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Disciplina 2026/2027

2C/1L/2P, DCMR (CDM)

Minim 14 prezente (curs+laborator+proiect)

Curs - conf. Radu Damian
Vineri 8-10/Video (istoric), Ca, corp C
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probleme + (2p prez. curs) + (3 teste) + (bonus activitate)
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3pz (C) = +0.5p (2p Max)
toate materialele permise




Disciplina 2026/2027

2C/1L/2P, DCMR (CDM)
Laborator — conf. Radu Damian
Miercuri 08-16, 11.13
Joi12-20, .08
L —30% din nota

ADS, tema personala
prezenta + rezultate personale!

P —30% din nota
ADS, tema personala
Si+14: 3P, 7L, 4P

prezenta cu alte grupe permisa in limita numarului de
calculatoare disponibile
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Type: Exam
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B: 25%, (Seminary/Laboratory/Project Activity)
D: 25%, (Homework/Specialty papers)

Grades

Aggregate Results




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

X[dB| =10 -1logqo(X|lin])
X[B| = log,0(X[lin])
X[lin] — adimensional

log(A-B) =1log(A) + log(B)

X[lin] = 10X14B1/10



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]




Calculul atenuarii/famplificarii

P
Atenuare = Pout <1 Pierderi[dB] = 10 - 1og10( "”t> <0

P/\ Pi

P
Pierderi/Atenuare|[dB] = [—] 10 - log4, ( ;ut)
i

P
0ut>1

Castig =

in

: o _ Pout
Castig/Amplificare[dB] = 10 - log4, ( > ) > 0

mn

Pierderi|dB]

A B/km] =
tenuare[dB/km|] Lungime|km]




Calculul atenuarii/famplificarii

Pierderi/Atenuare —» P,,; < P;,, = P,,;|dBm] < P;,,|dBm]

P,,:|dBm] = P;,[dBm]| — Pierderi/Atenuare|[dB]

v

Castig/Amplificare —» P,,; > P;, = P,,;|dBm]| > P;,[dBm]

P,,.:|dBm]| = P;,,|dBm] + Castig/Amplificare|dB]




Calculul atenuarii/famplificarii

Pierder1/Castig = ];;”t /

Pierderi|dB|=[-]10-1og,, ( Lo

-l lo Fou
0| — Po

PierderildB|=|-|(P,,[dBm|- P [dBm])

B = i

Pierderi[dB] [ ]10 10g10( —log,| —*

Sy
> |




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



Plan complex

abscisa — partea reala

ordonata — partea imaginara

oricare poate fi negativa, intrequl plan, 4
cadrane

P Re




Operatil

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

a+j-b 7 (a+j-b)(c—j-d) (a-c+b-dj+,.(b-c—a-dj

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

z/w=

c+j-d (c+j-d)(c—j-d)

¢t +d? ¢t +d?



Complex Conjugat

Z
Z

*

z=a+j-b

z =a—j-b

Simetric fata de axa reala

1

Re(z):azi-(z+z*)
Im(z):b:%j-(z—z*)zé-
(z+w) =z +w'
(o) =2 —w
(zow) =z ow'

S
*
Il

z/w

eumn

% ES
z /w

~2)




Reprezentare polara

Reprezentare polara

modul
Z=Cl+j'bZ‘Z"(COS§0+j'SiIl§0)
faza

2 =a* +b

\ arctan éj, a>0

arctan




Reprezentare polara

Formula lui Euler

e/ = cosx+ j-sinx; Vx € R Yoo A
Reprezentare polara

Z=a+j-b:‘z‘.ef-¢ ;
z=a+j-b=l|z|-(cosp+ j-sing) 5 > Re

zl e/’ =|z

z" = (}z‘-e’"‘”)ﬂ = ".[cos(n-¢@)+ j-sin(n-p)|
L@
z-w=lz]-e’?|n]- e’ =|z] -‘w‘°ej'((p+‘9) = ‘Z‘"W"[COS((0+9)+j°Sin((0+9)]

P E
Jo . =0 _ ‘ —

== El e B feo(p0)+ jsinlp-0)]
e W C T

e _ |

z/w=



Reprezentare polara

Reprezentare polara A
2 =a® +b? y

2 *
‘Z‘ =ZZ

‘e”‘ :‘cosx+j-sinx‘ —Jcos® x+sin’ x =1
‘e”‘ =1; VxeR

z' = qz‘fj.(o)* :‘Z"(COS(0+j-Sin¢)* :‘Z"(COSCD—j-sin(p):
- ‘Z‘ ' [COS(_ (P)-l- J- Sin(— gp)] — ‘Z‘ Lol

0



Reprezentare polara

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

ula

gaic

b
arctan — ) a>0 D
b
arctan| — |+7, a<0,b>0 0
NI :
b M M- MS
arctan| — |— 7, a<0,b<0
a A Trigonometry / Function <
/A . L e C &
PREER nedefinit a =0 ; , . = o
( ) n! o
[ ] 7 8 9 X
[md ] o = - : - -
(D[O] =180°- v T (0[7’6161’] =7 1¢800 log 1 2 3 +
In /- 0 =



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

© N U1 ® ~ = o
w
|



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 GHz
902-928 MHz

2.400-2.484 GHz
5.725-5.850 GHz

3.1-10.6 GHz

Approximate Band Designations

Medum frequency
High frequency (HF)

Very high frequency (VHF)

Ultra high frequency (UHF)

L band
S band
C band
X band
Ku band
K band
Ka band
U band
V band
E band
W band
F band

