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אא 
אא 

The Electromagnetic waves 
 

אאWאא 
 

אאWאאא–א–א
אאאK 

 
אאWאאא٩٠٪ 

 
אאאאW٥ 

 
אאWאאאא 

 
אאWאאאאאא 
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١ J١  
אאאאאאא

FE
Kאאאאאא

אאאK 
 אאאאאא

אאאאאאאא
אאאא

אאאאKאאאא
אאKא

Kאאא 
 
 
 

١ J٢ אא 
Electromagnetic waves characteristics 

 
אאא

אאאאאאא
אאKאאאK

אאאאאאא
אאא

אאF١ J١EK 
אאאאאאאא

אK 
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א١ J١ 

 
 

١ J٣ א  
Wave velocity 
 

אאאא
אKאאK

אאF٣C٨١٠LEאאא
אאאאK 

 
١ J٤ אאא 

Frequency and Wavelength 
 

אאאאאאאא
אאאאא(Cycle)Kא

אאאאאאL (cycle/s)א
Hertz KfK 

Ex  solid lines 

Hy dashed lines 

x 

y 

z 
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אאאאאא
אא (The same phase)אK

λ 
אאאאW 

אאZאLא 
λ = v / f 

W  
 λ Wאא 

   v Wא   אאאא 
 f Wא  

 
١ J١W 

Wאאאאאאאא 
١ J 1 KHz 
٢ J 1  MHz 
٣ J 1GHz 

אW 
λ = v / f 
 

1-     λ = v / f = c / f =3x108 /1x103 =3x105 m 
 
2-     λ = v / f = c / f =3x108 /1x106 =3x102 m 
 
4- λ = v / f = c / f =3x108 /1x109 =3x10-1 m =0.3 m = 30 cm 
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١ J٥ אא  
Rays and Wavefront 
 

אאאאא
אאא

אאKאאא
אW 

 אWאאאאאא 
 אWאאאאFאE 

 
א١ J٢אאFE 

 
אאW 

 JWאאאא
אאאא١א J٢ 

 
 JWאאאא

אאאאא١ J٣ 
 

 الأشعة جبهة الموجة
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١ J٣אאFE 

١ J٦ אאאא 
Spherical waves and Inverse  square law 
 

אאאאאא
אאאאאאPt אPd

אאאאאא
אאWatt wאאאאL٢(W/m2)   

אאאא١א J٤א
אR1W 

Pd1 = Pt /  4лR12 

  :هي  R2و آذلك عند المسافة 
Pd2 = Pt /  4лR22 

  :التربيع العكسيستنتاج قانون من العلاقتين السابقتين يمكن ا
Pd1 / Pd2 = (R2 / R1)2 

אאאאאא
אא١א J٥ 

 

 مصدر الموجات

 جبهة الموجة

 الأشعة
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א١ J٤אאאא 

א 

  
א١ J٥א 

 آثافة الطاقة

 المسافة

  ٢جبهة الموجة 

R1

R2

  ١جبهة الموجة 
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אאאאא١

١٠אאאאאאאאא١٠٠אK 
 

אW 
Pd1 = Pt /  4лR12 
      = 100 /(4л x 12)  w/ m2 
Pd2 = Pt /  4лR22 
      = 100 /(4л x 102)  w/ m2 
 

١ J٧ א 
Polarization 
 

אאאאא
אאאאאאא
אKאאW 

 
 J אאW 

Linear polarization 
אאאאאא

אאאF١ J٦WE 
 
 JאאאW 

  Horizontal polarization 
 אאאאאאא 

 
 JאאאW 

   Vertical polarization 
 אאאאאא 
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א١ J٦אא 

 
 J אאאW 

Circular polarization 
אאאאאאאא

אאאאF١ J٧WE 
 
 JאאאאW 

  Right Circular polarization 
 אאאאאאא

אא 
 
 JאאאאW 

   Left Circular polarization 
 אאאאאא

אאא 

اتجاه المجال 

 الانتشار اتجاه اتجاه الانتشار

اتجاه المجال 

 استقطاب عمودي
 استقطاب أفقي
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  א١ J٧אאא 

 J אאW 
Elliptical polarization 

אאאאא
אאאאא

Fא١ J٨WE 
 
 JאאאW 

  Right Elliptical polarization 
 אאאאאא

אאא 
 
 JאאאW 

   Left Elliptical polarization 
 אאאאא

אאאא 

 اتجاه الإنتشار

اتجاه المجال 

 اتجاه الإنتشار

اتجاه المجال 

אאاليمينيאאאاليساري א 
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١ J٨אא 

 
١ J٨ אאא 

The electrical properties of the transmission medium 
 

 אW 
 J אPermittivity (ε)    

אאאW 
ε = εo εr 

  W 
  εo Wאא 

 εo =8.85 x 10-12 
     =(1/36л )x 10-9

  
 

   εr Wאאאאא 
 

اتجاه المجال 
الك

 تجاه الإنتشار

اتجاه المجال 
الك

אاليمينيאאاليساري א 
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 J א M Permeability (µ)  
 

אאאW 
µ = µo µr 

  W 
  µo Wאא 

 µo =4 л x 10-7 
 

  µr Wאאאאא
א 

 
 J אConductivity (σ)  

אאאאאא
אאאא 

 
١ J٩ אאא 

Optical properties of electromagnetic waves 
 

 אאאא
WאKאאאא 

 J אRefraction    
 J אReflection   
 J   Diffraction    
 J אInterference   

אאאאא
אאאK 
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 J אRefraction 
  אאאאא

אאK١א J٩
אאאאאאKאאא

אאאאאW 
   n1 sin (θi) = n2 sin (θt) 

W 
 θi Wאא 
 θtWאא 

 n1Wאאא 
 n2Wאאא 

א١ J٩אאאθiאאא
אθtK 

 
 

١א J٩אאא 

 الوسط الأول

 الوسط الثانى

 الموجة الساقطة

 الموجة المنكسرة

  
θi 

  
θt 
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١ J٣ 
א٤٥Kא

אאאאאZ١אאאZ٢K 
אW 

 n1 sin (θi) = n2 sin (θt) 
1 sin (45) = 2 sin (θt) 
sin (θt) = 0.5 sin(45) = 0.5 (0.707) = 0.3535 
θt = sin-1(0.3535) =20.7o 

 J אReflection   
אאאאא

אאאא
١א J١٠Kאאאאא

אאKאאאאא
אאאאאאאK 

θi = θr 

 
א١ J١٠אאא 

  الوسط الأول

  الوسط الثانى

 الموجة الساقطة

   الموجة المنعكسة
θi 

  
θr 
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١ J٤ 

א٤٥Kא
אאאאאZ١אאאZ٢K 

אW 
θi = θr 
θr = 45o 

 

 

 

 J א  Diffraction    
אאא

אKאאא١
אאW 

 λ =3×108/1×106 =300 m 
 א٣٠٠K 

אאאאא
אאאאא(Optical waves)

אאאאאא
אאאK 

 
 J אאInterference   
 

אאא
אאאKאאאא

אאא
אא١ J١١K 
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א١ J١١אאאB 

 
 

 
 
