CHUONGI CAC VAN DE CO BAN VE TRUYEN SONG VO TUYEN
§ 1.1 KHAI NIEM

1/ Mi trwong truyén séng:

Song dién tr

+ Kénh thong vo tuyén: TB phat » TB thu
Lan truyén qua méi trudng vat 1y
+ Moi trudng truyén séng: Khép kin mach cho kénh thong tin > Dé dam bao chit
luong cua kénh thong tin vo tuyén can luu ¥ dén moi trudng truyén séng, lua chon tan
sO cong tac va chon phuong thirc truyén song hop 1y.
+ Téac dong cliia mdi trudng truyén song:
- Lam suy gidm bién dg song
- Lam méo dang tin hiéu tuong tu
- Gay 151 d6i v6i tin hiéu s6 do nhiéu
+ Muyc tiéu nghién ciru qua trinh truyén séng:
- Xac dinh trudng d6 tai diém thu khi biét cac thong s6 clia may phat va diéu
kién dé thu dugc cuong do truong tdi uu.
- Nghién ctru su phat sinh méo dang hodc gay 15i tin hiéu va tim bién phap khéc
phuc
+ Su suy gidm cudng do truong do cac nguyén nhan:
- Su phan tan ning luong birc xa khi lan truyén (suy hao khoang cach)
- Su hép thu ctia mo1 truong (tén hao nhiét)
- Sy nhiéu xa séng (tan xa )

- Su tan sac



2/ Quy wérc vé cic dai tin s6 va pham vi ing dung:

Dai tan

3-30kHz

30 - 300kHz

300 - 3000kHz

3 -30MHz

30 -300MHz

300 - 3000MHz

3 -30GHz

30 - 300GHz

Tén, ky hiéu

Very low Freq. Pao hang , dinh vi

(VLF)

Low Freq. Dao hang

(LF)

Medium Freq. Phat thanh AM, hang hai, tram

(MF) thong tin duyén hai, chi dan tim kiém.
High freq. Dié¢n thoai , dién bdo, phat thanh
(HF) song ngan, hang hai, hang khong
Very High Freq. TV, phat thanh FM, diéu khién giao
(VHF) thong, canh sat, taxi, dao hang
Utrahigh Freq. TV, thong tin v€ tinh, do tham,
(UHF) radar giam sat, dao hang.

Superhigh Freq. Hang khong, thong tin viba, thong tin
(SHF) di dong, thong tin v¢ tinh.
Extremly high Freq Radar, nghién ctru khoa hoc
(EHF)

Ung dung

* Céc bing tan (band) trong dai vi séng:

Tan so

500 - 1000 MHz

1 - 2GHz
2 - 3GHz
3 - 4GHz
4 - 6 GHz
6 - 8GHz
8 - 10 GHz

10 -12,4 GHz

Ky hiéu cii
VHF

XX O O »nn o wn

Ky hidu méi
C
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12,4 - 18 GHz Ku
18 - 20GHz K
20 - 26,5GHz K
26,5 - 40 GHz Ka

WWMM

3/ Khai quat vé truyén séng vo tuyén:

* Dai song dai: - Dung céac anten don gian co6 do loi thép dat trén mat dat
- Mode truyén séng chu yéu 1a séng mat, suy hao ~ R™
- D6 6n do nhiéu cong nghiép cao
- Can may phat cong suat 16n (50-500 kw)
- Suy hao manh va tang nhanh theo tin s6
- Chiéu cao anten can lya chon thich hop
- C6 thé c6 hién twong Fading trong thoi gian hang gidy, phut, chiu
anh huong ctia nhiét do va d6 am khong khi, can co bién phap khic phuc Fading
* Dai séng 30-40 MHz: - C6 thé sir dung su phan xa tir tang dién ly
- Cy ly thong tin 16n, ~ hang ngan km = thich hop
cho cac dich vu truyén théng quéc té
- Su phan xa phu thuoc mat do dién tich dugc tao ra boi
birc xa mat troi
- Khéng dung dugc cho tan s6 > 40MHz (xuyén qua)
* Trén 40 MHz: - Phuong thirc truyén thang (TV, viba)
- Kich thudc anten phai 16n gap mot s6 1an bude song
- O dai viba (3-30 cm) c6 thé dung anten guong c6 do loi
cao (40-50 dB) > cong suat may phat
- | bién d0 tin hiéu
> | méo diéu ché.
- Nhiéu khi quyén giam
* Dai song m m: - Suy hao do khi quyén va do mua ting

- Cu ly thong tin bi gidi han



§1.2. TRUYEN SONG LY TUONG
- Gia thiét ngudn birc xa 1a dang hudng
- Song truyén trong khong gian tu do (d6ng nhat, dang hudng, £, , khong hap thy)
— Mat do dong cong suét trén don vi dién tich L véi hudng lan truyén 1a khong
d6i trén mat cau ban kinh r va bang gia tri trung binh cua |[vector Poynting]|
P=Py=(%)Re{ExH } =P, /4nr® (W/m?)
Vi P, : Cong suat birc xa toan phan cia anten phat

- C6 thé viét lai cho song TEM :

Py, = Ei’/ Zo
=E,’ /120
hay: E, = (30.P,/ 1H)"?
* Néu anten phat c6 hé s dinh hudng D = 1thi mat do cong suét birc xa trén don vi
dién tich
P =D.Py,
> Ey=(30.P.D/r")"”

—> Bién d¢ dién truong:
Eo = (2)"E; = (60P,.D / )"
* (G4 tri tirc thoi cua cuong do dién trudng la:
E= (60.P.D/r*)"* cos(wt — kor)
hay dang phirc: E = (60.P,.D / 1*)"* exp[j(ot — kor)]
* Néu cuong do dién truong do bang (mV/m); Cong sut birc xa do bang kW;
Khoang cach do bang km, thi:
E,=173.(P.D)"* /1
Eo= 245.(P.D)"*/r
* Néu ngudn birc xa (anten) dit ngay trén mat dat va coi mat dat ~vat dan dién ly
tudng thi mat d6 dong cong suét birc xa trén don vi dién tich sé ting gap dbi va cuong

d6 truong tang~/2 1an, tic 1a:



E,= 245.(P.D)"*/r
* Vi anten dipole dit trong khong gian ty do, c6 chiéu dai | << so voi khoang
cach khao sat r thi
|E| = Zollkosin® / 4mr
-> En = Zol;, | sinO / 2Ar
hay E;,=60n I, | sinO / Ar
voi 0: goc gitra hudng khao sat va hudng truc ctia anten
* Vi chan tir ¢6 chiéu dai hiéu dung | <<r
E,=60r Il / Ar
Véi : 1,: gia tri hi€u dung cta bién d§ dong dién cuc dai (tai diém bung cua
song dimg trén chan tr). Chiéu dai hiéu dyung:
I, Ei, = V. vOi Vi thé hé mach cuc dai

* Vi chan tir dat thang dung trén mat dat thi s& tao v4i anh cia nd qua mat dat
mot anten dipole, khi d6 cuong do trudng o khoang cach r trén mat dat (6 = %) la

En=120m Iy hy / Ar (V/m)

hay En = 120w [)(A) hp(m) / AM(m)r(km) (mV/m)

Vi hy, : chiéu cao hiéu dung (dugc dinh nghia nhu chiéu dai hiéu dung)

Ly do cua hé s6 120 7 1a do dién tro brc xa ting gip doi va cuong do dong dién I,
giam /2 1an (v6i ciing cong suat dit vao anten) > cudng do truong sé ting~2 1an so
v6i chén tir trong khong gian tu do.

