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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax” +bx +c =0,

—b++b* —4dac

2a

X =

Binomial expansion

n_ _n h n-1 n n-212 h n-rgpr n
(a+b)"=a" + { a” b+ 5 a”~b +.+| |@"b +..+b",
¥

n ! =D..(n—r+
where # is a positive integer and SN, = pn =) n=r i
r/ ri(n-r)! r!

2. TRIGONOMETRY
Identities

sin® A+cos* 4=1
sec’ A=1+tan’ 4
cosec?A=1+cot’ 4
sin(4 + B) =sin Acos B+ cos Asin B
cos(A+ B) = cos Acos B ¥ sin Asin B
tan 4 +tan B

lFtan Atan B
sin2A4 =2sin Acos 4

cos2A4=cos’ A-sin® 4=2cos’ A-1=1-2sin” 4
2tan A
1-tan® 4

tan(A+ B) =

tan2A4 =

Formulae for AABC
a b c

sind sinB sinC
a’ =b*+c* —2bccos A

A =labsinC
2



Express

(a)

(b)

(a)

(b)

3(x*-2x+9)

(x=3)(x*+9) 2

in partial fractions.

Find the range of values of m for which the straight line y =mx—4 intersects the

[4]

curve y=x’ at two distinct points.

The quadratic equation 2x*+4x+7=0 has roots « and B. Find the quadratic

. 1
equation whose roots are a + 1 and B+—. [4]

a

In the expansion of (1—8x)", the coefficient of x* is k times the coefficient of x.
Evaluate £. [3]

2 [3]

18
Find the term independent of x in the expansion (x - mL] :
X

The polynomials 6x—x* and 8 —3x” leave the same remainder when divided by (x—m). Find

the three possible values of m.

(6]

Answer the whole of this question on a piece of graph paper.
The table shows experimental values of two variables x and y.
x 1 2 3 4 5
¥ 0.48 0.88 1.10 1.36 1.5
It is known that x and y are related by an equation of the form £,9., By plotting £ against
x Yy y

l, draw a straight line for the data given and use it to evaluate p and g.
x

(2)

(b)

[7]

On the same axes, sketch the graph of y* =2x and y=x’. Hence, or otherwise, find
the exact coordinates of the points of intersection of the two curves. [5]

Calculate the coordinates of the points of intersection of the graph of y = |3x~—2|—4
[3]

with the coordinate axes.



(a) A and B are acute angles such that sin(4+ B) =% and cos Asin B =Sl Without using

a calculator, find the value of

(i) sin A cos B, [2]
(i) sin(4-B), [2]
tan A4
_ ’
o e (2]
(b)  Prove that (secx—tanx)(cosec x+1)=cotx. [4]
(a) State the values between which the principal value of sin™ x must lie. 1]
(b)
11 4
y
10
g

1
-
2 i ; " Gl
1 1 -1 i X

The figure shows part of the graph y=asin(§)+c. Find the value of each of the

constants a, b and c. [3]



10.

11.

(i)  Express 2sin@-3cosf in the form of Rsin(f-a), where R>0 and

O<a<% radians. 3]

(ii) The amplitude, 4 decibels, of a small wave in an experiment is given by
h=2sint—3cost, where ¢ is the time in seconds after the start of the experiment. After

how many seconds does the wave first reach a height of 2 decibels? [3]

Solve the equation 2tan® y+5secy—1=0 for 0< y<2x. [5]

1

C(7, 14)

A(2,1)

The diagram shows a parallelogram ABCD in which the coordinates of the points 4 and C are
(2, 1) and (7, 14) respectively. Given that the point D lies on the y-axis and that the gradient
of AD is -3, find

(a) the coordinates of B and of D, [5]

(b) the area of the parallelogram. (2]



12.

13

14.

(@)

(b)

()

(b)

Express 37 -5 (3" ) =2 as a quadratic equation in 3 and hence, find the values of x

which satisfies the equation 3***' -5 (3‘) =2, [5]

Without using a calculator, find the values of the integers @ and b for which the
solution of the equation 5x = \/E(Sx -3)+1is = +5\/5 . [5]

The moment magnitude scale is a logarithmic function that is used to measure the
magnitude of an earthquake. The moment magnitude M, , is defined by the formula

M, =%log10 (M,)-10.7, where M, is the seismic moment measured during the

earthquake.
@) Find the value of M, when M, =4.6x10%. m

On 18™ June 2018, an earthquake measuring 5.5 on the moment magnitude scale
struck Osaka, Japan.

(ii)  Find the seismic moment measured. [3]

Solve the equation In(l1-2x)-1=2Inx-In(2- Sx), leaving your answer to 1
decimal place. [5]

The positive x- and y-axes are tangents to a circle C.

