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Question 1

a) Given the vectors a = 2i — 3j + 5k and b = 7i + 2j — 6k find the angle

between the vectors a and b.
(5 marks)

b) Find the moment of force F about the point O, as depicted in Figure 1.

F=750'N

40°

O ]0.3m

Figure'l
(15 marks)

Total for Question 1 (20 marks)
Question 2

1 2°3 4 =12 7
a) IfA=|23 1)andB=|-3 9 -5|, find AB and, without
3 .40 1 -2 1

performing further calculations, write down BA .
(10 marks)
b) Given the following pair of simultaneous linear equations:

2u1+ u2:4’
u1—3u2=—5

write these in the matrix form Ku = f, find K~ and hence find u, and

U,.
(10 marks)

Total for Question 2 (20 marks)

PLEASE TURN THE PAGE
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Question 3
Given the two complex numbers z; = —2 — 3j and z, = 2 — 4j:

a) Display z; and z; on an Argand diagram.

(2'marks)
b) Find:
i) 2z — 32,.
ii) VAR
iii) Z,7;.
(6 marks)

c) Working to 2 decimal places, convert z; and z, to polar form and hence find:

. Z
i) i
ii) z,2
(8 marks)
d) Find the complex roots of the quadratic equation:

x2+2x+5=0
(4 marks)
Total for Question 3 (20 marks)

PLEASE TURN THE PAGE
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Question 4

a) Differentiate y = x3 from first principles:

(6 marks)
b) Calculate the derivative of the following functions:
i) vy =e3*sin4x
(3 marks)
i) y=cos(x?)
(3 marks)
c) Find and classify the stationary points of the following function:
y =x3+3x% — 24& + 11
(8 marks)

Total for Question 4 (20 marks)
Question 5

Evaluate the following integrals:

i) [(3x% = 2%+ 1)dx

(4 marks)
ii) fon(3cos 3x — 2sin 2x) dx
(6 marks)
iii) ff’ te 3t dt giving your answer correct to 3 decimal places.
(10 marks)

Total for Question 5 (20 marks)

END OF QUESTIONS
PLEASE TURN PAGE FOR FORMULA SHEET
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Formula Sheet

Quadratic Equations Pythagoras’ Theorem

The equation:
ia

ar?+br4+c =0

has solutions:

—b+ Vb? — dac

2a

a? = b2 +¢?

r =

Vectors Givena = a,i + a,j + ask and b = b{i + byj + b;k then:

la| = \/a12 + ay? + as?

a'b = a,b; + a,b, + asbs =al|b| cos b

i j k a
@y as .|a;  as a; a
axb=|a; ay az3|Fi b, b3|_]|b1 b3|+k|b1 b2|
bl bz b3

where a b| = ad — bc
c d
Matrices

(2 %2) Matrices
The determinant of a (2 x 2) matrix A is given by:

11 @12
A= — det{A} = {1y — A1202].
a1 @22

The inverse of the (2 x 2) matrix A is given by:
A1 = 1 agy  —0)2 .
det(A) \—az  an

PLEASE TURN THE PAGE
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Table of Derivatives and Integrals

In the table below, m, n are any real numbers.

f Fz) dr F(x) F(z)
[1@dz+ [ o) do 1(@) + gla) 1'@) +¢@)
m [ ) do mf () my(

mz+ O m
g
—itC (n=+-1) " n
In(z) +C i —%
L gme +C T me'™*
m
zln(mz) —x+ C wln% %
ﬁ sin(mzx v cos(ma) —m sin{maz)
A osfme) 4+ C sin(ma) m cos(m)

PLEASE TURN THE PAGE
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Calculus Rules — Differentiation

Product Rule: i(uv) = uﬂ + vﬂ
dx dx dx
Quotient Rule: i(zj = %[vﬂ - uﬂ}
dx\ v % dx dx
. d dy du
Chain Rule: — - X7
dx [y(u(x))] du dx

Rules of Integration

b b b
INTEGRATION BY PARTS: / f(z)g'(m) dr = {f(.i:)g(.r:)]._ - f fl(x)g(x)dx

Local Maxima and Minima of a Function

A curve defined by y = f(x) in terms of some function f has stationary points where f'(x) = 0. These
are then classified using the Second Derivative Test:

Let = = a be a stationary point of f(x) then:

f'a) = 0 =% x =ais a local minimum
fMa) <0 —> 1z =ais a local maximum
f'a) =0 == the test is inconclusive.

END OF FORMULA SHEET
END OF PAPER





