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Chapter 7:

Principles of Radiation and Antenna
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7.1 Introduction:

A metallic wire : radiate EM energy to space or receive it from
an EM wave. 
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Vector potential:
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Time-varying current i(t) vector potential
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7.2 The Hetzian Dipole Antenna:
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7.2.1 The Field of a Hetzian Dipole: 
Nguyeân toá anten thaúng laø daây daãn thaúng, maûnh, chieàu daøi 

khoâng ñaùng keå ℓ << λ (ℓ ≤ λ/20) vaø mang doøng ñieàu hoøa:

mi(t) I cos( )tω ψ= +
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7.2.1 The Field of a Hetzian Dipole: 

For Hetzian dipole :  ℓ << λ ( ℓ ≤ λ/20 )

r rA A a A aθ θ

⋅
→ ⋅ → ⋅ →

= +

Working in Spherical Coordinates :

r(Acos )a ( Asin )aθθ θ
⋅ → ⋅ →

= + −

Current is assumed constant : mI(z) I ψ= ∠
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Vector potential due to I(z) :
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7.2.1 The Field of a Hetzian Dipole: 
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The E-Field :
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7.2.2 Near-Field of a Hertzian Dipole : 

We have : 
βr
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The Field closed to the dipole where:  βr << 1  (r << λ/2π) .
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Nhaän xeùt mieàn gaàn (near field) :

+ Soùng ñieän & töø leäch 90o.

+ Vectô Poynting trung 
bình baèng 0 . Neân <Pr> = 0 .

+ Lan truyeàn TÑT chæ coù 
tính chaát dao ñoäng : thieát bò 
thu khoâng theå thu naêng 
löôïng ñieän töø trong mieàn 
naøy .
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7.2.3 Far-Field of a Hertzian Dipole : 
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a) The Field: far away from the dipole where:  βr >> 1  (r >> λ/2π) .
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Phaân boá soùng mieàn xa (far-field) :

Near-Field
Far-Field
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b) Nhaän xeùt böùc xaï ôû mieàn xa : 
a) Phöông :  E ⊥ H vaø vuoâng goùc phöông truyeàn -> soùng ñieän 

töø ngang (TEM wave) .
b) Bieân ñoä :  suy giaûm theo qui luaät 1/r .

c) Pha : ωt – βr + ψ + 90o = const -> r = const -> maët ñoàng pha 
laø maët caàu. Böùc xaï ñieän töø thuoäc loaïi soùng caàu.

e) Do bieân ñoä ∼ sinθ , böùc xaï seõ cöïc ñaïi khi goùc  θ = 90o vaø cöïc 
tieåu khi  θ = 0o .

(Tuy nhieân , trong kyõ thuaät, khi r raát lôùn vaø dieän tích khaûo saùt beù : ta gaàn 
ñuùng maët ñoàng pha laø maët phaúng: soùng böùc xaï khi ñoù laø soùng phaúng)

Böùc xaï ñieän töø coù tính ñònh höôùng

d) Vaän toác pha baèng vaän toác t.soùng trong ptrình D’Alembert:

pv v 1/ µε= =
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c) Coâng suaát böùc xaï : 
2

rP E H .H .aη= × =Vectô Poynting töùc thôøi:

* 2
m r

1 1P Re{E H } .H .a
2 2

η< >= × =

Vectô Poynting trung bình ở miền xa:

2 2
r m m

1 1P .H E
2 2
η

η
< >= =

Mật độ coâng suaát böùc xaï:

ηH2 ≥ 0 : doøng coâng suaát ñieän töø luoân höôùng töø nguoàn ra 
beân ngoaøi . Mieàn xa goïi laø mieàn böùc xaï.
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Coâng suaát böùc xaï : 

bx rS S
P P S P Sd d

→ →

= < > =∫ ∫

laø CS ñieän töø trung bình göûi qua 1 maët caàu taâm laø vò trí ñaët 
nguyeân toá anten, baùn kính r >> λ:
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Ví duï: Vôùi nguyeân toá anten thaúng

Nhaän xeùt : Pbx tæ leä nghòch vôùi λ2, töùc laø ∼ f2: duøng cao taàn.

2
r m

1<P H
2
η> =Maät ñoä coâng suaát böùc xaï :  
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Ñieän trôû  böùc xaï : 

21
bx bx m2P R I=

Kyù hieäu Rbx , laø ñieän trôû maø coâng suaát tieâu taùn treân noù 
töông ñöông vôùi coâng suaát böùc xaï cuûa anten khi noái vaøo 
nguoàn phaùt tín hieäu , vaø xaùc ñònh töø :

2

bx
2R
3

lπη
λ
 =  
 

bx
bx 2

m

2PR
I

=

Ví duï: Vôùi nguyeân toá anten thaúng :
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7.3 Fundamental antennas :
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a) Phaân loaïi: 

2. Anten phaàn tö soùng :

Anten coù chieàu daøi ℓ  = λ/4 .

4. Anten voøng :
Anten coù caáu truùc laø voøng daây daãn troøn , baùn kính R  , naèm 
trong maët phaúng x-y , taâm taïi goác toïa ñoä , mang doøng ñieàu 
hoøa i(t) = Imcos(ωt + ψ) .

1. Anten ngaén (short or small dipole):

Antenna coù : λ/20 < ℓ ≤ λ/10  & (0 / 2 )m

( / 2 0)m

I (1 2 / )   
I(z)

I (1 2 / )   
z

z

z
z

< <

− < <

−
=  +

Re(η)
ohmic 3 2 aR π=

3. Anten baùn soùng :
Anten coù chieàu daøi ℓ  = λ/2 .

(0<z< /2)m

(- /2<z<0)m

I sin[β(λ / 4 )]   
I(z)

I sin[β(λ / 4 )]   
z
z

−
=  +

λ Re(η)
ohmic 4 2 aR π=
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a) Phaân loaïi: 
5. Anten ñôn cöïc (monopole):

A AZ Z (dipole)= D 2D(dipole)=
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b) Tính toaùn tröôøng ñieän töø cuûa anten: 

Theo caùc böôùc sau ñaây :

1. Tìm theá vectô  A . 

4. Tìm maät ñoä doøng coâng suaát böùc xaï , coâng suaát böùc xaï, 
ñieän trôû böùc xaï … 

3. Tìm tröôøng ñieän töø heä phöông trình Maxwell . 

1
jωεE rotH

→ →
⋅ ⋅

=

2. Tìm tröôøng töø baèng :  1
µH rotA

→ →
⋅ ⋅

=
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