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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax® +bx+c =0,

—b++b* —4ac

B 2a

Binomial expansion

n n R
(@a+b)" =a" +[1Ja"“b+{2}z"‘2b‘ +..,+(n}1""b’ +...+b",
r

' _ V.
where 7 is a positive integer and Pla_n___re—D. @ 1)
r) ri(n-r) r!
2. TRIGONOMETRY

Identities
sin® A+cos’ 4=1
sec’ 4=1+tan’ 4
cosec’4 =1+cot” 4
sin(4 + B) =sin Acos B £ cos 4sin B
cos(A4 + B) =cos Acos B Fsin Asin B
tan 4 + tan B

l1F¥tan Atan B
sin24 =2sin Acos A

cos2A=cos? A—sin’ A=2cos’ A—-1=1-2sin” 4

tan(4+ B) =

S P
1-tan” 4

Formulae for AABC
a b c

sin 4 B sin B - sinC
a’=b*+c*>—-2bccos A

A= —l-absinC
2
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1 The area of a trapezium is (27 w5 ) cm?. Given that the length of the two
parallel sides are (1 3-f5 ) cm and ( J5- ) cm, express the height of the

a+b\/_

c

trapezium in the form [ J cm, where a, b and c are integers. (4]
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2 (a) Find the first four terms in the expansion of (2 —?:)c)8 in ascending

powers of x. [2]

(b) Hence, estimate the value of 1.7°and explain if this is a good
estimation? [3]
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3  The equation of a curve is y = x* —kx -5, where k is a constant, and the

equation of a lineis y+4x=-2.

(i) Inthe case where k =6, find the coordinates of the points of
intersection of the line with the curve. [3]

(ii)  Show that, for all values of , the line intersects the curve at two
distinct points. [2]

PartnerinLearning

-

BP~137



BP-~138
Greendale Secondary School 6 S3 Express

End-of-Year Examination 2021 Additional Mathematics

4  Solve, for x and y, the simultaneous equations
9*(27)" =1,

(W2)” +(\2)" =242. [6]
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5 (a) Explain why (x + 2) is not a factor of 6x° —x* +2x+3. [1]
ox?+2x+3 .
®) Bapress S 2T o e oy o Bt (5]
x -1 x—1 x+1
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1
6 (a) Withoutusing a calculator, show that 198 R0 =4 . [3]
log,, 7
(b) Solve the equation 2log, 3 +log, (9y-2)=log, 8. (3]
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7 (a) Sketch the graph of y =log, (x—2), for x >3, stating your x-intercept
clearly. (2]

(b) A company’s share price, $P, has been increasing each year.
The company claims that this increase is exponential and can be
modelled by an equation of the form
P=8¢",
where k is a constant and ¢ is the time in years since the company was
formed.

Find
(i) the initial value of the company’s share, (1]

(i) the value of k if, after 5 years, the value of the company’s share
has doubled, [2]

(iii) Using the value of k in (bii), the value of # when the value of the
company’s share is 200% more than its original value. [2]
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8 The diagram shows a quadrilateral ABCD in which 4D is parallel to BC and
angle DAB = 90°.
The point B is (5, 4) and point D lies on the y-axis .
The equation of AD is y =3x+1.

Y
A
A
B(5, 4)
D \
> X
0
C
(i) Find the coordinates of D. [1]
(ii) Show that the coordinates of 4 are (1.4, 5.2). (4]
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Question 8 continued

(iii) It is given that M (4, 1) is the midpoint of BC, find the coordinates of (1]
€.

(iv) Find the area of trapezium ABCD. [2]
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9 (a) Find the value of p and of g for which the solution set of
ax’ + px—q <0 is represented on the number line below stating any

assumption made for a.

—e
| [3]
4
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Question 9 continued

(b) Peter throws a stone such that its height, h metres, from the ground at
time ¢ seconds, is given by the equation /= 22 +3t+1.

