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Fotografii

Date:

Grupa 5304 (2015/2016)
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Marca 5184

Date:

Trimite email acestui student | Adauga acest student la lista (0)

Grupa 5304 (2015/2016)

Detalii curente

Specializarea Tehnologii si sisteme de telecomunicatii
Observatii

Marca 5184
Finantare Buget

Bursa Fara Bursa -

Acceseaza ca acest student

Note obtinute
Date:

Grupa 5304 (2015/2016)

Specializarea Tehnologii si sisteme de telecomunicatii
Marca 5244

Trimite email acestui student | Adauga acest student la lista (0)
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Observatii
Finantare Buget
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Acces

Personalizat (parola), Generic (email)

Identificare
Date: Introduceti numele si adresa de email 1
Grupa 5304 (2015/2016)
Nume

Specializarea Tehnologii si sisteme de telecomunicatii

Ee——

Marca 5184 : =

e 4

Acceseaza ca aces

E-mail/Parola

‘I-

Disciplina|Tip|ata___[Descrire | Nota|Puncte]obs.
“ W femoogiwer

N 17/01/2014 Nota finala 10

ntroduceti codu
afisat mai jos
| |

A 17/01/2014 Colocviu Tehnologii Web 2013/2014 10 7.55
B 17/01/2014 Laborator Tehnologii Web 2013/2014 9
D 17/01/2014 Tema Tehnologii Web 2013/2014 9 =




Scop curs 4

Sinapse
“ingineresti”




Cuprins

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




Calculul atenuarii/famplificarii

Pierderi/Castig = IE‘“ /

Pierderi[dB]|=[-]10- Ioglo[ I:‘)’“t

=[-]10- loglo[i,o j

P

Pierderi[dB]

P
[_] 10- Ioglo( FO)Ut ) Ioglo

0 in

Pierderi|dB]=[-](P,[dBm]-P, [dBm])

h=9—®



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



Plan complex

abscisa — partea reala

ordonata — partea imaginara

oricare poate fi negativa, intregul plan, 4
cadrane Im

A

a+bi
b

P Re




Operatil

Adunare
z+w=(a+j-b)+(c+j-d)
Scadere
z-w=(a+j-b)—(c+j-d)=(a-c)+j-(o—-d)
Inmultire
z-w=(a+j-b)(c+j-d)=(a-c-b-d)+j-(b-c+a-d)
Impartire

(a+c)+j-(b+d)

i.pcid i.b)-(c— i . .
Lo atib _(a+j-b)-(c j d):(a (2:+b2dj+j'(
j-d)  c?+d

C+j-d (c+j-d)(c—

b-c—a-d

c’+d?

J



Complex Conjugat

Z Z=a+ J-b

*

yA z =a—j-b
Simetric fata de axa reala

Refz)-a-1. (1)
(z):b:—J (z-7)= % (2" -2)
(z+w) =z"+w’
(z- w) =7 —-w
(z-w) =
(z/w) =




Reprezentare polara

Reprezentare polara

modul
z=a+ j-b=lz]-(cosp+ j-sing)
faza

zZ|=va®+b*
\rarctan Ej a>0

p=arg(z)=-+

e




Reprezentare polara

Formula lui Euler A

el* =cosx+ j-sinx;vVxeR e
Reprezentare polara

z=a+ j-b=|z-e' @
z=a+j-b=lz]-(cosp+ j-sing) 0 x > Re

2" =(|z]-e" ) =[2[" -&'"* =[2[" -[cos(n-p)+ j-sin(n-g)
— Jz =(z- e“”)y Jz| - 2—( (cos%ﬂ sm?j
z-w=lz|-e77-[w|-e'? =|z|-|w]- ") =|z|-lw|-[cos(¢ + )+ j -sin(p + 6)]

.pl? _ _
‘Z‘ e B ‘Z‘ el . gi0 _ ‘Z‘ Y (p-0) _ ‘ ‘ [COS(@ 9)"‘] Sln((D Q)]

Z/W = — =
w-e"” |w W W




Reprezentare polara

Reprezentare polara A
7| =Ja? +b? y

\z\zzz-z*

‘e‘ \cosx+jsinx\zx/coszx+sin2x:1
3 e|=1 vxeR 0

' = QZ\-ejﬁ") =|z|-(cosp+ j-sing) =|z|-(cosp— j-singp)=
~|2|-[cos(- @)+ j-sin(- p)]=2]-&7*




Reprezentare polara

unitate de masura standard — radiani
unitate de masura traditionala in microunde —
grade format zecimal (55.89°)

ula

gaic

b
arctan . a>0 )
arctanE +mz, a<0,b>0 0
a ’ ’ = ")
puae)-| 2 &
arctan| — |-z, a<0,b<0 M M- Ms
a A Trigonometry / Function N
2" e € €|
Z —Z nedefinit a=0 : |
2 2 X s (BY] exp mod
( ) n! —
7 8 9 X
rad © 0 . : - -
T L
In /. 0 e