١ J١٠ אא 

אא
אאKא

אW 
אאGround waves    

אאSpace waves       
אאSky waves     

א١ J١٢אאאאאא
אK 

 

A 
B

  سطح عاآس

  ١موجة 

  ٢موجة 

  ٣موجة 
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א١ J١٢אאאא 

 
  אאאאאאא(LF,VLF)

אאאFאEאאאא
Kאאאאאאא

אאK 
  אאאאאא (VHF 

and above)K 
  אאאא(HF) 

 
 J אאGround waves    

אאאאאאא
אאאא(Surface 

waves) 

  المستقبل  المرسل

  الطبقة الأيونيه

  الموجات السماوية

الموجات الفضائية 

الموجات المنعكسة من 
  ضالأر

  الموجات الأرضية
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   אאאW 
١ J אWאא

אאאאאא
אאK 

٢ J אאאאא
אאאאאא

(LF, VLF) 
 

אאאאאאא
אK 
 אW 

١ J א
אא 

٢ J אא 
אW 

١ J  
٢ J א 
٣ J אאא 

 
 J אאSpace waves       

אאW 
 ١ Jאא(Direct waves) 

אאא
٩٠٪אאאאא

אאאK 
   ٢ Jאאא(Ground reflected waves)  

אאאאאא
،א١٠٪אאK 
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  אאאאאאF

אDirect pathEאא٣٦א٤٠Kא
אאאאאאאאאא

אאK 
  אאאאW 

   d = 4 (ht)1/2 + 4 (hr)1/2  
W 

 dWאאא 
 htWאאא 
 hrWאאא 

 
  א١ J١٣אK 

 

 
א١ J١٣אא 

 

ht
hr

  المستقبل   المرسل 

d

  خط النظر 
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١ J٥ 
 אא١٠٠K 

אW 
  d = 4 (ht)1/2 + 4 (hr)1/2  
    = 4 (100)1/2 + 4 (100)1/2  
    = 40 +40 =80 km 

אאאאאאאאK 
 

 J אאSky waves     
אאאאאאFEא

אאאאא
אאא(Ionosphere Layer)، 

 
אאאא٥٠א٤٠٠

٣٥٠Kאאא
אKאאאא

אאK
אאאאאא

אאאאKאא
אK 

 
  אא١א J١٤W 

 J   D    
 J E   
 J F    
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  א١ J١٤אא 

 
 

 Dאאאא٥٠א١٠٠،
אאאאא

אאא(VLF, LF)אאאD
KאK 

 
 Eאאאא١٠٠א١٤٠،

אאאאאא
(MF)אאאEK

אK 
 

D

E

F

50 KM

100 KM

140 KM

400 KM
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 Fאאאא١٤٠א٤٠٠،
אאאאאא

א(HF, VHF)אאאFK
אK 
 

 אאאאאאאאא
אKאא

אאאאאא
אאאאא

א(Microwaves)אאK 
 
 

١ J١١ אא (Critical Frequency)אאא( Critical Angle)  
אK 
אאאאא

אאK 
W 
 Dאא LF  
 Eאא MF  
 Fאא HF  

 
אאאאאא

אאאאאא
אאK 
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١ J אא؟ 

  
 

٢ J אאאאא؟ 
 
 

٣ J אאאא؟ 
 
 

 
٤ J א؟א 

 
 

٥ J אא؟ 
 

 
٦ J א؟א 

 
 

 
٧ J א؟א 

 
 
 
 

٨ J ؟אא 
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٩ J אא؟ 
 
 
 
 

 
١٠ J אא؟ 
 
 

 
١١ J אאא؟ 

 
 
 
 

 
١٢ J אאאאא

؟א 
 
 
 

 
١٣ J אא؟ 
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١٤ J אא؟ 
 
 

 
١٥ J א؟ 

 
 

 
١٦ J אא؟ 

 
 

 
١٧ J אאאא؟ 

 
 
 

 
١٨ J אא؟ 
 

 
١٩ J אא؟ 

 
 
 

 
٢٠ J אאא؟ 
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٢١ J אא؟ 

 
 
 
 
 

٢٢ J אא؟ 
 
 
 
 

 
٢٣ J אא؟ 

 
 

 
 

٢٤ J אאא؟ 
 

 
 

٢٥ J אאא؟א 
 
 

 
٢٦ J א؟א 
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٢٧ J D؟ 
 
 

 
٢٨ J E ؟ 

 
 
 

 
٢٩ J  F ؟ 

 
 
 

٣٠ J א؟א 
 
 

 
٣١ J אא؟א 
 



 

 

  

  אאאאאאאא

אאאאאאאא 
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אא 
אאאא 

Propagation of Uniform Plane Waves 
 
 

אאWאאאא 
 

אאWאאאאאא
אאאKא

אאK 
 

אאWאאא٩٠٪ 
 

אאאאW٥ 
 

אאWאאאא 
 

אאWאאאאאא
אאאא 
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٢ J١W 
  אאאאא

אאאKאא
אאאאאאא

אאאאאאאKאא
אאאאאא

אאא(radio antennas) 
אאK 

 
 אאאאא

אKאאא
אאK 

 
 
 

٢ J٢א 
The Wave Equation 

 
אאאאאא

Fא٢ J١EאאאאK
אאא

אKאאK
אW 
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א٢ J١אאא 

 

02
2

2
=− x

x E
dz

Ed γ  F٢ J١E  
 

W 
   ExWאאאx 
   Z Wאא 
   γWא(propagation constant) 

 
אF٢ J١EאאאאאKא

אאK 
 

 אF٢ J١Eא
אאK 

 

Ex 

Ey 

x 

y

z 

Direction of 
propagation 
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 אאאאא
אK 

 
٢ J٢ J١א  (γ)    

The propagation constant  
 

אאאאאW 
 J אא 

 J א 
 

אאאW 
  Jאא 

 Jאא 
אאאW 

ωµσµεωγ j+−= 22
      F٢ J٢E  

W 
  ωWאאא(2πf) 
 f  :א 
 εWאא(permittivity) 

µWאא (permeability) 
 σWאא(conductivity) 
 jWאאא 

 
אאאאאאא

אא 
אW 
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βαγ j+=        F٢ J٣E  
W 

  αWאAttenuation Constant  
 β :א   Phase Constant  

 
א אאאKא٢ J٢

אאאאאK 

 
א٢ J٢אא 

 
א٢ J٢אאאא
אאאאא

א  (Lossless medium)אאא
אאאK 

א  β אאאW 
βω /=phv        F٢ J٤E  

=0     Lossless medium α 

=0.5    α 

  α =0.8   

Signal 
Power    

Distance 
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βω ∂∂= /gv        F٢ J٥E  
W 
  vphWא(phases velocity)  
  vgWאFאE(group velocity)   

 אאאאא
אאK 

 
٢ J٣אη 

Wave Impedance 
אאאא

אאW 

εωσ
ωµη
j

j
H
E

y

x

+
==       F٢ J٦E  

  
אF٢ J٦EאW 

 Jאא 
 Jאא 

א 
 
אאאאאK

אאאאK
אאאאK 

 
٢ J٤אאא(σ = 0) 

The propagation in lossless media (σ = 0) 
 

