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General Instructions

—

Read all instructions carefully before answering the questions.

This question paper consists of (1+6) questions in (6) pages.

Answer all the questions in part A and any 3 questions from part B

All questions carry equal marks.

Answer for each question should commence from a new page.

Draw fully labelled diagrams where necessary

Involvement in any activity that is considered as an exam offense will lead to punishment

Use blue or black ink to answer the questions.

e A T O

Clearly state your index number in your answer script

10. Non-programmable calculators are allowed
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D)

Part A

a} What are the three bands of color that represent the following resistor values ? (You may
neglect the tolerance band) ( 6 marks)

i) 2200
i) 1.5 k0
iii) 67 kQ

b) You have a digital multimeter. How do you check whether the test leads of the multimeter
are working properly without using additional equipment’? (9 marks)

c} Following is a labeled diagram of an oscilloscope (Figure 1).
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Figure 1

Explain the functionality of the following numbered items/parts (10 marks)

Item Label

Function

(1)

(2)

(4)

(7)

(10}
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1)

2)

a)

b)

c)

Part B

A 9V battery is short circuited using a wire (Figure 2). Calculate the current through the wire
using the Ohms law. Explain why your answer differs from real observations. (5 marks)

Consider the schematic in Figure 3. The Load resistor {(R\}, has a 3 Q resistance. The 9V and
12 V cells have internal resistances of 1  and 2 Q respectively. {3x5 = 15 marks}

i} Draw the Norton's equivalent circuit for the said circuit.

i} Calculate the Norton current,

iii) Caleulate the equivalent resistance.

o
- E2
fov
(20
Figure 2 Figure 3

Copper is a good electric conductor. Its atomic number is 29. According to Bohr's atomic
model

i}
i)

How many electrons are in each of ¥, L, M and N shells ? (3 marks)
How many valance electrons does copper have? {2 marks)

Consider the following circuit (Figure 4). Dy and D, are silicon diodes with 0.7'V potential drop.
Assume that the 3 V battery does not have any internal resistance. Voltage at point Y is Vy.
Voltage at point X is V.

N

g)

If a‘current flows through the D, diode,
what is Vy ? (3 mrks)

If the current through the R4 resistor is
l1, Obtain an expression for l1. {3 marks)
Obtain an expression for k. {3 marks)
Obtain an expression for I3, {3 marks)
Solve the above expressions and
calculate V., {3 marks)

What is the current through Rs resistor?
(5 marks)

Calculate the current through D; diode
(ks}. (5 marks)

R4
(20052
D2

R3

Z

(100 €

v

Figure 4

Ground (0;:!
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3)

a} Draw and label the internal structure of a Metal Oxide Field Effect Transistor (MOSFET).

{5 marks)

b} Consider the following circuit (Figure 5). According to the datasheet, 2N222 transistor has a

© Vg of 0.7V, (3x5 = 15 marks)
i} Calculate the |g
fi) 1 Pis 70, What is the expected I¢ ?

ifi} Assume that the transistor
might reach the saturated state. The
red LED has a potential drop of 2 V at
20 mA. Caleulate the minimum
resistance required for Rs to protect
the LED at 20 mA.
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Figure 5

c) The studént turns this circuit in to a simple timer circuit by adding another resistor, capacitor
and a switch {Figure 6). When the switch is closed the LED switches off. After a delay LED
switches on again. Explain how this circuit works. (5 marks)
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Figure 6

4)

a} What are the characteristics of an ideal Op-Amp? {5 marks)
b} Derive an expression for the output of the following circuit (Figure 7) {5 marks)
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5)

a)

b)

Figure 7

Consider the following Digital to Analogue Converter Circuit (Figure 8). The inputs (A, B, C, D)
can be logic 1 (=5V} or logic 0 (=0 V). R; is 2kQ. input A is the most significant bit. Voitage
resolution of the ADC should be 1.25 V. Assume the Op-amp is ideal and is powered by a
suitable dual power supply. Calculate suitable vaiues for resistors R2, R3, R4 and RS5. (10
marks}

R2

Figure 8

Calculate the maximum output for above ADC (5 marks)

Design a full adder using logic gates. (5 marks)

Tic-Tac-Toe is a simple game. Two players take turns marking the spaces in a three-by-three
grid with X or O. The first player who succeeds in placing three of his marks in a horizontal,
vertical, or diagonal row is the winner. A student wants to defect the winner automatically.
He creates an electronic playing board for this. instead of making X marks one player places
a red card on the square, other player puts a green card. Each of the 9 cells on the grid is
equipped with a red color sensor and a green color sensor (Fig 9). If a red color card is placed
on a square the red sensor attached to that square will out put logic 1. Else it will output
logic 0. Same for the green color. Each square is marked with a letter from A to |. Red
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6)

a)

<)

Sensors are labeled with a subscript of R, and Green sensors with a subscript of G. For
example red sensor on square E is marked as Er , Green sensar on sgquare Fis Fg.
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Figure 9

i} Fill a table to'show the combinations where the red player is winning. You don’t need to
show the loosing combinations. Two examples are provided. Add more rows as
required. {10 marks)

Ar Br Cr

Ca Fr fe

if) Design a digital circuit to indicate when the red player had won the match. (5 marks)

ii) Design a digital circuit to indicate when the green player had won the match. (5 marks)
Write the.charac'teristic table for an active high JK flip flop. (5 marks)

Draw the schematic of an R-S tatch. {5 marks) :

You are designing a countdown circuit for a car race. At first, red light Is on, after one second

red switches off and yellow switches on. After another second the yellow switches off and
green light switched on. Yoli already have a circuit to generate a pulse each second. Design a

" circuit to switch on and off the lights as described above (Figure 10). (10 marks)-

Modify your circuit such that the green Iig.ﬁt is kept on once the race starts {5 marks)

Clock Pulse " Your Circuit "
Generator {1 Hz) B -
Figure 10
 .END-
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