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Question 01: 

A bank vault (F) has 3 locks with a key for each lock. Key X is owned by the bank manager. Key Y is owned by the senior bank 

teller. Key Z is owned by the trainee bank teller. In order to open the vault door at least two people must insert their keys into 
the assigned locks at the same time. The trainee bank teller can only open the vault when the bank manager is present in the 

opening. 
  

i) Determine the truth table for such a digital locking system 
X= Bank Manager key 

Y= Senior Bank teller key 
Z= Trainee bank teller key  

 

Situation Boolean value 

Key is inserted 1 

Key is not inserted 0 

Vault door open 1 

Vault door closed 0 

 
ii) Design, using Boolean algebra techniques, a minimum AND-OR gate network to realize this locking system. 

 

Question 02: 

Below description explains about an automobile alarm circuit used to detect certain undesirable conditions. An alarm (X) 

triggers based on the status of door by the driver’s seat(A), the ignition (B), and the headlights (C), respectively. Design the 

logic circuit with these three switches as inputs so that the alarm will be activated whenever either of the following conditions 

exists: The headlights are on while the ignition is off. The door is open while the ignition is on. 

 

Situation Boolean value 

Door open 1 

Door Closed 0 

Ignition ON 1 

Ignition Off 0 

Head lights ON 1 

Head lights Off 0 

 

i. Prepare a truth table that represents the above scenario.  
 

ii. Write the standard Sum of Product (SOP) that represents the above requirement. 
 X = A’B’C + AB’C + ABC’ + ABC 

 
iii. Simplify the above Boolean expression using Boolean algebra. Specify Boolean laws you used to simplify the 

equation.  
 

iv. Draw logic circuit for the simplified version using AND, OR, NOT gates. 
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Question 03: 

A car seat belt interlock requires that the car should only start if the driver’s seat belt is fastened and either the front 

passenger seat is unoccupied, or the front passenger seat is occupied and the passenger seat belt is fastened. 

A= Checks driver seat belt is fastened  

B= Checks front passenger seat is occupied or not 

C= Checks front passenger seat belt is fastened  

X= Ignition on (car starts) 

Situation Boolean value 

Driver seat belt is fastened 1 

Driver seat belt is not fastened 0 

Passenger seat is occupied 1 

Passenger seat is not occupied 0 

Passenger seat belt is fastened 1 

Passenger seat belt is not fastened 0 

Ignition ON 1 

Ignition OFF 0 

 

a) Construct the truth table  

b) Derive the Boolean equation based on SOP  

c) Simplify the derived Boolean expression using Boolean algebra.  

d) Construct the logic circuit.  

 

Question 04: 

You are assigned to design a logic gate-based system which require to protect a valuable diamond. Diamond is in a dark safe 

and it is monitored by two sensors. The presence of the diamond is identified by the pressure sensor (P) and the light sensor 

(L) confirms that the door of the safe is closed 

 

An alarm is required to trigger during following situations. 

• When light sensor detects light. (Boolean 1) 

• When pressure sensor detects absence of the diamond. (Boolean 0) 

 

The owner of the diamond can enable or disable the system using a manual switch (S). Assume that the room where diamond 

safe is placed, totally dark during the night. 

System is disabled when manual switch (Boolean 0) 

Alarm (A) Triggers when Boolean 1 

 

i. Construct the truth table and find the situations that alarm triggers. 
ii. Derive the Boolean equation based on SOP  

iii. Simplify derived Boolean expression using Boolean algebra. 
iv. Construct the logic circuit for simplified equation.  

v. How alarm triggers during the night?  
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Question 05: 

 

1) A chemical process gives out a warning signal (W = 1) when the process operates incorrectly. A logic circuit (network) 

is used to monitor the process and to determine whether W = 1. 

 

 

 

 

 

A warning signal (W = 1) will be generated if: 

Either (i) Chemical rate < 20 liters/second 

    Or (ii) Temperature > 91ºC and Concentration > 5M 

   Or (iii) Chemical rate = 20 liters/second and Temperature > 91C 

a. Draw a logic circuit (network) and truth table to show all the possible situations when the warning signal could be 

received. 

b. Retrieve the SOP expressions for W.  

c. What is the suitable gate to represent the sum? 

d. Simplify Boolean expression using Boolean algebra 

e. Draw the logic circuit diagram for the simplified SOP expression using only AND, OR, NOT gates.  