(1)

What can be deduced about the coordinates of the centre of C. [1]

The line T 'is tangent to C at the point (8, 1) on the circle. Given that the centre of C lies above
and to the right of (8, 1), find

(i1)

(iii)

the equation of C, [5]
the equation of T. 3]

END OF PAPER
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Question

Solution

1

3(x*-2x+9) A , Bx+c
(x-3)E*+9) x-3 (¥*+9)

3(x* —2x+9)= A(x* +9) + (Bx+c)x—3)

When x =3,
A=2

When x =1,




2a

y=mx—4

y=x

¥ =mx—-4

X' —mx+4=0
Two distinct roots, D >0,
m” —4(1}4)>0

(m—4)Ym+4)>0

m<—4or m>4

2b

2x* +4x+7=0

14x* + 36x+81=0




3(a) (1-8x)? =1—96x+4224x* —112640x> + 2027520x" + ...

P 2027520
4224
=480

3()

¥

o)

18—r-2r=0
r==6

7.~ [lg](x)“‘ﬁ ()

6

_ 6188
243

Independent term is e




f(x)=6x—x’
g(x)=8-3x"

S (m)=g(m)
6m—m’ =8m—3m’

m —3m’—6m+8=0
h(m)=m’ —3m" —6m+8
HIy=1-=3=6+8

=0

. (m—1) is a factor of h(m)

h(m) = (m—1)(m" + km— 8)

by comparing coeflicient,
k=-2

h(m) = (m--1)(m’ —2m—8)
={m—-D{m+2)m—4)

=0

~m=-2 14

Refer to graph paper




6a

y=0o0r2°

0, 0) & {2’9‘, 29}

6b

y:|3x~21|-4

When x =0,
y=-2

Wheny=0,
4=[3x-2
3x—2=40r —(3x—2)=4

x=2o0 —2
3

The intercepts are (0, —2), (2,0), (— %,0)




Jai

sin(A+ B) =sin Acos B +cos Asin B

z=sinAcosB+l
3 5

sinAcosB:l
15

Taii

sin(4 — B) =sin Acos B—cos Asin B
_7T 1
18 5
4

15

Taiii

tan4 sin 4 ;sinB
tanB cosA cosB
_sinAcos B

" cos Asin B

I

LHS = (secx—tanx)(cosec x+1)

[ 1 sinx)[ 1 ]
= - —+1
cosx cosx/\sinx

1 1 1 sinx

SINXCOSX COSX COSX COSX

_1-sin’x

SINXCOSX
cos’ x
SINXCOSX

_cosx

sinx
=cotx
= RHS (proven)




8a

8b

LR TR S~
o

3
2
3

91

2sm@—3cosf = Rsm(0—a)

R=V2+3
=13

a=tan
2

=0.98279

25sin - 3cos @ = /13 sin(6—0.983)

9ii

h=2sint —cost
= J13sin(1— 0.98279)
=9

sin(f—0.98279) = —=

V13

t—0.98279 =0.58800
1 =1.57 seconds




10

2tan’ y+5secy—1=0
2(sec’ y—1)+5secy—1=0
2sec’ y+5secy—3=0
(sec y+3)(2secy—1)=0

1
secy=-3or 2

cosy= —-% or 2 (rejected)

Basic angle = cos™’ %

=1.23096

y=m—123096,7 +1.23096
y=191, 437




1la

D(0,d)

Gradient AD = ﬂ =-3
0-2

d=17

~.D(0,7)

B(p.q)
Midpoint AC = Midpoint BD

2+7 1+14) _(0+p T+q
9 % 9 27 2

Possible to solve by find equation of BC (M1) and equation of CD
(M1) and get answer by solving simultaneously. (A1)

11b

12 9 7 0 2
Area =—
2]1 8 14 7 1

=56




12a

3+ —5(3%) =2
3(3%)-5(3)-2=0
w=3"
3u?-5u-2=0
Bu+Du-2)=0

1

U=—— or u=2

3
3”:—§(NA) or 3"=2

xlg3=1g2
x=0.631

[12b

sx=3(5x-3)+1
(5=5V3)x =1-34/3

. 133
5-5\3
_ (1-3V3)5+53)

(5-5V3)5+5v3)

 —40-10\3
=50

_4+\3

13i

M, = -§-1g(4.6 x10%)—10.7
=641

4 N




13ii

55= glg(Mn) ~10.7

lg(M,)=243
M, =10*
=1.99526 x 10**
=2.00x10*

13b

In(1-2x)-1=2Inx—In(2- 5x)
In(1-2x)—Ine=Inx’—In(2- 5x)
1-2 x?

h——in
e 2—5x

=2 x
e 2-5x
(1-2x)(2-5x)=ex’
(10—-e)x*—9x+2=0

L —EN-9) - 4(10-)2)

2(10—¢)
=03 or 09 (rejected)
0.3

11



141

The values of the x and y coordinates are the same.

14ii

Centre is on the line y = x,
Let centre of C be (a,a),
(x—a) +(y—a)* =a®

Ar (8,1),

8-a)’ +(1-a)’ =d’
64—16a+a*+1-2a+a* =a’
a’*-18a+65=0
(a-13)(a-5)=0

a=13 or a=5 (NA)

Equation of circle,
(x-13)* +(y-13)* =13?

13iii

13-1
13-8
12

5

Gradient of centre to (8,1) =

Gradient tangent = — 2

12
Equation of T,
5
—1=——(x-8
y Tia
S 13
y=——7x+—
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