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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 -10dBm =100 pW
-20dB = 0.01 -30 dBm =1 uW
-30dB = 0.001 -60 dBm =1 nW

[dBm] + [dB] = [dBm]

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

[x] + [dB] = [X]




Operatii cu numere complexe!
Z=a+j-b;]P=-1



Lungime electrica

Comportarea @ o ket
(descrierea) unui

circuit depinde de

lungimea sa rdeagh

electrica la o [ | \
|

\ Telegrapher’s

frecventele de
Interes N S1

E=~o =2 Kirchhoff
E>o0 2 Maxwell

(c)
27 /
F = l=—l:27z _
& A (ij

Maxwell’s Equations



Ecuatiile luit Maxwell

VxE:—Z—B Ecuatii constitutive
{
aD DZS-E
vxH=41J
T B=p H
v.D J=0o-F
. :p .
In vid
V-B=0 t, =47 x107" H/m
V.J:_(Z_f’ g, =8,854x10™% F/m
{

1

V&0 Ky

=2,99790 -10% m/s

Cy =



Ecuatiile de propagare

Ecuatiile Helmoltz sau ecuatiile de propagare

Mediu lipsit de sarcini electrice
V’E—-y*E =0
VH—-y*H =0
v =—w'su+ jouc

v — Constanta de propagare



Solutia ecuatiilor de propagare

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

E ,=E, e’ +E ¢~

(e

W sC
N

y=\-o’cu+ jouc =a+j- B
Propagare Exista numai unda progresiva E,=> A
E = felatiP)z

y

Bad Camp armonic

I E, = e /L)
- y/ \ Propagare
Polarizare circulara / (variatie in timp si spatiu)

Amplitudine

Atenuare




Modele matematice

cazuri particulare in care exista rezolvare analitica

semnale cu variatie armonica in timp, transformata
Fourier, spectru

x=xe X_jox go)=[ f)ea  Sl)= | glw)-edao
| [/
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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 " /) L Er e gl P2
reflectata e -
E,=E.,e’~ +E1_e”—>[|—>EOUT =FE, e’ "+E, ¢
unda
directa

Inversa E,e”"——>| A|—— E, e
E, < >EOUT
E &7 ——>]| Al—— E, €7




Modele matematice

cazuri particulare in care exista rezolvare analitica

moduri in medii delimitate 5 (4,)
TE10 TEO1 TE20 b= ZAI' 'MOdl' Al' - <E’M0di>

Bl =1k |
E— E, _,D_, E..

TM11 TE11 T™M21

[=] 2 2 &

A =(E,,,Mod,)
TE21 TE30 T™M31 ! IN?> ¢

T m owew O
. .

TE31 TEO2 TE40

P — A E
imns == [1N}] v

B,(4,)

]—5
N
Eour= ZBz' -Mod,
I




Linii de transmisie in mod TEM



Cuprins

Linii de transmisie
Adaptarea de impedanta
Cuploare directionale
Divizoare de putere
Amplificatoare de microunde
Filtre de microunde
Oscilatoare de microunde ?



Lungime electrica

KVL, KCL

Comportarea
(descrierea) unui
circuit depinde de
lungimea sa
electricala
frecventele de
Interes

E=o = Kirchhoff
E>0 - propagare

Maxwell’s Equations

(c)

27 )
E=0l=— [=21-| —
P A (/Ij



Linie de transmisie

mod TEM, doi conductori
1(z,t)

Vv N




Linie de transmisie model echivalent

mod TEM, doi conductori, parametri lineici

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

Az
<€

>
parametri lineici, distribuitiR, L, G, C (Q/m, H/m ...)