  אאאא
אאW 
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ωµσµεωγ j+−= 22
 

022 +−= µεωγ  
µεωγ 2−=  

µεωγ j=        F٢ J٧E  
 But: 

βαγ j+=        F٢ J٨E  
  אF٢ J٧EאF٢ J٨EאW 

0=α  
µεωβ =  

אאF٢ J٤EW 
βω /=phv   

µεωω /=phv  
µε/1=phv  

אאאאW 
 µ Z µr µo = µo Z 4π 10-7 

 ε  = εr εo = εo =(1/36π ) 10-9 =8.85 10-12 

אאאW 
 

smvph /10310)36/1/(104/1/1 897 ×=== −− ππµε  
 

אאאאאא
אאאאK 

אאאא
אאאאאא
אK 

 
אאאא

אאK 
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אאאאאF٢ J٦EW 

ε
µ

εω
ωµ

εωσ
ωµη

=

=

+
=

j
j

j
j

 

אאW 
µ Z µr µo = µo Z 4π 10-7 

 ε  = εr εo = εo =(1/36π ) 10-9 =8.85 10-12

אW 

377
120

10)36/1(
104

9
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×
×

=

=

=
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−

−

π
π

π

ε
µ

εε
µµ
ε
µη

o

o

or

or
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 J א 

 J א 

 J א 
 

אW 

 J אאאW 
 

ωµσµεωγ j+−= 22
 

  אאW 
σ Z 0 

  אW 
µεωγ 22 −=  

 

βα
µεω

µεωγ

j
j
+=

=

−= 2

 

אאW 
α Z  0 

אאאאאK

 J אW 
אאאאW 

µεωβ =  
 

  אאאאא
אאאK 

 J אW 
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אאW 
µεωβ =

2/103

10)36/1(41041/1

/1

/1

/

8

97

×=

×××=

=

=

=

−− ππ

εεµµ

µε

βω

oror

phv

 

אאאאK 

 J אW 
אאF٢ J٦EW 

2/120
10)36/1(4

1041
9

7

π
π

π

εε
µµ

ε
µ

εω
ωµ

εωσ
ωµη

=

×

×
=

=

=

=

+
=

−

−

or

or

j
j

j
j

 אאאאאאK 
 

אאאאאאK 
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אא
אאאאאאאK 
 

 
٢ J٥ אאאאא 

Conductors and Dielectric Materials  
 

  אאא
אאאאW 

 
ωεσ /   

  אאאאאאW 
1/ <<ωεσ   

אאאאאאW 
1/ >>ωεσ  

 
 אאW 

 Jאא 
 Jאא 

אאא
אK 

 
٢ J٥ J١אא 

Good dielectrics  
 

אאאW 
1/ <<ωεσ   
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 אאאאא
W 

ωµσµεωγ j+−= 22
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σµεω
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σµεω

ωεσωµγ

j

jj

jj

jj

+=

−≅

−=

+=

)
2

1(

1

)(

 

אאאאא
א αאאγKאא

אאβ אאγKאW 

ε
µσα

2
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Good conductors 
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1/ >>ωεσ   
 אאאאא
W 

ωµσµεωγ j+−= 22
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Normal Incidence of Uniform Plane Waves on Plane Boundaries 
 

  אאאא
אאאאא

אKאאאא
אאאאא٢א J٣

K 
 
 



א אאאא אא 
א ٢٣٢ אאאא

 

- ٤٣ - 

 
 

٢ J٣אאאא 
  

 
אא (Refracted waves)א(reflected waves)

אא (Incident waves)אW 
 

02
2

2
=− x

x E
dz

Ed γ  

אאאW 
 

z
m

z
mx eEeEE γγ +−−+ +=  

 

Medium 2Medium 1 

Ei 

Hi 

Incident wave Et

Ht

Transmitted 
wave 

Er 
Hr 

Reflected wave 



א אאאא אא 
א ٢٣٢ אאאא

 

- ٤٤ - 

אאאאאא(Forward Wave)אא
אZKאאאא(Backward Wave)א

אאZKאאאאאK 
Wאאא 

 
אאאW 

x
zz

m

x
z

mi

aeeE

aeEE
βα

γ

−−+

−+

=

=
 

אאאW 
 

1η

βα

γ

i

y
zz

m

y
z

mi

E

aeeH

aeHH

=

=

=
−−+

−+

 

 
אאאW 

x
zz

m

x
z

mr

aeeE

aeEE
βα

γ

−−+

−+

=

=
 

אאאW 
 

1η

βα

γ

r

y
zz

m

y
z

mr

E

aeeH

aeHH

=

=

=
−−+

−+

 

 
 

אאאW 



א אאאא אא 
א ٢٣٢ אאאא

 

- ٤٥ - 

x
zz

t

x
z

tt

aeeE

aeEE
βα

γ

−−+

−+

=

=
 

 
אאאW 

 

2η

βα

γ

t

y
zz

t

y
z

tr

E

aeeH

aeHH

=

=

=
−−+

−+

 

אאאאW 
 

א(Reflection coefficient)W 
 אאאאאאא

W 
 

12

12
ηη
ηη

+
−

==Γ
i

r
E
E

     F٢ J٩E  
 W 
  1ηWא 
  2ηWאFאE 
   

אF٢ J٩EW 
١ J אאאאא

אאF??אאE 
٢ J אאאא J١

אאאאאK 
 



א אאאא אא 
א ٢٣٢ אאאא

 

- ٤٦ - 

א(Transmission coefficient)W 
אאאאאאא

W 
 

12

22
ηη

η
+

==
i

t
E
ET      F٢ J١٠E  

  
אF٢ J١٠EW 

١ J אאאאאא
אאאאF??

אאE 
٢ J אאאאא

אאאאאK 
 

אאאאא
אאאאא

אW 
 

1=+Γ T         F٢ J١١E  

 
٢ J٢W 

١٠٠Lאא
FאאE٧٠KW 

 J א 
 J א 
 J אא 
 J אא 
 J אאא 



א אאאא אא 
א ٢٣٢ אאאא

 

- ٤٧ - 

 J אאא 
אW 

 J אW 
אאאW 

  

69.0
37770
37770

12

12

−=
+
−

=

+
−

==Γ
ηη
ηη

i

r
E
E

 

 J א 
אאאW 

  

31.0
37770
702

2

12

2

=
+
×

=

+
==

ηη
η

i

t
E
ET

 

 
 J אאW 

אאאאW 

   i

r
E
E

=Γ  

100
69.0 rE

=−  

  69−=rE   V/m 
 J אאW 

אאאאW 

   i

t
E
ET =  

100
31.0 tE

=  

  31=tE   V/m 



א אאאא אא 
א ٢٣٢ אאאא

 

- ٤٨ - 

אאאאאאW 
 

131.069.0 =+=+Γ T  
 

אאאאאאאאW 
 

itr EEE ==+=+ 1003169  
 

אאW 
3169100 =−=−= rit EEE V/m 

 
 J אאא 

אאאאא
 

 
 J אא 

אאאא
אאK 

 
٢ J٣W 

١٠٠Lאא
FאאE٣٠٠KW 

 J א 
 J א 
 J אא 
 J אא 

 
אW 

 J אW 



א אאאא אא 
א ٢٣٢ אאאא

 

