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
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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)
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