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Mathematical Formulae

1. ALGEBRA

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

_p+VH—dae
= 2a

Binomial expansion
/4

(@+b)"=qg" +(1

2
) n nn—1)...(n—r+1)

n
)l (n—r)! r!

where » is a positive integer and (,

2. TRIGONOMETRY

Identities
sin’4 +cos’4 = 1
sec’4 = 1 +tan4
cosec’4 = 1 +cot’4
sin(4 £ B) = sind cos B+ cos A sin B

cos(4+B) = cosAcosBFsindsinB

tan4d +tan B
1l FtanA4tan B

sin24 = 2sin4 cos 4

tan(4+B) =

€0s24 = cos’A—sin’4 = 2cos?4—1 = | —2sin%4

tan24 = m“n,;!
I —tan“4

Formulae for AABC
a __b __C

sind  sinB _ sinC
a® = b?+c® —2bccosA

D P
—zbcsmA

yiY.
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The equation of a curve is  y = 2x* —8x+11.

onstants, find the
(@) By expressing 2x*>—8x+11 in the form a(x+b)*+c, where a, b and c are ¢ 2]
coordinates of the stationary point on the curve.

Y=o (x=tx) I
3 (af-) 0
)(x-2) 43

Lo ber €53

gtat ot (>,3)

. . oh th
(b) Theline y=2x+3 intersectsthe curve at points A and B. Find the value of k for which the
distance AB can be expressed as Vk.

(4]

))(,‘—5 = 2 (X'l}l 13
Z

x= (x-2)

g = X AxtY
D= A —5x+Y
0 - (X-—\?>(7(“>
x=1 o
Y=5  o¢ \

et - [+ (5
=
- s ok

n
g
G

o 4049/01/0/N/22 [Turn over
I © UCLES & MOE 2022 % I



4

] . ,
W h.cn a substance. B, is dissolved in acid. a reaction occurs.
f minutes afler the start of the reaction is believed to be give

The amount of B, m grams, present at time

n by the formula m = Ae

k are constants. Measurements of m and 7 arc shown in the table below.

(a) Plot Inm against 7 and draw a straight line graph to illustrate the information.

1

2 3

m

15.6

12,1 9.5

(4 ™

2-1b

.4 3-15

4
7.4

300

34
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[2]

(b) Use your graph to estimate the amount of B present at the start of the reaction.
1<0

\wm=3
WI:QZ = dp-089
% 30| a’rmS

\

Use your graph to estimate the time taken, to the nearest second, when 50% of B has been

(©) (2]

dissolved.

m=10-05
I W)aD'?)O‘:l/

£ = 14 ming

o 2 Turn over
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1
3 (@) Divide 2x*+5x*+6 by x?+2x, 3 J~ (1] % ® 4
il E
X1 J 2,% + & + Oxt 6 {E
— 3 4 0K + 4x 2%
=z
5)(2 _ ,‘['X +6 8 8
2l z
;).)(3 +5x 6 3 SXL—- L{-X‘H’ ‘% %
Ctix o Kb i E
HE
5| ¢
8| 8
3 i
(b) Express Zx_x-:% in partial fractions. (5]

> C
Congid o _’F_’_gx—lfx—% = PA—-f- Bxt

X3 tax X X1
S gt b = AL T (31O ()
W X=0 b=JA = A =3
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Comprve co&f—?idw' &f x : b =C
CoW\PAV& cm;FflcwM' af xt: 5=3%xB
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B=2
i
345K+ 6 5 42y Rt
X3 42X XKy
HE
2| 2
z| =
i S
L. ‘| 2
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4 Acurve has equation y=14x—x*

7 O
[ ,
Points A and B lie on the curve and have x-coordinates of k and

2k respectively, where & is a constant and 0 < k < 7.

(2) Find the range of values of k for which the y-coordinate of B is greater than the y-coordinate of A.