Ecuatiile telegrafistilor

domeniu timp

M:—R.i(z,t)_pai(z’t) K I
Oz ot

ai(Z,f):_G.V(Z,t)_c.g\/(Z,t) Kl
0z ot

semnale sinusoidale

dz—gz):—(R+j-a)-L)-I(z)

dl (z)

— =—(G+j-w-C)V(z)




Rezolvare

~ y=a+j-B=(R+j @ L)(G+j aC)

V’E—-y*E =0
V*H - y*H =0 E,=E e’ +Ee”

v =—w'su+ jouc



Solutiile

](z):]ge‘y-er]O—ey.Z y=a+j-f= \/(R+] - L) (G+j-a)-C)

O (1. ) 1 T f b7

7, =Rt/ @ L:\/gif'“’ é Impedanta
Y J @ .. A
caracteristica a liniei
Ve V-
—-=Zy=——= 27 @
]O ]0 ﬂ/:_ Vf:—:lf
B P



Linie fara pierderi

Fara pierderi: R=G=0

y=a+j-f=\(R+j o L)(G+j-wC)=j-w~L-C

a=0 ; p=w-~L-C
R+j-w-L |L
Z, = =.|=
0 \/Gﬂ..w.c - Z, real
B . . 27 1
V(z)=VS e P4V el F- A=—""— Vv, =——
(B)=Vie " Ve ~ ==

I(z) = V—Je_jﬂ'z Eejﬂ'z

LC L
2o 2o e V% +eV? = +

C

—



Linie fara pierderi

MW V(z)=Vy e /77 +Vy el P

1(z)= ’; —Jﬂz_gej'ﬂ'z
0 0

|

|

|

|

| VO) Ve +V,
I / /, =
- A O G
|

|

|

|

'ZO

coeficient de

L : reflexie in tensiune
O: F_VO__ZL_ZO
VO+ Z, +7,

Z, real



Linie fara pierderi

coeficientul de reflexie la intrarea liniei

V)=V e P vy e?s rer(e)=l )
Vs (2) "
Fin— W v)=rry TO)=T =0k
0
: V(-l)=V,S e +V e /P
: I/O_ . e_j'ﬂ'l —2j-B1
: Zin ZO ZL 1_1(_1):1_‘IN — I/O+ .ej.lg.l :F(O)e
|
:
|
|

r(-1)=[r(0) Je**|=r(o}

| .
-1 0, > Iy =1} eI FIN‘ = ‘FL‘




Linie fara pierderi

Viz)=V; '(e_jﬂ’z +T oej'ﬂ'z) I(z)= "o -(e_j'ﬂ'z —I -ej'ﬂ'z)

Puterea medie

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



Linie fara pierderi

Puterea medie e constanta in lungul liniei
(fara Pavg(Z))
poate fi masurata
Se utilizeaza puterea pentru a caracteriza
amplitudinea semnalului
un punct de vedere “energetic” (fizica)
energie mai mare = semnal “mai mare”



Reprezentare polara

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

e/ =cosx+ j-sinx;VxeR

Reprezentare polara

Z=a+j-b=‘z‘-e”” 0
Z=a+j-b=‘z-(008(p+j-sin(p) 0 X » Re
z" :([z‘-e””)n =|2|" -/ =|2|" -[cos(n- @)+ j-sin(n-p)|

é \Ez([z‘-e”")% :\/E'ej'(g :\/g-(cos§+j~singj

z-w=|z|-e? W&’ =lz|- W] Le/10r0) = ‘Z‘"W"[COS((0+6’)+j°SiIl((0+9)]
L)
z/w= - ej-e = G e’ e’ =H-ej'(§”“9) =H-[cos(g0—<9)+j-sin(g0—¢9)]
w-e’” | W W




Reprezentare polara

Formula lui Euler

e’* =cosx+ j-sin x;Vx e R

e/ +e " =cosx+ j-sinx+cos(—x)+ j-sin(—x)

e’ +e /" =cosx+ j-sinx+cosx—j-sinx=2-cosx

e’ e’

