CHUONG 1. GIOI THIEU
§1.1 LICH SU

* Thong tin dién : - Telegraphy (1884)
- Telephony (1878)

* Nén tang ly thuyét : LT truong dién tir Maxwell (1854)
* H¢ thong Telegraphy khong day dung birc xa dién tir (Marconi — 1897)
* Peén dién tu va phat dao dong (1904 — 1915)

CAC HE THONG THONG TIN
Mang noi hat Anten phat — anten thu
v
Thanh phd H¢ thong yéu Dung bic xa dién tir
dong dan cu cau ph6 TH hep
(truyén thanh)
v
Suy hao phu thudc khoang cach theo quy
luat 1y thura
Day d61 — suy hao 2+3 dB(10 kHz/km)
— Truyén dit liéu tan sd thap Y -
Cu ly thong tin 16n
Cép ddng truc — Tin hiéu Video — Thong tin di dong (tau bo)
Céac phuong tién giao thong duong bo, may
Tén hao 4 + 5 dB, quy luat ham mii bay....
Khoang cach thong tin han ché
- Thong tin v¢ tinh
- Kinh té
- Bao mat

* Nhuoc diém : Hiéu suét thap



§1.2 CAC HE THONG ANTEN

+ Anten thong dung : - Anten rau trén 0t0

- Anten tai tho trén tivi

- Anten vong cho UHF

- Anten Log-chu ky cho TV

- Anten Parabol thu song v¢ tinh
+ Tram tiép song vi ba (Microwave Relay)

- Anten mat

- Anten Parabol boc nhua
+ Heé thong thong tin vé tinh

- Hé anten loa dat trén v¢ tinh

- Anten chdo thu song v¢ tinh

- Mang céc loa hinh nén chiéu xa (20-30GHz)
+ Anten phuc vu nghién ctru khoa hoc

QUY UGC VE CAC DAI TAN SO

Dai tan s6 Tén, ky hi¢u Ung dung

3-30kHz Very low freq. (VLF) Dao hang, dinh vi

30-300kHz Low freq. (LF) Pha vo tuyén cho muc dich dao
hang

300 — Medium freq. (MF) Phat thanh AM, hang hai, tram

3000kHz thong tin duyén hai, chi dan tim
kiém

3 —-30 MHz High Freq. (HF) Dién thoai, dién bao, phat thanh

song ngan, hang hai, hang khong

30 -300MHz Very High Freq. (VHF) TV, phéat thanh FM, diéu khién
giao thong, canh sat, taxi, dao
hang

0,3—-3 GHz  Ultrahigh (UHF) TV, thong tin v¢ tinh, do tham,
Radar giam sat, dao hang

3-30GHz Superhigh freq. (SHF) Hang khong, Viba (microwave
links), thong tin di dong, thong
tin v€ tinh

30 -300GHz Extremly  high  freq. Radar, nghién ctru khoa hoc

(EHF)



§1.3 KHAI QUAT VE TRUYEN SONG DPIEN TU
+ Dai phat thanh AM chuan (0,55 — 1,6 MHz): Dung thap anten
+ Dai song dai :

- Anten don gian vo1 do loi thap, dat tren mat dat.

- Mode truyen song mit, suy hao ~ R™.

- Muc nhiéu cao do nhiéu céng nghiép

- Can may phat cong suét 16n (50-500kW)

- Muc nhiéu va suy hao cao

- Cuy ly thong tin ¢& vai trdam dam

- Suy hao ting nhanh theo tan s6 (khong str dung cho TS>20MHz)

- Chiéu cao cua anten can duoc lya chon thich hop.

- C6 thé co hién tuong Fading trong tho1 gian hang gidy, phat, chiu anh
huong cua nhi¢t do va do &m khong khi. - khic phuc Fading=> phan
tap theo khong gian va tan sd.

+ Dai song 30 — 40 MHz :
- C6 thé str dung sy phan xa tu t?mg dién ly
- Cu ly thong tin hang ngan km - céc dich vu truyén thong quéc té
- Su phan xa phu thudéc mat do dién tir tao boi birc xa mat troi
- Khong dugc st dung trén 40MHz (do xuyén qua va fading)
+Trén 40MHz
- Truyén thang (TV, Viba)
- Kich thudc anten phai 16n gap mot sé 1an bude song
- O dai séng Viba ( 3 — 30cm) c6 thé dung nhiing anten guong ¢ do loi cao
(40-50dB), cong sudt may phat giam, nhiu khi quyén giam, c6 thé ding
tin hi€u bién do nhoé
+ Dai song mm :
- Suy giam séng do khi quyén hodc do mua ting
- Cu ly thong tin bi gidi han



CHUONG 2
CO SO LY THUYET AN TEN, CAC THONG SO CO BAN CUA ANTEN

§2.1 MO PAU

Mt s6 qui woe vé ky higu: chir nét ddm->vector, chit nghiéng>thong sd
+ Dinh nghia anten: 13 mot cau trac duoc 1am tir nhitng vat liéu dan dién tdt, duogc
thiét ké dé c6 hinh dang kich thudc sao cho c6 thé blrc xa song dién tur theo mot kiéu
nhat dinh mot cach hiéu qua.
+ Nguyén Iy hoat dpng: dong dién thay d6i theo thoi gian trén bé mit anten — birc
xa song dién tur
- Anten 12 mot cdu trac ma dong thay doi theo thoi gian, duge cap tir mot ngudn
thich hop qua duong truyén hodc 6ng din song, c6 thé bi kich thich voi bién d6 16n
trén bé mat anten.
+ Yéu cdu vé cdu tric anten: don gian, kinh té (vi du : anten nira song)
+ Bai todn chinh ciia ly thuyét va kj thudt anten: xac dinh phan bé mat do dong
dién J trén bé mait anten sao cho truong buc xa thoa man céc diéu kién bién trén
anten. Bai toan nay thudng chi c6 thé giai gan ding.
+ Phan bd dong trén anten co thé duoc xac dinh chinh x4c hon khi xac dinh duoc dic
trung trd khang ctia anten.
+ Tu dac tinh tuyén tinh ctia h¢ phong trinh Maxwell, vé nguyén tic c6 thé xac dinh
duoc phan bo trudng tong khi biét phan b truong cua phan tir dong.
+ Cac phuong trinh Maxwell, thé vector va thé vo hudng 13 nhiing céng cu toan hoc
cht yéu dé giai bai toan vé anten.
+ Cdc dac trung co ban cua mot anten:

- Kiéu burc xa (ham phuong huéng).

- Do rong tia, h¢ s6 dinh huong, di¢n tro birc xa.
+ Cdc phan tir bikc xa co ban: Phan tir dong dién nguyén t6, vong dién nguyén td,
dong tir nguyén td, vong tir nguyén to.



§2.2 PHUONG TRINH MAXWELL VA CAC PIEU KIEN BIEN

2.2.1 HE PHUONG TRINH MAXWELL

+ Pbi tuong chu yéu ciia thuyét va k¥ thuat anten 13 khao sat su buc xa va thu truong
diéu hoa ~e"".

+ Dong dién va truong sé& duoc biéu dién dudi dang cac vector ma cac thanh phan
ctia chung 13 cac s6 phirc. Khi do, truong thuc co dang:

g(r,t) =Re E(r)’” @.1)
+ Cac phuong trinh Maxwell: (2.2.a 2e¢)

VxE =-joB (2.2a)
fo = joD +J (2.2b)
V-D =

. p (2.2¢)
v 'E =0 (2.2d)
VodJ=-jop (2.2¢)

+ Trong chan khong
D= goE (2.3a);  B= u,H, (2.3a);
+ & = 10 é&T(Fara/met); t, = 47.107 (Henry/ met)
+ Trong moi trudng c6 hing sb dién moi & va d6 dan dién o: dong dan Z =oE
(02b) —> vXﬁ:<ng+a>§+3:j{g+_ij§+3
jo
2.2.2 CAC PIEU KIEN BIEN
BIEN CUA MOT VAT DAN LY TUONG (G = o©): (2.5)
Bén trong vat dan E,H=0
Trénbé mit: n x E=0, n.H=0

-

Mat d6 dong dién mit: J, = n x H
Mat @6 dién tich mat: p, = n.D
BIEN CUA MOT VAT DAN KHONG LY TUONG: Truong dién tir xuyén qua bé mat véi
bién do gidm theo ham mi: €™ (5 = (2/@u,0)"* véi ddng o =58x10"S/m, & =
6.6x10”cm & tan sé6 IMHz, va 2.1x10cm & 1GHz (2.7)
Vi du: v6i dong, o = 5.8x10" S/m, & = 6.6x10” cm & tan s6 IMHz, va
2.1x10™* cm & thn s0 1GHz. o

Trong gTa sO cac truong hop thuc té€ co thé cpi truong dién tur khéng~xuyén qua
cac vat dan tot nhu kim loai. Tuy nhién, khi tinh dén dién tré cua cac vat dan kim loai

l
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thi can tinh t6i ton hao Joule theo dinh ludt Ohm (ton hao cta dudng truyén, ng dan
song...)
TINH TON HAO:
Tir trudng H tao ra dong mit J =nxH ( dinh luat Ampere)
Thanh phén tiép tuyén cua dién truong lién quan vo1 mat do dong dién mat:
nxE =Z nxJ_ (DL Ohm) (2.8)

Trong d6 Z 14 tré khéng bé mat cua vat dan: z, =1 *7)/ " ©Ohm/dt) (2.9)

Bao gdém thanh phan thuan trd 1/66; (dién tré cua 16p da c6 chiéu sdu &) va thanh
phan cam tng do su xuyén qua cua tir trudng.

Tén hao trén don vi dién tich dugc cho boi phan thuc cua vector Poynting hudng vao
vat dan tai bé mat vat dan:

1

(2.10)

- Néu o= v6 cung, thi chiéu sau 16p da, va do d6 tré khang bé mat va tén hao = 0
- Thuong ngudi ta so sanh tré khang bé mat voi trég khang cua khong gian ty do:
1

z, {%)A 37700 (2.11)

- V6i Cu, tai IMHz, Z,=2.6x10"(1+j) Ohm ‘
- Két qua trén co thé ap dung cho cac vat dan tot khac va cho cac bé mat c6 ban kinh
cong l6n hon nhiéu so véi dd sau 16p da.

