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PRELIMINARY EXAMINATIONS 2020

ANGLICAN HIGH SCHOOL
SECONDARY FOUR

ADDITIONAL MATHEMATICS 4047/02
Paper 2 28 August 2020 Friday
2 hours 30 minutes
Marking Scheme
la 2 [5]

. . y=mx"+(m=-3)x+m )
The equation of a curve is ~ ( ) , Where m 1s a constant.
q

Find the range of values of m for which the curve lies completely above the
X-axis.

Since the curve is completely above the x-axis,

the curve must be a quadratic curve with minimum point , @ >0

ac >4, a<0

B1
som>0
2
And there will be no point of intersection with the x-axis, b™ —4ac <0 Ml
(m=3)> —4(m)(m)<0
m? —6m+9—4m> <0
—3m? —6m+9<0 M1
2
2m-3>0
m-+im > N \ + Al
m+3){m-1)>0 = 71
(m+3)(m-1) N
m<-=3 or m>1
g0—
+—0 o
——tt— Al
3 01
Hence, > 1
1b o Ayie _ . [2]
Given that Y = %* YT € s always negative, give an example of values of a
and ¢ which satisfy the condition.
b> —dac <0
(—4)* —4ac <0
Ml




a=-landc=-5 or

a=-2andc=-2 or Al
a=-5and c=—1 or any pairs of values that fulfill the above criteria

2a 2x4+3x3+ax2—9x+9=(x2—1)(x—2)Q(x)—3x2+bx+c 1]
Given that
is an identity, state, with reason, the degree of Q(x) .
Since degree of dividend = degree of quotient + degree of divisor, B1 for

Q ( x) reason and

degree of =1 answer
ALTERNATIVE: Must multiply with x3 to give degree 4 in the polynomial on
the left.

2b Find the value of a, of b and of c. [5]
2x4+&f4wm2—9x+9:(x2—Q(x—Z)QCﬂ—3x2+bx+c
When x =1,
243+a-9+9=-3+b+c M1
a=-8+b+c ——————- Q)
When x = -1,
2-3+a+9+9=-3-b+c M1
a=-20-b+c ———————— (2)
(1) =(2):
-20-b+c=-8+b+c
-12=2b
b=-6
When x = 2,
32+24+4a-18+9=-12-12+c¢ M1
c=47+4a+24
c=4a+71 ———————— 3)
Sub (3) and b = =6 into (2) M1 for
a=-20+6+4a+71 solving
a=4a+57
a=-19
Sub a=-19 into (2) Al for 3
c=4(-19)+5 answers

c=-5




a=-19, b=-6, c=-5
2¢ 4 23, 2 [1]
Hence, find the remainder when 2X +3X” +ax” —=9x+9 i5 divided by
(3x-1)
_n4 3 2
Let f(x)— 2x 7 43x" —19x" -9x+9
4 3 2
fl:2lj +3l —19l —9l+9
3 3 3 3 3
(4)-28
3 81
326 BI
Therefore the reminder is 81 .
3a 4
P [4]
_ 3)(? _ 3y 10g3 A A
Giventhat 7 =2 and 977 | express 243 in terms of x and V.
_ X _ _2Y _ [M1 for
p=3"= x=logzp g=3"= y=logsq change to
log]
7
logs Pd_q log; p+log; g —logs 3
243 M2 for using
7
P9 rules
logy—=7x+y-5
B
Al
3b 4
logzx—logxxzzl—log82x 4]
Given that 3 , find the value of x by leaving your
answer in index form.
5 1 M1 for
log, x —log, x~ = 3 logg 2x power rule

logy x—2log, x =%—(log8 2 +logg x)

