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Mathematical Formulae
1. ALGEBRA
Quadratic Equation
For the equation ax?+bx+c=0,
5l iw

Binomial expansion

n

n— n - n-1 n—2 1.2 B n—r nr n
(@+b)'=a"+| | |d" " bt|,ad" b+ .. | JaT B LD

n ! = -
where # is a positive integer and ( r) - r'(n”; T n(n—1) r|(” r+1)

2. TRIGONOMETRY

Identities
sin2 A +cos2 A= 1
sec2A=1+tan? 4
cosec2 A=1+cot? 4
sin(4 £ B) = sin4 cos B+ cosA sin B
cos(4 £ B) =cosA cos B F sind sinB
_ tanA+tanB
tan(d = B)= 1F tan4 tanB
sin 24 =2sinA cosA4
cos2A=cos>A—sin24=2cos?A4—1=1-2sin’4
_ 2tan4
tan 24 = 1 tan’4
Formulae for AABC
a b c

sind sinB _ sinC
a?=b%+c?-2bccos A

1 ;
A=§bcsmA

I © UCLES & MOE 2020 @ 4047/01/0/N20
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1  The roots of the quadratic equation 2x>—5x+8 =0 are a and 8. Find a quadratic equation whose roots

are % and g. [5]

L7

sumaﬁraafw
atp =73 —O
Pt U-B' roots:
q,p: -g- = 4 —@

Sum o'g,%ou\al—o%: %1'-0% = %}i
L (o{fﬁ)a—&dp
(o4
()= 24

L

=76
J

et of T and £ %ng

=~ Quad rodic
wfwse foo'&; m% awl—ﬂ -

ol

- (E)x+1=0
16x*+Fx +16 =0

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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—2
2 (a) Giventhat [(53—0) X \/_37] -:-—g— =273%5° find the value of each of @, b and c.

%) x 3% xE =235

5 x54 x5
3ixatxs”
27'3%5°°
7 ,¢=-5

[3]

Given,

(b) The value of a painting increases by 7% each year. Given that its value at the beginning of 2014 was
$1 000000, find its value, to 2 significant figures, at the beginning of 2020. [2]

n
V="P(1+i55)
= 1000000 (1+5)°

= 1500%30-352
= $1500 000

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors
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3 Expres ﬁ partial fractio 5
Step - 2
20-%-3) 40 -F% + 1
-(4x*- 2% - 6)
~5% T 15
Step2: 4X=Fx+1 _ , 4 -5x+15
(2x=-3)(xt1) z (2x=-3X(x+1)
=2+ A B

(2%-3) + (X+1)
Stepd: —b6x+ 15 = A(x+) + B(2x-3)
Subx=-l: a0= B(-5)
< B=-4
Sub x=3: -5(2)+15 = A
< A= 3

/LM 4X=Fx +9 - 34
L, (2x-3)(x+1) 2 by ) x+ |

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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0 /
2:=3 | Find the valucs of x for which y is increasing, [4]

The diagram shows part of the graph of y ==3 T4
X

_ 2%-3
LA
= (*+4)(2) - (22-3)(2%)
(x*+4)*
2x*+8- 4x*+ 6%
(x*1+4)*
= -2x*+6x 18
(x*t+ 4)*
= =2(x*~-3x-4)
(x*+4)*
= =2(x=-4)x+1)
(x*+4)*
for y-}-o be ;nuwsinﬂ . % 70
hene , (x=4)(x+1) < 0
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1 7"
LR DT -
5
y

A

\

0

The diagram shows part of the graph of y=|7—2x|. The line y=mx—2, where m is a constant, cuts
y=|7—-2x| attwo distinct points. Explain why %1- <m<2. [4]

The deft arm of y=1¥-2%] hao & irualwst b -2 .

