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READ THESE INSTRUCTIONS FIRST

Write your index number and name in the spaces at the top of this page.

Write in dark blue or black Pen.
You may use an HB pencil for any diagrams or graphs.
Do not use staples, paper clips, glue or correction fluid'

Answer all the questions.
Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place

in the case of angles in degrees, unless a different level of accuracy is specified in the
question.
The use of an approved scientific calculator is expected, where appropriate.
You are reminded of the need for clear presentation in your answers.

The number of marks is given in brackets [ ] at the end of each question or part
question.
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Identitie.t

Formulae for LABC

Additional Mathematics

Quadratic Equation
For the equation ax2 + bx + c = 0,

-b+

Binomial expansion

(a+b)' = 6' a

Mathematical Formulae

1. ALGEBRA

b' - 4ac

2a

(;)*''.(;),''u' . .(:),^ 'b' + +b',

where n is a positive i",.c., -d (;)
nt _n(n-l)...(n-r+1)

rl(n - r)r. rl

2. TRJGONOMETRY

sin' I + cos2 l=l
ser'A=l+tan2 A

cosec'l =l+ cotz A
sin(l + B) = sin ,,{ cos B + cos lsinS
cos(l +,8) = cos lcosB + sin lsinB

t,,,,( A + B\- tan '{ t tan B

l+tanltanB
sin2A = 2sn Acas A

cns2A = ms2 A-sin2 A = 2cos2 A-l=l-2sin2 A

turz,l= ztn!
l-tar, A

b ca

stnA sin-B sin C

a2 =b2 +c'-2bccosA

A = laDsinC
2

PartnerlnLearning
1'a.L
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1 The area ofa trapezium is @ *Ji) cm2. Giventhat the length of thetwo

parallel sides -" (r * ..6) cm aoa ( ..6 - ) .rn, express the height of the

traoezium in the form @!{\cm, where a, b and c areintegers.

[c )
t4l

PartnerlnLearning
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) (a) Find the first four terms in the expansion of ( Z - lx )8 U ascending

powers ofx. t2l

(b) Hence, estimate the value of 1.78and explain ifthis is a good
estimation? t3l

PartnerlnLearning
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The equation ofa curve is y = x2 -lac-s,where * is a constant, and the

equation of a line is y + 4x = -2 .

(i) In the case wher e k = 6 , find the coordinates of the points of
intersection ofthe line with the curve. t3l

(ii) Show that, for all values oft, the line intersects the curve at two

distinct points. I2l

PartnerlnLearning
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4 Solve, for x andy, the simultaneous equations

9',(27)v =1,

(J\', *di)'=zJi.

Additional Mathematics

t6l

PartnerlnLearning
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5 (a) Explain why (r + 2) is not a factor of 6x3 - x2 +2x+3 '

6x3-x2+2x+3 - - C D
(b) Express T in the form h)c+B+-+-. 

I

tll

tsl

PartnerlnLearning



BP- 140

Greendale Secondary School 8 S3 Express
End-of-Year Examination 2021 Additional Mathematics

=4 . t3l

t3l

6 (a) Without using a calculator, show that
log. 5 x log59

logorT

(b) Solve the equation 2logr3+logr(9y-2) =logr8.

PartnerlnLearning
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7 (a) Sketch the graph of y =loer(x-2) , for x > 3 , stating your r-intercept

clearly. t2)

(b) A company's share price, $P, has been increasing each year'

The compary claims that this increase is exponential and can be

modelled bY an equation of the form
P = leb ,

where t is a constant and r is the time in years since the company was

formed.

Find
(r) the initial value of the company's share, t1l

(ii) the value oft if, after 5 years, the value ofthe company's share

has doubled,

(iii) Using the value of t in @ii), the value of , when the value of the

company's share is 200% more than its original value'

t2)

12)

PartnerlnLearning
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8 The diagram shows a quadrilaterul ABCD in which lD is parallel to BC and
angle DAB = 90o.
The point .B is (5, 4) and point D lies on the y-axis .

The equation of AD is y =3x+1 .

v

B(s,4)

x

C

(i) Find the coordinates of D. tll

(ir) Show that the coordinates of Aarc(1.4,5.2). t4l

A

D

o

PartnerlnLearning
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Question 8 continued

(iii) Itis glenthatM (4,1) is the midpoint of .BC frnd the coordinates of tll
C.