Antenna Size

300 kHz—3 MHz
3 MHz-30 MHz
30 MHz-300 MHz
300 MHz-3 GHz
1-2 GHz

2-4 GHz

4-8 GHz

8-12 GHz

12-18 GHz
18-26 GHz
2640 GHz
40-60 GHz
50-75 GHz
60-90 GHz
75-110 GHz
90-140 GHz

uuuuu w Band Spectrum - Different ODU Larger

Susceptibility to Rain Fade -



CPU

Intel® Core™ 14th Gen i9-14900KS
6.2 GHz
overclock 9.13 GHz




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

27 [
pi=Sa-an{g)

V, | variabile
~ inutile

Ezlg.lzz_”.(g.f.\/g)

Co

Dependenta
castigul antenei
imaginea unui obiect pe radar



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 =



Modele matematice

cazuri particulare in care exista rezolvare analitica

semnale cu variatie armonica in timp, transformata
Fourier, spectru
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Campuri electromagnetice cu
variatie armonica in timp

Simplificarea ecuatiilor lui Maxwell
V’E + @ cuE = ja),uJ+lV,0
E

VH + o’ suH =—V xJ

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
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




Solutia ecuatiilor de propagare

E —=FE*e 77 4 oz Campelectricdupa directia Oy, < prin alegerea judicioasa
Y propagare dupa directia Oz < a sistemului de referinta

7/=\/—a)2g,u+ja),uc7 =a+j-p

unda E, = E*e o)
reflectata | punctele
E,=E -e"" e/ @th) de faza
U nda constanta:
directa (0)°f+,3-z)=const

Inversa



Solutia ecuatiilor de propagare

unda
incidenta

reflectata
unda

directa
Inversa

E = E+, e—a-z . ej(a).t—lB.z) L E. e_a.z . ej(a)'t"'ﬂ'z)

H = H"‘,e—a-z .ej(a)-t—ﬂ.z) _I_H—.e_a.z _ej(a)-t+,8-z)

V(z) _ e .ej(a)-t—ﬂ-z) LY. e .ej(a)-t+ﬂ-z)

I(Z) — ]+, e—a-z . ej(a).t—ﬂ.z) e e_a.z . ej(a)-t+ﬂ-z)

V(Z) =)y ej(“”_ﬂ'z) +V . ej(a)-t+,3-z)



Modele matematice

cazuri particulare in care exista rezolvare analitica

Exista unda in o singura directie E*(E*) E(E)
unda
incidenta E,=E"-e " /1P L Er e gl
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




Conditii la limita de separatie intre

doua medii

€1,

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 Ze=jo X go)=[ f0)a f0)=] glo)do

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 gmene W gewg Wopwnn W o T oy
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Moduri in medii delimitate

TE10

TM11

TE20 ™12 TE12 TM22

TM21 TE22 TM41 TE41

[=] T 2 &% 553 e (1IN

TE21 TE30 TM31 TM32 TE32 TE50

88 22T i3S
h A 4 - o S -

TE31 TEO2 TE40 TM51 TE51 TM42
Fa WS = I'I'I ..... A A AA A " e "»
W W N TE—— TITTYTEE A L

Similar cu transformata Fourier J‘f —Ja)tdtf) Ig(a))-ef‘”’da)

E' E = i A -Mod, A = <E,Modi>
1



Modele matematice

cazuri particulare in care exista rezolvare analitica

moduri in medii delimitate 3 (4,)
TE10 TEO1 TE20 b= ZAI' 'MOdl' Al' - <E’ MOdi>

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




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
| [/
1.0 &Mf

-1.5

Amplitude
o ]
A 4
=
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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 ...)




Contact

Laboratorul de microunde si optoelectronica
https://rf-opto.etti.tuiasi.ro
rdamian@etti.tuiasi.ro
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  𝑿  [ 𝒅 𝑩 ] = 𝟏 𝟎 ∙   𝒍 𝒐 𝒈  𝟏 𝟎  ( 𝑿  [ 𝒍 𝒊 𝒏 ] )


  X  [ B ] =   l o g 10  ( X  [ l i n ] )


  l o g  ( A ∙ B ) = l o g  ( A ) + l o g  ( B )


  𝑿  [ 𝒍 𝒊 𝒏 ] =   𝟏 𝟎    𝑿  [ 𝒅 𝑩 ] /  𝟏 𝟎


  Atenuare =    P  o u t   P  i n < 1


  Pierderi/Atenuare  [ dB ] =  [ − ]   10 ⋅    log 10 ⁡   (    P  o u t   P  i n )


  Castig =    P  o u t   P  i n > 1


  Castig/Amplificare  [ dB ] = 10 ⋅    log 10 ⁡   (    P  o u t   P  i n ) > 0


  Atenuare  [ dB/km ] =   Pierderi [ dB ]  Lungime [ km ]


  Pierderi  [ dB ] = 10 ⋅    log 10 ⁡   (    P  o u t   P  i n ) < 0


   P  o u t  [ dBm ] =  P  i n  [ dBm ] − Pierderi/Atenuare  [ dB ]


  Pierderi/Atenuare →  P  o u t <  P  i n →  P  o u t  [ dBm ] <  P  i n  [ dBm ]


  Castig/Amplificare →  P  o u t >  P  i n →  P  o u t  [ dBm ] >  P  i n  [ dBm ]


   P  o u t  [ dBm ] =  P  i n  [ dBm ] + Castig/Amplificare  [ dB ]

