
Subject: Electronic Systems (SIEK). Degree(s): Industrial degrees 
Professors: J.A. Soria, X. Roset  i  R. Ramos 
Exam Type: 2nd midterm.  Date: Wednesday the 11th of June, 2014 
 
Exercise 1. DC Power Supply 

 

Figure 1. Electric diagram of the DC-power supply. 

The circuit of Fig. 1 is a DC Power supply which consists of a two-phase half-wave rectifier 
(with central connection to ground) a capacitor-based voltage filter and a voltage regulator, 
where the OPAMP (IC1) is considered ideal, the zener (DZ) operates in the breakdown 
region and the BJT operates in the active region. Assuming the component values an 
semiconductor specifications (indicated below) determine the following information: 

A) Output voltage VO : 
 

a1) Express the output voltage VO as a function of the zener voltage (Vz) and the 
remaining components of the regulator circuit and determine its value. 
a2) What is the minimum voltage required at V(7) so that the OPAMP operates 
correctly in the linear region? 
a3) What would be the value of VO if the non-inverting terminal of the OPAMP (3rd 
pin) is connected between R4 and R5? 
 

B) Regulator input voltage (vC) and zener (DZ): 
 
b1) Obtain the maximum voltage drop at the capacitor VCmax and specify the current 

flow through the resistor R3 (IR3) in this condition. 
 

b2) Demonstrate, by means of determining IZ, that the zener is operating in the 
breakdown region as expected. 

 
C) Capacitor C1 and input rectifier diodes (D1 and D2) : 

 
c1) Considering that the user connects an IO = 0.5A load, determine the electric 

current IR and specify the necessary capacitor value C1 to obtain a voltage ripple 
Vr = 5V (Remark: Assume ICC = 0; and that IR >> IR3 (IR3 ≈ 0). If you did not 
manage to obtain VCmax at the previous section, use VCmax ≈ VSmax). 



c2) Assuming this situation, obtain the following data: VRRM, ID(av), IDmax i ID(SURGE). 
Taking into account the specifications of D1 and D2 provided below, specify 
whether this semiconductor is suitable for the DC power supply at hand.  Provide 
a reason for your answer. 

 
Component DATA: 
 

 Transformer:  
 

1st winding: 220V/50Hz. 
2nd winding: +23/0/-23 Volts (root mean square value) 
  

 Resistors: R1 = 10kΩ; R2 = 15kΩ; R3 = 1k8Ω; R4 = 12kΩ; R5 = 100kΩ 
 DZ: BZX85V10 – {VZ = 10V; IZT = 1mA; PZ = VZ·IZmax = 1W}. 
 IC1: LM741 – {VDROP_OUT = 2V on VAOmax = V(7) - VDROP_OUT}. 
 Q: BD243C – {β = 75; VBeγ = 0.7V; VCESAT = 0.5V}. 
 D1 = D2: {Vγ  = 0.7V;  VRRM  = 50V; IDMAX  = 15A; ID(SURGE) = 40A} 

 
  



Exercise 2: Digital Systems 

A digital system needs to be designed for controlling the amount of light present in a 
windowed room (Fig. 1). The system consists of three fluorescent lamps: A, B and C; which 
have to be turned on (HIGH level logic “1”) when the ambient light is not enough to 
illuminate the room. 

 

Figure 1. System layout of the room 

Four light sensors detect and measure the ambient light outdoors: SL1, SL2, SL3 and SL4; 
and they operate in the following manner: 

 SL1 is activated (HIGH level logic “1”) when the ambient light is equal or over 700 
LUX, and deactivated otherwise (LOW level logic “0”). 

 SL2 is activated (HIGH level logic “1”) when the ambient light is equal or over 750 
LUX, and deactivated otherwise (LOW level logic “0”). 

 SL3 is activated (HIGH level logic “1”) when the ambient light is equal or over 800 
LUX, and deactivated otherwise (LOW level logic “0”). 

 SL4 is activated (HIGH level logic “1”) when the ambient light is equal or over 900 
LUX, and deactivated otherwise (LOW level logic “0”). 

The illumination system also has a mechanism for sensor fault detection, for instance, when 
then sensor SL2 is activated and SL1 is not. In all these similar cases, an ALARM indicator 
is activated (HIGH level logic “1”) and ALL fluorescent lamps must be turned off. 

On the other hand, when the ALARM indicator is not activated, the system operates 
correctly and the fluorescent lamps must be turned on according to the following behavior 
pattern: 

 

 

 

A B C 

Window Room entrance 

SL1 SL2 SL3 SL4 



o The fluorescent lamp A is turned ON when the outdoor light is lower than 
900 LUX, and is turned OFF otherwise. 

o The fluorescent lamp B is turned ON when the outdoor light is lower than 
750 LUX, and is turned OFF otherwise  

o The fluorescent lamp C is turned ON when the outdoor light is lower than 
700 LUX, and is turned OFF otherwise  

Design process: 

a) Write the “truth table” corresponding to the logic functions which control the turning ON 
and OFF of the fluorescent lamps, and the ALARM indicator, according to the outdoor 
sensors. 

b) Find the simplified logic functions that control the turning ON and OFF of the 
fluorescent lamps, and the ALARM indicator. Use the Karnaugh-maps method. 

c) Obtain the full circuit necessary for implementing this system by means of AND, OR and 
NOT gates (Remark: logic gates can be of several input terminals). 

d) Represent the electric circuit corresponding to the ALARM indicator using only 2-input 
NAND gates. 

