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Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax’ +bx+c=0,

_ —bxb* —4ac

2a

x
Binomial expansion
(a+b)" =a" +KJ a""b+@j a” b + ... +(n}a”"br +..+b",
¥

! - ..(n-r+l
where n is a positive integer and G P = Al (nor )
r) ri{n—r) r!

2. TRIGONOMETRY
Identities
sin? A+cos? A=1

sec’ 4 =1+tan’ 4
cosec’4 =1+cot* 4
sin{4+ B) =sin Acos Bt cos Asin B
cos{Ax B)=cos Acos BF sin Asin B

tan A+tan B

tan( A+ B)=— """ ——
1Ftan Atan B

sin 24 = 2sin Acos 4

cos24 =cos* A—sin* A=2cos’ 4-1=1-2sin* 4

2tan 4

1aN 2.A = e
1—-tan® 4

Formulae for AABC
a b ¢

smd sinB snC

a’=b*+c? -2bccos A

A =lbcsinA
2



Answer all the questions.

1 P and Q are the points of intersection of the line s % =1, (a>0,b > 0),with the
a

x and y axes respectively. The distance PQ is 10 and the gradient of PQ is —2.
Find the exact value of a and of . [5]

Since P lies on x —axis, y = 0, £+%=l, x=a
a

P(a,0)

Since Q lies on y —axis, x =0, 9+— =1, y=b
a

0(0.0)

Since gradient of PQ = -2,

>
o

Since distance PQ =10

J(@=0)? +(0-5)* =10
J(@—0)>+(0-2a)* =10

5a* =100

a= %a/%:z\/? (a>0,b>0))

~b=4S5
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2 Thepolynomial P(x)=ax’ +bx’—19x+ 4, where a and b are constants, has a factor
x+4 and is such that 2P(1} =5P(0).

{a) Find the value of ¢ and of b.

Since x+4 is a factor, P(—4)=0
a(~4y +b(~4y ~19(-4)+4 =0
—da+b—-5..........(1)

Since 2P(1) = 5P(0)
2{a+b-19+4)=20

sa=6 and b=19

{b) Hence, factorise P(x) completely.-

By long division or factonization, P{x)={(x+4)} (6x2 -8+ 1)
Plxy={(x+ 4)(3x __1) (Zx _._1)

Cedar Girls’ Secondary School 4049/01/84 Prelim/2021
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5

2
x#1.

A function is defined by the equation y = 2x

B

(a) Show that y is increasing for x> 2. [3]

dy (x—-1)4x—2x2 _2x(x-2)

&y (e

Since (x—l)2 >0, and for %>0, 2x(x-2)>0=>x<0o0r>2

Hence function is increasing for x> 2.

(b) If y is increasing at the rate of 2 units per second, find the rate of
change of x when x = 3. [2]

& _dxr dy
dt dy dt

(x-1)*
B 2x(x—2)X2

When x=3, g=i><2=iunits/s
dt 6 3
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{

g
2 .
. . a x . -
4  Consider the expansion LT---—M] where a is a positive constant.
¥ a

Find, in terms of a,

(a) the term independent of x.

e (3] 2]
Syr—

For independent term, r—4=0=r=4

8
Term independent of x = (4}14 (u--l)4 =70 a®

2

(35t —ax* V[ & ;
(b) the coefficient of x* in the expansion of | 3x —4x ) a _ﬁl )
AT

3y —4x2 [ @ ’
(-E——ff—][a— - ﬁ} = (3x2 - 4)(...Term in x* +Independent Term-+... )

x Jx a

Fortermin x*, r-~4=2=r=6

8N 2
Termin ¥° = (6J LN (m1)6 _ 28x

2
7]

2

a /

=...+210a"x" __Lla?-_xz “+

a

Coefficient of x*=210a* ~

(3x* -4)[... 285 20at+.. W

12
aZ
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There are approximately 5 times as many animals of Species 4 as animals of
Species B in a nature reserve.

The population of animals of Species 4 decreases at a rate of 5% per year and
the population of animals of Species B increases at a rate of 10% per year.

