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  2009 – 2019 

 every year 1-2 sets (~50) of problems 

 numerical solutions 

 less in English -> Google translate 



 For a impedance equal to 50.2Ω + j·46.2Ω, 
compute the normalized admittance. (1p) 

 For a impedance equal to 63.1Ω + j·51.7Ω, 
compute the normalized admittance. (1p) 

 For a impedance equal to 66.6Ω − j·67.2Ω, 
compute the normalized admittance. (1p) 

 For a impedance equal to 42.5Ω + j·45.3Ω, 
compute the normalized admittance. (1p) 



 6 problems 
 P1 – 1p  

 P2 – 2p 

 P3 – 2p 

 P4 – 2p 

 P5a – 4p 

 P5b – 4.5p 
 Total: 15.5p 
 Maximum: 7.6p 
 Minimum: 0.0÷0.5p 

 



 5 problems 
 P1 – 1p+1p  

 P2 – 1p 

 P3 – 1p+1p 

 P4 – 1p+1p 

 P5 – 5p 
 Total: 12p 
 Maximum: 5.35p 
 Minimum: 0.0÷0.35p 
 Bonus: 0-4.25p 

 





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



 Euler's formula 
 

 Polar representation 
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 standard unit for angles – radians 
 microwaves traditional unit for angles – 

degrees in decimal notation (55.89°) 
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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]  





 Shunt Stub 



 The sign (+/-) chosen for the series line equation 
imposes the sign used for the shunt stub equation  
 “+” solution 

 

 

 “-” solution 
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 We choose one of the two possible solutions 
 The sign (+/-) chosen for the series line equation 

imposes the sign used for the shunt stub equation 
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 For a normalized admittance equal to  
0.705 − j·0.965, compute the impedance. (1p) 

 Note. Except where otherwise specified, assume 
50Ω reference impedance.  
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 For a normalized admittance equal to  
0.930 + j·0.745, compute the impedance. (1p) 



! 



 Outline a Smith Chart (only the external circle 
and the complex plane axes) and plot the point 
corresponding to a reference impedance of 
75Ω and: 

 a normalized impedance equal to 0.870 − j·0.975 (1p) 

 a load composed from a 63 Ω resistor series with a 
0.84nH inductor, at 7.4 GHz (1p) 
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 Outline a Smith Chart (only the external circle 
and the complex plane axes) and plot the point 
corresponding to a reference impedance of 
75Ω and: 

 a normalized impedance equal to 0.870 − j·0.975 (1p) 
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 Outline a Smith Chart (only the external circle 
and the complex plane axes) and plot the point 
corresponding to a reference impedance of 
75Ω and: 

 a normalized impedance equal to 0.870 − j·0.975 (1p) 
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 Polar representation 

 modulus 

 phase relative to the real axis 
  sincos  jzbjaz
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 Outline a Smith Chart (only the external circle 
and the complex plane axes) and plot the 
point corresponding to a reference 
impedance of 75Ω and: 

 a load composed from a 63 Ω resistor series with a 
0.84nH inductor, at 7.4 GHz (1p) 
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 Outline a Smith Chart (only the external circle 
and the complex plane axes) and plot the 
point corresponding to a reference 
impedance of 75Ω and: 

 a load composed from a 63 Ω resistor series with a 
0.84nH inductor, at 7.4 GHz (1p) 
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 Outline a Smith Chart (only the external circle 
and the complex plane axes) and plot the point 
corresponding to a reference impedance of 80Ω 
and: 

 a normalized impedance equal to 0.710 − j·1.155 (1p) 

 a load composed from a 25Ω resistor paralel with a 
0.56pF capacitor, at 7.2GHz (1p) 



! 



 A signal with a power of 1.75mW is applied at 
the input of a lossless coupler characterized 
by a coupling coefficient of 4.1dB and an 
isolation of 23.3dB, having an input VSWR = 
2.465. 

 Calculate the output power (in dBm) at the 
through port. (1p) 

 Design an ideal ring coupler that provides the 
same coupling coefficient. (1p) 
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 Lossless coupler, the input power is found 
entirely at: 
 through port,  
 coupled port, 
 isolated port, 
 or is reflected at the input before entering the coupler 



 Input reflected power, before entering the 
coupler 
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 Power transferred to:   
 coupled port 
 isolated port 
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 Coupler design (~lab)  
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 A signal with a power of 3.00mW is applied at 
the input of a lossless coupler characterized 
by a coupling coefficient of 5.2dB and an 
isolation of 18.5dB, having an input VSWR = 
2.380. 