2
e’* —e " =cosx+ j-sinx—cos(—x)— j-sin(—x)

e’ —e " =cosx+ j-sinx—cosx+ j-sinx=2j-sinx

. e
é SIN X =

- .
J —e J

2j




Linie fara pierderi

e P(=1)= Vi P 47y e iP

| .
e
0 0

V(-1 e 2P
7 ( ) 7 =ZO-1+F82.
1-T.e 2/

Impedanta la intrarea

N
-]
N
N
—
S
N‘
|
~
~
S

liniel

| P (7, — 7, ) e P 2,42, tan(B-1)
(Z,+2,)- """ (2, - Z,)- " n Zy+j-Z; -tan(B-1)




Linie fara pierderi

impedanta la intrarea liniei

L, +j-Z, tan B-1

Lo+ j-Z, tan B-1




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 p-I

vf:E:z-f A==

2 2 f
A=—"I1= -
p A

Vy Vy

dependenta de frecventa este periodica,
in / ZL impusa de functia tangenta

—_-—-[;]-__-"




Linie fara pierderi, cazuri particulare

l=)\/[|.+|(}\/2 tan f-1 — /. =—=

Transformatorul in sfert de
lungime de unda

_______l;l_____..
S
N




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

L. =j-Ly-tan B-1

Y

—A _3A g, /A

4 4

-1
(b)
Ai

| | 7

| | 0

| |

| |

| |

| | .
AN 3 _A _A ‘

4 2 4

| |

| |

| |

| |




Linie in gol

reactanta purd

+/- = in functie de [ /.\

L =—j-L,-cotf-l

n

 1(2)Z,
—2V

Y

(b)

N

- IJ:>" T

//
Y

Z,+j-Z, tan(B-1) \
in:ZO.Z .
o+ j-Z, tan(B-1)

o




Exemple
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Factor de unda stationara

)=ty eme ) eIl T e
V() =i

amplitudine maxima pentru ~ p0+2/:82 _1 Vo =Wy -(1+‘FD
amplitudine minima pentru ~ pf+2/ 82 — v =V .(1_‘1“‘)

se defineste factorul de unda stationara
(Voltage) Standing Wave Ratio

VSWR — Vmax — 1+‘F‘
Vi  1-|0)

min

numar real 1 <VSWR < w0
o masura a dezadaptarii (SWR =1 semnifica adaptare)



Linie fara pierderi +/-




Transfer de putere

Adaptarea de impedanta




Adaptare

Generator adaptat la sarcina ?

valoriimpedanta ?
reflexii ?

V Zy




Adaptare, impedante reale

Generator adaptat la sarcina

| E,
— ]: L
R +R,
R. p- Lk
R +R,
R
V L




Adaptare , impedante reale

R, -E’
(Ri+R, )

Putere pe sarcina

R, = 50()
Ri=02>P, =0
R =002 P =0



Adaptare , impedante reale

05

o5




Adaptare, impedante complexe

Generator adaptat la sarcina

| E.

— ]: L
L. +7Z;
E. -7
Zi V: ] L
Z,+7Z;

Z
V L




Adaptare

Ry |E[

1

) ‘Zﬁ‘ZL‘Z ) ‘(Ri+RL)+j'(Xi+XL)(2

R, -|E|

1

L

Adaptare
putere maxima transmisa sarcinii
conditie?



Adaptare, exemplu

E=10V
Z. =50 () +j-500)
P (Z,)?

T RAR (X, <E>




Adaptare, exemplu

05~

PL(ZL)

; i
%@%M% , f%‘f

.
,H

R
%{,4 ﬁ"’t'
ff

I f;

i
,g;uf?@ff”?
f//‘%’? ;f&!’a“:’

!
Ui
L

| Jfﬂ“;?’f” '
M%fli! f.ﬁ*’”
;;HH’

100 0

0.45

0.4

- 10.35

- 10.25

0.1

0.05



Adaptare, exemplu

100

80

60

40

20

2, =50-j 50

E=10,P =0.50

max

100

0.45

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05



Adaptare dpdv al puterii

P : Puterea disponibila (available)

Z, =27,



Contact

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