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Faculty of Engineering 
Dept. of Mechanical Engineering 

E302-ELECTRONIC CIRCUITS (1) 
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6B

 
UAttempt all questions, full mark: 100 Points U UTime: 3 Hours 
 
UQuestion #1U: (20 Points) 
Choose the right answer: 
 

1)  A positive ion is formed when 

D 
(A) an atom gains an extra valence electron 
(C) two atoms bond together 

(B) there are more holes than electrons in the outer orbit 
(D) a valence electron breaks away from the atom 

2)  Recombination is when 

A 
(A) an electron falls into a hole 
(C) a crystal is formed 

(B) a positive and a negative ion bond together 
(D) a valence electron becomes a conduction electron 

3)  Holes in an n-type semiconductor are  

A 
(A) minority carriers that are thermally produced 
(C) majority carriers that are thermally produced 

(B) minority carriers that are produced by doping 
(D) majority carriersthat are produced by doping 

4)  When a diode is forward-biased,  

D 
(A) the only current is hole current 
(C) the only current is electron current 

(B) the only current is produced by majority carriers 
(D) the current is produced by both holes and electrons 

5)  The average value of a half-wave rectified voltage with a peak value of 200 V is 

A 
(A) 63.7 V 
(C) 141 V 

(B) 127.2 V 
(D) 0 V 

6)  The ideal dc output voltage of a capacitor-input filter is equal to  

A 
(A) the peak value of the rectified voltage 
(C) the rms value of the rectified voltage 

(B) the average value of the rectified voltage 

7)  The internal resistance of a photodiode  

B 
(A) increases with light intensity when reverse-biased 
(C) increases with light intensity when forward-biased 

(B) decreases with light intensity when reverse-biased 
(D) decreases with light intensity when forward-biased 

8)  For operation as an amplifier, the base of an npn transistor must be 

A 
(A) positive with respect to the emitter 
(C) positive with respect to the collector 

(B) negative with respect to the emitter 
(D) 0 V 

9)  In a JFET, IDSS is  

C 
(A) the drain current with the source shorted 
(C) the maximum possible drain current 

(B) the drain current at cutoff 
(D) the midpoint drain current 

10)  In an E-MOSFET, there is no drain current until VGS  

A 
(A) reaches VGS(th) 
(C) is negative 

(B) is positive 
(D) equals 0 V 
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Question #2
 

: (20 Points) 

a) The total secondary voltage in a center-tapped full-wave rectifier is 125 V rms. Find 
the rms output voltage, assuming that the diode drop is 0.7V. 

 
 
 
 
 
 
b) A certain power-supply filter produces an output with a ripple of 100 mV peak-to-

peak and a dc value of 20 V. Find the ripple factor. 
 
 
 
 
 
 
 
 
 

c) For a certain 12 V zener diode, a 10 mA change in zener current produces a 0.1 V 
change in zener voltage. Find the zener impedance. 

 
 
 
 
 
 
 

d) In a Darlington pair configuration, each transistor has βac = 120. If RE is 470 Ω. Find 
the input resistance, neglecting re'.  

 
 
 
 
 
 
 
e)  Each stage of a four-stage amplifier has a voltage gain of 20. Find the overall gain 

expressed in dBs. 
 
 
 
 

 
 
  

 
Ripple factor = peak-to-peak ripple/dc voltage 

= 0.5 % 

Vip = 176.78 V 
Vop = Vip/2 – 0.7 = 87.7 V 
Vo(rms) = 62 V 

 
RZ = ∆V/∆I = 10 Ω 

 
Rin = (βac + 1)2 RE = 6.88 MΩ 

 
Av = (20)4 

= 104 dBs 
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Question #3
Sketch the output voltage waveform for each circuit shown and include the voltage values. 
Assume a practical diode model with barrier potential = 0.7 V. 

: (12 Points) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Question #4
3. The silicon npn transistor used in the common 

emitter amplifier in Fig.4 has βdc = βac = 100. 

: (10 Points) 

 a) Find ICQ and VCEQ. (4 Points) 
 b) Find re’. (2 Points) 
 c) Find the voltage gain and input impedance of the 

circuit.  (4 Points) 
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RL 
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Question #5
The following parameters are obtained from a 
certain JFET datasheet: IDSS = 5 mA and VGS(off) = 
- 8 V. Determine the values of ID for each value of 
VGS ranging from 0 V to -8 V in 1 V steps. Plot 
the transfer characteristic curve from these data.  

: (8 Points) 

 
 
 
 
 
 
 
 
 
 
 
VGS/volts 0 -1 -2 -3 -4 -5 -6 -7 -8 
ID/mA 5 3.8 2.8 2 1.25 0.7 0.31 0.08 0 
 
Question #6
The JFET used in the common source amplifier 
of Fig.6 has VGS(off) = -5V and IDSS = 10 mA. 

: (12 Points) 

 a) Determine the operating point IDQ, VGSQ and 
VDSQ. (6 Points) 

 b) Calculate the value of the transconductance 
gm at the Q-point. (2 Points) 

 c) Determine the amplifier voltage gain and 
input impedance. (4 Points) 

 
 
 
 
 
 
  

gm= 2.47 mS 

VDSQ = 4.3 V VGSQ= -1.91 V IDQ= 3.82 mA 

Zin= 10 MΩ 

500Ω 

Fig.6 
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Question #7
Determine the output voltage Vout for each circuit of Fig. 7 assuming ideal op-amps.  

: (18 Points) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 

 ******************       أطيب التمنيات بالتوفيق******************       
 مجدى مفيد دوس. د.أ

V2=0.5V 

Vout  =  -9 V 

40KΩ 

- 

+ 
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-10 V 

Vout 

10KΩ 

Fig.7 (f) 
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Vout 

10KΩ 

Fig.7 (a) 
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- 

+ 

+10 
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Fig.7 (b) 
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UAttempt all questions, full mark: 100 Points U UTime: 3 Hours 
 
UQuestion #1U: (20 Points) 
Mark True () or False (x) 
 

X 1)  The p and n regions are formed by a process called ionization. 
   

 2)  The output frequency of a full-wave rectifier is twice the input frequency. 
   

 3)  In a bridge rectifier, two diodes conduct during each half cycle of the input. 
   

X 4)  Full wave rectifier circuits can be used for DC to AC conversion. 
   

X 5)  Common Collector amplifiers are characterized by high voltage gain and high 
input impedance. 

   

 6)  A Zener diode can be used as a voltage regulator. 
   

 7)  When a transistor is saturated, the collector current is maximum. 
   

X 8)  For operation in the linear or active region, the base-colector junction of a 
transistor is forward biased. 

   

 9)  Base bias is less stable than voltage-divider bias. 
   

X 10)  A bypass capacitor in a CE amplifier decreases the voltage gain. 
   

 11)  In a CE amplifier, the gain can be stabilized by using a swamping resistor. 
   

X 12)  In a class-A power amplifier, efficiency is the ratio of output signal power to input 
signal power. 

   

 13)  Class AB operation overcomes the problem of crossover distortion. 
   

X 14)  The drain current ID of a JFET becomes zero if VDS is at the pinch-off voltage. 
   

X 15)  Forward transconductance is the change in drain voltage for a given change in 
gate voltage. 

   

 16)  A D-MOSFET has a physical channel and an E-MOSFET has an induced channel. 
   

 17)  A common-source (CS) amplifier has a very high input resistance. 
   

 18)  Negative feedback reduces the gain of an op-amp from its open-loop value. 
   

X 19)  The gain of a voltage-follower is very high. 
   

 20)  A summing amplifier can have more than two inputs. 
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Question #2: (20 Points) 
Choose the right answer: 
 

1)  The process of adding an impurity to an intrinsic semiconductor is called  

A 
(A) doping 
(C) atomic modification 

(B) recombination 
(D) ionization 

2)  When the rms output voltage of a bridge full-wave rectifier is 20 V, the peak 
inverse voltage across the diodes is (neglecting the diode drop) 

B 
(A) 20 V 
(C) 40 V 

(B) 28.3 V 
(D) 56.6 V 

3)  A silicon Zener diode having Vz = 5 V. How much voltage appears across it 
when it is forward-biased? 

