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Q 1

a. Copy Table 1 into your answer book and complete it. (18 marks)

Table 1: Table of quantities used in circuit theory along with their units, unit symbol, and
symbol.

Voltage Current Power Charge
Watts
W
p

b. Three resistances, R1, R2, and R3, are connected in series. Prove that the total
resistance of those resistors is equal to the sum of all the individual resistances. Name
any laws of circuit theory that you use. (You may not use the fact that resistances in
series add because that is what you are trying to prove.) (30 marks)

c. Consider Fig. 1. Redraw the circuit in your answer book.

i Label all of the nodes.

ii Label all of the branch voltages.

iii Label all of the branch currants.

iv Find the voltage across R1.

v Solve for the current through R3. Show your work.

(32 marks)

Figure 1: Circuit for part (c).
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Figure 2: Circuit for part (d).

d.

i Explain the operation of the circuit in Fig. 2.

ii What would happen if R1 were changed to be 20 kΩ?

(20 marks)

(Total: 100 marks)
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Q 2
a.

i AND gates and OR gates are two examples of what kind of gates?

ii Evaluate the output of the Boolean operation r = 1.0.

iii What does it mean to say that Boolean algebra is commutative?

iv State De Morgan’s Laws.

(20 marks)

Figure 3: Circuit for part (b).

b. Consider the Boolean logic circuit in Fig. 3. a and b are two 1-bit binary inputs.
r0 and r1 are the bits of a single 2-bit binary output. Every gate in this circuit is made
with a NOR gate. There are advantages in manufacturing integrated circuits with only
one type of gate.

i Find a minimal Boolean expression for r1.

ii Fill out Table 2.

(30 marks)

Table 2: Truth table for Q2(b).
a b r0 r1
0 0
0 1
1 0
1 1

c. Given the following truth table (Tab. 3), find an expression for r. (20 marks)
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Table 3: Truth table for Q2(c).
a b c r
0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 1
1 0 1 0
1 1 0 0
1 1 1 0

d. Write a note on the evolution of computing in the 20th century (between 1900 and
1999). Suggested length: 10 sentences. (30 marks)

(Total: 100 marks)

Q 3

a. Using the ASCII table at the back of this exam paper, determine the 8-bit binary
numbers a computer would store to represent the string “Hut”. (15 marks)

b. Encrypt the file from part (a) using the one-time pad 10000001 00001111
11111100. (15 marks)

c. Imagine you must encrypt a second message. Could you use the same key?
Justify your answer. (15 marks)

d. Compare and contrast the security and convenience of a one-time pad with PGP.
(15 marks)

e. Explain with the aid of diagrams how digital images store a picture. Your
answer should include the camera sensor, resolution, dynamic range, and colour.

(40 marks)

(Total: 100 marks)
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Q 4
a.

i In a telegraph system, how is a message transmitted? When and why does this
require a relay? What is the consequence for undersea cables? How was that
problem solved?

ii The first telephone exchange in China was opened in 1882. What is a telephone
exchange and why do we use them?

iii The first television broadcast in China was in 1958. What does the term “broad-
cast” mean in telecommunications?

(20 marks)

b.

i Given a message that is comprised of N frames, and each frame has a proba-
bility p that a frame will be sent successfully, show that the average transmit time
is N/p multiplied by the time required to transmit one frame.

ii What are the consequences of that result?

(30 marks)

c. Tab. 4 shows an example of an interleaved parity check.

i Has this signal been transmitted correctly? Justify your answer.

ii Describe an alternative approach to error checking.

(30 marks)

Table 4: Interleaved parity check for Q4(c).
1 0 1 1
0 0 0 1
1 1 1 0
1 0 0 1
0 0 1 1
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d. The message sequence chart in Fig. 4 describes the behaviour of a communica-
tion system. Consider the figure, and answer the questions below.

i Describe the sequence of events in the diagram.

ii What is the next message in the sequence?

(20 marks)

Figure 4: Message sequence for Q4(d).

(Total: 100 marks)
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Figure 5: ASCII Table for Q3(a).
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