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Mathematical Formulae
1. ALGEBRA

QOuwadratic Equation
For the equation ax’ +bx+c=0,

_— -b:i:*J{bi—«'-l-ac

2a
Binomial expansion
(a+b)" =a"+ (T)a”"b-i— (g)::”_zbl + ... +(?)a”_"b"' Hi Pl
' ! ~D...(n—r+1
where » is a positive integer and . = L e ,( )
i rln—r)! r.

2. TRIGONOMETRY
Identities
sin4+cos’4 = 1
sec’d = 1 +tan’4
cosec?d = 1 +cotiA
sin(4 £8) = smAcosBLcosdsmnB

cos{4d+B) =cosAcosBFsin4sinB

tan4d +tan 8

tan (4 £ 8) = | FtanAdtan B

sin24 = 2smmA4 cosA
cos24 = cos?Ad —sin?4 = 2cos?d—1 = | —2sin4

2tan A
1 —tan>A4

tan24 =

Formulae for AABC

a _ b _
sind  smB sinC

a* = b* +c* —=2bccosA

.
&u—zbcaln/{
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1 Show that the equation 3e*+5=2e™ has only one solution and find its value correct to 2 significant
fioures. [5]

let u=e*: 3u+s5=-

u+5u-2=0
(3u-N(ut 2)=0

¢u=é or u= -2

cx; :!,.' or ex = =2

- (No Seludion as € > 0
Heawe , Hhere is o'\b
1 soltion ,

- el = -‘%-

x=’n 3
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2 Show that x=—1 isa solution of the equation 3x> +4x*—x—2 =10 and hence solve the equation
. completely, [5]

Let ()= 3x°+4x*-2-2=0
£E) = 3610 +461) - () -2
-3+4 +1-2
0 .
Heace, x=-1 is a,solutimof'fhoub,u-atim-

Step: . Step 1:

3+ X -2 - .
21 J3x3 + 4722 3% ™
(2% + 3%°) >< ¥
xl_x - x l 3%
-(z'+2) 3x -2 | x
232
-Czx -1)

o F(x) = (a+1)(3%-2)
For f&x)=0,

- - 2
x=-| or 3

© UCLES & MOE 2021 4049/024/Q/MNR21

Oct/Nov 2021 Paper 2 {4)

EE R b ARk At dab ARG g i el e e Rkl L ——— - L T D e i T I T e P ma TR e———




3 (a) Giventhat y= g .,shewthat%-v-- ot - . [4]
x+1)7 T Pkl - -

Rec@ Quatieat Rule

d u)

(b) Hence find the value of Jj(hj—l)% dx. [4]
j4(1+ ') - | cI‘L
lo (2a+1)3
- (4 «+) -l d
; (sz)%d J. o (2xt)3
= 4 _ 4 -3
[ E‘i?)i]o Jo (22+1)7% dx

= 4 +[@+) 5]}
= 4+[3-1] 3
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A

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

(@) Show that the height, 2 metres, of C above the ground is given by

h=6sm@+4¢0s6. [2]

£ ABN = 906 (sumof Ls in A) 1
ZCBM= 130""‘(10'-3)," 10_' = 0 (Ls on a sfr.,[,"ne)

sinf= ¢

- BN=68inb
h=BN+ MB = €sinb + 4058 (shown).

(b} Express 4 in the form Rsin{@+ a), where R > 0 and 0° < o < 90°. [4]
R=A 6% + 43 a = tan™ ¢
= 452 . =33-60°

~ h=+52 sin(0+ 33-690°)
= 32l sin(6+ 33-7°)

© UCLES & MOE 2021 4049/02/0/N/2 1
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{c) Find the value of /2 and the cotresponding value of 8 if the light at C is to be positioned as high as
possible. 3]
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5 The equation of acurve is y = 2x° —6x43.

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

S‘h:E |
22-6x+3 D ||

22-6x-820
- 32 -420
(x - 4)x+1) 2.0

Stepl:
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Theline y=2x+k isatangentto the curve at the point P.

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

S'I'eEI'-" _
lel 22%-6xX+3 = 22 +K

22°=-8x +(3-K)=0

Step 2:
b*-4ac =0
-8)°-4(2)(3-K)=0
(4 ~24 + 8K=0
8K = -40
K= -5

(¢) Find the coordinates of P. 2]

P is the intersection omi' befween
the wurve and the Jme

. 2%%-6xt 3= 22-5
2X*-8% + 8 =0
X'-4x+4=0
(x-2)(x-2)=0
. %=2 '
M}h.m 2=2 5 3"2(2) 5 = -l

P=(2,-1)
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| : ,
6 (a) Findthe termsin — and — in the expansion of (2 -2, | [4]
X o X

x*

Step| : We ueale the 3,(,.”91, term expression .
Trai = (ﬁ) " (:%) '
=(3) 2" %"
Step?:
(a) For term in x~*:
et r=2: Ty=(3)2¢3)x
- =ale0x~?
(b). For term in -3 :
Let r=3: -T4= g)es(_s)sx-s
= -4320x73
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6

Given that there is no term in 31:» in the expansion of (x2+ax)(2-—§) , find the value of the

- constant a. 4 2]

2+ ax) [ 26012 - 4320277+ -]
(%*+ ax) [ (
To obtan & term in # "

we multiply x* with -4320x-° |
thel regulfs in -4320 2" .

we multiply ax with 2160%~*,
+hot res gs in 260aXx~! .