A 
(A) 0.7 V 
(C) 5 V 

(B) 4.3 V 
(D) 5.7V 

4)  The overall voltage gain of three identical cascaded voltage amplifiers each has 
a no load voltage gain AV = -10, Zi = 1 kΩ, and Zo = 1 kΩ is: 

C 
(A) 1000 
(C) -250 

(B) -1000 
(D) -125 

5)  What are the bias conditions of the base-emitter and base-collector junctions 
for a transistor to operate as an amplifier? 

B 
(A) Both are forward biased 
(C) Both are reverse biased 

(B) The base-emitter is forward and the base-collector is reverse 
(D) The base-collector is forward and the base-emitter is reverse 

6)  What characteristic of the common-collector amplifier makes it a useful 
circuit?  

A 
(A) it has a high input resistance 
(C) it has a high voltage gain 

(B) its output is in-phase with the input 
(D) it has a high power gain 

7)  The Q-point for a class AB amplifier is  

D 
(A) at the middle of the load line 
(C) near saturation 

(B) at cut-off 
(D) near cut-off 

8)  A certain D-MOSFET is biased at VGS = 0 V. Its datasheet specifies IDSS = 20 
mA and VGS(off) = -5 V. The value of the drain current 

C 
(A) is 0 A 
(C) is 20 mA 

(B) is 10 mA 
(D) cannot be determined 

9)  If the gate-to-source voltage in an n-channel E-MOSFET is made more 
positive, the drain current will 

A 
(A) increase 
(C) decrease 

(B) remain unchanged 
 

10)  In a JFET, IDSS is  

C 
(A) the drain current with the source shorted 
(C) the maximum possible drain current 

(B) the drain current at cutoff 
(D) the midpoint drain current 
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Question #3: (15 Points) 
 

a) A certain power-supply filter produces an output with a ripple of 100 mV peak-to-
peak and a dc value of 20 V. Find the ripple factor. 

 
 
 
 
 
 

b) If a transistor has a dc beta of 120, VB = 2 V, and IE = 2 mA, what is the dc input 
resistance at the base? 

 
 
 
 
 
 
 
c) Explain swamping. 

 
 
 
 
 
 
 

d) A differential amplifier has a differential mode gain Ad= 60 and a common mode gain 
Ac= 0.5. Calculate the CMRR in dBs. 

 
 
 
 
 
 

e) A certain scaling adder has two inputs, one having twice the weight of the other. If 
the resistor value for the lower-weighted input is 10 kΩ, what is the value of the other 
input resistor? 

 
 
 
 
 
 
 

 
  

 

IB = IE /(β + 1) = 0.0165 mA 
 
Rin = VB /IB = 121 KΩ 

 
r = Vr(p-p)/Vdc = 0.005 

 
RE is partially bypassed so that a reasonable gain can be achieved, and the 
effect of re' on the gain is greatly reduced. 

 
R2 = R1 /2 = 5 KΩ 

 
CMRR = 20 log(Ad / Ac) = 41.6 dBs 
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Question #4: (8 Points) 
Sketch the output voltage for each Zener limiting circuit 
in Fig.4 in the following cases: 

a) Vin = 20 V p-p, VZ1=5.3V, and VZ2=2.3V. 
b) Vin = 40 V p-p, VZ1=5.3V, and VZ2=2.3V. 
c) Vin = 30 V p-p, VZ1=5.3V, and VZ2=15.3V. 
d) Vin = 10 V p-p, VZ1=5.3V, and VZ2=15.3V. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Question #5: (15 Points) 
A class-AB complementary-symmetry push-pull power amplifier is connected to a 10 Ω 
load. The supply voltages are ±20 V. 
 a) Draw the amplifier circuit diagram. (3 Points) 
 b) Find the peak value of the collector current, the DC power delivered by the source 

and the amplifier efficiency, if the ac power delivered to the load is 6 W. (6 Points) 
 c) Find the maximum allowable value of the peak collector current. (2 Points) 
 d) Find the maximum output power, and maximum DC power. (4 Points) 
 
 
 
 
 
 
 
 
 
 
 
 

ICp(max) = 2 A Efficiency = 43 % 

ICp= 1.095 A PDC= 13.95 W 

PDC(max) = 25.5 W Pout(max) = 20 W 

The Circuit Diagram
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Question #6: (12 Points) 
The JFET used in the common source amplifier 
of Fig.6 has VGS(off) = -5V and IDSS = 10 mA. 
 a) Determine the operating point IDQ, VGSQ and 

VDSQ. (6 Points) 
 b) Calculate the value of the transconductance 

gm at the Q-point. (2 Points) 
 c) Determine the amplifier voltage gain and 

input impedance. (4 Points) 
 
 
 
 
 
 
 
 
 
 
 
Question #7: (10 Points) 
Design a four bit digital to analog converter using a scaling adder. The maximum analog 
output should be 7.5 volts. Draw the circuit diagram of the converter and give the value of 
the elements used and the input voltage level. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

         ******************     Best Wishes            ******************  
Prof. Magdy M. Doss 
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UAttempt all questions, full mark: 100 Points U UTime: 3 Hours 
 
UQuestion #1U: (20 Points) 
Mark True () or False (x) 
 

 1)  Valence electrons exist in the outer shell of an atom. 
   

X 2)  The output frequency of a half-wave rectifier is twice the input frequency. 
   

X 3)  Each diode in a full-wave rectifier conducts for the entire input cycle. 
   

 4)  Silicon doped with p and n impurities has one pn junction 
   

X 5)  When reverse-biased, a diode ideally appears as a short. 
   

X 6)  Line and load regulation are the same. 
   

X 7)  Full wave rectifier circuits can be used for DC to AC conversion. 
   

X 8)  The varactor diode normally operates in forward bias. 
   

 9)  The LED is normally operated in forward bias. 
   

X 10)  The base current and collector current are approximately equal. 
   

 11)  A transistor in cutoff acts as an open switch. 
   

X 12)  The dc load line intersects the vertical axis of a transistor characteristic curve at 
IC= VCE/RL. 

   

 13)  Input resistance at the base of the transistor can affect voltage-divider bias. 
   

 14)  A pnp transistor requires bias voltage polarities opposite to an npn transistor. 
   

 15)  In an amplifier, a coupling capacitor should appear ideally as a short to the signal. 
   

X 16)  If RC in a CE amplifier is increased, the voltage gain is reduced. 
   

 17)  Ideally, the Q-point should be centered on the load line in a class A amplifier. 
   

 18)  Class AB operation overcomes the problem of crossover distortion. 
   

 19)  The JFET always operates with a reverse-biased gate-to-source pn junction. 
   

 20)  A D-MOSFET has a physical channel and an E-MOSFET has an induced channel. 
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Question #2: (20 Points) 
Choose the right answer: 
 

1)  Every known element has 

C 
(A) the same type of atoms 
(C) a unique type of atom 

(B) the same number of atoms 
(D) several different types of atoms 

2)  In an intrinsic semiconductor, 

D 
(A) there are no free electrons 
(C) there are only holes 

(B) there are only electrons 
(D) there are as many electrons as there are holes 

3)  Holes in an n-type semiconductor are  

A 

(A) minority carriers that are 
thermally produced  

(C) majority carriers that are 
thermally produced 

(B) minority carriers that are produced by 
doping 

(D) majority carriers that are produced by 
doping 

4)  The cathode of a zener diode in a voltage regulator is normally  

A 
(A) more positive than the anode 
(C) at+0.7 V 

(B) more negative than the anode 
(D) grounded 

5)  When operated in cutoff and saturation, the transistor acts like a 

B 
(A) linear amplifier 
(C) variable capacitor 

(B) switch 
(D) variable resistor 

6)  In saturation, VCE is 

C 
(A) 0.7 V 
(C) minimum 

(B) equal to VCC 
(D) maximum 

7)  A certain common-emitter amplifier has a voltage gain of 100. If the emitter 
bypass capacitor is removed,  

B 
(A) the circuit will become unstable 
(C) the voltage gain will increase 

(B) the voltage gain will decrease 
(D) the Q-point will shift 

8)  A differential amplifier  

D 
(A) is used in op-amps 
(C) has two outputs 

(B) has one input and one output 
(D) answers (a) and (c) 

9)  The peak current a class A power amplifier can deliver to a load depends on 
the 

B 
(A) maximum rating of the power supply 
(C) current in the bias resistors 

(B) quiescent current 
(D) size of the heat sink 

10)  If the gate-to-source voltage in an n-channel E-MOSFET is made more 
positive, the drain current will 

A 
(A) increase 
(C) decrease 

(B) remain unchanged 
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Question #3: (10 Points) 
 
. 

a) A 10 V peak-to-peak sinusoidal voltage is applied to a silicon bridge rectifier. Find 
the peak value of the output voltage and the peak-inverse-voltage across each diode. 

