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Mathematical Formulae
1. ALGEBRA
Quadratic Equation

For the equation ax” +bx+c =0,

3 —b+b? —4dac

x
2a
Binomial Expansion
(a+b)"= o+ " b+ " a B+ o+ "o b +..+b"
1 2 r) -
! - -
where 1 is a positive integer and G =n(n )...(a=r +1)
r) rin—r) r!

2. TRIGONOMETRY

Identities
sin*A+cos*4=1
sec’A=1+tan*A4
cosec*A=1+cot * 4
sin (4 + B)=sin 4cos B £ cos Asin B
cos(A4+ B)=cos Acos BF sin Asin B
tan 4+ tan B
1¥tan Atan B
sin24 =2sin Acos A
cos2A4A=cos’A4—-sin?4=2cos* 4-1=1-2sin 4
2tan 4
1-tan’A4

tan{4+ B)=

tan2A4 =

Formulae for A ABC
a b ¢

sind sinB sinC
a’=b*+c*-2bccos A

A=lab sinC
2



3Ix*+x+2

2 e e
Cx+1)x-1)

in partial fractions.

5 2"
Given that == 5(2)°, find the value of x and y.

_x—.—.—.—_———-
23—}‘ (5x+1)

. T T F 1 4
(a) Find the exact value of sSIn E tanz —COoS —4T tan ; , without using a calculator.

(b) Solve tﬂn{zx— %J = 0.4 for which 0 < x < 2.

The function f(x)= x’ + ax® +5x + b, where a and b are constants, has a factor x — 2.

When f (x) is divided by x + 2, it leaves a remainder that is four times the remainder when
f(x) is divided by x + 1.

(i)  Find the value of @ and of b.

(ii) Hence solve the equation f (x) = 0, giving each root correct to 2 decimal places
where appropriate.

A curve has the equation 9x° +a(y —1)* = 36, where ais a constant. This curve passes
1

through the point (0, 4) and intersects the line y = be — 2, where b is a constant, at the

points A{(—2, 1) and N.

(i) Showthata+b=1.
(ii) Find the coordinates of N.

Start this question on a brand new page.

(i)  Sketch the graph of y =1+ 3sin 2x for the domain 0 < x <27 .

(i) Hence, by sketching another graph on the same diagram, show that the equation
3sin2x~x—3=0 has noreal roots for 0 < x<27x.

(a) Solve the equation log, y =1+log,(¥+3).

(b)  Given that log; a = m, without using a calculator, express 3" in terms of a.

(4]

[4]

(2]

(3]

(4]

[2]

(3]
B3]

(3]

B3]
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The equation of a curve is given by X~ —xy + y* =1,

(1)  Find the range of values of p for which the line 2x— y = p will meet the curve.

(i) Hence, state the positive integer value of p if the line becomes a tangent to the
curve.

(i)  Determine the number of point(s) of intersection of the two graphs if p= 2\@ .

(i)  Sketch the graph of y = le2 ~1lx+ 5| for 0 £ x £ 6, stating clearly the x-y

intercepts and turning point.
(i) Using your graph, find the range of value(s) of k for each of the number of

solutions for the ea:;uation|2x2 —1lx+ 5[ =kfor0£x<6.
(a) 3 solutions.

(b) 2 solutions.

Solutions to this question by accurate drawing will not be accepted.

y
4 0Q3,a)

P(2.3) R(7,4)

S
The diagram (not drawn to scale) shows a trapezium PQORS in which PS is parallel to OR
and PQ is perpendicular to OR and PS. The coordinates of P, O and R are (—-2,5), (3,a)
and (7, 4) respectively where a # 0. PS cuts the x-axis at T.
(i) Showthata=9.
(ii)  Find the coordinates of 7.
Given further that PT: 7Sis 2 : 3, find
(iii) the coordinates of S,
(iv) the area of the trapezium PORS.

The roots of the equation 3x” +5x+1=0 are @ and 3 while the roots of the equation
hx? —4x+k=0are «+3 and f+3.

(4]

(1]
(2]

(4]

(1]
[2]

{2]
[2]

[2]
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(i)  Calculate the numerical values of /7 and £. [5]

B

o
(i) Form an equation whose roots are — and;-. [4]

12 @  without using a calculator, solve the equation xv20 = (x - 1)\/3 ++f5 , leaving
a -—
17

your answer in the form , where a and b are positive integers.

[4]
(b) Solve the following simultaneous equations.
2% +57 =881
2 582 =97 (3]

. 3 1
13 (a) Giventhat Sin 4 = --5, tan B = ‘2* and that 4 and B lie in the same quadrant,

find the exact value of

(i) cos(A—B), 21

o ) z
(i) 5 ) (2]

. ... l+sinx COS X
(b) (i}  Prove the identity + —— =2secx. [3]
cos X 1+sinx

1+sin(x+50°)  cos(x+50°)
il H , sol + =7 for 0° < x<360°.
(@) Hence,solve s +50%  1+sin(x+509 0 =¥ 4]

14 The diagram shows a quadrilateral ABCD in which £BAD, ZAED, ZAFC and
ZBCD areright angles, ZABC = x, AD=4 cm and AB = 8§ cm.