* Vi anten chan tir dat théng ding, cach mat dat mét nhat dinh (dé 6 thé bo qua
anh huong ctia mat dat 1én tré khang buc xa ciia nd) thi & khoang cach xa trén mit dat
s€co:

E,= 346.(P.D)"*/r (mV/m)
voi Pt kW, r: km




§ 1.3. CAC DANG PHAN CUC SONG
1) Phan cwe thing:

Gia st tai mot diém nao do trong khong gian, vector cudong do dién trudng cua
song dién tir lan truyén theo truc x c¢6 cac thanh phan:
E, = E,( cos(ot — @)
E, =E, cos(ot — ¢,)
Céc thanh phan nay c6 thé khac nhau vé pha va bién d6
Néu Ap= ¢, —¢ =0 hodc + thi phuong ciia vector truong tong E s& khong doi
theo thoi gian va goi 1 phan cyc thang
~chang han khi ¢, =@, = ¢
= tg(E,oy) = tga = const.
Vay : phuong ctia E khong d6i, con do 16n thay dbi diéu hoa theo thoi gian
2/ Phén cuc tron:

Ey() = Ean A(p =+1/2

= tgo = *tg (ot — @)

3/ Phén cuc ellip: C6 thé chimg minh trong trudn hop tong quat phan cuc cd dang

ellip. Chon @, =0, @, = ¢ va dat
E, = Ey cosot = Acoswt
E, = E, cos(ot — @) = C cosmt + Dsinwt
- Néu quay hé toa do (v,z) di mot goc w >0 dé c6 hé toa dd (y',x’) thi cac thanh
phanE'y,Ezcta E trong hé toa dd (y’,z') c6 mdi lién hé véi Ey, E, theo cong thirc sau:
E, = E,-cosy— E,siny = Acosot
E, = E,siny — Ez’cos = Ccoswt + Dsinmt
Néu chon gocy sao cho co thé viét
Acosy + Csiny = M cosy
Dsiny = Nsiny
Ccosvy - Asiny = -Nsiny



Dcosy = Ncosy
thi s& c6: (E’y/M)*+ (E’, /Ny’ =1 - PT ellip
Tim goc quay y:

tg2y = 2AC/(A* — C* - DY)

- Khai niém quay phai, quay trai

§ 1.4 SU PHAN XA SONG TU MAT PAT

1/ Hé sb phan xa cua séng phén cuc dime:

* Hé sd phan xa cta song phang trén mit phan cach giita 2 moi trudng c6 cac
thong sb &, 4,0, VA &,,11,,0,1a
R = (zn2 — 201)/(Zn2 + Zn1) (1)
V61 z,,, 7y, 1a cac rté khang song qui doi, xac dinh boi:
Zn1 = 2’1/ €080, 2, = 72’ o/ cosy
y: goc khuc xa, 72y, Z’ g, tréd khang song trong moi truong 1, 2.
* Néu vector dién trudng E L mit phang t6i (/ mat dat) thi goi 13 song phan cuc
ngang
* Néu E — mit phang t6i thi goi 1a song phan cyc dimg
* Viét lai (1) Véi luu ¥:
Za=@/e)? Zp=@le)?
—> Vi song phan cuc dung
R4 = (g1 cosy — &,"cos0)/ (g, *cosy + &' *cosh)
= [Rq] exp(-jDo)
*Chay g =g, & =€ —Jo/m = gy(e’ —j 60A0)
* Tuy vao quan hé tuong ddi gitta ¢’ va60 1 o, dét c6 thé duoge coi 1a:
- Bién moi khi: &'>> 60ho
- Ban dan khi: &'~ 60Lo
- Dan dién khi: &' << 60\ o



* Khi dit 1a dién moi: - Hé sd phan xa la dai luong thuc

- ton tai goc khuc xa toan phan (Rg=0)
sinAg = 1/( e’+1)"?
* Khi dét 1a ban dan:
- Ry: Phurc

- Khong ton tai goc khiic xa toan phan

- Chi ton tai gbc tmg véi |R,|cuc ticu

* Khi dét dan dién:

- Vi hau hét cac goc A déu co Ry =1 (trir khi A qua bé). C6 thé noi toan bo ning
luong déu duoc phan xa tr¢ lai tir mat dat

- KhiA<< c6 thé coi Ry = -1: bién d6 song phan xa va séng t6i bang nhau, nhung
nguoc pha.

2/ Song phan cuc ngang:

/

12 12 12 12
Rpe = (€1 “cosO — &, “cosy)/ (g; “cosO + & “cosy)

= |Rng| eXp('j(Dng)

* Khi dét 1a dién moi: - R, 1a thuc

-Ryg <0 VGiv A

- Khong c6 khuc xa toan phan
* Khi dat 1a ban dan: - R, 14 phic
* Khi dat dan dién:

Ry =-1véiv A




CHUONG II
TRUYEN SONG VOI ANH HUONG CUA MAT PAT

§2.1 ANTEN DINH XU TREN MAT PAT PHANG

- Xét 1 anten phat tai chiéu cao h; va mét anten thu & chiéu cao h,, cich nhau mét
khoang d theo phuong ngang (mit dat phang). Goi R, 1a khoang cach truyén thing tir
anten phat dén anten thu va R, 1a khoang cach tir anh ctia anten phat qua mat dat toi
anten thu.

- Hién tugng giao thoa cua trudong buc xa tai anten thu phu thude vao su sai khac
gitra R; va R,

- Trudng tao theo hudng truyén thing sé& tao ra & anten thu mot dién ap ty 18 véi sd

hang sau:

Trong d6 f; va f, 1a dang cudng do truong burc xa (con goi 1a kiéu buc xa) cua hai
anten.
- Dién ap tao boi song phan xa ty 1€ voi:
£1(0,).£2(0,7)p.exp(jo).exp(-jkoR,/4nR )
Trongn d6 p.exp(jo) 1a hé s6 phan xa tai mat dat.
Thong thuong hy h, <<dvado do 6,6, 6,, 6, rat nho = kiéu burc xa cua céac
anten c6 thé coi khong doi trong cac khoang goc nho.
+ Truong hop ngoai 1¢: Khi dung cic anten dinh huéng cao va h, 16n (trén may
bay) khi d6 phan cong suét btrc xa vé phia mat dat s& rat thap, tic 1a
£1(6,) <<11(61)
va néu coi nhu
1/R; = 1/R,
thi dién ap nhan duogc téng cong s€ ty 1¢ voi:

1£,(0,).£(0,")exp(-jkoR /47R )| F



Hé s6 F duoc coi 1a path - gain - factor (d0 lgi duong) chi ra sy khac biét cua
truong tai anten thu so v&i khi khong c¢6 phan xa tir mat dat.
+ truong hop
£1(8,) = £1(0,) va £,(0,") = £,(6,)
thi: F =1+ p.exp[jo — jko(R; —R})]|.
- Do loi duong chinh bang hé sb mang clia mang gdm anten & chiéu cao h; va anh
ctia n6 dudi mat dat véi dong kich thich khac biét mot lugng twong ddi p.exp(jo)
Tt tinh todn hinh hoc don gian =>khi h, h, <<d:
R, — Ry =2h;hy/d
Khi p.exp(jo) = -1 (d4t dan dién Iy tudng):
F = 2|sin(koh;h,/d)| (2.3)
=> anh hudng cua giao thoa c6 thé lam tang gap doi cudng do trudng so voi khi
khong c6 giao thoa.
Goi y, 1a goc tinh tir chan anten phat dén anten thu so v6i phuwong ngang, c6 thé
viét lai:
F = 2|sin(koh;tgyy| voi  tgyo=hy/d (2.4)
- Quan h¢ (2,4) thuong dugc ve€ thanh gian dd biéu thi su thay ddi cua F theo h, va
d voi h; va A cho trude dudi dang hy/ A
* F s€ dat cua dai khi:
tgwo = (1/koh;)(1/2 + nm)
va cuc tiéu khi:
tgwo = (Ao/ hy)(n/2) véin=0,1,2,... (2.5)

* Gian d0 phii song (coverage diagram): La do thi cudong do trudng twong ddi

nhu 14 ham ctia huéng birc xa trong khong gian tir anten phat (twong tu kiéu burc xa
cua anten).