BIEN GIUA HAI BIEN MOI:
nxE, =nxE,, nxH, =nxH,,  nxD,=nxD,
2.2.3 THE VECTOR VA THE VO HUONG
Tir (2.2a), (2.2b) va (2.3) => VxVxE =k2E — jou,J, (2.12)

V6i k= o(u,e,)’” 14 s6 song cta khong gian tu do
- Theo phuong trinh nay dién truong co6 thé dugc tim truc tiép khi biét phan bd dong.
Trong thuc gé c6 thé don gian hoa bai toan nho thé vecto A va thé vo huéng @ :
Mat khac bat clr vecto nao voi zero curl déu co thé bieu dién dudi dang gradient cua
mot ham vo hudng. Do dé c6 thé dat :
B=VxA (2.13)
- Vi VxVxA4=0 nén 4 duoc goi la thé vector.
- Str dung cong thirc cua giai tich vector =>

VIA+ ki A=—pyJ +VVA+ jaope,) (2.14)
-Pédongiantachon: VxA=-joue® (Diéukién Lorentz) (2.15)
- Khi d6 (2.14) tro thanh : V2A+k:A=—p,J (2.16)
- Thay cac phuong trinh (2.14) va (2.15) vao (2.2¢) =>

VD + kXD =—ple, (2.17)



- Sir dung diéu kién Lorentz va a(2.14) =

E——]a)A+VV Aljou,e, (2.18)
- Trudong hop ngudn dong :
J=J.a, thi J=J_ a. va (V?+k2)A, =—u,J. (2.19)

§ 2.3 BUC XA CUA PHAN TU DONG PIEN

- DPinh nghia phan tir dong dién: 74!/ thang, rat mong, rat ngan. Gia thiét dir liu /
(2).
- Thé vector chi c6 mét thanh phan theo phuong (2) tuan theo PT (2.19). trong d6
Jz=1/dS, voi dS la tiét dién cua phan tir dong. Thé tich dV<< nén phén tir dong c6 thé
coi nhu nguon dinh xr tai mot diém.
- Ngudn dbi xtmg cau > Az chi la ham coar

- Véir=0:

_25( Z)+k02AZ =0 (2.20)
- Thay 4, :§ thi %:%%—; va (2.20) tré thanh :

i R 2.21)

dr®
Puong trinh dao dong diéu hoa nay ¢6 2 nghiém : Ce™ va C e’
Néu chon nghiém th{r nhét va tinh toi bién thoi gian t thi co thé viét:
\I]( ) _ Cle—jkor+jwt

rt)

—jkor

1

Luuy: k =¥ |, C=(uE,)>2
C
Thi thu duoc: w,, =7 (2.22)
- Nhén xet: Phuong trinh song birc xa voi goc pha ban Siéu kOr, thoi gian tré r/c
- Tinh C1: Tich phan (2.19) trong thé tich cta hinh cau c6 ban kinh ro rat nho,
viét:(cong thurc)

- Luuy:dV =r2sin 6 dO do dr va Az 1a ham cua 1/r. Néu chon ro rat nho thi tich
phan khoi cua Az s€ ty 1€ vdi 12 va c6 thé bd qua. Tich phan khoi cua Jz chinh 1a Idl,
ta co: (y nghia cua grad)

- Loi giai cudi cung ctia 4 s& 1a:

e—Jko’” .
A 1dl a. 2.24
=Holdl = (2.24)
* Nhan xét: - Thé vector c6 dang song lan truyén ra khong gian voi bién do

giam ty 1€ nghich voir.



- Cac mat séng ddng pha c6 dang hinh cau ban kinh r, tim = goc

toa do. ,
- Van toc pha = (cong thirc)
(o 2. C C
- Budc song A="=—=— (2.25)
ko w f
2

Tim biéu thtc cta cia truong:
- Sirdung (2.13) va (2.18) va hé toa do cau.

- Biéu dién 4 theo céac thanh phan trong hé toa d cau va luu ¥ ring:

- 1
Ta co: A= 'L:’ d e M (a cosA-a, smA) (2.26)
v
Dung (2.13):
}§=J;VXZ=Lﬁsmﬂ{ﬂﬁ+_g}ﬁwgw (2.27)
Ho 4 ror
T VA v
Te(2.18) = £E=—jod+- =E . a +Eya, (2.28)
JOHE
- Néu r rat 16n so voi bude song thi : (ving xa) boé qua céc sb Lz%
r r
- . e —
E=jZ Idlk,sin0——a, (2.29a)
4r
— ek .
1dlk, sin@<—
=J . a, (2.29b)

* Nhan xét:
- Vay ¢ khu xa, truong bure xa chi ¢6 thanh phan ngang, dién trudng va tu truong
vudng goc véi nhauva vudng goc vai phuong truyén song. ty sd bién do cia chung

chinh bang tré khang song cua khong gian tu do Zg; Z, = ("‘% jz
0

- Dang vector:

E=-Z,a xH (2.30a)
H=Ya xE (2.30b)
Trong do: Y, =2,

- Truong khong c6 tinh ddi xtng cau. (EZ va H phu thudc sind )
* Vector Poynting phuec:

R

1= —= . : a,
EExH':LIZAMYhﬁm?Qn;%Z (2.31Db)



C6 dang thuan thyc, (trudng buc xa) ¢6 hudng tring véi hudng lan truuyén, va
cong suét bl’J:c xa giam ty 1é nghich voi 1’

* Cac sd hang con lai cua (2.27) va (2.28): chiém wu thé khi r < Ao va tao ra
truong phan tmg 6 khu gan vi tinh thuan 4o cta vector Poynting.

- Néu kor rat nho sao cho c6 thé thay e/ =1 thi: (khu gan)

—  ldlk,sin0 —

H = e (2.32a)

—  Z,dl| 2cos@ 1 }— sind 1 |—
E= 5 1+ a, +—; 1+ a, (2.32b)
4 r Jkor r Jkor '

Cho kor<<1 va thay 1+l/kor =>phuong trinh (2.32b) tré thanh

7o Qdl| 2cosb o sin@a—>
4x 3 rTT g (2.32¢)
Luuy: - Tuong ty nhu phan b truong tinh cua mot dipole dién.

- Méc du truong ¢ khu gan khong dong gop vao cong sudt birc xa, chi
lién quan dén sy tich tu ning luong & khu vuc bao quanh ngay gan anten, nhung can
dugc tinh dén khi tinh tré khang anten.

- Biéu thirc cua vector Poynting phirc, duoc tinh bdi viée st dung cac
biéu thtrc tong quat cta trudng s& ¢ phan thyc (phan lién quan truc tiép dén bic

xa) chi bao gdm trudng birc xa cho bai biéu thirc (2.31)

§ 2.4 MOT SO CAC THONG SO CO BAN CUA ANTEN

Buc xa cua mot phﬁn tor dong dién con dugc goi 1a birc xa ludng cuc. Pugc dung
dé dinh nghia cac thong s6 co ban cta anten noi chung.

Kiéu birc xa:

Phan b6 twong ddi cua cong suat birc xa nnhu 1a ham cua hudng btic xa trong
khong gian

- Cong suit buc xa cua dipole nguyén té ty 1& véi sin’0 (2.31). Kiéu buc xa ¢
dang hinh s6 8 nhu hinh sau:

(hinh v¢)

-a) Mit 3 chiéu

-b) Mat E

-c) MatH

* Tia nita cong sudt: Giira cac diém ma cong suat birc xa = Y% cong suat cuc dai




H¢ 56 dinh hwdng va dé loi:

- Cac anten thudng khong buc xa dong déu theo moi hudng.

- Sy thay dbi ctia cudng d6 buc xa theo hudng khong gian duoc mé ta boi ham hé
s6 dinh hudng D(0,¢) cua anten.

- Cuong d6 burc xa 1a cong sut birc xa goc dit (hay goc khoéi). Chinh bang tich cia
vector Poynting voi r’.

- Péi véi dipole nguyén t6: (luu y (31))

dP. : 2,,8in° 0
o= (de) k; Ery (2.33)

Dinh nghia hé sé dinh hwong:

dP.
D(B,p)= 47[4 (2.34)

V6i P, 14 cong suat buc xa toan phan.
- Véi dipole nguyén tb: tir (2.33)=>
LI'Z,(drk,)
’ 12
Vi dQ =sin6 dO deo.
T (2.33) va (2.34) =>
D(0,p)=1,5sin" @ (2.36)
Cuc dai dat gia tri 1.5 khi 6=n/2.
e H¢ 56 dinh hwong cwe dai (thuong viét tat 13 hé s6 dinh hudéng) dic trung cho
kha ndng ctia anten tip trung nang luong birc xa theo mgt huéng cho trude.
e Anten vé hwdng: Buc xa ddng déu theo moi hudng.
e Dj loi G(0,p)cta 1 anten duoc dinh nghia twong tu nhu hé s dinh hudng, nhung
cong suit birc xa duoc thay bang cong suét toan phan dit vao anten Pin.
e Hiéu suit ciia anten: P =nP, (2.37)
* Viy: G(0.9)=1G(6.9) (2.38)
* Effectve isotropic radiated power: (EIRP)=(input power)x(maximum gain).
chang han 1 anten c6 do loi =10, cong suat ngudén = IW chi dat hiéu qua nhu 1
anten c6 do loi 2 va cong sudt SW. Ca hai anten c6 sung 1 chi sé EIRP.vay co thé
giam cong sudt may phat néu sir dung anten c6 do 1oi cao.
*  Dién tro burc xa Ra :
- Dinh nghia: 13 dién tr& twong dwong tiéu thu cing 1 lwong cong suit nhu anten
burc xa khi dong cung cap nhu nhau.
- Pdi véi anten dipode :

2 2
— R, = Zuldtky) _ 807:2(%j (2.39)

(2.35)

67
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Trong do: Z, =1207x, k, =2%
0

Vidu: dl=1m, 4, =300m(f =1MHz), R, = 0,0084 Q.
Nhan xét: - R, thuong rat nho
- T’y 1€ thuan voi dién tich cua anten
Céc anten dipode thuong c6 dién khodng 16n va hiéu suét thap, do d6 do loi thap.
Mot anten c6 hiéu sudt cao phai co kich thudc so sanh duoc véi birde song.
Trong dai song phat thanh (500-1500kHz, tuong ing 600-200m )can anten v4i cau
truc don gian nhu cac thap cao.

§2.5 Birc xa cua vong di€n nguyén to :
+ Phan tir dong ban kinh 1y, dt.zr; cudong do I, truc cta phﬁn ta //z.
+ Néu 1o << 40: nguon diém
+ Phan tr dong <>dipode tir voi

M =myla, (2.40)
+ Vector dinh huéng cua phan tir dong Ir,dg :
— Ir,d
da=" ;zR(p ( a, sing +a COS(/))e TR

Vo1 R= [(x— r,cos@) +(y—r, sing)’ + zz]%

* Thé vector 4 toan phan:

2z —jkOR
- tlr ( — . N, o
A= a_sing +a, co
* Nhan xét: chi cac s6 hang chtra cod¢ va sidg mdi c6 tich phan # 0.
-  Jjk rlrl) . e
A = J OIUO( 0 ) Sin He 7k .a (2 42)
4 7y Y '
— Mk} sin@ _,, —
213)=> H=—""""—"¢""g4 2.4
2.13) - ; (243)

Voi M = 727’021 : moment ludng cuc ctia vong nguyén tb
* Trong vung buc xa (vung xa )(2.30a)->

- — —  MZk,sind

E=—Z,a xH= g

Sll’l@ e .a(p (2.44)

4
Viy : dang cua (2.43 va 2.44) tuong tu (2.30,a) =>
Vong dién nguyén t6 < dipole tur
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*Cong suat birc xa toan phan :

M *Z k|
p =—2020 2.45
. T (2.45)
* Pién trd burc xa tuong duong:
2
=320 7 ( o J (2.46)
10

Vidu: r1,=10cm, tai IMHz, R, = 3,8.10°Q (rat nho).

* Néu dung N vong diy > Ra TN? 1an

- Dung cho anten thu (radio).Anten vong khong c6 hiéu suit cao nhung c6 phd
tin hiéu rong. Do lgi << vi Ohm resistance>> R,.

§2.6 BUC XA TU CAC PHAN BO DONG BAT KY

Xét thé tich V v6i phan bd dong J). Phin tir dong J)dV' dong gop vao thé
vector 1 luong : (2.24)

/Joj(’”’)dV | o koR

4R
(2.47)
VG R =|r =7
* Vung xa:
R~r—a.r (2.47)
o e o= ai
= A(r):’uo JJ(;)e’kO “tdV (2.48)
r V
Tir (2.13) va (2.18) khi chi tinh dén cac s hang chira 1/r =>
T Jk Z € o k]ka .
E=— a Jr a _Jr 0 dV
A I (r) (r) (2.49)

V
Khi dong dién I phan bé trén duong cong C, thi PT(2.49) =>

—o JkoZye " o[ == — ki 1)
E(r)=]°#f [(a aya, —a]l@')e”“ db(2.50)

Véi a : vector don vi doc theo C theo hudng cua dong dién
* Tong quat :
]k Ze " >

Ef=L%C 1(6,0) 2.51)
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}(9, ») :ham phuong Uing cua trudong buc xa.

