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General Instructions

¢ Reading time — 5 minutes

» Working time — 2 hours

* Write using black or blue pen

+ Board-approved calculators may
be used

* A table of standard integrals is
provided at the back of this paper

+ All necessary working should be
shown in every question

Total marks — 84
* Attempt Questions 1-7
* All questions are of equal value

QUESTION MARK
1 12
2 /12
3 /12
4 /12
5 /12
6 /12
7 /12
TOTAL /84

THIS QUESTION PAPER MUST NOT BE REMOVED FROM THE EXAMINATION ROOM
This assessment task constitutes 40% of the Higher School Certificate Course Assessment.



Total marks ~ 84
Attempt Questions 1-7
All questions are of equal value

Answer each question in a SEPARATE writing booklet. Extra writing booklets are available.

Question 1 (12 marks) Use a SEPARAIE writing booklet.

(a)

(b

(©

(D

©

&)

. sin4
Evaluate Hm S Ax
=0 3Jx

Differentiate tan™ (sinx)

Use the table of standard integrals to find _[ L dx

vx?-16

Solve the inequation :

The point P divides the interval AB externally in the ratio 5:2.
Given that A and B have coordinates (-4, 2} and (2, -1) respectively,

find the coordinates of P.

Use the substitution u = 25— x*to evaluate J: Tx\25-x"dx

Marks



Question 2 (12 marks) Use a SEPARATE writing booklet.
Marks

(a) Solve 3% =5. 2

Express your answer correct to two decimal places.

5
(b)  Evaluate: 2 j cos’ 4xdx 3
0

(¢)  Find the general solution to sin2x +sinx =0. 3

Express your answer in terms of 7.

(d)  The circle ABCD has centre O. Tangents are drawn from the external
point E to contact the circle at C and D.

ZCBD = x° and ZBAD =°.

) Explain why £ZCED =(180-2x)°. 2

(ii)  Show that ZBDC =(y -~ x)°. 2



Question 3 (12 marks) Use a SEPARATE writing booklet.

(a)

(b)

(©

1 State the domain and range of the function f (x) =2cos” (%)

(i)  Sketch the function f (x) =2cos” (%)

Consider the function f(x)=x* -log,(x+1)

1) Show that the function has a root between 0-8 and 0-9.

(i)  Using the value 0-8 and one application of Newton’s method, find

a better approximation for this root, correct to two decimal place.

Gary and George are cooking a 2 kilogram roast, which has an initial
temperature of 10°C. They place it in an oven which has been preheated
to 190°C at 5:00pm. 1t is found that the temperature of the roast increases
to 50°C after 75 minutes.

A roast is considered medium rare when it reaches a temperature of 65°C.
At time ¢ its temperature T increases according to the equation

%1; = —k(T —190), where £ is a positive constant.

(i} Show that 7" =190+ 4e ™ is a solution to the equation,
where A is a constant

(i)  Find the values of 4 and &

(iliy At what time will the roast be medium rare?
(answer correct to the nearest minute)
4

Marks



Question 4 {12 marks) Use a SEPARATE writing booklet. Marks

(a)  Use the principle of mathematical induction to show that 5" +2x11" 3

is divisible by 3 for all positive integers .

(b) The velocity v ms™ of a particle moving in a straight line along

the x-axis is given by v? =12+ 4x—x%.
(i) Show that the particle is moving in simple harmonic motion. 2
(ii) Between which two points is the particle oscillating? 2

(iii) ~ What is the amplitude of the motion? 1

(c) When the polynomial P(x) is divided by (x +2)(x — 3), the quotient is
QO(x) and the remainder is R(x).

€Y Explain why the most general form of R(x) s given as: 1

R(x) = ax+b, where g and b are constants.

(i)  Given that P(3) =1, show that R(3) =1. 1

(iii)  Find R(x) if P(3) =1, R(3) =1 and when P(x) 2
is divided by (x + 2) the remainder is 6.



Question 5 (12 marks) Use a SEPARATE writing booklet.