- ٤٩ - 

אאאW 

  

11.0
377300
377300

12

12

−=
+
−

=

+
−

==Γ
ηη
ηη

i

r
E
E

 

 J א 
אאאW 

  

89.0
377300

3002

2

12

2

=
+
×

=

+
==

ηη
η

i

t
E
ET

 

 
 J אאW 

אאאאW 

   i

r
E
E

=Γ  

100
11.0 rE

=−  

  11−=rE   V/m 
 J אאW 

אאאאW 

   i

t
E
ET =  

100
89.0 tE

=  

  89=tE   V/m 
אאאאאאW 

 
189.011.0 =+=+Γ T  



א אאאא אא 
א ٢٣٢ אאאא

 

- ٥٠ - 

 
אאאאאאאאW 

 
itr EEE ==+=+ 1008911  

 
אאW 

8911100 =−=−= rit EEE V/m 
 

אאאא
אאאאאאאאK 

 
٢ J٧ אאW 

Power Considerations 
 

אאאא
אאאאאאאKאאא

אאאאאא
אאאאאאW 

 
yxHEP =  

אW 

y

x
H
E

=η  

אאW 
 

η

2
xEP =  

 
 



א אאאא אא 
א ٢٣٢ אאאא

 

- ٥١ - 

٢ J٣W 
١٠٠Lאא

FאאE٣٠٠KW 
 J אא 

 J אא 
 J אא 

אW 
 J אא 

5.26
377

1002

1

2
===

η
iEP W 

 
 J אא 

11.0
377300
377300

12

12

−=
+
−

=

+
−

==Γ
ηη
ηη

i

r
E
E

 

11−=Γ= ir EE  V/m 

32.0
377
112

1

2
===

η
r

r
EP W 

 
 

 
 J אא 

89.0
377300

3002

2

12

2

=
+
×

=

+
==

ηη
η

i

t
E
ET

 

89== it TEE  V/m 



א אאאא אא 
א ٢٣٢ אאאא

 

- ٥٢ - 

4.26
300
892

2

2
===

η
t

t
EP  W 

אאאאאאא
אK 

 
72.264.2632.0 =+=+ tr PP  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



א אאאא אא 
א ٢٣٢ אאאא

 

- ٥٣ - 

 
١ J אא؟ 

 
 

 
٢ J א؟ 

 
 
 

٣ J אא؟ 
 
 
 

 
٤ J א؟ 

 
 
 

 
٥ J אא؟ 

 
 
 

 
٦ J א؟ 

 
 
 

 



א אאאא אא 
א ٢٣٢ אאאא

 

- ٥٤ - 

٧ J א؟ 
 

 
٨ J א؟ 

 
 
٩ J א؟ 
 
 

  
١٠ J א؟ 
 
 
 
 

 
 

١١ J אא؟ 
 
 
 

 
١٢ J אאא؟ 

 
 
 
 

 
١٣ J אא؟ 

 



א אאאא אא 
א ٢٣٢ אאאא

 

- ٥٥ - 

 
 

١٤ J אא؟ 
 
 
 

١٥ J א؟ 
 
 

 
١٦ J ؟א 

 
 

 
١٧ J ؟א 
 
 

 
١٨ J א؟ 

 



 

 

  

אאאא  

 אאאאאאאא


א

א








٣



א אאאא אא 
א ٢٣٢ אא 

 

- ٥٦ - 

אא 
אא 

Fundamentals of Antennas 
 

אאWאא 
 

אאWאאאאאאאK 
 

אאWאאא٩٠٪ 
 

אאאאW٨ 
 

אאWאאאא 
 

אאWאאאאאאא
אאאK 

 
 
 
 
 
 
 
 
 
 
 



א אאאא אא 
א ٢٣٢ אא 

 

- ٥٧ - 

٣ J١ 
אא(Antenna) אא

אKאאאאאאאא
אאאאK 

אאא(Antenna structure)
אאאא(Antenna parameters) א

אאאK 
אאאא Jא–א–אא–א
א–א JאאKאאא–

אאא Jאאא Jאא–אא
א–אאK 

 
٣ J٢אאAntenna Structure  

 
٣ J٢ J١א Size 

  אאאאא
אאאאKאאאאאא

אאאאאאא
W 

 
א٣אאW 

  λ  = c / f  = 3×108 /3×103 =100,000 m =100 km 
אאאאאא١٠٠

אK 
 

א٣אאW 
  λ  = c / f  = 3×108 /3×106 =100 m 

אאאאאא١٠٠K 



א אאאא אא 
א ٢٣٢ אא 

 

- ٥٨ - 

א٣אאW 
  λ  = c / f  = 3×108 /3×109 =0.1 m =10 cm 

אאאאאא١٠K 
 

אאאאאאא
אאאאאאאאK 
٣ J٢ J٢אSupports   

 אאאא
אKאאאא

אאאאאKאאאא
٣א J١K 

 

 
 

א٣ J١אאאא 
 

٣ J٢ J٣אConductors  
 אאאאאאא

אKאאאאאאאאא
אאא(Microwave Band) 

 
٣ J٢ J٤אאInsulators 



א אאאא אא 
א ٢٣٢ אא 

 

- ٥٩ - 

 אאאאאאא
אאK  אאאאאאKא

אאאKאאא
אאאK 

 
٣ J٢ J٥אאWeather Protection 

 אאאאאא
Kאאאאא

אאאאKאאאאא
אאאאאא٣א J٢Kאא

אאאK 

K 
 

٣ J٢אאא 
 

٣ J٢ J٦אFeed Lines  
 אאאאאאאאאK

אאKאאW 
 J אאFאאE 

 J אאאא 
א٣ J٣W 

 غطاء حماية

 هوائى



א אאאא אא 
א ٢٣٢ אא 

 

- ٦٠ - 

   JאTransmission lineW٣٠ 
   JאאCoaxial cableW١٠٠٠ 
   JאאHorn antennaW١٠٠٠ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



א אאאא אא 
א ٢٣٢ אא 

 

- ٦١ - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

א٣ J٣א 



א אאאא אא 
א ٢٣٢ אא 

 

- ٦٢ - 

 

٣ J٢ J٧אא   Matching Conditions 
 

 אאאאאK
אאאא

٣ J٤K 
 

 

 
 

א٣ J٤אא 
 

אאאאאאא
אאFאאאא

אאKE 
אאFאE
אאאאאאא 

Z T  = Z in (antenna)  

  خط النقل  الهوائى



א אאאא אא 
א ٢٣٢ אא 

 

- ٦٣ - 

 
٣ J٣אאAntenna Parameters  

 אאאאאאא
Kאאאאאאאאאא

אאאאאאאאאאא
אאKאאאאאא

אאאאאאאא
אאK 
 אאאאא

אאאאאאKא
א–אאא Jאאא J

אא–אאא–אאK 
 

٣ J٣ J١א Radiation Pattern  
 אאאאאאאא

א٣א J٥KאאW 
 J אא 

 J אאאא 
 

א٣ J٥אאאאW 
 J אOmnidirectional pattern 

אאאאאOmnidirectional Antenna 
 

 J אאאDirective pattern 
אאאאDirective Antenna  

 
אאאאא

אא(Mobile communications)אאא



א אאאא אא 
א ٢٣٢ אא 

 