(iv) Find the area of trapeznrn ABCD. 12)

PartnerlnLearning



BP-144
Greendale Secondary School 't2 S3 Express
End-of-Year Examination 2021 Additional Mathematics

9 (a) Find the value ofp and ofq for which the solution set of
ax2 + px - q < 0 is represented on the number line below stating any

assumption made for a.

t3l
J

PartnerlnLearning
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Question 9 continued

(b) Peter throws a stone such that its height, i mefes, from the ground at

time I seconds, is given by the equation h=-2t2 +3t+1 '

(i) Express the function in the form h= a(t - p)' + q .

(ii) Explain why the stone will never reach a height of 2.6 metres' t2)

t3l

PartnerlnLearning
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10 (a) Find the value of ft for which the coefficient of -x3 in the expansion of
(l+hx)6 +(2-x7' is72o. 14)

PartnerlnLearning
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Question 10 continued

15 ca ress

Additional Mathematics

(b) (r) Find the general term in the binomial expansion of
4--,
x

(ii) Hence, determine the term independent ofx in the expansion of

6

tll

t3l

6
4

x
ir+
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x 1 2 3 4 5

v 0.566 0.80 2.26

End-of-Year Examination 2021 Additional Mathematics

11 It is known that x and, y are related by the equation my =n(2*),where m

and /, are constants.

(D Plot lg y against .r and &aw a straight line graph. l2l

I

. r I r rl_#++
1r+l+

t fit1t
III

III
II

I

T
I

144

1.13 | 1.60

1

I

l

)

I

I

i +-.
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Question 11 continued

(ii) Use your graph to estimate the value of each ofthe coDstants rll and of 14)

n.

(iii) Use your graph to find the value of y when .r = 2'3 ' t3l

PartnerlnLearning
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12 T1ne function f is defined by f(x)=v3 +hx2+lrl--3.
(i) Given that (r-:) t a factor of f(r) and that f (r) gives aremainder

of -4 when divided by (r + 1) , show that the value of k = -2 and

h=-2. tsl

(iI) Hence, factorise f (,x) completely and show that f(x) =0onlyhas one

solution. t4l

Partnerln Learning
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13 The negative.r-axis and the line y = 10 are tangents to a circle Cr'

(a) Find the radius of C1 and the 7-coordinate of the centre of Cr.

(b) The line / is a tangent to O at the point P.

The point P has coordinates (-7,9) .

Given that the centre of O lids below and to the right ofP, find

(i) the equation of Ci,

(ii) the equation of i.

End of Paper
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Process l arkM

ec0

I
(zz..'6) = ](r...6+:.6-s),. 

I

2b7 +J,\
\ / _L

=---=--:__...- 
_ rl

(t * Js * sJs -s)

h
2 zt *Ji)
4+4Js)

(zt *Ji)"(-z-zJi)
(-z*zli)"(-z-zli)
-s4-2J: -s4Jt -to

M1

M1

AI

M1
(ec0

(

4-20

-64-s6Js
-16

8+7..6
2

4m

2(

2(b

)a (z -:r)'

= (l)t'r t-"r.1
8

I)trl't-,1'.[l)
(2r (-3x) .[!)t'r t-"r3Ml

A1

)
= 256 - 3072x + 16128x2 - 48384i +...

Sub x = 0.1

1.78

= 256 - 307 2x + l6l28x2 - 48384x3 +...

= zse -30tz(o.t) + 16I2s (0.1)'z - aara+(0. t)' +...

= il.aq6 t7712 I et81t25 t25

This is a bad estimation as the above estimation is not very close to

the exact value of 1.78 = 69.75'75 .

(or AS the powers increases, values gets bigger, therefore tle values

M

A

1

B 1

PartnerlnLearning
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a Process Mark
3(i) x'-6x-5=4x-2

x'-2x-3=o
x = -l,x =3

When r = -1,
y=4(-r)-2

When

y=+(t)-z
= -14
(-1,2),(3,-14)

M1

A1,A1

3(ii) x'-b-5=4x-2
x'-b+4x-3=o

D =(

=(

-k+4)'-4(1X-3)

-k+4)'z+12

Since

points

>0
(-k+a)'z+t2 > 0 , the line intersects the curve at two distinct

M1

A1

5m

PartnerlnLearning
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Process Mark

