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Examen: Reprezentare logaritmica

dB =10°log,, (P,/P,) dBm =10°log, (P/1mW)

odB =1 odBm =1mW
+0.1dB = 1.023 (+2.3%) 3dBm =2 mW
+3dB =2 5 dBm =3 mW
+5dB =3 10 dBm =10 mW
+10dB =10 20 dBm =100 mW
-3dB = 0.5 -3dBm = 0.5 mW
-10dB =0.1 -10 dBm =100 uW
-20dB = 0.01 -30dBm =1 uW
-30dB = 0.001 -60 dBm =1 nW

[dBm] + [dB] = [dBm]

dBm/Hz] + [dB] = [dBm/HZz]

[x] + [dB] = [X]




Operatii cu numere complexe!
Zz=a+j-b;)P=-1



Reprezentare polara

Formula lui Euler A
y .......... ]

el =cosx+ j-sinx;VxeR

Reprezentare polara

z=a+j-b=z]-e'* ¢

z=a+ j-b=|z-(cosp+ j-sing) 0 X

7N — qz‘ .ej.¢)n _ ‘Z‘n 'ej.n.(p _ ‘Z‘n . :COS(n'¢)+ J .Sin(n.¢)]

é \E:qz‘.em)% :\/ﬂ-ejg :\/E‘(COS%“L j .sing)

2
- w=[z]- ¢ fuf-e7 =[a]- I e = P [oosp+6)+ j sine+6)

z/w= ‘Z‘Oej.w _M elv .l = [ ‘ _ |coslp—8)+ j-sin(p—0)]
wi-e"”  |w \W\ \W\




Introducere




~ Microunde

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

27 |
E=0-I :7-| —272-(;)

E:ﬁ.|:2_”.(|.f.\/;r)
Co

Dependenta
castigul antenei
imaginea unui obiect pe radar



Lungime electrica

Comportarea @ o ket
(descrierea) unui
circuit depinde de
lungimea sa

electrica la o [ | \
|

frecventele de
Interes N S1

E=o0 = Kirchhoff
E>o0 = propagare

(c)
27 |
E: ‘II—-|:272'. S
P A (ij

Maxwell’s Equations



Ecuatiile luit Maxwell

VxE :_2_'? Ecuatii constitutive
oD D=¢-E
VxH ="
X p +J B=u-H
v.D J=0-E
In vid
V-B=0 Ly =47 x107" H/m
v.]=_9 £, =8854x10"? F/m
ot
C, = L =2,99790-10° m/s

Véo Mo



Ecuatiile de propagare

Ecuatiile Helmoltz sau ecuatiile de propagare

Mediu lipsit de sarcini electrice
V?E - y°E =0
V’H -y°H =0
2

v =—0’su+ jouoc

v — Constanta de propagare



Solutia ecuatiilor de propagare

Camp electric dupa directia Oy, € prin alegerea judicioasa
w7z propagare dupadirectiaOz € asistemului de referinta

— —rZ vz
E,=E,e’""+E.e

by *‘;'ﬁ:::; e\.\c’{\e\d
N

}/=\/—a)25,u+ Jouo =a+|-p
Propagare Exista numai unda progresiva E,=> A

E, = Ao (i)

AN\774
| |
/

DO = ¢ new oo

“ / \ Propagare
Polarizare circulara / (variatie in timp si spatiu)

Amplitudine

Atenuare




Solutia ecuatiilor de propagare

E —Ete7?LE e Camp electric dupa directia Oy, € prin alegerea judicioasa
y propagare dupa directia Oz €< a sistemului de referinta

yz\/—a)zg,u+ jouoc =a+j-p

unda E, =E*.e e .pll0t-5)
incidenta (&t— B-7)=const
reflectata | punctele
Ey =E -e%”* °ej(w't+ﬁ'z) de faza
Unda constanta:
directa (w-t+ -2)=const

Inversa



Solutia ecuatiilor de propagare

unda
o E —E*+.g%? ej(a)t ﬂ-z)_|_E a2 ej(a)t+ﬂz)
incidenta g
reflectata H,=H*.e*?.ell®t-/2) L 4~ g 02 gllet+s2)
unda
d|rECta V(Z):V+ e_az eJ(w.t_ﬂz) LV e a-z ej(a)t+ﬂ2)
INvVersa



