
Lecture 2
2023/2024



 2C/1L, MDCR
 Attendance at minimum 7 sessions (course or 

laboratory)
 Lectures- associate professor Radu Damian
▪ Tuesday 16-18, Online, P8

▪ E – 50% final grade

▪ problems + (2p atten. lect.) + (3 tests) + (bonus 
activity)
▪ first test L1: 20-27.02.2024 (t2 and t3 not announced, lecture)

▪ 3att.=+0.5p

▪ all materials/equipments authorized



 Laboratory – associate professor Radu Damian

▪ Tuesday 08-12, II.13 / (08:10)

▪ L – 25% final grade

▪ ADS, 4 sessions 

▪ Attendance + personal results

▪ P – 25% final grade

▪ ADS, 3 sessions (-1? 20.02.2024)

▪ personal homework



 http://rf-opto.etti.tuiasi.ro
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 RF-OPTO

▪ http://rf-opto.etti.tuiasi.ro

 David Pozar, “Microwave Engineering”, 
Wiley; 4th edition , 2011

▪ 1 exam problem  Pozar

 Photos

▪ sent by email/online exam > Week4-Week6 

▪ used at lectures/laboratory



 access to online exams requires the password
received by email



 received by email



 Sefii de grupa

▪ lista cu adrese de email utilizate de toti studentii

▪ poate fi @student.etti.tuiasi.ro (@gmail @yahoo etc.)

▪ rdamian@etti.tuiasi.ro



 The online exam app used for:

▪ lectures (attendance)

▪ laboratory

▪ project

▪ examinations



 always against a timetable

▪ long period (lecture attendance/laboratory results)

▪ short period (tests: 15min, exam: 2h)



 many numerical values/files



 many numerical values

√

×



Grade = Quality of the work +

+ Quality of the submission



0 dBm = 1 mW

3 dBm = 2 mW
5 dBm = 3 mW
10 dBm = 10 mW
20 dBm = 100 mW

-3 dBm = 0.5 mW
-10 dBm = 100 W
-30 dBm = 1 W
-60 dBm = 1 nW

0 dB = 1

+ 0.1 dB = 1.023 (+2.3%)
+ 3 dB = 2
+ 5 dB = 3
+ 10 dB = 10

-3 dB = 0.5
-10 dB = 0.1
-20 dB = 0.01
-30 dB = 0.001

dB = 10 • log10 (P2 / P1) dBm  = 10 • log10 (P / 1 mW)

[dBm] + [dB] = [dBm] 

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

[x] + [dB] = [x] 



Gain/Loss =
𝑃𝑜𝑢𝑡
𝑃𝑖𝑛

Loss dB = − 10 ⋅ log10
𝑃𝑜𝑢𝑡
𝑃𝑖𝑛

Loss dB = − 𝑃𝑜𝑢𝑡 dBm − 𝑃𝑖𝑛 dBm

√

Loss dB = − 10 ⋅ log10
𝑃𝑜𝑢𝑡
𝑃0

⋅
𝑃0
𝑃𝑖𝑛

Loss dB = − 10 ⋅ log10
𝑃𝑜𝑢𝑡
𝑃0

− log10
𝑃𝑖𝑛
𝑃0



Loss =
𝑃𝑜𝑢𝑡
𝑃𝑖𝑛

< 1

Loss/Attenuation dB = − 10 ⋅ log10
𝑃𝑜𝑢𝑡
𝑃𝑖𝑛

Gain =
𝑃𝑜𝑢𝑡
𝑃𝑖𝑛

> 1 Gain dB = 10 ⋅ log10
𝑃𝑜𝑢𝑡
𝑃𝑖𝑛

> 0

Attenuation dB/km =
Loss[dB]

Length[km]

Loss dB = 10 ⋅ log10
𝑃𝑜𝑢𝑡
𝑃𝑖𝑛

< 0



𝑃𝑜𝑢𝑡 dBm = 𝑃𝑖𝑛 dBm − Loss/Attenuation dB

Loss/Attenuation → 𝑃𝑜𝑢𝑡 < 𝑃𝑖𝑛 → 𝑃𝑜𝑢𝑡 dBm < 𝑃𝑖𝑛 dBm

Gain/Amplification → 𝑃𝑜𝑢𝑡 > 𝑃𝑖𝑛 → 𝑃𝑜𝑢𝑡 dBm > 𝑃𝑖𝑛 dBm

𝑃𝑜𝑢𝑡 dBm = 𝑃𝑖𝑛 dBm + Gain/Amplification dB



0 dBm = 1 mW

3 dBm = 2 mW
5 dBm = 3 mW
10 dBm = 10 mW
20 dBm = 100 mW

-3 dBm = 0.5 mW
-10 dBm = 100 W
-30 dBm = 1 W
-60 dBm = 1 nW

0 dB = 1

+ 0.1 dB = 1.023 (+2.3%)
+ 3 dB = 2
+ 5 dB = 3
+ 10 dB = 10

-3 dB = 0.5
-10 dB = 0.1
-20 dB = 0.01
-30 dB = 0.001

dB = 10 • log10 (P2 / P1) dBm  = 10 • log10 (P / 1 mW)