(a)

(b)

©

The function f(x} = cosec x for % <x<x

(i)  State the domain of the inverse function 1~ (x)

(i) Show that f7(x)=sin" (l)
X

(iii) Hence find % (=)

A rocket is launched vertically and is tracked by a radar station, which is

Jocated on the ground 3km from the launch site.

What is the vertical speed of rocket at the instant when its distance from
the radar station is Skm and this distance is increasing at the rate of

5000 km per hour?

(1) Show that the equation of the normal at R (10g, 5¢°) on the
q, >q

parabola x” =20y is given by x +gy = 54" +10gq.

(ii) The normal intersects the y-axis at T. Find the coordinates of
T and hence show that the coordinates of S, the midpoint of RT,
is given by S(5¢q, 5¢° +5).

(iii)  Hence find the Cartesian equation of the locus of S.
6
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Question 6 (12 marks) Use a SEPARATE writing booklet.

(a)

Jackson throws a ball from the top of an 18 metre high building with a
velocity (V) of 12 m s™. The angle of projection (&) is 60° to the

horizontal.

YA

V‘F
&8

B

u

I

L

D

I

N

G

O 'x

Assume that the equations of motion for the ball are ¥ =0 and y =-10,

and that air resistance is negligible.

(1) Let (%, y) be the position of the ball at time ¢ seconds after it was

thrown and before it hits the ground.

Show that x = 6¢ and y =~5¢> + 6+/31+18.

(ii)  Calculate the time that has elapsed before the ball hits the ground.

(iii)  What is the maximum height reached by the ball.

Question 6 continues on page 8

7
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Question 6 (continued)

()  If f(x)=g(x)-In[g(x)+1]

, i - 8X)8'(x)
6] Prove f'(x) = R

.
()  Henceevaluate | %
. sin2x+
12
End of Question 6



Question 7 (12 marks) Use a SEPARATE writing booklet.

(a)

(b)

(i)  Show that tan(rx)tan(r +1)x = tan(r +1)x B tan{rx) 1
tan x tan x

(ii) Hence, or otherwise, show that

tan 20° tan 40° + tan 40° tan 60° + ..... + tan 180° tan 200° =-9

A river running due east has straight parallel banks. A vertical post stands
with its base, P, on the north side of the river. On the south bank are two
surveyors, 4 who is to the east of B and B who is to the west of the post.

A & B are at a distance % apart and the £ APB = 150°.

The angles of elevation from 4 and B to the top (), of the post are 45°
and 30° respectively.
() Draw a diagram to show this information.
(i)  Find in terms of a,
(o)  the height of the post.

B the width of the river

Question 7 continues on page 10

Marks



Question 7 (continued)

) @ Show that y = e sinx has infinitely many local maxima/minima.

A sketch of the graph of y =e¢™*sinx, for x> 0 is given below:
AY

l,..

(i)  The area between the curve y = e sinx, the x axis, and the

ordinates between x = g and x = b is given by

a=1
2

[e"‘ (cosx +sin x)m (You do not need to prove this)

()  Using the formula given above, prove that the area enclosed

between the curve, the x axis, and the ordinates x = 0 and

x=x 1is %(e"”+1).

() Find similar expressions (as shown in (ii)()) for the
successive areas enclosed between the curve y=e " sinx

and the x axis and show that

T
the sum of those areas for x > 0 is l(e +1] ;

21" -1
End of paper
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a)(i) tanx = tan{(r +1)x —rx}
tan(r +1)x — tan(rx)
1+ tan(r + 1)x. tan{rx)
N tan(r + 1)x.tan(rx) =
tan(r +1)x - tan(rx)
tanx
ie. tan(rx) tan(z + l)x =
ta.n(r +1)x B tan(rx) .
fanx

1

tan x

2 marks for correct
proof

1 mark: progress
towards the solution
involving the use of tan
(A — B) expansion.

Many students wasted too much
time in this question,
attempting it 2 or 3 times. As
an exam strategy, it is always
better to move to the next
question which is just an
application of this result.

