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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation @ +ox+e=0.a#0,

_—bt \"Ih: —dge

2a
Binomial expansion
] n II(”\' -1 f | n-2 2 II(”\' R-r jr "
fa+h)" =a” + ‘r:r. b+ |fi hT .+ a” "hT+...+b
I'k. A 2/' l\.r.J ,
[HJ : n! Cnln=1.(n=r+1)
. o A = r
where n is a positive integer and '/ (=7 r

2. TRIGONOMETRY
Identities
SinfA+cos2A=1
seccA=1+tan?A
cosec2A=1+cotz A
sin (A+B) =sin Acos B + cos Asin B
cos (A+B)=cosAcosB [lsinAsinB
tan 4 + tan &
1[]tan Atan B
sin 2A = 2sin Acos A
cos 2A = cos?> A—sin? A=2cos? A—1=1-2sin’ A
2tan A

tan 2A = |1 —tan” A

tan(dx 5) =

a o] s

Formulae for ®ABC sind sin B sinC
az2="h2+c2 2bccosA.

ab sin C

B | =

R =
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1 Given that ¥ = PSIN2X+4 \vhere p and q are positive integers. The maximum and
minimum values of y are 8 and -2 respectively.
(@  Find the value of p and of q. [2]
(b)  Hence, sketch the graph of ¥ for 0 =x =360 [3]
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[Turn Over

2 (@)  Express each of 4% —6x—1and —x" =10x+3 jn the form
.::[.1'-—1’1]'1 +c

where a, b and ¢ are constants. [4]

(b)  Using your answers in (a), show that the curves * = 4x" —6x-1 znq

y=—x —10x+3 will intersect. 3l
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3 The equation of a curve is given by y = 5xe?*! .
(a) Find «x [2]
2x%|
(b) Hence, find J dr [3]
(c) Determine the range of values of x for which y is a decreasing function. [2]
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[Turn Over

4 (a) A curve has equation ¥ = X +x+2k-4

yv—2x=k

and a line has equation

where k is a constant. Find the set of values of k for which the line and curve do
not intersect and represent this set on a number line. [5]

(b) Given that the curve with equation ¥ =@ t8x+¢

lies completely below the x-axis.
Write down the conditions which must apply to a and c. [3]

, Where a and c are constants,
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.-.I'.1 = 3
5  Given that a point P(1, 2) lies on the curve 2-x  find
dy
(@ (i) thevalueof ¢x atpointP, [2]
(i)  the equation of the normal to the curve at point P. [3]
(b) Explain whether a stationary point will exist on the curve. [1]
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[Turn Over

(c) Ifxisincreasing at a rate of 0.2 units per second, find the rate of change of y at
the instant wheny = 4. [3]
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10

T Fid
C05 = Tan 5
6 4 _ Jita
sin i +Cos . "'E kb
(@) Giventhat 3 3 , Where a and b are integers.
Find the values of a and b. [3]
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[Turn Over
q
sin d=-— cos B =i
(b) Given that 13 and 3, where A and B are in
the same quadrant. Find the exact value of the following:
(i) sinf A+ 5) 3]
(i)  sec2B [3]
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A dot on a computer screen moves in a straight line and passes through a fixed point
A. The distance, d metres, that it runs in t s after it passes through A is given by

d=1t =6t +9¢ fort= 0.

Q) Find the dot’s speed and acceleration 10 seconds after it passes A. [6]

(i) Find the values of t at which the dot is instantaneously at rest. [3]

(iii)  Find the distance travelled by the dot in the first 4 seconds. [3]
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[Turn Over
_ (13-a8)
8 The area of a quadrilateral is cme.
| o o (24B)
Q) In the case where the quadrilateral is a rectangle with a width of * ‘cm,

find, without the use of a calculator, the length of the rectangle in the form of
(a+b43)
\ ‘cm.

