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Mathematical Formulae
1. ALGEBRA

Quadratic Equation

. 2 _
For the equation @~ +bx+c=0

oo —bENb® —dac

2a

Binomial expansion

v

n n n n-1 n n-212 n n—-ryr n
(a+b) =a"+ | a" b+ ) a"tht+..+| |d"Th 4. +b

n! n(n-1)........ (n—r+1)

[nJ
. o (n=r)rt r!
where 7 is a positive integer and r (n r) r

2. TRIGONOMETRY

Identities
sin® A+cos’ A=1 _
sec’ A=1+tan* 4
cosec’A=1+cot’ 4
sin (4% B) =sin Acos B*cos Asin B
cos(Ax B)=cos Acos B Fsin Asin B

tan A+ tan B

A+ B)=——FX——"—_
tan( ) 1 Ftan Atan B

sin2A4 =2sin Acos A
cos2A=cos> A—sin®> A=2cos>* A—1=1-2sin’> 4

2tan A

tan2A=72
1—tan” 4

Formulae for AABC

a__ b __c
sin4d sinB sinC

a’> =b*>+c* —2bc cos A
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3

A= %bc sin A
492x—3 _ 72x+1
1 Giventhat 7 343" find the value of 343" [4]
492X—3 72x+1
7 343
2x-3
(72) 723+ express as powers of 7
73% - (73 )x—l
72(2)(73) 72x+1 m\" "
e = ) index laws (a ) “
74.)5—6—3)5 _ 72x+1—(3x—3) 4 _ amf”
x—-6=-x+4
2% =10 equate powers
x=35
3433 =7"
=16807

2 A cuboid has a square base of length (3+42) cm and a height of 7 cm. The volume of the cuboid
(a+b2)

i 19-3 V2) cm’. Without using a calculator, obtain an expression for / in the form

where @ and ? are integers. [4]
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h:19—3J5
(3+\/§)2

_19-32

C9+6v2+2

C19-3V2 _11-642

T2 11-632
20911442 - 3342 +18(2)

) 121-36(2)
245-14742

=l

=5-3\2

3 (@) Without using a calculator , show that cot15°=2++/3 ) [4]

° = tan tan (45° — 30°) or tanl5° = tan(60° — 45°)

-0 __ tantan 45°—tan30° tanl15°® = tan60°—tan45°

) 1+tan45°tan30° or tan T 1+tan45°tan60°
1—-L

3-1

anl5° = —L&- or tantan15° :L( 2
1+f 1++/3 ) 1

_ 3-1

\3+1
(\/5—1)(\/§+1) tanA
_3424/3+1 p
3—-1 ) 1
145
_ 44243

2
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(ii)  Hence show that cosec’15° =4cot15° [2]

2 2
cosec’15° = 1 + cot 15°=1+(2 +\/§)
=1+4+43+3

=8 + 43

=42 ++3)
= 4cot15°

2x* —4x* —5x+3

2
4 (i) Express (x 3)(x 9) in partial fractions. [4]
Method 1
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2x° —4x* -5x+3 2%’ —4x’ -5x+3 A B N C

)(E-9) (=343 w43 w3 (xo3)
_2(x+3)(x-3) +A(x—3) +B(x+3)(x~3)+C(x+3)
(x+3)(x—3)2
26 —4x* —5x+3=2(x+3)(x=3) +A(x-3) +B(x+3)(x-3)+C(x+3)
whenx=3, 54-36-15+3=6C

C=1
when x=-3, —54-36+15+3 =364
A=-2
whenx=0, 3=2(3}(9)-2(9)+B(3)(-3)+1(3)
~-36=-9B
B=4
2x° —4x* —5x+3 2 4 1
=2- + +
(x+3)(x-3) 243 x-3 (x-3Y
Method 2
2x° —4x* —5x+3 2x* +13x-51

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

2x*+13x-51 4 B C
(x=3)(x+3)(x-3) x-3 x+3 (x-3)