§2.7 NGHIEN CUU THUC NGHIEM TRO KHANG ANTEN

* Muyc dich : - Phéi hop tré khang véi dudng truyén tin hiéu .
>hiéu suit cao
* Truong hop 1y tudng : trd khang vao =Ra=> ndi tryc tiép anten véi dudng
truyén c6 trd khang dic trung Z,
Z.=R,
* Xét : Anten c6 tré khang Z, nbi ngudén qua dudng truyén cé Z,
+ Hé sd phan xa séng tai dau vao :

r-Z2.-2 (2.59)
Z,+7Z,
VSWR ( Voltage — Standing — Wave — Ratio )
vswr =11
- 1— ‘F‘ (2.60)

* Piéu kién phdi hop tré khang : VSWR < 1,5
gia tri VSWR = 1,5 tuong tng véi || = 0.2 hodc hé s6 phan xa cong sut
=0.04 (= 4%)
* Tro khang anten :
e P +P, +12]a)(\*Nm w,) (2.61)
Wl
Véi: P.: Cong suat buc xa
P, : Tén hao Ohmic
W, : Ttr ndng trung binh
W, : Pién ning trung binh dugc tich trit & viing cam tng (ving gan)
I, : Dong cép vao dau vao anten
=> Khi W,, = W, -> Phan cam tng ctia Z, = 0 (dk cong huong)
+ V6i anten dipole : diéu kién cong hudng xay ra khi chiéu dai anten = n ( % budc
song)

Z

+ Tinh dién tré thuan cta dipole ntra song :
- Vatliéu : Cu
- Ban kinh 6ng dong : 1,
I, cosk,z

- Dong trén anten : /,cosk,z => mat do dong di€n mat : 5
7y

- Tén hao Ohmic:
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2

I 1 1

Pd=2727”0£ | —=—I/R= % (2.62)
8\ 2my ) oo; 2 87,00

Vé6iry=0,5cm, 4, =3m(100 MHz),5, =6,6.10 °m => R =0,062Q~> R >> R, = 73,13Q

§ 2.8. TRO KHANG TUONG HO

+ Khi 2 anten dipole dit gan nhau = phéan bd dong trén mdi anten chiu anh huong
bdi truong buc xa ctia anten con lai.
71, 7, : toa d6 doc theo bé mit
z’1,2 5 : toa dd doc theo truc

Goi : -An(zy) : thé vector tai z; gay bdi dong 1(z’,)
- A(zy)
~ (cong thirc)
- Thé vector tong cOng tai z;:
Az1 = A11(21)+ A, (Zl) (2.63)
- Cuong do truong :
2
El(Zl) ==, (k2 g )A

J &1, 0z, q
Diéu kién bién :
E,=-E;khi -0/ >2>6/ r=a (2.64)
E,=0khi 0/ >[z>(r=a
Vé6ib : do rong khe giita hai chén tir ,
E, : Dién truong gitra hai mép khe gitra hai chan tur.

V. V.b . ~
I—gzlg—ZZa : tr¢ khang vao cua dipole ( khi b>> c6 thé bicu dién limbE, =V, )
©) ”
Va E,=E,(2) véi 5(z) : ham delta Dirac
5(z) =0 khi 20 (2.65)
>
j §.d2=1

= Co thé viét lal (2.63) cho ca 2 bé mit dipole 1 va 2
2

2, 0
(ks +— DA+ A 2)|=—josuVsz)  (2.66a)

2, 0
(ko +— — Ny (2)) + A (2) | =—j o5 1 V35(z,) (2.66b)

2
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H¢ (2.66) c6 nghiém dang :
JjkY, :
4,(z)+4,(z)=— ozoluo 4 Smko‘zl‘ +C coskyz, (2.67a)

JjkY, .
4,(2,)+A4y(2,) = _% V Smko‘zz‘ +C, cosk,z, (2.67b)
Céc hang s6 C;, C, phai thoa man diéu kién bién :

[l(ﬂl) :[2(i£2) =0

Khi d6 (2.67) tré thanh :
L ¢ _]k()RU
A L
4= [ e |, (2.68)
_E ]
Vi : R, =|(z —zl‘)2 +az]y2
R,=|z-z) +a’2_y2 (2.69)
R, = _(Zz _Zl')z +d2_y2
R,= :(Zz _Zz')z +a2:y2

Tir (2.69) va (2.67) c6 thé viét
Vi=10Z,+1,,Z,

1(0) 2(0)

V=10 Zy+ 1y Zy, (2.70)

1(0) 2(0)
T nguyén 1y thuan nghich =>
Z>1 = Z1, = Tré khang tuong ho
711 va Zy, = Tro khang riéng, khac & mot mirc d¢ nao do vaéi trd khang
vao ctia moi anten doc 1ap.
- Néu chiéu dai cac dipole z%, va cach nhau ;% thi tr¢ khang riéng ~ tré

khang vao ctia mdi anten doc 1ap. N
+ Panh gia tréd khang tuong ho : Tu nguyén 1y thuan nghich => Tuong tac cua
truong gay boi dong I,(z,)vdoi dong 1x(z,) va nguoc lai =>

(B (2)dz, = [En(G)] )iz, @.71)

—1, 4
Hoac dudi dang vector :

0, 2 4 2
0 0
J [2(22)(k02 +—5)4,(2,)dz, = J.Il(zl)(k(? +——)A,,(z))dz, (2.72)
: 0z, o 0z,
Nhén (2.66a) v6i I;(zy) 10i ldy tich phan theo z,

(2.66b) vo1i I5(z,) 61 lay tich phan theo z,

15



AR 2 —jkR
a e]on

1(21) l(zl) l(z) '
]k YV J. é‘(zl)le 1(0) J J. — F)de} le
wa 1(0) S0, 1(0) 1(0) Zy 1
82 —JkoRiz (273)
1(21) 2(22) e v
2(0) I _[ o 2) dz,dz,
oz; 4nR
—0,—1, 1(0) 2(0) Zy 12

-Gia thiét phan b dong chuan hoa I,(z;)/I;(0) va Ix(z,)/I,(0) khong thay d6i do
tuong tac gitta cac dipole =>céc tich phan. Trong (2.73) khong phu thudc vao dong
vao anten (vi dd dugc chuan hoa) . I,(0) va I,(0) c6 thé xem nhu cac bién doc lap.

So sanh (2.73) v6i (2.70) =>

A
oo bt o @
12 0 2
471, Y, 11(0)12(0) oz,

0 ——,

e—j LIPS

dzdz— (2.74)

* Néu 2/, ~2¢, =~/ thyc nghiém va Iy thuyét da chimg minh
1i(z,) _ sink,(/, _‘21‘) 1,(z,) _ sink, (£, _‘Zz‘)
1,(0) sink,/,  L,(0) sink,/,

(2.75)
=> (2.74) tr¢ thanh :
j o (kR kR ~jkoRy
JZ e’ e e )
Zp= + —2cosl,l,)— |sink, (¢, —|z,|}z
1 47zsichO€1)sich0€2)-!2( R, b ] o —|z)dz, (2.76)
Véi

R=[(t,~z)+a?]?
e

R, Z[Zzz +d2]%
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CHUONGIII: CAC LOAI ANTEN DIPOLE

§3.1 ANTEN DIPOLE NUA SONG

* Nudi= day song hanh
* Gdm 2 nhanh %/
* Thi nghiém +LT-> phéan bd dong ¢ dang séng dung hinh sin :

I=1,cosk,z (—l%ﬁzsi%) (2.52)

- - -

Su dung (2.50) v6i a=a:,r=z'a: va a,a- =cost) =>

o
- JjkJd,Ze N F— - o
E = J%00%0¢ j(a, cos@ —a_) cos(k,z")e™ " dz'

4
%

V2
i Z,e cos(z cost)
= Ay (2.53)

27 sin@

. — Iz cos(zzcosﬁ)q
=> H=H_ a, = 2‘;””0 e/ oy (2.54)

* Mat do dong cong suét

2
2
[ 2,

[~ = cos@cos@)
S RExH= 0 2

Y/ sind

(2.55)

* Cong suit birc xa toan phan : tich phan (2.55) trén mit cau r

Z 2w
P = > : sin 6.d6.dg (2.56)
00

Tich phan (2.56) duoc tinh theo tich phan cosine =>
P. =36,565 |1, (2.57)
* Pién trd blrc xa cua anten dipole nira song ~73,13Q

=> Day song hanh nu6i anten can co tro khang ~73,14Q
* H¢ s6 dinh hudng :tir (2.55)va(2.57) =>



2
cos(Z cos 0)

D(0,9)=1,64 sizn—ﬁ (2.58)
Dpax = 1,64 ) . } ~ Phan tir dong
Goc nira cong suat = 78

* R, =73,13Q larat 16n > ~trd khang vao (bo qua cam khang vao)

§ 3.2. ANTEN HINH NON

+ GoOm 2 hinh nén ddi dinh, géc mé 6,, duoc kich thich tai tam giita 2 mil tiép xtic
hinh cau, bai ngudn dién ap hinh sin. (hinh v¢)

+ Nghién ciru 1y thuyét béi tac gia Schelkunoff da chimg minh : cdu trac hinh nén
s& cho song dién tir ngang hinh cau TEM véi cac thanh phan Eq , He , chi phu thudc
vao r va 0. Khi d6 cac phuong trinh Maxwell s€ tré thanh :

%g(rEg) =—jou,H, c;; (3.1a)
rs‘il;eg (sin6.H,) —“—:g (H)=jweEya,  (3.1b)
Vi da gia thiét E, = 0 nén sd hang dau tién trong (3.1b) phai =0 => ¢4 thé dit :
C.f(r
=> (3.1a,b) tr¢ thanh :
g(rEg)?jwﬂo C:H{ g) (3.32)
Cg 'rs'f;(;)) =—jwerE, (3.3b)
* Viphan (3.3a) theo r va thay vao (3.3b) =>
;—Z(I’Ee) =—k,rE, (3.4)
— jkor ikor
— rE, = C1(¢) resi]—n6?+cz(¢)resji—n<9

Chu y vé phai cua (3.3a) ty 1§ voi 1. ) =>
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—jkor Jkor

e e
E,=C" +C

¢ rsiné rsin @ (3-5)

= Céac song cau lan truyén ra xa va vao trong nguon voi bién d6 C" va C, tuong
ung .
e—jko” Jkor
) -~ H =CY—+CY —

Str dung (3.1a) P 0 ind 0 ing (3.6)

X, :(%j% : dan nap song cua khong gian tu do
* Pién ap gitra hai hinh noén = tich phan dudng cua Eq tir 0, dén m - 0, :
V=V'e™ 11" 3.7)
Voéi V* =2V Incot g(%) , V c0 dang song dién ap.