Conditii la limita de separatie intre
doua medii

nX(El_Ez)
n><(H1—H2

||
o
-
()
I
S,

N

= Js n'(Bl_

Daca un mediu este metal ideal toate
campurile se anuleaza in interior



Moduri in medii delimitate

Campuri electromagnetice cu variatie
armonicain timp

simplificarea ecuatiilor lui Maxwell

: X . " . " .
X =X el %z]-a)-x g(a))zj f(t) e '“dt f(t):_[ g(w)-e'dw

—00

In medii delimitate solutiile ecuatiilor lui
Maxwell trebuie sa verifice conditiile la limita

solutiile trebuie sa respecte anumite conditii
suplimentare



Moduri in medii delimitate

Campul electric trebuie sa fie
perpendicular pe un perete
metalic sau nul

Campul magnetic trebuie sa
fie tangent la un perete
metalic sau nul T ey e e e o
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Moduri in medii delimitate

TE10 TM22

. . S -
-

TM11 TE41
[=] I Sa
FTrT 3

TE21 TESD
- [1HH]]

A O -

TE31 TM42
A B A "ee»
T T Y aee»

Similar cu transformata Fourier g(w):ﬁo f(t).e—iwtdt f(t):ro g(a))-ej”tda)

E*,E‘:iA.Modi A =(E,Mod,)



Modele matematice

cazuri particulare in care exista rezolvare analitica

semnale cu variatie armonica in timp, transformata
Fourier, spectru

X — Xoej.w.t %: j-w-X g(a)):ji f(t)-e_jwtdt f(t):j:g(a)).ejwtda)

&Y

g 0075 7 \ n
A

-1.5

il

=

Amplitude
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Modele matematice

cazuri particulare in care exista rezolvare analitica

Exista unda in o singura directie E*(E*), E(E")
unda
incidenta E, =E*.e*?.ell@#7)  pr.gmoz pllotf?)
reﬂectataEIN _E o7 4E, e D E. —E, e’ +E, ¢~
unda
directa

Inversa E.,e’”" ——]| 4|—— E,.©
E < >EOUT
E, e ——]| A|l—— E, €’




Modele matematice

cazuri particulare in care exista rezolvare analitica
moduri in medii delimitate B (A)

TE10 TEO1 TE20 E:ZA 'MOdi A :<E’M0di>
R A 11 |
— =N _,D_, E...
TM11 TE11 TM21
[=] T 2 &»
e e _
TE21 TE30 TM31 A _<E'N’M0di>
F - = A1 —s| A]l—— B
camas IR on !
TE31 TE02 TE40
ians == NN ]

A
N
B (Ai) Eour= ;Bi -Mod,




Linii de transmisie in mod TEM



Linie de transmisie

mod TEM, doi conductori
1(z,t)

 ——

/’ Ie % e L - '{_ ¢ i-l!.',:u'
Y QIHHV/" WERERIIAR

Ground (=12
a) b

R N

h

Vv N




Linie de transmisie 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)_bai(z,t) Kl
0z ot

ai(Z’t)z—G-v(z,t)—C-éV(Z’t) K|
oz ot

semnale sinusoidale

dv (z) =—(R+j-0-L)1(z)

dz d
o /dz(...)

= (G+j-»-C)V(z)




Rezolvare

y=a+i-p=JR+j-0L1C+]-0C)

V’E -y°E =0

ViH-y?H=0 B =Ee7+Ee”

' =—0’su+ jouoc



Solutiile

Z)= 0
Y +—z — A7z
I Ve 7t -\, e
dV(z) (R+ja)L Iz/ R+Ja)L( 0 © )

z =Rt lol R+ jol Impedanta
/4 G+J wC o L.
caracteristica a liniei
V0+_ . VO_
T 2y P
0 0 A ﬂ f ,B



Linie fara pierderi

Fara pierderi: R=G=0

y=a+j-B=yJR+j-@L)(G+j-@C)=j-w-L-C

a=0 ; f=w-L-C
R+j-wL [L
7 = - |=
0 \/Gﬂ.mC - Z. real
V(z)=V, e 7% yv,elr? L2 1

1(2)= Yo g-ip2 _Vo gips
ZO ZO



Linie fara pierderi

A'\

V(z)=Vye 177 yv, el#?

1(2)= Yo g1 \;_emz
0

Z,

, VO

Z "7 0) VARV
coeficient de

reflexie in tensiune

Ve _Z,-7,
V, Z_ +Z,

Z, real



Linie fara pierderi

coeficientul de reflexie la intrarea liniei

V(z)=V e 152 L\ -elh? =T :Vo_(z)
)= o ) Vs (2) V.
" = v()=V+V; r(o)er:VO+
0
: V(=1)=V, e yv eI
: VO_ e 1A _2j-p1
' Z;, Z, Z, r(-1)=T,, = Vo7 =1(0)-e
|
l
|
|