Reprezentare polara

Atentie la reprezentarea unghiurilor!!
programele matematice — lucreaza standard in radiani

e necesara o conversie inainte si una dupa aplicarea unei
functii trigonometrice

calculatoarele (stiintifice) au posibilitatea (de obicei)
de a stabili unitatea de masura pentru unghiuri

e necesara verificarea unitatii de masura curente

(0—0] —180°.- ¢[rad ]

N

180°

N

o

©O N U1 ® ~ = o
o



Introducere
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Microunde

Typical Frequencies

AM broadcast band
Short wave radio band
FM broadcast band
VHF TV (2-4)

VHF TV (5-6)

UHF TV (7-13)

UHF TV (14-83)

US cellular telephone

European GSM cellular
GPS
Microwave ovens

US DBS
US ISM bands

US UWB radio

535-1605 kHz
3-30 MHz
88—-108 MHz
54-72 MHz
76-88 MHz
174-216 MHz
470-890 MHz
824-849 MHz
869—-894 MHz
880-915 MHz
925-960 MHz
1575.42 MHz
1227.60 MHz
2.45 GHz
11.7-12.5 Glz
902-928 MHz

2.400-2.484 GHz
5.725-5.850 GHz

3.1-10.6 GHz

Approximate Band Designations

Medium frequency
High frequency (HF)

Very high frequency (VHF)
Ultra high frequency (UHF)

300 kHz—3 MHz
3 MHz-30 MHz
30 MHz-300 MHz
300 MHz-3 GHz

L band 1-2 GHz

S band 2-4 GHz

C band 4-8 GHz

X band 8-12 GHz

Ku band 12-18 GHz

K band 18-26 GHz

Ka band 2640 GHz

U band 40-60 GHz

V band 50-75 GHz

E band 60-90 GHz

W band 75-110 GHz

F band 90-140 GHz
e T —

Susceptibility to Rain Fade -



ELF, VLF

Extremely low frequency, 3 - 30 Hz
Very low frequency, 3 - 30 kHz

14 mi (23 km



~ Microunde

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

2r |_
E—,B-I—7-|—27z (/J

2

E=pl=""(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 |
electricala . \
frecventele de i
Interes T S1

E=o = Kirchhoff

E>o0 = propagare

Maxwell’s Equations



Ecuatiile luit Maxwell

VxE:—§§

ot
oD

VxH=—+

ot

Ecuatii constitutive

D=¢-E
B=u-H
J=0c-E
In vid
ty =47 %107 H/m

g, =8,854x107* F/m

1

Vo " Ho

C, = =2,99790-10° m/s




Modele matematice

cazuri particulare in care exista rezolvare analitica

semnale cu variatie armonica in timp, transformata

Fourier, spectru

[ f(t)-edt f(t)

Amplitude

15

1.0

0.5

0.0

-0.5

-1.0

-1.5

f g(w) e 'dw

] M KA
YR\ [/
f \ /
0 ﬂk 2m

NS
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Campuri electromagnetice cu
variatie armonica in timp

Simplificarea ecuatiilor lui Maxwell
VE + 0°suE = jould +1V,0

E
V*H + 0°suH =—V x J

v.E=£
E

V-H=0



Ecuatiile de propagare

Ecuatiile Helmoltz sau ecuatiile de propagare

Mediu lipsit de sarcini electrice
V’E-y°E =0
V*H —y*H =0
v =—w’cu+ jouc

v — Constanta de propagare



Solutia ecuatiilor de propagare

Camp electric dupa directia Oy, € prin alegerea judicioasa
" L=, propagare dupa directia Oz < a sistemului de referinta

_ ~yz -z
E,=E, e’ +E e

7/=\/—a)25,u+ jouoc =a+ |-
Exista numai unda progresiva E,=> A

E, = Ae-latiB)

I Camp armonic

| z-axis

(time) E — Apg“?. ej(a)-t—ﬁ-z)
T y/ \ Propagare
Polarizare circulara e (variatie in timp si spatiu)
Amplitudine

Atenuare




Atenuare

Ey(zl): Ct- e_a'zl . ej(w't_ﬂ'zl) Ey(ZZ): Ct- e—O!'ZZ . ej(a)-t—ﬁ-zz)
W,P~[E?
2 201
A: P2 — Ct € o :e_za'(ZZ_Zl)

= B Ct2.p~20n

AldB]=10log;, % =10logy, [e‘ZOf'(Zz—Zl)]
1
A[dB]=-20-a-(z, —2;)log;p e =—8.686-c - (z, — ;)

A/L[dB/km]=—-8.686-a <0

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



Parametri de propagare

_Ir-E,
X a)lL[
Mediu fara pierderi,c =0 Y= ]w-\&u
E, |u - .
n=—>-=_|= Impedanta intrinseca a mediului
H, &
E, =A e @?.pil@t=52)  pynctele de faza constanta: (a)-t - [ Z) = const
ot v dz o 1
Viteza de taza STy e
dt g eu

_ dz do
Viteza de grup v, = i = a7

in medii dispersive unde = B(®)