* Mat do dong mat trén hai hinh non trén va dudi la:
—jkor Jkor

e e

J =C"Y, -CY, :
s 0 sing 0 sing Hudng theo truc z

= dong toan phan trén mdi hinh nén 13 I = 2nrsin®,Js
[=I'e¢ —[% =YC(V+e_jk0r —V ") (3.8)
- I ¢6 dang song dong:

y =

(3.9 : Dan nap dic trung cua dudng truyén hinh nén

Incot g(%’)
- Tré khang dac trung:
-1 Zo 6)0 90
Z.=Y =—Incotg(—=>)=120Incotg(—>) (3.10)
T 2 2 '

* Néu tai r= ?,, cdc mat non hd mach ly tuong thi [ =0 va
V+e—jkofo — V—ejkofo (3.11)
7 -7 Z,+ jZ1gkyl
Y Z o+ gkt
Z, : Tré khang dau cubi hiéu dung, do dong cam tng
(cong thure) ‘
* Khi 6, << = anten ndn twong duong anten tru (xi lanh),ban kinh a, chiéu cao z,

(3.12)

a
tg@oz;zeo
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2z
Z.)=120In— (3.13)

a

Z .. =1201 ! 1
=> o(z) — ; - (3.14)

bién tré blrc xa cta anten try (xilanh) :

2
_ of £
R, =207 7 (3.15)
* Thyc té it st dung anten hinh nén c6 géc md nho thay cho anten xilanh vi kho

ché tao va phé) hep
* Anten nén véoi goe mo rong thuong dugce ing dung nhi€u hon vi pho rong

Vi du - 0, = 30°, %>z>3% —> dién khéng = hodc ~ 50 Q
o ‘ Tré khang vao = 130 — 20 Q ,
Néu ndi voi duong truyén cd trd khang dac trung =~ 158C2 thi s€ phoi hop tro
khang rat tot trong dai tan 3 -1: (f m% ' )
* 1 dang gan gidng trong thyc té lg];nten tam giac, st dung trong dai UHF tir kénh

14 dén 83 (450->900 MHz) (anten ¢ 4o)
* Mat kim loai, Cu, Al hoac cau tric day

§ 3.3 ANTEN GAP

* CAu tao:
- Gom 2 vat voi nhau & dau cuoi
- Mot trong hai dugc ho tai tim va noi véi duong truyeén.
- R, =292Q ->nbi véi Z, =300€2 (pho bién cho anten thu)
- Do dic diém céu trac co thé bu duge mot sb thay ddi tro khang vao anten theo
tan sO = pho rong .
- Khi 1= 4 0/2: dong trén mdi vat dan 1a nhu nhau néu c6 cung dudng kinh (do
tro khang tuong ho);2>1,=I, cos k,z.
- Néu hai vat dan dat rat gan nhau = c6 thé bo qua su khac pha cta truong birc
xa trudng tong =2 1an truong riéng ,B(f) =4P(r) (riéng) =>
2
P, =4x36,56|1|
Trong 6 1, : 13 dong cung cip boi dudng truyén

— R =4x7313=2925Q (3.19)
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§3.4 ANTEN DIPOLE NGAN

+ Tan sb thdp > budc soéng dai > han ché kha ning st dung dipole nira séng >
giam chiéu dai anten > giam Ra = phai 4p dung 1 sd bién phap bu dung khang
> mic nbi tiép anten véi cudn cam > giam hiéu suat va do loi.

(hinh v€)

Tang su phan bd dong déu ciia dong trén anten tang Ra.

+ Co thé cac tu ghép vao dau cudi ciia mdi nhanh anten .

+ C6 thé ghép thém 4 hay nhiéu hon céc thanh vat dan kiéu hinh quat ¢ dau cubi
mdi nhanh >dong s& khong =0 & dau cudi mdi nhanh, ma =0 & cudi cac nhanh cia

2
hinh quat = dién trd burc xa sé tang [;? hl ij 15n(11=1/2 mdi thanh hing quat)

1

§3.5 ANTEN DON CUC

+ CAu trac tr mot nira cla anten dipole dugc dat trén mat dat thuong co chiéu dai
:%ﬂ,o dugc st dung chi yéu cho phat thanh AM (500-1500kHz). Ly do : 1a loai

anten ngan hiéu qua nhat cho cac budc song tir 200+ 600m

- Sy phéan cuc theo phuong théng dung co t6n hao it hon so véi phan cuc theo
phuong ngang (so v&i dat ), & ving tang s6 AM.

- Nudi= cap ddng truc c6 vo ngoai ndi dat.

+ Céu tric khac :

- M6t anten don cuc dat trén dinh 1 ¢6t do .

-4 6ng nam ngang cé chiéu dai ~0,3A, tao ra mot mat dit a0, sao cho kiéu buc
xa va d0 loi ctia anten ~anten ntra song (nho hiéu tmg thé anh), Rax 36,56Q).

+ Str dung chu yéu lam cac tram co sé thong tin di dong .

+ Man chén 4o (mit dat 40 ) phai c6 d6 dan tét. Thuong su dung 120 diy dong tim
va c6 chiéu dai twong A/3 dit dudi dé anten 1 khoang vai inch > déng goép 1 luong
gia tang tuong duong 2Q vao tr¢ khang vao cua anten - hiéu sudt anten ~95% .

+ V6i cac tang s6 thap hon thudng dung cac phan ghép tao cong hudng
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§3.6 BALUN BOQ PHOI HOP TRO KHANG

+ Két ndi 1 hé cang bang véi 1 hé khong can bang .

+ Anten dipole nuéi boi duong day song hanh duoc cin bang so v6i dat khi 2 nita
ctia dipole c6 cung dinh hudng va vi tri so véi dat .

- Khid6 2 ntra cta dipole ¢ dién thé V va -V so véi dit .

- Khi anten dipole duoc nudi boi cap dong truc thi hé khong can bang=>dong
duogc kich thich trén mat ngoai ciia vo cap dong truc dong 2 trén nira cua dipole
—>hién tugng giao thoa cac trudng buc xa = thay ddi kiéu birc xa cua dipole can
PALUN.

- BALUN duoc ciu trac theo rat nhiéu kiéu phu thudc vao dai ting cong tac .

- 1am nghet 1/4 budc song : st dungtan sb cao .

+ BALUN dung cho anten thu TV.
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CHUONG4 ANTEN MANG

- Str dung trong cac hé thdng thong tin point to point doi hoi tinh dinh hudng rat
cao cua anten > chum burc xa > t6 hop céc anten don gidn theo 1 trat tu nhat dinh :
anten mang c6 do loi cao = cong sudt phat giam.

- Xét mang gom N anten giong nhau, ¢6 cung tinh dinh hudng, dugc kich thich
v6i1 bién do

- Xét 1 anten chuén dit tai géc toa do c6 cung do dién trudong birc xa dang :

O
Er=f 4.1
(67{0) 4727/. ( : )
f(ggga) : ham phuong huéng ciia cac anten phan tir cia mang.
- -
-G ving xa : |'|Z|7i| > coi céc tia tir cac anten phan tir dén diém khao sat // ->
-> >
R, =r—a:ri

-> -
- Truong tao boi phan tir thit i s& cham pha 1 luong k,ai i so véi anten chuan &
gbc toa do.
- Truong tong c6 dang:

E(jj - ?(6’,40)

+ Nguyén tic nhan giang d6 phwong hudng :
(4.2) c6 thé dugc viét duoi dang :

e

—jk” n - >
arri

joci+ jk
Z_]; Ce™ 4.2)

Admr “=

— jkr

~ S
E(rj - F(B,cz))f(ﬁ,co) A
N itk ar 1
Fpp) —lecie' ' 4.3)
Hé sb dinh huéng ~|E]’
—> 2 2
Doy =|/ (0| |Fioo (4.4)

= Nguyén Iy: ham phuong huéng cua Imang = ham phuong hudng cua 1 anten
. phan to x ham phuong hudng déc trung cho mang .
+ Ngam dinh : B6 qua tac dong tuong ho.
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§4.1 MANG PONG NHAT 1 CHIEU

Xét mang N +1 phan ti cac dipole nua song cach nhau cackhoang =d, dugc kich
thich boi cac dong coa cung bién do C = I, 1éch pha lién tiép a.d—o,=n.o.d.
=> Kiéu cua truong birc xa | F|co dang (con goi 1a hé sb mang hay nhan tir mang)

A=1, Sin{[(m %}(“”‘o Cosw)d}
sir{(a +k, cosw)% }

- Khoang cach gitra cac tia chinh va tia phu dau tién :

+
AU = 237
N +1

- Khi N>>: bién do tia phu diu tién = 3i (hay 0,21) bién db tia chinh.
T

- C6 N-1 tia phu gifra 2 tia chinh
- Kiéu mang| F|tuin hoan véi chu ky 2 theo bién u

- Vi —kod <u=kyd cosy < kyd nén chi c6 mdt khoang cia u cé y
) 2 2
nghia vat Iy goi 1a “khdng gian kha bién” : _Z Su< Z

- Thyc té thuong yéu cau chi ¢6 1 tia chinh trong ving “ kha kién ” = chon dipole
dd nho = 2 truong hop :
1) Ming dong pha:

3
- Khi @=0-—u, =0 => tia chinh xay ra khi u =0 hay COSl//=0<:>l//=E

- Goc gira hai diém khong cua tia chinh xac dinh tur diéu kién:

N+1 , . ,
Tkod cosy == (khi goc cuia ham sin & tir s6 ciia ‘F‘ =1r)

- Vdi N>>y/—>§ ,dat v :giAz//z> Ay =0

> cos(%i Al//j =+sinAy =*Ay => DJ rong tia chinh BW :

22 A )
BW =2Ay = (N+(i)d = 270, voi L= (N+1)d : chiéu dai mang
Nhén xét  * Pic trung ctia mang ddng pha 1a do rong tia ty 16 nghich véi chiéu dai

cua mang
* BW=6° hay 0.1 rad khi L=20 Ao, kha thi & tang so cao.
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+ viéc tinh chinh x4c hé s6 dinh huéng cia mang 14 rat kho .
Trong trurong hop don gian cia mang dong pha thi can phai tinh tich phan sau:

2 cos(;[ cos 0) sin{[(N + %}kod sin @ cos (p}

0 sin 6 sin[(ko%) sin @ cos (p}

- Ciing ¢6 thé danh gia gan ding hé sd dinh huéng =(4n/ goc dic chiém boi chim
tia chinh ) > ~ tich ctia goc gidi han boi cac tia nira cong suit trong mat phang E va
mit phang (Hinh v§) .

- Géc nira cOng suat trong mat phang E=78°(1,36rad).

- Géc nira cong suét trong mp (Hinh v&) dugc xac dinh tir diéu kién

2
IF| =% = sinz(NTHu) =%(%) (N +1)°

(vi mau so6 cua |F| thay d6i chdm hon nhicu so véi tir s0)

sin 8.d0.dg

O ey

Dung phép khai trién chudi
2,65
u, =
AN +1

=>P0 rong tia nira cong suit :
2,65x2 2,654,

%Y T N Dkd T (N )
=> Hé sb dinh huong :
D AT NeDd
2x1,36xB W% Ay

(Thura s6 2 ¢ mau so tinh cho 2 tia)
- N€u céc phan tir cia mang la cac anten vé hudng thi ki€u blrc xa s€ c¢6 tinh doi
xung truc quanh tryuc cua mang. Khi d6 goc nira cong suat = .

dr  2rm (N+1)d_237(N+1)d
20BW,, 265 ’ A,

D=

2/ Mang c6 pha dong dién bién d6i theo quy luat song chay:
e Dé don giang xét trudng hop uy = -kod > bup chinh cuc dai khi :

u=-u =kd=kdcosy=>y=0> huéng buc xa cuc dai = truc ciia mang

(truc x)
H¢ s6 mang |F| c6 dang:
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sin{[(N * %}kod(cosy/ —1)}‘
sin[(ko% )(cos v - 1)}

* Trudng birc xa, kiéu mang c6 tinh ddi xtng truc quanh truc cia mang
- Tia chinh hay blp song chinh = 0 khi:

[(N + %]kod(cos W — 1) =*r

2
- Khi N>> & 1an cén diém khong c6 thé viét cosAy =1 _(ay) é

> b2
A 27 24,
( W)é T (N+had =5 ZZ(TJ

L = (N+1)d : Chiéu dai mang
=> BW ti 1¢ nghich véi chiéu dai mang (do theo budc song)
* Panh gia hé s6 dinh hudng: theo goc nira cong suat:

|F|:[0

2
A
e (avy)
|F|—IO 7 ,COS Y/ 1/ 1= 5
a7
= A =1,63| ———
g Y |:7Z'd(N + 1)}
- Goc dac gidi han boi chum tia ntra cong Suét:
ZﬁAw% 2
Q= I Isin 0.d0.dp = 27z(l—cos Al//y) ~ E(Al//y)
0 0 2 2
L podT g eDd
Q A

+ Piéu kién Hansen — Woodyard:
Nad=-Nk,d-rx=>od =u, =—k,d —%
=> Cuc dai chum tia chinh (hay bup song chinh ) x4y ra khi
V4
u=-u,=k,d+ I,

- P thi |F(u) | co dang tuong ty mang End — fire nhung bi dich tria mot doan
7%\,=> phan “kha kién” ctia bup séng chinh bi thu hep> hé sé dinh huéng ting vi
cong suit buc xa toan phan  (ty 1¢ voi dién tich giéi han bsi dudng |F| trong ving
“kha kién”.)
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§ 4.2 MANG PONG NHAT 2 CHIEU

- Phan bé trong mit phég X0Z

- Co (N+1) (M+1) phan tu

- Khao sat mang gom cac anten phan tir 1a cac dipole // oz duoc kich thich bdi cac
dong dién co6 cung bién do, phan bd pha co dang ™ = mﬂl tuong ung véi vi tri (n,m)

- C6 thé xem hé 1a 1 mang caa M+1 mang mot chiéu N+1 phan tir

=> Hé s6 mang cia 2 chiéu = tich ctia hé sé6 mang cia M+1 anten phan b theo
truc oz véi hé s6 mang ctia mang N+1 phan tir phan b theo truc ox

sm{[(N + 1/}(1( d sin @ cos ¢ + ad)H ) sin{[(MrJr %}(kod cos 6 +:Bd)}‘
sin [(/Xk d sin @ cos ¢ + a)J ‘ ‘ sin [(%Xkod cos 0 + ,B)J ‘

- Pé don gian dat:

‘Fw,(p)‘ =

u=kydsmbcosp, u,=od
v =k,d cos0, v, =pd

_; [sin {{(V +1)/2)u + up)}sin{{(M +1)/ 2]y +v,)

0‘ sin[(u +u, )/ 2] sin[(v + v, )/ 2] ‘

+ Hudng birc xa cyc dai chinh duge xac dinh tir diéu kién:

u=1ugvav=yv,.

