f d e g r e e s ”,phi)

Scilab code Exa 15.7 7

1 // Chapter 1 5 : Antennas f o r S p e c i a l App l i c a t i o n s
2 //Example 15−14.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 fre = 4e9 // Frequency (Hz )
7 T_sys = 100 // System Temperature (K)
8 S_N = 20 // S i g n a l to No i s e r a t i o (dB)
9 bandwidth = 30e6 //Bandwidth (Hz )
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10 P_trans = 5 // S a t e l l i t e t r an sponde r power (W)
11 dia = 2 // S a t e l l i t e p a r a b o l i c d i s h d i amete r

(m)
12 sat_spacing = 2 // Spac ing between s a t e l l i t e s (

d e g r e e s )
13 r = 36000e3 //Downlink d i s t a n c e (m)
14 k = 1.38e-23 //Boltzmann ’ s c on s t an t ( J/K)
15 c = 3e8 // Speed o f l i g h t (m/ s )
16

17 // Ca l c u l a t i o n
18 wave_lt = c/fre

19 s_n = (wave_lt **2) /(16*( %pi **2)*(r**2)*k*T_sys*

bandwidth)

20 s_n = 10* log10(s_n) // S i g n a l to n o i s e r a t i o f o r
i s o t r o p i c antennas (dB)

21

22 Ae = 0.5* %pi*(dia **2)/4 // E f f e c t i v e Aperture (m
ˆ2)

23 Gs = 4*%pi*Ae/( wave_lt **2)

24 Gs = 10* log10(Gs) //Antenna Gain (dB)
25

26 Ge = 20 - s_n - Gs - 10* log10(P_trans) // Requ i red
e a r th s t a t i o n antenna ga in (dB)

27 Ae_e = (10**( Ge/10))*( wave_lt **2) /(4* %pi) //
Requ i red e a r t h s t a t i o n e f f e c t i v e ap e r t u r e (mˆ2)

28 Ap = Ae_e*2 // Requ i red Phy s i c a l a p e r t u r e (mˆ2)
29

30 De = 2*sqrt(Ap/%pi) // Requ i red d iamete r o f
ear th−s t a t i o n antenna (m)

31 hpbw = 65/(De/wave_lt) // Ha l f power beam width (
d eg r e e )

32 bwfn = 145/(De/wave_lt) //Beamwidth between f i r s t
n u l l ( d e g r e e )

33

34 // Re su l t s
35 mprintf(”The Requ i red p a r a b o l i c d i s h d i amete r o f

e a r t h s t a t i o n antenna i s %. 1 f m”,De)
36 mprintf(”\nThe Ha l f power beamwidth i s %. 1 f d e g r e e s ”
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,hpbw)

37 mprintf(”\nThe Beamwidth between f i r s t n u l l i s %. 1 f ”
,bwfn)

Scilab code Exa 15.8 8

1 // Chapter 1 5 : Antennas f o r S p e c i a l App l i c a t i o n s
2 //Example 15−20.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 Tr = 45 // S a t e l l i t e r e c e i v e r t empera tu r e (K)
7 rcp_gain = 6 // Right c i r c u l a r l y p o l a r i z e d antenna

ga in ( dBi )
8 rcp_quad_gain = 3 //RCP ga in o f q u a d r i f i l a r h e l i x

antenna ( dBi )
9 bandwidth = 9.6e3 //Bandwidth (Hz )
10 snr = 10 // Requ i red S i gna l−to−Noi s e r a t i o (dB

)
11 c = 3e8 // Speed o f l i g h t (m/ s )
12 f = 1.65e9 // Frequency (Hz )
13 r = 780e3 // D i s t anc e to the s a t e l l i t e (m)
14 Ta = 300 //Antenna tempera tu r e (K)
15 k = 1.4e-23 //Boltzmann ’ s c on s t an t ( J/K)
16 theta = 10 // Zen i th ang l e ( d eg r e e )
17 Tr_handheld = 75 //Hand he ld r e c e i v e r t empera tu re

(K)
18 Tsky = 6 //Sky Temperature (K)
19 theta_horz = 80 // Zen i th ang l e f o r h o r i z o n t a l d i p o l e

( d eg r e e )
20

21 // C a l c u l a t i o n s
22 wave_lt = c/f //Wavelength (m)
23 Ld = (wave_lt /(4* %pi*r))**2 // S p a t i a l l o s s f a c t o r (

u n i t l e s s )
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24 Ld_db = 10* log10(Ld) // S p a t i a l l o s s f a c t o r (dB)
25 Tsys_up = Ta + Tr // S a t e l l i t e system

tempera tu re (K)
26 N = k*Tsys_up*bandwidth // No i s e power (W)
27 N_db = 10* log10(N) // No i s e power (dB)
28 E_vert = cos(%pi*cos(theta*%pi /180) /2)/sin(theta*%pi

/180) // Pat t e rn f a c t o r f o r v e r t i c a l lambda
/2 d i p o l e ( u n i t l e s s )

29 E_vert_db = 20* log10(E_vert)

30 Pt_vert_up = snr - (2.15 + (E_vert_db) - 3) -

rcp_gain + ceil(N_db) - floor(Ld_db) //
Upl ink power f o r v e r t i c a l lambda /2 antenna (dB)

31 Pt_vert_up = 10**( Pt_vert_up /10) //
Upl ink power f o r v e r t i c a l lambda /2 antenna (W)

32 Ta_down = 0.5*(Ta)+0.5*( Tsky)+3 //Downlink antenna
tempera tu re (K)

33 Tsys_down = Ta_down + Tr_handheld // System
tempera tu re (K)

34 N_down = k*Tsys_down*bandwidth // No i s e power (W)
35 N_down_db = 10* log10(N_down) // No i s e power (dB)
36 Pt_vert_down = snr -(2.15+ (E_vert_db) - 3) -

rcp_gain + ceil(N_down_db) - floor(Ld_db)

//Downlink power f o r v e r t i c a l lambda /2 antenna (
dB)

37 Pt_vert_down = 10**( Pt_vert_down /10) //
Downlink power f o r v e r t i c a l lambda /2 antenna (W)

38 E_horz = cos(%pi*cos(theta_horz*%pi /180) /2)/sin(

theta_horz*%pi /180) // Pat t e rn f a c t o r f o r
h o r i z o n t a l lambda /2 d i p o l e ( u n i t l e s s )

39 E_horz_db = (20* log10(E_horz))

40 Pt_horz_up = snr -(2.15 + E_horz_db - 3) - rcp_gain

+ round(N_db) - round(Ld_db) // Upl ink
power f o r h o r i z o n a l lambda /2 d i p o l e (dB)

41 Pt_horz_up = 10**( Pt_horz_up /10) // Upl ink
power f o r h o r i z o n a l lambda /2 d i p o l e (W)

42 Pt_horz_down = snr -(2.15 + E_horz_db - 3) -

rcp_gain + round(N_down_db) - round(Ld_db)

//Downlink power f o r h o r i z o n a l lambda /2
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d i p o l e (dB)
43 Pt_horz_down = 10**( Pt_horz_down /10) //Downlink

power f o r h o r i z o n a l lambda /2 d i p o l e (W)
44 Pt_quad_up = snr -(rcp_quad_gain + E_horz_db) -

rcp_gain + round(N_db) - round(Ld_db) //
Upl ink power f o r RCP q u a d r i f i l a r h e l i x antenna (
dB)

45 Pt_quad_up = 10**( Pt_quad_up /10) // Upl ink power
f o r RCP q u a d r i f i l a r h e l i x antenna (W)

46 Ta_quad = 0.85*( Tsky) + 0.15*( Ta) //Downlink antenna
tempera tu re (K)

47 Tsys_quad = Ta_quad + Tr_handheld // System
tempera tu re (K)

48 N_quad = k*Tsys_quad*bandwidth // No i s e power (W)
49 N_quad_db = 10* log10(N_quad) // No i s e power (dB)
50 Pt_quad_down = snr -(rcp_quad_gain + E_horz_db) -

rcp_gain + round(N_quad_db) - round(Ld_db)

//Downlink power f o r RCP q u a d r i f i l a r
h e l i x antenna (dB)