F(1}=Ir) 7 =0}
N _ 2j.4 —
-1 0, Ly=1_-¢€ FIN‘_‘FL‘




Linie fara pierderi

V(Z)ZVO+ ,(e—j-,b’-z _|_1—*.ej-,3.z) |(Z)= \;—O+ .(e_j.lg.z T -ej"B'Z)

Puterea medie

Favg = 1'Re{V(Z)' '(Z)*}= E-’VO -Re{l—r* e 2Pt . g?lhe —|r|2}
2 2 Z,

an:1° 0+ (1_|F|2) (Z_Z* —Im
2 Z,

Puterea transmisa sarcinii = Puterea incidenta -
Puterea “reflectata”
Return Loss [dB] RL=-20-log|l] [dB]



Reprezentare polara

Formula lui Euler A
y .......... ]

el =cosx+ j-sinx;VxeR

Reprezentare polara

z=a+j-b=z]-e'* ¢

z=a+ j-b=|z-(cosp+ j-sing) 0 X

7N — qz‘ .ej.¢)n _ ‘Z‘n 'ej.n.(p _ ‘Z‘n . :COS(n'¢)+ J .Sin(n.¢)]

é \E:qz‘.em)% :\/ﬂ-ejg :\/E‘(COS%“L j .sing)

2
- w=[z]- ¢ fuf-e7 =[a]- I e = P [oosp+6)+ j sine+6)

z/w= ‘Z‘Oej.w _M elv .l = [ ‘ _ |coslp—8)+ j-sin(p—0)]
wi-e"”  |w \W\ \W\




Reprezentare polara

Formula lui Euler

e/ =cosx+ j-sinx;VxeR

e’ +e ¥ =cosx+ j-sinx+cos(—x)+ j-sin(—x)

el* e 1 =cosx+ j-Sin X+CoSX— j-Sin X =2-cosx

el eI
é COS X =
2

iy

eJ

—e ¥ =cosx+ j-sin x—cos(— x)— j-sin(-x)

el —e ¥ =cosx+ j-Sin X—COSX+ j-SinXx=2j-sin X

. elX_e
2]




Linie fara pierderi

> V(=1)=Vy el 1y, e/
; |(_|):£eJIBI _\ie_j‘ﬂ‘l
I Zy Zy
' V(=1) 2j-p1
! _ V= 1+ Te?”
Ezi” Z, Z s 1(~1) Zin=Lo T oA
|
! impedanta la intrarea
! | liniel
[ —
O
, :ZO.(ZL+ZO) el 1 (z, -2,)-e7 17 5 5 ZitiZytan(p-)
: ° Z,+j-z, -tan(B-1)



Linie fara pierderi

impedanta la intrarea liniei




Linie fara pierderi

impedanta la intrarea liniei de impedanta
caracteristicaZ,, de lungime [, terminata cu

impedanta Z,
L




Linie fara pierderi

relatia este dependenta de frecventa prin
valoarea /-l

0, 27
re B s
’ 21 27 f 27 -1
! B-l="21 = | = f
! A V, V,
: dependenta de frecventa este periodica,
: Zin Zo ZL impusa de functia tangenta
[
|
|
[
|




Linie fara pierderi, cazuri particulare

[=k-\2 ﬂ.|:27”.|:k.7z tan3-1=0 Lin =1,
[=MNg + k-A2 tan -1 — oo , ZOZ
in Z|_
L

Transformatorul in sfert de
lungime de unda

_______l;l_____..
S
N




Z =0
reactanta pura
+/- = in functie de |

Zi.=]-Ly-tan B -1

7.

- Z, +]j-Z,-tan(B-1)
> Zo+j-Z, -tan(B-1)

Y

Y




Linie in gol

reactanta pura

+/- = in functie de | /.\

Lin=—)-Zy-cotf-|

 1(2)Z,
—2V

Y

(b)

L ) S ——
| /
4*|;;:
/
4 oo dapddl (&) P2 et aetinacinainpdai
| /
j
Y

)

Z, +j-Zy-tan(B-1)
=2 r

L. : :
Zy+j-Z, -tan(B-1)

o
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Factor de unda stationara

Vi)V e imeit) Nl | e T =re
V@)= el

amplitudine maxima pentru  gf¢*2187 _1 \/. 2’\/0+ °(1+‘FD
amplitudine minima pentru ~ @?+2187 _ _q (VAR ’\/O+ .(1_‘1“‘)

se defineste factorul de unda stationara

(Voltage) Standing Wave Ratio
V 1+|0

VSWR = ~max —
Vi 1-T

min

numarreal 1 <VSWR <
o0 masura a dezadaptarii (SWR = 1 semnifica adaptare)



Linie fara pierderi +/-




Contact

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