logzx—2(1)=%—%log88—logzx

log, 8
logy x— :l_%_logfx
3logy, x—6=—log, x
4log, x =6
logzx=é
2

and product
rule

M1 for
change of
base rule

Ml

Al




4a J6-5 [4]
Without using a calculator, express VI5442 i the form of a10+5\3 .
M1 for
6 -5 HVI5-~2
\/g_‘/g _ (\/_ \/_)(\/_ \/_) rationalizati
V15442 15-2 on
J6-5 3017 75410 "
= or
VI5+42 13 expansion
J6-5  310-243-5V3+10
5442 E M for
V65 _44T0-743 Pimpliyine
J15+42 13
V65 4 Jio_
oY P 10-—3 Al
Jis+y2 1370 13
4b [Ax v+ [3]
Without the use of a calculator, solve the equation V27" =817 =0.
/27% —81%*1 = 0
x M1 for
273 —81°*1 =0 converting
all terms to
X
(33 )§ _(34 )x+1 0 base 3
3% _ghx+d _ M1 for using
3X — 34x+4 lf am = an
then M =71
By comparing powers,
x=4x+4 (Al
4
X=—=
3
Sai | y:—‘3x—x2‘+4 . . [2]
Given the curve , find the x-coordinates of the points where
the curve meets the x-axis.
When y =0,
0:—‘3x—x2‘+4
M1 for

3x—x2 =4 or 3x—x2 =—4

considering




3x—x2—4=0 or 3x—x2+4=0
x2—3x+4=0 or x2—3x—4=0

b2 —dac = (=3)° —4(1)(4) or (x—4)(x+1)=0

b2—4ac= —70r x=4 or x=-1

positive and
negative

Al for
answers

Saii _ ’ 2’ [3]
y=—3x-x"|+4 ) )
Sketch the curve , giving the coordinates of the maximum
point and of the points where the curve meets the axes..
&4y B1 for shape
B1 for
coordinates
of max pt
and
x-intercepts.
B1 for
x labelling.
Sb . . . —’3x—x2‘=k—4 [2]
Explain why there are only two solutions to the equation for k
<1.75.
—‘3x—x2‘ =k—4
—‘3x—x2’+4=k
y= k B1
v =k s a horizontal line and when k is lesser than 2.25, it will be below the
turning point and so it will only intersect the curve at the two outer arms Bl
thereby giving two solutions only.
S¢ . . . . y=mx+ 1. [1]
Determine the maximum value of m for which the line intersects
y:—’3x—x2‘+4 i i
the graph of in three points.
4-1
m=——-
3-0
B1
m=1
6(i) Tx+11 [4]

N . AN2
Express (x a 1) (x * 2) in partial fractions.




A B C Tx+11
+ + 2~ 2
x=1 x+2 (x+2) (x—l)(x+2)

Let
2 _ [M1
A(x+2) +B(x—1)(x+2)+C(x—l)—7x+11 combining
fractions
when x =1, together and
94=T+11 equating the
B numerator]
A=2
hen X =2 [M1 for
when substitution
—3C=-14+11 or any other
method]
c=1
when x =0 [A2 for fully
44-2B-C=11 corrgct
partial
4(2)-2B-1=11 fractions. Al
B only if at
—2B=4 least two
B=-2 terms are
correct]
) Ix+11 2 2 N 1
. (x—l)(x+2)2 x—1 x+2 (x+2)2
6(ii 3
(i) I Tx+11 s [3]
Hence, find 2(x—1)(x+2) .
M1 for
I Tx+11 dx—lj 2 2,1 taking out
2(x_1)(x+2)2 2 x_]. x+2 (x+2)2 COfolClent
( ) ( ) 1 A2 for all
=ln(x-1)-In(x+2)- +c correct, Al
2(x+2) if at least
two terms
are correct
7 A piece of wire which has a fixed length of £ cm long is bent to form a [5]
rectangle. Show that the area of the rectangle is a maximum when it is a square.
Let the length of the rectangle be x.
k—2x [M1]

Breadth of rectangle = 2

Let area of the rectangle be 4.