@ Express the function in the form h=a (t - p)2 +q. (3]

(i) Explain why the stone will never reach a height of 2.6 metres. [2]
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10 (a) Find the value of 4 for which the coefficient of x° in the expansion of
(1+hx)° +(2-x)" is 720. [4]
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Question 10 continued

6
(b) (i) Find the general term in the binomial expansion of [x +i2) : [1]
X

(i) Hence, determine the term independent of x in the expansion of

(=+3)
x+—2- .
X (3]
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where m
2.26

H]

n(2™)

1.60

1.13

16

0.80

0.566

Yy
Plot lg y against x and draw a straight line graph.

and »n are constants.

@

11 1t is known that x and y are related by the equation my

Greendale Secondary School
End-of-Year Examination 2021

148

T T Y ’ ' " - ey
N " I 0 5 i Joind 44 i
. £ w + . = w T {
000 i O 5 A 5 i ; F R - Bt el 22
A ﬂ e e : ot L z :
+ - i ? g o —— ah . i & ¥
MR B ] ey T ‘ 8 : : i
oy - + t g ¥ ¥
11 ] H . 1.3
? L4 i 1 24 s i
b ot + AR e e -
Aot b4 28 i 3 x
1. IS AR 3 i :
1 i i D & ! 2 et ?
Tt it b 854 :
E EESaE BE : T 8 B ¥
3 i 4 {5 4 i
4 i M1 1 ;
- o e e D ek - ? t o 4
T ] b i : i 3 =7
o > .
A G ey m . ! .
- b : i ;
™ i ¥ % %
= i 4 5 4
o : =Y “ﬁ i H
- S i o i . 3
ey .. i s s oo
3 :
7
: -t
dieh i1 -
Lt by R e S O SR (AP A B e
[ . - - i
e todd 4 H “ %
dnypo —+ 4 ) = b
i : 2
- G e 3
i i ; )
g % b der feadfo e -
28 o : L]
foufoa + -
+ -
ik L H B
it H t ¥ o
1 i T b
1 > oot b ¢
i ¥ ; &
- - -
g ol c
: F4-ty =y
BEET ERaFASE =
A A BF W A R O 55 - gt s .‘_T‘.me..‘
b et ke
+ g % ﬁu
m. B i 5 . - .
§ v
: i b S
i <
P4 T o 2
= B s e - %

e e 28 2oL L8 “we frer. e >
fes i z :
I £y I £ i
4 o i
= . —- .,y
i X 7
i S 0 0 i ! : i
t ¥ b i 1 1 5
IO : . ‘ y o “j T :
0 1 g i | 1 : ! § ik ¥ i
B8 1 ! il i ! re 4 i i




BP-~149

Greendale Secondary School 17 S3 Express
End-of-Year Examination 2021 Additional Mathematics

Question 11 continued

(i) Use your graph to estimate the value of each of the constants m and of  [4]
n.

(iii) Use your graph to find the value of y when x=2.3. [3]
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12 The function fis defined by f(x)= X +hx? + k-3,
()  Given that (x—3) is a factor of f(x) and that f(x) gives a remainder

of =4 when divided by (x+l), show that the value of k£ =-2 and
h=-2. [5]

(i) Hence, factorise f (x) completely and show that f(x) =0 only has one
solution. (4]
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13 The negative x-axis and the line y =10 are tangents to a circle C;.

(a) Find the radius of C; and the y-coordinate of the centre of C. [2]

(b) The line / is a tangent to C; at the point P.
The point P has coordinates (-7,9).

Given that the centre of C; lies below and to the right of P, find

(i) the equation of Cj, (4]

(ii) the equation of /. (3]

End of Paper
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Marking Scheme
'Q  Process ~ Mark

1 (27445) =L 14 B 345 5] -

2(27+J§)
(1+«/§+3\/_5_—5)

=h

(27+J')

"= (—4+4J_)
_(27+45)x(-2-245) M1
~(2+245)x(-2-245) (ecf)
 —54-245-5445-10
- 4-20 .
_ —64:1566J§ (ech)
_ 8+7\/§
== |
Al ,

-(3)er e +{} 0 [j(z)( <[5 (o M

| =256-3072x+16128x" —48384x’ +..
2(b) Subx=0.1

1.7
| =256-3072x+16128x* —48384x> +...