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)

SAAAVAYEVAVIVAVAS o VAVAVAVARAVAVAVAYS

e

4
3 L
2

| 'I -y ol
1} |
AN /] | :
o . . . . . . . . . . . T
0 2 4 & g 1o 1z 14 1& 13 =20 22 24

position {pm)



Parametri de propagare

Hy 1
My =,—=371Q v=v,=cC Cq = =2,99790-10% m/s
o ’ X ’ Véo " Ho
2T G p2r_ 1
g f o f
Periodicitate in spatiu Periodicitate in timp
In mediu nedispersiv €,
c 1 1 G
VE Hy &b Ky \/;r
. | N c S/
=4/ & Indice de refractie al mediului C=—
n
T:2_7Z:£ /1:27z:£ PR _ A

o f B e -t e



Solutia ecuatiilor de propagare

Camp electric dupa directia Oy, € prin alegerea judicioasa
" L=, propagare dupa directia Oz €< asistemului de referinta

_ ~yz -z
E,=E, e’ +E e

7/=\/—a)25,u+ jouoc =a+ |-
Exista numai unda progresiva E,=> A

E, = Ae-latiB)

I Camp armonic

| z-axis

(time) E — Apg“?. ej(a)-t—ﬁ-z)
T y/ \ Propagare
Polarizare circulara e (variatie in timp si spatiu)
Amplitudine

Atenuare




Solutia ecuatiilor de propagare

E —E*e 7?4+ E o2 Campelectricdupa directia Oy, < prin alegerea judicioasa
y propagare dupa directia Oz < a sistemului de referinta

7=\/—a)25,u+ Jouo =a+|-p

unda E,=E"e ™’ pllwt-p2)
incidenta (0-t— 3-2)= const
reflectata | punctele
Ey =E".e%* 'ej(w”ﬂ'z) de faza
Unda constanta:
directa (w-t+B-7)=const

Inversa



Solutia ecuatiilor de propagare

unda
. . E — E+ e—OC z .ej(a)t—ﬂz) + E—.e_a.z .ej(a)t‘FﬂZ)
incidenta Y
reﬂeCtata HZ —H*t.e %* .ej(a"t—ﬂ'z) L H e ?? 'ej(w'H'B'Z)
unda
.d|reCta V(Z):V+ e—Ol z .ej(a)t—ﬂz) +V—.e_a.z ,ej(a)t+ﬂz)
INversa



Modele matematice

cazuri particulare in care exista rezolvare analitica

Exista unda in o singura directie E(E*) E(E)
unda
incidenta E,=E".e™* lil@t-p2) | g gz gilotr/2)
reﬂectataEIN _E e +E ¢ D E.. —E,e”"+E, &
unda
directa

Inversa E,.e”" ——]| 4|—— E, e
E,\ < >EOUT
E, e’ ——>|:,.\ —— E, e’

E*(E*)




Conditii la limita de separatie intre
doua medii

n><(E1—E2
n><(H1—H2

m
o
-]

()

|

9
I

x>

N

=Js n'(Bl_Bz):O

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

- oxX . oo .
X = X el — =X g(w)=[ f(t)-edt f(t)

Il
C—
(@)
—_—
S
~
D

§.
o
S

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
mEta“C, sau nul ey W g W W goon T gy
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Moduri in medii delimitate

TE10

TM11

TE20 ™12 TE12 TM22

TM21 TE22 TM41 TE41

e = I
TE21 TE30 TM31 TM32 TE32 TES50
o meom ==
e soe WSS
- - ‘ - oA - -
TE31 TEO2 TE40 TM51 TE51 TM42

Lk & —._.__ III'I ..... IAABal WaE»
Similar cu transformata Fourier g(w):r f(t)-e‘j“’tdt f(t):f;g(a)).eja)tda)

—00

E+,E‘=§:A-Modi A =(E,Mod, )



Modele matematice

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

TE10 TEO1 TE20 EZZA 'MOdi Ai :<E’M0di>
E A Ik |
— En ——>D——> Eour
™11 TE11 TM21
[=] = 2 &»
e e
TE21 TE30 TM31 A :<E'N ’ MOdi>
P . —_— —B
cmas IHR] Won A i pan
TE31 TEO2 TE40
imas == [FE}] L

(A) Eour= ZB -Mod,




Modele matematice

cazuri particulare in care exista rezolvare analitica

semnale cu variatie armonica in timp, transformata

Fourier, spectru
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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*? . gllot-/e) pmgma? gllotf)
reﬂectataEIN _E e +E ¢ D E.. —E,e”"+E, &
unda
directa

Inversa E,.e”" ——]| 4|—— E, e
E,\ < >EOUT
E, e’ ——>|:,.\ —— E, e’

E*(E*)




Modele matematice

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



Linie de transmisie

mod TEM, doi conductori

1(z,t)
A
V(& {; 7% ;{{j .

Vv N



Linie de transmisie model echivalent

mod TEM, doi conductor, parametri lineici

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

Az
<€

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




Contact

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