51 Pt_quad_down = 10**( Pt_quad_down /10) //Downlink
power f o r RCP q u a d r i f i l a r h e l i x antenna (W)

52

53

54 // Re su l t s
55 mprintf(”The Upl ink power f o r v e r t i c a l lambda /2

d i p o l e i s %. 1 f W”,Pt_vert_up)
56 mprintf(”\nThe Upl ink power f o r h o r i z o n t a l lambda /2

d i p o l e i s %. 3 f W”,Pt_horz_up)
57 mprintf(”\nThe Upl ink power f o r RCP q u a d r i f i l a r

h e l i x antenna i s %. 3 f W”,Pt_quad_up)
58 mprintf(”\nThe Downlink power f o r v e r t i c a l lambda /2

d i p o l e i s %. 1 f W”,Pt_vert_down)
59 mprintf(”\nThe Downlink power f o r h o r i z o n t a l lambda

/2 d i p o l e i s %. 3 f W”,Pt_horz_down)
60 mprintf(”\nThe Downlink power f o r RCP q u a d r i f i l a r

h e l i x antenna i s %. 3 f W”,Pt_quad_down)
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Scilab code Exa 15.9 9

1 // Chapter 1 5 : Antennas f o r S p e c i a l App l i c a t i o n s
2 //Example 15−20.2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 f = 1.6e9 // Frequency (Hz )
7 r = 1400e3 // He ight (m)
8 r_sep = 3500e3 // He ight f o r 10 deg r e e s e p e r a t i o n

(m)
9 c = 3e8 // Speed o f l i g h t (m/ s )
10 Ta = 300 // S a t e l l i t e antenna tempera tu r e (K)
11 Tr = 45 // S a t e l l i t e r e c e i v e r t empera tu r e (K)
12 k = 1.3e-23 //Boltzmann ’ s c on s t an t ( J/K)
13 bandwidth = 9.6e3 //Bandwidth (Hz )
14 snr = 6 // S i g n a l to n o i s e r a t i o (dB)
15 rcp_gain = 3 // He l i x ga in (dB)
16 beam_angle = 25 //RCP spo t beam ( deg r e e )
17 Tsky = 6 //Sky Temperature (K)
18 Tr_handheld = 75 //Hand he ld r e c e i v e r t empera tu re

(K)
19

20

21 // C a l c u l a t i o n s
22 wave_lt = c/f //Wavelength (m)
23 Ld = (wave_lt /(4* %pi*r))**2

24 Ld = 10* log10(Ld) // Propagat i on l o s s f a c t o r (
dB)

25 sat_gain = 40000/( beam_angle **2)

26 sat_gain = 10* log10(sat_gain) // S a t e l l i t e ga in (dB
)

27

28 Tsys = Ta+Tr // System tempera tu r e (K)
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29 N = k*Tsys*bandwidth // No i s e power (W)
30 N_db = 10* log10(N) // No i s e power (dB)
31

32 Pt_up = snr - (rcp_gain) - (sat_gain) + N_db - Ld

// Upl ink power (dB)
33 Pt_up = 10**( Pt_up /10) // Upl ink power (W)
34

35 Ta_quad = 0.85*( Tsky) + 0.15*( Ta) //Downlink antenna
tempera tu re (K)

36 Tsys_quad = Ta_quad + Tr_handheld // System
tempera tu re (K)

37 N_quad = k*Tsys_quad*bandwidth // No i s e power (W)
38 N_quad_db = 10* log10(N_quad) // No i s e power (dB)
39

40 Pt_down = snr - (rcp_gain) - (sat_gain) + round(

N_quad_db) - round(Ld)

//Downlink power
(dB)

41 Pt_down = 10**( Pt_down /10) //Downlink power (W)
42

43 Ld_sep = (wave_lt /(4* %pi*r_sep))**2

44 Ld_sep = 10* log10(Ld_sep) // Propagat i on l o s s
f a c t o r (dB)

45

46 Pt_sep = snr - (rcp_gain) - sat_gain + ceil(N_db) -

round(Ld_sep) //
Upl ink power (dB)

47 Pt_sep = 10**( Pt_sep /10) // Upl ink power (W)
48

49 // Re su l t s
50 mprintf( ”The S a t e l l i t e ga in i s %. 1 f dB”,sat_gain)
51 mprintf( ”\nThe Upl ink power r e q u i r e d i s %. 3 f W”,

Pt_up)

52 mprintf( ”\nThe Downlink power r e q u i r e d i s %. 4 f W”,
Pt_down)

53 mprintf( ”\nThe Upl ink power r e q u i r e d f o r 10 deg .
from ho r i z on i s %. 3 f W”,Pt_sep)
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Scilab code Exa 15.10 10

1 // Chapter 1 5 : Antennas f o r S p e c i a l App l i c a t i o n s
2 //Example 15−20.3
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 f = 30e9 // Frequency (Hz )
7 Tr = 300 // Re c e i v e r t empera tu re (K)
8 Ta = 275 // S a t e l l i t e antenna tempera tu r e (K)
9 r = 1400e3 // He ight (m)
10 c = 3e8 // Speed o f l i g h t (m/ s )
11 bw = 9.6e3 //Bandwidth per channe l (Hz )
12 rcp_gain = 10 //RCP s a t e l l i t e ga in ( dBi )
13 rain_att = 10 //Rain a t t e n u a t i o n (dB)
14 k = 1.4e-23 //Boltzmann ’ s c on s t an t ( J/K)
15 snr = 10 // Requ i red SNR (dB)
16 ap_eff = 0.7 // Aperture e f f i c i e n c y ( u n i t l e s s )
17 Ta_2 = 10 // Dish antenna tempera tu r e (K)
18

19 // C a l c u l a t i o n s
20 wave_lt = c/f //Wavelength (m)
21 Ld = (wave_lt /(4* %pi*r))**2 // S p a t i a l l o s s f a c t o r (

u n i t l e s s )
22 Ld_db = 10* log10(Ld) // S p a t i a l l o s s f a c t o r (dB)
23 Tsys = Ta+Tr // System tempera tu r e (K)
24

25 N = k*Tsys*bw // Propagat i on l o s s due to r a i n (W)
26 N = 10* log10(N) // Propagat i on l o s s due to r a i n (dB)
27

28 Dr = -rcp_gain + snr - Ld_db + N + rain_att //
Antenna ga in (dB)

29 Dr = 10**(Dr/10) //Antenna ga in ( u n i t l e s s )
30
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31 Dr_req = Dr/ap_eff // Requ i red antenna ga in (
u n i t l e s s )

32 Dr_req_db = 10* log10(Dr_req) // Requ i red antenna
ga in (dB)

33

34 dish_dia = 2* wave_lt*sqrt(Dr_req /28) // Requ i red
d iamete r o f d i s h (m)

35

36 hpbw = sqrt (40000/ Dr_req) // Ha l f power beam width
( d e g r e e s )

37

38 Tsys2 = Ta_2 + Tr // System tempera tu r e (K)
39 N2 = k*Tsys2*bw // Propagat i on l o s s due to r a i n (W

)
40 N2 = 10* log10(N2) // Propagat i on l o s s due to r a i n (

dB)
41

42 Pt_db = snr - Dr_req_db - rcp_gain + N2 - Ld_db +

rain_att // Transmit ted power (dB)
43 Pt = 10**( Pt_db /10)

44

45 // Re su l t s
46 mprintf(”The Upl ink antenna ga in r e q u i r e d i s %d dB”,

Dr_req_db)

47 mprintf(”\nThe Requ i red d i s h s i z e %. 3 f m”,dish_dia)
48 mprintf(”\nThe HPBW i s %. 1 f d e g r e e s ”,hpbw)
49 mprintf(”\nThe Downlink s a t e l l i t e power r e q u i r e d i s

%. 3 f W”, Pt)

Scilab code Exa 15.11 11

1 // Chapter 1 5 : Antennas f o r S p e c i a l App l i c a t i o n s
2 //Example 15−21.1
3 clc;

4
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5 // Va r i a b l e I n i t i a l i z a t i o n
6 dia = 1000 // Diameter o f a s t e r o i d (m)
7 prc = 0.4 //Power r e f l e c t i o n c o e f f i c i e n t o f

a s t e r o i d ( u n i t l e s s )
8 f = 4e9 // Frequency (Hz )
9 P = 1e9 //Power (W)