 

Question 06: 

Suppose a logic circuit needs to be implemented for a digital system that has three inputs P, Q and R and one output X. Its 

behavior is as follows:  
 

If the input R=1, the output X has the value of P + Q.  
If the input R=0, then output X has the value of Q (P).  

 
i) Obtain the truth table for the output X.  

ii) Write down either a sum of products (SOP) or a product of sums (POS) Boolean expression for X.  

iii) Simplify the Boolean expression for X obtained in (ii) above.  

iv) iv) Using the simplified expression in (iii) above, construct a logic circuit for the system. 

 
Question 07: 

Present a set of requirements under which an insurance policy (x) will be issued: 

The applicant must be: 

▪ a married female 25 years old or over, or 

▪ a married male under 25 who has not been involved in a car accident, or 

▪ a married male who has been involved in a car accident, or 

▪ a married male 25 years or over who has not been involved in a car accident. 

 

Following table shows the input factors of the insurance policy and the relevant Boolean value. 

Inputs Binary values Description of plant status 

 

C 

1 Chemical rate = 20 liters/second 

0 Chemical rate < 20 liters/second 

 

T 

1 Temperature = 91ºC 

0 Temperature > 91ºC 

 

X 

1 Concentration > 5M 

0 Concentration = 5M 
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▪ a = 1 if applicant has been involved in a car accident 

▪ b = 1 if applicant is married 

▪ c = 1 if applicant is a male  

▪ d = 1 if applicant is under 25 

 

a) Construct the truth table and find the situations that insurance policy is issued. 

b) Derive the Boolean equation based on SOP  

c) Simplify above Boolean expression using K-maps 

d) Construct the logic circuit for simplified Boolean expression obtained section (c).  

 

Question 08: 

2013 Model Paper by Ministry of Education 

 

(a) (ii) Write down three advantages of manual data processing over electronic data processing.  

(b) An aircraft is equipped with a quality control system with sensors that functions in accordance with temperature of 

engine, pressure and rotation speed of shaft.  

 

A warning bulb in pilot’s cabin is on when there is a risk, and the risk levels are given below.  

* When internal temperature is above 400 degrees centigrade. and  

* Internal pressure is above 1.5Mpa or rotation speed of the shaft is less than 4000.  

 

In a dangerous situation,  

1.When the internal temperature is above 400 oC, ‘A’ temperature sensor is switched on automatically.  

2 When the internal pressure is above 1.5Mpa, ‘B’ sensor is switched on automatically. 

3.When the rotation speed of the shaft is less than 4000, ‘C’ sensor is switched on automatically.  

 

Following table shows the input control system of the security alarm bulb and the relevant Boolean value. 

 
a) Construct the truth table. 

b) Derive the Boolean equation based on SOP  

c) Simplify above Boolean expression using K-maps 

d) Construct the logic circuit for simplified Boolean expression obtained section (c).  

 

Question 09: 

(a) An air conditioner can be switched off either manually or automatically. There is an on/off switch(A) for a user to manually 

switch off the A/C. There are three sensors B, C and D to detect temperature, humidity and presence respectively. The sensors 

may get following type 

of inputs: 

▪ Heat (B) → Temperature is less than or equal to 240C (0) / otherwise (1) 
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▪ Humidity (C) → Low humidity (0) / High humidity (1) 

▪ Presence (D) → If no one in the room (0) / If anyone in the room (1) 

Based on the following conditions the A/C will be switched off 

▪ Any time user can manually switch off the A/C (0) 

▪ At least two of the sensors should get negative (0) input. 

Consider switching off process of the A/C as Boolean 1 and switching on process as Boolean 0 and answer the following 

conditions. 

▪ Prepare a truth table that represents the above scenario. The output column of the truth table should have 1 

whenever the A/C can be switched off. 