- ٦٤ - 

אאאא
אאאאK 

 
 אאW 

 J אאW 
אאאא

אאאK 
 J אאW 

אאאאאא
אKאאF٣٦٠E

אאאאאאא
אאאאאאK

אאאאאK 
 
 

  אW 
   JאאPolar diagram 

אאאאאא
אאאK٣א J٥K 

   JאאCartesian diagram  
  אאאאא

אאFאאEאFאאEאK 
 

  אאא אא
אW 

    JאאE-plane  
  אאאאא

אאא 



א אאאא אא 
א ٢٣٢ אא 

 

- ٦٥ - 

    JאאH-plane  
אאאא

אאאא 
  אאאK 
  
 אאאאW 
   Jאא(Watt) 

אאא 
   Jא(Decibel)dB 

אאאא
אאW 

P (dB) = 10 log (P / Pmax ) 
  W 

   PWאאא 
   P (dB)Wאא 

PmaxWא 
 

א٣ J٥אאאאא
(Lobes)א אא(Front Lobe)אא

(Back Lobe)אא(Side Lobes)אKא
אאאאאאאאאKא

אאאאא (Front-

to-Back ratio)W 
אאZאאLאא 

אאאאאK  



א אאאא אא 
א ٢٣٢ אא 

 

- ٦٦ - 

 
٣ J٥אאא 

 
٣ J٣ J٢אאא 

 Radiation Resistance and Antenna Efficiency  
 

W א 
אא(AC antenna resistance)א

א(Radiated power) אאאאאאאKא
Kאא 

 אאאW 
Rr = Pr / i2 

W 
  RrWאאא(Ohm Ω) 
  PrWאאאאא (Watt  w)  
  iWאא(rms) אא(Ampere  A)  

 



א אאאא אא 
א ٢٣٢ אא 

 

- ٦٧ - 

אאאאאאאא
אאאאאא

٣א J٦K 
٣ J١ 

 אא١٠٠٠א
אאאא١٠K 

אW 
Rr = Pr / i2 

              =1000 / (10)2 = 10 Ω 


٣ J٦אא 

 
Wאא 

אאאאאאאאאא
אKאאא (Input power Pin) אאאאא
אאא(Dissipated power Pd)K 

  

i i

مقاومة 

Pr 

Pr 

 هوائى

Rr  



א אאאא אא 
א ٢٣٢ אא 

 

- ٦٨ - 

אאאאW 
η = Pr / Pin 

W 
  ηWאא 
  PrWאאאאא (Watt  w)  
 PinWאאאאא (Watt  w) 

 
אאאW 

 Pin = Pr + Pd 
 

W 
 PdWאאאאא(Watt)  

 אאאאאאW 
 η = Pr / Pin 

      = Pr / (Pr + Pd ) 
٣א J٧אאאאאא

אאאאKאאאא
אאאאאאא
אאא٣א J٨ 



א אאאא אא 
א ٢٣٢ אא 

 

- ٦٩ - 

K 
٣ J٧אא 

 

 
٣ J٨אא 

 

i i

 مقاومة الفقد

Pd 

Pd 

 هوائي

Rd 

Rr 

Rd 

Rr 

Rd 

Equivalent Circuit
Antenna 



א אאאא אא 
א ٢٣٢ אא 

 

- ٧٠ - 

אאאאאאW 
η = Pr / Pin 

      = Pr / (Pr + Pd ) 
                      = i2 Rr /  i2 ( Rr + Rd ) 
                      = Rr / ( Rr + Rd ) 
      = Rr / Rin 

  W 
Rin =Rr + Rd 

 אאKאאW 
η = (Pr / Pin ) × 100 % 

אא(Data sheet)א
אאאאאאאאאאK 

 
 

٣ J٢W 
 אאאאא٩٠٠אאאא١٠٠٠אK 

אW 
η = Pr / Pin 

      = 900/1000=0.9 
    =0.9 × 100 %  
    = 90% 

٣ J٣W 
 אאאאא٩٠٠אאאא١٠٠

אK 
אW 

Pin = Pr + Pd 

      =900 + 100 = 1000 w 
 
η = Pr / Pin 

      = 900/1000=0.9 
    =0.9 × 100 %  
    = 90% 



א אאאא אא 
א ٢٣٢ אא 

 

- ٧١ - 

٣ J٤W 
 אאאא٩٠٠אא١٠٠K 

אW 
η  = Rr / ( Rr + Rd ) 
     = 900 / (900 +100) 
     = 0.9 = 90% 

٣ J٤W 
 אא٩٠٠אא١٠٠Kאא

١٠Kאאאאאא 
אW 

  Pr = i2 Rr 
      =102 (900) 
      =90,000 Ω  

    = 90  kΩ 
Pd = i2 Rd 

      =102 (100) 
      =10,000 Ω  

    = 10  kΩ 
 

٣ J٥W 
 אאא٩٠٠٩٠٪ 

אW 
 
η  = Rr / ( Rr + Rd ) 
     = 900 / (900 + Rd) 
     = 0.9 
Rd = 100 Ω 

 
 



א אאאא אא 
א ٢٣٢ אא 

 

- ٧٢ - 

٣ J٦W 
 אאאא٩٠٠١٠٠אא

אאאא١K 
א 

 Pr = i2 Rr  

      =12 (900) = 900 w 
  η = Pr / Pin 

        = Pr / (Pr + Pd ) 
        = 900 / (900 +100) 
         =0.9 

 
 

٣ J٧W 
 אאא١٠٠٠אא٩٠٠א

אא١K 
א 

 Rin =Rr + Rd 
 Rin = Pin / i2 
       = 1000 / 12 
        = 1000 Ω 

η = Rr / Rin 
      = 900/1000=0.9 

    =0.9 × 100 %  
    = 90% 

 
٣ J٣ J٣אאאא 

 Directive Gain and Power Gain  
Wאא 

 אאאאאא
אאא(Reference antenna) א

אא٣א J٩K 



א אאאא אא 
א ٢٣٢ אא 

 

- ٧٣ - 

 
א٣ J٩אאא 

 
אאאאא(Isotropic 

antenna)K 
 אאאW 

D = Pr  / Pref 

W 
DWאאא 
PrefWאאאאא 

אאאאאאא
K 

         =0.9 

  ١هوائى 

  ٢هوائى 

  مرجعيهوائى 

P1 

P2 

Pref 

Pr 

Pr 

Pr 



א אאאא אא 
א ٢٣٢ אא 

 

- ٧٤ - 

٣ J٨W 
 אאאאאאאאא

١٠٠אL٢W 
 J אא٥٠٠אL٢ 

 J אא١٠٠٠אL٢ 
 J אא١٥٠٠אL٢ 

א 
  J 

 D = Pr  / Pref 
                      = 500 /1000 =0.5 

– 
 D = Pr  / Pref 

                      = 1000 /1000 =1 
– 

 D = Pr  / Pref 
                      = 1500 /1000 =1.5 

אאאאאאאאא
א 

 
Wא 

  אאאאא
אאא(Reference antenna) 