The,riale arm af. y=l?‘~2%llw4 a JrnM aﬁ. Z
A
+\

with - inles -2 ,

i*k:rywl wt;ﬁ?—le ot

& diatnet points .
HU‘WW, uJ)\.uyM 1 is pafu\.u_d rp) *AL n‘iJ\t
crm y:/?—-Z'xl ) 1°@ - W= 2 ,

it uri o/JJ ewd the .&ﬁ-t orm ¢ y-‘-l?--le ohie .
Hence i—w y= mx-2 + wt Y= #-2x| ot 2 diatindk
poinks , L <im<az.

I © UCLES & MOE 2020 % 4047/01/0/N/20 [Turn over I
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T

, : : : _2.,. 4
6 Find the coordinates of the stationary points of the curve y =x“+ 2

stationary point.

=x'+ 4x*
%ﬂx-sx* =m-35

x.B
= 2x4-8
xB
Let %z 0
2 2x4-8=0
x*-4=0
@&Y)*-2*=0
(x*-2)(x*+2)=0
xX*-2=0 x*+2=0
(No Solulion)

x=2N2

8

and determine the nature of each

(6]

When X=AZ , y=2+% ;5 Whnx=-JZ, y=2t+%

4
For (NZ ,4):

N2
N\

- +

VT |NZ
— &

X

%

For (-E) 4’)

=4

X

2

2

1.

Nz

%

By

/

('\/_2',4) IS a manlmum r-t (‘JZ’;4) Is a mirv)nmm,\.t.

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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7  Solve the equation 3cosAd =secA—5tand for 0° < 4 < 360°, [7]

__1 _ 5sinA
3wsA = s A cosA

3c0sA = | - 5sinA
3(1-sin*A) =1 — 53inA
3sin*A - 5sinA -2=0
(3sinA + 1)(sinA - 2)=0

2 sinA=<-3 or sin A =2

}lb= (No Solulion )

Basic cun
A= 19.4%°
but A lieo in 3™ or 4th %_MJ,
2 A= 180°4 19-4FI° o 360°-19-4FI°
= 199.5° or 340.-5°

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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8 (a) The remainder when x’+ax, where a is a constant, is divided by x—2 s the same as the
remainder when it is divided by x+1. Find the value of a. [3]

let f(x) = 2° + ax
f(2) =8+ z2a
Fen=-1-a

8§t aa

ia
L a= -3

nn
|l

<0

&

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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(b) Solve the equation x* —2x®>—4x+3 =0, expressing non-integer roots in surd form. [4]

Step1: Lef (%)= x°- 2x*-4x+3
j £(3)= a¥-18-12 +3
= B

= (x-3) is a fadbr.

- Step2: A2+ x -

| A-3 ) A3-22*—4x+3

-(x®-32%)
_(2;:43:;;3 2 fX)=(x-3)(x*+x-1)

-xX+3
-(~x 13)

0
Step3: To find the roola az, X+x-1:

x = - £ /V / -4(1)("1)
2

= -|£N5
2

Honce,, so/v:‘nj x3-22’-4x+3=0

x=:l;\f'3 :-,+2J§ or 3

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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9  The equation of acircle is x*+y? +4x—6y—12 = 0.

(i) Find the radius of the circle and the coordinates of its centre. [4]
V+4x+y’-6y-12=0
(x+2)*-2* + (y-2)'-3*-12=0
(x+2)*+ (y-23)*=5*

radius =5,
wdh’; — ("2/ 3)

(i) Find the equation of the tangent to the circle at the point (1, 7). [3]
CA = F-3
grml«.ad: 4 - C2)
= _4._

(L1

gk o gt = o

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.

I © UCLES & MOE 2020 % 4047/01/0O/N/20 |

12 L



* 0012522733513 *

13

Continuation of working space for question 9(ii).

I © UCLES & MOE 2020
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A

N /
N

4 %27 B 2

The diagram shows, for 0 < x < T, the curve y = cos2x and the line y =+L2§-. The curve and the line
intersect at the points 4 and B.