N
44

~1 ...
4.'--
Y
*
=
/

3
twh m  Xx:=2F &

y, = iead- Ok

Cub 1 x=E
Y= e~k

yh Y 30\
- > e -kt
~ 3kt 4 k7O

[4(-5 ki) >0
iy

_7@( 0 Lk<Ty
3

(b) Explain why the gradient of the curve at 4 is always greater than the gradient of the curve at B. [2]

dy
okX

P

© UCLES & MOE 2022

\tj: WX"X?.

dy
;)“g-ftrﬁf

[ H{’;‘k'
Xz K

0<k< 3

dy
= lk-Yk
0‘7( PPN

daa G- < 4=k ,
: arml at cuwe A u alwmg qranta faow L ijo\ R e wwe o5 B

o
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(@) Find the first 4 terms in the exp

ansion of (2_@_)5 in ascending powers of x, simplifying each
term. : 3 2 2 )3 [4]
Ox
g 5 o6 froax\ LS A () I
(-2 - %y (- +C,v‘('f)’f°;l(>) 3105
> - o

13
) - 4oax t 025 - Sax +-.

\

positive constant a.

(e f{lmn{' «3( "

5
(b) Given that there is no term in x2 in the expansion of (2+3X)( 2) » find the value of the
(2]
2(200") £ 3(-400)

< 4OM - 20n
= 4D -10A=0
02‘_ 3(7\ =0

C(.T-' 0 ov n=3 pr
rﬂ “n?0

(¢) Using this value of a, find the coefficient of x> in the expansion of (P50 3x)(2 = —)

5 ) - [2]
coefficent g a[-5a)t3 (20a")
A TR

coeffuont “% x = 230

I © UCLES & MOE 2022 2
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|2
2 2 6 A i d’y - 2
0 = ke curve is such that §=2c *+6e¢”". The curve intersects the y-axis at P (0, 5) and has a
C! =z e . .
#eﬂ[ﬂ a | g gradient of 3 at P. Find the equation of the curve. [7]
[
= B2 d
[ -X b
212 a-‘i.= -de 13 t¢
Q| p
(=]
| d
ag{l =3 =-143+4C
z JZ =0
512 S =1
<
o !l -X Y
;ﬂg Y= de +§e +gx+a(
z Z
: 2 swbm (9,5)
S
5k 5= 2t td
g 8 3
d=5
X g 3
y=oe AL T
: 3
0w | n
EE
Zz| =z
u
£ =
6|6
Zz | Z
ol 0
0 A
Y ;
i
o o
14 o
R
2 9
= s
ziz
£, E
e
2 2
218

Solutions serve as a suggestion only.

MOE / UCLES bears no responsibility for these suggested answers.
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10 .

The diagram shows a circle, centre O, with diameter PQ. The line PT is the tangent to the circle at P.
The point R lies on the circle and the tangent to the circle at R meets PT at S. Angle RPS =x.

Prove, in either order, that
(i) angle RST=2x [3]

(ii) triangle RST is isosceles. 5]
L'l) X PRC = x (ngcvr\'? fom oxt pouct S)
A RET = ax ( Exteor awS\’L YWFUJU

() APaR=x (At & Tl
EQPT=9° (ngw\f h \/M(\V\SB
BT = 40— ((qwmd ¥ m A) D FRTE=0-7
% 0p¢= 90 (Tayut & w@
o= O [rmdat) > 2 08K ¢ \Cocelen

- XQRD = 1
Hewee ¥ QN = a,o’_x (2;_ m eyt (w\g,>
= 3RS
ARET s wotales D -
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A
0 y=3\/;
4dy=3x+k
P
pd
(0] X

The djagram shows the curve  y =3+vx and the line 4y =3x+k where k is a constant.
The line intersects the curve at the points P and Q.

(a) Inthe case where k = 9, find the coordinates of P and 0. [4]
3 = ZX't‘q
4 Jx= X£3
4
37— 37% 4 Jx = X+t
b x = x fLxtq
0: x-nxt]
[0 = Q(" 4)()(—-\3
X = q ov l

M:? ov |
e,y ®(4,4)
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(b) Inthe case where the line is a tangent to the curve, find the value of &. (4]

gz 5%
o g2 xt &
4j=3x1\<—> Y 57t 7

-1

oy _ 2 _ 2
W3 =%
| (
x4
Jx = &

7(’.:1—(' = 6

k=
/4
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The equation of a curve is y=x—a?+ bx+4, where @ and b are constants.

