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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation @ Tox+c=0

v = —-J_I}i\/[}‘?—fl-ﬂ{.’
2a

Binomial Theorem
n n 33 n -
{ﬂ+b}”:a"‘+[l]a”If]‘-l-[z]g”_b"'i'l:l +[ Jﬂ'lrjbr*'l:l +h”
.

fﬂ] ! _n(n—l)...... (n—r+1)

r (n—r)r! el

where n is a positive integer and L

2. TRIGONOMETRY

Identities
Sinlff -I-EU.SZA =] .
sec A=1+tan" 4
cosec- A=1+cot" A
sin( A+ B)=sin Acos B+cos Asin B
cos( A+ B) = cos Acos B []sin Asin B
tan A + tan B
tan(A+ B) = 2= H05
I[]tan Atan B
sin 2.4 = 2sin A cos A
cos2Ad=cos’ A—sin A=2cos’ A—1=1-2sin" 4
¥
tan2.A4 = ﬂ
l=tan~ A4
Formulae for A ABC
i b C

sind  sinB  sinC

a=p+c —2bccos A

A = LabsinC
2 .



1 The equation of a curve is :

(i)

(ii)

Answer all questions in the space provided.

]

r= .¥{4+ x° ]
oy
Find an expression for ¢ [3]

%—.TX3(4+.TE]I{2.T}+(4+.¥3)3x| ML M1

%—{4—x2 ;]: (fr.lr3 —4—,1.':J
ﬁ—(mﬁ}z(?f +4)

dx Al

Explain whether y is an increasing or decreasing function. [2]
dv

For all x, (4+I;)J }nand {?'T3+4]}D ,E_H"L'TE)-[TIE +4)}ﬂ M1

y is a increasing function. Al



2 The equation of the curve is ¥ = (@ +3)x™ +ax+1 \yhere 3 is a constant.

(@)  When« =4 find the set of values of x for which ¥ =%~ 0. [3]
y=4=0
Tt +4x+1-4>0 M1
Tx* +4x-3>0
(x+1HTx=3)=0 M1
x<—larx>=
Al
(b) (i) Find the range of values of a for which the curve has no real roots. [3]
b —dac <0
EI:—4{|£F+3H”{U' M1
a’—da—12<0
(@a+2Wa—6)<0 M1
—-2<a<b6 Al
(i) Hence explain why the curve cannot lies completely below the x-axis. [1]

For curve to lie below x-axis, « < 3 but —2<a <6 hence the curve cannot lies
completely below the x-axis



3 The expression /(¥

R B
)=x"+ax+b \yhere a and b are constants, is exactly divisible by ¥ =2

and leaves a remainder of 30 when divided by *—3.

(i)

(i)

(i)

Find the value of a and of b. [4]
Jix) =x tax+b
whun.f'{—Z] =1,
(-2) +a(-2)+b=0 M1
—B-2a+b=0 e (1)

when f'(3) =30,
(3 +a(3)+b=30 M1
27+3a+b=30 e (2)

(2)— (1),

35+ 5a =30

2a=->3

a= | Al
b=8-2

b=10 Al

Determine by showing all necessary working, the number of real root(s) of the equation

f19=0 o
f(x)=x—x+6

Fx)=(x+2)x" —2x+3) ML M1

Discriminant of (X =2x+3)_ (-2)° -4(D(3)=-8<0 }

There is no real solution of ¥~ —2¥+3) M1

F15)=0has only one real roots Al






(i)

! + ] = 2cosec Acot 4
Prove the identity secA+1 secd—1 : [4]

1 1

secAd+]1 secAd-1
_sccA—1+seu:A+l

sec” A—1 M1
_ 2secA
tan’ A M1
_25.&3:.:.%21}< 1
tan 4 tan A
= _- xeot A
sin A M1
= 2cosec Acot A AG1

1 1 4
3

-+ =
Hence find all the angles between 0 and 2 for which secA+1  secA—-1 .