 
 
 
 
 
 

b) For a certain 12 V zener diode, a 10 mA change in zener current produces a 0.1 V 
change in zener voltage. Find the zener impedance. 

 
 
 
 
 
 
 
c) A common-emitter amplifier is driving a load resistance RL= 10 kΩ. If RC = 2.2 kΩ, ICQ 

= 2.5mA, βac = 75 and RE is completely bypassed at the operating frequency. Find the 
voltage gain. 

 
 
 
 
 
 
 

d) Each stage of a four-stage amplifier has a voltage gain of 15. Find the overall voltage 
gain in dBs. 

 
 
 
 
 
 

e) An n-channel E-MOSFET has ID(on) = 18 mA at VGS = 4 V, and VGS(th) = 2.5 V. Find ID 
when VGS = 3.25 V. 

 
 
 
 
 
 
 

 
  

 
RZ = ∆V/∆I = 10 Ω 
 

Vp(out) = 5 – 1.4 = 3.6 V  
 
PIV = Vp(out) + 0.7 = 4.3 V 

re' = 25/IE = 10 Ω 
RC' = 2.2//10 = 1.8 KΩ 
Av = -RC'/re' = -180 

K = 8 mA/V2 
 
ID = 4.5 mA 

 
Av = 94.09 dBs 
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Question #4: (12 Points) 
The diodes used in the circuit of Fig.4, have a 
forward voltage of 0.7 V. 

(a) What type of circuit is this?  
(b) What is the total peak secondary voltage? 
(c) Find the peak voltage across each half of the 

secondary.  
(d) Sketch the voltage waveform across RL. 
(e) What is the peak current through each diode?  
(f) What is the PlV for each diode?  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Question #5: (10 Points) 
The silicon npn transistor used in the common emitter 
amplifier in Fig.5 has βdc = βac = 100. 
 a) Find ICQ and VCEQ. (4 Points) 
 b) Find re’. (2 Points) 
 c) Find the voltage gain and input impedance of the 

circuit.  (4 Points) 
 
 
 
 
 
 
 
 
 
 
 
 
  

Type of circuit:   Full-wave rectifier 

Fig.4 

Total peak secondary 
voltage: 

  28.28 V 

PlV for each diode: 
 

  27.58 V 

Peak current through 
each diode: 
 

  13.44 mA 

Peak voltage across each 
half of the secondary: 
 

  14.14 V 

Av= - 52.53 

re’= 84.6 Ω 
 

ICQ= 0.295 mA 
 

VCEQ= 6.45 V 

Zin= 7 KΩ 
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Question #6: (8 Points) 
The class AB amplifier in Fig.6 is operating 
with a single power supply. 
 (a) Assuming the input voltage is 10 V peak-

to-peak, determine the power delivered 
to the load resistor. (3 Points) 

 (b) What is the maximum power that could 
be delivered to the load resistor? (3 Points) 

 (c) Assume the power supply voltage is 
raised to 24 V. What is the new 
maximum power that could be delivered 
to the load resistor?  (2 Points) 

 
 
 
 
 
Question #7: (8 Points) 
The following parameters are obtained from a 
certain JFET datasheet: IDSS = 5 mA and VGS(off) = 
- 8 V. Determine the values of ID for each value of 
VGS ranging from 0 V to -8 V in 1 V steps. Plot 
the transfer characteristic curve from these data.  
 

 
 
 

 
 
Question #8: (12 Points) 
The E-MOSFET used in the common-source 
amplifier in Fig.8  has ID(on) = 200 mA at VGS = 4 V 
and VGS(th) = 2 V. 
 a) Determine the operating point VGSQ, IDQ and 

VDSQ. (6 Points) 
 b)Calculate the value of the transconductance 

gm at the Q-point (2 Points) 
 c) Determine the voltage gain and input 

impedance of the amplifier. (4 Points) 
 
 
 
 
 
 
 

         ******************     Best Wishes, Prof. Magdy M. Doss            ******************  

VGS/volts 0 -1 -2 -3 -4 -5 -6 -7 -8 
ID/mA 5 3.8 2.8 2 1.25 0.7 0.31 0.08 0 

gm= 50 mS 

VDSQ = 2.5 V VGSQ= 2.5 V IDQ= 12.5 mA 

Zin= 250 KΩ Av= -48.5 
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Assiut University 
Faculty of Engineering 
Dept. of Mechanical Engineering 

EE0614-DIGITAL DESIGN 
2nd Term Final Examination 

2010/2011 

Mechatronics Program 
 Time: 3 Hours 

 .الامتحان مكون من أربع صفحات، الإجابة فى نفس ورقة الأسئلة
 .درجة ٤۰حاول فى كل الأسئلة، النهاية العظمى 

 .الإجابة النهائية يجب أن تكون مكتوبة فى المكان المخصص لها ولن يلتفت لغير ذلك
 
1. a) Simplify the following Boolean Function F, together with the don’t-care conditions d 

in the product of sums form using Karnaugh Maps:  (4 Marks) 
 F(w,x,y,z) = Π(0,1,3,6,7,12).  

d (w, x, y, z) = Π(2, 9, 10, 13) 
 b) Implement the function using only NOR gates. (2 Marks) 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Represent the decimal number 925 in (a) BCD, (b) 2421 code and (c) excess-3 code. 
  (3 Marks) 
 
 
 
 
 
 
 
  

yz 
wx 00 01 11 10 

00  0 0 0 x 

01   0 0 

11 0 x   

10  x  x 

F(w,x,y,z) = 
 

(w + x).(w + y’).(w’ + x’ + y) 

 

BCD: 100100100101 

 

2421: 111100101011 

 

Excess-3: 110001011000 

w 

F 

x 

w 
y 

w 
x 
y 
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3. Find the Min terms and Max terms 

representing the logic function of 
the circuit of Fig.3. 

  (4 Marks) 
 
 
Min Terms: 
 
 
Max Terms: 
 
 
 
 
4. Implement the following Boolean function with a single 8x1 MUX: 
 F (w, x, y, z) = Σ (1, 3, 4, 11, 12, 13, 14, 15) (5 Marks) 
  
 

w x y z F 
0 0 0 0 0 F = z 0 0 0 1 1 
0 0 1 0 0 F = z 0 0 1 1 1 
0 1 0 0 1 F = z’ 0 1 0 1 0 
0 1 1 0 0 F = 0 0 1 1 1 0 
1 0 0 0 0 F = 0 1 0 0 1 0 
1 0 1 0 0 F = z 1 0 1 1 1 
1 1 0 0 1 F = 1 1 1 0 1 1 
1 1 1 0 1 F = 1 1 1 1 1 1 

 
 
 
 
5. Sketch the output (Q) of a positive-edge-

triggered JK Flip-Flop for the input 
waveforms shown below. Assume that the 
initial value of Q is zero and that the input 
and output rise and fall times are zero. 