[dBm] + [dB] = [dBm] 

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

[x] + [dB] = [x] 

√



 Complex numbers arithmetic!!!!
 z = a + j · b ; j2 = -1



 Euler's formula

 Polar representation
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 Attention to angle numerical values!!
▪ math software – work in standard unit: radians

▪ a conversion is necessary before and after using a 
trigonometric function (sin, cos, tan, atan, tanh)

▪ scientific calculators have the built-in option of 
choosing the angle unit
▪ always double check current working unit

 
 





rad
= 180

 
 



=
180


 rad





 typically 

▪ f ≈ 1÷3GHz – 300GHz 

▪ λ ≈ 1mm – 10cm





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



 Electrical Length (Phase Length)
▪ l – physical length

▪ E = β·l – electrical Length 

 Dependency
▪ antenna gain

▪ radar cross-section
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 Behavior (and 
description) of any 
circuit depends on 
his electrical length 
at the particular 
frequency of 
interest
▪ E≈0 → Kirchhoff

▪ E>0 →wave 
propagation
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 Constitutive equations
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 Maxwell’s Equations more simple
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 particular cases where analytical solution exists

▪ harmonic signals, Fourier Transform, frequency 
spectrum
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022 =− EE 

022 =− HH 

 j+−= 22

γ – propagation constant (known also as phase constant or wave number)

Medium void of free electric charges

 Helmoltz equations or Wave equations



Electric field only in Oy direction,  through judicious choice 
wave traveling after Oz direction   of the coordinate system

zz
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If we have only the positive direction wave  E+=> A
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Harmonic Field

( )ztjz
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Amplitude

Attenuation

Wave Propagation
(simultaneous space and 
time variation)

Wave Propagation

Circular Polarization
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 Attenuation usually expressed in dB/km
 most of the time a positive value is used
 “-” sign = implied by the word used
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Lossless Medium, σ = 0
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intrinsic impedance of the medium
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y eeAE −− =  constant phase points: ( ) const=− zt 

Phase velocity
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vg == in dispersive media where β = β(ω) 



 Phase velocity – virtual speed at which a constant phase 
point travels (in certain conditions might be greater than 
the speed of light)

 Group velocity – speed at which the signal (energy, 
information) propagates (always less or equal to the speed 
of light in that medium)



 In vacuum
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Space periodicity
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 In non-dispersive medium with εr



 wave

▪ incident

▪ reflected

 wave

▪ direct

▪ inverse

zz
y eEeEE −−+ += 

 +=+−= jj2

( )ztjz
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( )ztjz
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( ) const=− zt 

( ) const=+ zt 

points of 
constant 
phase

Electric field only in Oy direction,  through judicious choice 
wave traveling after Oz direction   of the coordinate system



 wave

▪ incident

▪ reflected

 wave

▪ direct

▪ inverse
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 particular cases where analytical solution exists

▪ wave in a single direction

▪ wave

▪ incident

▪ reflected

▪ wave

▪ direct

▪ inverse
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 Electromagnetic fields with harmonic time 
dependence
▪ Maxwell’s Equations simplified

 In delimited media the solutions of Maxwell’s 
Equations must also verify boundary 
conditions
▪ solutions must respect some supplemental 

conditions
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 If one of the media is a perfect conductor 
(metal) all fields are annulled inside
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 Electric field must always be 
normal on an electric wall or 
annulled

 Magnetic field must always 
be tangent to an electric wall 
or annulled
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 Similar with Fourier Transform ( ) ( )
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 particular cases where analytical solution exists

▪ harmonic signals, Fourier Transform, frequency 
spectrum
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 particular cases where analytical solution exists

▪ wave in a single direction

▪ wave

▪ incident

▪ reflected

▪ wave

▪ direct

▪ inverse
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 particular cases where analytical solution exists

▪ modes in delimited media
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 Microwave and Optoelectronics Laboratory
 http://rf-opto.etti.tuiasi.ro
 rdamian@etti.tuiasi.ro
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