BI

M1

A1

Ml (ecf)

A1,A1
6m

4 9'(Zt1t =1---r,
(Ji)" * (Ji)' -- 2J, - - - (2)

From ( 1):

3" 13rr; = 3o

2x+3Y =0---13t,

From (2):

313
2iY :21'=22

2

3 13
11v

3y-x--3

-x+3Y =3---(4)

PartnerlnLearning

a

(3) - (2) :

(2x+3y)-(-x+3y)= o-:
3x=-3
x=-1

When .r = -i,
-(-t)+3y=3

5l=t
2

'3
2

x = -I. y = -
J
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6x3 - x2 +2x+3 =6*_'*Y!ix' -l
8x +2

(x+t)(x-l)
sx+2 = C(:+1)+D(x-l)

Whenx=1, Whenx=-1,
8(r)+z=2c s(-t)+2=-2D

C=5 D=3

Additional Mathematics

Mark

B1

M1
(long division)

A1

M1

A1

B 1 (ecf)

6m

4049

Process
(5 a)

)s(b

(f 1 6 1 1 +2 -2 +3) (
3

) ( ) ( )

= -53
Since /(-2) * 0, so (x+2) is not a factor of
6x3 -x2 +2x+3

6x -1
x' -l 6x3 -x1 +2x+3

6x3 + 0x2 -6x( )

-x2 +8x+3

-(-x' + 1 )

CD
= 

-+-x-l r+l

PartnerlnLearning
156

a
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MarkProcess

M1
(change of
base)

M1

t obtain I at'2
denominator)
A1

logorT

lo8r5*lon.9
logr 3

= 2logt3'

I

logr 9
1

2

loB: 5xlogr9

4

logr 49

6(a)

= 2logt32

1

logr 9

I

2

4

log, 5xlogr9

logr 49

logo"1

lon.5"log,9
logr 5

Ml (power
law)

M1

AI

2logr 3+ log, (9y - 2)= log, A

1og, 3'z +log, (9y -2) =logr2'
logrg+log,(9y-2) =3

1+ log, (9y - z) = I
bs,(ev-z)=z

9Y -2= 52

9Y =21

l=3

6(b)

6m

PartnerlnLearning
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5

t = 7 .92yeus

Additional Mathematics

Mark
Shape - B 1

.r-intercept -
B1

MI

A1

A1

Process
7(ai)

7(biii)

(bD

(bii)

7

7

b2

24=8e 5

ln2

-t3=e5

y3=Wy
5

ln3
'- l, 2

M 1

B1
When r = 5,

16 = Set(s)

.t _ ^5*

ln2 = 5k

, b12

5

[ = 0.1386...

= 0.139

24 = g"o ttsa'

^ 01186,

ln3 = 0.1386t

0.13 86

t =7.9264...

= 7.93years

t
ln3

if student round off to 8Also
7m

PartnerlnLearning
'l 58

When r = 0,

P = 8e*(o)

P=8
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Process
AtD,x=0

7=3(o)+t
t=l

D(0,1)

m---3
1m,^=--
J

y-4=-:F-s)
l5v-4=--x+-'33

v
rt7
JJ

Mark

Ml (either .r
ory is
conect) (ecf)

A1

BI

MI

8(i)

8(ii)

ec01(M

ABofEqn

M 1

srb, = - 
1 r* 17 

into v =3x+1'33
l17

---r + - = J.r + I33
10 14

JJ
x =1.4

Sub x = 1.4,

y=:(1.4)+t

Y =5.2

A(1.4,s.2)

c (3,-2)
8(iv) Area ofTrapezium

1.4s3
5.2 4 -2

8(iii)

0l

1l

ll0
2lr

= jKo * r.u -to +3)-(o +12 + 26 +1.4)l

=!l-Z-rn.ol2ls I

= 20.4units2 A

o. ]1.ffi.Jao),Jm
= 20.4unit2

8m

PartnerlnLearning
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Mark

8m

e(

End-of-Year Examin alion 2021 4049

Process
Fora>0,

(x+z)(x-7)<0
x2 -7x+Zx-14<0

x'-sx-14<o
.'.a>0,P=-5,q=l!

e(bi)

)A

Additional Mathematics

B1,81, B1

h=-2t2 ++3t +l2t'h=- 3t +7

-1r l*t'r)