It is given that NV is the number of animals of Species B in the nature reserve.
(a) Write down, in terms of N,

()  an expression, P,, to model the population of animals of Species 4 after
¢ years, (1]

B, =5N(0.95)

o

(ii) write down an expression, P, to model the population of animals of
Species B after ¢ years. [1]

B, =N(L1Y

(b) Using your models, find the number of years that will elapse before the
population of animals from Species A4 is equal to the population of animals
from Species B. [3]

SN(0.95) =N(L1)
lg5+¢1g0.95=¢lgl.1
Ig5

f=— 52 10978
lgl.1-1g0.95

No. of years=11.0

Cedar Gitls’ Secondary School 4049/01/54/Prelim/2021 [Turn over



6 (a) Solve tan3x=0 for --;E <x S—;E giving your answers in terms of 7. [2]

tan3x =0
3x=-x,0,7
x=——£,0,£

3 3

(b) Use your answers to part (a) to sketch the graph of y =4tan3x for
“Tex S% on the axesbelow. Show the coordinates of the points where the

[3]

curve meets the axes.

v =sinx gl £

~

—————
w |
)

o«
Nl
4

e,
M{

Period =

w1y
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9
(¢)  Onthe same diagram given in part (b), sketch the graph of y =sinx+1 for the

: T T : :
interval ~3 <x< 3 Hence state the number of solutions of the equation

. . . T w
4tan3x~sinx =1 in the interval _E <x< 5 .

Correct shape of y =sinx+1
Correct points of (0,1), (2£ 0), and (--2”— 0)

No. of Solutions = 3

Cedar Girls* Secondary School 4049/01/84/Prelim/2021 [Turn over



10
7 (a) Show that 2sin(A+45°)cos(4+45°)=cos24. [3]

LHS = 2sin(A4+45°)cos (4+45°)
=sin(24+90°)

=8in 24 cos 90° + cos 2.4 sin 90°
=sin 2A(0)+cos 24(1)

=c0s24

Alternative :
LHS = 2(sin 4 cos45° +sin45° cos A)(cos Acos45° —sin Asin 45")

:z[sinA(—-?]Z[“?JCOSA]ECOSA[{}MA[ B
[ ] (]

‘1 3 1.,
ﬂZmeos A—-—sin® A4
2 2

=08 24

1
(b)  Hence, solve the equation sin(4+45°)= gsec(A +45°), for
0° < 4 £360°. [4]

I

A+45°%) = e
sin (4 +45%) = Bcos (A4 +45°)

2sin(4 +45°)cos(A+45°} =

N

cosZAm%, 0°224<720°

1
Basic Angle = cos™ i 75.522°

24 can be in first or fourth quadrant.
24=75.522°284.478°,435.522°,644.478°

A=37.8°142.2°7217.8°322.2°

Cedar Girls’ Secondary School 4048/01/84 Prelim/2021
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8 A curve is such that jx—Jz/:Scost. This curve has a gradient of 3 at the

. T 5w

pomt | ——,— |.
&%)
Show that the equation of the curve is y = —% cos2x+2x+ 17—7[+ 5_\8/_3 . [6]
When x=_£, Q_zz’g_z:Sstx
12 dx 4 dx 2

2in2| - Z |+c=2
2 12 4

3.5 1)
c=—+—| — |=

4 2\2
y=_[F—sin2x+2 dx

2
. D
=—Zcos2x+2x+d
When x=—£, y=5—7[
12 4

§—7-[—=—§cos2 ~Z 42 L +d|[
4 4 12 12
PR

12 8
Equation of curve: y= —%cos 2x+2x +17—2ﬁ + 5—\8/_2 . (proved)

n
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9 (a) Factorise x’ +y°. [1]

x3+y3=(x+y)(x2-—xy+y2) [B1]

P

sin’@+cos’@  secd—sinb

= 4
2sim* & —1 tan & —1 4]

(b) Hence, prove the identity

sin*@+cos’@ (sin@+cosd)(sin” @-sin 6cos 6 +cos” 8)
2sin” -1 2sin® 6 —(sin” @+ cos’ )

_ (sin@+cosB)(1-sinfcosH)
B sin* @—cos? @

_ (sin@ +cos@)(1—sin HcosH)
B (sin@+cos 6)(sin @ —cos )

(1-sinfcosb)
- cosé

(sin G ~cos 9)

cosé
_ secd—sin &
tan &1

(proved)
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Continuation of working space for Question (9b).
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10 .
D__ ‘ E_¢
semy o F
_____________ x cm
A ) ycm B

The diagram shows a rectangular piece of paper ABCD such that AD = 5 cm,
BF =xcmand AB =y cm. The paper is folded along AF such that B meets £ on
DC.

(a) Express EC and AF in terms of x. [4]
CF =(5-x)cm

EC =[x ~(5-x) =10x—25 om

AE=y and DE= y—-~10x-25cm

5 +(y-10x-25) =5
25+ % = 2y4/10x =25 +10x =25 = *

5x
Y= lox=25
5x
AE = —mmeeee 0N
V10x—25

(b) Hence show that the area, 4 cm?, of triangle AEF is given by
5x?