A xk —2x°
2
A 1 xk —x°
2 [M1]
4 1
a4 =—k—-2x
dx 2
[MI]
d_,
At the stationary value, dx
lk -2x=0
2
2x = K
2
p=k [M1]
4
> [Al]
d '24 =-2<0
dx
Therefore, since the stationary value occurs when the sides of the rectangle are
k
4 ¢m, and it is a maximum value, the maximum area of the rectangle occurs
when it is a square.
8 —5)=
Given a circle with the equation (2x+ 5)(x+ 2) +(2y * 1)(y 5) 0 ,
8(i) | Express the equation of the circle in standard form. [5]
2x+5)(x+2)+(2y+1)(y-5)=0
(25+3)(v+2)+ (2 +1)(r-5) -
expansion
2x* +9x+104+2y* =9y -5=0 and
simplificatio
n
2x°+2y" +9x-9y+5=0
M1 — for
x2+y2+2x—2y+§=0 getting the
2 2 2 centre and

radius




2 2 2 2
Pardxr[ 2] 92 2i[2) 22242 42 Al]
2 4 2 \4 4
2 2
[x+3 +(y_2 _ol [Al]
4 4 8
(_ 99 j [A1]
Coordinates of centre = \ 4 4
61
Radius of circle= ¥ 8 units
3035
X+=| +|ly-—=| =—
Equation of circle, 4 4 8
8(1) Find the length of the chord when the line V' = ~2X Cuts the circle. [5]
y=-2x (1)
(=303 -5
X+=| +|y-—=| =—
4 4 8 -(2)
Sub (1) into (2) [MI for
substitution]
9y 9" 6l
X+—| +| 2x——| =—
4 4 8
, 27 5
X+ rx+o=0 [M1 for
solving]
10x* +27x+5=0
(5x+1)(2x+5) =0
1 5
X=—— or x=—-—
5 2
5775
when [A1 for
x=—§,y=5 correct
when 2 coordinates]|
(4259 [
Thus the coordinates of the end points of the chord are 5 5) and \ 2




[AT]
2 2
{3+
Length of chord = 10 3
= 5.14 units (to 3 s.f)
9ai | o e the identity SinXcosx+cotxcos’ x=cotx [4]
LHS = sinxcosx+cotxcos’ x
[M1]
= cos x(sin x + cot x cos x)
[M1]
= cosx(smer cos xj
sin x
= cosx(s1nx+ j
sin x
— COS X S11’1 x+cos X [Ml]
sin x
[AT]
=cosx| —
(smx]
=cotx — RHS
Or
LHS = Sinxcos X+ cot xcos” x [M1]
. cosx
=5in X cos X + ——cos” X
sin x
< 2 3
_sin®xcosx  cos’x
sin x sin x
_sin® xcos x +cos’ x [M1]
sin x [Ml]
[AT]

cos x(sin2 X +cos’ x)

sin x
cosx(1)

sin x

=CotX —RH




10

Jaii Hence, solve Sin3xcos3x+cot3x cos’3x=1 for 0<x<7 3]
Since SiNXCOS X +cot xcos’ x = cot x
Therefore, SIN3xC0s3x+cot3x cos’ 3x = cot 3x
and
[MI]
sin3xcos3x+cot3xcos’3x=1 = cot3x=1
0<x=<nm
0<3x<3m
[MI]
Let the basic angle be &
tana =1
T
o=—
4
3x =%, T +%,27r +—
[Al]
3= E % 0%
4 4
n St 3¢
X=——, 7T,
12 12 4 (a4
9bi X [5]
=3sinx-1 y=tanz
On the same axes, sketch the graphs of ¥ = and for
0<x<2rm
For tan
] curve,
[B1] for
2 } shape,
Y [B1] for
asymptote
/ . For Sine
0 Tr 21 o curve
. , [B1] for
shape
-2 [B1 for
correct max
\ and
minimum

