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Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax’*+bx+c=0,

_ —b++/b?% -4ac

X =
2a

2. TRIGONOMETRY
Identities
sinA + cos’A=1
sec’ A =1 +tan’A

cosec’A=1 + cot’ A

Formulae for AABC

a b ¢
sinA sinB sinC

a’>=b? + ¢® - 2bc cos A

A= %absinc

3. MENSURATION

Arc length =r@, where 4 is in radians

1 .. )
Sector area:ErZH, where @ is in radians
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l+\/§+2—\/§
2-3 3

[3]

By rationalising the denominators, simplify

Given that 2x* —3x—4 > mx —6 for all real values of x, find the range of values of m. [3]

The diagram shows the layout plan of a garden. ABC is an arc of a circle, centre O and

radius 12 m. ADC is an arc of a circle, centre E and radius 18 m. ZLAOC = gn radians

and ZAEC :gn radians.

(@) The segment ADC is a fish pond. Calculate the area of this region. [3]
(b) The shaded region ABCD is allocated for growing plants. Calculate the
perimeter of this region. [2]

[Turn over
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Sound is measured in decibels according to the formula d = 10(Ig PE] , where d
0

represents the noise rating in decibels, P represents the intensity of the sound and Py
represents the intensity of the weakest sound that the human ear can hear. A thunderclap
has a noise rating of 120 decibels and a vacuum cleaner has a noise rating of 80 decibels.

Calculate the ratio of the intensity of a thunderclap to that of a vacuum cleaner. [3]

The roots of the equation x> +2x-6=0 are e and .
() Show that ® =100 —12. [2]
s

(i) Find a quadratic equation whose roots are ——- and @ [5]

a Vi

(@) Sketch the graph of y = In(x - 2), labelling the asymptote(s) and intercept(s) clearly.

Find the equation of the straight line that needs to be added onto the same axes so as

. X—2 , .
to solve the equatione® = == . It.is not necessary to draw the line on your

e
sketch. [4]
(b) Sketch the graph of y = sin[%] —4 for0<x<2m. [3]
(@  Solvethe equation 3% = 2(32X )— 3(3X ) [4]
(b) _Solve the equation Ine+Inx =1—In(2x-1). [3]

(©) Given that 1g4 = m, express each of the following in terms of m.
(i) Ig%/400 , [2]
(i) log, 10. [3]

16
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Answer the whole of this question on the INSERT provided.

The diagram shows the graph of y = f(x) for —5 < x <-2. On separate axes, sketch the

graphs of

(@  y=f(x+4), 2]
B y=5f(), 2]
©  y=f*(x), 2]

labelling clearly the images of the points A and B as A’ and B’ respectively under the

respective transformations.

yA
A (-5, 4)
B (-2, 0) "X
y = f(x)

(@) Given that A and B are in different quadrants, cosA=—-p, tanB =2p,

90° <A <360° 90° <B <360° and p is a positive integer. Express the following

in terms of p.
(1) tan A, [2]
(i) cos B. [2]

(b)  Solve the equation
3sinx+9=10cos” x for 0°< x <360°. [4]

[Turn over
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(b)

11  (a)
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The function f is defined by f : x = 2x* —8x+3,for 0<x<4.

(i) By completing the square, express 2x* —8x + 3 in the form a(x +b)’ +c.

(i)  Find the range of f.

(iii) Does f have an inverse? Explain your answer.

(iv) The function g is defined by g: x — 2x* —8x + 3, for x > k. State the
smallest value of k for which the function g' exists.

2X
3x-1

A function h is defined as h: x —

for x # % Find the values of x which

map onto themselves under the function h.

The function f(x)=10x° +ax® +bx —4 where a and b are constants, is exactly

divisible by x —2 and leaves a remainder of —21 when divided by x —1.
(i) Find the values of a and b.

(i) Hence, factorise f(x) completely and solve the equation f(x)=0.

2

-1 . 4
as partial fractions.

