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Birc xa dién tur va anten
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* **N0i dung chwong 6:

6.1 Khai niém biwrc xa di€n tir.

6.2 Nguyén to anten thang.

6.3 Cac dac trung cua buwe xa dién tir.
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* 6.1 Khai niém biwrc xa di€n tu:

< Birc xa dién tir 13 hién twong mét phan ning lwong ciia ngudn
g6i ra khong gian dwoi dang song dié€n tir.

«» Nguon birc xa dién tir thwong 1a anten. La cac day din ménh,
tao hay thu song dién tur.

Soéng dién tw

¢ ¢

(X

Zy
—@- —@—
. ~ . ~ Z
E, { ) Dwong day > ~ Dwong day ~ 2

Anten phat Anten thu
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* <* The vector:

*Diy din mang dong bién thién i(t) => thé vector

= Mién thoi gian: A= Yl I(t — —)d |

A by Vv
M.}\ .o - Iu 1 - Q 27[
= Mién phirc: A= J' ey | B=—=
A oLy V. oA

CuuDuongThanCong.com EM - Ch6 https://fb.com/tailieudientucntt
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!'- 6.2 Nguyén t6 anten thing:

EM - Ché
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* 6.2.1 Trwong dién tir cia nguyén to anten:

< Nguyén td anten thang la day din thang, manh, chiéu dai
khong ding ké £ << A (€ < A/20) va mang dong diéu hoa:

I(t) =1 cos(wt +v)

CuuDuongThanCong.com EM - Ch6 https://fb.com/tailieudientucntt 6
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* 6.2.1 Trwong dién tir cia nguyén to anten:

< Poi v6i nguyén t6 anten thang: { << A (£<A/20)

Dong trén anten xem hiang sé6: 1(2) =1, Ly

< Thé vector tao ra do I(z) :

N ie_jBr — C>
A:ﬂ Iaz:Aaz

47y

X Chuyén sang hé toa do cau:
> Lo L >
A=Arar+Asay
. _) . ] _>
=(Acosd)a:+(—Asind)ay

CuuDuongThanCong.com EM - Ch6
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* 6.2.1 Trwong dién tir clia nguyén té anten:

Al p h N —_— .
< Tim truong tr ding:H — L rot A = H, A g
)7,

“* Suy ra trwong dién (gia sir moi trueong dién moi ly twdng):
S N .o - :
EZ-LrOtHZErar‘FE dog
Jowe
- 11B2sin 6 ] | R
Hy = P J +—— |€ Ipr
Ar Br PBr

Er:_j”BBCOSH i 1
2rws |\ Br° B’

) = . 3 . o
Eé’:_jIIB sin & _1+ 2J2
drwe Br P°r

CuuDuongThanCong.com
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* 6.2.2 Mién gin ciia nguyén to anten:

< Mién gin théa diéu kién: Br<<1 (r <<A/2m).

** Ta co:

1 1 1 . H=H;a,
— <K<K ; e ~] = RN
Br B P E=E a: +Eoao

*Véi: | - [Ip’sin@ 1 IIsind
Hy = 22 2
4z  PB°r 4y
£ 1 Icosf
2TWEY
E, 1 Ismf’
A rawer

CuuDuongThanCong.com
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* « Nhan xét mién gan (near field) :

+ Song dién & tir 1éch 90°.

+ Vecto' Poynting trung binh
bang 0. Nén <P,>=0.

+ Lan truyén truong dién tir
chi co tinh dao dong: thiét bi
thu khong thé thu ndng
lwong dién tir trong mién
nay .

CuuDuongThanCong.com EM - Ch6 https://fb.com/tailieudientucntt 10
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* 6.2.3 Mién xa clia nguyén to anten:

a) Truong dién tir & mién xa:
< Mién xa théa diéu kién : Br>>1 (r >>A/27).

