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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax” +bx+¢ =0,

- —b+b*—4dac
X =
2a

Binomial expansion

+

1 2

.

(a+ b)Y =a" + (ﬂ)aﬂ_Ib+(H)a”_zbz . -i—(ﬂ)a”_"b’ + . +b",

where 7 is a positive integer and C:) = (H”i 317 niz—1) :'F:!(” Fe )
2. TRIGONOMETRY
Identities
sin“4+cos°4 = 1
sec’4 = 1 +tan’4
G{}S‘E{.’:EJ‘I = | +cot’A4
sin(4 £ B) = sindcosBtcosAsinB
cos(A+xB)=cosdcosBFsmAdsinB

tanAd +tan 5
1+tanAdtanB

sin24 = 2smAcosA

tan(A+B) =

0824 = cos’Ad —sin’4d = 2cos?d—1 = | —2sin’4

2tan A4

fan24 = 5
1 —tan“A4

Formulae for AABC

a _ b _ ¢
sind smB sinC

a* = b* +c* —2bccos A

I
A= zbcsmA
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1 Show that the equation 3e”+5 =2¢™ has only one solution and find its value correct to 2 significant

figures.

Let u=e*:

13]

= 2
3u+h = m

u4su-2=0
(3u-N(u+t 2)=0
-'.u-"j' o uU=-2
%= .5. or cx = -2
' (No Selution as e* > 0

Hmu,#«misonb - for sl real valuss of %)

1 soltion ,
Ie- ex:: -é-
x=h 3
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2 Show that x =—1 isa solution of the equation 3x° +4x’—x—2 =0 and hence solve the equation
- completely. ' | 5]

Let F(X) = 323 +4x*-2-2=0
FED) = 3612 +4C)P-() -2
= -3+4 +|-2
=0 |
Hence, x=-l is asoldimof-thu*mti'm -

Stepi: . 51521:
' I+ X -2

A+l J3x3 + 4711
(2° + 33?)

- f(x)= (A +1)(3%-2)
For §&)=0,

2
A==l or 3
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3 (a) Giventhat y= a -, Show that dy: o 1 . [4]

Qx+1)T dx  xt+ 13

| _4
TS SIS B ICOD A
(24+1)

= (2xt)"2 [ (2x+) -]
(2x+1)

4
(b) Hence find the value of J. ~ ~dx. [4]
o0 (2x+1)2

J‘(xﬂ)-l

0 (2%"")% .

_ 4 |

=J4 Gt "L.W* =

[ ) ] J‘ (2241)°2
0 [

4+ [@a+) 2]}
4e0de1 =3
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4 N

The diagram shows two rods 4B and BC rigidly joined at B so that angle ABC = 90°. The lengths of
AB and BC are 6m and 4 m respectively. A light is positioned at C. The point 4 is fixed on horizontal
ground and the rod 48 rotates in a vertical plane with the rod 4B inclined at an angle  to the ground.

(a) Show that the height, # metres, of C above the ground is given.lby

h = 65in6+4cos6. YA

LABN=90"-6 (sumofLsin A) _
£ CBM=180°-(10-8)-10° = 0 (4s ona str-Line)

sing= SN

>~ BN= 6 8in0
h=BN+ MP = €sinb + 4 c0s & (shown).

(b} Express /4 in the form Rsin(6+ &), where R > 0 and 0° < o < 90°. 4]
R=A 62 + 43 ¢ = tan §
= of52 - =33-6%0°

<~ h=o52 sin(06t 33-690°)
= %2l sin (6 + 33.7°)

© UCLES & MOE 2021 4049/02/0/N/21
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(¢) F ind the value of / and the corresponding value of 9 if the light at C is to be positioned as high as
possible. (3]

)lmx. =32l m

wher O+ 33.7°= 90°
6 = 56-3°

© UCLES & MOE 2021 4049/02/0OMNS2 |
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5 The equation of a curve is y = 2x% —6x43.

(a) Find the set of values of x for which the curve lies above the line v =11 and represent this set on
a number line. o [4]

S‘I'eE ):
22-6x+3 ) Il

22~-6x-8>0
2~ 32 -420
(x-4)Xx+1) 2 0

€ UCLES & MOE 2021 4049/02/0/MN2
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The line y =2x+/ isatangent to the curve at the point P.

(b) Find the value of the constant £, [3]

S'I'eEF _
lel 22%-6X+3 = 22 +K
222-8x +t(3-K)=0

b*-4ac =0
-8)’-4(2)(3-K)= 0
64 ~24 + 3K=0
8K = -40
K=-5

(¢) Find the coordinates of P, 2]

P is the intersechon poin:l: between,
+he uurve and the dine .