2x° 4+ 13x — 51 = A(x — 3)(x + 3)+ B(x — 3)° + C(x + 3)
Letx=3 2(3)° + 13(3)— 51 = C(3 + 3)

c=1
Letx==3 2(— 3)° + 13(- 3)— 51 = B(— 3 — 3)°

B =-
Letx = 0 — 51 = A(— 9)— 2(9) + 3

A=4
2x° —4x” —5x+3 2 4 1
—=2- + + 5

(x+3)(x-3) x+3 x-3 (x-3)

J-2x3 —4x* —5x+3

(i)  Hence find (x—3)(x2 _9)
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sz3 —4x* —5x+3

(x+ 3)(x—3)2

:IZ— 2 + 4 + ! ~dx
x+3 x-3 (x 3)
= 2_i+i+(x_3)’2dx
x+3 x-3
-1
:2x—21n(x+3)+41n(x—3)+(x_?) Te
4
:2x—21n(x+3)+41n(x—3)—¢+c or 2x— ! +1n<x_3)2
x—3 x=3 (x+3)

5 Liquid is poured, at a constant rate of 15 cm?/s, into a container. When the depth of liquid in the

container is x cm, the volume, ¥ ¢m?, of the liquid in the container is given by

1
V:Zx(x+16).
Find, when ¥ =20
(i) the value of x,
V:lx2+4x
4
L iax=20
(i) When V' =20 4
x*+16x-80=0

(x+20)(x-4)=0
x=-20(NA) orx =4

(ii) the rate of change of the depth of liquid at this time.

dr 1
—==x+4
(ii) de 2
dx _ dx dV
-1 s
[1(4)+4] dx 1
dv ~— v
dx
_1s
6
=2.5
The rate of change of the depth of liquid at this time is 2.5 cm/s

CHIJ SNGS Preliminary Examinations 2020 - Additional Mathematics 4047/01

[3]

[Turn over



6  Solve the equation

) 2log, (x+4)—log,(x+2)=2 ,
2log, (x+4)-log, (x+2)=2
log, (x+4)" ~log, (x+2)=2

loga b = clogab

(36'4‘4)2 I _ p
log, =2 gP —1gQ =1glg &
x+2
2
(x+4) _3 log b = x=ad = b
x+2 ¢
x*+8x+16=9(x+2)
=0x+18
¥ -x-2=0
(x-2)(x+1)=0
x=2 x=-1

(i) log; y—3log, 5=2 .

log; y—3log, 5=2

0gsy
(log; )’ -3 =2log, y

(log, y)' —2log, y-3=0
a-2a-3=0
(a+1)(a-3)=0

a=-1 a=3

logsy=-1 logsy=3

y=5" y=5

log. 5
1og5y—3{l E J=2 log b

= — =125

2
(log y) #2(log )
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The diagram shows the line y=24 and part of the graph of Y=

The graph crosses the line ¥~ 24

(i) Find the coordinates of P, Q and R.
To find P and R, y=24

\x2—16x+39\:24
x> —16x+39=+24
x> —16x+39=-24 x?—16x+39=24

X —=16x+63=0 X =16x+15=0
(x—7)(x—9):O (x—l)(x—lS)zO
x=7,x=9 x=1, x=15 Y

Ans.P(9,24) , R(15,24)

x2—16x+39]

at the points P and R and meets the x-axis at Q.

\ (8,25) /
To find Q , y =0 \ NP R/
x> ~16x+39=0 \ / \ /
(x—3)(x-13)=0 \Vi
[0 7]
x=3, x=13
Ans.Q(13,0)
*—16x+39|=k
(ii) State the set of values of & for which x X has 2 solutions.
. 3+13
axis of symmetry x =
=8
y=[8-16(8)+39) v =[xt ~16x+8° ~8% +39)
=29 ~|(x~8)" 23]
=25
Max pt (8,25)

Ans.k=0 , k>25
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10

8 Itis given that =SinX=2 ng Y2 =73c0s2x

(i) State the amplitude and period, in degrees, of (a) 21, (b) 2. [2]

=sinx—2 amplitude =1, period=360°

=—3cos2x amplitude =3, period =180°

For the interval 0°<x<360°

(i)  solve the equation 1 =72 [4]
sinx — 2 =— 3cos2x
3(1 — 25in2x) +sinx—2=0 cos2x =1 — 2x