1 1 1 -,
—> Br > B > B II>|: H=Hza, E:E6a9:|

e Voi: | ,
H¢ _ 1 IS|n6’e_jBr ; 3 :\/Ejl Ismé’e_jBr :njl Ismé’e_ﬂSr
2\r e 2Ar 2Ar
- |l _siné >
H=-=m cos(awt —Pr+w +90°) a,
2Ar
> |l _sin@ -
E=pn-=" cos(awt —Pr+y +90°) ay

EM - Ch6 https://fb.com/tailieudientucntt 11
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* < Phan bo séng ¢ mién xa (far-field) :

Plane Waves
EfH|=3770 " —— A—

Mién gan ‘
Mién xa

CuuDuongThanCong.com EM - Ch6 https://fb.com/tailieudientucntt 12
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* b) Nhén xét birc xa & mién xa :

a)

b)
C)

d)

Phwong: E 1 H va vudéng goc véi phwong truyén -> song
dién tir ngang (TEM wave) .

Bién dg: suy giam theo qui luat 1/r.

Pha : ot — Br + v + 90° = const -> r = const -> mit dong pha
|a mat cau. Birc xa di€n tir thudc loai song cau.

(Tuy nhién , trong kj thudt, khi r rdt Ién va dién tich khdo sat bé: ta gdn
diing mdt dong pha 1a mdt phing: song birc xa 14 song phang )

Van toc pha = vén toc truyén séng trong ptrinh D’Alembert:

v, =v=1/y/ue

Do bién dg ~ sind , birc xa cwe dai kKhi goc 6 = 90° va cuc
tiéu khi 6 =0°.
==> Birc xa dién tr ¢ tinh dinh hwéng

CuuDuongThanCong.com - https://fb.com/tailieudientucntt
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VD 6.2.1: Bite xa dién tir

VD1: Cho lya dang ?

Electric field, maenetic field and propagation . .

I &l Propag _PW | _DW | @ Both
vector are perpendicular to each other

2. Surfaces of constant phase are spheres __PW @ DW ___Both
Field intensities are uniform on surfaces of . .

3, i - @ PW _ DW | __ Both
constant phase
Field intensities decrease as the inverse of the . .

4. , > i __ PW @® DW | __ Both
distance
The impedance of the medium is the

3. proportionality constant between electric field __ PW __DW @ Both
and magnetic field

PW: planewave ; DW: dipole wave

VD2: Chon lya Yes hay No ?

Does the Povnting vector of an electromagnetic wave always point in the direction of wave
propagation? If not. mention when 1t does not.

In lossless medium: Yes In conductive medium: No In radiated medium: Yes

(Exam-s07- Illingig)ongThanCong.com EM - Ché6 https:/fb.com/tailieudientucntt 14
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# c) Céng suat birc xa:

¢ Vecto Poynting tirc thoi: |_:5 — E X H = 77_H2,§r

nH2 > 0 : dong cbng suit dig¢n tir ludn hwéng tir nguodn ra
mién bén ngoai. Mién xa con goi la mién birc xa.

% Vecto Poynting trung binh é mién xa:

<P >=£Re{I;E><I:I*}:ln.Hrzn.c’_:ir
2 2
<% MAét d6 cong suat birc xa:
1 21
<P >=-pH?=—EF2
2 21

CuuDuongThanCong.com - https://fb.com/tailieudientucntt
EM


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

* < Cong suat birc xa :

= La cong suat dién tir trung binh géi qua mat cau, tm tai vi tri
dat anten, ban kinh r >> A (tic la thugc vé mién xa). Cong thirc
xac dinh theo dinh nghia :

P :cﬁs<3>d§:<ﬁs<ﬂ>d8

CuuDuongThanCong.com EM - Ch6 https://fb.com/tailieudientucntt 16
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* < VD 6.2.2: Tinh P, nguyén t6 anten

= Mat d§ cong suit birc xa: <P >= lnHan H = {1 _sing

2 201

_PEsin?e 1 2

E> <Pr>_77 812r2 _ERbXI
m2r :
:jj 112 sin 9 r Sin 9d9d¢) P =E7Z'77|2 (I_j
bx m
00 3 A

*Nhin xét: Py, ti 1€ nghich véi A%, tire [a ti 1€ thudn véi f2: 1a ly
do dung cao tan trong birc xa dién tir.

CuuDuongThanCong.com EM - Ch6 https://fb.com/tailieudientucntt 17
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* d) Dién tré birc xa:

= Ky hiéu R, , 1a dién tré ma cong suat tiéu tan trén nd twong
dwong v6i cOng suat birc xa cua anten khi noi vao nguon phap
tin hi¢u, va xac dinh theo:

P 1Rb><|2 =Ry, = 2

< Vidu: Véinguyén t6 anten thang

<ol
bx 3 77 l

https://fb.com/tailieudientucntt 18
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= Pién tré birc xa thay doi nhiéu theo chiéu dai anten . Chon £ =
A/20 ta cé gia tri dién tré burc xa lon nhat .