10 s = 20e3 // As t e r o i d speed (m/ s )
11 ast_dis = 0.4 // D i s t anc e o f a s t e r o i d (AU)
12 au = 1.5e11 // As t ronomica l Unit (m)
13 c = 3e8 // Speed o f l i g h t (m/ s )
14 k = 1.38e-23 //Boltzmann ’ s c on s t an t (mˆ2 kg sˆ−2

Kˆ−1)
15 Tsys = 10 // System tempera tu re (K)
16 B = 1e6 //Bandwidth (Hz )
17 snr = 10 // S i g n a l to n o i s e r a t i o (dB)
18 eap = 0.75 // Aperture e f f i c i e n c y ( u n i t l e s s )
19

20 sigma = prc*%pi*s**2 //Radar c r o s s s e c t i o n (mˆ2)
21 ast_dm = au*ast_dis // As t r o i d d i s t a n c e (m)
22 lmda = c/f //Wavelength (m)
23

24 d4 = (64*( lmda **2)*( ast_dm **4)*k*Tsys*B*snr)/((eap

**2)*%pi*(sigma)*P)

25 d = d4 **(0.25) // Diameter o f d i s h (m)
26

27 delf = 2*s/lmda // Doppler s h i f t (Hz )
28 delt = 2*( ast_dm)/c //Time de l ay ( s )
29

30 timp = ast_dm/s //Time b e f o r e impact ( s )
31

32

33 // Re su l t
34 mprintf(”The d iamete r o f the d i s h i s %. 0 f m”,d)
35 mprintf(”\nThe dopp l e r s h i f t i s %. 1 f Hz”,delf)
36 mprintf(”\nThe t ime de l ay f o r the rada r s i g n a l i s %d

s ”, delt)

37 mprintf(”\nThe t ime b e f o r e impact i s %d s ”, timp)
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Scilab code Exa 15.12 12

1 // Chapter 1 5 : Antennas f o r S p e c i a l App l i c a t i o n s
2 //Example 15−26.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 t1 = 0.3e-9 //Echo t ime o f f the top o f pavement

( s )
7 t2 = 2.4e-9 //Echo t ime o f f bottom o f pavement (

s )
8 t3 = 14.4e-9 //Echo t ime o f f bottom o f water

pocke t ( s )
9 er_1 = 4 // R e l a t i v e p e rm i t t i v i t y o f pavement

( u n i t l e s s )
10 er_2 = 81 // R e l a t i v e p e rm i t t i v i t y o f water

pocke t ( u n i t l e s s )
11 c = 3e8 // Speed o f l i g h t (m/ s )
12

13 // C a l c u l a t i o n s
14 d1 = (t2-t1)*c/(2* sqrt(er_1))

15 d2 = (t3-t2)*c/(2* sqrt(er_2))

16

17 // Re su l t
18 mprintf(”The t h i c k n e s s o f pavement i s %. 2 f m”,d1)
19 mprintf(”\nThe t h i c k n e s s o f water pocke t i s %. 1 f m”,

d2)

72



Chapter 16

Practical Design Considerations
of Large Aperture Antennas

Scilab code Exa 16.1 1

1 // Chapter 1 6 : P r a c t i c a l Des ign Con s i d e r a t i o n s o f
Large Aperture Antennas

2 //Example 16−2.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 delta = 1/20.0 // rms d e v i a t i o n ( lambda )
7

8 // C a l c u l a t i o n s
9 del_phi = 4*%pi*delta *180/ %pi // Phase e r r o r ( d e g r e e s

)
10 kg = cos(del_phi*%pi /180) **2 //Gain− l o s s (

u n i t l e s s )
11 kg = 10* log10(kg) //Gain− l o s s (dB)
12

13 // Re su l t
14 mprintf(”The ga in r e du c t i o n i s %. 1 f dB”,abs(kg))
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Scilab code Exa 16.2 2

1 // Chapter 1 6 : P r a c t i c a l Des ign Con s i d e r a t i o n s o f
Large Aperture Antennas

2 //Example 16−2.2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 del_phi = 36.0 // rms phase e r r o r ( d e g r e e s )
7 n_irr = 100.0 //Number o f i r r e g u l a r i t i e s
8

9 // C a l c u l a t i o n s
10 max_side = tan(del_phi*%pi /180) **2

11 max_side = -10*log10(max_side) //Maximum
s id e−l o b e l e v e l (dB)

12 ran_side = (1/ n_irr)*tan(del_phi*%pi /180) **2

13 ran_side = -10*log10(ran_side) //Random
s id e−l o b e l e v e l (dB)

14

15 // Re su l t
16 mprintf(”The maximum s i d e l o b e l e v e l from main l ob e

i s %. 1 f dB”, max_side)

17 mprintf(”\nThe random s i d e l ob e l e v e l from main l ob e
i s %. 1 f dB”, ran_side)
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Chapter 17

Antenna Temperature Remote
Sensing and Radar Cross
Section

Scilab code Exa 17.1 1

1 // Chapter 1 7 : Antenna Temperature , Remote Sen s i ng
and Radar Cross S e c t i o n

2 //Example 17−1.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 Ta = 0.24 //Antenna tempera tu r e (K)
7 ang = 0.005 // Subtended ang l e ( d e g r e e s )
8 hpbw = 0.116 //Antenna h a l f power beamwidth (

d e g r e e s )
9

10 // C a l c u l a t i o n s
11 Ts = Ta*(hpbw **2)/(%pi*(ang **2/4))

12

13 // Re su l t
14 mprintf(”The ave rage t empera tu r e o f the s u r f a c e i s

%d K”, Ts)
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Scilab code Exa 17.2 2

1 // Chapter 1 7 : Antenna Temperature , Remote Sen s i ng
and Radar Cross S e c t i o n

2 //Example 17−1.2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 eff_aper = 500 //Antenna e f f e c t i v e ap e r t u r e (m

ˆ2)
7 wave_lt = 20e-2 //Wavelength (m)
8 Tsky = 10.0 //Sky tempera tu r e (K)
9 Tgnd = 300.0 //Ground tempera tu r e (K)

10 beam_eff = 0.7 //Beam e f f i c i e n c y ( u n i t l e s s )
11 aper_eff = 0.5 // Aperture e f f i c i e n c y ( u n i t l e s s )
12

13 // C a l c u l a t i o n s
14 phy_aper = aper_eff/eff_aper // Phy s i c a l a p e r t u r e

(mˆ2)
15 diam = 2*sqrt(phy_aper/%pi) //Antenna d iamete r (m)
16 diam_l = diam/wave_lt //Antenna d iamete r (

lambda )
17

18 ta_sky = Tsky*beam_eff //Sky c o n t r i b u t i o n to
antenna temp . (K)

19 ta_side = 0.5* Tsky*(1- beam_eff) // Side−l o b e
c o n t r i b u t i o n to antenna temp . (K)

20 ta_back = 0.5* Tgnd*(1- beam_eff) //Back−l o b e
c o n t r i b u t i o n to antenna temp . (K)

21

22 Ta = ta_sky + ta_side + ta_back

23

24 // Re su l t
25 mprintf(”The t o t a l antenna tempera tu r e i s %. 1 f K”,
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Ta)

Scilab code Exa 17.3 3

1 // Chapter 1 7 : Antenna Temperature , Remote Sen s i ng
and Radar Cross S e c t i o n

2 //Example 17−2.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 Tn = 50.0 // No i s e t empera tu r e (K)
7 Tphy = 300.0 // Phy s i c a l t empera tu r e (K)
8 Eff = 0.99 // E f f i c i e n c y ( u n i t l e s s )
9 Tn_stg = 80.0 // No i s e t empera tu r e o f f i r s t 3

s t a g e s (K)
10 gain_db = 13.0 //Gain (dB)
11 Tphy_tr = 300 // Transmi s s i on l i n e p h y s i c a l

t empera tu re (K)
12 Eff_tr = 0.9 // Transmi s s i on l i n e e f f i c i e n c y (

u n i t l e s s )
13

14 // C a l c u l a t i o n s
15 gain = 10**( gain_db /10)

16 T_r = Tn_stg + Tn_stg /(gain) + Tn_stg /(gain **2)

// Re c e i v e r n o i s e t empera tu re (K)
17 Tsys = Tn + Tphy *(1/ Eff - 1) + Tphy_tr *(1/ Eff_tr -

1) + (1/ Eff_tr)*T_r // System
tempera tu re (K)