= 256-3072(0.1)+16128(0.1)" —48384(0.1)’ + M
—ELESE L L gl s Al
- 125 125

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

 the exact value of 1.7° =69.7575 . Bl
~(or AS the powers increases, values gets bigger, therefore the values
_ cannot be ignored....)
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Q  Process Mark

31) x*-6x-5=—4x-2 '
| X -2x-3=0 ™
x=-Lx=3
When x =—1,
y= —4(—1) -2
=2
When x =3,
y=-4(3)-2
=-14 ;
| (-12),(3.-14) |
3(i) x* — k=5 =—4x-2 |
X —lx+4x-3=0 :
D=(~k+4) -4(1)(-3) ‘Ml
=(—k+4)" +12
>0 :
| Since (—k + 4)2 +12 > 0, the line intersects the curve at two distinct | Al
___points. -
| o . Sm
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Q  Pproces ‘Mark
4 | 927y =1-—-(1)
WD) (2 =2V2-—-)
From (1):
32x (33_})) e 30 |
2x+3y=0---3) Bl
From (2):
2, L. 2
22 & 22 - 22 | Ml
S be B |
MY
3y—x=3
& Al
—x+3y=3-———(4)
3)-@):
(2x+3y)—(—x+3y)=0—3 M1 (ecf)
3x=-3
x=-1
When x = -1,
——(— 1) +3y=3
3y=2
"
¥ 3
— 1 s 2 i
MRS (Al Al
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x* —I)6x3 T N

—(6;:3 +0x> —6x)

—x?+8x+3
—(—x2+1)
8x+2
| o~ +2x+3 8x+2
: 3 :6x-‘1+2—
x -1 x -1
8x+2 c D

(x+1)(x-1) x-1 +Jc+l
8x+2= C(x+l)+D(x—I)

When x =1, When x = -1,
8(1)+2=2C  8(-1)+2=-2D
C=5 =3
6x°—x*+2x+3 50V 3
3 =6x—14+—+—
x -1 o x-1 x+1

Greendale Secondary School 4 S3 Express
End-of-Year Examination 2021 4049 Additional Mathematics
. Q  Process _ Mark
S@ | f(=2)=6(=2) —(-2)" +2(-2)+3
| =-53
Since f(-2)#0,so (x+2)is not a factor of 'B1
L 6x° —=x® +2x+3. - g
5(b) 6x—1 ‘M1

 (long division) i

Al

M1

LAl

e B1 (ecf)
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Q1 _  Poees .. Mark
6(a)  log;5xlog,9 ~ log, 5x log5 9
- log, 7 - log,7 |
10g35><10ﬁ2 logss><log5‘3"' Ml
_ log, S _ log,3 (change of
1 1 base)
log, 49 log, 49
_ log, 9 _ log, 9 M1
1 1 1
‘ 2 | 2 (obtain 3 at
=2log, 3’ =2log, 3* - denominator)
__ =4 = [AL O |
6(b) 210g93+10g5(9y 2)=1og,
log, 3> +log, (9y —2) =1log, 2’ MY (power
log, 9+logs(9y-2)=3 law)
1+logs(9y-2)=3
logs (9y—-2)=2
9y=2="5" M1
9y =27
y= 3 Al
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Q] . Process ~ Mark
7(ai) : 5 Shape — B1
i i x-intercept —
Bl
(i)
7(bii) When 7 =5,
16 = 8+ Ml
2=¢*
In2 =5k
p=m2
5
k=0.1386... f
L =013 LAl
7(biii) ‘ 2
24 = g0 13860 24=8e° Ml
In2
3 = Q013861 | 3= eTr
In3=0.1386¢
| In3= L t
- In3 ; 5
0.1386 ' o ln_3
t=7.9264... | ~ In2
=7.93years ‘ 5 Al
t= 7.9_2__years

| Also accept if student round off to 8 years.
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8G)

IOl

Suby=—%x+-13l into y =3x+1

—lx+£=3x+l
3 3

Sub x =14,
y=3(14)+1
y=52

A(1.4,52)

8(ii)

=

'b"("j',—z)
Area of Trapezium
10 1.4 5 3 0‘

"2l s2 4 2 1

=%|(0+5.6—10+3)—(0+12+26+1.4)|

=l'~1_39.4)
2] 5

= 20.4units>

o %(m+m)xm

- =204uie®>

Greendale Secondary School T S3 Express
End-of-Year Examination 2021 4049 Additional Mathematics
Q  Process ~ Mark