250

200

R (1))

100 | ,/ \//
/

50 ¢

ol

0 0.5 150 15

CuuDuongThanCong.com - https://fb.com/tailieudientucntt
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* e) Mot so loai anten khac:

Anten ngin (short or small dipole):

1.

Antencd: AM20<E<A/10 &

Anten phan tu séng :
Anten c6 chiéu dai ¢ =A\/4.

Anten ban séng :
Anten ¢6 chiéu dai ¢ =A/2 .,

. Im(l—ZZ/E) (O<z<t(]2)
1(2) =
Im(1+22/£) (—0/2<z<0)

i

i ) Im Slﬂ[B(?L/‘I-— Z)] (0<z<(/2)
(2)= | SIN[B(A/4+2Z)] (r2<z<0)

Anten vong :
Anten cO cau truc la vong

day dan tron, ban kinh R, nam

trong mit phang x-y, tam tai goc toa dd, mang dong diéu hoa

1(t) = I ,cos(wt + ).

CuubDuongThanCong.com
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* f)  Qui trinh tinh TPT cua anten:

** Theo cac bwdc sau day:

—

1. Tim thé vecto A.

_)

. —>
2. Tim trwong tir bang: H=~1rotA
1

3. Tim trwong dién theo hé¢ phuwong trinh Maxwell .

- —
E=-LrotH
Joe
4. Tim mat do cong suat birc xa, cong suit bire xa, dién tré
bire xa ...

CuuDuongThanCong.com EM - Ch6 https://fb.com/tailieudientucntt 21
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$ < VD 6.2.3: Tinh TPT nguyén t6 anten

Anten thiang, dai 50cm, dit trong moi trwomg khong khi, mang
dong diéu hoa bién do 25A va tan s6 10 MHz. X&c dinh: (a) Vector
bién do phirc trwomg dién va trwong tr & mién xa ? (b) Mat do
cong suit bire xa ? (c) Pién tré birc xa ?

Giai
a) Tinh TPT & mién xa:
«»Kiém tra mé hinh:
Bwéc song birc xa: A = c/f =30m; B = 27/30 = 7/15.
Taco (t/,) = 0,5/30 =1/60 < 1/20
==> mo hinh nguyén to anten thang.

CuuDuongThanCong.com EM - Ch6 https://fb.com/tailieudientucntt 22
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* < VD 6.2.3: Tinh TPT nguyén t6 anten

“*Trwong dién & tir & mién xa:

_ 1 Isin @ o b _ J0,5.25sin 6 e—i”—r _ J0,208sin 6 e_j%

H¢ 15
AN 2.30r .
eyl 1SiN0 s _ j78,58in6 -7 _ F=Ha,
AN r Ega

b) Mat do cong suat birc xa:

<P > 1 ’15sin’0 _ 377 05°25%sin’ 9 _ 8,18rs2in29 (W/mz)

r 8A°r? 8.30° 12
c) Dién tré birc xa:
2.68,54
P, :%7z.377.252 (%)2 -6854W =) R, = er - 0,22 Q

CuuDuongThanCong.com EM - Ch6 https://fb.com/tailieudientucntt 2 3
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$ < VD 6.2.4: Tinh TPT nguyén t6 anten

Anten thang, dai 1m, dat trong modi trwong khong khi, mang
dong i(t) = cos(2x.105t + 30°) A. Mt diém M cO tea dd: r = 600m,
0 = 90° va ¢ = 60°. Xac dinh: (a) Tri tirc thoi cua vector cwong do
truong dién va truong tir tai M ? (b) Cong suat bire xa ?

Giai
a) Tinh TDT tai M:
< Kiém tra mé hinh:
Buwée song birc xa: A = ¢/f = 300m; B = 27/300 = w/150.

Ta co (¢/A) =1/300 < 1/20
==> mo hinh nguyén to anten thang.

Tinh: pr = (2a/300).600 = 12,6. ==> M thudc mién xa.

