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~ Microunde

Lungimea electrica a unui circuit
| — lungimea fizica
E = B:1-lungimea electrica

_2 q_on L
E—,B-I—/1 | 27[(/1)

2

E=p1=""(1 1 )

T
Co

V, | variabile
~ inutile

Dependenta
castigul antenei
imaginea unui obiect pe radar



Solutia ecuatiilor de propagare

Ey =E"e7*+E e
Camp electric dupa directia Oy,

7/:\/_@257‘“ + jouoc =a+j-fp propagare dupa directia Oz
unda E,=E"e %’ pll@t-p12)
incidenta (t— B-2) = const
reflectata | punctele
E, = E-.g¥?.glletf2) de faza
unda constanta:
directa (w-t+ -2)=const

Inversa



Solutia ecuatiilor de propagare

unda
incidenta

reflectata
unda

directa
Inversa

E —E*.e %7 .ej(a).t—lg.z) LE .7 ,ej(a)-t+,8-z)

Hz _H*t.e @2 'ej(a)-t—,B-z) L H e 2. ej(a)-t+,8-z)

V(Z):V"‘, e_OC'Z . eJ(C()t—ﬂZ) +V—'e_a.z .ej(a)t+ﬂz)

| (Z) —|T.e7%. ej(a)-t—ﬁ-z) L] .ee. ej(a)-t+,8-z)

V(Z) EVAS ej(a).t—ﬂ.z) Ve ej(a)’t+,3'2)



Generator adaptat la sarcina ?

valoriimpedanta ?
reflexii ?

V Z,




Generator adaptat la sarcina




_RUEF R_-[Eif

L= 2 i 2
Z+Z " |(Ri+R.)+j-(X+X\)
a+ j-b|=+va*+b’
P — RL.‘Ei‘Z
L (Ri+RL)2+(Xi+XL)2
Adaptare

putere maxima transmisa sarcinii
conditie?



Adaptare dpdv al puterii

Puterea disponibila (available)

*

ZL:i



Coeficient de reflexie

Un Z_ oarecare ales ca referinta
rr> -
VA

I

_£-4;
L+7Z,




Adaptare dpdv al puterii




Adaptare dpdv al puterii




Adaptare dpdv al puterii

Daca se alege un Zo real *

numere complexe
in planul complex
>Re [




Reflexie de putere /| Model

Z I:)|_
Pa Z Z, ;éZi*
© -
—Puyterereflectata

Putere a undei reflectate



Coeficienti de reflexie

"7, +Z



Coeficienti de reflexie

R-R)+i(X+X) p _(Ru=R)i-(x+X)
R k)RR
)= RRU+ I (X + X, ) V(R =R +(X; +X, ) =y
IR RO X) T R R



Reflexie de putere /| Model

P P S
Zi P L a 4R
d ZL 2
5 _ R, -|Ei]
G_ P L (Ri+R_ ) +(X i+XL)2
' r
5_p_p B R -[E[ EL [, AR R,
T 4R (Ri+R Y+ (XX ) 4R (Ri+RL ) +(X X )°
2
p - Ej ,{(R. R )" +(X i+XL)2:|: P, coeficient de
AR | (Ri+R ) + (XX, ) reflexie in putere



Linii de transmisie in mod TEM



Linie de transmisie

mod TEM, doi conductori
1(z,t)

 ——

V(z,1)

Vv N




Linie de transmisiem model

echivalent

mod TEM, doi conductori

(z,t) 1(z+Az,t)
> Y Y —>
R-Az LAz
V(z,t) G-Az| | T CBZ | vz+azt)

Az




Ecuatiile telegrafistilor

domeniu timp

M =—R-i(z,t)- LM
oz ot
oi(z,t) _ Gv(zt)-C ov(z,1)
0z ot

semnale sinusoidale

d\;_gz):—(RH-w"—)"(Z)

d:j—(ZZ) =—G+j-@-C)V(z)



Rezolvare

2
ddv§z) 7"V (z)=0
Z
o y—at - p-JRF o G0 C)
2 _7/2. I(Z):O
dz
V’E—-y°E =0
V2H —72H =0 E,=E, e’ +E ¢

v =—o’au + jouo



Solutiile

gu—

V(Z)=V0+e‘7'Z +V, e”*
I(Z): Ile 7% 41 e y=a+ | -,B:\/(R+ jro- |_).(GJr j -a)-C)

—

“——

V(z)=V, e +V, e

Y + A—YZ -z
1(z)= V. e 7t -\, e’
d\;(z):—(R+j-a)-L)-l(z) ) R+j-a)-L(0 ce’)
Z
z, < Rrlol  Ryjol Impedanta
° y G+J-w-C CoL Ce
caracteristica a liniei
Vo 5 _ Vo
|g_Z°_ N 122 v =21
B B



Linie fara pierderi

R=G=0
y/=a+j-,B:\/(R+j-a)-L)-(G+j-a)-C)=j-a)-\/L-C
a=0 ; p=w-+L-C
R+j-wL [L
7 - _ |=
0 \/Gﬂ.'w.C - Z, real
V(Z):Vo“Le_j'ﬂ'Z+Vo_ej'ﬂ'Z P 2r 1
o-JLC "= 7c

()= Yo gine Vo gine
ZO ZO



Linie fara pierderi

A-\

coeficient de
reflexie in tensiune
VO_ _ ZL _ZO

Vi Z,+Z,

T =



Linie fara pierderi

Puterea medie

1 | | 1 |l’jr+|2 — 2 iBz 9 5
Pue = =Re{V(2)I(2)*} = = —2—Re{l — e 2P? L Te?PZ — I
avg 7 { (2)1(z2) } 2 Zo { +1e ‘ ’ }
1 |Ir+ |2 ]
P’wo =i Z= g 1 —|I'|°

RL = —20log|I'| dB.



Linie fara pierderi

> V(=1)=Vy el vy eI
: Z, Z,
|
! ~V(-I) 1+T .27
Zn 2, Z, Zeygy echipgus
|
|
! impedanta la intrarea
. | liniei
O' >
|
S _ (2,+2,). ej_ﬂ"+(ZL—ZO) e 1A S, _ Z +]-Zy-tan(B1)
Nz +Z,) e (2, ~2,) e T "0z -z, tan(B1)



Linie fara pierderi

L, +]-Zy-tan S|
n=2%4o" :
Lo+ ]-Z -tan G-




Contact

Laboratorul de microunde si optoelectronica
http://rf-opto.etti.tuiasi.ro
rdamian@etti.tuiasi.ro