  (4 Marks) 
 
  

                          
Clk                          

                          
J                          
                          

K                          
                          

Q                          
                          

A 

F 

B 
B 
C 
D 

A 
C 
D 

Fig.3 

 

m(4, 5, 6, 7, 8, 9, 10, 11, 14) 

 

M(0, 1, 2, 3, 12, 13, 15) 

 
0 
 
1 
 
2  
 
3  8 x 1 
 
4  MUX 
 
5 
 
6 
 
7  
 s2 s1 s0 
 

0 

z 

1 

z 

F 

w x y 
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6. Draw the logic diagram of a 4-bit shift register using D-type Flip-Flops.  (4 Marks) 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
7. Show by the aid of sketches how 

can an RS-latch be used as a 1-bit 
memory storage device. (3 Marks) 

 
 
 
 
 
 
 
 
 
 
 
8. Specify the number of address lines, data lines and the capacity in words (number of 

words) of a 8192x16 RAM. (3 Marks) 
 
 
 
 
 

  

Capacity = 
 

8192 Words 
 

Data lines = 
 

16 Lines 
 

Address lines = 
 

13 Lines 

The Memory Cell 
 
 
 
 

 

Clk 

D Q 

Q' 

D Q 

Q' 

D Q 

Q' 

D Q 

Q' 

Serial input Serial output 

Output 

  

S   

R   

Q   
  

Q'   

Select 
  

Input   

Read/Write   
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9. Design a synchronous Base 9 Counter (counts from 0 to 8) using T-type flip-flops and 
additional logic circuitry. Consider the unused states as don’t care. (8 Marks) 

 
Present State Next State Flip Flop Inputs  

A B C D A B C D TA TB TC TD  

0 0 0 0 0 0 0 1 0 0 0 1 TA = A + BCD 

0 0 0 1 0 0 1 0 0 0 1 1  

0 0 1 0 0 0 1 1 0 0 0 1 TB = CD 

0 0 1 1 0 1 0 0 0 1 1 1  

0 1 0 0 0 1 0 1 0 0 0 1 TC = D 

0 1 0 1 0 1 1 0 0 0 1 1  

0 1 1 0 0 1 1 1 0 0 0 1 TD = A' 

0 1 1 1 1 0 0 0 1 1 1 1  

1 0 0 0 0 0 0 0 1 0 0 0  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 ****بالتوفيق أطيب التمنيات **** 
 مجدى مفيد دوس. د.أ
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Assiut University 
Faculty of Engineering 

EE0614-DIGITAL DESIGN 
2nd Term Final Examination 

2011/2012 

Mechatronics Program 
 Time: 3 Hours 

 .الامتحان مكون من أربع صفحات، الإجابة فى نفس ورقة الأسئلة
 .درجة ٤۰حاول فى كل الأسئلة، النهاية العظمى 

 .يجب أن تكون مكتوبة فى المكان المخصص لها ولن يلتفت لغير ذلك الإجابة النهائية
 
1. a) Simplify the following Boolean expressions to a minimum number of literals: 
   (4 Marks) 

F1 = (x + y' + z')(x' + z')  
F2 =A'C' + ABC + AC'  

 
 
 
 
 
 
 
 
 
 b) Using DeMorgan’s theorem find the complement of the following expressions: 
   (4 Marks) 

F3 = x' y' + x' z + y' z 
F4 = (A'B + CD')E + E' 
 
 
 
 
 
 
 
 
 

 c) Implement the simplified function F1 using conventional gates. (2 Marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F1 = xz' + x'y' + y'z' + x'z' + z' 
= x'y' + z' 

F2 = ABC + C' = ABC + C' + ABC' 
= AB + C' 

 

F3' = (x + y)(x + z')(y + z') 
= xy + xz' + yz' 

F4' = ((A + B')(C' + D) + E').E 
= AC'E + ADE + B'C'E + B'DE 

 

The Logic Diagram 
 
 

 

 x 

F1 

y 

z 
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2. Convert the binary number 100111101101 (a) Decimal, (b) Octal and (c) Hexadecimal. 
  (3 Marks) 
 
 
 
 
 
 
 
 
 
 
 
3. Implement the function: F = A'BC + AB'C using only two half adders. (3 Marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Implement the following Boolean function with a single 8x1 MUX: 
 F (w, x, y, z) = Π (0, 2, 5, 8, 12, 13, 14, 15) (6 Marks) 
  
 

w x y z F 
0 0 0 0 0 F=z 0 0 0 1 1 
0 0 1 0 0 F=z 0 0 1 1 1 
0 1 0 0 1 F=z' 0 1 0 1 0 
0 1 1 0 1 F=1 0 1 1 1 1 
1 0 0 0 0 F=z 1 0 0 1 1 
1 0 1 0 1 F=1 1 0 1 1 1 
1 1 0 0 0 F=0 1 1 0 1 0 
1 1 1 0 0 F=0 1 1 1 1 0 

 

 

Decimal: 2541 

 

Octal: 4755 

 

Hexadecimal: 9ED 

 
 

 
0 
 
1 
 
2  
 
3  8 x 1 
 
4  MUX 
 
5 
 
6 
 
7  
 s2 s1 s0 
 

0 

1 

z 

F 

w x y 

1 

inA Sum 
 

HA 
inB Carry 

inA Sum 
 

HA 
inB Carry 

A 

B 

C 

A'B+AB' 

(A'B+AB')C 
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5. A synchronous sequential circuit has three T flip-flops A, B, 
and C; one input x and one output y. The state diagram is 
shown besides. The circuit is to be designed by treating the 
unused states as don't-care conditions. 

 a) Write the state table of that circuit, showing the 
combinational circuit outputs (flip-flop inputs and circuit 
output y). (4 Marks) 

 b) Find expressions for the combinational circuit outputs. (2 Marks) 
 c) Draw the logic diagram.   (2 Marks) 
   

Present State In Next State Flip-flop Inputs Out  

A B C x A B C TA TB TC y  

0 0 0 0 0 1 1 0 1 1 0  

0 0 0 1 1 0 0 1 0 0 1 TA = A + B'x 

0 0 1 0 0 0 1 0 0 0 0  

0 0 1 1 1 0 0 1 0 1 1 TB = A + B'C'x'+B(C⊕x) 

0 1 0 0 0 1 0 0 0 0 0  

0 1 0 1 0 0 0 0 1 0 1 TC = Ax+Cx+A'B'C'x' 

0 1 1 0 0 0 1 0 1 0 0  

0 1 1 1 0 1 0 0 0 1 1 y = A'x 

1 0 0 0 0 1 0 1 1 0 0  

1 0 0 1 0 1 1 1 1 1 0  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

011 

010 

000 

100 

0/0 

1/1 

1/0 
0/0 

 

0/0 

1/1 

0/0 

0/0 

001 

1/1 

1/1 

Clk 

C 

C 

T 

Q Q' 

C' B 

B 

T 

Q Q' 

B' A 

A 

T 

Q Q' 

A' 

x 

y 



Model Answer, Page 4 of 4 

 
 
6. Show by the aid of sketches how 

can an RS-latch be used as a 1-bit 
memory storage device. 

  (2 Marks) 
 
 
 
 
 
7. Design a BCD to Excess-3 code converter using PLA. Write the truth table of the 

converter, simplify the functions to produce the minimum possible number of product 
terms, and then list the PLA programming table. (8 Marks) 

 

 Truth Table PLA Programming Table 
 Inputs Outputs  

Product 
Term 

Inputs 
 
 

 A B C D 

Outputs 
 

 (T) (C) (T) (T) 
 W X Y Z 

 A B C D W X Y Z 

0  0 0 0 0 0 0 1 1 

1  0 0 0 1 0 1 0 0  1 BD - 1 - 1 1 1 - - 

2  0 0 1 0 0 1 0 1  2 BC - 1 1 - 1 1 - - 

3  0 0 1 1 0 1 1 0  3 AB' 1 0 - - 1 - - - 

4  0 1 0 0 0 1 1 1  4 B'C'D' - 0 0 0 - 1 - - 

5  0 1 0 1 1 0 0 0  5 C'D' - - 0 0 - - 1 1 

6  0 1 1 0 1 0 0 1  6 CD - - 1 1 - - 1 - 

7  0 1 1 1 1 0 1 0  7 CD' - - 1 0 - - - 1 

8  1 0 0 0 1 0 1 1           

9  1 0 0 1 1 1 0 0           

10  1 0 1 0 X X X X           

11  1 0 1 1 X X X X           

12  1 1 0 0 X X X X  
 

       

13  1 1 0 1 X X X X         

14  1 1 1 0 X X X X           

15  1 1 1 1 X X X X           

 
AB 

CD
 00 01 11 10  AB 

CD
 00 01 11 10  AB 

CD
 00 01 11 10  AB 

CD
 00 01 11 10 

00       00  0     00  1  1   00  1   1 

01  1 1 1  01  0 0 0  01 1  1   01 1   1 

11 X X X X  11 X X X X  11 X X X X  11 X X X X 

10 1 1 X X  10 0  X X  10 1  X X  10 1  X X 
 W X' Y Z 

 
 **** مجدى مفيد دوس. د.، أأطيب التمنيات بالتوفيق**** 

The Memory Cell 
 

 

 

Output 
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Assiut University
Faculty of Engineering

EE0614-DIGITAL DESIGN
Final Examination
2nd Term 2012/2013

Mechatronics Program
Time: 3 Hours

.الامتحان مكون من أربع صفحات، الإجابة فى نفس ورقة الأسئلة
.درجة٤٠حاول فى كل الأسئلة، النھایة العظمى 

.یجب أن تكون مكتوبة فى المكان المخصص لھاالإجابة النھائیة

1. For the Boolean function F(A, B, C, D) given in the truth table, find the following:
a) List the minterms of the function. (1 Mark)
b) List the maxterms of the function. (1 Mark)
c) Simplify the function in product of sums form. (4 Marks)
d) Implement the simplified function using only NOR gates.