אאאאK  
 

 אאאאא
אאאאאאאאW 

 AP = D η 
 W 

APWאא 



א אאאא אא 
א ٢٣٢ אא 

 

- ٧٥ - 

٣ J٩W 
 אאאאאאאא

١٠٠אL٢W 
 J אא٥٠٠אL٢٨٠٪ 
 J אא١٠٠٠אL٢٩٠٪ 
 J אא١٥٠٠אL٢١٠٠٪ 

 
א 

  J 
 D = Pr  / Pref 

                      = 500 /1000 =0.5 
 AP = η D  = 0.8 × 0.5 = 0.40 

– 
 D = Pr  / Pref 

                      = 1000 /1000 =1 
                  AP = η D  = 0.9 × 1.0 = 0.90 
 

– 
 D = Pr  / Pref 

                      = 1500 /1000 =1.5 
                  AP = η D  = 1.0 × 1.5 = 1.50 
                   = D 

 אאאאאא
אאK 

אאאאאאא
אאאאאאאא

 אאאא
אאK 

 אא(Data sheet)אאא
אאאאאאאאKא



א אאאא אא 
א ٢٣٢ אא 

 

- ٧٦ - 

אאאאאאאאF
אEKKKאאאאאאאא

אאאFEאאאאא
אאK 

 
 

٣ J٣ J٤אאא 
 Antenna Polarization  

  
 אאאאאאא

אאאאKאאא
אאאKאאאאא

Kאאאא 
 

 
٣ J٣ J٥אאא 

Antenna Beamwidth (θ ) 
אאאאאאאאא

אKאאאאאא
אאאA, BAO, BO אא 

٣א J١٠K 



א אאאא אא 
א ٢٣٢ אא 

 

- ٧٧ - 

 
٣א J١٠אאא 

 
אאאא

אא٣אאA, BAO, BO 
אא ٣א J١١K 

 
٣א J١١אאא 

 

θ 

0 dB 

-3dB 

  الهوائي

A

B

O

θ 

Pmax 

Pmax /2 

  الهوائي

A

B

O



א אאאא אא 
א ٢٣٢ אא 

 

- ٧٨ - 

א٣ J١٠א٣ J١١אאאא
אאKאאאאאאא

אאאK 
 

٣ J٣ J٦אא 
Antenna Input Impedance Zin 

 
 אאאאאאא 

אאאאאאאא
٣ J١٢K 

 
hg٣ J١٢אא 

 
אאאאאאא

אVinאאIinW 
Zin= Vin / Iin 

Iin 

Vin 

  الهوائي



א אאאא אא 
א ٢٣٢ אא 

 

- ٧٩ - 

אאאא
אאאאאאא

(Matching conditions)אאאאא
אאאאא٣א J١٣K٣א J١٣אאא

אאאאאא
אK 

 
אאאאאאאאא

(Receiver)K 
 

 
hg٣ J١٣אאאאאאאא 

 
אK 

 
 

Z c1  = Z in (antenna)  
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١٤ J א؟א 
   

 
 

١٥ J אא؟ 
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١٧ J אאא؟ 

  
 

 
١٨ J אאאא؟ 
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אאא 
אאאא 

Basic Antennas and Feeding Methods 
 

אאWאאאא 
 

אאWאאאאאא
אאאאאאKא

אאאאK 
 

אאWאאא٩٠٪ 
 

אאאאW٨ 
 

אאWאאאא 
 

אאWאאאאאאא
אאאאאאאK 
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٤ J١W 
 אאאאאאKאא

אאאאאאאKאאא
אאאא (Short dipole)אאא( Half-wave dipole)d

אאא( Loop antenna)d אאא(Helical antenna)אא (Horn 

antenna) אא(Dish antenna)אאא(Microstrip antennas)K 
 

 אאאא(Center feeding)
א(Delta-match feed method)א(Horn method) K 

 
٤ J٢אאא 

Basic Radiators 
אאאאאאאאאKא

אאאאא
אאK 

אאאאאאא (Short dipole)אא
א( Half-wave dipole) אאא( Loop antenna) אא

א(Helical antenna) אא (Horn antenna) אא(Dish antenna)
אאא(Microstrip antennas)K 
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٤ J٢ J١אאאא 
Short dipole antenna 

 אא(Antenna theory) אאאאא
אאאאא

٤א J١K 
אאאW 

١ J אא 
٢ J אאאאא 

 
Wאאאאא 

١ J W(+Q, -Q) א 
٢ J W(l) F١L١٠Eאאא

 
 

 
א٤ J١אאאא 

 

l 

+ Q

- Q

 القطب الموجب

 القطب السالب
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א٤ J٢אא(Electric field)אא
(Magnetic  field)אאאאאאE

אHK 
 
 
 

 
 

 
 
 
 
 
 
 
 
 

٤ J٢אאאאאאא 
 

א٤ J٢אאאאא
אאאאKאאא

אאאאאאאKאא
אאאאאאא

אאאאאאאKא
אאא(1/r2) rאאא

אאא(1/r3)Kאאאא
אאאאK 
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٤ J٢ J١ J١אאאא 

The radiation pattern of the short dipole 
 

 ٤א J٣אאאאKאאא
אאא(E-plane)אא٤א J٢אא
אאאאאKאא(H-plane)
אאאKאאאא

אא(Wave impedance Z) א
אאאKאאאאא

W 
  Z = E / H 

W 
   ZWא 
   E Wאא 
   HWאא  

 
א٣٧٧F١٢٠ πEאאאאK 
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א٤ J٣אאאא 

 
٤ J٢ J١ J٢אאאא 

The radiation resistance of the short dipole 
 

אאאאאאאאא
W 

   Zin = Vin / Iin 
 

אאאאW 
22 )/(80 λπ lRr =  

W 
  rRWא 
  lWאא 

E-Plane 

H-Plane 
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  λWאא 
 

אאאא
אאאא٩}٧אא
אאאאאא

אאאK 
 

٤ J٢ J١ J٣אאאא 
Directivity (D) 

  אאאאאW 
   D = 1.5 

 אאאאאK
אאאאאאאK 

 
 
 

٤ J٢ J١ J٤אאאאא 
Beamwidth (θ ) 

  אאאאא
W 

   θ = 90o 

 אאאאאK
אאאאאאאא

K 
 

٤ J٢ J٢אאא 
Half-Wave Dipole 
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אא٤ J٤אאאאאא
אאאאK 

 
٤ J٤אאא 

 
 

٤ J٢ J٢ J١אאאא 
The radiation pattern of the half-wave dipole 
 

 ٤א J٥אאאאאאא
אאאאא(Isotropic Pattern)

(Omnidirectional pattern)Kאאאא
אאא(θ) אאאאK 

 
 

l 

+ Q

- Q

 الموجبالقطب 

 القطب السالب
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٤ J٥אאאאאא 

אאאא 
 
 

٤ J٢ J٢ J٢אאאא 
The radiation resistance of the half-wave  dipole 

  
אאאא١}٧٣

אאאאאאאאא
אK 

 אאאאאK 
 
 