- Thong s6 ¢b dinh: A, h;

- Bién: h, va d , tao ra mit phéng (d,hy)
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- Gian do phu séng 1a db thi caa cac dudng cong:
F/r = const.

trong miat phang (d,h,) voi r 12 khoang cach tir anten phat t6i anten thu = d.

- Cac dudng cong F/r khac nhau thudng dugc chon v& dé thé hién muc tin hiéu nhu
nhau c6 thé thu duoc tai mot khang cach boi hodc phan cua khoang tham chiéu khong
gian tu do, chéng han:

F/r=m/ry hay F=mr/rr=md/r; véim=1, 212 2 . hay 272 ..

- Mic tin hiéu giira cac duong cong ké tiép s& chénh léch 3dB va duoc tim tir quan

hé (khi hé s6 phan xa = -1)

F = 2|sin(koh;h,/d)| = md/d; v6i ky hiéu re=d; (2.6.2)
Véi mit dat phang thi dung (2.3) va (2.5) sé& tién hon, khi d6:
2|sin(koh;tgyo| = 2|sin(kohyyo| = md/d¢ (2.6.b)

Vi d dugc coi 1a ban kinh va y, 1a goc cuc trong hé toa do cuc.
+ Dang dién hinh cua gian d6 phu song:

- 1y : Khoang cach tu do dé thu duogc cuong do tin hi€u cho trudec => khoang
cach t6i da dé thu dugc cing muc tin hiéu khi c6 giao thoa 13 2r; twong tng véi
khoang céch :

d =2 rrcosyy

Vi du: cho r;=2 km =>

- Bat ky cap gia tri (hy,d) trén duong cong mo ta bup song s& thé hién mot diém
trong khong gian ma tai d6 cuong do tin hiéu thu duoc giéng véi khoang cach 2km
trong khong gian tu do

Vi du : Néu chiéu cao anten thu 1a 10m = cong suét tin hiéu thu dugc & khodng
cach 3,2km sé& giong véi ¢ khoang cach 2km duéi diéu kién truyén song tu do (khong
giao thoa).

- Bup song nhoé hon véire=1,4 biéu thi mure tin hiéu 3dB 16n hon bup séng to,

12

tuong mg voi m = 2" trong phuong trinh (2.6.b)
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- Khi o nho hon rat nhiéu so véi cuc dai dau tién thi tir (2.4) =>
F = 2koh hy/d

=> Pién 4p tin hiéu thu dugc ~ 1/d* va giam ving phu soéng.

* Hé s6 phan xa ddi véi song TEM duoc cho bdi cong thic Fresnel, phu thudc
vao dang phan cuc cua song t6i (dimg, ngang) do dan dién cua dat, d6 dién tham
(hﬁng s6 dién moi) tan sb va gbc toi. Néu d6 dan dién cua dat 13 o, h'flng s6 dién moi

E=KEg)

va 14 goc gifta tia t6i va dat thi s& co cac cong thirc ctia hé s6 phan xa tai mat dat
cho céc truong hop:

+ Soéng phan cuc dung

+ Séng phan cuc ngang

Gia trji dién hinh cta k1a=~ 15, =107 2 3x10™ (S/m), va 10~ (S/m) cho dat
dong co. PO dan cua doi nui s& thap hon nhidu va « =~ 6—7 véi do dan thap va ting
khi do dan ting.

Khi diém phan xa & trén bé mat gb ghé thi truong bi tan xa theo kiéu khuéch tan >
p giam va = xuét hién tuong tré pha cia song phan xa khi tdi an ten thu.

* Anh hudng cua su thay ddi chiét suit khi quyén:

- Chiét suat giam theo chiéu cao > dudng chuyén séng sé& bi bé cong.

- Pé khdo sét, c6 thé chia khi quyén thanh nhiéu 16p voi cac gia tri chiét sut roi
rac cho mdi 16p.

- Theo luat khuc xa Snell thi duong truyén bi bé cong vé phia nim ngang.

- Bé khao sat hiéu tng bé cong dudng truyén, co thé coi song truyén qua mit dat
hinh cau va thay mat dat phang boi mot mat dat cau co ban kinh 16n hon va tia truyén
1a thang trong timg 16p.

- Can phai chon mot phan bd chiét suét chuan va thuong duoc chon sao cho su
thay d6i chiét suat twong (mg voi ting ban kinh qua dat boi hé sé 4/3

- Ban kinh hiéu dung cua qua dat duoc chon:

a. =5280 mi, hay 8497 km.
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* Khodng chéan troi:
dr = (2hja.)"?

hodc khi dr do bang mi, h do bang feet (ft):
dr = (Zhl(ft))l/z

khoang céch gitra 2 anten:

dwi = (Chye)"? +(2hyw) (mi)

§2.2 ANTEN BPINH XU TREN MAT DAT HINH CAU
- Xét cac anten dinh xir trén mat cau ban kinh hiéu dung a. (tinh t&i sy thay doi
chiét suat) khi d6 hé sb F tré thanh:
F = {(1 + Dp)* - 4 Dpsin’[(¢ — ko AR)/2]} "2
V6i D : Hé s6 sai léch bién d6 tia

* Gian do phi: Pugc v€ dudi dang dudng cong véi

h, = const.
c6 dang Parabol .
- Néu hé sb phan xa = -1 thi d6 loi duong la:
F = {(1 + Dp)* - 4 Dcos’[( ko AR)/2]}"
={(1 + Dp)’ - 4 Dcos*[(n/2)vE]} "
vol
v = 4h,"*/A(2a)"
=h,"%/1030%  v6i  hy, h, tinh theo m
* Gian d6 phu 1 d6 thi thi cia phuong trinh:
F =={(1 + Dp)* - 4 Dcos’[(/2)vE]}"* = md/dy

vO1 m = dy/r¢
- Khi hé s phan xa khac -1: D va & dugc tim tir d thi cac dudng cong D = const.

v6i cac truc 13 (hy / hy) va d/dr va d6 thi cac duong cong & = const.

13



- biéu kién c6 thé ap dung cac cong thirc don gian cua giao thoa trén mit dat
phang:
2kohihy/d — v€ < 0,1n
Sau d6 vé& cac gian d6 véi
v = const.
va chon vung bén trai cac duong cong nay

* Ung dung ciia gian dd phii va cong thirc giao thoa:

Vidu 1 (Hé théng Rada): Mot Radar c6 chiéu cao anten 1a h; = 15m, theo rdi may

bay dén dang & chiéu cao 300m = h, budc séng 1am viéc A = 10cm, Rada dung song
phan cuc ngang dé c6 hé s6 phan xa = -1. Xac dinh cac ving may bay c6 thé duoc
quan sat, khi khodng quan sat cuc dai trong khong gian tu do cua Radar 1a 40km.

Giai : Dua vao do thi mc tin hiéu thu tuong doi, phu thuoc d/dr.

v=10,564

- ¢6 thé dung gian d6 v= 0,5 (ing vé6i h; = 13,85)

- Khoang chan tro1 dr15,96 km

=> khoang tu do cuc dai 40km = 2,5dy

- Cong suét séng t6i muc tiéu ~ F%, cong sudt tir muc tiéu vé lai radar ciing ~ F*
=> ¢Ong suat thu & radar ~ F*.