  



Subject: Electronic Systems (SIEK). Degree(s): Industrial degrees 
Professors: J.A. Soria, X. Roset y R. Ramos 
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Exercise. Steady-state and time domain (10 points). 
 
In the following circuit, assuming zero initial conditions in L and C  

 

Figure 1. Electric diagram of the circuit corresponding to Exercise 1. 

a)  Determine the normalized 2nd-order transfer function of the. Use the basic analytical 

methods and express the factor gain K, the damping factor  and the natural frequency n as 
a function of the circuit components, and indicate the units of the constant G 
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b) Assuming that the circuit transfer function (2) is associated to the circuit (Fig. 1), 
represent the output waveform vc(t) for a step input, va(t) = 2·u(t): 
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Remark: You must determine the relevant points of the output signal: SIP 
(overshot), tp (peak time), tr (rise time), ts (settling time: signal within a 5% of output 
variation in vc(t)) and final value of vc(t). 

c) Taking into account the transfer function in (2), determine the output voltage vc(t) on a 
permanent-state basis for a sinusoid input of the form va(t) = 10·sin(2·pi·20·t), where f = 
20Hz. 
 

Remark: You must specify the output expression vc(t), as a function of the input 
va(t), and draw both signal waveforms in the same plot, specifying both the peak 
magnitude and the time values associated to the phase shift between both signals. 

 
 



 



Expression Form SIEK 

1 – Basic electrical rules in circuit analysis: steady-state (DC) and time domain operation (AC) 
 

Ohm’s law 
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*Sign convention:  Electric current entering the positive pole 

Resistor connection  
Series 
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Kirchhoff’s Laws 
KVL (1st. Voltage law) 
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* SOURCE = Addition of all voltages in series 

KCL (2nd. Electric Current Law) 
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* All ENTERING intensities = All OUTGOING 
currents 

Thevenin/Norton Changes 
 

                        Thevenin Model                                              Norton Model 

 
 

 
  



Voltage Divider / Difference in voltage potential (For voltages referred to the GROUND terminal) 

 
 

                             Voltage divider                            Difference in voltage potential 
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                        *Example obtaining V2:                 * VA , VB ... VN correspond to circuit node voltages referred  
                                                                                      to ground 
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2 – Time domain 
 

Models corresponding to the basic elements in “s” domain: Capacitor and Inductor. 
Capacitor 
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Inductor 
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Normalized transfer function expressions (1st and 2nd. order) 
1st. order 
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* Main parameters:  
     K – Gain Factor (in steady state domain) 
     ωn – Natural angular  frequency 
     τ – Time constant of the system 

2on. order 
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* Main parameters:  
     K – Gain Factor (in steady state domain) 
     ωn – Natural angular  frequency 
      ξ – Damping Factor 

 
  



Response to a step unit input 
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1st. order 
 

 
*settling time = 5τ 

 
2nd. order (0 < ξ ≤ 1) 
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Sinua and Frequency response 

The output response to an input sinus VIPsin(ωt) is       sinO IPv t V H j t H j     
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Module |H(jω)| and Phase ∠H(jω) estimation from the input and output signals 
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2nd. Module – Analysis of circuits containing diodes 

Rectifier diode model 
Symbol and convention iD - vD 

 
i-v characteristics 

 
*Vγ corresponds to the diode threshold voltage 

Mathematical model representing its circuit behavior 
 

    Operation mode                                Condition                        Behavior 

ON (Conduction mode):          0Di                               Dv V                   

OFF (Open circuit mode):       Dv V                        -     0Di                     
 
 



1 – DC Power Supply (2on Midterm) 

Block diagram 

 
 

Transformer 

Single output winding 
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Two output windings 
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Conversion from rms to peak value 

v1 = 220V rms  → 1 12P sV v  (peak value) 

Rectifiers 

Type 

 
Single-phase half-wave 

(R1)  
Two-phase half-wave 

(R2) 

 
Single-phase full-wave 

(R3) 
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*  The discharging time approaches to T(instead of T/2) in the single-phase half-wave rectifier (R1). 
Electrical 
Variable 

R1 R2 R3 
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Zener diode

 
Mathematical model 

   Operating mode                                 Variable Condition             Variable Behavior 

ON (Conduction):                     0Di                                   Dv V        

OFF (Non-conduction):        Z DV v V                          0Di                     

RUP (Zener operation):                     0Di                               D Zv V                        

Bipolar Junction Transistor – BJT 

iE = iB + iC 

Operating mode Variable conditions Variable Behavior 

CUT-OFF vBE < VBEγ , vCE > VCE(sat) iB = 0, iC = 0
ACTIVE iB > 0, vCE > VCE(sat) vBE = VBEγ, iC = βiB

SATURATION iB > 0, iC < βiB vBE = VBEγ, vCE = VCE(sat)
Operational Amplifier (OPAMP) 

 

Mathematical model
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 “Virtual shortcircuit” when approximating to ideal behavior 

  

   Virtual shortcircuit concept:        iN = iP = 0  (iR1 = iR2)       vN = vP = vIN  (vD = 0) 
3 – Digital Systems 

Logic gates

 
                        (a)                                              (b)                                             (c) 

 
                                          (d)                                       (e)                                        (f) 
 

Comb. A B NOT OR AND NOR NAND OR-E 
1 0 0 1 0 0 1 1 0 
2 0 1 1 1 0 0 1 1 
3 1 0 0 1 0 0 1 1 
4 1 1 0 1 1 0 0 0 

Funció Y A  Y A B  Y AB Y A B   Y AB  Y A B   
Morgan Laws 
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