Omnidirection 

Half-Wave 

Short-dipole 
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٤ J٢ J٢ J٣אאאא 
Directivity (D)  

  אאאאאW 
   D = 1.63 

 אאאאאKאאא
אאאאאאK 

 
٤ J٢ J٢ J٤אאאאא 

Beamwidth (θ ) 
  אאאאאW 

   θ = 78o 

 אאאאאאא
אאאאאאאKK

אאאאאאאאאK 
 
 
 
 
 
 
 
 
 
 
 
 
 



א אאאא אאא 
א ٢٣٢ אאא 

 
 

- ٩٤ - 

٤ J٢ J٣אאא 
Loop Antenna 

   
אאאאאא٤א J٦אאאא
אK 

 

 
 

 
א٤ J٦אאא 

 
 אאאאאא
אאאאאKאאאאאא

אאאאאאאאא
אאאאKאאא

אאאאK 

D 
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٤ J٢ J٣ J١אאאא 

The radiation pattern of the small loop antenna  
 

 ٤א J٧אאאאאא
אאK 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

٤ J٧אאאא 
 

E-Plane 

H-Plane 
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٤ J٢ J٣ J٢אאא 
The radiation resistance of the small loop antenna 

  
אאאאW 

 Rr
 = 31200 A2/ λ2 

W 
  AWא   (πa2)  aא 
  λWאא 

אאאאK
אאאא٢אא

אאKאאאא
אאKאאאא

אא N אW 
RN = N2 R1 

 W 
  RNWאאNא 
  R1Wאא1א 

٤ J١ 
 אאאאאא٥١٠

١٠٠K 
אW 

RN = N2 R1 
R5 = 52 (2) =50 Ω 
R10 = 102 (2) =200 Ω 
R100 = 1002 (2) =20,000 Ω = 20 KΩ 

 
אאאאאא

אאאK 
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٤ J٢ J٣ J٣אאא 
Directivity (D)  

  אאאאאאא
אאW 

   D = 1.5  
Kאאאאאאאאא 
 

٤ J٢ J٣ J٤אאאאא 
Beamwidth (θ ) 

אאאאאאאאא
אאWθ = 90o 

Kאאאאאאאאא
Kאאא 

 
٤ J٢ J٤אאא 

Helical  Antenna 
٤א J٨אאאKאאאאא

אאW 
 J אN 
 J אאS 
 J אD 

אאאאאאאאאאא
אאאאאא(Normal Mode)

אאאאאאאאאא
(Axial Mode)Kאאאאאא

אאא(MHz) א(Microwaves) 
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א٤ J٨אאא 
٤ J٢ J٤ J١אאא 

The radiation pattern of the helical antenna  
 

 אאאW 
 J אאNormal Mode   

אאאאאאאא
٤א J٩K 
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א٤ J٩אא 
 

 J אאAxial Mode    
אאאאא
אא٤א J١٠K 
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٤ J١٠אא 

  
٤ J٢ J٤ J٢אאא 

Directivity (D)  
  אאאאא 

 
   Dmax = 15 NS( π D)2  / λ2 

   
אאאאאא

אאאאאKאאא
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אאאאאאאאא
אK 

 
 
 
 

٤ J٢ J٤ J٣אאאא 
Beamwidth (θ ) 

   אאאאאא 
 

   θ3dB =52 (λ3/2 ) / NS π D  
   

אאאאאא
אאאאאאאא

אאKאאאאאאאא
אאאאאK 

אאאאK 
 
 

٤ J٢ J٥אא 
Horn Antenna 

   
  אאאאאאאאא

א(Microwave Band) KאאאאW 
 J אא 
 J  
 J א 
 J  
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א٤ J١١אאאאאKאאא

אאא(Waveguides)K 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
א٤ J١١אא 

 
 אאW 

 J א 
 J אא 

אאW      
G = 10 A / λ2 

 W 
   AWאא 
   λWאאא 
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  אאאא
אאאאאאאK 

 
 

٤ J٢ 
 אאאאאא٢٠٥٠

אאאW 
 J 3 GHz 

 J 30 GHz 
אW 

 J 3GHz 
G = 10 A / λ2 
A = 20 × 50 = 1000 cm2 = 0.1 m 
λ = c / f  = 3 × 108 / 3 × 109 = 0.1 m 
G = 10 A / λ2 
    = 10 × 0.1 / 0.12 = 100 

 J 30 GHz 
G = 10 A / λ2 
A = 20 × 50 = 1000 cm2 = 0.1 m 
λ = c / f  = 3 × 108 / 30 × 109 = 0.01 m 
G = 10 A / λ2 

    = 10 × 0.1 / 0.012 = 10,000 
 אאאאאא

אאא،אאW 
D = 7.5 A / λ2 

٤ J٣ 
 אאאאאא٢٠٥٠

אאאW 
 J3 GHz 
 J30 GHz 
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אW 

 J 3GHz 
D = 7.5 A / λ2 
A = 20 × 50 = 1000 cm2 = 0.1 m 
λ = c / f  = 3 × 108 / 3 × 109 = 0.1 m 
D = 7.5 A / λ2 
    = 7.5 × 0.1 / 0.12 = 75 

 J 30 GHz 
D = 7.5 A / λ2 
A = 20 × 50 = 1000 cm2 = 0.1 m 
λ = c / f  = 3 × 108 / 30 × 109 = 0.01 m 
D = 7.5 A / λ2 
    = 7.5 × 0.1 / 0.012 = 7500 

 
אאאאאאא

אאאאאW 
 φE = 56 λ  / dE        degree 
 φH = 67 λ  / dH        degree 

 
dEdHאא٤א J١١Kאא

אאאאאK 
 

٤ J٢ J٦אא 
Dish " Parabolic"  Antenna 

   
  אאאאאאא

א(Microwave Band) Kא٤ J١٢אאא
אאאאא
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אאאאאא
אאאאאK 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

א٤ J١٢אא 
 

אאאאW 
 J א 
 J  
 J  

 אאאאאאאאא
אK 

 
אאW 
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   JאW  
אאאאא 

   JאW 
    אא١L٨FEא 

אאאא،אאא
א١L٨אאKא

אK 
   Jא 

אאאK
אאאאK 

 
אאאאאאאאא

אאW 
G = k(πD)2 / λ2 

W 
  DWא 
  λWאאאא 

   kWאאאא
א٤}٠٧}٠K 

 
٤ J٤ 

  אאאאא١א٥}٠
אאאW 

 J 3 GHz 
 J 30 GHz 

 
אW 

 J 3GHz 
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G = k(πD)2 / λ2 
λ = c / f  = 3 × 108 / 3 × 109 = 0.1 m 
G = k(πD)2 / λ2 
    = 0.5 × (π1)2 / 0.12 =493.5 

 J 30 GHz 
G = k(πD)2 / λ2 
λ = c / f  = 3 × 108 / 30 × 109 = 0.01 m 
G = k(πD)2 / λ2 
    = 0.5 × (π1)2 / 0.012  

 
٤ J٥ 

 אאא١א٥}٠Kאאא
א٥}٤٩٣K 

 
G = k(πD)2 / λ2 
493.5 = 0.5 × (π1)2 / λ2 
λ2 = 0.009999 
λ = 0.1 
f = c / λ  =3 × 108 / 0.1 = 3 × 109 = 3GHz 