+ Néu o =p=0(mang dong pha) thi huéng chinh L mit phiang mang = dinh
huéng +y. Véi a va g thich hop co thé diéu khién hudng chinh theo mét hudng tuy
y = mang pha

+ Do rong goc cua birc song chinh, trong cac mit phang xy va yz duoc xac dinh
boi cac diéu kién:

— |F.,

N +1 M +1
u==xr,
o2 2
Tuong ty vd1 mang mat chiéu :

24
(B )xy - 5 (BW )yz = °
l)d (M +1)d
Tuong ty nhuw méang 1 chiéu, goc nira cong suat dugc xac dinh :
2,651, 2,654
BW 27 %o BW j S LR
( %jw (N +1)7zd ( %) (M +1)rd

+ Heé sd dinh hudng duoc tinh gan dung:
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4z _gg3 A

o(mwy) (Bwy),

Vé6i A = (N+1)(M+1)d* : dién tich ctia mang 2 chiéu.

=> Hé s dinh hudng cuc dai ty 1€ thuan véi dién tich do theo don vi binh phuong
budc song. Pay 1a dic trung chung cho tit ca cac anten.

+ Su thay dbi ciia d rong tia chinh khi tia chinh léch khoi huéng vudng goc véi
truc ciia mang;: gia thiét 8 =0,ad = k,d cosy, = tia chinh tai goc vy, so véi truc x va

D

(max) ~

nam trong mit phang xy. St dung khai trién Taylor c6 thé viét :
- u=—uy=kgd(cosy —cosy, )= (~kd siny )y — ;)
Biéu thuc xac dinh dd rong tia chinh :
(N+1) 24,
(N +1)d siny,

(—hod siny )y —y,) =+7 =>2Ay =

in, (N +1)dsiny, v (46 dai mang chiéu lén phuong

Nhan x¢&t :

0
vudng goc voi v )

§ 4.3. TONG HOP KIEU MANG

Nhan xét: - Khi cac phan tir cia mang dugc kich thich boi cac dong c¢é ciung bién
d0, c6 thé tao ra cac kiéu btrc xa viri cac bup song hep nho phan bd pha thich hop cua
cac dong kich thich.

- C6 thé dung phan bd bién do cua cac dong kich thich dé diéu khién hinh dang va
d¢ rong cua cac bup séng chinh cling nhur vi tri va d¢ 1on cua cac bup song phu > ¢6
thé tao ra mot kiéu buc xa gan gidng véi mot kiéu bire xa cho trude = bai toan téng
hop kiéu mang, hay tong hop mang.

1) * Phuong phap chudi Fourier :

Xét chudi 2N+1 phﬁn tir duoc kich thich béi cac déng pha, c6 bién do C,,,

N
n=-—N+N=>F= ch plndcos0

n=—N

N
+Néu chon C, = C,, = I'=C + chﬂ cosnu

n=l
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- Bang cach chon cac hé s6 cn thich hop c6 thé 1am gan dung mot kiéu bic xa
Fy(u) tuy y.

+Chay: 0<6<n > -kd<u <k la khoang tng v6i ving kha kién ; Tuy
nhién F4(u) s& duoc tong hop trong mot chuky -n<u<m.

* Mang Chebyshep : 4p dung duogc thiét ké mang véi do rong nho nhat cho mot
murc phu cho trude hodc nguge lai mot mirc phu nhé nhat voi do rong cho trude . Co
thé str dung cac da thirc Chebyshev dé tim ra phan bd dong phu hop véi muc tiéu thiét
ké. Phuong phap duoc dé nghi dau tién boi C. L . Dolph > mang Dolph — Chebyshev

* Céc tinh cht co ban cua cac da thirc Chebyshev

- Pinh nghia :

Ti(x) =x, To(x) =2x" — 1, T3(x) = 4x” — 3%,
Tu(x)=8x* = 8x* + 1, Ta(x) = 2X Tp.i —Th

- Ty(x)dao dong trong khoang + 1 khi x dao dong trong khoang -1-=>1 va c6 n
nghiém trong khoang +1. Khi| x|>1, T,(x) ting don diéu

- Nghiém cua T,(x) dugc cho boi ;

X, =Cosy,, —coslz—mﬂm 0+(n-1) (1)

- Xét ham:

T,(a+bcosu) = (2(a+bcosu)’ —1)+4abcosu+b* cos2u

Co dang chudi Fourier cosine hitu han dén cos2u
ong quat: T,(atb cosu) co dang chudi Fourier cosine hitu han dén cosNu va c6
thé tucmg tng voi mot hé s6 mang cua mot mang 2N+1 phan tu.
- Hé s6 mang cua mot mang dong pha dbi xtmg gdm 2N+1 phan tir ¢ dang:

N
F,, =Cy+2) C, cosnu
n=l
- Tuwong tmg voi Ta(atb cosu) = Tn(x). Cac hé sb a,b dugce chon sao khoan kha
kién cua u twong dwong voi gia tri cia xe[-1,x,] voi x; > 1. Khi gia tri Tx(x;)twong
tmg v6i gia tri 16n nhat cua F(u) ky hiéu F(u)ma > 1. Cac cuc dai phu tuong tng véi
—1<x<1 ¢6dolon =1
Xét truomg hop ¢ <2 khi 0702 =>u=kdcosd thay ddi tit kd —0->—kd,

bién x=a+bcosu thay dbi tir a + becosked ->a +b -> a+bcos(—k,d)=a+bcosk,d .
Pé tuong ung khoang kha bién cta u voi 0<6 <z thi gid tri Xpx=a + b =X,
x.. =a+bcoskyd=—1
1+ x, cos k,d 1+ x,
hay @ =~ sk d @)
1 -cosk,d 1 -cosk,d

* Thiét ké mang c6 do rong tia chinh cho trude: Goi diém “khoéng” cudi ciing cua

Tu(x) trude khu x roi vao doan [1,x,] 1a x, twong tng vdi goc 6, va
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u, =k,cos0, ,x. =a+bcosu, =a+bcos(k,dcosb.) (3)

Theo (1)=> X, =a +bCOSMZ 4)
tur hé :
_cosu, +x, coskyd
a+bcosk,d =-1 “=" cosu_—cosk,d
{a+bcosuz =X, = b 1+x, ()

cosu_—cosk,d

* Ty s& mirc chinh/ mirc phu R:

T, (x,)=Ty(a+b) = R=cosh|Ncosh™ (a+b)| 6)

* Thiét ké: tur (2) => avab. D rong tia chinh x, dinh tu x1 va xz cho boi (4), 0z
cho boi (3). Hodc tan a,b tir (5) va R tir (6). Phan bd dong duoc tim tir khai trién chudi
Fourier cua T,(a,b cosu)

Bai tap :

Poc thém mang Chebyshev va cac vi du thiét ké.

2) Mang siéu hudng : c6 hé sd dinh hudng rat 16n hon hé sé dinh hudng cua anten

mang dong nhat mot chiéu.

+ Xét mang c6 chiéu dai L ¢b dinh, gdm 2N + 1 phan tir, d :% > ¢6 2N diém
“khong”. Néu chung déu nam trong vung kha kién va cac cyc dai phu rat nho so vui
cuc dai chinh (c6 do rOng rat nho) thi mang s€ c6 h¢ s6 dinh hudng rat cao.

+Thiét ké mang siéu hudng c6 tia chinh :% utngu=u,=0
kL <y < koL

2N 2N

Dung mang Chebyshev véi L :% ¢6 7 phan tr, mirc phu = 0,1 mirc chinh (hay
20dB thap hon)

= d= %?,a =—73,015,b="74,556,x, =1,54

Vung “kha kién” :

=>  Phan bd dong :
I, = -3,99.10°,1 +1-3O()6106 = ~1,217.10°,1 +3—2072.1O5

* Mang siéu hudng chi co ¥ nghia toan hoc vi yéu ciu dong cung cép cho mdi
phan tur rat 16m, hi¢u suat birc xa rat thap =2 do loi rat thap.
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§ 4.4 MANG CAP PIEN CHO MANG
(feed netword)

+ Van dé thiét ké mang dudng truyén cung cip cac dong dién c6 bién do va pha
cho trudc tai mdi phan tir c6 thé rat phirc tap vi :

- Trd khang vao ctia mdi phan tir chiu anh hudng cua tré khang twong hd voi tat
ca cac phan tir khac .

- Truong hop yéu cau su kich thich khong ddng nhit can str dung mot sb dang
mach chia céng suat voi ton hao thap

- Su anh huong cua dii tan cong tac 1én sy phdi hup tré khang

+ Phuong phép tong quat : Chia mang thanh nhém hodc ving tuy theo sy ddi
khang chung ctua mang. Cac ving tuong tu nhau s& dugc nudi bai cac mang nudi d6i
Xung

+ Vi du : Mang 9 phan tir duoc chia thanh 3 nhém, mdi nhém duge nudi boi 1
duong truyén don. Nho vay su kich thich ciia mang s& c6 tinh dbi xtmg cao, khong
phu thudc vao anh huéng cia su phdi hop trod khang va tré khang twong hd. (hinh vé)

Theo hinh v&, c6 cac nhom c6 cung kich thich sau : (1,3,7,9) ; (2,8) ; (4,0)

+ Phuong phap chi tiét : Mdi phan tir dugc nbi voi duong truyen chinh nho mdt
doan duong truyén c6 d6 dai 4 budc song . Dong dién trén moi phan tir lién quan truc
tiép v6i bién d6 va pha cua dién thé trén dudng truyén chinh.

Ky hiéu :

+ 7 : Tré khang dic trung ctia duong truyén chinh (hinh v€)

+ Z, : Tré khang dac trung ctia doan %4 budc song

+ Z,in :Tré khang cua phﬁn tr anten

+ V¢ : Thé tai dau vao doan % buéc song

- Dong tai dau vao cua doan Y bude song 1, =1 + 1

V=21, =Z ([ +1I))

+ Tai dau vao anten phan tir :

L=re+1d" =—jyy,

* Vi du : Ap dung nguyén tic trén cho 3 anten phan tur
+ Cac dong trén cac phan tu la dong pha va c6 bién do ty 18 v6i Y, Yy, Ye Vi
- Thé tai cac dau vao cic dlem a—a,b—b,c—cdéu bang nhau do khoing
cach 4, nhu nhau trén duong truyén chinh.

