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Muathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax* +bx+c=0,

_—bxVb' ~dac

2a

X

Binomial expansion

(a+B)" =a" + [?j a" b+ [Zj a" b 4+ {n} a" b .+,
r

! - -
where » is a positive integer and P —— rp—l).. (n=r+1)
r) rin-r) r!

2. TRIGONOMETRY
Identities

sin® 4+cos®> A=1
sec’ A=1+tan> 4
cosec’ A=1+cot” 4
sin( A+ B)=sin Acos Bt cos Asin B
cos(A+ B) = cqucosBxsin Asin B

tan A +tan B
lxtan Atan B

tan(4+ B) =

sin 24 = 2sin Acos A
cos2A=cos’* A—sin*A=2cos’ A—-1=1-2sin’ 4

tan2A4 = —2tan;4
1—tan* 4

Formulae for AABC
a b ¢
snd snB snC

a® =b* +c*> —2bccos A

&=}~absinc
2

Cedar Girls’ Secondary School 4049/02/854/Prelim/2021



1

(a) Express

(3x-1(2x+1)°

16x—14x* -1

Answer all the guestions.

— 1n partial fractions.

16x—14x* -1 _ 4

B C

= + +
(Bx-1)(2x+1)> 3x-1 2x+1 (2x+1)2

16x —14x* —1= A(ZJHI)2 +BBx-D2x+D+C(3x-1)

Letx:—l, Letle, Letx=0,
2 3
Sl 225,25 g
2 2 9 9
C=5 A=1
16x-14x"-1 1 3 5

= - +
Gx-D@2x+1)* 3x-1 2x+1 (2x+1)

-
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i
m)<Aﬁgnpﬁmmdhmasmmmbmmoﬁmk(4E+v§)numdahdgnofhnL
The volume of the pyramid 1s (6 ++8 ) m®. Without using a calculator, show

that 7z can be expressed as o +b\5 , Where a and b are integers.

é—(\/g+\/§)2xh:6+ylg

18+6v2
o)

184642
N
184642
- 9+6«/§
_.'5““2\/5
T 34242
64242 3-22
T34242 3242 .
=10-62
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2 (a) Giventhat p> % , explain why the equation 3***' = 6(3))6_1 — p has no real

solutions. : [4]

32x+l — 6(3)"‘1 -p
33 =6(3)3"-p
3.3 -2(3)' +p=0

Let3 =aq,
3a*-2a+p=0

Discriminant = (—2)2 -4(3)(p)
= 4-12p -

Given p > % ,

~12p <-4,
4-12p<0

Since discriminant < 0, the equation has no real solutions.

Cedar Girls’ Secondary School 4049/02/S4/Prelim/2021 [(Turn over



6
aZ
(b) Find the exact range of values of the constant a for which the line y =2x- )

intersects the curve y =x”> —ax—4 at two distinct points. [5]

2
x? —ax—4=2x—g—
2

a2
x2+(—a—2)x+7—4=0

2
Discriminant = (—a— 2)2 —4(1) (22—— - 4}

= —a’ +4a+20
Since line intersects the curve at 2 distinct points,

Discriminant > 0,
—a*+4a+20 >0,
a*-4a-20<0

Leta’ —4a-20=0

a=4i$6—%DGﬂD
2

49

2
4i;Jg=2in€

2-2J6<a<2+26

Cedar Girls’ Secondary School 4049/02/54/Prelim/2021



3 The equation of a curve is y = cos’ [% + %J .

Find the value(s) of x for ——72{ <x< % where the equation of the normal to the curve

is x =k, where k is a constant. (4]

—cos3(£+zj

‘ 274

(x 7 . (x =

os?| Z+= || —sin| =+ =
G5

—:icos2(£+Z —sin(zc-+Z =0

2 \27% 272

cosz[£+5]=0 or —sin(£+Z =0
2 4 2 4

_y__3
dx 2

X T T X
—t—=—, —+—=0
2 4 2 2
x=Z or x=-Z
2 )

Cedar Girls’ Secondary School 4049/02/S4/Prelim/2021 [Turn over



8

4 A glass of hot liquid is placed on a table to cool. The following table shows the
measured values of the temperature of the liquid, 7°C after n minutes.

s (minutes) 10 20 30 50
T (°C) 76.5 57.4 45.9 34.6

(i) Onthe grid on page 9, plot ln(T ——28) against # and draw a straight line graph. (2]

(i) Use your graph to estimate the temperature of the liquid after 35 minutes. (2]

From the graph, In (T—w28) =2.64
T =42.0°C

(iii) It is given that the formula connecting T and #is 7 =28+ ae™ , where a and &
are constants.

