
Lecture 3 
2020/2021 



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

laboratory) 
 Lectures- associate professor Radu Damian 

 Wednesday 15-17, Online, Microsoft Teams 

 E – 50% final grade 

 problems + (2p atten. lect.) + (3 tests) + (bonus 
activity) 

▪ 3p=+0.5p 

 all materials/equipments authorized 

 



 Laboratory – associate professor Radu Damian 

 Thursday 10-12, II.13 / (Online) 

 L – 25% final grade 

▪ ADS, 4 sessions  

▪ Attendance + personal results 

 P – 25% final grade 

▪ ADS, 2 sessions (-1~25.02.2021) 

▪ personal homework 

 



 http://rf-opto.etti.tuiasi.ro  



 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 

 used at lectures/laboratory 



 Profile photo – online “exam” 



 access to online exams requires the password 
received by email 



 received by email 



 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 
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Grade = Quality of the work + 

+ Quality of the submission 



   

“Engineering” 
Sinapses 



 Transmission lines 
 Impedance matching and tuning 
 Directional couplers 
 Power dividers 
 Microwave amplifier design 
 Microwave filters 
 Oscillators and mixers ? 



 http://rf-opto.etti.tuiasi.ro  
 Irinel Casian-Botez: "Microunde vol. 1: 

Proiectarea de circuit", Ed. TEHNOPRES, 
2008 

 David Pozar, Microwave Engineering, Wiley; 
4th edition , 2011, ISBN : 978-1-118-29813-8 
(E), ISBN : 978-0-470-63155-3 (P) 





 Behavior (and 
description) of any 
circuit depends on 
his electrical length 
at the particular 
frequency of 
interest 
 E≈0  Kirchhoff 

 E>0  wave 
propagation 


















l
llE 2

2



 Constitutive equations 
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 If one of the media is a perfect conductor 
(metal) all fields are annulled inside 
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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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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 
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(simultaneous space and  
time variation) 

Wave Propagation 
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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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 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 vid 

refractive index  of a medium 

 377
0

0
0




 smc 8

00

0 1099790,2
1







0cvv g 

rr

c
c



0

000

11








rn 

Space periodicity 

f

c0
0

2







f
T

12






Time periodicity 

f

c







2

f
T

12






rr f

c






 00 




n

c
c 0

 In mediu nedispersiv εr 



 wave 

 incident 

 reflected 

 wave 

 direct 

 inverse 
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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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 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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 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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 TEM wave propagation, at 
least two conductors 
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 TEM wave propagation, at least two conductors 



 time domain 
 
 
 
 

 armonic signals (frequency domain) 
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 Characteristic 
impedance of the line 
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 Lossless: R=G=0 
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 voltage reflection 
coefficient 
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 voltage reflection coefficient seen at the 
input of the line  
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 Total power delivered to the load = Incident 
power – “Reflected” power 

 Return “Loss” [dB] 

 time-average Power flow along the line 
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 Euler's formula 
 

 Polar representation 
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 Euler's formula 
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 the input impedance 
seen looking toward 
the load 
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 the input impedance seen looking toward 
the load 
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 input impedance of a length l of transmission 
line with characteristic impedance Z0 , loaded 
with an arbitrary impedance ZL 
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 input impedance is frequency dependent 
through 
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frequency dependence is periodical, imposed 
by the tan trigonometric function 



 l = k·λ/2 
 l = λ/4 + k·λ/2 

 

lZjZ

lZjZ
ZZ

L

L
in










tan

tan

0

0
0

ΓL 

Z0 ZL 

-l 0 

Zin 





  kll

2
0ZZin 0tan l

ltan

L

in
Z

Z
Z

2

0

 quarter-wave transformer 



 ZL = 0 
 purely imaginary for any 

length l 

 +/-  depending on l value 
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 ZL = ∞ → 1 / ZL = 0 
 purely imaginary for any 

length l 

 +/-  depending on l value 
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 SWR is defined as the ratio between maximum and 
minimum 
 (Voltage) Standing Wave Ratio 

 
 

 real number 1 ≤ VSWR <  
 a measure of the mismatch (SWR = 1 means a matched line) 

   zjzj eeVzV   
0

  zjzj eeVzV    2
0 1

je

  zjeVzV    2
0 1

12  zje 
maximum magnitude value for    10max VV

12  zje     10min VV






1

1

min

max

V

V
VSWR

minimum magnitude value for 



 

lZjZ

lZjZ
ZZ

L

L
in










tan

tan

0

0
0

ΓL 

Z0 ZL 

-l 0 

Zin 

  zz eVeVzV   
00

  zz eIeIzI   
00

    ljel  20

lj

Lin e  2



 Microwave and Optoelectronics Laboratory 
 http://rf-opto.etti.tuiasi.ro 
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