18

19 // Re su l t
20 mprintf(”The system tempera tu r e i s %. 0 f K”,Tsys)

Scilab code Exa 17.4 4
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1 // Chapter 1 7 : Antenna Temperature , Remote Sen s i ng
and Radar Cross S e c t i o n

2 //Example 17−2.2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 phy_aper = 2208 // Phy s i c a l a p e r t u r e (mˆ2)
7 f = 1415e6 // Frequency (Hz )
8 aper_eff = 0.54 // Aperture e f f i c i e n c y ( u n i t l e s s )
9 Tsys = 50 // System tempera tu re (K)

10 bw = 100e6 //RF Bandwidth (Hz )
11 t_const = 10 //Output t ime con s t an t ( s )
12 sys_const = 2.2 // System con s t an t ( u n i t l e s s )
13 k = 1.38e-23 //Boltzmann ’ s c on s t an t ( J/K)
14

15 // C a l c u l a t i o n s
16 Tmin = sys_const*Tsys/(sqrt(bw*t_const)) //

Minimum d e t e c t a b l e t empera tu re (K)
17 eff_aper = aper_eff*phy_aper // E f f e c t i v e

ap e r t u r e (mˆ2)
18 Smin = 2*k*Tmin/eff_aper //Minimum d e t e c t a b l e

f l u x d e n s i t y (W/mˆ2/Hz )
19

20 // Re su l t
21 mprintf(”The minimum d e t e c t a b l e f l u x d e n s i t y i s %. 1 e

W/mˆ2/Hz” ,Smin)

Scilab code Exa 17.5 5

1 // Chapter 1 7 : Antenna Temperature , Remote Sen s i ng
and Radar Cross S e c t i o n

2 //Example 17−3.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
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6 k = 1.38e-23 //Boltzmann ’ s c on s t an t ( J/K)
7 trans_pow = 5 // Transponder power (W)
8 r = 36000e3 // D i s t anc e (m)
9 wave_lt = 7.5e-2 //Wavelength (m)
10 ant_gain = 30 //Antenna ga in (dB)
11 earth_ant = 38 // Earth s t a t i o n antenna ga in (dB)
12 Tsys = 100 // Earth s t a t i o n r e c e i v e r system

tempera tu re (K)
13 bw = 30e6 //Bandwidth (Hz )
14

15 // C a l c u l a t i o n s
16 s_n = wave_lt **2/(16*( %pi **2)*(r**2)*k*Tsys*bw)

17 s_n = 10* log10(s_n) // S i g n a l to No i s e r a t i o (dB)
18 trans_pow_db = 10* log10(trans_pow) // Transponder

power (dB)
19 erp = ant_gain + trans_pow_db // E f f e c t i v e

r a d i a t e d power (dB)
20 s_n_downlink = erp + earth_ant + s_n // S i g n a l to

No i s e r a t i o downl ink (dB)
21

22 // Re su l t
23 mprintf(”The ea r t h s t a t i o n S/N r a t i o i s %. 2 f dB”,

s_n_downlink)

Scilab code Exa 17.6 6

1 // Chapter 1 7 : Antenna Temperature , Remote Sen s i ng
and Radar Cross S e c t i o n

2 //Example 17−4.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 tf = 0.693 // Absorpt i on co− e f f i c i e n t ( u n i t l e s s )
7 Te = 305 // Earth t empera tu re (K)
8 Ta = 300 // S a t e l l i t e antenna tempera tu r e (K)
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9

10 // C a l c u l a t i o n s
11 Tf = (Ta - Te*exp(-tf))/(1-exp(-tf))

12

13 // Re su l t
14 mprintf(”The f o r e s t t empera tu r e i s %. 0 f K”, Tf)

Scilab code Exa 17.7 7

1 // Chapter 1 7 : Antenna Temperature , Remote Sen s i ng
and Radar Cross S e c t i o n

2 //Example 17−5.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 f = 10e9 // Frequency (Hz )
7 wind_speed = 350 //Wind speed (km/h )
8 c = 3e8 // Speed o f l i g h t (m/ s )
9 vr = 1e3 // D i f f e r e n t i a l v e l o c i t y (m/h )

10

11 // C a l c u l a t i o n s
12 wave_lt = c/f //Wavelength (m)
13 freq_shift = 2*( wind_speed *1000/3600)/wave_lt

// Doppler Frequency s h i f t (
Hz )

14 T = 1/(2* freq_shift) // Pu l s e r e p e t i t i o n i n t e r v a l
( s )

15 prf = 1/T // Pu l s e r e p e t i t i o n f r e qu en cy (Hz
)

16

17 fmin = 2*(vr /3600)/wave_lt // Frequency r e s o l u t i o n (
Hz )

18 N = 1/(( fmin)*T) //Number o f p u l s e s
19

20 // Re su l t
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21 mprintf(”The minimum pu l s e r e p e t i t i o n f r e qu en cy i s
%d Hz”,prf)

22 mprintf(”\nThe number o f p u l s e s to be sampled i s %d”
, N)
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Chapter 19

The Fourier Transform Relation
betwen Aperture Distribution
and Far field Pattern

Scilab code Exa 19.1 1

1 // Chapter 1 9 : The Fou r i e r Transform Re l a t i o n between
Aperture D i s t r i b u t i o n and Far− f i e l d Pat t e rn

2 //Example 19−8.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 gal_ext = 400000 // Extent o f ga l axy ( l i g h t −

y e a r s )
7 alpha = 0.032 // Extent o f ga l axy ( d e g r e e s )
8 f = 5e9 // Frequency (Hz )
9 a = 36e3 //Maximum VLA Spac ing (m)

10 c = 3e8 // Speed o f l i g h t (m/ s )
11 wid = 0.03 //Width o f image ( d e g r e e s )
12 hei = 0.008 // He ight o f image ( d e g r e e s )
13 flux_den = 2.5e-23 // Average f l u x d e n s i t y (W/m

ˆ2)
14 bw = 1e9 //Bandwidth (Hz )
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15

16 // C a l c u l a t i o n s
17 dist = gal_ext/sin(alpha*%pi /180) // D i s t anc e to

the ga l axy ( l i g h t −y e a r s )
18 dist_m = dist *(365*24*3600*c)

19 wave_lt = c/f //Wavelength (m)
20 a_lambda = a/wave_lt // Spac ing i n wave l ength (

u n i t l e s s )
21 pix_size = 51/ a_lambda // Re s o l u t i o n or p i x e l s i z e (

d e g r e e s )
22 pix_size_arc = pix_size *3600 // P i x e l s i z e ( a r c

s e cond s )
23 area = wid*hei //Area o f image ( squa r e d e g r e e s )
24 area_arc = area *(3600**2) //Area o f image ( a r c

s e cond s )
25 num_pix = area_arc/pix_size_arc **2 //Number o f

p i x e l s
26 rad_pow = flux_den *4*%pi*( dist_m **2)*bw

27

28 // Re su l t
29 disp(dist ,”The d i s t a n c e to the ga l axy i n l i g h t y e a r s

: ”)
30 disp(pix_size_arc ,”The r e s o l u t i o n or p i x e l s i z e i n

a r c s e c ond s ”)
31 disp(num_pix ,”The number o f p i x e l s i s ”)
32 disp( rad_pow ,”The r a d i o power o f the ga l axy i n W”)

Scilab code Exa 19.2 2

1 // Chapter 1 9 : The Fou r i e r Transform Re l a t i o n between
Aperture D i s t r i b u t i o n and Far− f i e l d Pat t e rn

2 //Example 19−8.2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
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6 f = 10e9 // Frequency (Hz )
7 c = 3e8 // Speed o f l i g h t (m/ s )
8 dia = 100 // Dish d iamete r (m)
9 aper_eff = 0.725 // Aperture e f f i c i e n c y ( u n i t l e s s )
10

11 // Ca l c u l a t i o n
12 wave_lt = c/f //Wavelength (m)
13 hpbw = 66/( dia/wave_lt) // Ha l f power beam width (

d e g r e e s )
14

15 gain = 41000/( hpbw **2) //Gain from beamwidth (
u n i t l e s s )

16 gain_db = 10* log10(gain) //Gain from beamwidth (
dBi )