Express —M——
P s 2)xr 1)

[2]
[2]
[1]

[1]

3]

[4]
[3]

[4]
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Figure 1 shows the start time of dawn and end time of dusk in Helsinki, Finland, for the

12 months of the whole year (January to December). For example, on the marked day in

March, as shown by the dotted line, the start time of dawn is 06 00, there is sunshine
from 06 00 to 17 45, the end time of dusk is at 17 45 and there is darkness after 17 45.

(Source: https://www.gaisma.com/en/location/helsinki.html)
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It is given that the start time of dawn is modelled by the function h, = 4cos N +5, while

the end time of dusk is modelled by the function h, =19 —SCOS(%j . 'h, and h, are the

number of hours after midnight and t is the time in months from the start of the year.

(i)
(i)

(iii)

State the amplitude of h,. [1]
It is believed that the best period of the year for tourists to visit Helsinki is when the
days are extremely long, that is, the difference in start time of dawn and end time of
dusk is at least 14 hours. Use Figure | to find the best period of the year to visit
Helsinki. [2]
It is also known that the start time of dawn in Beijing, China, is modelled by the

function h, = 1—21 + %cos(%j . Calculate the values of t when dawn starts at 06 15 in

Beijing, China. [3]

[Turn over
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13  Given that (log,, a)log, b):%logc ab, prove that a="b. [3]

END OF PAPER



Sec 3 IM2 EQOY Answers only

Qn

Solution

1

1143
o

-7<m<l1

3a

Area of pond
66.7 m?* (3sf)

3b

Total perimeter
52.4 m(3sf)

The ratio is 10 000 : 1.

a’+20-6=0
a’+2a® -6a=0
a®+2(6-2a)-6a=0
a’®+12-4a-6a =0
a’ =10a -12

Or

p="2-a
a(-2-a)=-6
—2a-a’=-6
a’®=6-2a

a’ =6a-2a’

a® =6a-2(6-2a)
a® =100 —12

5ii

New equation

ey 1oy
9 6

18x* +28x-3=0

6a

N
‘
|

) s [Y’}-)

-

,)
3
=g
< -
SV

y=3x+1

6b

Graph of y =

X
sin= —
2 4
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7b
7ci 1 2
3 3
Tcii 1
—2m
8a
Y 4
A’ (-9, 4)
y= f(x + 4)
B’ (-6, 0)
) X
8b
A’ (-5, 6) Ya
3.
=21
v=31(
B’ (-2, 0) X
8c
yA
'X
B’ (0,-2)
Rt N
y=1") A" (4,-5)
9ai 2
1_
tan A= V=P
p
9aii
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Jap?+1

cosB =—

9b . x=11.5°,168.5°, 210° or 330°
10ai | o(x—2)* -5
10aii | Range of f
-5<f(x)<3
10aiii | f does not have an inverse because it is not a one to one function.
10aiv | 2
10b x=0 or x=1
b=-16
Hail | f(x)=10x® -11x? —16x—4
= (x—2)10x* +9x + 2)
= (x—2)2x +1)5x +2)
(x—2)2x+1)5x+2)=0
X=2 or 1 or _2
2 5)
b | 2x*-3x-1 _ 13 11 4
(x+2)x+1)? x+2 x+1 (x+1)
12i 5
12ii | From last day of March to last day of September.
Accept
From: End of March, first day-of April, beginning of April
To: first day of October, beginning of October, end of September
12iii | t=2 or 10
13

(Iogab a)(logc b) = %Iogc ab

log. a 1
—=¢_(log.b)==log.ab
Iogc ab( gC ) 4 gC

(Iog, a){og. b) =  (log, ab)’

#(log, a)log, b) = (log, a+log, b)’

4(log, a)log, b) = (log, a)* + 2(log, a)log, b)+ (log, b)*
(log, a)’ —2(log, a)log, b)+ (log, b)* =0

(log, a—log, b)’ =0

log,a=1log. b

a=b (proven)