B

(i)  Show that EF =8sinx—4cosx.

(ii)  Show that the perimeter, P cm, of the quadrilateral ABCD is given by
P=4cosx+12sinx+ 12

@iii) Express P in the form Rsin(x + &) +12, where R >0and 0° < & < 90°.
Hence,

(iv) state the maximum value of P and the corresponding value of x,

(v) find the value of x when P = 19.

~ End of Paper ~

[2]
(2]
(3]

[2]

(2]
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Maximum 2 marks will be deducted from overall paper for 3 s.f. error or missing/wrong units
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Qns Marking Scheme Marks | Remarks
l Wi4x+2 _ 4 B C .
, : correct partial fraction
3 +x+2=A(x-1) + BCx+D(x-D+C(2x+1) form.
Letx=1, L
M2 | By substituting
6=3C ;
appropriate numbers to
=2 solve for unknowns
(any mistake -1mn)
Letx = ~+l—,
2
225=2254
A=1
Let x=0,
2=A-B+C
2=1-B+2
B=1
3x2+x+2 . S - Al
Cx+D(x-1)* 2x+1 (x-1) (x-=1)°
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2 5 2%

2]—_y X '(W = 5{2)6
(5 x—{2x+2) )(2,\'—(3—3) ) - 5(2)6 X
(572)22) = 5(2)° v

By comparison,
-x-2=1

tan(2x — %) =04
M1 | For finding basic angle

a =0.38050

2x ‘% = 0.38050, 3.52209, 6.66368, 9.80527 M1 | For finding all angles
T

x =0.714rad, 2.28rad, 3 86rad, 5.43rad Al |for2x-2
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FfX)=x*+ax? +5x+b
FQ) =) +a(2)* +5(2)+b=0

Ml

da+b+18=0 ————(1)

S(2)y=41(-1)

(<2 +a(=2)* +5(-2)+b= 4[(-1)3 +a(-1)? +5(-1) +b] Mi

da+b-18=4(a+b-6)

4a+b-18=4a+4b-24

b=2

sub into (1):

4a=-20 Al

a=-5

() | 7(x)=x—5x> +5x+2 The_ ability to factorise
, M1 | cubic equation.
=(x-2)(x"-3x-1) (ecf) | NoMI1 rewarded if

students do not show
workings for
factorization.

x-2)(x*-3x-1)=0

x=2,3.30, -0.30

= JiE= —
9x? +a(y—1)y°* =36
when x =0 and y=4,
9a =36

a=4

sub(-2,1) into y = —;—bx—- 2

1
1=25b(-2)-2
2( )
3=—b
b=-3

a+b=4+(-3)=1(shown)

Ml

M1

Al

B1 for all answers

Correct substitution

Correct substitution




BP-~244

(ii)
Sub y=_%x_2 into 9x% +4(y—1)* =36

2 L 3 - _ 2 _
I+ 2 x=2-1)7 =36 M1 Correct substitution

_ (ecf)
9x? + 4(—%;: ~3)2 =36

9x? +4(§x2 +9x+9)=136

9x* +9x* +36x=0
18x* +36x =0

18x(x+2)=0 Ml
x=0o0r -2

Correct factorisation

i D1 Correct amplitude
D1 Correct period
‘ D1 Correct waveform

e

N

(i) | 3sin2x-x-3=0
3sin2x+1=x+4
y=x+4

M1 | ecf for below
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—
R s
[ m——d

LT~
camz
el |

(ecf) | ecfallowed if students

ey (ol PR N

managed to draw the

\\z ; ; : ; > x line shown above.
A

u
EANEEEYY
\J | \[/|

] i
U U] | DU y=x+4drawn
=
/

RY,

LS

| Lo !

The line does not intersect the curve thus
33m 2x— 3 0 has no real roots. i Bl

logly-1+10g4(y+3)
3
log, y =log, 2+—°g2(2y+ ) M1 | Change of base
log, y* =log, 2° +log,(y +3) M1 | multiply by 2
yi=4(y+3)
yr—4y-12=0
-6 +2=0 - M1 | Factorisation
y=6 or —2(rejected) Al | For both answers
(b) log;a=m

3" =a M1
372 3?2_ Ml

_4a

9 Al




¥ —x(2x-p)+(2x- p)* =1

x? =2x + px+4xt —dpx+ p* -1=0
3x* -3px+p*-1=0
Discriminant 2 0

(-3p)" - 403)(p* -D20

9p* —12p* +1220

BP-246

T

M1 | For substituting line
into curve

Ml Discriminant

—3p2+1220 f
p-4<0
(p+2Xp-2)<0 M1 Solve inequality
_2<p<? Al (independent of sign of
~P= discriminant)
(ii) | For tangent, discriminant =0
p'-4=0
(p+2)(p-2)=0
p=2or —2(rejected) B1
(i) | Discriminant = -3(p* - 4)

=343y -4

=-24<0

There is no intersection.