=> ¢Ong suat tin hiéu gifta cdc bup song lan can trén gian do thay doi 6dB (néu
cong suét thu ~ r*, => su thay d6i 2"r s& thay ddi 6dB murc tin hiéu).

Gia st muc tin hiéu thu duoc S, twong Gmg voi bip song ¢ nhan 2 trén gian do

bi doc theo duong hy/hy = 300/15 = 20 s€ giao véi bup 2,8 tai d = 4dt voi mic tin
hiéu 6dB thap hon S, va tai d ~ 3,6 giao bip 2 voi muc thiéu S,

Khi myc tiéu tiép lai gan bap 2,8 va 4 giao tai d = 3,3 va 3,2 dr.

Taid=2,85;2,8,2,7 va 2,55 tian hiéu thay d6i tir 12dB duéi mac Sy — 6dB —
So— 6dB > S, khi muc ti€u qua bup giao thoa thir hai

- Mirc tin hi€u cuc dai xay ra tai 2,45dy (8dB >S)
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Vi khoéng tu do t6i da 12 2,5dr va vi S, tuong tng vé6i 2 dr nén murc tin hiéu tbi

thiéu c6 the thu dugc 1a
Sm=0,415S,

Céc khoang c6 thé quan sat dugc muc tiéu ¢ trén duong Sy,

— ton tai cac ving mu (khoéng quan sat dugc) va khi muc tiéu tién sat dén
radar, muc tin hi€u thay d6i nhanh hon va dat cac gia tri cuc dai 16n hon.

Khi muc tiéu tién dén khoang cach sao cho goc tiép dat cia tia phan xa c&
mdt sd d9, thi do rong tia hitu han cua anten radar (co thé <50) s€ ngan can tia
burc xa ti mit dit — anh hudéng cia giao thoa bién mét va me tin hiéu ting don
diéu theo d™* nhu trong khong gian tu do.

* Néu dung cong thirc ctia mit dat phang thi:

tgy = (hy + hy)/d

Gié thiét anten radar ludn huong vé muc tiéu va do 1oi cua anten giam 10dB
v6i goc 1éch 6” so v6i hudng truc (hudng birc xa cuc dai — muc tidu) va gia thiét
tia t6i mat dat co bién do giam \/F) 1an thi ¢6 thé bo qua anh hudng giao thoa.

Giai phuong trinh goc s& cho ra d = 5,72 km = 0,36 dy — muc tiéu phai rit gan
radar méi c6 thé bé qua anh hudng cia giao thoa.

Vi du 2 (FM communication link): Mot tram phat FM c6 anten phat & chiéu cao
h, = 80m, d¢ lgi anten 1a 5, cong suét phat 1a 500W, anten thu ¢ d6 cao h; = 10m tan
s6 hoat dong 100MHz, tim cuong do truong theo tai khoang cach 8,1mi tur tram phat

Vi du 3 (microwave communication link): An ten phat cia cac tram Viba co

chiéu cao 35m, A = 10cm. Tim khoang cach cuc dai dé cong suat tin hiéu khong thap
hon gié tri trong khong gian tu do

Vi du 4 (microwave communication link with unequal tower heights): Tuong

tu vi du 3, nhung h, = 50m, tim F v6i d = 50km.
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§2.3 TRUONG TRONG VUNG NHIEU XA :

- Theo nguyén 1y quang hinh thi trudng bén dudi tia nhin thang hay tia tiép tuyén
bang Zero. Tuy nhién do cac hiéu ing nhidu xa, trudng birc xa s& xuyén qua ving toi
bén dudi tia tiép tuyén.

- Mic diu cuong do truong suy giam nhanh khi diém quan sat di siu vao ving tdi,
tuy nhién van c6 thé tao ra tin hiéu hitu ich.

- Khi diém quan sat di vao vung toi du sau thi s& co biéu thirc don gian dé tim do
loi dudng F, bang cach tim cac gia tri cia d/dy twong tmg véi cuc dai dau tién véi:

w&/2 =n/2 F=1+D
va wé/2 = /4 F=(1+D%"
roi ndi nhitng diém nay bang mot dudng cong qua nhiéu gia tri F x4c dinh voi cac

gia trj cta d/dr trong ving nhiéu xa (ving t61)

§2.4 TON HAO DO NHIEU XA KHI CO VAT CAN

- Goi h, : Khoang cach tir by vat can dén tia nhin thang (goi 14 khoang trong)

- Khi h, = 0 s& c6 ton hao 6dB so véi truyén song trong khong gian tu do.

- Gia st phan xa guong dong gop khong dang ké vao truong thu dugc ¢ an ten thu,
phan xa bo dong vai trd chi yéu.

Trudng nhiéu xa: Trudng dén noi thu co thé biéu dién dudi dang truong bire xa tir

mot mat mo S so voi khi khong c6 bo cia vat chan. Ty s6 gita hai truong 1a ton hao

nhic¢u xa. Truong dén mat S c6 dang séng cau véi hé so lan truyén

exp(-jkoR,) tai diém O.

Tai diém Q céch O mot khoang p, hé sb truyén la
exp(-jkoR»)

voi Ry =R +pH)"”

Néu R;>>p

=> R, =R, + p*/2R,

Vay trén mit S hé s truyén song tng véi p 1a:
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exp(-jkoR | - jkop’/2R1)
Bién do truong ung véi p s€ suy gidm theo ham Gauss:
exp(-p/a’)
Khi d6 dién truong trén mat S la:
E;=ay(Ey/R)) exp(-p*/a’) exp(-jkoR, - jkop*/2R)),
gia thiét song t6i phan cuc doc theo truc y cua hé toa d6 xyz gbe ¢ O.
- Cuong d6 truong ciia song dén tai anten thu duoc xem nhu birc xa tir mit S. Mt S
dugc coi nhu mgt mat mi¢ng birc xa, c6 cuong dd truong dugc xac dinh bdi bién doi
Fourier nguoc cua ham f(k,.k,)
- Tai anten thu, r gﬁn // voi truc z, do d6 chi ¢6 cac séng c6 thanh phﬁn k; gﬁn Zero
méi c6 thé tdi anten thu.

=> cuong dg dién truong:

E(r) = (jkoEoa,/2nzR ) exp[-jko(z + R,)](n/a)"> r; e dy, ®)

- Ty s6 tich phan theo y, khi c6 mat vét can véi truong hop khong c6 vat can duge
goi la ton hao nhiéu xa.

- Khi d6 do loi duong do nhiéu xa 1a:
Fq= (n/a)"?| ch e—ay2 dy1 |
-Khih,=0,:
F, =227 I_OOH(?“'““Z du (10)

(10) 1a tich phan Fresnel, H, = (2a/jn)"*h,
- Néu anten phat c6 dd loi sao cho ban kinh chum tia hi¢u dung o du 16n thi
H, = (2d/Ahed dy)h,

va ton hao co thé bo qua véi He > 0,8.
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- Néu do rong tia giita nhitng diém co bién do truong giam 2 1an so véi gia tri
trén truc 1a 04, thi
o~ dtghs
dé thoa mén diéu kién
1/0® << 2d/hodyds
can phai ¢
d,? tg’0, >> Aod dy/2d
- Trong da s cac kénh thong tin d <<, do d6 diéu kién trén dugc thoa man va
F c6 thé xac dinh tir (8).
- Bdi véi vat can 1a doi nai, khoang tréng h, can chon dé dam bao do an toan
chéng Fading do khiic xa.
- O diéu kién khi quyén binh thuong, h, duoc xac dinh bing cach vé dudng
truyén trén mit dat c6 ban kinh hiéu dung bang 4/3 ban kinh thuc.
- Trong mdt sb trudng hop hé s6 khic xa c6 thé ting theo chiéu cao — céc tia

song s€ bé cong vé phia trén va lam giam khoang trong hiéu dung.
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CHUONG III TRUYEN SONG MAT

§ 3.1 Giéi thi¢u

- Khi cac anten dinh x& gan hodc trén mit dat, song khong gian (Space wave) bién
mat do truong phan xa triét ti€u tia truc tié'pé truong thu duoc ¢ anten thu s€ do
truong song mat (Surface wave)

- Truyén song theo song mit 1a mode truyén chu yéu & dai tan tir vai kHz dén vai
chuc MHz.