)'-(-i)'].,

Ml for
(x+2)(x-7)
seeD

M1

A1

MI

A1

='(r=-r(r -1,-!)L)) M I

,[(

,[[

-r(,

Jt--
4

3t--
4

I

'r7
2

3

I] or =,[[

=,[(

3

4

3

4
+1

2 4

2

2

9

16

1
4

l6

t7+-
8

=r(,-i) 17+-
8

e(b iD Maximum height

=17
8

=2.125m
Since the maximum height the stone can reach is 2. l25m
which is shorter than 2.6m

PartnerlnLeaming
160
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Mark

(1+hx)6 +(2-x)1

= 
[l)r,r r*r' 

. 
[l)t,r t-,r

=...+ 2oh1 I +(ls)(to)(-l)

= ...20h3 xl - 560x3...

.'.20h'-560=720

h3 =64
h=4

Ml,M1

M1(ecfl

A1

10(a)

Bi4-=
x'i., = [i)r,r" I ) ", r., =[l)t,y'-"{a)'10(bi)

M1

A1

B1

To find the value r for independent term,
6- r -2r --0

-3r ---6
r =2

Independent term

240
[l)t'r

10(bii)

8m

PartnerlnLearning
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o Process Mark
11(D .x I 2 3 4 5

v 0.566 0.80 1.13 1.60 2.26

lg -0.2472 -0.0969 0.0530 0.204 0.3541

Points -
BI
Line - 81

End-of-Year Examinalion 2021 4049 Additional Mathemalics

PartnerlnLearning
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t
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t
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{
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Mark

l l(ii) my n(2^)

*,=*(;)

rer=re[')
\m)

+(mx)lg2 M

M

1

+mlg2(x) I

gradiefi = mlg2

0.3 - -0.3)
= mlg2

4.1-0.6

W*(re2)=^

m=0.48613...

m=0.486

A1
(accept m =
0.486 to 0.631)

y-intercept -lg(*)

(n
( o.+aor r-0.39 = lg

r = 0.19803...

n = 0.198
A1
(accept n --
0.198 to 0.263

9m

End-of-Year Examinalion 2021

x=2.3
lgv = -o.os

Y=10{05
= 0.891

4049 Additional Mathematics

(iii)1l
B 1 (value for lg

v)
Bl (lod'"t'* )
B I (accept
0.871 to 0.912

PartnerlnLearning
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Process

r2(ii)

4049 Additional Mathematics

Mark

M1

A1

MI

AI

A1

M1

MI

M1 (ecf)

A1

2(DI f (x)= a1 
"7"2 

*1o-'
f(3)= o

(l)'+ l(:)' +r(3)-3 = o

27 +9h+3k-3=0
th+3k ---24
th+k---8

f(
(-r)'+l(-r)'+r(-t)-3

-1+ h- k
h

=4
=4

-3--4
*k=0

h=k
;.4h = -B

h=-2
k= -2

f (r) = a3 -2x2 -2x -3
f(x) =(x-3)(r'?+6r+l)

By comparing coef ofx2,

-3+b=-2
b=1

f(r)=(r-3)(x'?+x+1)

Y=x2 + x+l

o=(r)'-40X1)

=-3
<0

Since D < 0 , there is only one solution for f(r)

I )

9m

PartnerlnLearning
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a Process

13(a) The value of the radius is 5.

The coordilate ofthe centre of the circle is 5.

Let the x coordinate ofthe centre be a'

Let the centre be (a, 5)

Equation of circle:(x - a)' + (y -s)' = zs

Whenx=1,y--9:

(-l -o)' +42 =25

(-7)'z +L4a+a2 =9

a2 +l4a + 40 =0
a=4ora=-10(rei)

Equation of circle :

(x+a)' +(y-s)2 =25 or

x2 +8x+ y2 -10y+16=0
Let the centre of the circle be l.

9-5m,^=-
-7 +4

4

3

J

4049 Additional Mathematics

Mark
B1
B1

13(bi)

M

M

1

ec01(

ec01(

ec01(M

ec01(M

I

1A

B

13(bii)

v

4
3

=-x+c
4
3

9 (-t)+ c
4

57

4

Equationo,r",, '. y 357
=-x+

4 -Or 
y=-X

4'4 +t+1
4

3 A

PartnerlnLearning
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