(i1) Tan 20° tan 40° + an 40° tan 60° +

..... + Tan 180° tan 200° =

tan 40 B tan 20 1+ tan 60 3
tan 20 tan 20 tan 20
tnd0 . 4

tan 20

tan 200 _ tan180 _1{ 1mark

tan 20 tan 20

t2n200  tan20 _
@n20  tan20

O9x1

since, tan(180 + 0) = tanb,
tan 20 tan 20
- -9x%x1
tan 20 tan 20
= -9

1 mark: applies the
result from (i)

1 mark: simplifies and
uses the fact tan(180 +
0) = tand to get the
required result.

Many students failed to realise
this was an application of the
previous question.

See in the marking scheme,
simply substituting gets you 1
mark.

Poor drawing skills.
Steps to draw a 3D diagram
e Draw the river
e Draw the North-South
line in approximately
2% °
e FErect the post
vertically.
o Now, complete all the
triangles.
o Make sure you show
right angle sign in the
elevation triangles




(ii) Let % be the height of the post
In APAQ, PA =PQ = h since tan 45 = 1

In APBQ, tan 30 = L2
PB

-~ PB=434 1mark

IN AAQB, using cosine rule,
2
(V) + 7 ~243h? cos 150= 2L

1 mark: finds the
relationship between
PA and PB

Some mistakes came in the

49 evaluation process of this
cosine rule.
_ 2
RN ION L L 4i9
5 2 4 1 mark: uses cosine
T = 4a” rule to evaluate the
49 height of the post.
2a
s h=—— l1mark
747
(iii)
ik 1= : ,
. i Another easier approach to this
S question:
. C ”
Z Area of the triangle A =
In APAB,
% % (3h) x hsin 150 = %
sin150° _ sin & 2a
2a K= XW
A J3h
[ W3R) |7
sin150° _ sin @ W= {LTX X;
2% V3 x2a ) oo
7 7J7 Substitute h from (i) gives you
1 J7siné ) = _@
- = 7 1 mark: Uses sine rule 49
2 3 to find an expression
e 3 for sin 6
s sinf= —= 1mark
27
. w
In APAC, sinf = E
SLw=hsin®
_2a V3 _ \3a 1 mark: correctly
707 2T 49 evaluates width of the
1 mark river.




b)i) y=e"sinx
d
D e cosx+sin x.(— e"‘)
dx
= ¢*{cosx —sin x)
At stationary points, —Z—J; = (.
ie. e™*(cosx—sin x)=0
since, ¢ * # 0, then cos x = sin x.
ic.tanx =0
r iz 7
4° 47 4
(4n+)n
x _— e—
4

SX=

5 seers

max.. or min. when

n=0,1,2,.....
ie. infinite number of local maxima.

3

1 mark: For the proof.

Cosx—sinx=0
Cosx=sinx
Tanx =0  (notl!)

Wds a Very Common response.

You must get the stationary
points to get this mark,

(iii) (o) Aread; =

:]e"‘ sinxdx = -;-[e"‘(cosac+sinx)]?r
0

= Sla+0)-(-e7 +0]

= %(e‘”-l—l)

1 mark: for proof

Well done

(B) Areadr=

—;- [e *(cosx +sin x)];_(,:

- L1507 40]

- _;_I(_ e _e—2fr]
= %(e"m+e'”)

Successive areas will be
A+ Ay +As+ A+ ...,
ie. %(e’” +1) + %(e-m + e"”) +

[ - 1y _ -
E(e”+e 2:r)+_(e4:r+e3:r)+

.................

1 mark: Develops the
sequence for the sum
of areas.

The sequence must be
developed to get I mark.

No pattern can be identified if
vou are just given the first two
terms.

This is what a lot of students
had done. Gave the first two
terms and claimed that it is a
GP and surprise, surprise, they
can even find the common
ratio!




e ”(e'” +1) + e's”(e‘” +1) +

Now, 1+ e + e+ e+ ........
isa G.P. wherea=1, r=¢"
Limiting sum exists, since |r| <1.

a

= L(-
Now, 5., = - (e +1)(1—_—r)

1 mark: applies the
sum of GP to get the
required result

Fudging was the order of the
day with this part of the
question!!




