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Introducere




Ecuatiile luit Maxwell

vxE:_%B Ecuatii constitutive

D=¢-E
oD
VXH _E_I_J BZ,UH
v.D J=0-E
. :p .

In vid

V-B=0 ty =47 107" H/m

V. ] :_%P ¢, =8,854x10"2 F/m

1

Vo " Ho

C, = =2,99790-10° m/s




Conditii la limita de separatie intre
doua medii

nX(Hl_Hz):Js

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



Campuri electromagnetic cu
variatie armonica in timp

Simplificarea ecuatiilor lui Maxwell
V’E+0’°suE = jould +£Vp

g
V°H +o°aquH =—V xJ

v.E=£
&

V-H=0



Ecuatiile de propagare

Ecuatiile Helmoltz sau ecuatiile de propagare

Mediu lipsit de sarcini electrice
V’E—-»°E =0
V’H —»*H =0
v’ =—o’au + jouo

v — Constanta de propagare



Solutia ecuatiilor de propagare

Camp electric dupa directia Oy,
propagare dupa directia Oz

J— .Z .Z
E,=E.e’"+E ¢

2 - -
y=N-0’qu+ jouc =a+j-p
Propagare Exista numai unda progresiva E,=> A

Ey — Ae_(a"‘j'ﬂ)'z

- Camp armonic

| z-axis

\ (time) _ ~a-z A jlot-p2)
(IR E,=Ae . el
e . y/ \ Propagare
Polarizare circulara s (variatie in timp si spatiu)
Amplitudine

Atenuare




Atenuare

E,(z)=Cte™" ell@t-42) E,(z,)=Ct-e*?% el@t=52,)
W,P~ | E?

P2 _ Ct2 ,e_za-ZZ _ e_za.(zz_z:l—)

Pl Ctz . e—Za-Zl

AldB] =10logg % =10 |Oglo[e_2a'(22_zl)]
1
A[dB] =-20-c (2, —7;)log; e = -8.686- (2, — ;)

A/ L[dB/km]=-8.686-a <0

Atenuarea se exprima de obicei in
de obicei valori pozitive
semnul = implicit

A=




Reprezentare logaritmica

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

odB =1 odBm =1 mW
+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/HZ]

[x] + [dB] = [X]




Parametri de propagare

VxE=—Jou-H

| |7 -E
HX — 17/ Y
| WH
X Mediu fara pierderi,c =0 Y = ja)-\/f,u
E, |u - .
n=—=,— Impedanta intrinseca a mediului
H, g
E =A e@?.pll@t=£2)  pynctele de faza constanta: (a)-t - - Z) = const
of y dz w 1
Viteza de Taza ~— T S, T
dt g Jeu
dz d
Viteza de grup V, =—= - in medii dispersive unde = B(w)

S odt dp



Viteze de grup si faza

Viteza de faza — viteza virtuala cu care circula punctul
CU 0 anumita faza

Viteza de grup — viteza cu care circula informatia
(energia)
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Parametri de propagare

m= |2 =377Q  v=v =C,  ¢y=—— —299790-10° m/s

€0 ’ Véo - Ho

2w C 27 1
Z’O = = —O T = = —
pf w f
Periodicitate in spatiu Periodicitate in timp

In mediu nedispersiv €,

1 1 C,
C = = =
VE Hy &G Hy A&

nN=,/& Indice de refractie al mediului C=

pl2 1 2 e
w f g
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Microunde

Typical Frequencies

AM broadcast band

535-1605 kHz

Approximate Band Designations

Medum frequency

300 kHz-3 MHz

Short wave radio band 3-30 MHz High frequency (HF) 3 MHz-30 MHz

FM broadcast band 88—-108 MHz Very high frequency (VHF) 30 MHz-300 MHz

VHF TV (2-4) 54-72 MHz Ultra high frequency (UHF) 300 MHz-3 GHz

VHF TV (5-6) 76-88 MHz L band 1-2 GHz

UHF TV (7-13) 174-216 MHz S band 2-4 GHz

UHF TV (14-83) 470-890 MHz C band 4-8 GHz

US cellular telephone 824-849 MHz X band 8—12 GHz
869-894 MHz Ku band 12-18 GHz

European GSM cellular  880-915 MHz K band 18-26 GHz
925-960 MHz Ka band 2640 GHz

GPS 1575.42 MHz U band 40-60 GHz
1227.60 MHz V band 50-75 GHz

Microwave ovens 245 GHz E band 60-90 GHz

US DBS 11.7-12.5 GHz W band 75-110 GHz

US ISM bands 902-928 MHz F band 90-140 GHz

2.400-2.484 GHz
5.725-5.850 GHz

US UWB radio 3.1-10.6 GHz



~ 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



Lungime electrica

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

electrica la o [ | \
|

frecventele de
Interes N S1

E=o0 =2 Kirchhoff
E

Maxwell’s Equations

(c)



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
Ey — E.g¥?.gllet+h2) 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)



Contact

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