- Suy hao cong suit tin hiéu gan nhu ty 1é nghich voi R*.

- Anten thuong c6 dang thap cao, cong suét tir 10kw dén 1Mw va pham vi truyén
song c¢0 hang trdim dam. Trong chuong nay s& dua ra 101 giai giai tich cho buc xa tir
cac dipole dat vudng goc trén mit dat phang co ton hao, tir d6 xac dinh dong gop cua
song khong gian va song mat .

- Ham suy hao séng mit s& duoc biéu dién dudi dang do thi .

- Céc vi du vé danh gia kénh thong tin s& minh hoa cho bai toan thiét ké tuyén: tinh

todn cac murc cong suat, khoang céach truyén va cadc murc tin hiéu.

§3.2 SONG MAT TU PHAN TU DONG
- Xét phﬁn tor dong dinh hudng theo truc z, c6 cuong d6 don vi (dé don gian cho
tinh toan), dinh xr & do cao h trén mat dat.
- Mit dat duoc dic trung boi hang s6 dién moi phire.
K=K —jK’ =K —jo/ g
- C6 thé xem phan tir dong 13 ngudn diém, c6 mat 6 dong:

J=2, 04 0) 01y (1)
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- Tir phuong trinh Helmholtz = thanh phan A, = y trong khong khi va A, =
dudi mat dat thoa méan cac phuong trinh sau:
Vi + K,y =—p,J vGiz>0 (2a)
Vi, + 1k, y =0 voiz<0 (2b)
trong do ko’ = €ollo
- Loi giai ctia hé (2) c6 thé tim nho bién doi Fourier cho y va ys theo cac bién x, y
tuong ung vo1 By, By. Voi
B2, + Bzy = B2
- Bién d6i Fourier hé (2) >
(0% 107" + ko™ - BY) W (px. py. 5y = -( Mo /4m) S, 1) z>0

(@102 + K2 - ) 3 (o ) = O 2<0
- Tir diéu kién lién tuc cua cac thanh phﬁn tiép tuyén tarz=0, (%)
c6 thé chon:
v =y = Aexp[-yo(z — h)], véiz>h  (6)

v =y, = Alexp(yoz) — I'v exp(-y02)] / {exp(yoh)[1 - Ty exp(-2yoh)]}, z<h
(6) 12 tong ctia song xudng va 1én véi cac hang sd A va hé sé phan xa I', can chon
sao cho:
v, =y, taiz=h
- Voi z<0thi A,= \|13A va chon \|/3A sao cho
v =y, taiz=0,
> ys =A(L-T)) exp(y2) / exp(yoh)[1 - Tvexp(-2yoh)],

voi V=p-K (7)
- Ngoai ra con diéu kién bién tai z=h

@y /o2)"" = - o / 4’ (8)
-Tu(5)va(8) > Avarl, 9)
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Vi z>h
v ¢6 dang pho cua cac song phang buc xa tryc tiép tir ngudn cong véi cac song
phang phan xa tir bé mit (coi nhu xuét phat tir anh —h), T, dugc goi 1 hé sd phan xa
Fresnel.
-Voil, =0
W1 = (o / 4mexp {-jko[(p” + (z— )]}
- V6i do dan dién rat 16n > k oo
V1 = (Ko / 4m)[exp(-jkoR1) / Ry + exp(-jkoR2) / R]
trong d6 Ry =[(p’ + (z—h)"]'"%, Ry=[(p*+(z+h)]"”
- C6 thé viét lai y, dung ham Hankel
V1 = (Ko / 4m)[exp(-jkoR1) / Ry + exp(-jkoR2) / Ry + 2KI]
trong d6 1= ", [wHo (wp)exp(-yo(z+h)] / 2(y+icy,)] dw
voi Hy 1a ham Henkel loai 2, va ~ w* = p* + B,
- Khi y+xyo = 0 thi song c6 dang song mat Zenneck
- Véi khoang chan troi p rat 16n va z = 0 thi:
vs = Cexp(-jkp(x + 1)) / p'"%, v6i C = const.
- Trén bé mit z=0 > R, =R, > song khong gian bién mét va thanh phan E, ¢6
dang:
E, = jwA, = (jkoZo/4nR)[exp(-jkoR)I[2(k-1)/ K]A, )
véi R; =R, =R, A, =1 — j(mQ)exp(-Q)erfe(j Q")
Q = -jkoR(k-1)/21’
vaham erfc(jQ"?) 1a phan bu cua ham 15i
erfc(GQ'?) = (2/Q"?) jq12]“exp(-u’)du
Vay cudng d6 truong khac véi trong khong gian tu do & hé s6
2A4(x-1)/ k= 2As vix thuong > 10
- N6i chung, A gidm nhanh khi tang Q & trén mdt gia tri xac dinh.

-Khi R = 0 thi A, > 1 va giit ¢ gia tri 1 cho dén khi R 16n hon vai budc song.
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Thudng biéu dién:
Q = -jkod(x-1)/2k* = pexp(-jb)
Vo1 p=1Q| goi 1a khoang cach sd, d: khoang cach ngang
- Vi >> 1 nén, gin ding:
p = kod/2[x| = kod/2[(k** + (c00g0)*]"?
va b = tg”! (K’ wey/o)
voi o/we, = 1,8 x 10* 6 /f(MHz)
- Céc gia tri tiéu biéu cua mat dat: o =107 — 107 (S/m)
K’ =10-15 (dan dién)
+ p tang nhanh theo tan s6 = voi d cho trude, suy hao ting nhanh theo tan sé do
khoang cach sb p ting nhanh.
-Khi  p=500 - suy hao 1a 60 dB
p =50 = suy hao 14 40 dB
- Vi b < 90°, hé s6 suy giam |A,| co thé coi xap xi:
A = (2+0,3p)/(2 + p + 0,6p%) —(p/2)"*exp(-0,6p)sinb
* Song mit suy giam theo (17) chi khi mat dat phang.
- V6i khoang cach < 50 mi/f?. céng thire (17)con dung duoc cho mit cau.
- Ngoai khoang cach nay séng mit suy giam nhanh hon nhiéu trén mit cu so véi
mit dat phang.

- Khoang cach trén s& giam xudng gia trj 10 mi ¢ tan s6 100MHz

*( ving d thi do nhiéu manh nén cudng d6 & anten thu phai ¢ tir 110 mV /m

dé bao dam ty sb (S/N) .