[5]

1 .\ 1 4
secA+] secAd-1 3

2cosecdcot A :%

2[ I ) cmsr!)_i

sin 4 J\ sin A 3 M1
cosd 2

sin“ A4 3

3cos A =2sin” A M1

3cnsA=2(1—c033A] M1

3cos A=2-2cos” A
2cos” A+3cosA-2=0
(ZcosA—1Dicos A+2)=10

cos A =05 or cosd=-2 (rejected) M1
8



14:EE,EH-¥E
3 3
4% 3%
3 3 Al

, ) v Y a
It is given that /) is such that / (¥) = 08 2x +sin3x.

B Q£ v} — .
Given that f(7)= ﬂ, show that / {r] +9J {x} a+bsin2x where a and b are constants. [7]

S'(x) = cos 2x +sin 3x

S"(x)=—sin2xx2+cos3xx3 ML, M1

f"(x)=-2sin2x+3cos3x

fx)= jcc-s 2x +sin 3xdx

sin2x  cos3x
= <+

f(x)=——-

2 3 M1, M1

in 2
ﬂzsma{ﬂr} _cos3(m) e
2 3 M1

0=0-—24+0+c
3

2 3 3

sin2x  cos3x 1
{}zun

fix

f"'{x}+9_j"{.r]=—25in2x+3c033x+9(51[1’2x EDZBI ;]

9sin 2x

=-23in 2.r+3c053.r+£ —3c053x—3]

Ssin2x

2 Al

=-3+




6

The table below shows the experimental values of two variables x and y.

X 1 2 3 4 5 6
y 63 127 258 510 1000 | 2100
lg v 1.80 2.10 241 2.71 3.00 3.32

b

'1- - @
It is known that x and y are related by an equation of the form 10 'where a and b are
constants.

(i) By plotting lgy against x, obtain a straight line graph to represent the above data

[3]
(i) Use your graph to estimate the value of a and of b. [3]
(ii)  Use your graph to find the value of x when ¥ =160 [1]
X gmatl
(iii)  Explain how would you use the graph to find the value of x for which “Gb] =10 .
[2]
(106)" =10
10YA =107 =10
b* _ 10
1o* 10° M1
= i

lgv= ]g[lU"'”}

: |



lgv=1-x

Draw the line 87 =1~ and find the x-coordinate of the point of intersection. Al

11
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(i)

Sx*—12x-3
=2)[x*+3
Express ( [ )
Sx° —12x-3 A Bx+C
3 = + 2
[.r—E}(x‘ +3) xX=2 x"+3

Sx?—12x-3= A(x” +3)+(Bx+C)(x-2)

Letx=2

5(2)° —12(2)-3= A(z1 +3]

~7=74

~1=4
Letx=0

—3=—I(ﬂ3+3}+{{?}{ﬂ—2]

Letx=1
5(1)2 =123 =—|(|3+3]+(B}(1 ~2)
—10=—4-8

6—18

Sx°—12x-3 | 6x

(x-2)(x* +3} (x-2) +{x3 +3)

13

7 in partial fractions.

M1

M1 for at
least one
correct
method

Al for at
least one
correct

A2 for all 3
correct

Al

[5]



In{x*+3
(i) Differentiate n(L i )With respect to x.

d[ln(f+3” L

dx 43

x2x

2x
¥ 43

(iii)  Using the results from (i) and (ii), determine

S5x7 —12x-3 1 6x
I(x—z}[13+3}dx:I_x—2+mdx

Sx'-12x-3 ¢ 1
I(I—Z}{xz+3)dx_f_l—2

J- Sy —12x-3
(x—E}(xl +3)

14

afx+3j';?’—13afx
X+

de=—-In{x-2) +31n{xE +3)+¢

Bl

Sx° =12x =3

(x= 2)(.1(: i+ 3)

dv

M1

M1

Al, Al

[1]

[4]



8 The diagram shows a rectangle ABCD. A line through A intersects CD at F and BC produced
at E. It is given that <BAE =8° AF =18 cm and FE =16 cm.