CuuDuongThanCong.com EM - Ch6 https://fb.com/tailieudientucntt 24
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* < VD 6.2.4: Tinh TPT nguyén t6 anten (tt)

“*Trwong dién & tir & mién xa:

= j.é.isin ee—mr ~ J1.1.£30°sin90° e_,-&oo

H, 50 —2 78,/120° (uA/m)
2t 2.300.600

L Isin 6
L 2\r
H=2,78cos(27.10°t +120°)d, (LA/m)

Ey e B —1,05.,120° (mV/m)

E =1,05c0s(27.10°t +120°)d, (mV/m)

b) Cong suat birc xa:

300

Pox = %n.377.12 (i)2 = 4,387 mW

CuuDuongThanCong.com EM - Ch6 https://fb.com/tailieudientucntt 25
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!'- 6.3 Cac dac trung cua birc xa dién tur:

EM - Ché

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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* a) Goc dac:

. i . : s X N N <A
< Goc dac (solid angle) la goc nhin tir goc beamwidth 18,

toa do, gioi han béi dién tich S, tai ban + ,
Kinh r. Pon vi goc dac dQ : ' w
< :
dS !

beam =olid

dQ =—- (steradian) (sr) amrenna
r angle (/7
» Goc dac Q ung véi goc o
lwong giac 05 la : 2 27
Q= [ [sinododg
0 O

CuuDuongThanCong.com EM - Ch6 https://fb.com/tailieudientucntt 27
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* b) Cwong do birc xa u(o, ¢) :

% L& cong suat dién tir trung binh géi trén mét don vi goc dac
theo hwéng khao sat.

beamwidth 08,

<F)r>O|S:<Pr>r2 (W/sr) '
dQ ¢

dI1T=11d

u(0,¢) =

beam solid
angle o
Nhan Xeét:

= u(0,¢) thwong doc 1ap véi khoang cach r.

= U(0,¢) ciing co tinh dinh hwéng .

CuuDuongThanCong.com EM - Ch6 https://fb.com/tailieudientucntt 28
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* < VD 6.3.1: Tinh u(0, ¢) nguyén to anten

Tir cwong do birc xa ciia nguyén to anten thang :

- 2
<pr>:iE§m ZEUH; 1 (llmsmé’j

2n 2 2\ 2r
1°1% sin“ @
= U=(P).r’'=n—2—
81
s : an
EE A % a0
radiation pattern (3D view) 150

B0
radiation pattern (cross-section)

CuuDuongThanCong.com EM - Ch6 https://fb.com/tailieudientucntt 29
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* c) Cwong d9 birc xa chuan u.(6, ¢) :

% |2 ti s6 gitra cwong dd birc xa va cwong do birc xa cwe dai.

Nhin xét: ta thay u, <1.

CuuDuongThanCong.com EM - Ch6 https://fb.com/tailieudientucntt
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**ﬁ* VD 6.3.2: Tinh u,(0, ¢) nguyén té anten

= Tir ham cwong dd birc xa ciia nguyén to anten thing:

212 ain?2
1“1 sin“ 0

2
L U =Sin°4

CuuDuongThanCong.com EM - Ch6 https://fb.com/tailieudientucntt
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* “* Goc birc xa nira cong suat:

Z deﬂ =45

* Ky hi¢u: HPBW half-power
point
= Xac dinh: HPBW =2(0,.... — 05| >
X

0,.= goc léch truc wng voi u, = U,ax-

05455 = goc léch truc wng voi u, = Y2U, 1 ax-

CuuDuongThanCong.com EM - Ch6 https://fb.com/tailieudientucntt 3 2
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* d) Do dinh hwéong D (Directivity) :

% Tinh dinh hwong la kha nang tap trung birc xa vao 1 hwong
va yeu di ¢ nhirng hwéng khac.

< Po dinh huéng D 1a ti sé ciia cwong do bire xa max (U,,,,) vVa
cwong do birc xa trung binh (uy,) :

r

U Umax = Max{u}
D = Utb ) 1 T2 )
Uy, = 2”u.r sin@gdod¢
A+
\.
4y .. 4xu_ ..