17

18 gain_ap = 4*(%pi **2)*(dia/2) **2*( aper_eff)/( wave_lt

**2) //Gain from e f f e c t i v e
ap e r t u r e ( u n i t l e s s )

19 gain_ap_db = 10* log10(gain_ap) //Gain from
e f f e c t i v e ap e r t u r e ( dBi )

20

21 side_lobe = -23 // F i r s t s i d e l o b e l e v e l from
t a b l e (dB)

22

23 // Re su l t
24 mprintf( ”The Ha l f Power Beamwidth i s %. 2 f d e g r e e s ”,

hpbw)

25 mprintf( ”\nThe ga in from beamwidth i s %d dBi ”,
gain_db)

26 mprintf( ”\nThe ga in from e f f e c t i v e ap e r t u r e i s %d
dBi ”,gain_ap_db)

27 mprintf( ”\nThe f i r s t s i d e−l o b e l e v e l i s %d dB”,
side_lobe)
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Chapter 21

Antenna Measurements

Scilab code Exa 21.1 1

1 // Chapter 2 1 : Antenna Measurements
2 //Example 21−2.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 f = 900e6 // Frequency (Hz )
7 len = 25e-3 // Length o f antenna (m)
8 len_cell = 110e-3 // Length o f handse t c h a s s i s (m)
9 c = 3e8 // Speed o f l i g h t (m/ s )

10 del_L = 0.5 //Peak to Peak measurement
un c e r t a i n t y (dB)

11

12 // C a l c u l a t i o n s
13 Dm = len + len_cell //Maximum Dimension o f antenna

(m)
14 wave_lt = c/f //Wavelength (m)
15 r_rnf = (wave_lt /(2* %pi)) //Outer boundary o f

r e a c t i v e near f i e l d (m)
16 r_ff = 2*(Dm**2)/wave_lt // Fraunho f e r r e g i o n (m)
17 r2_ff = r_rnf /(10**( del_L /40) -1) //

Minimum d i s t a n c e where e f f e c t o f near f i e l d i s
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sma l l (m)
18 r3_ff = 2*Dm /(10**( del_L /10) -1) //Minimum

d i s t a n c e where e f f e c t o f r o t a t i o n o f AUT i s
sma l l (m)

19

20 // Re su l t
21 mprintf( ”The Outer boundary o f r e a c t i v e near f i e l d

i s at a d i s t a n c e %. 3 f m”,r_rnf)
22 mprintf( ”\nThe Fraunho f e r r e g i o n s t a r t s at a

d i s t a n c e %. 3 f m”,r_ff)
23 mprintf( ”\nThe Minimum d i s t a n c e where e f f e c t o f

near f i e l d i s sma l l enough i s %. 1 f m”,r2_ff)
24 mprintf( ”\nThe Minimum d i s t a n c e where e f f e c t o f

r o t a t i o n o f AUT i s sma l l enough i s %. 1 f m”,r3_ff)

Scilab code Exa 21.2 2

1 // Chapter 2 1 : Antenna Measurements
2 //Example 21−2.2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 horn_len = 350e-3 // Length o f horn (m)
7 ap_wid = 200e-3 // Aperture width (m)
8 ap_hei = 150e-3 // Aperture h e i g h t (m)
9 del_L = 0.2 //Peak to peak un c e r t a i n t y (dB)

10 f = 10e9 // Frequency (Hz )
11 c = 3e8 // Speed o f l i g h t (m/ s )
12

13 // C a l c u l a t i o n s
14 wave_lt = c/f //Wavelength (m)
15 r_rnf = wave_lt /(2* %pi) // //Outer boundary o f

r e a c t i v e near f i e l d (m)
16 r_ff = 2*( ap_wid **2)/wave_lt // Fraunho f e r r e g i o n

(m)

86



17 r2_ff = r_rnf /(10**( del_L /40) -1) //
Minimum d i s t a n c e where e f f e c t o f near f i e l d i s
sma l l (m)

18 r3_ff = 2* horn_len /(10**( del_L /10) -1) //
Minimum d i s t a n c e where e f f e c t o f r o t a t i o n o f AUT
i s sma l l (m)

19

20 // Re su l t
21 mprintf( ”The Outer boundary o f r e a c t i v e near f i e l d

i s at a d i s t a n c e %. 4 f m”,r_rnf)
22 mprintf( ”\nThe Fraunho f e r r e g i o n s t a r t s at a

d i s t a n c e %. 1 f m”,r_ff)
23 mprintf( ”\nThe Minimum d i s t a n c e where e f f e c t o f

near f i e l d i s sma l l enough i s %. 2 f m”,r2_ff)
24 mprintf( ”\nThe Minimum d i s t a n c e where e f f e c t o f

r o t a t i o n o f AUT i s sma l l enough i s %. 1 f m”, r3_ff

)

Scilab code Exa 21.3 3

1 // Chapter 2 1 : Antenna Measurements
2 //Example 21−2.3
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 D = 0.5 //Antenna d iamete r (m)
7 f = 300e9 // Frequency (Hz )
8 c = 3e8 // Speed o f l i g h t (m/ s )
9

10 // C a l c u l a t i o n s
11 wave_lt = c/f //Wavelength (m)
12 r_ff = 2*(D**2)/wave_lt // Fraunho f e r r e g i o n (m)
13

14 // Re su l t
15 mprintf(”The Fraunho f e r r e g i o n s t a r t s at a d i s t a n c e
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%d m”, r_ff)

16 mprintf(”\nAt 300 GHz the a t t e n u a t i o n o f the
atmosphere i s around 10dB/km making the
measurement d i f f i c u l t i n f u l l −s i z e r ang e s ”)

Scilab code Exa 21.4 4

1 // Chapter 2 1 : Antenna Measurements
2 //Example 21−4.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 D = 1 // Diameter o f antenna (m)
7 f = 10e9 // Frequency (Hz )
8 c = 3e8 // Speed o f l i g h t (m/ s )
9

10 // C a l c u l a t i o n s
11 wave_lt = c/f //Wavelength (m)
12 hpbw = 70* wave_lt/D // Ha l f power beamwidth ( d e g r e e s )
13 mea_dist = 2*(D**2)/wave_lt //Measurement d i s t a n c e (

m)
14 trav_dist = hpbw*%pi*mea_dist /180 // Trave r s e

d i s t a n c e (m)
15 taper = ((0.5/( trav_dist /2))**2) *(-3) // Amplitude

t ap e r (dB)
16

17 // Re su l t
18 mprintf(”The ampl i tude t ap e r i s %. 1 f dB”, taper)

Scilab code Exa 21.5 5

1 // Chapter 2 1 : Antenna Measurements
2 //Example 21−4.2
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3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 pat_lev1 = -22.3 // Pat t e rn l e v e l maximum (dB)
7 pat_lev2 = -23.7 // Pat t e rn l e v e l minimum (dB)
8

9 // C a l c u l a t i o n s
10 S = abs(pat_lev2 -pat_lev1) // Amplitude r i p p l e (dB)
11 a = (pat_lev1+pat_lev2)/2 // Pat t e rn l e v e l (dB)
12

13 R = a + 20* log10 ((10**(S/20) - 1) /(10**(S/20) + 1))

// R e f l e c t i v i t y (dB)
14

15 // Re su l t
16 mprintf(”The r e f l e c t i v i t y i s %. 1 f dB”, R)

Scilab code Exa 21.6 6

1 // Chapter 2 1 : Antenna Measurements
2 //Example 21−5.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 En = 1 // F i e l d i l l um i n a t i n g the AUT ( u n i t l e s s )
7 tilt_diff = 88 // D i f f e r e n c e i n t i l t a n g l e s (

d e g r e e s )
8

9 // C a l c u l a t i o n s
10 En_pol = En*sin(tilt_diff*%pi /180) //Co−po l a r

component o f f i e l d ( u n i t l e s s )
11 En_crosspol = En*cos(tilt_diff*%pi /180)

// Cross−po l a r component o f
f i e l d ( u n i t l e s s )

12 meas_cross = 20* log10(En_crosspol)

13
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14 // Re su l t
15 mprintf(”The measure c r o s s−po l a r l e v e l i s %d dB

r e l a t i v e to the co−po l a r f i e l d ”,meas_cross)

Scilab code Exa 21.7 7

1 // Chapter 2 1 : Antenna Measurements
2 //Example 21−5.2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 f = 1.4e9 // Frequency (Hz )
7 Tant = 687 // I n c r e a s e i n antenna tempera tu r e (K