*Véi anten dinh xt rat gin mat dét, trudng song mit s& bang 2A x trudng tu do.
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§3.3 HE THONG PHAT THANH AM
- Xét hé thong phat thanh AM 6 tan s6 IMHz. Anten thu c6 dang vong nho ¢ mach
vao & may thu:
- Dién tich hiéu dung cta anten khi phbi hop tré khang va phdi hop phan cyc 1a:
Ae = (A/41)G v6i G 1a do loi
- Néu tré thuan cia cudn day la r, dién trd birc xa 1a R, thi hi¢u suét cua anten 1a:
N=R,/(R,+71)
- Dién tré buc xa cho boi:
R. =ko'ZN°A%/67 v6i A 1a dién tich vong day, N: sé vong day.
-boloiG=1,51 - Cong suit thu:
Pr = AcPine = [ko’ZoN’A%/A(r + Ry)]Pine
voi Py, 1a mat do cong suét song dén trén don vi dién tich
*Gia su: r & nhiét d0 moi truong To= 300°K
R, ¢ nhiét 6 nhiéu cla anten Ty
Cong suét nhidu: P, = 4kTRAf
- Néu may thu ¢ dic trung nhiéu 1a F thi nhidu vao phu thém tvong duwong nhan
dugc boi viée tang nhiét do cua r+ R, mot luong (F-1)T, .
- Khi tai phoi hop tro khang: R =R,+r
thi > vé& duogc so dd twong duong thevenin cia anten.
=> Cong suat nhidu tong cong dat trén tai Ry,
=> Ty s6 tin hiéu trén nhiéu ¢ may thu
- Vidu: V6i N =200; A = 50 cm®; L =200 pH; hé sé pham chéat Q = 100;
Af = 10 kHz, tinh cong suit song tdi can thiét dé c6 ty s6 (S/N) = 100. Tinh cong
suét phat can thiét néu gia thiét anten phat c6 do lgi =1, tan sb lam viéc 1 MHz, dat

dan dién tot va cho d thi ciia |AJ theo khoang cach sb p.
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§3.4 KENH THONG TIN TRONG DAI DAN DUNG
+ Panh gia hé thong hoat dong & tan s6 27 MHz trong méi truong thén qué .
+ Gia thiét ca anten phat va thu déu & trén cac xe car va phuong thirc truyén song
giita hai anten 1 song mit v4i cac thong s6 nhu sau
-Cong suat phat =5W
-0 loi anten =1
-Dic trung nhiéu thu F=4
-6 rong bang thu =5kHz

-Hang s6 di¢n moi cua dat k=12

-P6 dn dién ciia dat 5=5x 107 >
m

-Nhiét d6 nhidu trung binh cua anten 1a 10* °K
- Tr gia thiét > Khoang cach sb:
p =0,25d/
*Khoang cach cuc dai co thé dung cong thirc cho mat dat phang 1a
50/ i = 16,7 mi
khido p=601m
- Do p>>1 nén:
A ~8.83x 10
- Cong suét thu 1a:
Pee=15x10"W
*Cong sut nhiéu tai dau vao anten thu la:
P,=7,52x10"°W
—cong suat nhiéu rat nho hon cong suat thu (S/N) =20,2
—khoang cach thong tin 16,7 miles 1a hoan toan kha thi.
*Ngoai khoanh cach 16,7mi, anh hudng ctia mat dat cau s& lam cong suat thu giam

rat nhanh - can dung cac anten cao hon.
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*Su suy giam cua soOng mat phan cuc ngang:

- Hé sb suy hao song mit phan cyc ngang la:
[1/(> — jo/meo]* Agp)
v6i khoang cach s cho bai:
p = (nd/Ao)1,8 x 10* o/fym,cosb
tgb = (K’ — 1)/ (c/wep)
=> khoang cach s voi song phan cuc ngang 16n hon nhiéu so véi sdng phan cuc
dtng & tan sb thap, do d6 song phan cuc ngang khong sir dung cho séng mit.

)

ARy A , _ kod we,
(vo1 song phan cuc ding P~
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CHUONG IV TRUYEN SONG NHO TANG PIEN LY

§ 4.1 GIOI THIEU

* Tang dién ly 1a phan khi quyén bi ion hoa (chu yéu do birc xa mit troi). Ban ngay
tang dién ly ton tai & khoang tir 90> 1000km trén mit dat. Mat do dién tich tir 10"
10'% e/m’ chia chu yéu thanh 3 16p véi mat dd e cuc tri : D, E, F.

- Vao ban ngay, 16p F chia thanh 2 16p Fy, F,

* Tang dién ly phan xa song vo tuyén co tan s6 3> < 40 MHz cho phép thiét 1ap
kénh thong tin v6 tuyén qua khoang cach hang ngan miles

*Héng s6 dién moi hiéu dung phu thudc vao tan sb va né)ng do phﬁn to >khong on

dinh >Fading->khic phuc nhd phan tap khong gian hodc phan tip tan sd

§ 4.2 HANG SO PIEN MOI CUA KHi ION HOA

- Trong khi ion ho4, chi c¢6 chuyén dong cua cac dién tir 1a quan trong dudi tac
dong cua dién trudong cao tan (vi khoi luong ion 16n hon 1800 lan so véi dién tr)

- Phuong trinh chuyén dong cua dién tir c6 khoi lugng m, dién tich —e véi vén tdc

V dudi tdc dung cua cuong do dién truong £ la

mdv/dt = -eE 4.1)
- Vi song sin =2 jomV = -cE
- Mat d¢ dong dién:
J =-eNV = (Ne*/jom)E 4.2)

- Thay vao phuong trinh Maxwell =>
rot H = jogoE + J = jog(1 — Ne?/ mo’ey)E 4.3)
=> hing s dién moi hiéu dung cta khi ion hoa 1a:
k=1-Ne’/ mo’g=1-0, /o

I 2 1/2 N A A
voi o, = (Ne”/ me) ! la tan sO plasma
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* O d6 cao thép hon, khi tinh dén va cham véi céc phan tir trung hoa va cac ion,
phuong trinh (4.1) can thém sb hang Iyc hdm do va cham : -vmv vao vé phai, v&i v 1a
tan sb va cham.

- Khi d6 hang sb dién moi c6 hiéu dung k c6 dang phirc:

K=1- copz/ ® (0 —jv) 4.5)
=> sy va cham gay hép thu manh & tan s6n thép hoac=v

-Tu (4.4) =

+ Khi ® > o, 2> k<l
+ Khi O = o, 2>Kxk=0
+ Khi 0 <o, > x<0

* Cac song phang lan truyén trong khi ion hod s& c6 hang sd truyén song:

k= (D(HOKSO)UZ _ Kmko

=>khi o <o, k > thuan 4o khi v=0 - séng phang s& suy hao theo ham mii voi
khoang cach.

* Xét song phang dén vudng goc véi tang dién ly, do ndng do dién tir N tang theo
chiéu cao nén dén mot d6 cao nhat dinh « = 0, sy truyén song s& dimg va séng phan
xa tr6 lai mat dat (chu ¥ o, = /Ne*/me, va lic ddu w,< o)

* Khi séng dén nghiéng mot goc v, N ting theo chiéu cao va k giam -> tia t6i bi
bé cong va quay tré vé mit dat khi chiéu cao thoa man diéu kién

K = sin y,

- C6 thé giai thich hién tuong theo mo hinh phan 16p va dinh luat khuc xa Snell

=> - Khi cho trudc goc téi v, diém phan xa s& cao hon khi tin sd tang.

- Khi cho trudce gia tri cyc dai cia néng do dién tur thi gid tri cuc dai cua y, cb
thé giy ra su quay ngugc cua song s& giam khi ting tan sé w, do d6 ton tai gi6i han
trén cta tan s6 dé song co thé quay vé.

