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Instructions

Answer all questions in the spaces provided.
Unless otherwise specified, an exact answer is required to a question.
In questions where more than one mark is available, appropriate working must be shown.

Unless otherwise indicated, the diagrams in this book are not drawn to scale.

Take the acceleration due to gravity to have magnitude g m/s?, where g =9.8.

Question 1 (5 marks)

Consider the vector a = NG i-j- 2 k, where 1, j and k are unit vectors in the positive directions

of the x, y and z axes respectively.

a.  Find the unit vector in the direction of a. 1 mark

b.  Find the acute angle that a makes with the positive direction of the x-axis. 2 marks

c.  The vector ‘p=2\/§j+mj—51§.

Given that b is perpendicular to a, find the value of m. 2 marks

TURN OVER
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Question 2 (5 marks)

The position vector of a particle at time ¢> 0 is given by

r(t)=(t=2)i+(F —4t+1)j

a.  Show that the cartesian equation of the path followed by the particle is y = x> — 3. 1 mark
b. Sketch the path followed by the particle on the axes below, labelling all important features. 2 marks
y
A
> X
0

¢.  Find the speed of the particle when 7= 1. 2 marks
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Question 3 (5 marks)
Let f be a function of a complex variable, defined by the rule f (z) =z —423+722 -4z +6.

a. Given that z=1i is a solution of f (z) =0, write down a quadratic factor of f (z) 2 marks

b.  Given that the other quadratic factor of f (z) has the form z%+ bz + ¢, find all solutions

of z*—4z3 + 722 —4z+ 6 =0 in cartesian form. 3 marks

TURN OVER
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Question 4 (3 marks)
Find the gradient of the normal to the curve defined by y =-3e3*e” at the point (1, -3).
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Question 5 (5 marks)
a.  For the function with rule f (x) =96 cos(3x)sin(3x), find the value of a such that
f(x)=asin(6x).

1 mark
b.  Use an appropriate substitution in the form u = g(x) to find an equivalent definite integral for
1296 cos (3x)sin (3x)cos? (6x)dx in terms of u only. 3 marks
36
c. Hence evaluate |™96cos(3x)sin(3x)cos? (6x)dx, giving your answer in the form
36
\/E keZ. 1 mark

TURN OVER
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Question 6 (5 marks)

a.  Verify that a 1= 1+ 1 mark

a- a-4

Part of the graph of y = —2 _ is shown below.
X - 4)
y
A ;
S !
it e
3¢ |
2+ i
¥ e
1 ] | ] ] > X
-1 0 1 12 3 4
-1 F !
b. The region enclosed by the graph of y = + and the lines y=0,x=3 and

(x*-4)
x =4 is rotated about the x-axis.

Find the volume of the resulting solid of revolution. 4 marks
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Question 7 (5 marks)
Consider f(x)=3xarctan(2x).

a.  Write down the range of f. 1 mark

b. Show that f'(x)=3arctan(2x)+ 6x 1 mark
1+ 4x2
c.  Hence evaluate the area enclosed by the graph of g(x)=arctan(2x), the x-axis and
the lines x = 1 and x= ﬁ 3 marks

2 2

TURN OVER
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Question 8 (7 marks)

A body of mass 5 kg is held in equilibrium by two light inextensible strings. One string is attached
to a ceiling at 4 and the other to a wall at B. The string attached to the ceiling is at an angle 6 to the
vertical and has tension 7' newtons, and the other string is horizontal and has tension 7', newtons.
Both strings are made of the same material.

A ceiling
10
wall
B
5 kg body
a. i. Resolve the forces on the body vertically and horizontally, and express 7 in terms of 6. 2 marks
ii. Express T, in terms of 0. 1 mark
b.  Show that tan(6)<sec(6) for 0<6 <%. 1 mark

¢.  The type of string used will break if it is subjected to a tension of more than 98 N.
Find the maximum allowable value of @ so that neither string will break. 3 marks

END OF QUESTION AND ANSWER BOOK
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FORMULA SHEET

Directions to students

Detach this formula sheet during reading time.

This formula sheet is provided for your reference.
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Specialist Mathematics formulas

Mensuration

area of a trapezium:

curved surface area of a cylinder:
volume of a cylinder:

volume of a cone:

volume of a pyramid:

volume of a sphere:
area of a triangle:
sine rule:

cosine rule:

Coordinate geometry

(x=h)  (r=k)" _

1
2 2

ellipse:
a

Circular (trigonometric) functions
cos2(x) + sinz(x) =1

1+ tanz(x) = secz(x)

sin(x + y) = sin(x) cos(y) + cos(x) sin(y)
cos(x +y) = cos(x) cos(y) — sin(x) sin(y)

tan(x) + tan(y)

%nrzh

1
§Ah

4 3

=nr

3

%bcsinA

a

b
sind sinB sinC

c

=a*+b*>—2abcos C

hyperbola:

cotz(x) +1= cosecz(x)
sin(x — y) = sin(x) cos(y) — cos(x) sin(y)

cos(x — ) = cos(x) cos(y) + sin(x) sin(y)
_ tan(x) — tan(y)

tan(x + y) = tan(x —y) =
(r+) 1—tan(x)tan(y) (=) 1+ tan(x)tan(y)
cos(2x) = cosz(x) - sinz(x) =2 cosz(x) -1=1-2 sinz(x)
2tan(x
sin(2x) = 2 sin(x) cos(x) tan(2x) = #
1—tan”(x)
function sin”! cos ! tan !
domain [-1, 1] [-1, 1] R
. T T [0, 7] T T
ran -, , -,
8 22 " 22




Algebra (complex numbers)

z=x+yi=r(cos @ +isinf)=rcis b

|Z|=\/x2 +y2 =r

2,2, = 1y, cis(0, + 0,)

n

Calculus
%(xn)znxn—l
%(eax):aeax

d 1
E(loge(x))_ ;

4 (sin(ax))= acos(ax)
dx -

% (cos(ax))= —asin(ax)

d _ 2
o (tan(ax))= asec”(ax)

%(sin_](x))z lixz
%(cos_1 (x)) = 1__1x2
o2

product rule:

quotient rule:

chain rule:

Euler’s method:

acceleration:

constant (uniform) acceleration:

—r<Argz<m

2 _h .
—=—cis(6, - 6,)
D)

Z"=7" cis(nf) (de Moivre’s theorem)

[x"dx =

¥ e n#—1
n+l

[e™ dx = 1 e +c
a

1
[—dx=1log, |x|+ c

x
[sin(ax)dx = —lcos(ax) +c

a
[cos(ax) dx = lsin(ax) +c
a

[sec? (ax)dx = 1 tan(ax) + ¢
a

J%dx =sin”! (%}Lc,a >0

a —X

a” —x
| a dx:tanl(£)+c
a’ +x* a
d dv du
—(uv):u—+v—
dx dx dx
du_ dv
i(ﬂJ: dx  dx
dx\ v v2
dy _dy du
dx du dx
dy

SPECMATH

Ifd—zf(x), xo=aandy,=b,thenx,  ,=x, +h and y, =y, +hf(x)
x

d*x dv  dv d[l 2)
a=—==—==y—=— —V
di?  dt dx  dx\2

2

1
v=u-+at s=ut+5at2 v =u? + 2as

1
s=5 (u+v)t

TURN OVER



SPECMATH 4

Vectors in two and three dimensions

_ r r — =
! Ty +z7 =7 rr,=rrycos0=xx,+yy,+z:2,

dr gy, dy . dz

Mechanics

momentum: p=my
equation of motion: R=ma
friction: F<uN

END OF FORMULA SHEET
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