Ao 2]
A=lxy=lx><——5x——-
277 27 Jl0x-25
_ 5x°
N T

Cedar Girls’ Secondary School 4049/01/54 Prelim/2021
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(c) Show that x =? for which %f =0. : [3]

-\/10_—5 (2x)-x? (%(10 —2x)_% (1o)j

d4_5
dx 2 10x-25

r - _l -
5[ (10x-25)" (2x(10x—25)-5x2ﬂ

2 10x-25 J

| (10x-25)

For %=o, 15x* =50x =0
dx
5x(3x-10)=0

x=0(rej)orx=? -

(d) By considering the change in the sign of %, show that 4 is a minimum at

x= !32 . Hence find the minimum value of 4.

10~ 10 1%
3 3 3
d4 Negative Zero Positive
dx
Slope N B — -
Hence from the table, 4 is a minimum.
Minimum value of 4 in surd form = 3 ( = 50‘/5 =9.62
2( J10(8)-25 | 9

Cedar Girls’ Secondary School

4049/01/S4/Prelim/2021
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11 The height, in metres, of a ball above the ground ¢ seconds after it is thrown from a
tower is given by the function A(#) = —5¢° +10¢ + ¢ , where ¢ is a constant.

(ay @ Given that #2(0) =6, find the value of c. (1]

—5(0Y +10(0)+c =6
c=6

(ii)  Interpret the meaning of the answer in (a) (i). [1]

When ¢ = 0, height of ball = 6m. The ball was thrown from a tower
which is 6 m tall.

(b) Without the use of differentiation and using the value of ¢ from (a) (i),
determine the maximum height reached by the ball and the corresponding (4]
value of ¢.

h() =56 +10¢ +6
==5((-1)" 1) +6
=-5(r—1)° +11

Maximum height=11 m
Corresponding value of 1 = 1

Cedar Girls® Secondary School 4049/01/54 Prelim/2021
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Continuation of working space for Question (11b).

(¢) Find the time it takes for the ball to drop to the ground. (2]

When it drops to the ground, A(z)=0
-5 +10r+6 =0
~5(¢-1)" +11=0

11
t=1) ==
(-1 =X
1=+422+1=2.48

Time=2.48 s

Cedar Girls® Secondary School 4049/01/S4/Prelim/2021 [Turn over
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12

In the diagram above, E4 is the tangent to the circle at 4.
FBA and FCD are straight lines.
EA is parallel to D and FC=A4D.

(a) Show that £ZBAD = ZBCF .
£BAD+ £ZBCD =180° (Angles in the opposite segments)

ZLBCF + ABCD =180° (Adjacent angles on a straight line)
ZBCF +(180°— £BAD)=180°

£BAD = £BCF (proved)

Cedar Girls’ Secondary School 4046/01/84 Prelim/2021



19

(b) Hence, prove that triangle 48D is congruent to triangle CBF.

ZEAB = ZAFC (alternate angles, EA//FD)
ZLEAB = ZADB (Angle in alternate segment or Tangent Chord Theorem)

(1) £ADB = £ZBFC (proved in above)
(2) £BAD = £ZBCF (proved in part (a))
(3) FC = AD (given)

AABD = ACBF (ASA)

Cedar Girls’ Secondary School 4049/01/34/Prelim/2021
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13 A particle starts from rest at a fixed point O and moves in a straight line with its
acceleration, & my/s?, is given by a = 9~k , where ¢ seconds is the time since
leaving O, and % 1s a constant. When ¢ = 2, its velocity is 15 m/s.

(a) Find the value of . [3]

v=_[(9--kt)dt

2
vz9t—~-]f£—n+c
2

When t=0, v=10
c=0

When r=2, v=13
18-2k =15

k=2
5

(b) The particle changes its direction of motion when ¢ = T.
Find the value of 7. (2]

When v=10

OF e 2= ]

T(E’——ET]:O
4

T=12

Cedar Girls” Secondary School 4049/01/84 Prelin/2021
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(c) Show that the particle returns to O when ¢ = 18. 3]

S=J‘[9t—%)dt

2 3
=2t__—-t_.+d

2 4
When t=0, s=0,d=0

When s=0,

t=0 or =18

Hence particle returns to O when ¢ = 18.

(d) Hence find the distance travelled by the particle between = 0 and ¢ = 18. (3]
9 3
When =12, s= —2—(12)2 —1—‘:;— =216m.

Distance travelled between f=0and r=18=216x2
=432 m

END OF PAPER
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