' BI

Ml (ech)

M1 (either x
oryis 5
- correct) (ecf)

Al

Bl

‘Ml

Al
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0 Process S — __w__mMarkW
9(a) Fora >0,
| (x+2)(x=7)<0
x*—7x+2x-14<0
x’—=5x-14<0
na>0,p=-5,q9=14 Bl Bl Ll
M1 for
- (x+2)(x-7)
M) p=-27+3t+1 h=-21"+3t+1
—afp-3, L =-2 rz—it +1 ‘Ml
2 2 2 :
B 3 2 1 2 2 2
A+ A
4 2 4 - 4 |
r 2 i 2
==-2 (t_..?ij _E =-2 t_gj_ _i +1 - Ml
4 16 - 16
2 2
=2 t_ij g =2 z_ij o
N4 8 00000\ 4 8 W |Al
9(bii) Maximum height
Y
8
=2.125m Ml
Since the maximum height the stone can reach is 2.125m |
which is shorter than 2.6m - - Al
- 8m
PartnerinLearning
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‘ Q | e Mark .
10(a) (1+hx)* +(2-x)’
6
= |y ) () i,
3 3
= ..+ 20K +(35)(16) ()
=..20K°x* =560x"...
- 20h* —560 =720 Ml (ecf)
I =64
. k=4 | Al
. 6 P i 6 6-3F , vy
| 1001 T, = L)(x) (?J or T,,= (FJ(X) (4) Bl
10(b"iﬁ ' To find the value 7 for indepéﬁ&éht term,” o Z
' 6—r-2r=0 M1
-3r=-6
P2 Z
Independent term : &l
6 2
= 4
5 :
=240 _ Bl
8m
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Q ~ Process . Mark

6] 'my;ﬁ('j'éﬁ)'

=2(e)

1gy=1g(£)+(mx)lg2

m

1gy=1g(£]+mlg2(x)
m

gradient =mlg2
0.3-(-0.3
———( ) =mlg2
4.1-0.6
0.6

—=(lg2)=
55 Tls2)-m

m=0.48613...
m=0.486

Y n
y-intercept =g (—)
m

~039=1g| — )
0.48613

n=0.19803...
n=0.198

Ml

Ml

| Al
(accept m =

0.486 t0 0.631)

Al
(acceptn =
0.198 t0 0.263)

T
lgy =—0.05
y :10—0.05
=0.891
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~Q  Process . Mark
| 12(i) f(x)=x+hx’ +kx—3 |
£(3)=0
(3) +h(3) +k(3)-3=0 ‘Ml
27+9h+3k-3=0 :
Oh+3k =24 |
3h+k=-8 Al
f(-1)=—4
(—1) +h(-1) +Kk(-1)-3=—4 st
~t+h—k—B=—4 |
h—k=0 |
h=k Al
S 4h=-8
h=-2
k=-2 Al
12G)  f(x)=x¥-26>-2x-3
f(x):(x-3)(x2+bx+l) M1
' By comparing coef of x°, |
34bh=-2
b=l
f(x):(x—3)(x2+x+1) M1
Cy=xt+x+1
- D=(1)" -4(1)(1)
== M1
<0 (ecf)
Since D <0, there is only one solution for f(x). Al
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Q - Prmocess _ | . Mark
13(a)  The value of the radius is 5. B1
3 _ The y coordinate of the centre of the circle is 3. Bl
13(bi) Letthex coordinate of the centre be a. :
' Let the centre be (a, 5)
Equation of circle: (x—a)’ +(y—5) =25 M1
Whenx=-1,y=9:
(—7—61)2+42 =23 M1 (ecf)
(-7) +14a+a* =9
a*+14a+40=0
a=—4ora=-10(rej) Al
Equation of circle:
(x4 +(y-5) =250 'B1 (ech)
‘ Cx?+8x+y*—10y+16=0
13(bii) Let the centre of the circle be A.
; P 9-5
P _T+4
.
; 3 - Ml (ecf)
M gent = Z
y3are
4
3
QZZ(—7)+C M1 (ecf)
57
c=—
4 3
] 3 7 3 Al
. Equatio cy==x+—ory=—x+14-
D S AT S |
9m
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