1 Given -4320t21€60a= 0
a= 2

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

(7 + m}(z — %)6. [3]

(4 27) [45+ 6(2)(2) + 160X~ 432022 + -]
A
Coefficent 0& = 653 + 2(2°
= -448
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7

(a) A formula for working out the stopping distance, d, for a vehicle travelling at a speed v, is |
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 to represent the formula, and state how the values
of a and & could be obtained from the line. [4]

= p
d=av*+ bv
v - avT b
' i
— Plot a raf,h 0& I'Z (vertical axis) aj,wat
V Chorigontal axis).
0btaw the a-& +he Strai
J/prloﬂ' ,MﬂLﬂ\ﬂt 13 +hvalun. aQa -
— the y- i'\tvuff‘ot. ‘#\LN is b.

(b) Since 1960, the tiger population in an Asian ccaﬁ'ﬂtry has been steadily decreasing. The table shows

the estimated number of tigers, n, in the decades following 1960.
The decade 1960—1969 is taken as ¢ = 1, and so on.
Year 1960-1969 | 1970-1979 | 1980-1989 | 1990-1999

Value of ¢ o 2 * 3 4

Number of tigers 7 810 450 240 135 |
A wild-life expert believed that these figures can be modelled by the formula » = ab', where a
and b are constants.
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t=5,

() Draw a straight line graph to show that the model is reasonable.
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(if) Estimate the number of tigers in the decade 2000-2009.

-20
33 t+ #3

& = = 1 = W = = ow HE— ] -
EEIRAFI TS AT S PR TEATE I SRS EEF FiESEIERAEET I BETREAS FRe PR TE i Finada it ifvbrin i Fev e @ ra R ERe EEwE aEERF

IhN=4209F = M= 3/.499965%

(iii) Give a reason why this model might not be accurate in later decades.

Thio model nught ba inaccwale a0 the

wao plotted b on doda ol

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

He immf:dlataly applies the brakes and his subsequent velocity, vin/s, is given by v = 24e ﬁr where £

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

(a) Find the time taken to travel from 4 to B. 3]
Y 4 O
,Mt,ajﬁ, t=0: v= 24€ = 4 m/S

At B: Let v=la?,m/$i
1A= 4L ¢
-,
é: e &
hx ="t
t=-6binz _
= 4-1589
= 4-16 5

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

-_t .i-'..
a = dv - a4 e -.|.) 6

When t= 415895

aI= -200 m isz

© UCLES & MOE 202] ‘ 4049/02/0/M/21

Oct/Nov 2021 Paper 2 (14)




(¢) Find the distance 4B.

= ¢ =144
5= -14467 +144

When t = 4.15817s ,
§ = -144e ~ -
= 32.-0m

+ 144
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9  The equation of a circle is | (x+2a)*+ (y— a)? = ka*, where a and k are positive constants.
It is given that k = 4. -

(a) Explain why the y-axis is a tangent to the circle. ' - 3]

Sinw the radiug of the cwele is 2a wido |

wrcde fo fhy-axis s ?loo da udozﬁ-
hence | #u,y-axis is a t
To he corda a0 shown in tha

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

(-2a,3a)

\ 20 -
’L";Ai ' 3:3@

w‘ ANY XN 3: -Q
Clayq)
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ft is now given that &k = 5.

(¢) Verify that the circle passes through the origin O, [1]
(x+2a)"+(y-a)* = 5¢°
At (0,0): LHS= (x+2a)*+ (y-a)*
= () + a)* |
= 44* +a* = %4 = RHS
Hmu)'ﬂw wr e pas§ €§ ﬁu—oh‘hﬂw origin .

{d) Given that OP 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]

By Simllar A\s :

- 254
OM

a0OM = 10w
M =5Ho

Sing the Iengm of OM
is 5a, wnils,
wordindle of M= (-5a, 0)
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= 4siu%—x

. 2m "
5

The diagram shows the curve y = 4sin2 x for 0 < x < 7 radians. The point M is the maximum
point of the curve and OM is a straight line.

Show that the area of the shaded region is 4~ 2ﬂ3ﬁ units®. | [12]

W = 2
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: 'C{f:ntinﬁatinn of working space for question 10.

- M2l I
Shaded Amq-J 3 45m‘2'-x-xdx'- %XZ-;I
0

i
- 1
!
-
=
(Vp)
b=
e
2
N
o =
|
| P—
=

3
= 4 -—2"';377 units
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