. 2%%-6xt+ 3= 22-5
2X*-8X +8 =0
2'-4x+t4=0
(X -2)(x~-2)=0
s X=2
When =2 ) y: 2(2)-5 = -l|
P=(2,-1)

€ UCLES & MOE 202] 40497021021

Oct/Nov 2021 Priper 2 (9)



6 | .
6 (a) Find the terms in —IE and ia in the expansion of ( -~ %) : [4]
X X

Step| : We utale the W term expression .
Tra = (2) (%)’
=($) as"(-3) 2"
Step? -
(a) For term in X~
et r=2: Ty=(3)atC)’x
- =al60z2"*
(b). For term in -7 :
L7235 1e2(5) 22 3)’z?
= -4320 173

© UCLES & MOE 2021 4049/02/C/MN/2 |
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6
Given that there is no term in l- in the e}s;pansmn of (xz +ax)(2-—%) , find the value of the
- constant a. 2]

03 e A6OX> - 432012+ ]
(24 ax) [ {
To obtaiv @ term in '},‘, '

we mulbiply x* with -4320%-° |
that regults in 43202~

we muwltiply ax with 2!601'3
+thot resulls in  2160a X! -

Gim -4320 +216’0a,= 0
a= 2

(¢) Using the value of g found in part (b), find the coefficient of x in the expansion of

(x2 +ax)(2—-i—)ﬁ. _ 3]

(X*+ zx) [.z‘ + 6(2):('-%) +260X%-4320x"%+ J
A _
coePfiuent of 2= 6(27)¢3) + 2(29

= —448

© UCLES & MOE 2021 4049/02/0/N/21
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7

{a) A fnrmula for working out the stopping distance, d, for a vehicle travelling at a speed v, 18 |
d = av* + bv, where a and b are constants. Values of d for different values of v have been collected.

Explain how a straight line graph can be drawn 1o represent the formula, and state how the values
~ of ¢ and & could be obtained from the line.

4]

Jm.vploﬂ' , ond
Thy-intwﬂﬂi,fhw is b.

(b) Since 1960, the tiger population in an Asian cmmtzy has been steadily decreasing. The table shows
the estimated number of tigers, #, in the decades following 1960.
The decade 1960-1969 is taken as ¢ = 1, and so on.

Year 19601060 | 1970-1979 | 19801989 | 1990-1999
Value of ¢ ' 1 2 3 4
Number of tigers n 810 450 240 135

A wild-life expert believed that these figures can be modelled by the formula » = ab’, where a
and b are constants.

n=ab®
,n n - ha-t t,ﬂ.

Plot In n a.lumt t > ,Mumfra.ptslma,

CARANEENNE
t
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(4]

Draw a straight line graph to show that the model is reasonable.

(i)

1960 — 1999.
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8 A motorcyclist, travelling at a constant velocity of V'm/s, passes a point 4 and sees roadworks ahead.

. -t :
He immediately applies the brakes and his subsequent velocity, vm/s, is given by v =24e6, where f

is the time in seconds after passing 4. As he passes a point B his velocity has been halved.

(a) Find the timé taken to travel from A4 to B. [3]
initially , £=0: v = 246° = a4 m/s
At B: Lt v=I2 m/s
1= afe ¢
fa'-: - e-i |
hz =-%t
t=-6nz _
= 4-1589
= 465

(b) Find the acceleration of the motorcyclist as he passes B. [3]

o= 9 = 4 e () = -4

Whea t= 415895
a=-2.00 m/g*

© UCLES & MOE 2021 ' 4049/02/0/M/21
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(¢) Find the distance 4B.

.s=fe+c'§ d
= a4e %
(.I.F
- 44e7¢ tC

IUMIL'I‘: 05 ,8§=0m
= -144e° + ¢
c =144

§= -1446'% + 144

Whea t = 4'5815 p
$= -1t~ +144

= 42-0m

© UCLES & MOE 2021 A049/02/0/N21
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9  The equation of a circle is (x-l-Ea)z + {y—a}z = ka’. where & and k are positive constants.
It is given that k = 4. :

(a) Explain why the y-axis is a tangent to the circle. | | Bl
' 2 2 2
[x- 20)] + (y-a)" = (2a)

wire ol circde = (-24,@)
radius dl'd& = Q&J

sine the radiug of the cude is 24 wido,
crche f)u.J-axisis 0 da udo,

hence 1‘}\0 =qXis 1§ u'h\,ryt
To ﬂtju}dgu éltoamo}; tha

(b) Find, in terms of a, the coordinates of the points on the circle at which the tangent to the circle is
parallel to the x-axis. (2]

y

& UCLES & MOE 2021 4049/02/0/N/21
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It is now given that &£ = 5.

(¢) Verify that the circle passes through the origin O, [1]

(x+2a)" +(y-a)* = 5¢*
At (0,0): LHS= (z+za.) + (y-a)*
= (-u) + G a)"

= 4a4* ta’ = RHJ
Heate) the wrde passes ﬁuwad\.-lh origin

(d) Given that OPF is a diameter of the circle, find, in terms of a, the coordinates of the point at which
the tangent to the circle at P meets the x-axis. : [6]

arAs

,_ c
'I

)

Gv
N
P 2J/5 &
1‘ b B
OM

aOM 10 &
M =bov

Sinw the Im‘m of OM
i& ba, wnils,

wwdmﬂﬂa of M=(-5a,0)

O UCLES & | 4049/02/0/NI2]
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10

oy = 4sin%-:c

0 B 1 o

The diagram shows the curve y= 45@1%—3: for 0 € x < 7 radians. The point M is the maximum

point of the curve and OM is a straight line.

2nyV3 . 7 | [12]

Show that the area of the shaded region is 4 3 units®,
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Cﬂntmizat on of working space for question 10.

Shaded A"Bq"j 45iNZX— X 4x — 1?.x X(Zﬁ', )]

[ +CD$='I __]"} _ [ﬂ(zﬁ_ﬂ)]

[swsI }[{] [8]-[ 25" '/r]

= -4 +g - 207
= 4-2“'217 units
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