(2 Marks)

A B C D F
0 0 0 0 0
0 0 0 1 0
0 0 1 0 0
0 0 1 1 0
0 1 0 0 1
0 1 0 1 1
0 1 1 0 1
0 1 1 1 1
1 0 0 0 1
1 0 0 1 1
1 0 1 0 1
1 0 1 1 1
1 1 0 0 0
1 1 0 1 0
1 1 1 0 1
1 1 1 1 0

CD
AB 00 01 11 10

00 0 0 0 0

01

11 0 0 0

10

The minterms: 4, 5, 6, 7, 8, 9, 10, 11, 14

The maxterms: 0, 1, 2, 3, 12, 13, 15

The logic diagram

F(A, B, C, D) = (A+B)(A'+B'+C)(A'+B'+D')

A

C
B

A

B

A

D
B

Y
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2. The state of a 12-bit register is 010110010111. What is its content if it represents:
(a) Three decimal digits in BCD,
(b) Three decimal digits in the excess-3 code,
(c) Three decimal digits in the 24-2-1 code?

(3 Marks)

3. a) Draw the circuit diagram of a four bit binary adder-subtractor using four full-adders
and four X-OR gates. (3 Marks)

b) If the circuit is used to make the subtraction operation: 0101-1011 (5-11); show on
the graph the binary values in the nine inputs and the five outputs of the circuit.

(3 Marks)

4. Implement the following Boolean function with a single 4x1 MUX:
F (x, y, z) =  (0, 3, 6, 7) (5 Marks)

x y z F

0 0 0 1
F = z'

0 0 1 0

0 1 0 0
F = z

0 1 1 1

1 0 0 0
F = 0

1 0 1 0

1 1 0 1
F = 1

1 1 1 1

The Logic Diagram

BCD: 597

Excess-3: 264

84-2-1: 371

SSS
Co Co CoCi

FAFAFA

0

1

1

S
Co

FACi Ci Ci

010

101

101

0

1

0

1 4 x 1
2 MUX
3

S1 S0

z
F0

yx

1

z'
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5. Design a synchronous sequencer with the following repeated binary sequence:
0, 3, 2, 4, 6, 5 using JK flip-flops and logic circuitry. Consider the unused states as don’t
care. (8 Marks)

Present
State Next State Flip-Flop Inputs JA = BC'

KA = C
JB = C'
KB = C'

JC = (AB)'

KC = 1

A B C A B C JA KA JB KB JC KC

0 0 0 0 1 1 0 x 1 x 1 x

0 0 1 x x x x x x x x x

0 1 0 1 0 0 1 x x 1 0 x

0 1 1 0 1 0 0 x x 0 x 1

1 0 0 1 1 0 x 0 1 x 0 x

1 0 1 0 0 0 x 1 0 x x 1

1 1 0 1 0 1 x 0 x 1 1 x

1 1 1 x x x x x x x x x

The logic diagram

J

CBA

Logic 1

JJ

COUNT

A B C

K KK

QQQ Q'Q'Q'

C'B'A'
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6. Specify the number of address lines, data lines and the capacity in kilo-words and in
bytes of a 32768x16 RAM. (4 Marks)

7. Draw the logic diagram of a 4-bit universal shift register using D flip-flops and
multiplexers. (6 Marks)

****مجدى مفید دوس. د.، أأطیب التمنیات بالتوفیق**** 

Data lines = 16 Lines

Address lines = 15 Lines

Capacity in K-words = 32 KW

Capacity in bytes = 65536 Bytes
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Assiut University
Faculty of Engineering

EE0614-DIGITAL DESIGN
2nd Term Final Examination

2013/2014

Mechatronics Program
Time: 3 Hours

.الامتحان مكون من أربع صفحات، الإجابة فى نفس ورقة الأسئلة
.درجة٤٠حاول فى كل الأسئلة، النھایة العظمى 

.النھائیة یجب أن تكون مكتوبة فى المكان المخصص لھاالإجابة 

Question # 1: (7 Points)
1. a) Simplify the following Boolean expressions to a minimum number of literals:

(3 Points)
F1 = A'C' + ABC + AC'
F2 = (x + y' + z')(x' + z')
F3 = (a + b)' + (a' + b')'

b) Draw logic diagrams of the circuits that implement the original and simplified function F1.
(2 Points)

c) Write the min-terms and max-terms of the function F2. (2 Points)

F1 = ABC + C' = ABC + C' + ABC'
= AB + C'

F2 = xz' + x'y' + y'z' + x'z' + z'
= x'y' + z'

F3 = a'b' + ab

Min-terms: 0, 1, 2, 4, 6

Max-terms: 3, 5, 7

F

A

B

C

A FB
C

A

C

A

C
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Question # 2: (3 Points)
What is the largest binary number that can be expressed with 8 bits? What are the
equivalent decimal and hexadecimal numbers?

Question # 3: (3 Points)
Design a 3-bit combinational circuit incremental (a circuit that adds one to a 3-bit binary
number); using only half adders.

Question # 4: (6 Points)
4. Implement the following Boolean function with a single 8x1 MUX:

F (w, x, y, z) = (0, 1, 2, 5, 8, 12, 14, 15).

w x y z F
0 0 0 0 1 F=1
0 0 0 1 1
0 0 1 0 1 F=z'
0 0 1 1 0
0 1 0 0 0 F=z
0 1 0 1 1
0 1 1 0 0 F=0
0 1 1 1 0
1 0 0 0 1 F=z'
1 0 0 1 0
1 0 1 0 0 F=0
1 0 1 1 0
1 1 0 0 1 F=z'
1 1 0 1 0
1 1 1 0 1 F=1
1 1 1 1 1

Binary: 11111111

Decimal: 255

Hexadecimal: FF

SS

Co Co HAHA

S0

S

Co HA

S1S2S3

A0A1A2

1

BA A BA B

0

1

2

3 8 x 1

4 MUX

5

6

7
s2 s1 s0

0

z

F

w x y

1

0

1
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Question # 5: (6 Points)
a) Simplify the following Boolean Function F, together with the don’t-care conditions d in

the product of sums form using Karnaugh Maps: (4 Points)
F(w,x,y,z) = (0, 2, 5, 7, 13, 15).
d (w, x, y, z) = (4, 8, 10, 14)

b) Implement the function using only NAND gates. (2 Points)

Question # 6: (5 Points)
Derive the state table and the state diagram of the sequential circuit shown in Fig.5.

yz
wx 00 01 11

10

00 1 1

01 x 1 1

11 1 1 x

10 x x

Present
State

F.F.
Inputs

Next
State

A B TA TB A B

0 0 0 1 0 1

0 1 1 1 1 0

1 0 1 0 0 0

1 1 1 1 0 0

Clk

B

B
T

QQ'

B'A

A
T

QQ'

A'

Fig.5

State Diagram

F(w,x,y,z) = xz + x'z'

The Logic Diagram

00

0111

10

F

x

z

x

z
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Question # 7: (10 Points)
Design a synchronous decimal counter using JK flip-flops and logic circuitry. Consider the
unused states as don’t care.