(@) Show that if y is always increasing then a? < 3. (3]

Y= X — m4bx + 4
g& = 3XL" Anx "‘b
Fov 'Z{qu 70

B -Ync <0
(.;A)’_ 1(3)(b) <0

4a"- J1b 40
o L b

(b) In the case where @ = 8 and b = 10, find the x-coordinate of each of the three points at which the
curve intersects the x-axis. [4]

by
Let f(x) = X - 8x + 10 x + It
"Tv‘j X = 1
f(3) = $-32¢2044 =9
. Bﬂ ficr fhorvam (X—Z) TE) —fac{o\/

oy R 8¢ 40k = () (" +AX L)
QOW\PNN. wgﬁmMOT X" . -§ = A—-Q.
As -k

(e x-6x-2=0

af3C-w0CY et grav Lo
LY

2 2

X

fho X- oovimde o fho Bpowtt ove 3t 3-Ju

P
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10 (a) Find the amplitude and period of
.
(1) 2sinx, .
Dluar(l'fwiﬂ-: X
pred L

(i) 3—4cos2y.

puplitule- > 4

2]

()de M

y=23—4cos2x for 0 <x <27 radians.

3]

(b) Sketch, on the same diagram, the curves y=2sinx and

10

»

T M

% 4049/01/0/N/22 [Turn over
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11 The triangle 4BC is such that 4 is (4, 2), Bis (10, 2) and C is (p, g) where g > 0. The area of

triangle ABC is 15 units? and AC = v/89 units.
(a) Explainwhy ¢ =7.
Y- Govolinnte of A & B owe tha  Snnee.
Huw G « & hoartd fine.

Det AB € b wite

Lvan aven st Apsl S 15 D L= 15
3h= 15
he 5

1

Kwce q/cow\ be > o F ok Cme

a{\& ‘)vfl’(w. | q/:?-

(b) Find the possible values of p.
2 7
g e E) = 8
2_ 5 =
i Rp+1bt 3 #
r"—?Pv-lf?S =0

r:(l ov "'L"

I © UCLES & MOE 2022
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12

120cm

The diagram shows a computer screen 120cm wide. A dot oscillates in a straight line on the screen
bfitween the two points 4 and B on the edge of the screen. AB is parallel to the base of the screen. The
displacement of the dot from O, the centre of AB, is modelled by the equation x = asinnt where !

is the time in seconds after passing through O and a and n are constants. The time for one oscillation is
6 seconds.

(@) Explain why a = 60 and show that n = %ﬂ- d g 2
Yot occllos  betwean Pt~

PFSL ?;) me\\j ’H/\vov\5\4 0. W(G)‘M
Than 3 ARt awplituole. . Imte- n= %
AL« bo, it fol(oug a= b0

(b) Obtain an expression for the velocity of the dot at time ¢ and hence deduce its maximum speed.

[3]

\

ghown

x= 60an Sy

ol
2= 0 cog Lt . (%)
= 20N (oS %'(,
max vl - W T cm\g [wlw.« m%t =1>

(¢) Find the magnitude of the acceleration of the dot when it is at 4. [2]

At pomt A 0= BOSNZD)
M 14 =1

5
My onc chetion of A 2‘% cm%g

| © UCLES & MOE 2022 % 4049/01/0/N/22 [Turn over
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_4x+2
Y= X+

" J

/0 AN

The diagram shows part of the curve y = 4;_:_12 for x >—1.

(a) Explain why the curve does not have a stationary point. [3]

oy 4l - () (4xt2)

-

AX T T (kt))*

-
=

2
(Xfl)l +0 fvoall x ¢l

%4,0 , Cavve does nst have o thmugj [mn’r.

| © UCLES & MOE 2022 Eﬁ’ﬁ 4049/01/0/N/22
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(b) The point P lics on the curve and the gradient of the curve at P is l. The normal to the curve at P

. 2
meets the x-axis at 4 and the y-axis at B, Find the area of triangle AOB. (5]
| 2
2 ()t
2
(xr1) = ¥
xtl= ) <o xvo af poort P
X= [ =y=3
Ef}! O'F . 3—3: -2 (x1)
Y= ;b
Pom’f A : (%IO) pont B ( %) 6)
Ariaof A hoR = 5(5)(59
=22 witt”
(¢) The line y = ¢ does not intersect the curve. By expressing 4x_:-12 in the form a+ _l;_ I where
a, b and c are constants, explain why ¢ > 4. * * (2]
Al 2 4
X\ ¥t Xt | 4xt1
2 xF-\ Ax
&5t Gl xR, -2
2
Hente 4- 3y T 4
roet  fh wwe

I 3:4 ooer ast ™

| © UCLES & MOE 2022 %’g 4049/01/0/N/22 I
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