6sin2x —sinx —1=0
(3sinx + 1)(2sinx — 1) =0

sinx =— %, x = %

x = 180° + 19.471° 360° — 19.471, x = 30°, 150

x = 199.5° 340.5°. x = 30°, 150°

(iii)  sketch, on the same diagram, the graphs of Mand V2, [4]

|.L.I
3_—

30 150 199. 340.5

' b70 \ |30

QL TV I T

——
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(iv)  find the set of values of * for which Y2~ "1~ 0

(2]
30° < x < 150°, 199.5° < x < 340.5°
9 2x
D C
2x 2x
d
1 dx B

The diagram shows a prism in which the cross-section is a trapezium ABCD.

AB =4x ¢m, BC=DC=AD =2x ¢m, The length of the prism is d cm.

(i) Show that the area of trapezium ABCD is 3V3¢° cm?, [2]
_ 2.2 2x

) h=+(2x)" —x
2xf |k | \2x
=+/3x7
X Ty X
= 3x
_ =L Bxy2x+4x)
Area of trapezium ABCD 2
= 2 (B)(6x)
=343x° cm?.
The volume of the prism is 388843 cm’. 2x
(i) Express d in terms of x. [1]
D
CHIJ SNGS Preliminary Examinations 20 hematics 4047/01 [Turn over
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12

(ii) 3\/§x2a’ = 3888\/5

x’d =1296
4= 1296
X

(iii)  Show that the total surface area, 4 cm?, of the prism is given by

2
X

_— 2(3J§x2)+(2x+2x+2x+4x)(129 )

=6J§x2+10x(1296)

2
X

(iv)  Given that x can vary, find the value of x which gives a stationary value of 4.

dd 12960
dx —12/3x .

2

(iv)

ad _ 123512260 _
At dx_O, x?

3 12960

3 = 12960
1243
X ~8.543

x=854 (11351)

v) - why this value of x gives the _ of the prism.
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13

d’4 12\/§+25920

2:

v) dx X
When X~8.543  (or X' =36043 )
d*4
~ 62.3538
’ (or 36\/5 )
2
(cjle >0

Therefore this value of x gives the smallest
possible surface area of the prism.

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

V ok

B(3a, 2at+4)

IX-2.2)

I~

0 A2.0) X
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The diagram shows a trapezium ABCD in which AB is parallel to DC. The coordinates of the points 4,
B and D are (2, 0), (3a, 2a+4) and (-2, 2) respectively, where a is a positive integer. The length of AB

is 4\6 units.

(i)  Showthat =2

\JBa - 2%+ (2a + 4> = 45
9" — 12a + 4 + 4a° + 16a + 16 = 16x5
13" + 4a — 60 = 0
a2+ 30)(a—2)=0
a =—=r (NA), a =2

Find the coordinates of C.

(i)

[3]
Bi(3a, 2a+d)

T~

y=2x+c
2=2(—-2)+c

e (0,y)
8—0

62 OR

=2 OR c=6

y=20)+6

(iii)
, B (6,8)
yoint of AB=( 6;2 ,

=44

Find the equation of the perpendicular bisector of AB.

0+8
2

)

=1

_L
2 2

m X m
on of the perpendicular bisector of AB

__L 77
4=—5MA+c

D{'e
c=6

y=—%x+6

(1),

A(2,0)

B(6, 8)
[4]

T~

A(2,0)

CHIJ SNGS Preliminary Examinations 2020 - Additional Mathematics 4047/01



15

(iv)  Hence, or otherwise, determine if C lies on the perpendicular bisector of AB. [1]
1
let x=0 y=—-50)+6
y=6 or
let y=6. 6=— %x + 6
x=0
6) lies on the perpendicular bisector of AB .
v) Find the area of the trapezium ABCD. B(6, 8) [2]
BCD=—260086 —2220] (0,6
== (16 + 36 + 12 — 4)
1
= (60)
= 30 sq units
(-2.2)
0 A(2,0) Y
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