Present State Next State Flip-Flop Inputs

Q3 Q2 Q1 Q0 Q3 Q2 Q1 Q0 J3 K3 J2 K2 J1 K1 J0 K0

0 0 0 0 0 0 0 1 0 x 0 x 0 x 1 x J0 = 1
0 0 0 1 0 0 1 0 0 x 0 x 1 x x 1

0 0 1 0 0 0 1 1 0 x 0 x x 0 1 x K0 = 1
0 0 1 1 0 1 0 0 0 x 1 x x 1 x 1

0 1 0 0 0 1 0 1 0 x x 0 0 x 1 x J1 = Q3'Q0
0 1 0 1 0 1 1 0 0 x x 0 1 x x 1

0 1 1 0 0 1 1 1 0 x x 0 x 0 1 x K1 = Q0
0 1 1 1 1 0 0 0 1 x x 1 x 1 x 1

1 0 0 0 1 0 0 1 x 0 0 x 0 x 1 x J2 = Q1Q0
1 0 0 1 0 0 0 0 x 1 0 x 0 x x 1

1 0 1 0 x x x x x x x x x x x x K2 = Q1Q0
1 0 1 1 x x x x x x x x x x x x

1 1 0 0 x x x x x x x x x x x x J3 = Q2Q1Q0
1 1 0 1 x x x x x x x x x x x x

1 1 1 0 x x x x x x x x x x x x K3 = Q0
1 1 1 1 x x x x x x x x x x x x

****مجدى مفید دوس. د.، أأطیب التمنیات بالتوفیق**** 
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Assiut University 
Faculty of Engineering 

EE0614-DIGITAL DESIGN 
2nd Term Final Examination 

2014/2015 

Mechatronics Program 
5BTime: 3 Hours 

6B

 
 .الامتحان مكون من أربع صفحات، الإجابة فى نفس ورقة الأسئلة

 .درجة ٤۰حاول فى كل الأسئلة، النهاية العظمى 
 .النهائية يجب أن تكون مكتوبة فى المكان المخصص لهاالإجابة 

 
Question # 1: (4 Points) 
Consider the design of a circuit to subtract two binary bits, yielding a one- bit difference 
and a one-bit borrow. Four cases can arise: 
0 from 0 result is 0 borrow 0, 0 from 1 result is 1 borrow 0, 1 from 0 result is 1 borrow 1, 
and 1 from 1 result is 0 borrow 0. 
Using simple logic gates (AND, OR, Inverter) design a circuit that behaves in this way.  
 

Dec. Input Output 
A B Diff. Borr. 

0 0 0 0 0 
1 0 1 1 1 
2 1 0 1 0 
3 1 1 0 0 

 
 
  
 
 
Question # 2: (3 Points) 
The state of a 12-bit register is 100101010100. What is its content if it represents: 
 (a) Three decimal digits in BCD,  (b) Three decimal digits in the excess-3 code,  
 (c) Three decimal digits in the 84-2-1 code? 
   
 
 
 
 
 
 
 
Question # 3: (4 Points) 
Using DeMorgan’s theorem find the complement of the following expressions: 
 F1 = x' y' + x' z + y' z 

F2 = (A'B + CD')E + E' 
 
 
 
 
 

  

Diff. = A.B' + A'.B 

Borr. = A'.B 

F1' =  (x + y)(x + z')(y + z') 
= xy + xz' + yz' 

BCD: 954 

excess-3: 621 

84-2-1: 734 

F2' =  ((A + B')(C' + D) + E').E 
= AC'E + ADE + B'C'E + B'DE 

The Subtractor Logic Diagram 
 
 
 
                                  
 
 
 
                                  
 
 

Diff. 

Borr. 

A 

B 
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Question # 4: (4 Points) 
A combinational circuit is defined by 
the following two Boolean functions: 
 F1(x, y, z) = x'y z' + xy' 
 F2(x, y, z) = y'z (x'z + xy') 
Find the min-terms of the functions, 
and implement them with a single 
decoder and external gates. 
  
 
 
 
 
 
Question # 5: (4 Points) 
Derive the state table and the state diagram of the sequential circuit shown in Fig.5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Question # 6: (3 Points) 
Specify the number of address lines, data lines and the capacity in kilo-bytes of a 
65536x32 RAM. 
 
 
 
 
 
 
 
 
 
 
 
 
  

Present 
State F.F. Inputs Next 

State 
A B JA KA JB KB A B 
0 0 1 0 0 0 1 0 
0 1 1 0 1 0 1 1 
1 0 0 1 1 0 0 1 
1 1 1 1 1 1 0 0 

F1(x, y, z) = Σm(2, 4, 5) 
 

F2(x, y, z) = Σm(1, 5) 

 Address lines = 16 Lines 
 

Data lines = 32 Lines 
 

Capacity in Kbytes = 256 KB 
 

 0 

 1 

I0 3 x 8 2 

I1 decoder 3 

I2  4 

 5 

 6 

 7  
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Question # 7: (4 Points) 
Show the main difference between 
latches and flip-flops by drawing the 
timing diagram of the output Q when 
applying the clk and input D shown in 
Fig. 7 to: 
 i)  A positive level-triggered latch,  
 ii) A negative edge-triggered flip-flop. 
 
 
 
 
 
 
Question # 8: (6 Points) 
Design a synchronous mod-6 counter (counts 0-5) using T flip-flops and logic circuitry. 
Consider the unused states as don’t care.  
   

Present State Next State Flip-Flop Inputs  

Q2 Q1 Q0 Q2 Q1 Q0 T2 T1 T0  

0 0 0 0 0 1 0 0 1 T0 = 1 
0 0 1 0 1 0 0 1 1  
0 1 0 0 1 1 0 0 1 T1 = Q2' Q0 
0 1 1 1 0 0 1 1 1  

1 0 0 1 0 1 0 0 1 T2 = Q2 Q0 + Q1 Q0 
1 0 1 0 0 0 1 0 1  

1 1 0 x x x x x x  
1 1 1 x x x x x x  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

                            
Clk                            

                            
D                            

                            
Latch                            

output                            
Flip-flop                            

Output                            

The logic diagram 

Fig. 7 
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Question # 9: (8 Points) 
List the PLA programming table that implements the following Boolean functions using 
the minimum number of product terms: 
 F1(A, B, C, D) = Σ m(1, 3, 5, 7, 10, 11) 
 F2(A, B, C, D) = Σ m(1, 2, 5, 6, 8, 9, 10, 11) 
 F3(A, B, C, D) = Σ m(0, 4, 10, 11, 12, 13, 14, 15) 
 

CD 
AB 00 01 11 10   PLA Programming Table 

00 
  

1 
 

1 
  

Product 
Term 

Inputs Outputs 

     (T) (T) (C) 

01 
 

1 
 

1 
   A B C D  F1 F2 F3 

    1: A'C'D  0 - 0 1  1 1 1 

11 
      2: A'CD  0 - 1 1  1 - 1 

      3: AB'C  1 0 1 -  1 1 - 

10 
   

1 1 
  4: A'CD'  0 - 1 0  - 1 1 

    5: AB'C'  1 0 0 -  - 1 1 
         
CD 

AB 00 01 11 10     

00 
  

1 
  

1 
    

      

01 
  

1 
 

1 
    

      

11  
 

 
  

F1 = A'C'D + A'CD + AB'C 

10 
 
1 1 

 
1 1 

 
F2 = A'C'D             + AB'C + A'CD' + AB'C' 

         
CD 

AB 00 01 11 10 
 F3' = A'C'D + A'CD            + A'CD' + AB'C' 

00  
 

0 
 

0 
 

0 
 

 
  

01 
 

0 
 

0 0 
 

 
  

11  
 

  
 

 
  

10                   
 
0 0   

 
 

  

 
 
 

 
 

 **** Best Wishes  ****  
Prof. Magdy M. Doss 
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Assiut University 

Faculty of Engineering 

EE0614-DIGITAL DESIGN 
2nd Term Final Examination 

2015/2016 

Mechatronics Program 

Time: 3 Hours 
 

 الامتحان مكون من أربع صفحات، الإجابة فى نفس ورقة الأسئلة.

 درجة. 40حاول فى كل الأسئلة، النهاية العظمى 

 .وخطوات الحل فى الصفحة المقابلة النهائية يجب أن تكون مكتوبة فى المكان المخصص لهاالإجابة 
 

Question # 1: (2 Points) 

   Find the 9’s and the 10’s complement of the decimal number: 3427097 

  

 

 

 

 

 
 

Question # 2: (4 Points) 

(a) Prove that: x + x’y = x + y (Hint: Use DeMorgan’s theorem) 

(b) Reduce the following Boolean expressions to three literals 

F = (x’y’ + z)’ + z + xy + wz     

 

 

 

 

 

 

 

 

 

 

 

Question # 3: (4 Points) 

Simplify the Boolean function: 

F = wyz’ + y’z + wx’z + wxyz  
Using Karnaugh maps to: 

(a) sum-of-products 

(b) product-of-sums 

 
 yz 

wx 00 01 11 10 
   yz 

wx 00 01 11 10 

00  1     00 0  0 0 

01  1     01 0  0 0 

11  1 1 1   11 0    

10  1 1 1   10 0    

 

 

F = y’z + wy (a)  

F = (y + z)(w + y’ ) (b)  

F = x + x’y 
F’ = x’(x + y’) = x’y’ 
F = x + y 

(a)  

F = x + y + z (b)  

The 9’s complement: 6572902 

The 10’s complement: 6572903 
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Question # 4: (6 Points) 

Design a BCD-to-seven-segment decoder using a single 4x16 decoder and seven OR 

gates. Write the truth table and draw the logic diagram. 