[4]

c+243
(e+2V3)

(i) In the case where the quadrilateral is a square with side ' ‘cm, find,
without the use of a calculator, the value of the constant c. [3]
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9 The price of a new car on 1 January 2021 is $120 888.00. Given that the value of the
car depreciates in such a way that, n months after the purchase, the sale price, $P, is
determined by the formula

P =120888¢ """,
estimate
Q) the sale price of the car after 1 year, giving your answer correct to the nearest
$1000, [2]

(i) the month and year when the sale price of the car is less than $50 000. [4]
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[Turn Over
10
3
y A3, 5)
x D(7, 2)
B
—l X
; \
C4,-2)
The figure shows three points A, C and D whose coordinates are (3, 5), (4,
—2) and (7, 2) respectively.
Q) Find the equation of the perpendicular bisector of AC. [2]
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(i) Find the coordinate of B, the point where the perpendicular bisector cuts the
y-axis. [1]
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(i) Show that ABCD is a square. [3]
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[Turn Over
11 In the diagram, AC is a straight line intersecting a circle at A and D.

The point B lies on the circle and BC is a tangent to the circle. The point E lies on AC
such that the line BE bisects angle ABD.

A
D
B C
Q) State a reason why angle DBC and angle BAD are equal. [1]
(i) Show that angle EBC = angle BEC. [3]
(iii)  Hence name an isosceles triangle and explain why it is so. [2]
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12 Find, in ascending powers of x, the first three terms in the expansion of

: 1+4x) .
i ) [3]
'j_ A T
@ ) 3
o DI BUS !
Hence, find the coefficient of x? in the expansion of [-'+ =t ) ' [2]
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- End of paper -
Answers
1(a) _8=(-2)
-2
Amplitude =3 Bl
P=5 B1
q=3
1(b) [Graph]
Note: B3 for correct and smooth graph
M1 for correct amplitude and period seen (follow-thru) B3
M1 fory = 5 sin 2x seen
2(a)
dx' —6x—1
3000 ]
= X = ; X ——
- 2 4 M1
303y (3 1
=4 1‘——1’-!—[—] -l =1 —=
27 (4) L4) 4
3y 13 Al
(53] -8
A 4 16
3y 13
o(x-3) -8
Co4) 4
i M1
—x —10x+3 Al
= —{x: + ]EI'.\'—S]
=[x +10x+5"-5" 3]
= —(x+5)" +28
(b) |f 3 13
, ) . B1
Min turning point of & — 4x” —6x—1 isat \ 4 4
2 . Bl
Max turning pointof ¥ = % 10x+3 5 a1 (5, 28).
y — oyt ’ Bl
Since the y-coord of the max turning point of y=—x"—10x+3 is greater than the
y-coord of the min turning point of -+ = 4x" —6x—1 , the 2 curves will intersect.
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[Number line — Al]

3(a) J_. — 5-r£’2l—|
dy d S |
sy (@) + e —(5x) M1
dx dx dx
=5x(2e™ )+ 3¢ Al
=5 2x+1)
® ] [a0xe™ + 562 ) = 5o M1
[10xe* ! dr = 5xe™*! — [ 50 dx
M1
.[xé’h"' dx = l[ﬁx&’“" Ee:“]J ke
10 2 Al
I i+l I 2x+l
==xe" ——e 7 +cC
2
(c) For decreasing function of x,
d—‘ <)
dx
S5¢7 1 (2x+1) <0 M1
Since 57 =0, L (2x+1) <0 Al
1
SX e ——
4 P .
(a) ]r'—t +_1+2k_4 ______ (l)
¥ _2.1‘ - -k _____ (2)
Subst (1) into (2): M1
X rx+2k—4-2x=k
X =x+k-4=0
For the line and curve do not intersect, M1
b* —dac <0
(~1) —4(1)(k-4) <0 M1
-4k < —17
| Al
k=4—
4
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() y=ax +8x+c
For the curve lies completely below the x-axis,
it must be a “n” shape curve. B1
S
Also, M1
8 —dac<0
~4ac < 64 Al
Soac =16
5@0) | dy 2
2= s(2-x)7(-1)
dx M1
5
(2-x) Al
dy
— j
When x = 1, @X
(a)(ii) Grad of tangent =5
1
- M1
Grad of normal = 3
Eqgn of normal is: M1
1,
y—2=——(x-1)
5 Al
Sy=10=—x+1
Jy+x=11=0
(b) Since {2 .1'}1 =0,
dy ]
—=—720 B1
dx {2 -x)
dy
— =1
There are no point on the curve whereby dx
.. a stationary point will not exist on the curve.
(© h
& 0.2 units /' sec
Given: !
Wheny = -4,
> i=-4
2—x M1
x=17
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dy dy dx
N S M1
di de
-2 02
(2-x)
When x = 2,
. Al
If'liz > x().2
di {2—',-’]
- 1
25
(Accept 0.04)
6(a) T T 3
cos ——tan ——]
3] 4 _ 2
sln?f+cas?f "'G_l_l
3 3 2 2
J3-2 M1
_ 2
\.@H
2
— Al, Al
_N3-2
\-|§+|
a=-2, b=1
b)(i
()0 sin.ﬁl:—i cos B =—
3 and 5
12 . M1
cosd=—  smB=——
5
sin( 4 + B) =sin 4 cosB+ cosAsinB M1
_[_5][4%(12](_3“
1305 13 SJ Al