)
8 phy_ap = 2210 // Phy s i c a l a p e r t u r e (mˆ2)
9 S = 1590 // Flux d e n s i t y o f Cygnus A ( Jy )

10 k = 1.38e-23 //Boltzmann ’ s c on s t an t ( J/k )
11 c = 3e8 // Speed o f l i g h t (m/ s )
12

13 // C a l c u l a t i o n s
14 wave_lt = c/f //Wavelength (m)
15 gain = (8*%pi*k*Tant)/(S*(10** -26)*wave_lt **2) //

Gain ( u n i t l e s s )
16 gain_db = 10* log10(gain) //Gain ( dBi )
17 Ae = gain*wave_lt **2/(4* %pi) // E f f e c t i v e a r ea (m

ˆ2)
18 eff_ap = Ae/phy_ap // Aperture e f f i c i e n c y (

u n i t l e s s )
19

20 // Re su l t
21 mprintf(”The ga in o f the antenna i s %d dBi ”, gain_db

)

22 mprintf(”\nThe ap e r t u r e e f f i c i e n c y i s %. 2 f or %. 1 f
p e r c en t ”,eff_ap ,eff_ap *100)
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Chapter 23

Ground Wave Propagation

Scilab code Exa 23.1 1

1 // Chapter 2 3 : Ground Wave Propagat i on
2 //Example 23−1.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 f1 = 0.1 // Frequency (MHz)
7 f2 = 1.0 // Frequency (MHz)
8 f3 = 10.0 // Frequency (MHz)
9

10 // Ca l c u l a t i o n
11 d1 = 50/(f1 **(1.0/3)) // D i s t anc e f o r f 1 ( m i l e s )
12 d2 = 50/(f2 **(1.0/3)) // D i s t anc e f o r f 2 ( m i l e s )
13 d3 = 50/(f3 **(1.0/3)) // D i s t anc e f o r f 3 ( m i l e s )
14

15 // Re su l t
16 mprintf( ”The d i s t a n c e f o r 100kHz i s %. 2 f m i l e s ”,d1)
17 mprintf( ”\nThe d i s t a n c e f o r 1MHz i s %d m i l e s ”, d2)

18 mprintf( ”\nThe d i s t a n c e f o r 10MHz i s %. 2 f m i l e s ”,
d3)
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Scilab code Exa 23.2 2

1 // Chapter 2 3 : Ground Wave Propagat i on
2 //Example 23−2.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 f = 3e6 // Frequency (Hz )
7 sigma = 0.5 // Standard d e v i a t i o n o f s u r f a c e

i r r e g u l a r i t i e s ( u n i t l e s s )
8 theta = 30 // Angle o f i n c i d e n c e as measured

from normal ang l e ( d e g r e e s )
9 c = 3e8 // Speed o f l i g h t (m/ s )

10

11 // C a l c u l a t i o n s
12 wave_lt = c/f //Wavelength (m)
13 R = 4*%pi*sigma*sin(theta*%pi /180)/wave_lt //

Roughness f a c t o r ( u n i t l e s s )
14

15 // Re su l t
16 mprintf(”The roughne s s f a c t o r i s %. 6 f ”,R)

Scilab code Exa 23.3 3

1 // Chapter 2 3 : Ground Wave Propagat i on
2 //Example 23−2.2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 f = 10e6 // Frequency (Hz )
7 sigma = 5 // Standard d e v i a t i o n o f s u r f a c e

i r r e g u l a r i t i e s ( u n i t l e s s )
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8 theta1 = 30 // Angle o f i n c i d e n c e as measured
from normal ang l e ( d e g r e e s )

9 theta2 = 45 // Angle o f i n c i d e n c e as measured
from normal ang l e ( d e g r e e s )

10 theta3 = 60 // Angle o f i n c i d e n c e as measured
from normal ang l e ( d e g r e e s )

11 c = 3e8 // Speed o f l i g h t (m/ s )
12

13 // C a l c u l a t i o n s
14 wave_lt = c/f //Wavelength (m)
15 R1 = 4*%pi*sigma*sin(theta1*%pi /180)/wave_lt

// Roughness f a c t o r f o r th e t a1 (
u n i t l e s s )

16 R2 = 4*%pi*sigma*sin(theta2*%pi /180)/wave_lt

// Roughness f a c t o r f o r th e t a2 (
u n i t l e s s )

17 R3 = 4*%pi*sigma*sin(theta3*%pi /180)/wave_lt

// Roughness f a c t o r f o r th e t a3 (
u n i t l e s s )

18

19 // Re su l t
20 mprintf( ”The roughne s s f a c t o r f o r 30 d e g r e e s i s %. 4

f ”, R1)

21 mprintf( ”\nThe roughne s s f a c t o r f o r 45 d e g r e e s i s %
. 3 f ”, R2)

22 mprintf( ”\nThe roughne s s f a c t o r f o r 60 d e g r e e s i s %
. 4 f ”, R3)

Scilab code Exa 23.4 4

1 // Chapter 2 3 : Ground Wave Propagat i on
2 //Example 23−2.3
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
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6 f1 = 0.3 // Frequency (MHz)
7 f2 = 1 // Frequency (MHz)
8 f3 = 3 // Frequency (MHz)
9 sigma = 4e-5 // Standard d e v i a t i o n o f s u r f a c e

i r r e g u l a r i t i e s ( u n i t l e s s )
10

11 // C a l c u l a t i o n s
12 x1 = (18e3)*sigma/f1 // Parameter x f o r f 1 (

u n i t l e s s )
13 x2 = (18e3)*sigma/f2 // Parameter x f o r f 2 (

u n i t l e s s )
14 x3 = (18e3)*sigma/f3 // Parameter x f o r f 3 (

u n i t l e s s )
15

16 // Re su l t
17 mprintf( ”The parameter x f o r 0 . 3MHz i s %. 1 f ”, x1)

18 mprintf( ”\nThe parameter x f o r 1MHz i s %. 2 f ”, x2)

19 mprintf( ”\nThe parameter x f o r 3MHz i s %. 2 f ”, x3)

Scilab code Exa 23.5 5

1 // Chapter 2 3 : Ground Wave Propagat i on
2 //Example 23−5.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 f1 = 5e3 // Frequency (Hz )
7 f2 = 50e3 // Frequency (Hz )
8 f3 = 500e3 // Frequency (Hz )
9 sigma = 5e-5 // Standard d e v i a t i o n o f s u r f a c e

i r r e g u l a r i t i e s ( u n i t l e s s )
10 eps_r = 15.0 // R e l a t i v e p e rm i t t i v i t y ( u n i t l e s s )
11 mu = %pi*4e-7 // Abso lu t e P e rmeab i l i t y (H/m)
12

13 // C a l c u l a t i o n s
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14 w1 = 2*%pi*f1 // Angular f r e qu en cy ( rad / s )
15 w2 = 2*%pi*f2 // Angular f r e qu en cy ( rad / s )
16 w3 = 2*%pi*f3 // Angular f r e qu en cy ( rad / s )
17

18

19 Zs1 = sqrt((w1*mu)/sqrt(sigma **2 + (w1**2)*eps_r))

// Su r f a c e impedence f o r f 1 (ohm)
20 Zs2 = sqrt((w2*mu)/sqrt(sigma **2 + (w2**2)*eps_r))

// Su r f a c e impedence f o r f 2 (ohm)
21 Zs3 = sqrt((w3*mu)/sqrt(sigma **2 + (w3**2)*eps_r))

// Su r f a c e impedence f o r f 3 (ohm)
22

23 // Re su l t
24 mprintf( ”The s u r f a c e impedence f o r 5kHz i s %. 5 f

ohms”,Zs1)
25 mprintf( ”\nThe s u r f a c e impedence f o r 50kHz i s %. 5 f

ohms”, Zs2)

26 mprintf( ”\nThe s u r f a c e impedence f o r 500kHz i s %. 5 f
ohms”, Zs3)

27

28 //An e r r o r has been made in c a l c u l a t i o n / s u b s t i t u t i o n
o f s qua r e r o o t o f

29 // ( s igma ∗∗2 + (w1∗∗2) ∗ e p s r ) and in the second case ,
the mi s take i n the c a l c u l a t i o n o f (w2∗mu) / s q r t (

s igma ∗∗2 + (w2∗∗2) ∗ e p s r )