▪ Write the standard Sum of Product (SOP) that represents the above requirement. 

▪ Simplify the above Boolean expression using Karnaugh’s Map 

▪ Draw the Logic circuit that implements above requirement. 

 

Question 10 
 

1) (a) A lamp outside a front door comes ON automatically when it is dark AND someone stands on the doormat 
outside the front door.  

• A pressure sensor (A) under the mat changes from OFF (0) to ON (1) when someone stands on the doormat.  

• The light sensor is (B) ON (1) when it is light and OFF (0) when it is dark.  

• There is an on/off switch (C) for a user to manually switch off the system. Consider switching off process as Boolean 
(1) and switching on as Boolean (0). 

 

• Based on the following conditions the lamp is in off state. 
o Any time user manually switch off the system: lamp (0) 
o When it is not dark: lamp (0).  

 

i. Prepare a truth table that represents the above scenario.  

ii. Write the standard Sum of Product (SOP) that represents the above requirement. 
iii. Draw the logic circuit. 

 
Question 11 

 
A boiler process of a central thermal system of a coal power plant as below. Boiler can be operated by both manually and 

automatically.  

Boiler should only turn ON when timer “A” is activated. Boiler does not work when insufficient amount of coal powder available 

for combustion.  Sensor “B” ensure availability of sufficient amount of coal powder inside the boiler. Sensor “C” (flame detector) 

detects if the pilot flame is actually lit. This prevents boiler explosions caused by the ignition of gas accumulated within the 

boiler during a flame failure. 

Switch “D” is used to operate the boiler manually.  

Boiler activates for following conditions. 

Timer A is activated, and sensor B detects sufficient coal powder inside the boiler and flame sensor C detects the pilot flame. 

OR 

Manual switch D is in ON state and sensor B detects sufficient coal powder inside the boiler and flame sensor C detects the 

pilot flame. 
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Below table represents the thermal system’s conditions and their Boolean values regarding the boiler activation  

Input Condition/ process Boolean value 

A Timer is activated 1 

B Sensor detects sufficient coal powder 1 

C Pilot flame is detected 1 

D Manual switch is ON 1 

   
A Timer is deactivated 0 

B Sensor doesn’t detect sufficient coal powder 0 

C Pilot flame is not detected  0 

D Manual switch is OFF 0 

 

a) Represent above process using a truth table 

b) Retrieve the SOP expression for the boiler activation. 

c) Simplify the above (b) expression. 

d) Draw logic circuit for the simplified expression. 
 

Question 12 
2019 Model Paper by Ministry of Education 

 

In a fish tank, the health of goldfish depends on the pH value of the water, temperature and oxygen level of the water in the 
tank. A sensor-based control system is to be developed to make a healthy environment for the survival of goldfish by maintaining 

appropriate levels of pH value, temperature and oxygen level of the water of the fish tank. For this purpose, a pH sensor (A), 
a temperature sensor (B) and an oxygen sensor (C) are to be used to measure the pH level, temperature, and oxygen level of 

the water respectively. The following table shows the status of each sensor with the relevant binary values to be emitted by the 
sensors. 

 

Sensor Status Binary value 

A pH value  from 6  to 8  
pH value  not within  6  to  8 

0 
1 

B Temperature  between  55  and 80  Fahrenheit  

Temperature  not within  55  and  80  F 

0 

1 

C Oxygen is less than a given value  

Oxygen is greater than or equal to given value 

0 

1 

 
The  binary  value  '0' indicates the  appropriate  condition  for  the goldfish. An automatic waterfall is connected to the fish 

tank. The waterfall starts automatically when the temperature is not within the range or the oxygen level is less than the given 
value. The waterfall stops automatically to save the power consumption when the temperature is at the range and the oxygen 

level is high. When the pH value of the water is out of the given range, a bulb in the tank is lighted.  
 

The start and stop states of the waterfall are represented by the binary values ''1'' and ''0'' respectively.  
 

▪ Give the truth table and Boolean expression. 
▪ Construct a logic circuit to implement the function of the waterfall.  