A

36
65
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(b)(ii) M1
sec 2B = I
cos2h
b
2cos” B-1 M1
B l
2[4] ]
3)
B l
(7
25 Al
25
7
n ' — 61" + 9t =
d= fort="\- M1
v=3t"=12t+9
I M1
& 6r-12
df
2 M1
When t = 10, v=310) —-12(1+9 Al
=189 m/s
Whent=10,a= 6(10) —12 M1
= 48 m/s? Al
n 3 —12t49=0
i M1
=4t +3=0
. M1
(t=1)(t=3)=0
t=lort=3 Al
Tiii 3 2
d=t =61 +9¢ M2
Whent=0,d=0m
Whent=1,d=4m
Whent=3,d=0m
Whent=4,d=4m
Al
Distance travelled = 4x3 = 12 metres
8i 13- \."f4_3 y 2+ \-'IE M1
2-43 2443
M1
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(13-443)(2+43) M1
- 4-3 Al
_26-13/3-8/3-12
(14+5V3)
=" ’cm
8l (c+23)(c+243)=13-443 M1
. M1
4+ 12+4c3=13-43
Comparing coefficients, Al
4c = -4
c=-1
o After 1 year, P =120888e 012 M1
P=$100974.15 Al
=$ 101 000 (to the nearest $1000)
9ii O M1
120888 7 < 50000
Joorse 50000
120888 M1
[ 50000
~0.015¢ < In |
120888
50000
> In +(—0.015)
120888
t > 58.856 months M1
t > 4 years 11 months Al
The month and year is November 2025
10i (344 5-27 M1
L —. = J={3.5‘1.51
Midpoint of AC = = -
542
Gradientof AC = 3—4
1
y==x+c
Equation of perpendicular bisector is 7
|
1.5==(3.5)+c¢
~(35)
c=1
Al
1
y==x+I
Hence equation of perpendicular bisector is 7
10ii B has the coordinates (0, 1) Bl
10iii

|

Gradient of AB = Gradient of CD =
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3 M1
Gradient of AD = Gradientof BC= 4 M1
The sides are parallel and adjacent sides intersect at 90°
fa2 T e Al
Length of AB = Length of AD = 37 +4° =5 units
The sides are of equal lengths
Since the sides are parallel and are of equal length and AB lBcandADL CD,
ABCD is a square.
20 (14 ax)
77 .
=]+28x+ (dx) M1
\2)
=1+28Xx+336x2+... A2
12ii [2 B l‘]'lT
. (7 o, M1
=27 =72 )+ |27 )(x)
\ 2 A2
=128 448X+ 672 x>+ ...
I (24 7x-427) =(1+4x) (2-x) ML
=(1+28x+336x2+...) (128 —448 x + 672 X2+ ...)
Coefficient of x> = 336X128 + 28X (—448) + 672X1
= 31136 Al
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