 Calculate the output power (in dBm) at the 
through port. (1p) 

 Design an ideal coupled line coupler that provides 
the same coupling coefficient. (1p) 



! 



 Calculate the noise factor of the circuit which 
contains in cascade, in the order indicated, the 
following amplifiers: (2p) 
 Amplifier 1: Noise factor 2.1dB, Gain 8.0dB , 

 Amplifier 2: Noise factor 2.1dB, Gain 11.1dB , 

 Amplifier 3: Noise factor 3.7dB, Gain 13.8dB . 
 Friis Formula (!linear scale) 
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 Friis Formula must be used in linear scale! 
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 Pay attention to the units 
(they are all dimensionless!)  
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 Calculaţi factorul de zgomot al circuitului care 
conţine înseriate, în ordinea indicată, următoarele 
amplificatoare: (2p) 

 Amplificator 1: Factor de zgomot 2.7dB, Câştig 7.3dB , 

 Amplificator 2: Factor de zgomot 3.1dB, Câştig 11.7dB, 

 Amplificator 3: Factor de zgomot 4.5dB, Câştig 12.1dB. 



! 



 5a. The scattering parameters of a transistor at 0.9 GHz 
are as follows: 
 
 

 
 Compute the input and output stability circles. (1.5p) 
 Is the transistor unconditionally stable at 0.9 GHz? (0.5p) 
 The system where the output of the transistor is directly 

connected to a 50Ω load and it’s input is connected to a 55Ω 
source by a 50Ω line 0.20 in length is stable or not? (1p) 

 How does the stability of the system change if, following a 
fault, the source becomes: 
▪ open-circuit? (0.5p) 
▪ short-circuit? (0.5p) 

S11 S12 S21 S22 

Mag. Ang. Mag. Ang. Mag. Ang. Mag. Ang. 

0.717 -123.4° 0.049 43.9° 12.733 105.2° 0.303 -138.8° 



 5a.  The scattering parameters of a transistor at 0.9 GHz are 
as follows: 
 
 

 
 Compute the input and output stability circles. (1.5p) 

S11 S12 S21 S22 

Mag. Ang. Mag. Ang. Mag. Ang. Mag. Ang. 

0.717 -123.4° 0.049 43.9° 12.733 105.2° 0.303 -138.8° 
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 5a.  The scattering parameters of a transistor at 0.9 GHz are 
as follows : 
 
 

 
 Compute the input and output stability circles. (1.5p) 

S11 S12 S21 S22 

Mag. Ang. Mag. Ang. Mag. Ang. Mag. Ang. 

0.717 -123.4° 0.049 43.9° 12.733 105.2° 0.303 -138.8° 
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 5a.  The scattering parameters of a transistor at 0.9 GHz 
are as follows: 
 
 

 
 Is the transistor unconditionally stable at 0.9 GHz? (0.5p) 

 Two methods: 
 use stability circles 
 use analytical stability conditions 

S11 S12 S21 S22 

Mag. Ang. Mag. Ang. Mag. Ang. Mag. Ang. 

0.717 -123.4° 0.049 43.9° 12.733 105.2° 0.303 -138.8° 



 5a.  The scattering parameters of a transistor at 0.9 GHz 
are as follows: 
 
 

 
 Is the transistor unconditionally stable at 0.9 GHz? (0.5p) 

 Two methods: 
 use stability circles 
 use analytical stability conditions 

S11 S12 S21 S22 

Mag. Ang. Mag. Ang. Mag. Ang. Mag. Ang. 

0.717 -123.4° 0.049 43.9° 12.733 105.2° 0.303 -138.8° 
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 5a.  The scattering parameters of a transistor at 0.9 GHz 
are as follows: 
 
 

 
 Is the transistor unconditionally stable at 0.9 GHz? (0.5p) 

 Two methods: 
 use stability circles 
 use analytical stability conditions / Rollet 

S11 S12 S21 S22 

Mag. Ang. Mag. Ang. Mag. Ang. Mag. Ang. 

0.717 -123.4° 0.049 43.9° 12.733 105.2° 0.303 -138.8° 

1717.011 S 1303.022 S

21122211 SSSS  1517.0 

FALSE
SS

SS
K 1530.0

2

1

2112

22

22

2

11









 5a.  The scattering parameters of a transistor at 0.9 GHz 
are as follows: 
 
 

 
 The system where the output of the transistor is directly 

connected to a 50Ω load and it’s input is connected to a 55Ω 
source by a 50Ω line 0.20 in length is stable or not? (1p) 

 Output connected to 50Ω, output reflection coefficient 
equal to S22,  
 
 

 At the output we have stability condition 

S11 S12 S21 S22 

Mag. Ang. Mag. Ang. Mag. Ang. Mag. Ang. 