 
אאאא (Conventional feeding)٤ J١٣

אא(Cassegrain feeding)א٤ J١٤Kאא
אאאא٤א J١٣אא

אאאאאאא
א(Subreflector)אKאא

א(Side Lobes)אאאא(Front Lobe)K 
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א٤ J١٣אא 
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א٤ J١٤אא 
 
 

٤ J٢ J٧אאא 
Microstrip  Antennas 

   
  אאאאאאאא

אאKאאאאאאא
אאאאK

א٤ J١٥אאאאW 
    

 J א  Dielectric Substrate 
 J Metalic Patch   
 J Feeder  
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א٤ J١٥אאא 

 
אאW 

 J א 
 J א 
 J א 
 J א 

א٤א J١٦K 

 
א٤ J١٦אאא 

 
אאW 
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 J א 
 J א 
 J א 
 J א 

אאW 
 J אא 
 J  
 J אא 

אאאK 
   
  אאW 

 J אא 
 J א 
 J אא 

אאMicrowave band   

 
٤ J٣א 

 Feeding methods 
 

 אאאא(Center feeding)
א(Delta-match feed method)א(Horn method) Kאא

אאאאאאא
אאKאאMatching ConditionsK 
 

٤ J٣ J١אא 
Center Feeding 

٤ J١٧אאKאאאאא
א(Matching Stub)אאאK 
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א٤ J١٧אא 
 

٤ J٣ J٢א 
Delta-match Feed Method 

א٤ J١٨אKאאאאא
א(Delta)אאאאאK 

 
 

 
 
 
 
 
 
 

 
 
 
 

א٤ J١٨א 
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٤ J٣ J٣א 
Horn Method 

א٤ J١٩אKאאאאא
(Probe)אאאאאK 
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١K אאא؟א 
 
 

٢K אאאאא؟א 
   
 

 
٣K אאא؟א 

 
 

 
٤K אאא؟א 
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٦K אאא؟א 

 
 
٧K אאאא؟ 

  
 

 
٨K אאאא؟א 
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٩K אא؟א 

 
 

  
١٠K אא؟א 

 
 

١١K אא؟א 
   
 

 
١٢K אא؟א 

 
 
 

 
 

١٣K א؟א 
   
 

 
١٤K אא؟א 
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١٥K אא؟א 
 

 
 

١٦K אא؟א 
 

  
 

 
١٧K אאא؟א 

   
 
 

 
١٨K אאא؟ 

  
 
 

 
١٩K אאאא؟ 

 
 
 

 
٢٠K אאא؟



 

 

  

אאאא  

אאאאאאאא 


א

א
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אא 
אא 

Antenna arrays 
 

 
אאWאא 

אאWאאאאאא
אאK 

 
אאWאאא٩٠٪ 

 
אאאאW٥ 

 
אאWאאאא 

 
אאWאאאאאאא

אאK 
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٥ J١W 
 אאאאאאK

אאאאא(Array element)Kא
אאאאאאאאאאאא

אKאאאא
אאאאאא

KאFEאא
אאאאא

אאK 
 

אאאאא
אאאאאאא

K 
 

٥ J٢אא 
אW 

 J Driven elements 
אאאאא
(transmission line)אאאאאK 

 
 J FENondriven (Parasitic) elements  

אאאא(transmission 

line)אאא(Mutual induction)K 
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אאW 
WאאReflectors 

 אאאאאא
אאאאאאK

אאאא٥ J١K 
 

WאDirectors 
 אאאאא

אאאאKא
אאא٥ J١ 

 
    א٥ J١א 

Driven element  

Lens
Mirror 

Feed Points 
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 אאאאא א
אא 

٥ J٣אא 
Broadside Array 

 
 א٥ J٢אאא

אאאאאא
אאאKאא

אKאאKאאא
٥א J٢Kאאא

אאKאאאא
אK 
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א٥ J٢אא 
 

٥ J٤אאאא 
End-fire Array  

 
 א٥ J٣אאאא

אאאאאאא
אאאאאא

Feed points 

 λ/2 
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אKאאKא
אא٥א J٣K 

 
א٥ J٣אאאא 

 
٥ J٥אא 

Non-Resonant Array 
 

 א٥ J٤אאא
אאאאאאא

אא٥ J٤Kא
אKאאא٥א J٤Kא

אאאא
٦٧K٪ 

Feed points 

λ/2 
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אאאא
٣٣٠K 

 
א٥ J٤אא 

Feed points Terminating 
Resistor
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١ J אא؟ 
 
 
 

٢ J א؟ 
 

 
٣ J אא؟ 

 
 
 
 

٤ J אאא؟ 
 
 

 
٥ J אאא؟ 

 
 

 
٦ J אא؟ 
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٧ J אא؟ 

 
 

 
٨ J אאאא؟ 
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אאאאאאאא 
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אא 
אאא 

Practical antenna systems 
 

 
אאWאאא 

אאWאאאאאאאאK 
 

אאWאאא٩٠٪ 
 

אאאאW٥ 
 

אאWאאאא 
 

אאWאאאאאאא
Kאאאאאאאא 
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٦ J١W 
 אאאאאאאא

אאאאאאאKא
Kאאאאא 

 
 

٦ J٢אאא 
 

 אאאאW 
 

 J א 
 J א 
 J אאא 
 J א 

 
אאאאאאאא

אאאאW 
 

 J אאא 
 J אאא 
 J אאאא 

 
אאW 

 
 J אאאWire antenna 
 J אLאInverted L-antenna 
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אאאאא 
 

٦ J٣אא 
 

 אאאאאאאא
אאאא٦ J١Kאאא

אאאאא
KאאאK 

 
  

 

 
 

א٦ J١אא 
 

אאאאאאא٦٪
אא٦א J١אאאKא

אא٦٪אאאK 

 المستقبل

 آابل توصيل

 موجهات

العنصر  عواآس
 المتحكم
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 אאאאאא 

 
٦ J٤אאא 

 אאאאאאאK
אאאW 

 
١ J אאאאא 
٢ J אאא 

 
אאאאאאא

אאאאKאאאא
אאאאאאאאא
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  أسئلة
 ؟الجوال ما خصائص هوائي -١
  
  
  
  
 .والالج فيستخدامها مكن اي اذآر بعض أنواع الهوائيات التي -٢
  
  
  
 
 فيم يستخدم هوائي الياجي؟ -٣
  
  
  
 
 مم يتكون هوائي الياجي؟ -٤
  
  
  
 
 ؟ستقبال إشارات ذات ترددات منخفضة و طاقة صغيرةآيف يمكن لهوائي السيارة ا -٥
  
  
  
 
  استقبال الهوائي؟ محرك السيارة على تشويشآيف يمكن تقليل تأثير  -٦
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Practical antenna systems 
  
  أسئلة
  

 ؟ما خصائص هوائى الجوال -١
  
  
  
  
 .كن إستخدامها مع الجوالمذآر بعض أنواع الهوائيات التى يا -٢
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  ل تأثير تشويش محرك السيارة على استقبال الهوائي؟آيف يمكن تقلي -٦
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