Use your graph to estimate

(a) the value of ¢ and of &, [4]

T =28+ge™

In (T ~—28) = In(ae™™)
ln(T—28)=—lm +Ina
Gradient = -4
y—intercept =Ina

Gradiem:3.88——2.88
10-30
=_ 1
20
1
k=— or0.05
20

y —intercept = 4.38
Ina=438

a=e"¥ =798 (351
(b) the time taken for the temperature to fall to half of its initial value. 2]

1n(T~—28) = 4,38
Initial temperature =107.8°C

Half of its initial temperature = 53.9°C
ln(53.9~——28) =32542

- From graph, time taken = 23 minutes

Cedar Girls’ Secondary School 4049/02/84/Prelim/2021
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10

O

A farmer puts fences around the perimeter of his land OABN.
Angle OAB = angle ONB = —725— and acute angle AON = 8 radians.

OA=110m and 4B =50 m.
The length of fencing needed is L m.

(i) Show clearly that L = p+60cos@+160siné, where p is a constant.

-

cost9=g
110

0OY =110cos8

sin¢9=£
110

AY =110siné
LBAX =6
AX

080 = ——
50

AX =50¢os8

sing = 2{
50

BX =50sind
= YN

BN =AY —~ AX
=100sin @ ~50cosf

L=110+110cos G+ 50sin@+110sin&. — 50 cos G+ 50
=160+ 60cosf +160sin & (shown)

Cedar Girls’ Secondary School 4049/02/54/Prehim/2021
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11
(ii) Express L in the form p+ Rcos (9— a) where R >0and « is acute. [3]

L=160+60cos@+160sind
=160+ Rcos(0-a)

R =607 +160
=4/29200 or 170.88 (5 s.0)

tanoy = —

a=1.2120 (5 s.f)

L=160+~29200 cos(6-1.21) or 160+171cos(6-1.21)

(iii) Given that the farmer uses exactly 315 m of fencing, find the value of 6. (3]

e

160+~/29200 cos (§-1.2120) =315, —1.2120 <#-1.2120 < 0.35880
cos(6 -1.2120) = 0.90707

612120 = 0.43453 (rej), 27— 0.43453 (rej), —0.43453

6=0.777(3 s.9)

Cedar Girls’ Secondary School 4049/02/8S4/Prelim/2021 [Tuarn over
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y=-243x-5

The diagram shows part of the curve y=-243x~5, x> % passing through the

point P where x =10. The curve meets the x-axis at the point X.
The tangent to the curve at P meets the x-axis at the point 0. -

(i) Show that the x-coordinate of O is —? i

y=—2\/-3;—_5‘
y__3

de Bx-5
When x =10,
y___3 3
dr 30-5 5
and y =-10

Equation of tangent
y+10= —% (x-10)

3
=—2x—4
=TS

When y =0, —i—x=~4

Cedar Girls’ Secondary School 4049/02/S4/Prelim/2021
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13
(ii) Find the area of the shaded region POX. : : [5]
When y=0, —2+4/3x-5=0

3x-5=0

x=

[FSENV

Area of shaded region POX

1 20 e L
= 5(10+?j(10)- (—2)3[(3x—5)2 dx

3

r 10

250 (—2)(3x—5)%

1 0o »—«

Wi

3 s
3
3

250 | 4,8

3 9
250_500

3 9

250

= T or 27.8 (3 s.f) sq units

Cedar Girls’ Secondary School 4049/02/S4/Prelim/2021 [Turn over
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1 4
7 (a) Show that the solution of the equation i—;—ig-’f—-)i)— +log, 9 =~14 canbe written in
0

Y
the form y =x*, where k is a constant. [4]

4
(0B y) L 1og 0= 14

2log, x

2log, x
log, y

4
log.y) \yo iy

5
(logg ) Y

(log, y) =-32

log, y=-2

y=x

Cedar Girls’ Secondary School 4049/02/84/Prelim/2021
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{b) Show that log,(2x—7)—log,(x-+4)=1 has no real solutions. - [3]

2x-7
lo =1
gs[ x+4 J
2x—'7’=5
x+4

2x—=7=5x+20
x=-9

Sub x = -9 into logs(2x—7) and log, (x+4),

since log, (—25) and log, (-5) are undefined, the equation has no real solutions.