 

 

 

 

Question # 5: (4 Points) 

Construct a 4-to-16-line decoder with five 2-to-4-line decoders with enable. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 Input Outputs  
Decimal w x y z a b c d e f g  

0 0 0 0 0 1 1 1 1 1 1 0  

1 0 0 0 1 0 1 1 0 0 0 0  

2 0 0 1 0 1 1 0 1 1 0 1  

3 0 0 1 1 1 1 1 1 0 0 1  

4 0 1 0 0 0 1 1 0 0 1 1  

5 0 1 0 1 1 0 1 1 0 1 1  

6 0 1 1 0 1 0 1 1 1 1 1  

7 0 1 1 1 1 1 1 0 0 0 0  

8 1 0 0 0 1 1 1 1 1 1 1  

9 1 0 0 1 1 1 1 1 0 1 1  

 0 1 2 3 

 2x4 

E decoder 

 I0 I1 

 0 1 2 3 

 2x4 

E decoder 

 I0 I1 

 0 1 2 3 

 2x4 

E decoder 

 I0 I1 

 0 1 2 3 

 2x4 

E decoder 

 I0 I1 

 0 1 2 3 

 2x4 

E decoder 

 I0 I1 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

C 

D 

A B 

 0 

 1 

I0 3x8 2 

I1 decoder 3 

I2 4 

I3 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

z 

y 

x 

w 

a 

b 

c 

e 

f 

g 

d 
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Question # 6: (6 Points) 

Design a sequential circuit with two T flip-flops A and B, and one input x. When x = 0, the 

circuit counts up (00, 01, 10, 11) and repeats. When x = 1, the circuit counts down (11, 10, 

01, 00) and repeats. 
   

Present State Input Next State Flip-Flop Inputs 

A B x A B TA TB 

0 0 0 0 1 0 1 

0 0 1 1 1 1 1 

0 1 0 1 0 1 1 

0 1 1 0 0 0 1 

1 0 0 1 1 0 1 

1 0 1 0 1 1 1 

1 1 0 0 0 1 1 

1 1 1 1 0 0 1 

 

TA = B’x + Bx’ 
 
TB = 1 
 

 

Question # 7: (2 Points) 

The content of a four‐bit register is initially 1011. The register is shifted six times to the 

right with the serial input being 111010. What is the content of the register after each 

shift? 

 

 

 

 

 

Question # 8: (2 Points) 

(a) How many 32K x 8 RAM chips are needed to provide a memory capacity of 256K 

bytes? 

(b)  How many lines of the address must be used to access 256K bytes?  
 

 

(a) 

 

 

(b) 

 

 

  

The register contents are: 
 

1011, 0101, 1010, 0101, 1010, 1101, 1110 

Number of chips = 8 chips 

Number of address lines = 18 lines 

Clk 

B 

B 

T 

Q Q' 

B' A 

A 

T 

Q Q' 

A' 

x 

1 



Model Answer, Page 4 of 4 

Question # 9: (10 Points) 

a) Derive the PLA programming table for the combinational circuit that squares a 

three‐bit binary number using the minimum number of product terms. (6 Points) 

b) Draw a schematic diagram for the PLA, and mark the fuse map.  (4 Points) 
 

Truth Table   PLA Programming Table 

Dec. Inputs Outputs  

Product Term 

Inputs Outputs 

 x y z A B C D E F    (T) (T) (C) (T) 

0 0 0 0 0 0 0 0 0 0   x y z   A B C D 

1 0 0 1 0 0 0 0 0 1   1: xy  1 1 -  1 - 1 - 

2 0 1 0 0 0 0 1 0 0   2: xy’z’  1 0 0  - 1 1 - 

3 0 1 1 0 0 1 0 0 1   3: xz  1 - 1  - 1 - - 

4 1 0 0 0 1 0 0 0 0   4: yz’  - 1 0  - - 1 1 

5 1 0 1 0 1 1 0 0 1   5: x’y’  0 0 -  - - 1 - 

6 1 1 0 1 0 0 1 0 0     

7 1 1 1 1 1 0 0 0 1     

  

E = 0, F = z 
yz 

x 
 00 01 11 10 

  yz 
x 
 00 01 11 10 

0  
 

  
 

 
0 

 
 

  

1   
 
1 

 
1 

 
 1 1 1 

1   

  A       B   

 

yz 
x 
 00 01 11 

 
10 

  yz 
x 
 

00 01 11 
 

10 

0 0 
 

 
0 

1 
 
0 

  
0    

 
1 
 

1 
 
0 1 

 
0 0 

  
1    1 

  C D 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

5 

1 

1 

2 3 

4 
4 

y x z 

1 

2 

3 

4 

5 

0 1 

A B C D 

2 
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	�� �)"� 2' 	����	 ,K�P� *�
��:

 �*
"
��$4��	 �

��)��	 *
"
�	����� ,�� ��� � �	)	� F
�!! ��� �4�	"�� �
	�!
�
�
4��G� ��� ��� 8"�
�	.  

3�  
�	�	+�� �+  �������� Epithermal processes 

 �: �
F! > ��
�; 9��:� 0�: R��!	2000  ,7! 8"�"� *�)"� *�!	 ���
"7! �"!�
 �:200 )"� �4�	"�� �
	�! 2' ,K�P� 0�: 	���� *�
��: 8��
4� F
�!!	 ��
	�� �

 �
�
!
"���� WK�G�	 *��
!
"���� ,�� �5$�
� 8"�"� *�)"� 2' �	�!! 2!�� �

� ���
 ����� ��� ��� # �	 9��F�� ��� � +���	 *	�F��� 	� =

"F�� 0�: I	!�! 2!��

I"�G�.  
  

 )در�5ت  10(                                                                                        

  ؟  اذآ$ �# ا
3$ح أ�(اع ا
$واC� وأ��آB ت(ا5�ه� - 2 •

 �– 
�	.��� �/��	��:  �<
' �!
	 9K3P� 0�: �;�	"�� ��� �4�	"�� ��� "�! !	
� �"�<
G� ��
� �34�	� �<�7
 , $� ��
7��� ��	�7��� ��� ��� F
�"! "�<
G� �	7! R


�<� 2:	
�� ,7��� 	� �F	�� �
��
 �� ��
7��� ��� ��� +�!� 2 
�3 F"' �
�� � .
,��	: 8�: 0�: *�!$�� ,�� 0�: �
"<
�� 8"�7�� +�! ��! !	:  "�
!�� �:"4
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�*�!$�� 2:	
�� �F	�� �/"<
�� �
"<
�� *�

�
��� �*��
���� �)�	 ,��،  *�D	!
��
� *����	 �"<
�� ��; 2'�;�	"�. 


 -ب •�	+��� �/��	��:  ?�	�G� , $� "����� Y3�	� 0�: �;�	"�� ��� �	�!!
 � �� *�'�4� 0�1 �$
$��� ��� ��� ,��Z! R
� F"' �
�� � �	7!	 �
"���� *�"�
!��	
 "���� Y3�� 2�: D��	4�� ,��"�� �
"���� �;�	"�� ����� ��	 ���
7��� ��� ��� ��

��	 �
�" �
� 34	!��� #
�G�[
" .  

• �� � 
�+-%�� �/��	��:  ""�!� �)
!
 *�"��
��� W	$4 0�: �;�	"�� ��� �	�!!
 +�� � �	 �W	$4�� 0�: ,$4� 0�1 ��"���
�	 /"���� ���	!�� �� ��
7��� ��� ���
 27�! ,7�G� ��� ��� ��

� ,	3� *�'�4� 0�1 W�
"��	 "�3�G� , $� �<4
� �!