Scilab code Exa 23.6 6

1 // Chapter 2 3 : Ground Wave Propagat i on
2 //Example 23−7.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 f = 2.0 // Frequency (MHz)
7 sigma = 5e-5 // Standard d e v i a t i o n o f s u r f a c e
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i r r e g u l a r i t i e s ( u n i t l e s s )
8 eps_r = 15.0 // R e l a t i v e p e rm i t t i v i t y ( u n i t l e s s )
9 d = 20e3 // D i s t anc e (m)
10 eff = 0.5 //Antenna e f f i c i e n c y ( u n i t l e s s )
11 c = 3e8 // Speed o f l i g h t (m/ s )
12 E1 = 0.5e-3 //Ground wave e l e c t r i c f i e l d

s t r e n g t h (V/m)
13

14 // C a l c u l a t i o n s
15 wave_lt = c/(f*10**6) //Wavelength (m)
16 x = (18e3)*sigma/f // Parameter x ( u n i t l e s s )
17

18 b = atan(( eps_r + 1)/x) // Phase c on s t an t (
u n i t l e s s )

19

20 p = (%pi/x)*(d/wave_lt)*cos(b) // Numer ica l
d i s t a n c e ( u n i t l e s s )

21

22 A = (2 + 0.3*p)/(2 + p + 0.6*(p**2)) // Reduct ion
f a c t o r ( u n i t l e s s )

23

24 E_t = E1 * d/A

25

26 // Re su l t
27 mprintf(”The E l e c t r i c f i e l d s t r e n g t h at the

t r a n sm i t t e d end i s %. 2 f V/m”, E_t)
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Chapter 24

Space Wave Propagation

Scilab code Exa 24.1 1

1 // Chapter 2 4 : Space Wave Propagat i on
2 //Example 24−9.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 tx_h = 49.0 // Transmi t t i ng antenna h e i g h t (m)
7 rx_h = 25.0 // Re c e i v i n g antenna h e i g h t (m)
8 f = 100e6 // Frequency (Hz )
9 tx_p = 100.0 // Transmit ted power (W)
10 c = 3e8 // Speed o f l i g h t (m/ s )
11 a = 6370 // Earth ’ s r a d i u s (km)
12

13 // Ca l c u l a t i o n
14 wave_lt = c/f //Wavelength (m)
15 d0 = sqrt (2*(4.0/3.0) *(a/1000.0))*(sqrt(tx_h)+sqrt(

rx_h)) // Line o f S i gh t (LOS)
d i s t a n c e (km)

16 d = d0*1000 //LOS (m)
17 Er = (88* sqrt(tx_p)/( wave_lt *(d**2)))*tx_h*rx_h

// Rece ived s i g n a l s t r e n g t h (W)
18
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19 // Re su l t
20 mprintf( ”The Line o f S i gh t d i s t a n c e i s %. 2 f km”,d0)
21 mprintf( ”\nThe Rece ived S i g n a l s t r e n g t h i s %. 6 f W”,

Er)

22

23

24

25 // There i s an e r r o r i n the c a l c u l a t i o n o f (88∗ s q r t (
tx p ) /( wav e l t ∗ ( d ∗∗2) ) ) where f o u r o r d e r s o f
magnitude a r e i g n o r ed i n the r e s u l t i n g
c a l c u l a t i o n .

Scilab code Exa 24.2 2

1 // Chapter 2 4 : Space Wave Propagat i on
2 //Example 24−9.2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 tx_h = 144 // Transmi t t i ng antenna h e i g h t (m)
7 rx_h = 25 // Re c e i v i n g antenna h e i g h t (m)
8 k = 4.0/3.0 // Equ i va l en t e a r t h r a d i u s / Actua l

e a r t h r a d i u s ( u n i t l e s s )
9 a = 6370 // Radius o f e a r t h (km)

10

11 // C a l c u l a t i o n s
12 los = 4.12*( sqrt(tx_h) + sqrt(rx_h)) // Line o f

s i g h t d i s t a n c e (km)
13 horz = sqrt (2*k*a*(tx_h /1000.0)) // Su r f a c e range to

r a d i o ho r i z on from rada r (km)
14

15 // Re su l t
16 mprintf(”The Radio ho r i z on d i s t a n c e from rada r i s %

. 2 f km”,horz)
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Scilab code Exa 24.3 3

1 // Chapter 2 4 : Space Wave Propagat i on
2 //Example 24−9.3
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 tx_h = 100 // Transmi t t i ng antenna h e i g h t (m)
7 rx_h = 16 // Re c e i v i n g antenna h e i g h t (m)
8 tx_p = 40e3 // Transmi t t i ng antenna power

r a d i a t i o n (W)
9 f = 100e6 // Frequency (Hz )

10 d = 10e3 // D i s t anc e (m)
11 c = 3e8 // Speed o f l i g h t (m/ s )
12 E = 1e-3 // S i g n a l s t r e n g t h (V/m)
13

14 // C a l c u l a t i o n s
15 los = 4.12*( sqrt(tx_h) + sqrt(rx_h)) //LOS

d i s t a n c e (km)
16 wave_lt = c/f //Wavelength (m)
17

18 Es = (88* sqrt(tx_p)/( wave_lt *(d**2)))*tx_h*rx_h

// F i e l d s t r e n g t h at d i s t a n c e d
(V/m)

19

20 dsig = sqrt (88* sqrt(tx_p)*tx_h*rx_h/( wave_lt*E))

// D i s t anc e at which f i e l d s t r e n g t h r edu c e s to 1mV
/m

21

22 // Re su l t
23 mprintf( ”The LOS d i s t a n c e i s %. 2 f km”, los)

24 mprintf( ”\nThe f i e l d s t r e n g t h at 10km i s %. 5 f V/m”,
Es)

25 mprintf( ”\nThe d i s t a n c e at which f i e l d s t r e n g t h i s
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1mV/m i s %. d m”,dsig)

Scilab code Exa 24.4 4

1 // Chapter 2 4 : Space Wave Propagat i on
2 //Example 24−9.4
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 gain = 10 //Antenna ga in (dB)
7 Wt = 500 //Power r a d i a t i o n (W)
8 d = 15e3 // D i s t anc e (m)
9 Wr = 2e-6 // Rece ived power (W)

10

11 // C a l c u l a t i o n s
12 Ae = Wr*(4* %pi*(d**2))/(Wt*gain) // E f f e c t i v e a r ea (

mˆ2)
13

14 // Re su l t
15 mprintf(”The e f f e c t i v e a r ea o f the r e c e i v i n g antenna

i s %. 2 f mˆ2”, Ae)

Scilab code Exa 24.5 5

1 // Chapter 2 4 : Space Wave Propagat i on
2 //Example 24−9.5
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 h = 1000 // He ight o f duct (m)
7 delM = 0.036 //Change i n r e f r a c t i v e modulus (

u n i t l e s s )
8 c = 3e8 // Speed o f l i g h t (m/ s )
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9

10 // C a l c u l a t i o n s
11 wl_max = 2.5*h*sqrt(delM*1e-6) //Maximum wave l ength

(m)
12 fmax = c/wl_max //Maximum f r e qu en cy (Hz )
13

14 // Re su l t
15 mprintf(”The maximum f r e qu en cy tha t can be

t r a n sm i t t e d i s %. 1 f MHz”, fmax/1e6)

Scilab code Exa 24.6 6

1 // Chapter 2 4 : Space Wave Propagat i on
2 //Example 24−12.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 gain = 10 //Gain o f t r a n sm i t t i n g antenna (dB)
7 P = 100 // Rad i a t i ng power (W)
8 f = 1e6 // Frequency (Hz )
9 rx_gain = 15 //Gain o f r e c e i v i n g antenna (dB)
10 d = 20e3 // D i s t anc e (m)
11 c = 3e8 // Speed o f l i g h t (m/ s )
12 v = 1000 // S c a t t e r i n g volume (mˆ3)
13 sigma = 0.1 // E f f e c t i v e s c a t t e r i n g c r o s s−s e c t i o n

(mˆ2)
14

15 // C a l c u l a t i o n s
16 wl = c/f //Wavelength (m)
17 Pr_a = P*gain*rx_gain *(wl**2) /(4* %pi *(4* %pi*(d**2)))