= | D=—7= =
[ joz u(sin@dodg)  Pox

CuuDuongThanCong.com - https://fb.com/tailieudientucntt
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* % D tinh theo u.(0, ¢) :

D— 4zu. . B 4
e 27 ] o T 27 U _

_fo _[O u.sin 8d6d ¢ IO IO u—sm6?d6?d¢
A5 A

)| D = — > _ :Q‘ Goc dac

|| u,sinododg 2T b

0 -0 ) cua
antenna

CuuDuongThanCong.com EM - Ch6 https://fb.com/tailieudientucntt 34
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* < Y nghia ciia d0 dinh huwémng D :

, dru . u__Ir° <P >
sTacdé: D= — ~ =
P., P, [4rr <P >,
D — u Max <PI' > MaxXx
Uy =IE—

> Po dinh hwéng D ciing 1 ti s6 ciia mat d§ cong suat birc xa
cuc dai va mat do cong suat biwrc xa trung binh .

CuuDuongThanCong.com EM - Ch6 https://fb.com/tailieudientucntt 35
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* “* Do dinh hwong D(dB) :

* P§ dinh hwong con dung véi don vi dB theo dinh nghia :
D (dB) =10log,, D

< Vi du : nguyén to anten thang c6 u, =sin?0 — u,., =1 ,va:

T 21 247[_ =
jj sin“ @sinfdédg¢

0 J0

1,5

> Cuong d9 birc xa cwe dai sé gap 1,5 1an cwong dd bire xa trung
binh khi bire xa rai déu theo moi huwéng.

CuuDuongThanCong.com EM - Ch6 https://fb.com/tailieudientucntt 36
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$ “ VD 6.3.3: Tinh d6 dinh hwéng

b) u, =sin0.sin%¢
C) U, =sin%0.sing

Cuong d6 birc xa chuan ciia anten cho béi:

a) U, =sing.sing [ Vi 0 < 0 < 180° 0 < ¢ < 180°.

Bang 0 ¢ cac mién khac.

Xac dinh do dinh hwong (khong thir nguyén va dB) ?

a) COUu=1tai0=n/2;¢=n/2.

jo” jo” (sin 0.sin¢)(sindd0d @) = %

—>

D= _4-602 (dB)

T

CuuDuongThanCong.com EM - Ch6

” (—cos ¢)‘g =7
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$ “* VD 6.3.3: Tinh d0 dinh hwdng (tt)

Cuong d6 birc xa chuan ciia anten cho béi:

a) u,=sind.sind y N 0
b) u, =sin@.sin‘¢ [Vg’l0<9 < 180°% 0 < ¢ < 180°.
¢) U, =sin20.sind Bang 0 ¢ cac mién khac.

Xac dinh do dinh hwong (khong thir nguyén va dB) ?

D) COUx=1tai0=7/2;¢=7/2.

T L7, . 9 . 2 _97[ ¢ﬂ_722
jo jo (sin” 0.sin’g)dbdg = 7| =

0

m==) D = f” 105002707 (dB)

14

CuuDuongThanCong.com EM - Ch6 https://fb.com/tailieudientucntt 3 8
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$ “* VD 6.3.3: Tinh d0 dinh hwdng (tt)

C) U, =sin%0.sing

Cuong d6 birc xa chuan ciia anten cho béi:
a) U, = sin@.sing
b) u, =sin0.sin%¢

[V(’)’i0<9<1800;0<¢<1800.

Bang 0 ¢ cac mién khac.

Xac dinh do dinh hwong (khong thir nguyén va dB) ?

c) COUu=1tai0=m/2;¢=n/2.

| [ (sin®6.sing)dodg = (

cos’ 0

—cos0)

.(—cos ¢)‘Z = —

=)

" 8/3

sl =37”=4.71=6.73 (dB)

CuubDuongThanCong.com
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“* VD 6.3.4: Tinh d6 dinh hwéng

Vé miit cit ciia cwong dd birc xa ? Xac dinh HPBW, gdc diic birc
xa va do dinh hwéng biét cwong do birc xa chuan:

(a)u, (0,¢)=cosé for 0<O<x/2, 0otherwise.

(b)u, (6,¢)=cos* @ for 0<O<r/2, 0 otherwise.

(C)u,(8,¢)=cos’@ for0<O<r/2, 0 otherwise.