+ Tré khang vao cia ¢4 mang :

L (2 z) =
" Za,in Zb,in Zc,in
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§4.5. MANG KY SINH

+ Khong phai tit ca cac phan tir ciia mang déu 1a phan tir tich cuc (duoc kich thich
b1 dong nuoi): driven element
+ Céc phan tir thu dong (nondriven element) duoc kich thich boi su cam tGng véi
phan tir tich cuc va véi cac phan tir thy dong khéac thong qua tré khang twong hd giira
chung.
+ Mang thuong duoc thiét ké bang con duong thuc nghiém. Puoc biét dén nhiéu
nhat 1a mang Yagi — Uda.
1) Mang 2 phan tir:
+Xem mang mot mang ctia cip phan tir 2 dau.
N=0=2,l,+72,1, I = —Z,V, I = ZV, iz_ﬁ
1/12221]1"‘222]2 o ZnZzz_lez, ’ ZnZzz_lez’Iz Zn
Hé s6 mang:

F =1-— le ejad—jkodcosw
() — Z
11
=> Pé nhan dugc hudng bic xa cuc dai khi y = o thi:

ad~k,d =7 hay =27

+ Piéu kién dé buic xa theo hudng nguoc (y = ) bang khong (phan xa toan phéan):
od +k d =0.t7; Z% ~1
11

+Néu |, <%—> Z,, : dung khang ( dan xa )

I > % — Z,, : cam khang ( phan xa )

+ Goc pha cta Z,, thay d6i theo chiéu dai cua phan tir 1

+ Tré khang twong hd Z12 phu thudc vao khoang cach d

+ Thuc té, dé phan xa t6t thi: (cong thirc)

+ Néu 11 < 12 thi phan tir ky sinh 1 tré thanh phan tir ddn xa va hudng buc xa cuc
dai s& hudng vé phia phan tir ky sinh

2) Mang Yagi — Uda:

+ Nhuoc diém 16n ctia mang ky sinh 1a R, ctia phan tir driven nho

- Vi phan tir driven 1a dipole ntra song Ra ~ 20 Q khi ¢6 mit phan tir ky sinh

- Néu dung dipole gip thi Ra ~ 80 Q khi c6 mat phan tir ky sinh
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- Dai tan cong tac rat hep (~ 3+2%) vi phai diéu chinh that chinh xac phan ti ky
sinh dé c6 két qua tdi uvu :

0=Z72 1 ,+Z ,[,+Z 1,..2Z I,
Vo=Z, I +Zyl,+...+Z, I

+ Yéu cau thiét ké:
Chon d; va /, (do d6 Zi)sao cho dong [; c6 pha rién théa man diéu kién cong dong

pha vao truong buc xa theo hudng thuan (hudng tir refector = driver = directors).
Pay 14 bai toan rat kho giai chinh xac .

+Thuong gap: mang 8+10 phan tr, G ~ 14dB, phd hep ~ vai %

+Cau truc don gian (vu diém)

§4.6 MANG LOG - CHU KY

- La anten giai rong.

- C6 thé duogc thiét ké dé hoat dong & gia tan bat ky.

- Yéu cdu chung cho anten log_chu ky dung lam anten thu 13 c6 d6 rong dai ting
3-1 hoac 16n hon .

- Nguyén tic thiét ké cbt yéu 1a xay dung 1 cdu hinh ma kich thudc cta né tu diéu
chinh 1 cach c6 chu ky tuy theo tang s6 hoat dong.

- Mot anten hoat dong tot & biroc song A s& hoat dong t6t & bitoc séng A, néu kich

thude cua né thay dbi 1 lwong bang %
2

- Xét mang theo hinh vé& thoa man diéu kién :

X [ d a

n+1: n+1: n+1: n+l :Z.>1

X [ d a

n n n n

Mang s& duoc xac dinh hoan toan boi 2 trong s 3 thong s6 :

d]’l
7,0= AZ va O

- Néu tat ca cac kich thudc cia mang véi t thi phan tir n trd thanh phan tir n+1,
phan tir n+1 - n+2

, y o a , 2 A ) _ _ 2
—>Mang c6 cac dac trung buc xa nhu nhau & cac tang so fl,fz —T-f1 9](_;, =T f1 -----
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Vi In=2 /s =Inr, lnf3 Inz? =2In7 : nén mang co tén l1a log — chu ky.
1 1

- Thyc nghiém cho thay rang can phai nudi anten bang day song hanh va tao ra goc
léch pha 180° cuia dong giita cac phan tir lién tiép.

- Tai mot tang sb nhat dinh donh trong tat ca cic phan tir s& rat nho, ngoai trir phan
tr s& c¢6 chiéu dai twong dwong btroc song /2(ph/ tr cong huong )

- Dong dién doc theo dudng truyén sé suy giam rat nhanh & phia sau phan tir cong
hudng .

- C6 thé bo sau cac phan tir cong huong & tang sd thip nhat mot vai phan tir cling
nhu c6 thé bo di cac phan tir ding trude phan tir cong hudng & tang sé cao nhat 1 sb
phan tir.

- Pic trung biic xa ctia mang s& tuong tu ¢ ting sd7".f va ™./ khi r > 1.

- Céc tinh toan gan dung st dung cac chuong trinh tinh sé da chi ra khoang ti vu
cho 7=096+08 va ¢ =0,18+0,14

- Chi r=0,96 d0 lgi =12dB, r=0.8, d0 loi =8 dB

§4.7. ANTEN DAY DAI

- Chiéu dai bang 1 s6 1an budc song, duge treo boi 1 sd thap thich hop, hoat dong
& giai ting so tir 2+ 30MHz;

- Cac dang thuong gip: Anten hinh chit V, hinh trdm, (ndm ngang hodc dimg) va
anten day don ndm ngang.

- Pa sb anten day dai c6 thé hoat dong nhu anten cong hudng, khi dong trén nd cd
dang séng dimg hinh sin. nhitng anten nay thudng hoat dong tot & 1 tan s6 nhat dinh
noa do va cac hai bac cao hon cua no.

- Tré khang vao cia loai anten ndy rt nhay véi tan s6, do d6 dai tan cong tac rat
hep.

- Pa s6 anten day dai cling ¢6 thé hoat dong & ché d6 khong cong huong (dong
dién c6 dang song chay) néu ndi vao dau cudi ciia nd voi 1 dién tro co gia tri bang tre
khang dic trung cuia anten, khi coi né nhu 1 dudng truyén séng. Khi d6 dai tang cong
tac dugc md rong dang ké.

- Thuong dung cho dii song ngin (2+ 30MHz) khi sir dung song phan xa tir tan
dién li. Khi d6 goc bure xa téi wu tir 10 + 300 so v6i phwong nam ngang

- Anh hudng cia mat dat 1a rat 16n..

- Bai toan thiét ké chu yéulé dé nhan dugc huéng birc xa nhu mong mudn so vOi
mat dat sao cho viéc truyén thong tin ¢ khoang cach xa su dung sy phan xa tur tan
dién ly la t61 uu va thoa man yéu cau cho trude vé mit phdi hop trd khang véi dudng
truyen
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1) anten cong hwong.

_ nﬂ%
- /2

I, =1,sinkyx

()
- Tuong tu tinh todn nhu anten dipole nira song, str dung hé toa do cuc véi goc cuc
v, dién truong E,, c6 dang :

sin nzsin’ (‘/’)}
E\P _ ]OZ —]k0r+]( 5 j(l—o—COS‘"V) .(_ 1)" ﬂ|: 2

2w siny
- Kjéu burc xa trong khong gian 3 chiéu bao gém 1 s hinh nén( bap song)
- S6 hinh nén =n
- Kiéu birc xa ddi xting qua mit phang L va di qua diém giita cua day.

hudng " khong”(= v =§ ) 1 day.

-nT cac bup séng nhon hon, ol

- Khi /T DDl cting véi dién tré birc xa.

- C6 thé cap dién 1 dau hodc & gitra (h---)

- Tuy nhién do phan b khong 601 xung cua dong trong duong truyén, mot sO buc
xa s& xdy ra do ban than duong truyén. dé khic phuc, c6 thé nbi duong truyén tai tim
cua mot vong dién((hinh v¢)

- Khi dung doan chuyén tiép %/10 thi ¢6 thé nbi dién tré birc xa cua anten véi cac

duong truyén song hanh cé tré khang 600Q. tré khang dic trung cua doan ’1% ity

nay s¢€ 1a 4/ Z,=600R, v&iRa: dién trd blc xa cua anten.

2) Anten hinh chir V

(hinh v€)

- Truong buc xa 1 chong chap 2 truong ctia 2 nhanh.

- Thuodng chon o dé trudng birc xa tong thoa man diéu kién cho trude.

- Chang han, néu yéu cau hudng buc xa cuc dai hudng theo dudng phan gidc cia
gbc tao bdi 2 nhanh cya hinh V thi phai chon y, = 2y, voi y;: goc tuong ung vaoi buc
xa cuc dai ciia mdi nhanh; vi du :

1=3’% sy, =2x42° =84

=22, >y, =2x36"=72° _( Tham khao phin 1)
- Dong dién trén mdi nhanh nguoc pha nhau > Ey ddong pha ¢ huéng cta dudng
phan giac.
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- Dé tao ra hudng birc xa cuc dai lam v6i phuong ndm ngang mot goc A , co thé
dung anten V ¢6 1 nhanh nam ngang, nhanh thr 2 1am v&i nhanh thir 1 mot goc v, <
2y, va mit cta hinh V thang dimg

(hinh v¢)

- Poc thém v& anten tram ( Phan Anh )

3)anten day dai véi song dong cé dang song chay;

- Do ¢6 ndi tr& R & dAu cudi ma dong dién trén day c6 dang séng chay =1
(hinh v¢)
- Trudng btic xa theo hudng v :

£ = ]kOI—OZO e‘-f’fo(”(%)(lwow . sn{kl sin (‘7)}
S sin ('//)

- Hudng buce xa cuc dai dugce xac dinh boi :
1gp _ 2p A .2 l//
5 _Z_kol voi f=kylsin"("/5)
- V6i k,1>>1 (hay k,/>>4,) thi p=1,165
- Néu tinh t6i sy suy giam bién dééng dong do mat mac ning luongtrén dudng

truyén thi bién do d(‘)ng tai diém c6 toa do x c6 dang 1, =1, ™™ ; hé s suy giam o
chi gay ra 1 thay d6i rat nho trong kiéu birc xa, thuong dugc bo qua.

* Pac diém chinh cua kiéu birc xa 1a chi ¢6 1 hinh nén birc xa chinh theo hudng
truc x.

-Néu 1Ty, 4

- Néu /=nA, —co6 2n blp séng

* Uu diém cua anten day song chay 13 trd khang vao cta nd ¢ thé xem nhu thuan
trd, it phu thudc vao tan s6>dai tan cong tac rong. Han ché chu yéu la sy mat ddi
xtng cia cac bup song khi tan s thay doi.

4/ Cac anh hwéng giao thoa ciia mit dit :

- Truong birc xa theo hudng v 13 tong ctia trudng birc xa tir anten va truong phana
tir mat dat. Truong phan xa c6 goc cham pha twong duong trimg buc xa tir anten anh
dudi mat dat.

- Néu trudng birc xa clia anten trong khéng gian ty do c¢6 dang :

ek
E= V)
Thi truong tong sé& c6 dang :
—jkor

E,:?(l//)e - <1+peja—2jk0hsiny/) (2)

* Biéu thire trudng (2) c6 dan twong dwong nhu ciia 1 mang véi hé sé mang:

(1
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ja—2 jkyhsiny

L, =1+pe 3)
* Hé s phan xa phu thudc vao do dan dién cua m:;i:[ dat vao goc vy, va décvtinh
phan cuc cua truong theo phuong ngang hay phuong thang dung. Thuong cé thé coi
mit dat 12 mat dan 1y tudng, khido : p =1 va & =7 d6i voi trudng phan cuc ngang

= ‘E(W)‘ = 2‘sin(k0h sin 1//)‘

a =0 vsi phan cuc ding => ‘E(W)‘ = 2‘c0s(k0h sin y/)‘
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CHUONG 5 ANTEN MAT
§5.1 BUC XA TU MOT MAT PHANG, PHUONG PHAP BIEN POI FOURIER

+ Co 1 16p rat rong cac anten tién dung hon goi la cac anten mat trong db buc xa
dugc coi nhu tr 1 mat md: anten parabol va anten loa.