A

D

[
18 cm

16 cm

(1) Show that the perimeter, P cm, of the rectangle is given by

P =68cos@ +36sind
mrf.{‘i‘:E
In A4l 18
DE =18cosd

. AF
sinf = —

AF =18sinf

FC

n AFCE. cosf :E
FC =16cosl

sinfl = CE
CE =16sin@

Therefore ' = 2(A8 +4D)

P=2(18cos@+16cos@+18s5ind)
P =68cost +36sin6 (shown)

3]
<05 and
sind of
either
triangle
M1
M1

AG1l

15



(ii) Express P in the form Reos(6 -a) .

[3]
R =468 +36 =+/5920 M1
36
tano = —
M1
a=27.9°
P =+/5920 cos(f) —27.9%) Al

(iii) Find the value of ( when the perimeter is 62 cm.

[2]
V5920 cos(0 - 27.97) =62 M1
cos(f —27.9%) = 62
5920
6—-27.89°=36.31
0 =642°
Al

16



9

Acircle €1 has equation

(i)

(ii)

(iii)

4y’ —bx+4y = 12

Find the radius and the coordinates of the centre of ¢ : [3]
(-6 i“|
Centre= \ =2 2/
10
Centre = (3 72) B1
Radius ~ V3ITH(2) - (-12) M1 for attempt to find centre or radius
Radius = Al
Show that the equation of the tangent to the circle at the point (1.=5) s
3y=4x+k \yhere k is an integer. [3]
_=5-(-2)
Gradient of the from the point of tangent to centre 7-3 M1
1 -
. [_ N3
Gradient of the tangent= 4 M1
y—(=5)= i{x— 7}
3
Jy+15=4x-128
3_].' =4x—-43 Al

Another circle G has centre (-8,4) and radius 7 cm. Find the shortest distance
between the 2 circles. [2]

= J3-(8)) +(-2-4) =Vi57

Distance between the 2 centre M1
Shortest distance = V137 —5—=7=0.530 AL

17



10

(@)

(b)

r x-2 d-x
Without using a calculator, find the value of & given that 12~ =3""

12.1'—2 — 3'1'—.1'
12" %127 =3" %37

3 2

36° =9% %127
(67) =(9x12)

2

6" — 108

Solve the equation
log, x =6+log,, x
log, x=6+ log, x
) log, 16

log, x

log, x =6+

3log, x _
4

6

log, x=8§
x -2

x =256

M1

M1

M1
Al

log, x=6+log, x

M1 (Change of base)

M1

Al

18

[4]

[3]



(©)

lg(x —4)+21g3 = 1+]g(£]
Solve the equation 2/

lg{,t—4}+2lg,3=1+]g(§]
\

lg(x—4)+1g3 = |gm+|g(i]
2 M1 (Power rule)

f
lg 9(x —4) = Iglﬂkﬁl
2, M1 (Product rule)
Ox—36=5x

dx =136

x="5 Al

19

[3]



11

v
X

y=27+

The diagram shows part of the curve

at B

(i)

Find the coordinates of A and of B.

When x=10,y=27+ 8 =26

(0-2)

B(0,26)

When y =1,

8

0=27+ 3
(¥-2)

Bl

20

(x-2)

Bl

which crosses the axes at points A and

[2]
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The normal to the curve at B cuts the x-axis at C.

Find
(i) the equation of the normal, [3]
@ _ 24
de  (x-2)* M1
a2 3
de  (0-2" 2 M1
_2
Gradient of normal 3
2
=—x+20
Equation of normal is =~ 3 Al
(iii)  the area of the shaded region. [4]
0=2x+26
3
2
——x=26
3
¥ =-34 M1
I (39) J,4 . M1 for
=—(39)26)+ | 22T+ 8(x=2) "dx either
Area of shaded region ¢
_ 4 M1 for
=507+ 2'?,1:-£{,1'—2]_2T integratio
-2 0 n
(4 (4 ) )
=507+ 27| —4[ —2J ~(27(0)-4(0-2)7)
V3 3
=507 +[36 -9 +1]
Al

22



END OF PAPER
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