Nisi han = 2cos w,/81

- Vi du: néu w, = /4, N=2x10"m’, =>f = 1,8 MHz
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- Néu N cho trudc thi:
k=1-8IN/f
=> Néu song t6i vudng goc thi s& quay nguoc néu N dat tdi gia trj sao cho k= 0.
- Khi d6 tan sb gi6i han cho béi:
f. = 9N, ">
- Khi d6 c6 thé viét lai:
f=1f.secy, = N~ SECY, (4.8)
- Gia tri f x4c dinh theo (4.8) duoc goi 1a tan s6 kha dung cuc dai MUF (Maximum
Usable Frequency) khi secy, ¢6 gia tri cuc dai (thuong< 40 MHz). Khi hoat nang cua

mit troi thap thi gidi han trén cta tan sb 1a tir 25 -30 MHz

* Virtual height: d cao cua diém giao ngoai suy cua tia to1 va tia quay vé cua 1

16p trong tang dién ly.
- Lop F: tr 250-400 km
- Lop Fy: tr 200-250 km
- L6p F ban dém ~ 300km
-LopE ~110 km
* Skip distance:
d=2(2a:h")"?
v6i h’ 1a chiéu cao ao.
- Goc td1 cyc dai tuong ung w, dugce cho boi:
cotgy, =h’/(d/2) =2h’/d
- Néu ndng do e'1a 10"/m’ > f, = 9 MHz va fy, = 32,4 MHz
- néu dung h’ = 300 km (phan xa tir 16p F) => dinax = 2500 mi, va dpax = 2500 mi
néu phan xa tir 16p E.
-Pécd d<dmu - giam y, 2> f giam.
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§ 4.3 CAC THONG SO PUONG TRUYEN

* Pé xac dinh cac thong so ciia duong truyén song nho tang di¢n ly can biét quan

hé khoang cach buéc d, chiéu cao 40 h' va goc tdiy,.
Goc tinh tir tim quéa dat qua diém phat va diém quay vé:
0 =d/2a, (4.10)

voi a. = 5280 mi hay 8497 km
Theo luat sin trong tam giac =>

(1 +h’/a. — cosB)cosech = cotgy, (4.11)
Goc ngang =m/2 — 0 - y, (4.12)
* Vi du: Xac dinh goc birc xa va tan sb cho tram vo tuyén séng ngin.
- Gia sir tram song ngin duoc thiét 1ap dé phua song ¢ khoang cach 4200 mi

(6760 km).

- Chiéu cao phan xa h’ cho buéc don 1a:

h’ ) = d*/8 = 670 km

-Vi h’ > chiéu cao cua tang ion, do d6 can truyén qua 2 budc, mdi bude 2100 mi >

h> = 167,5 km > dung phan xa tir 16p F; va F, va tia btrc xa c6 goc ngang khac 0.
- Gia thiét chiéu cao ao la 300 km
- Tirhé (4.10) va (4.11) => y, =74,44°
goc ngang = 4,16°

—> anten phat can ¢6 hudng birc xa cuc dai lam 1 goc 4.16° so véi mit dat
-Lép F véi diéu kién ban ngay ¢6 N =5x10""/m’ = tan s6 gi6i han £.=6,36 MHz
- tan s6 kha dung cuc dai:

finax = 11,06 MHz
—> hoat dong trong dai SW —31m (9,2 - 9,7MHz) c6 thé chép nhan duoc.
* Trong thuc té can chu ¥ su khac biét vé thoi gian (gid dia phuong) giira 2 diém

phan xa va thoi gian trong nam. No6i chung, can ctr vao s6 li¢u thong ké deé thay doi
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tan s6 hoat dong theo thoi gian trong ngdy. Tan sb kha di cao nhat can lam tdi thiéu

hoa suy hao va can chon < 15% dudi muc tan so6 kha dung cuc dai.

§44  ANH HUONG CUA TU TRUONG TRAI DAT
- Anh hudng ctia tir trirdng ¢ thé bo qua o tan so trén 10 MHz, nhung can duoc
tinh dén khi tan sb nho hon 5 MHz.
- TUr truong 1am cho tang ion trd nén bat dang hudng va hang sé dién moi phai
duoc biéu dién dudi dang ma tran.
- C6 2 mode truyén song khac nhau: thuong va di thudng. Séng phang dén ting ion
s& tach thanh 2 mode truyén va khi ra khoi ting ion chung sé tai hop trd lai thanh 1
mode don. Tuy nhién mit phan cuc thuong bi thay ddi, goi 1a hién tugng quay
Faraday.
- hién tuong quay Faraday gdy ton hao cong suat tin hiéu tai anten thu do mat phoi
hop phan cuc.
- Mot dién tir tu do chuyén dong véi van tde v sé quay hay chuyén dong trén 1 quy
dao tron duéi tac dung cua tir trudng tinh B, voi tan sd goc:
o, =eBy/m (1)
T trudng trai dit~ 5 x 10”° Wb/m”> > o, ~ 8,83 x 10° va f, ~ 1,4 MHz
- Tt luc Lorentz va quan hé¢ H ~ YoE = bo qua lyc tac dung ctia H so véi E.
Néu tinh t&i ca luc him do va cham thi mat do dong dién tr 1a:
(jo+vW+odxa,= 0)p280E
=> Syr c6 mit cua tir truong lam cho d6 dan dién tré thanh mot tensor c. Dung
biéu dién cap vector don vi, co thé viét lai:
J=0E
Thay vao phuong trinh Maxwell IT => hang s dién moi cho plasma tang ion hoa
c6 dang tensor:
K =1+ 0 /joe, (10)

VOl I 1a t6 hop cac cap vector don vi
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- Loi giai cho song phang lan truyén trong mot tang dién moi dong nhat c6 thé
duogc tim khi ding phuong trinh Maxwell va tensor hang s dién moi.

* Quay Faraday: Xét mot 19p trong tang dién ly co chiéu day 1 (m), doc theo truc z.
Phan tich song phang téi thanh 2 séng phan cuc tron, quay phai va quay trai.

- Song dén di vao tang dién ly tai z= 0 va lan truyén nhu 2 séng phan cuc tron voi
hang sd lan truyén khac nhau.

-Khi séng thoat ra khéi 16p 1, néu bo qua phan xa tai bién ciia 16p thi song ra lai ¢6
dang phan cuc thang nhung huéng phan cuc quay 1 goc @ so véi truc x:

tg® = tg[(k, — ki)l/2]

- Hién tuong quay Faraday xay ra manh khi o gin o vi lac d6 k,; va k, rat khac

nhau.

- O tan s6 cao k; va k; c6 gia tri gan nhau nén ® nho.
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CHUONG V
TRUYEN SONG DAI MICROWAVE VA MLLIMETER-WAVE

§5.1 SUY HAO DO MUA

1/Géi thiéu

-Dai tan s6 microwave va millimeter:

-Séng xuyén qua tang diénn ly vi @ >> tan s plasma ©p.

—c¢6 hién tugng giao thoa do phan xa tir mat dat, nhung anh huong khong 16n nhu
& tan so thap vi do ghd ghé ctia mat dat 1on hon nhiéu so véi budc song.

>Néu tai diém phan xa mat dat 1a phfmg hodc 1a mat nudce thi hién tuong giao thoa
c6 thé manh va tao ra kiéu burc xa blp voi cac bup song gan nhau (cac bup song troi)

*Suy hao dang ké 1a suy hao do mua (v6i cac song c¢6 4 ¢& vai cm hodc nho hon)va
do tuyét.

*V§i cac song cd Ac¢d mm, suy hao cha yéu do swong mu, hoi nude va cac khi
khac trong khi quyén.