+ Thuodng c6 kich thudc mit mé (khau do)lén hon vai lan broc séng dé c6 do loi
cao, va do db duoc tmg dung cha yéu ¢ dai tang sd viba.

+ Mot phuong phap quan trong dé nghién ciru anten mit 1a dung bién d6i Fourier.
Mau chét ctia phwong phap 1a: kiéu btrc xa cia mut chinh 13 anh Fourier cta trudng
clia mat btrc xa va su dung céac dac trung cua cap bién do6i Fourier dé mo ta dic diém
cua anten mat.

- Trén hinh 5.11a 1 anten mat c¢6 dién tich Sa dinh x & géc toa do, mat ph'fmg z=0

- Gia thiét d3 bién thanh phan tiép tuyén cua dién truong trén mit cua anten E,

- Chlng ta s€ di xac dinh truong birc xa trong mién z>0 .

- Tudng tuong truong & bé mit Sa dyoc hinh thanh boi 1 phan bd ngudn thich hop
nao d6 & phia sau anten z< 0. Chung ta s& khong can biét phan bd ngudn nay ma chi
quan tAm dén trudng trén bé mat anten , boi vi nd s& xac dinh duy nhat trudng trong
ntra khong gian z>0.

* Phép bién d6i Fourier :

- Anh Fourier ctia ham w(x) c6 dang :

W(k,) = [w(x)e™dx (5.1a)
Va khi d6 quan hé nguoc c6 dang :
1 % ;
w(x) =— | W(k.)e ™ dk
(x) 27r.£ (k,)e " dk, (5.1b)
- Cac bién k, va x dong vai trd twong ty nhu bién thoi gian t va ting s6 goc o

trong cac pho tin hiéu phu thudc thoi gian.
- Tuong tu voi ham 2 bién u(x,y) :

U(k, k) = [uCx, )™ doely (5.20)
u(x,y) = [ [UGk ke dkdk, (5.2b)

* Trong chuong 1chung ta da c6 quan hé:
V E+kiE=0
=> . (5.3)
VE=0
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* P3c trung cua toan tu Fourier :

3= jk) ru(x.y) G4

O%u(x,y)
T W = —kxky z'yxu(x, ¥)

(5.3) ¢ thé viét lai dudi dang :
2 2 2 N
(68 3 + aayz + aa 3 +k§]E(x,y,z) = O
X Z

<
X z

L ox oy Oz
* Bién d6i Fourier hé (5.5) =>

2 g
I
zZ
<

(5.6)

kXEX(kX,ky,z)+kyEy(kX,ky,z)+j§EZ(kX,ky,z):0
L Z

*Pat k2 =k, —k; —k, thi (5.6)=>

2—)
& E(k,,k,,7)

2
Z

+k? E(k,.k,,2)=0 (5.7)

=> Nghiém tong quat cta (5.7) c6 dang :
E(k,.k,,2)= f(kk,)e " (5.8)
*Tim f(k,.k,) : Thay (5.8) vao (5.6) =>
- -
k.f=0 (5.9)
* Sir dung phép bién ddi Fourier nguogc sé thu duoc biéu thic ctia cuong d6 dién

truong E(X,y,z) : (s dung (5.2) va (5.8))
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- 1 52 e
B =7 [ [Tk K e dk,dk, (5.10)

* Y nghia ciia (5.10) trong mién khong gian z>0 dién truong c6 dang pho ciia cac

-
kr

i d . N .
song mit phang vi ham f(lg,ky)e_’ 1a song phang voi bién do f , lan truyén theo

huéng cua vector lan truyén k .
N
k

+péy . kI=ky —k] -k, =>|kl=k,

* Néu k. +k> >k =>hing sb song k, 1a 40 > céc song phing trong ving phd nay
suy yéu dan theo huéng Z. Noi cach khac, chi c6 cac song phang trong ving phd
twonh tng véi k; +k; <k méi dong gop vao trudng & khu xa.

* Khi z=0 ta phai c6 diéu kién bién :

E=—L | TF (k. ke 7 die dk
47 ey T
= (5.11)
Tu(52)taco:

- 1 - ik x+jk,
fikok,) == [[E,Coye™ W dudy (51
Sa

—fik, k. Sk, f,

*Tw (5.9)=> f.= B 2 72 g2
ke kKK

* Néu tinh duoc tich phan (5.10) thi xac dinh dugc E, nhung diéu nay chi dé dang
thuc hién khi r>> 4, hay k,r>>1

(5.13)

>k 0 .7 : : :
Khidé: E&) = S5 COSY kg f(k,sin@.cos @, k, sin 8.sin @) (5.14)
* Nhan xét: - Truong btc xa ¢ khu xa ty 18 voi anh Fourier ctia truong & bé

mit voi (cong thire) 14 cac thanh phan cta vectoradng cia song cau lan truyén theo
huong (0,0).

- Theo huodngZ,fz~0va cosO=1thuong birc xa duogc tinh theo
(5.14)+(5.12) va dat cuc dai; E chi c6 thanh phin Ex,Ey ty 18 voi fx,fy .

- Vi VE=0 va ¥/ =0 pnen thuong 1a dudng phan cuc ngang TEM
trong vung btrc xa (khu xa)
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§5.2 BUC XA TU MOT MIENG CHU NHAT

- Gia thiét tru’(‘mg trén miéng 1a ddng nhit va cho boi :
- |x| <a
E E 0ad, vil1
pi<b
=0 voi céc gia tri khac cia x,y
(5.12) tr& tha‘mh

= sinu siny
=> Cuong do truong buc xa dugc cho boi (5.15) :
> . jk4ab _,, sinusiny -
Eiy = J 207zr e/ y (a, cosp—a,cosb) (5.17)
* Nhan xét :

- (5.17) c6 dang tuong ty nhu mang ddng pha 1 chiéu
- C6 dang tuong tu nhu cta kiéu birc xa trong vung kha kién ctia khong gian

u,v voi
- Céc cuc dai phu c6 d6 16n giam dan
* Trong mat phang ¢=0:

jk iy sin(koa siné?)
E(r) e’ a,4ab .
2727 5 kyasin@ (5.18)
b0 rong tia chinh :
A
BW=A6’%70 voi a>> 4,

§5.3 BUC XA TU MIENG TRON

- Gia thiét truong dong nhat
- -
E:Eo a. voi x*+y*<a’
=0 Vol x* +y*> >a’
Khi d6 :
= J,(k,asinb)
kyasind

f 27zaE
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Trong d6 Jo(x) ,J;(x) 1a cac ham Bessel bac 0,1 loai 1.

* J1(x) tuong tu nhu ham sin tit dan (ham luong gidc cd bién do giam dan )
2 % V4

* Vi x>> J,(x) —>(—j sin(x ——)
o 4

* PJ thi ctia ham phuong hudnged dang twong tu nhu cua blic xa tir miéng chir
nhat, v&i sy suy gidm nhanh hon cua cac cuc dai phu

BW:A9z3’832ﬁ
T a

R =-17,6dB

§5.4 MIENG VOI TRUONG PONG NHAT
CO PHA BIEN DOI TUYEN TiNH

Xeét miéng hinh chit nhat véi cuong do truong cd dang :

—> —> . . | |<
E=E ja e’/™ " y5M=¢
pl<b
- - ab
J(k =)k, ~b)y
— f=Eya,|]e " dxdy (5.21)
-a-b
N : 1 1 - -
L Jjk,4abE, _, . sinu—u,)sin(v—v,) :
_~ E;H="2 2 e /o s °~(a, cosp—a,sing.cost) (5.22)

2 (u—u,)(v—v,)
- Kiéu buc xa trong h¢ toa do u,v trong tu nhu miéng chit nhat dong nhat vo1 cuc
dai tai u=u,va v=v,, tuc la:
k,asin@.cosp=u, =aa

k,bsinb.cosp=u, =ob
2 2 %
= tgquﬁ, sin6?=M
7 0
=>¢¢ thé diéu khién hudng buc xa cuc dai twong ty man 2 chiéu.
* Néu 2 = 0 thi hudng birc xa cuc dai nam trong mit phang ¢ = 0( hay mit phang
x0z) V61 goc 6 = 6, cho boi :

o,
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-  Huong “khong” thod man di€u kién u —u, = +7x
4y

_. BW=26-6,)=
acosd,

§.5.5 MIENG VOI TRUONG CO BIEN PQ GIAM
TU TAM RA BIEN:

xét miéng chit nhat v6i phan bé truong c6 dang

Fep -t i <
o a( ) voi

a v <b

2
R - sin kb sin k (%)
e ft = 2aon a, kb a (523)
bk (95)
2
N .  ciny| sinl - -
.  Eo :%evw SI\I;l - (;/)2) (@, cosp—a,sing.coso) (5.24)
2

- Ty s6 muc chinh trén mirc phu R = 26dB
- Cuc dai chinh xdy ra khiu=v =0
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CHUONG 6: MIENG ONG DAN SONG — ANTEN LOA.

-Miéng 6ng dan song( hinh chit nhat hodc tron) thuong khong duoc sit dung lam
anten phat vi tinh dinh huéng kém, nhung thuong dugc sit dung lam bd chiéu xa cho
anten parabol phan xa

§ 6.1 ONG DAN SONG CHU NHAT

- Xét dng din song chit nhat co kich thudc tiét dién ngang 1a a x b , miéng ong
dinh x1r trong mdt z =0
- Mode truyén song chu yéu la song TE, (transverse electric), c6 Ey, Hy, va H,

™o
E, =FE,cos —e 7>

a
H_=-EY, cos e (6.1)
a
-Véiz=0= Eyoncos%
H_ =-EY, cos =
a

* Tai gan miéng dng xuét hién séng phan xa cua mode TE,, va cac mode bac coa
hon vé1 bién d6 nhé

* Néu chi sit dung miénh ng dan séng cho bd chiéu xa, c¢6 thé bé qua cac mode
béc cao va coi truong trong mit z= 0, chi =0 trén miéng 6ng

- Theo nguyén 1y d6i 13n cua
truong dién tlr, ¢6 thé coi ton tai - -

dong tir mét Ims =Eya, cos;

- Tuong buc xa ¢ khu xa dugc tinh béi cong thire (5.15) véi f; =0 (theo 5.12, luu y

- sl 05 ek )
k(by) = (ka) (63)

- Trong mat phang ¢ :% (yoz), ky =0, E,ty 1€ v&i

= 2 ubE Sh}[ko(%)JSinﬁ
T By Jin e

- Trong mit phang ¢ =0, k,=0,E, ty 1€ voi

f, = 2mabE

f
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_cos|e, (24 fin 0|
o]

- Cong suat buic xa toan phan theo (6.2)

ab 5
P=—YFE
r 4 w0

cos &

=> Hé sb dinh huong :

ﬂrZYO\Eg\Z 64 ab
2P ph A
* Panh gia hé s6 dinh huéng: chang han cho dii X (8 + 12 GHz),

6.2 ANTEN LOA H

- Pé nhan duoc trudng birc xa c0 tinh dinh huong cao khi so v6i miéng 6ng dan
song, c¢6 thé md rong cac miéng 6ng dan songthanh céac anten loa.

- Néu miéng dng dan song chir nhat dugc md rong trong mp—>anten loa H

(hinh v€)

- Truong birc xa tir phia miéng ODS vé phia miéng loa c¢6 dang mit séng try tron
(hinh Vé)

- bé truong & mi¢ng loa gan dong pha thi goc m¢ ¢ phai nho.

- Bo loi va kiéu birc xa s& giéng voi miéng birc xadong pha, néu luong sai khac vé

> A
z kR, -R)<Z ot -
pha ¢ ria miéng loa va tim loa < 7 ” hay k,( 1) R 4a
Viy dé c6 miéng loa rong thf goc md ¢ nho=> han ché pham vi sit dung( vi loa
dai).