"�� +�! ��� ��	 �"����� �� �"7��� �!
 ����� "
��7��	 ����� �;�	" �;�	
	"��� 9	": �� ���"
"�!. 

• �� 
�0��.�� �/��	��:  93�
��� 2' �	�!!	 I"�G� �;�	"�� ��4
��� 8"��
 2�	
�
��	<�� *�"�
!�� , $� �
	�"����. 

  
  )ر�5ت د 8(                                                                                     

  
 ا���ال ا�����

  
 

1- $(/,�
  ؟ أذآ$ ب�
���)� �$اح� ت<(�B روا
* ا��Fح ب�

2�  *�
	�"� ���! +�� �
:	 A�
�� 0�1 D���� �)� ,�
 �� � � >1 �
4"! R��
 >
 +
�
���� �
4�� �� ��
�; �
�� (� �	
4
���� *�
	�"� +���	 �
4"!�� 2' �	
4����

�	�	��� /"
)�� ")��� �� �7�3 ,��!	2!
.  
3�  0�1 D���� �)� ,�
 ���
:2/5  %����
	 �
4"!�� 2' O�)�� ���
 2��G� �)���

�	
4���� *�
	�"� �� ,
�;. 

4�  0�1 �)��� ,�
 ���
:1/10  DF) (� �
4"!�� 2' �� 3�� H�� ���
 2��G� �)���
�	
4
���� �
"	��	 �	
4
���� *�!
"�� �� ��
�5 *�
��	 O�)�� �� 9�!�. 

5� �)��� ,�
 ���
:  0�10.015  % ���	 O�)�� �
4"! 2<!

 2��G� �)��� ��
 �	
4
���� �
"	��	 *�!
"�� %����
	 �
4"!�� 2' �	
�	��� �
"	�� "�!4


�	
�	��� �
�	"�	. 
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6�  �
"	�� 0�1 �'�5P�� �7��4�� WK�� � �"G� 0�: I	!�
 +�� � � 27�!��� D����
�	
4�!	���. 

  
  )در�5ت  4(                                                                                              

  
وت�=)I ا
�3ذ
	 ) 1966(�� ه( اوK5 ا
/Fف ب)B ت�=)�H Iزر  - 7


+$وا
* ا
.>��)� ؟) 1957(  
           �
$

�!�� �
� "
���� %���!�� �� �S"���  ��F)	
 AK��� %)	� # � �)	! %
� >1
2�
 ��
':  
1�  9	": R�
! 	� /�"	�� *

�")�� "	�� (37! 2!��	 *

��
�	��� ������� F!"�	���

 2������ ��"�!:� �
� 2' ��
F�S 0�1 �
!��)� "F�: ��"�!:� "	���� 2' -�
�
��
8"�"��� �
��: ,
���� �� �)!�
�� 	���� 9	": ��5.  

2� � *

�")�� "	�� (37! 2!��	 �!4)
!��	 "
��7�� ������� F!"�	��� 9	": /�"	�
 9	": 2������ ��"�!:� �
� 2' �8.�
�� �
F�S 0�1 �
!��)� -�5
� "F�: ��"�!:�

8"�"��� �
��: ,
���� �� 	��.  
3�  *
"

"�)�� �4�	"),�

�� ( 9	' "	���� 2' �
��� 9	": ��
� 0�: �)	! 2!��

 �
	
�� �
�	4" "F�: ��"�!:� "��G� "����� �	) ��4 8"
F)� �


!
�"4�� �
�:�7��
� �4�	" 2������ ��"�!:� �
� 2' �,�

�� ����� �
5"� ��
� �: �)!�
 8.�
�

 �� �
F�� "�G� ?�!�
 ���"	 ��)���� �� "������ "	��!�� �: �)!�
 �
!��)��
�4�"���.  

4�  �: �)!�
 2!�� ,	�! �4�	" "F�: ��"�!:� �3��� �73
�� *
!�
!4 +�!�� �4�	"
����	 �
����� �

S �
�:�; "	�� ,��! 8�:�� �
"�"� ,
���� , $� ��	�!� �	
4


 -� � ,���!4>�	 	���� �: �)!�
 2������ ��"�!:� �
� 2' �"���� 9	7� ,K�
"���� 9��	'	 9	7� ,K� 8�:�� 8"�"��� 34	!� ,
���� , $�.  

5�  �)
!
 2!�� ,	�! �4�	" "F�: ��"�!:� *
�	
��"' O	!4�4G� �4�	" +���
"��� ,
������ , $� ,��!�� �
� 2' �*
�	�
$�G� "�� 9	7� "�: 8�:���� �
���

 ,
������ "	�	 ��
�7�� *
!��)��� 9	": 8.�
� -K�� �3�!"� 2������ ��"�!:�
�


!
�"4�� �
�;P� "	�� 0�: �$��!���. 
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  ا���دسا���ال 
  

O ا
�$ق ب)B ا
.<��B وH$وق ا
N3(ق -1$
 ؟ وPQ ب�

  

  
  

  .�Uد�= و���Lس= QS���ت <��Q =R1ا�) ب. (��M� �� DI�B ا.زاح=) ا(

  .�21�I�� �3�B ���اخ21Y) د. (��Q �3�Bص� �5��ح �S��Q D ر�A1W) )ـ( 

  

 

         � (�
F�	!�      � (�
4�:    V) (�
'"S 

 .ا��(اع ا
H B� �<;�3$وق ا
N3(ق :3- 3ش<� 
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2-  ��FH #Q ( / )أ�� ��FHو ��(��
 أ��م ا
>,�رة ا
/WX ؟)  x( م ا
>,�رة ا
  

+.>�دن   - أ �(Yا�خ�ود ���را ر;) 	(ي ]+N

)[ وا
8$ا�)[ ا$,.>
�>�,$ ا

��^+[F
  )    x......................................................................................(     ا
  

  
  )     /..............................(     ل ا����5 
+=��س ]	 ا]$�N)�ت>�,$ زا�,)� اآ_$ ا
�و-ب

  
  
  )     x...............................(   ا
��ود ا
.��]d �e ت=^
K([ c ا�
(اح ��( ب>��b -ج

  
  
  )    x  ......................(  	 آ=�ااآ,$ �=O8 ا����5 
+$ص�ص وا
^�f ]	 ا
>+O �(5� ]-ح

  
  
  )      /.........................(   روا
* ا
<$و�)[ ت<(ن ���ح,� 
�/(ر ا
Y$ب=�)=)[ -خ

  
  
  )   x  .............................( .....ت>�,$ k)=)� �B اآ_$ ا
�ول ا�]$�N)� إ����5 
+���� -د

  
  

+=��س ]	 ا]$�N)� ه	 زا�,)� -ذ �8�=.
  )     ............(   /......................أآ,$ ا
�ول ا

  
  

�<(�B آ,$��)� ا
=��س -ع *
�=� �Yآl.

m ا)
  )    x ..........( ..........................ا
  
  
  )    B�)> )........... x ا
N(س ا
8^�$يا
=(ع ا
N,$ص	 ���ح* 
+.$اح� ا
.�Wخ$ة 
� -غ

  
  
)                                              /......(   ص�ص(ا
^�fت��(ى ا
�(اف ا�8�pب)� 
+�Nرات o+H خ���ت ا
=��س وا
$ -ف

  )در�5ت  10(                                                                                            
  
  
  
  
  
  
  
  
  



  

  
  ا�����ا���ال 

  

)� �# آ�� -7��

.�$ �(H ��Q+)�� ت(ا5� ا
/���ت ا �X�$خ O
  ب� أ
.�ء  أر
           cs�=.

��ت   -ا
����      د -ا
.=8=)^      ج -ا
��O     ب -أ :   هtu ا)�
  ا

                                t-   B(
                           ا
uه* -و    ا
<�و
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�� ه� ا����ال وا��[1,ات ا�
�,�= ا�?
�حY� \M,واس] ا����ا�1= ؟                                                                 
  )در)�ت  10(
 - ^Q 2 ا�����ت��L� �M� ت�L1Y1Aن ���دن ا��L��  
  
  ا����ال ا��?�س^  ) أ
 ا�
�Eرة ا�?LM,ة   ) ب

                            ا�
�Eرة ا�KحB=) ج

  
  






















