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Question 1

(@)

(b)

(©)

A uniform electric field is given by the vector

~(

where the values are given in newtons per coulomb.

) If a particle with charge of 5mC is placed in the field, find the vector
representing the force on the particle. [1 mark]

(i) Find the magnitude of the force, in newtons. [2 marks]
The force due to the electric field propels the charged particle along the

5
displacement vector d = (—1) where the values are given in millimetres.

3
(i)  Find the distance that the particle moves, in millimetres. [2 marks]

(iv)  Find the work done by the field in displacing the particle, stating the
units. [2 marks]

(V) Find the angle between the electric field vector and the displacement
vector. [3 marks]

Let A and B be the following matrices:

1 2 =3 3 4 -1
A=<2 -1 0) B=<4 0 2)
3 5 1 -1 6 0

Calculate the products AB and BA. [8 marks]

Write the following system of simultaneous linear equations as an equation of
matrices:

3x—2y =4
X+ 6y =-—7 [2 marks]

By finding the inverse of the square matrix, solve the system of equations.
[5 marks]

Total 25 marks

PLEASE TURN THE PAGE
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Question 2

(@)

(b)

(©)

Find the complex solutions of the following quadratic equation:
16x2 —16x+5=10

Indicate the position of these on a sketch of the Argand diagram.

[6 marks]

A resistor of resistance R = 7Kk( is in series with an inductor of value

L = 50mH.

A sine wave voltage source with a frequency of 80000 radians per second is
connected across the series pair of components.

Represent the combined impedance as a complex number.

Find the absolute value of the impedance, and the phase shift between the

voltage source and the current.

[9 marks]
Letz; =4 — 2jandz, = 6 + 8j.
Convert each of z; and Zz, into polar form.
Hence find each of the following in polar form:
(i) z,* (i)  Vzy
[10 marks]

Total 25 marks

PLEASE TURN THE PAGE
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Question 3
(@) Differentiate each of the following functions to find %:
(i) y =2t* —5t2 +8t+ 10
(ii) y = toe™2t
(iii) y = sin32t = (sin 2t)3 [11 marks]

(b) Find the turning points of the function
y = (t*—1)°

Determine whether each turning point is a local maximum or a local minimum.

[10 marks]
(©) The voltage across a capacitor of capacitance 250uF is given by
v(t) = 0.2sin(500t).
Find an expression for the value of the current that flows.
You may use the formula i = C%. [4 marks]

Total 25 marks
Question 4

(&) Evaluate each of the following definite integrals:

(i) f18 43/t dt [6 marks]

(ii) fog 15 sin 3t + 18 cos 9t. dt [6 marks]
(b)  Find each of the following integrals:
()  [t*cos(t®)dt [5 marks]
(i) [8tZe *.dt [8 marks]
Total 25 marks

PLEASE TURN THE PAGE
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Question 5

(@)

(b)

(©)

Find the solution of the following differential equation:

_3_2
" t(y + 3)

The boundary conditionisy = 2 att = 0.

[5 marks]
Consider the following linear differential equation:
% + 5y = 15t
0] Find the particular integral. [5 marks]
(i) Find the complementary function. [2 marks]
(i) Hence find the solution given that y = —1 when t = 0. [3 marks]

Find the general solution of the following second order linear differential
equation:

d’y dy
2 4+9—2420y=0
dt? T dt + 20y

[6 marks]

Find the particular solution that satisfies the following initial condition:

dy

y=0S=1att=0

[4 marks]
Total 25 marks

PLEASE TURN THE PAGE
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Question 6

(@)

The capacitances of ten capacitors in nanofarads are as follows:
246 257 260 244 272 253 255 243 249 26.3
Find the median value of the capacitances.

Find the interquartile range.

Calculate the mean and standard deviation of the capacitances.

[8 marks]

Please give answers to parts (b) and (c) correct to three decimal places.

(b)

()

A plant requires maintenance on average 0.7 times per week.

Calculate the probability that the plant requires maintenance exactly twice in a
week.

Calculate the probability that the plant does not require maintenance over a
period of three weeks.

Calculate the probability that the plant requires maintenance exactly three
times over a period of four weeks.

[8 marks]

In a digital communication system operating under noisy conditions, the
probability that a single bit is received correctly is 0.94.

In a block of eight bits, find the probability that a single error occurs.
In a block of eight bits, find the probability that exactly three errors occur.

In a block of seven bits, find the probability that six or more bits are received
correctly.

[9 marks]

Total 25 marks

END OF QUESTIONS

PLEASE TURN THE PAGE FOR FORMULA SHEET
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Derivatives and integrals

Integral Function Derivative
d
j ydt Y td
dt
t 1 0
g+l t" nt"t
n+1
—Ycosat sin at acosat
a
Ysinat cos at —asinat
a
lpat et ae?t
a

Integration by parts

.[ dvdt— jdu dt
udt = uv dtV

Binomial Distribution:

The probability of r successes in n trials is (Z) p'q™ "

where p is the probability of success in a single trialand p + g = 1.

Poisson Distribution:
mr

The probability of r successes is g e M

where m is the expected number of successes.

END OF PAPER