// Rece ived power i n c a s e ( a ) (W)
18 F = (2* sqrt(sigma*v))/(d*sqrt(%pi)) // At t enua t i on

Facto r ( u n i t l e s s )
19 Pr_b = Pr_a*F // Rece ived power i n c a s e ( b ) (W)
20
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21

22 // Re su l t
23 mprintf(”The r e c e i v e d power i n c a s e ( a ) i s %. 5 f W”,

Pr_a)

24 mprintf(”\nThe r e c e i v e d power i n c a s e ( b ) i s %e W”,
Pr_b)

Scilab code Exa 24.7 7

1 // Chapter 2 4 : Space Wave Propagat i on
2 //Example 24−14.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 d = 3000 // D i s t anc e (km)
7 f = 3e3 // Frequency (MHz)
8

9 // C a l c u l a t i o n s
10 path_l = 32.45 + 20* log10(f) + 20* log10(d)

11

12 // Re su l t
13 mprintf(”The path l o s s between the two p o i n t s i s %. 3

f dB”,path_l)
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Chapter 25

Sky Wave Propagation

Scilab code Exa 25.1 1

1 // Chapter 2 5 : Sky Wave Propagat i on
2 //Example 25−5.1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 muf = 10e6 //Maximum usab l e f r e qu en cy (Hz )
7 h = 300 // He ight o f r e f l e c t i o n (km)
8 n = 0.9 //Maximum va lu e o f r e f r a c t i v e index (

u n i t l e s s )
9

10 // C a l c u l a t i o n s
11 Nmax = (1 - n**2)*(muf **2) /81 //Max . Number o f

e l e c t r o n s per cub i c cm
12 fc = 9*sqrt(Nmax) // C r i t i c a l f r e qu en cy (Hz )
13 dskip = 2*h*sqrt((muf/fc)**2 - 1) // Skip d i s t a n c e

(km)
14

15

16 // Re su l t
17 mprintf(”The s k i p d i s t a n c e i s %. 1 f km”,dskip)
18
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19 //An e r r o r has been made in the c a l c u l a t i o n o f s q r t
( ( muf/ f c ) ∗∗2 − 1)

Scilab code Exa 25.2 2

1 // Chapter 2 5 : Sky Wave Propagat i on
2 //Example 25−5.2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 fE = 3e6 // C r i t i c a l f r e qu en cy f o r E l a y e r (Hz

)
7 fF1 = 5e6 // C r i t i c a l f r e qu en cy f o r F1 l a y e r (

Hz )
8 fF2 = 9e6 // C r i t i c a l f r e qu en cy f o r F2 l a y e r (

Hz )
9

10 // C a l c u l a t i o n s
11 N_E = (fE**2) /81 // Conc en t r a t i on o f e l e c t r o n s i n

E l a y e r ( per cub i c cm)
12 N_F1 = (fF1 **2) /81 // Conc en t r a t i on o f e l e c t r o n s i n

F1 l a y e r ( per cub i c cm)
13 N_F2 = (fF2 **2) /81 // Conc en t r a t i on o f e l e c t r o n s i n

F2 l a y e r ( per cub i c cm)
14

15 // Re su l t
16 mprintf( ”The c o n c e n t r a t i o n o f e l e c t r o n s i n E l a y e r

i s %e per cub i c cm”,N_E)
17 mprintf( ”\nThe c o n c e n t r a t i o n o f e l e c t r o n s i n F1

l a y e r i s %e per cub i c cm”, N_F1)

18 mprintf( ”\nThe c o n c e n t r a t i o n o f e l e c t r o n s i n F2
l a y e r i s %e per cub i c cm”, N_F2)
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Scilab code Exa 25.3 3

1

2 // Chapter 2 5 : Sky Wave Propagat i on
3 //Example 25−5.3
4 clc;

5

6 // Va r i a b l e I n i t i a l i z a t i o n
7 N_E = 0.8*0.111 e12 // Conc en t r a t i on o f e l e c t r o n s i n

E l a y e r ( per cub i c cm)
8 N_F1 = 0.8*0.3086 e12 // Concen t r a t i on o f e l e c t r o n s i n

E l a y e r ( per cub i c cm)
9 N_F2 = 0.8*1 e12 // Conc en t r a t i on o f e l e c t r o n s i n

E l a y e r ( per cub i c cm)
10

11 // C a l c u l a t i o n s
12 fE = 9*sqrt(N_E) // C r i t i c a l f r e qu en cy i n E l a y e r

(Hz )
13 fF1 = 9*sqrt(N_F1) // C r i t i c a l f r e qu en cy i n F1 l a y e r

(Hz )
14 fF2 = 9*sqrt(N_F2) // C r i t i c a l f r e qu en cy i n F2 l a y e r

(Hz )
15

16 // Re su l t
17 disp(fE,”The C r i t i c a l f r e qu en cy i n E l a y e r i n Hz”)
18 disp(fF1 ,”The C r i t i c a l f r e qu en cy i n F1 l a y e r i n Hz”)
19 disp(fF2 ,”The C r i t i c a l f r e qu en cy i n F2 l a y e r i n Hz”)
20

21 //The d i f f e r e n c e appea r i ng f o r fE , fF1 i s a r e s u l t o f
approx imat ion

Scilab code Exa 25.4 4

1 // Chapter 2 5 : Sky Wave Propagat i on
2 //Example 25−6.1

105



3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 hD = 70 // He ight o f D l a y e r (km)
7 hE = 130 // He ight o f E l a y e r (km)
8 hF1 = 230 // He ight o f F1 l a y e r (km)
9 hF2 = 350 // He ight o f F2 l a y e r (km)

10 theta = 10* %pi /180 // Angle o f i n c i d e n c e (
r a d i a n s )

11

12 // C a l c u l a t i o n s
13 temp = sqrt((cos(theta))**-2 - 1)

14 d1 = 2*hD*temp //Maximum s i n g l e hop d i s t a n c e f o r D
l a y e r (km)

15 d2 = 2*hE*temp //Maximum s i n g l e hop d i s t a n c e f o r E
l a y e r (km)

16 d3 = 2*hF1*temp //Maximum s i n g l e hop d i s t a n c e f o r F1
l a y e r (km)

17 d4 = 2*hF2*temp //Maximum s i n g l e hop d i s t a n c e f o r F2
l a y e r (km)

18

19 // Re su l t
20 mprintf( ”The Maximum s i n g l e hop d i s t a n c e f o r D

l a y e r i s %. 1 f km”, d1)

21 mprintf( ”\nThe Maximum s i n g l e hop d i s t a n c e f o r E
l a y e r i s %. 2 f km”, d2)

22 mprintf( ”\nThe Maximum s i n g l e hop d i s t a n c e f o r F1
l a y e r i s %. 2 f km”, d3)

23 mprintf( ”\nThe Maximum s i n g l e hop d i s t a n c e f o r F2
l a y e r i s %. 1 f km”, d4)

Scilab code Exa 25.5 5

1 // Chapter 2 5 : Sky Wave Propagat i on
2 //Example 25−9.1
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3 clc;

4 clear;

5

6 // Va r i a b l e I n i t i a l i z a t i o n
7 d = 200 // He ight o f l a y e r (km)
8 bet = 20 // Takeo f f ang l e ( d e g r e e s )
9 R = 6370 // Earth ’ s r a d i u s (km)

10

11 // C a l c u l a t i o n s
12 phi_0 = 90 - bet //Take o f f ang l e f o r f l a t e a r t h (

d e g r e e s )
13 h = (d/2)/(sqrt((cos(phi_0*%pi /180) **-2) - 1)) //

Skip d i s t a n c e f o r c a s e ( a ) (km)
14

15 phi_02 = 90 - bet - 57.2*d/(2*R)

//Take o f f ang l e f o r s p h e r i c a l e a r t h ( d e g r e e s )
16 h2 = (d/2)/(sqrt((cos(phi_02*%pi /180) **-2) - 1))

// Skip d i s t a n c e f o r c a s e ( b ) (
km)

17

18 // Re su l t
19 mprintf(”The s k i p d i s t a n c e f o r c a s e ( a ) i s %. 3 f km”,

h)

20 mprintf(”\nThe s k i p d i s t a n c e f o r c a s e ( b ) i s %. 2 f km
”, h2)
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