2/ Suy hao do mwa:

- Do sy hap thu cong suit trong méi trudng ton hao dién moi
- Do sy tan xa ning luong ra khoi chum tia, thudng nhé hon ton hao do héap thy .
* Xét hat mua hinh cau ban kinh a << ,cta song mat:
Hang s6 dién moi phirc:
K=K —jK
Dién truong song tdi lan truyén theo truc x:
E; = Eja, exp(-jkox)
Vector phan cuc dién moi trong giot mua hinh cau:
P=3(k—1)/(x + 2)gEoa,
=> Moment ludng cuc cua giot mua:
P, = (4/3)ma’3(x — 1)/(x + 2)&oEoa,

- Trudng tan xa ving xa clia giot mua (twong dwong phan tir dong Idl = joPy): E,
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=> COng sudt tan xa toan phan:
P, = (0’ko’Zo /1270) [Py’
hay: Py =(4/3)ma’(koa)"Yo|Eo[|(x — 1)/(x + 2)*
con goi 1 cong suat tan xa tan s6 thap, hay tan xa Rayleigh

* Tiét dién tan xa 6y dugc dinh nghia = cong suat tan xa toan phan / mat do cong

suat song dén trén don vi dién tich

* Tiét dién tan xa nguoc radar ogs dugc dinh nghia sao cho néu tan xa 1a dang

huéng thi cong suit tan xa nguoc /dvi dién tich =coéng suit tdi. C6 thé chimg minh
duoc:
ops = (3/2)o;
- Tiét dién hap thu o,: duoc tinh tir tich phan qua thé tich hinh cau ban kinh a cta
cong suit gy bai dong phéan cuc J, = joP do tuong tac voi dién truong E: P,
=> tiét dién hap thu:
=P,/ (Pi, / dvi dién tich)
=12 ma’(koa) |(k — D)/(k + 2)]* {”"/ [(x* = 1)* + ]}
- Tiét dién huy (extinction):
0. = 05 T 0,
- Cong suat mat mat toan bo ctia song dén:
Ploss = 0c X (Pine / dvi di€n tich)
- Khi song dién tir truyén qua ddm mua, can tinh ti phan bd kich thudc hat mua vi
o. phu thuéc manh vao béan kinh hat mua.
—Suy hao do mua phu thudc:
+ tiét dién huy cua mbi giot mua
+ phan bo kich thudc giot mua
+ tdc d6 mua R
- Quy dinh toc d6 mua: + Mua phun nhe R=0,25 mm/h
+ Mua nhe R=Imm/h

+ Mua vira R=4 mm/h
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+ Mua nang R=16 mm/h
- Phan bd kich thude hat mua phu thudc toe d6 mua:
+ Mua nang hat - cong thirc marshal palmer
+ Trong vién thong thudng st dung cong thirc don gidn hon:
A=aR"”  (dB/km)
+ Cong thure Olsen — Rodgers - Hodge:

*Nhan xét:

+ O tan s6 < 10 GHz suy hao do mua twong dbi thap
+ Suy hao do mua ting nhanh theo tan sb
* Vikhoang cach thong tin point to_point tiéu biéu 1a 20 30km nén tdc do suy hao
>1dB/km c6 thé din dén suy giam manh cudng d6 tin hiéu > phai khac phuc nho

tang d6 loi hodc cong suat phat ctia anten > kha tén kém khi can ting 1000 lan

§5.2 SUY HAO DO SUONG MU

- Tuan theo cac phuong trinh tuong tu nhu suy hao do mua

- Khéc biét chinh do kich thuéc hat rat nhé, ban kinh ¢ tir 0,01>0,05mm

- Vi tan sb < 300 GHz suy hao do swong mu ty 1€ vé1 mat d§ nudc /dvi thé tich
- G161 han trén cua mat do nudc la 1 g/m3

- M4t d6 0,032 g/m’ tng véi tam nhin xa khoang 20001t

- Mat d6 0,32 g/m’ ing v6i tim nhin xa khoang 400ft

*( tan s6 300GHz suy hao trong suong mu ¢6 mat o cao xap xi 1dB/km
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§5.3SUY HAO DO TUYET VA DA

- Khi nuéc chuyén sang dang tuyét va da, co su thay doi dang ké trong hang sd
dién moi phirc k=K’-jx”

- Vi da «’gan nhu khong d6i ~3,17 véi nhiét d6 tir 0°C >37°C, v6i bude song
trong dai microwave va milliterwave .

- Phan 40 k” rat nho va gan nhu khong phu thudc tan sb trong dai vi song va
millimeterwave, thay d6i tir 3,7x10° =5,2x10™, khi nhiét do tir 0°C>-30°C.

- Gi4 tri rat nho ctia phan 4o k” ching to suy hao twong ddi thap.

- Do tuyét va mua da chira hdn hop cta tinh thé da va nudc, nén suy hao phu
thudc diéu kién thoi tiét.

- Suy hao ctia dai vi song trong tuyét khé nho hon 1 bic so véi suy hao trong mua
vé6i cung toc do .

-Suy hao trong tuyét uét c6 thé xap xi trong mua va tham chi co thé cao hon dai
song mm .

Vidy: suy hao ~ 2dB/km ¢ tan sé 35GHz cho tuyé uét véi toe do Smmy/h.

§5.4 SUY HAO DO CAC KHi TRONG KHi QUYEN

- Do thi suy hao (dB/km) theo tan s ¢6 cac cuc dai va cuc tiéu > khai niém “clra
s0” 1a nhirng dai tan sb trung gian giita cac cuc dai co suy hao thap .

- O tan s6 > 300GHz suy hao do oxygen c6 thé bé qua so v&i suy hao hoi nuée.

- Hép thu hoi nudc xay ra manh tai 2,=1,35cm va 1,67mm

- Hép thu do O, x4y ra manh tai 41=0,5va 0,25cm .

- O budc séong 4 =0,5cm riéng suy hao do O, dd vuot qua 10dB/km -khoang cach
thong tin rt han ché.

- Néu chon budc song 1am viéc thich hop c6 thé han ché suy hao déng ké, chang

han tai 4,=1,33mm suy hao s€ < 0,1dB/km
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- Tuy nhién c6 thé dung dai song cuc ngan cho cac img dung dac biét & khoang
cach ngan hodc gitta v¢ tinh vdi vé tinh do c6 thé tao ra cac anten c6 d0 loi cao, bu lai

suy hao.

§5.5 TAN XA DO MUA
- Pong vai tro quan trong trong dan dudng va du bao thoi tiét .
- X¢ét giot nude dinh x1r tai diém (r,0,0) trong hé toa do cau dat tai anten radar, 014
gbc cuc, ¢ 1a goc phuong vi so véi hudng nhin cua radar .
- Cong suat dén/don vi dién tich tai vi tri giot nudce 1a :
Pine = P.G(0,¢)/4nr’
- Cong suét tan xa nguoc tai vi tri radar 1a :
dPgs = P, .Ops/4nr’
- Cong suat thu bai anten radar 1a:
dP, = (Ay/4m) G(0,9p)dPgs
+ Vi gia thiét bo qua da tan xa (mutitiple scattering) va tré pha 2k, (r; - 1;) phan bd
ngau nhién tir 0>2 z thi cong suét tong cong thu duoc boi radar 13 tich phan cia
G’<opg> /1
trong thé tich ddm mua V, véi <ops> 12 tiét dién tan xa nguogc trung binh trén don vi

thé tich.

_ \ , , , . s o1ea LA 34 . 2r
- Gia st suon trudc cua xung radar phat ra tai t=0, tin hi¢u v€ dén radar tai t="—,
c
cung thoi diém vai tin hi¢u phat ¢ thoi diém t; nhung phan xa bdi giot mua & vi tri:

r—Ar=r—ct,/2

* Vay suon sau cua xung s¢€ tra vé 1 tin hiéu tur giot mua tai vi tri r-% tai cung
thoi diém voi suon trude tir giot mua & vi tri r.

* Chu y: khoang céach % thuong rat ngan, chang han, voi 7= 1,5 > C—; =150 m.

Do do6 co6 thé boé qua suy hao cua song dén va song ve.
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Vidu: Cho hé radar cé cac thong sb:
P, = 100kW (peak)
Pulse length: 7 =1 s
Antenna Gain: G =30 dB
tin s6 f = 100MHz
D0 rong tia nra cong suat 0,063 rad
Xéc dinh cong suét thu tir ddm mua cach 10km voi toc d6 mua 10 mm/h
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