%
%
%
%

Polar Plots for EX2

The polar plot function doesn't allow multiple
plots. So we have to let the angle theta loop
around several times, changing the rho function

% each time.

fori=1:100
theta(i)=-pi/2+i*pi/100;
rho(i)=cos(theta(i));Fig. P8.3

end

for j=101:200
theta(j)=(-pi/2)+j*pi/100;
rho(j)=0;

end

fori=201:300
theta(i)=-pi/2+i*pi/100;
rho(i)=(cos(theta(i)))"2;

end

for j=301:400
theta(j)=-pi/2+j*pi/100;
rho(j)=0;

end

for i=401:500
theta(i)=-pi/2+i*pi/100;
rho(i)=(cos(theta(i)))"3;

end

for j=501:600
theta(j)=-pi/2+j*pi/100;
rho(j)=0;

end

polar(theta,rho)

180 fenbeeedomeeeh

(Ps: a)120°; T sr; 4 b)90°; 2n/3 sr; 6
C) 75°;, n/2 sr; 8)
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* e) Hiéu suat birc xa :
Anten phat

___________________________

I:zLoss
75% Z, —‘—/\/V\l—l
: be
25% [/
ll' I <_|>
100% \ || 7 ?
oS - E | .
— | Jxanten
R|.ss: Dién tré ton hao nhiét. o—T
< Hiéu suat:
* I:)bx R bx

S

I:)bx + I:)Ioss R bx + R loss

A . o Do loi cua anten ciing thwon
0‘0 I—) l n n : — (\ . . g g
* D lgiciia anten : | G =C.D dung véi don vi dB nhu D )

CuuDuongThanCong.com EM - Ch6 https://fb.com/tailieudientucntt 41


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

:h < VD 6.3.5: Tinh hiéu suat birc xa

Anten thang, dai 4cm, ban kinh a = 0,4mm, lam bang vat liéu
dong (1, = 1; o = 5,8.107 S/m), dit trong mdi trwong khong khi,
mang dong diéu hoa tan s6 75 MHz. X4ac dinh: (2) Pién tré birc xa
? (b) Hiéu suat birc xa ?

Giai
a) Xac dinh R,,: Kiém tra mé6 hinh
Bwée song birc xa: A =c/f =4m; B = 2a/4 = /2.
Ta co (€/)) = 0,04/4 = 1/100 < 1/20

==> mo hinh nguyén t6 anten thang.

=> R, = %.377.(%2 ~0,080)
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:I! < VD 6.3.5: Tinh hiéu suat birc xa (tt)

b) Xac dinh hiéu suat birc xa:

Pién tré bé mat: _ [227510°47107" _ 4
. . RS_\/ i’ 92610 O

Dién tro nhi€t cua anten:

R, =0,04-2%" _0 036 Q)

loss 27.0,4.107°
Hiéu suit birc xa: o 0,08 = [9%%]
0,08+0,036
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* f) Anten thu :

Nguon phat T T Thiét bi thu

Anten phat Anten thu
! RLoss RLoss
2, e—VW— —'VV\—e

i ‘ R
i be >

.

_ E J Xanten Z
E jxanten
U
S O

_________________________________________________________
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* % Siwrc dién dong cam rng:

= Anten thu 13 anten thing:

— /7

E .76 ng
7 téi
»

= Anten thu la anten vong:

—> /.
_— H,’ Séng
! toi
H ! V4

Strce dién dong cam wng:

Cé: ]]:J-l,/(]g:dl_)>

== u=E.{.cos0

Strce dién dong cam wng:

Co: u=- C?—tjs(l,lﬁ.d_é)

== | u=-WS.cos0. %
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dugc dinh hwéng song song truwong dién.

— /

trung binh :

= VVung hi€éu dung A, : di€én
tich toi thieu dé dam bao hoa  ==)
hop tai xay ra.

CuuDuongThanCong.com EM - Ch6

I./ PL_

< Mién hiéu dung A, (effective area) :

ia sir thu song dién tir dung anten thing: bé qua R, va anten

E— u=E.(

Uz  E4/(°

m

8R,. S8R,
= Mat do dong cong suat dién tir

2
<P >_EE_

= Néu phoi hop, cong suiat max ma

E ,7s6 ng A :
‘G tai nhan dwgc:
’/

5=

<Pr>_47z
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