(i) Find the x-coordinate of 4 and of B. [3]

Let coszx = "‘5
BasiC anﬁle 2% =
2% lies in A or 3 iuaol‘

I
6

22= & o T§
= 21
A= S or 43

}]ﬂ(u) x-wormﬂ'g A=5l%
P o cooralmahdﬁ 5:%[

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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(i) Showing all your working, find the exact area of the shaded region. [6]

A
y = cos 2x
sr i
12 12
T L
0 T T X
2
__V3
A B 2

Shaded Area = -[f'z woszx dx| - [(E-8) %

—-[ 2 J [I'E]
= [8,,,11[ ﬁ]

T[#-4]-TR

2~ 12

& M,_ 84 units

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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11 A motorcyclist, travelling along a straight road, passes a point 4 and, 10 seconds later, passes a point B.
The motorcyclist’s speed at B is twice his speed at 4. For the journey from A4 to B, the motorcyclist’s speed,

vm/s, t seconds after passing 4, is given by

= L+ Kt el
v 15(20 e ), 0\1\]0,
where k iS a constant.

(i) Find the speed of the motorcyclist at B. [1]

Whea £ =0s, v=15(0+¢€°)
=15n/s (speed at A)

speccl al B= ax |5

= 30 mZS

(ii) Find the distance between 4 and B. [6]
Whea t =105 ,v = 30 m/.s
a = Jo I0K
- 30=15(55+e"Y)
Q= .zl # elOK
g_z elOK
Ih = = 10K
© K=75h% or 0-04054F

v ,5(_2% +eo.o405ﬁ‘t)
- ﬁ't + ‘580.04054?1:

2 040547
= (%) +15e M 4 ¢
0-04054 7
0-040541t
tC

= 2t +369-9465¢

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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When t=0, §=0
= 369.9455e¢° + C

¢c= -369 9455
_ T %tz"‘ 369, %5560-04054?1: 3699455
W/LM, t - '0 S,
5= 2(10)*+ 369- 1485 “ " _ 349.9455
= 222.46m
=222 m (3s+)

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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(ili) Find the acceleration of the motorcyclist when ¢ = 2, [3]

¢ = ,5(2% 4 ea-o405ﬁt)
= %t ¥ ‘58004054?’t
ca= 4= 3 + 15(0040547) L%
= 3 + 0-608205¢ ot
When £=25, @~ %+0 608205¢ * tattie)
= 14096
= |-4l m/s?

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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12 Do not use a calculator in this question.

sin(a+ ) +sin(a—f)
cos(a+ fB) +cos(a—B)

LHS = Sind Cos g "'Mﬂ- sina cosp — M
0$& oSp ~ SinAHMP t+ S wsp + Sinxsinp

=tana. [2]

(i) Show that

:
J

N
-+
S
&

RHS (shown).

Angles 4 and B are both acute and sin(4 —B) = —%.

(ii) What can be deduced about the size of B relative to A? [1]

4B > Z A

(ili) Find the value of cos(4 —B). [2]
4 " 4
AB 7 cs(A-B) = 5
=3

5

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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(iv) Given that cos(4+B) = and tan(4 +B) = i , state the value of sin(4 + B). [1]
) 24-
Voo |24 sin(A+B) =
AB | .
I :1_ V4
(v) Using the identity from part (i), show that tan4 = —;— [2]

. sin(a + B) +sin(a—p)
usmﬂ cos(a+pB) +cos(a—f)

- sin(A*B) + sin(A-68) _ faa A
ws (A 1'6) + cos (A-8)

a4+ (3)

_51-5 N

=tana.

(vi) Hence find the exact value of tan B. (3]

Giren tan(A+8)= a_;,_
fan A + tan B - 24
| = tanAtanB : 4
4

3 ttmf _ a4
| — 3 tanf ¥
3+ tanB = —;;'- - S +tan b

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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