Cedar Girls’ Secondary School 4049/02/84/Prelim/2021 [Tarn over



The diagram shows a circle, centre C passing through point 4 (—1, 2) .
A line from the origin O meets C such that C4 : A0 is3: 1.

(i) Show that the centre of the circle is (—4, 8) and hence find the equation of the
circle. [3]

Let the vertical distance of the centre of circle from the x-axis be y and the
horizontal distance of the centre of the circle from the y-axis be x.

Using similar triangles,

x_4 y_4
1 1’ 2 1
x=4 y=8

Thus, centre of circle is (—4,8)

J(4+1)2 +(8-2)?
=445

Radius =

Equation of circle
(x+4)° +(y-8) =45

(ii) The circle is reflected along the y-axis.
State the equation of the reflected circle. [2]

Centre of reflected circle = (4,8)

Equation of circle
(x—4)Y +(y-8)* =45

Cedar Girls’ Secondary School 4049/02/54/Prelim/2021



(iii) Explain whether the point (7, 6) lies on the tangent to the circle at 4:

@iv)

17

Gradient of AC = 8-2 ==-2
-4+1

Gradient of tangent to circle at 4 = % (tan L rad)

Equation of tangent at 4

1 5
en x=7,y 2( )+2

Yes, the point (7, 6) lies on the tangent to the circle at A.

e

Find the equation of another tangent to the circle that has the same gradient as the

tangent to the circle at 4.

The point on the circle whose tangent has the same gradient as the tangent at A

would be the other end point of the diameter passing through 4.

Let this end point be (p, g)

qg=14
The end point is (—7,14)

Equation of another tangent to the circle:

y—14=—;—(x+7)
Sl
Y=

Cedar Girls’ Secondary School 4049/02/S4/Prelim/2021
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9 (D) Find the value of the constant  for which y = 2¢*x* is a solution of the equation
dy  d’y 2
a+§+4y:ke2 . [6]

—2x 2
*x

y= 2e
& =4xe ™ —dx*e ™
dx

= ¢ (4x—4x%)

2
2—;—) =e ¥ (4~8x)~2e " (4x~4x%)

Vi
= (8x —16x+4)
492+dz—y+4
& ae

=4e ™ (dx —4x* )+ e (8x* —16x+4) +8e 7%’
= e (16x—16x" +8x* —16x+4+8x")

e

[3]

Cedar Girls’ Secondary School 4049/02/54/Prelim/2021
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(i) Find the exact coordinates of the stationary points of the curve y =2e™x*.

For stationary points,
Yy
dx

e (4x-4x")=0

e™ =0 (reject) or 4x—4x" =0

x(1-x)=0

x=0 or x=1
2

y=0y=—
e

2

The stationary points are (0,0) and (1, 2)
e

(iii) Find the nature of the stationary points. : | [3]
2
9y @ - 161 +4)
dx
When x =0,
d2
& W

=4(0)

(0, 0) is a minimum point

When x=1,
d_z);_ =2 (8-16+4)
dx
-4
=— (<0)
e

2

(l, EJ is a maximum point
e

Cedar Girls’ Secondary School 4049/02/84/Prelim/2021 [Turn over
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2

Ox
10 B E
@ Express 3x -1 3x—

=3x+1+
x—-1 3x-1

O
3x-1

(i) Find j dx .

0x?
I?)x-"l dr

= | 3x+1+ dx
]

3x—1

"-“-:ix2 +x+-l—1n(3x—1)+C
2 3

(iii) Giventhat y= 3x° 111(3x __1) , find an expression for g—xji .

Y3y (-—3—1+6x1n(3x—1)
dx \3x-1,
2
= 2x +6xln(3x—1)
Ix-1

Cedar Girls’ Secondary School 40459/02/584/Prelim/2021
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(iv) Hence, evaluate J.llen(3x—1) dx. [5]

5 Ox?
!

2
T +6xIn(3x-1) dx= [3)52 1n(3x—1)]1

‘ 2 2
I:%x2+x+§l)-1n(3x—l):| +J6x1n(3x—1) dx=12In5-3In2
1

1

2
(6+2+$J—(%+1+%)+6jxm(3x—l) dx=12In5-3In2
1

2

6[xIn(3x—1) dr=17.234-5.8054

1

11.4286

jxln(ﬁ%x—l) dx =1.90 (3 5.1}

End of Paper
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