values




11

[B1] for
correct
period for
both graphs
[subtract
Imark for
wrong or no
labels for
axes or
functions]
9bii 1
3sinx—1=tan> 1]
Hence, state the number of solutions of 2 for 0<sx<2rm
From the sketch, the two functions intersect at three points. Hence there are [B1]
three solutions for the equation for 0<x <27
10a | Two particles, 4 and B, leaves a point O at the same time and travel in the same | [3]
direction along the same straight line.
Particle A4 starts with a velocity of 9 m/s and moves with a constant acceleration
of 2 m/s%.
Particle B starts from rest and moves with an acceleration of @ m/s?, where
t
a=1+—
3 and ¢ seconds is the time since leaving O. Find an expression for the
velocity of each particle in terms of 7,
For Particle 4,
vy =[2adt
v y=2t+c
Whenr=0, ¥4 =9
c=9
v =2t+9 Bl
For Particle B,
t
vp=||1+—=|dt
B .[ ( 3} M1
%)
vgp=t+—-1"+c
B
When t=0, VB =0,
c=0 Al
%)
vg=t+—t
B=""%6
10b [ an expression for the displacement of each particle in terms of z, [3]

For Particle 4,




12

sq=](2t+9)dt

SA:t2+9t+c

When t=0, $4=0
c=0
Sy 212+9t

For Particle B,

SB=I(t+%t2jdt

1o 13

=t +—1" +
BTN TR TS
When t=0, 5B =0,
c=0

12 13

2 18

Bl

Ml

Al

10c

the distance from O at which particle B collides with 4,

[3]

When particle B collides with particle 4,
S4=SpB

2=t 1
2 18

1862 +162¢ =912 + 13

£ 9> -162t =0

t(t2—9t—162):0

t1(1-18)(t+9)=0

t=0(N.A.) or =18 or r=-9(N.A))

(18)* +9(18)

Distance from O = =486 m

Ml

Ml

Al

10d

the speed of each particle at the point of collision.

[2]

Speed of particle 4 = 2(18) +9=45m/s

(18)+ - (18)> =72 m/s
Speed of particle B = 6

Bl

B1
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i Given that 84 =P and that 4 is acute, express the following in terms of p.
i sin 24 [3]
M1 for
getting the
I length of
1-p’ opposite side
P M1
sin2A4 =2sin Acos A Al
=2py1-p’
Or
cos’ A+sin’ A=1
sin® A=1-cos” 4
M1
sin®A=1-p°
sin A =4/1-p* (reject negative as A is acute) Ml
Al
sin2A4 =2sin Acos A
=2p1-p’
ii [3]
COS—
2
A
cosA:ZCoszz—l M1
A cos4+1
cos—=x=
2 2
cos—== P ;1
M1 for
A +1 A +1 rejection
cos==— 22 cos= = |22 Al
2 (rejected) or 2
12

— Q2% _ .
The diagram shows the curve, ¥ = de 10 The curve crosses the *— axis
at Q . The line PR is a tangent to the curve at R and intersects the X — axis

at P . The ¥~ coordinate of R isIn2

[11]




14

Find the area of the shaded region, POR , which is the region enclosed by

curve, the X — axis and the line X — axis and the line PR correct to 3
significant figures.

~_p )

W gy

At R, x=In2

y=4¢2M2_10=—9
R(In2,-9)

Bl

y= 472 ~10

Y _ 4(-2)e =8 >
dx

—2In2
Gradient of line PR=-38¢ =2

Equation of line PR

y—(-9)=-2(x-In2)
y==2x+2In2-9
y=-2x-7.6137

Ml

Al

At P, y=0
0=-2x+2In2-9

x=ln2—2

=-3.8069

P(ln2—2,0j
2

Bl

AtQ,yZO




15

0=4de2*_10 M1 — change
index form
4¢72 =10 to log form
e—2x _ é
—2x= lné
2 Al
X= —llné =-0.45815
2 2
1.5
——In=.,0
o-5n3)
Area of the shaded region, POR M1
= Area of the triangle — Area between the curve and the X — axis
1 9 In2
Area=—x|(n2)-| m2—— | |x(9)-| [ (4e72-10)x M1
2 2 s
) P
- In2 M1
8L s —10x} L
4 L —In>
22
_2(_11n5j
_81 [—2521“2 —101112}— 2e V202 —10[—11115] Ml
4 2 2
:%—\—7.01295\
Al

—13.23705 =13.2 units>