Alternative answer
Since p= 243 52 , using (a) answer, there is no
intersection.

M1 | For showing D<0
(ecf) | Conclusion

Al

M1 | for stating p > 2
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i

(S

Since PQ and OR is perp

@
A D1 Modulus graph (‘W*
s shape)
D1 | Correct x intercepts
D1 Correct y intercept
D1 | Correct maximum point
: G~|{n 5, 0) e -5-{43@-7-%
(iia) | 5<k<10.125 Bl
(iilb) | £=0 or B2 | Bl for each answer

a—-4 . a-5
=— M1 for equating the product
3-7 3+2
; f both gradient =— |
*-%a+20_ T
-20
a*-9a=0
a(a-9)=0
a=0 (NA)or a=9 (shown) Al
(ii) Gradient of PS =(0R = ——%

5-0 __ b M1 equating gradient

ceDe o 4 (accept if students find
-5(-2-x)=20 equation of PS)
10+5x=20
x=2
Coordinate of T'= (2, 0)

Al
(iii) | Horizontal distance of PS
= 2x(2-(-2)=6
x-coordinates of S is2+6 =8 Bl
(ecf)

3

| Vertical distance of PS = E>< 5=75
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y~coordinates of Sis0-7.5=-75

29 4 -75 5 9

:%|(12-52.5 +40-18) - (63+32+15+15)|

= 7]-:Ji units?
4 :

W —-4x+k=0

(a+3)+(ﬁ+3)=%
a+ﬂ:%—6 N

(a+3)(6+3)=~':;

af+3a+34+9=

S

LY .
373 f
13 &

i ————-4
3% (4)

Sub (1) into (3):

Ml

M1

M1

Al

.. The coordinates of S are (8, — 7.5). Bl
(ect)
(iv) Area of trapezium PORS
B 7 8 =2 3 Shoelace method /
=— M1 | trapezium formula

method

e.c.f. based on their
coordinates of S.

Correct sum and
product of roots for
both

Correct sum and
product of roots for
both

For substituting values
from (1) and (2)
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13_F%
3 12
13
k=4 Al
(i) £+£_a2+ﬁz
g «a ap
_(a+ p)’ —2ap M1 | for expressing
of o+ f =(a+ ) - 2ap
5.5 1
L2 e
:( 3) (3)
3
_ 19 Ml Correct value for sum
3 of roots
a a,
Ik 5‘ = £ =1 M1 | Correct value for

2320 = xy3 -3 +45

product of roots

22-J5 - x3 =3 +5 M1 | grouping of subject
x2V5-B)=-3+5
_=V3+45 25443 o
o 25-B 25+ M1 | rationalising
_—215-3+410+4/15
17 Mi
_1-415
17 Al
®) | 27?24+5" =881 ———()
271553227 ———(2)
Leta=2"and b= 57, M1 Correct substitution

x F
from (1: 427 +S” =881
4a+b=881 —--(3)




BP-250

Lonesod gers
from (2): 23560 =27

125a—2b =6750 ———(4)

(4)+2(3):
125a—-2b +8a+2h=8512
133a=8512
a==64
b=625

(403

8 3

=—d
5v5 545
11

55

1,
N

M1

Mi

Al

M1

Al

correct (3) and (4)

correct simultaneous
method

(aii)

cos 4 =1—-251n2[§)

2 oA 1-cos 4
sm-=,’
2

2
4
-2
2

3

45\'

M1

Al

Using double angle
formula

Since i;is in second

quadrant

10
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(bi) l+sinx cosx
+ —— =2secx
cosx  1+sinx
. . 2 2
s dsin x)* +cos’x _ 1+ 2sinx +sin TR f M1 | combining fractions and
cos x(I + sin x) cos x(1 + sin x) expansion
_ 2(l1+sinx)
- cos(1 + sin x) M1 Using sin® x +cos® x =1
_ 2
COS X
=2secx (proven) Al
(bii) | 1+sin(x+50°)  cos(x+50°) _
cos(x+50°)  1+sin(x+350°) Ml | Using identity in i
2sec(x + 509 = 7 sing identity in (i)
cos(x+ 50°) = % Ml change to cosine
a =73.398 Mi For ﬁnding basic angle
(x+50) = 73.398, 286.601
_Al

x=234°, 236 6°

Both answers
et E :.:‘ &

Workmg for £ ﬁndmg AF |

M 4=x
EF = AF — AE M1 | and AE must be seen
; Al for M1 to be awarded.
=8sinx—4cosx (shown)
(ii) BF =8cosx MI for both BF and FC
FC =4sinx
P=12+8sinx—4cosx+8cosx+4sinx 1
=4cosx+12sinx+12 (shown)
() | R=v127+4? =160 = 4410 =12.6 M| accept V160 and 126
o mtan o =18 434 Ml
12
P=4/105in(6 +18.4°) +12 a1
) | Max P = 4410 +12 =246 Ml
(#+18.4°)=90
6 =71.6° Al

11
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™) | 4/105in(9+18.434°) +12=19
a =33.600

8=15.2°

12