- Néu bo qua sai khac vé pha va coi phan b truong & miéng loa twong tu nhu
truong & miéng ong dan song TE thi :

- -
e
E.=Eja,cos— 4 |x|<67

a <t

- Truong burc xa dugc tinh tuong ty truong hop 6ng dan séng chit nhat véia > a’

va hang sO truyen SOIlg
g
= 2 —\ )2 ~
IB [ko ( 4' } ko
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. a'b
- Hé so dinh huéng : D = 10,27

0
-boloiG=D
- Véi cing 1 chiéu dai cta loa thi do loi sé ting néu ting géc mé ¢. Tuy nhién khi
do sai pha trén miéng loa tang theo - giam d¢ lgi
- Cac tinh toan ly thuyét —>vdi cung chiéu dai loa thi do loi cuc dai nhan duoc do
tang d6 rong miéng loa a> cho dén khi sai pha~ 0,75 .

§ 6.3 MIENG ONG DAN SONG HINH TRON

- Mode TE;; phan bd dién truong trén tiét dién théng (str dung hé toa dd cuc (p,¢ ))

2sing yo,
E, = J, (1,84;) (5.3.1)
0
_ 2acosp a (1’84a)

(hinh v¢)
- Trong hé toa do Decarte :
E =E cosp—E, cosp

—F sing— (5.3.3)
E, =E sing—E cosp
(hinh ve)
- Str dung tinh chat cua ham Bessel
E, =J,(1,84 2)sin 2¢ (5.3.4)
a
E =J,0842)~ 7 (1,84L)cos 20 (5.3.5)
y 0\ a 2 (% a D

- Str dung cong thtrc tich phan Lommel :

]ko —Jjkor 2 2 J1(1384) Jl(u)
E,=—¢e " 2a"sin p2a
T v 184  u (53.7)
E(o = ﬂe_ﬂfor 2a2 COS 9 1,84«]12(1,842) d‘jl (u) (5 ; 8)
r (,L84)" —u du o

* Nhan xét
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- trong mp ¢ :% (méat E), kiéu btrc xa tuong tu nhu kiéu btrc xa cua miéng buc xa

d6ng nhét hinh tron (chuonh 4 )
- trong mp ¢ = O(mét H) kiéu birc xa hoan toan twong tu kiéu buc xa cia miéng
6ng chir nhat. -hé s6 dinh hudng dugc tim theo cach twong tu nhu véi 6ng chit nhat

_667za

= T 5.3.9
Bhy 2 (53:9)

§ 6.4 LOA H.

- Pé nhan dugc truong birc xaco tinh dinh hudng cao hon so voi miéng 6ng dan
song, co thé mo rong(hay lam loe ra) cac miéng ong dan séng thanh cac anten loa.

- Néu miéng dng dan song chir nhatduoc mo rong trong mp H, ta c6 anten loa H,

- Truong birc xa vao loa tir phia miéng dng s& c6 dang song tru v6i cac mit dong
pha dang mat tru tron (hinh Ve)

- bé truong & mi¢ng loa gan dong pha thi goc m¢ ¢ phai nho.

- b6 loi va kiéu buc xa s& rat glong v6i miéng birc xa dong pha, néu luong sai
khac vé pha ¢ ria ctia loa va tim loa < Z hay k,(R, —R)) < Z & th <%

* Nhan xét : dé c6 miéng loa rong thi goc md ¢ phai nhé > loa dai-> giéi han
pham vi ting dung.

- Néu bo qua su sai khac vé pha cia tru:ong ¢ mi¢ng loa thi 6 thé coi phan bd
truong & miéng loa twong ty nhu tru’ong & miéng ong dan song g v4i mode TE

e
E. =E0aycos— =9

> Vo1
a'
M=t

- Truong birc xa dugc tinh tuonh tunhu truong hop miéng ong chir nhat 6 § 5.2
v6i a>a’, v6i hang s6 truyén S~k
. a'b
- Hé s0 dinh huéng : D =10,2—- pe

0

- b6 loi (cong thirc)

- Véi cung 1 chi€u dai cua loa, dd 1¢i s€ tdng néu tang géc mo. tuy nhién khi do sai
pha trén miéng loa tdng va lam giam do loi. cac tinh toan ly thuyét da chi ra rang: voi
cung 1 chiéu dai loa thi d§ 1¢i cuc dai nhan dugc do tang do rong miéng loa a’ s€ dat
dugc cho dén khi sai pha = 0,757.
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CHUONG 7 : ANTEN PARABOL

§ 7.1 CAU TAO VA NGUYEN LY HOAT PONG

- La anten c6 tinh dinh huéng twong ddi cao, sir dung chu yéu & dai sdng cuc ngin
(thong tin di dong va vé tinh)

- Phuong trinh mét parabol trong h¢ toa dd cuc:

__ 2
1+cos6

- Pic trung bé mit parabol 1 tit ca cac tia buc xa xut phat tir tir tiéu diém (noi
dat loa chiéu xa ) sau khi phan xa déu song song véi truc parabol = c6 thé ap dung
céc nguyén 1y quang hinh dé tim truong trén miéng parabol.

- Trong céc tng dung cho nghién ctru btrc xa vil tru, dé tranh anh hudng ctia nhidu
tir mit dat (co thé 1am giam d6 nhay), nguoi ta thudng dung hé théng chiéu xa thu
cap. Hé parabol ltic nay dugc goi 1a anten Cassegrain

(7.1.1)

§ 7.2 Hiéu suat miéng birc xa

1) Mat d6 cong suat bic xa trén miéng parabol:
- Ky hiéu g (0,¢): cong suat birc xa/ don vi goc dat theo hudng (0,¢) cua nguon
chiéu xa.
=> cong suat dén mit phan xa trong goc sinfdode 14 :
P(6,p)=g(0,9).sin0.d0.dp (7.2.1)
- Mot cong suat twong tu phai xuat hién trong mit trén miéng rsind de ds
(cOng thirc)

2) Tén hao tran: dic trung bai hiéu suét tran: ty sd cong suit dugc guong pha xa
tré lai/tong cong suit birc xa cta bo chiéu xa

P(p,p)rsinfdpdp = g(0,9).sinb.d0.dep (7.2.2)
1d6
Hay P(p,p)=2g(6, (P)—— (7.2.3)
dp
- St dung (7.1.1) =>
B 4f2 _f2
cosd _—4f2 e (7.2.4)
(1+cos8)’ 16f°
P(p,p) =g(¢9,(o)T =g( a(ﬁ)m (7.2.5)
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Néu g(0,¢) = const thi P(p,9) =4cos’ (%)

* HE s0 dinh hudng cta bd chiéu xa :

47g(0,0)
D, =——— (7.2.7)

P chxy.
3) Hiéu suit miéng: mo ta tat ca cic dang ton hao (phan bd bién do, pha va dic
tinh phan cuc)
- Trudng trén miéng:

Ea(p7¢) ::Ex(lo9¢)ax+Ey(pﬁ¢)ay

- Cong suat birc xa toan phan tir miéng: gia thiét song 1a song phang

2ra
P, = [[P(p.p)pdpdy
00
- M4t d6 cong suat buc xa trén don vi goc dic :

lYO}"z‘E‘z k Y
2

2w a 2

HE (p,p)pdpdy

(*)

Néu cong suat birc xa toan phan P, tir miéng parabol dugc phin b ddng nhat véi

méat do P,/ ma® thi :
_[ 2F, 1
(e -

Khi d6 truong trén miéng 13 phan cyc thing va déng pha. Trudng ndy tao ra mot
k;ma’ P
4r’
- Thuong chiu thanh phan phan cyc duoc s dung, chon thanh phan Ey, kh do:
ty s6 cong suat buc xa do thanh phan Ey

mat do cong suat trén don vi géc dai doc theo truc z 1a :

Goi 1, 1a hi€u suat mi¢ng =
mat do cong suat birc xa trén don vi goc dac

2ra 2

J[Ec(o.ppdpdo
00

n, = - ) (7.2.9)
ma’ +|E,| D pdpde

00
+ Hiéu suit miéng c6 thé duoc biéu dién bang tich cta 3 sé hang, bao gdbm ton hao
do chiéu xa khong dong nhat (1-n;), ton hao do sy khong dong pha cua truong miéng
(1- mp) va ton hao phan cuc ngang (1- ny), tirc la:
77 4 = 77 i77 p 77 X
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Al 1 4Ad
+ P3G loi truc : g_Pm/ _Pm
4

Vi I: Cudng d6 buc xa cua anten theo hudng truc (watts/ don vi goc dac) ung voi
dang phan cyc thang cho trudce, Pi,: cong suat dat vao bo chiéu xa.

+ Cong suét birc xa bai bo chiéu xa : PT :Uff,?n vol 4 - 14 hiéu suét caa bd
chidu xa
+ Cong suat dén miéng parabol la:
b =F,
1
— G=7]S.77f.4ﬂ'?

a

I
+ Tong quat: G =71s7,11.11,, -77,-(471/1—7&12)

0
* Hé s dinh hudng: Cuong do birc xa tir miéng dong nhat phan cyc thang:
- - ik E . -
E=Eo=2220 " 12 g
27

=> Mat d6 cong suit goc dic :
1 2 2 k2E2
~Y,r’lE,[ =Y,
v f =Bk,

+ Cong suit birc xa toan phan

P, =—m’LE,
4
= D = 7(72'612) (7210)
0
) 4
+ Tong quat : D = 7(”02)775 1 4 (7.2.11)

0
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CHUONG 8 : ANTEN THU

§ 8.1 DIEN TiCH HIEU DUNG

+ Trong da s6 trudng hop, c6 thé dung nguyén 1y thuan nghich dé khao sat cac dic
trung ciia anten thu: Céc dic trung cua 1 anten sit dung dé thu song dién tir rat gan véi
cac dic trung twong Ung cia anten khi né duoc st dung dé birc xa song dién ti.

> Néu 1 anten c6 d6 loi G theo 1 hudng cho trude khi birc xa s& co cung do loi
nhu vay khi nhéan buc xa tir cing mot hudng khi song tédi ¢6 cung dang phan cuc

+ Pé tién khao sat dic trung nhan cua anten thang ta st dung khai niém dién tich
hiéu dung Ae sao cho nang lugng nhan dugc boi anten b'flng mat d§ nang lugng dén
trén don vi dién tich nhan voéi Ae.

+ Khi d6 néu diéu kién vé dang phan cuc cua séng dén va diéu kién tré khang
duoc thoa man thi:

2
N
4r

Véi anten mi¢ng A, < dién tich thuc cua miéng

Va A.~ di¢n tich thuc cia miéng
+ Pac trung phan cuc cua 1 anten co thé duoc mod ta boi viee st dung thong )
chiéu dai hiéu dung phtrc # .
- >
Voe = h.E; trong d6 E, cuong do dién truong song toi
Voo: Thé hé mach thu dugc. Vi anten dipole
h ~ chiéu dai ctia anten
nhung < chiéu dai cta anten do phan b6 dong bat dong nhat.

§ 8.2 CONG THUC FRIIS

- X¢ét hé R — T antennas Anten phat c6 dd loi G, (0, ¢y)
goi P;,:cOng suat dit vao T — anten
T : Hé s6 phan xa ctia duong truyén nudi T — anten
=> ¢Ong suat buc xa toan phan 1a:

a-,e, (8.1)
+ Mat dg cong suét trén don vi dién tich theo huong R—anten, & khoang cach r sé 1a:
_ 2vp G(0,9)
B =-rpp,02) 52)
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=> cOng suat tin hi€u thu dugc s€ la:

0.,9.)(1~ \F\) £ 7 G0,

Cong thire (8.3) 1a cong thue Friss
+ Néu diéu kién vé tinh phan cuc khong thod man thi

mﬂo

rec

rec

——G.(0.,9,)G,0,0,

®) (8.3)

) (8.4)

(8.5)
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