0.717 -123.4° 0.049 43.9° 12.733 105.2° 0.303 -138.8° 

1303.022 S



 5a.  The scattering parameters of a transistor at 0.9 GHz are 
as follows: 
 
 

 
 The system where the output of the transistor is directly connected 

to a 50Ω load and it’s input is connected to a 55Ω source by a 50Ω 
line 0.20 in length is stable or not? (1p) 

 Input connection, at the source/line transition we have 
mismatch 55/50Ω, we have an reflection coefficient ,  
 
 

S11 S12 S21 S22 

Mag. Ang. Mag. Ang. Mag. Ang. Mag. Ang. 

0.717 -123.4° 0.049 43.9° 12.733 105.2° 0.303 -138.8° 
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 After the 0.20 line, at the input of the transistor this reflection 
coefficient  becomes: 
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 5a.  The scattering parameters of a transistor at 0.9 GHz are 
as follows: 
 
 

 
 The system where the output of the transistor is directly connected 

to a 50Ω load and it’s input is connected to a 55Ω source by a 50Ω 
line 0.20 in length is stable or not? (1p) 

 
 

S11 S12 S21 S22 

Mag. Ang. Mag. Ang. Mag. Ang. Mag. Ang. 

0.717 -123.4° 0.049 43.9° 12.733 105.2° 0.303 -138.8° 

 After the 0.20 line, at the input of the transistor this reflection 
coefficient  becomes: 
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 5a.  The scattering parameters of a transistor at 0.9 GHz are 
as follows: 
 
 

 
 Se obţine un sistem stabil dacă la ieşire se conectează tranzistorul la 

50Ω, iar la intrare sursa cu impedanţa de 55Ω este conectată printr-
o linie de 50Ω de lungime 0.20? (1p) 

 
 

S11 S12 S21 S22 

Mag. Ang. Mag. Ang. Mag. Ang. Mag. Ang. 

0.717 -123.4° 0.049 43.9° 12.733 105.2° 0.303 -138.8° 

 Distance between this point (Γs) and the center of the stability circle 
 
 
 so the Γs point is outside the stability circle 
 the center of the Smith Chart is a stable point (S11) and is outside 

the stability circle 
 
 

 So the point Γs corresponds to a stable point 

525.2182.3  SSS RC
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 5a.  The scattering parameters of a transistor at 0.9 GHz are 
as follows: 
 
 

 
 How does the stability of the system change if, following a fault, the 

source becomes: 
▪ open-circuit? (0.5p) 
▪ short-circuit? (0.5p) 

S11 S12 S21 S22 

Mag. Ang. Mag. Ang. Mag. Ang. Mag. Ang. 

0.717 -123.4° 0.049 43.9° 12.733 105.2° 0.303 -138.8° 

 With source open-circuited or short-circuited the transistor is 
connected by a 50Ω line to an open-circuit or short-circuit , so the 
impedance seen at the input  of the transistor is  

 
▪ open-circuit 

 
▪ short-circuit   20.02tan50tan0   jlZjZS

 20.02cot50cot0   jlZjZS



 5a.  The scattering parameters of a transistor at 0.9 GHz are 
as follows: 
 
 

 
 How does the stability of the system change if, following a fault, the 

source becomes: 
▪ open-circuit? (0.5p) 
▪ short-circuit? (0.5p) 

S11 S12 S21 S22 

Mag. Ang. Mag. Ang. Mag. Ang. Mag. Ang. 

0.717 -123.4° 0.049 43.9° 12.733 105.2° 0.303 -138.8° 

 Similar with previous situation we compute the reflection coefficient 
and it’s positioning relative to the stability circle 
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 The scattering parameters of a transistor at 0.9 GHz are 
as follows: 
 
 
 
 Determinaţi cercurile de stabilitate la intrare şi ieşire. (1.5p) 
 Tranzistorul este necondiţionat stabil la frecvenţa de 0.8 

GHz? (0.5p) 
 Se obţine un sistem stabil dacă la ieşire se conectează 

tranzistorul la 50Ω, iar la intrare sursa cu impedanţa de 64Ω 
este conectată printr-o linie de 50Ω de lungime 0.10? (1p) 

 Cum se modifică stabilitatea sistemului dacă în urma unei 
defecţiuni sursa devine: 
▪ gol? (0.5p) 
▪ scurtcircuit? (0.5p) 

S11 S12 S21 S22 

Mag. Ang. Mag. Ang. Mag. Ang. Mag. Ang. 

0.732 -115.8° 0.046 45.4° 13.834 109.6° 0.302 -132.4° 
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