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[5] Q1. Circuit analysis. 
   

[2] (a) For the following circuit, give the truth table. 
  

 
 

ANSWER: 
 

x y f 
0 0  
0 1  
1 0  
1 1  
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Q1, continued. 
 

[3] (b) For the following circuit, give the truth table. 
 

 
 

ANSWER: 
 

x y z f 
0 0 0  
0 0 1  
0 1 0  
0 1 1  
1 0 0  
1 0 1  
1 1 0  
1 1 1  
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[6] Q2 In Section 2.1 of the textbook, circuits that turn a simple light, L, on or off are used to illustrate 
some basic logic functions. This questions involves some similar circuits with switches controlled 
by inputs x, y, or z. 

 
 [3] (a) Consider the circuit diagram shown below. You are to write logic expressions, in sum-of-

products (SOP) form, for the functions L1 and L2 where each of these functions is 1 when the 
light is on and 0 when the light is off. Higher marks will be given for determining the simplest 
SOP expression possible. 

   

 
 

ANSWER (it is not necessary to show the steps used to derive your answer): 
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Q2, continued. 
 
 [3] (b) Assume now that we need to implement a circuit that drives only light L1 from part (a). 

Draw the simplest circuit you can with switches like those shown in part (a) that implements only 
L1. Higher marks will be given for a circuit that uses as few switches as possible. 

 
ANSWER (it is not necessary to show the steps used to derive your answer): 
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[9] Q3. For this question you are to use algebraic manipulation to produce minimal cost sum-of-products 
(SOP) or product-of-sums (POS) expressions. You need to show your work and the steps that are 
being used in your solution. Higher marks will be given for solutions that apply the theorems and 
identities of Boolean algebra in as few steps as possible. So, you are to show all of your steps, but 
don’t use more steps than needed.   

 
 [3] (a) Use Boolean algebra to minimize the following expression. Your final answer should be 

the minimal cost sum-of-products (SOP) form for this function. 
 
    

))(( zyxzxzyf ++++=  
 
 ANSWER: 
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Q3, continued. 
 
 [3] (b) Use Boolean algebra to minimize the following expression. Your final answer should be 

the minimal cost sum-of-products (SOP) form for this function. 
 
    

zyyxyxzxf ⋅+⋅+⋅+⋅=  
 
 ANSWER: 



Last Name____________________________________Student Number___________________________ 

Page 8 of 15 

Q3, continued. 
  
 [3] (c) Use Boolean algebra to minimize the following expression. Your final answer should be 

the minimal cost product-of-sums (POS) form for this function. 
 
    

zxxzyf ++=  
 
 ANSWER: 
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[8] Q4. Karnaugh maps. 
 

[2] (a) For the Karnaugh map shown below, derive the minimal cost sum-of-products (SOP) form 
for the logic function f (x,y,z). 

 
 xy 00 01 11 10 
z 0 1 0 1 0 
 1 1 1 0 1 

  
ANSWER:   

 
 
 
 

[2] (b) Derive the minimal cost product-of-sums (POS) form for the logic function f (a,b,c,d). 
 

 ab 00 01 11 10 
cd 00 0 0 0 1 
 01 1 0 0 1 
 11 0 0 1 1 
 10 0 1 0 0 

 
 ANSWER:  
 
 
 
 

[4] (c) Derive the minimal cost sum-of-products (SOP) form for the logic function f (a,b,c,d,e).  
Note that ‘×’ is a don’t care output.  

 
  e=0   e=1 
 ab 00 01 11 10  ab 00 01 11 10 

cd 00 1 0 × 1 cd 00 1 0 1 × 
 01 0 × 0 0  01 1 × 0 × 
 11 0 0 1 0  11 1 0 0 × 
 10 × 0 0 1  10 1 1 1 × 

 
 ANSWER:   
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[6] Q5. A student in ECE 241 has been asked to wire up a single TTL 74LS00 QUAD 2-input NAND gate 
chip (the pin-out of which is given below) to implement the logic function F = AB + CD.  Below 
you will see the wiring diagram that student has created.  The circuit doesn’t work because it has 
exactly three errors or omissions.  Your answer, on the next page, should be the changes that 
need to be made to the circuit to make it function correctly.  For example, a change could be 
“connect pin 3 to pin 12.” 

 
 Pin-out Diagram for the 74LS00:  

1
2
3
4
5
6

8
9
10
11
12
13
Vcc

Gnd

74LS00/03

Quad 2-input NAND
 

 
 Below is the wiring diagram of the student’s circuit; 

1 
2 
3 
4 
5 
6 
7 

14 
13 
12 
11 
10 
9 
8 

A 
B 

C 
D 

F 
 

5V 

 
(question continues on next page) 



Last Name____________________________________Student Number___________________________ 

Page 11 of 15 

Q5, continued. 
 
Working space: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ANSWER: 
 
Correction #1: 
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________   
Correction #2: 
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 
Correction #3: 
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 
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[8] Q6. Word problem 
 
 [3] (a) A museum has three rooms, each with a motion sensor (m1, m2, and m3) that outputs 1 

when motion is detected.  At night, the only person in the museum is one security guard who 
walks (i.e. no standing still, or sitting, or sleeping) from room to room.  Give a truth table for the 
security system that sounds an alarm (by setting an output A to 1) if motion is ever detected in 
more than one room at a time.  (Hint: be sure to include any don’t care in the output.) 

 
   
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 [5] (b) Now consider a museum with 7 rooms.  A truth table is not a good choice (it has too many 

rows), nor is an equation describing when the alarm should sound (it has too many terms).  
However, the inverse of the alarm function can be straightforwardly captured as a logic equation, 
and then the desired circuit (A) can be achieved by adding an inverter to the inverse function ( A ).  
Design the 7-room security system by expressing the inverse of the alarm function, A (m1, m2, m3, 
m4, m5, m6, m7). 

 
 
  
 
 

m1 m2 m3 A 

0 0 0  

0 0 1  

0 1 0  

0 1 1  

1 0 0  

1 0 1  

1 1 0  

1 1 1  
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[5] Q7. The following schematic represents a programmable logic device that has been programmed.   
Assume that when two wires that cross are annotated as follows: 

 

 
 it means that the wires are connected, while wires that cross without the “X” are not connected.  

Also, assume that gates whose inputs are not connected to anything will take those inputs as a 
logical “0”. 

 

P 

Q 

A B C 

 
 (question continues on next page) 
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Q7, continued. 
 
 [2] (a) Redraw the circuit in the simplest form you can. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 [3] (b) What is this circuit? 
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[6] Q8. Consider the circuit shown below.  Assume there are no propagation delays in the gates and in the 
D flip-flop.  Draw the timing diagram showing D, E, F, G and H. 

 

H
A

Q

QSET

CLR

DB

C
Clock

E

D F G

A

B

C

Clock

D

E

F

G

H

0

0

0

0

0

1

1

1

1

1

1

1

1
0

0

0

 
 
 
 
 


