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Mathematical Formulae
1. ALGEBRA

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

.= —b+ b’ —4dac
B 2a

Binomial expansion

(a+b)"=d" +<")a"”‘b+ (")a"‘2b2 + ... +<Z)a"_rbr +...+b",

| 2

where 7 is a positive integer and (’:) == ("l'li 7= n(n— l)--’:!(i7~ r+1)
2. TRIGONOMETRY
Identities
sin’4 +cos?4 = 1
sec’4 = 1 +tan4
cosec’4 = 1 +cot?4
sin(4+B) = sind cos Bt cosAsinB
cos(4+ B) = cosAcosBFsindsinB

tanA +tan B
| FtanAtan B

sin24 = 2sinA4 cosA4

tan(4+tB) =

c0s24 = cos?4 —sin®4 = 2cos’4A—1 = 1 —2sin’4

2tan A4

tan24 = :
| —tan“A4

Formulae for AABC

a__ b = C
sind sinB sinC

a? = b*+c?—2bccosA

1,
A= 2bcsmA
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In 2010, there were an estimated 2400 birds of a particular species in a cettain country. In 2013, the
numbers were estimated to have fallen to 2050. Scientists believe that the number of these birds, N, can
be modelled by the formula N = 2400¢™", where ¢ is the time in years after 2010.
(a) Estimate the number of birds in the year 2017. [4]
-kt
N=J400¢
-3k
2050 = 1400 ¢

K= 0-0525429
\Iml?rl 1+

-0-0%5 (%)
Nz 400 e
= 1661y
~o1bb]  hwds -

(b) The species is labelled “under threat” when the number of birds falls below 1200.
Estimate the year in which the species might be first labelled “under threat”. [2]

\ - 0-0525 (t)
f—ZA ¢
i1 > 1214

lw v »II
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2 Itis given that f(x) =x"+ax?>—3x+b, where a and b are constants, has a factor of x+2 and
leaves a remainder of 30 when divided by x—3.

(@) Find the values of a and &. (4]
By Hocte theoraws f(-2D=0
~€t4atbth=0
4oth=2 —— (D
Bj vampindey thovews  f(2) = 30D
21 +qa-4+b= 30
9at b= 1.—Q

tlvig O & @ 55-(0
G=2
b= -b

(b) Using these values of a and b, factorise f(x) completely into three linear factors, using surds where
necessary. [3]

(XZJr 2x'-3x- ‘7) - (xs) (X1 Axe3)

Compare wdfcent o‘? Xt d A+l
k=0

[f4 35 -3x-1) = (m)(x-R)DR)
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3 (a) Prove the identity tan26(2cos8—sec6) =2sin8. [4]

(b) Hence solve the equation tan20(2cos@—sech) = %sec 6 for 0°

I i UCLES & MOE 2022

JHC:

Xfon b (
| — tan” &

2 Smb
Cos &
(ox 0 - Sm’6
T ete
Jemb cogd [ 2costO—| >

Coy’ & - am'® ( tos&

.lsw\f?(i_wiz_e’_‘_>

(050 — 1
cose

Qg9 —1 ‘o —)
tOSB’

-—

oLt g-—em'l

= 29\\49’

< 0<360°. [4]

D b = —,';_ca(_&

4 aug gl =1
dem b |

v 20 = "5_

A= 3

M= 307, (s0° 340", SI0"

Bo 5, ¥, 1457, 255°
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3xcm

xcm

hcem

The diagram shows a closed food container designed in the shape of a cuboid. The rectangular base
has dimensions of xcm and 3xcm. The height of the container is #cm. The volume of the container is

2000 cm3.

(a) Show that the total surface area of the six faces of the container is 6x> +

3t h
h

0op s b+ 2k

: b+ K (/
) 16000
bx™ + ™

I © UCLES & MOE 2022 v

= 2000

2000

- 3x*

+ [xh

1000
I
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(b) Given that x can vary, find the value of x for which the total surface area is stationary. [4]
2 16000
- bX
A = bx ™

dh _ 2. 1600 7%
- )( — v -
ax | 5 1

when %\%eo [x = ——

(¢) Determine whether this value of x gives a maximum or minimum value for the total surface area

of the container. [2]
dt . 2 16000 %
= X — V=~
ax | 5 "
o'k 32000
— 12 —
olx T 333
_d:ﬂ; S0 S A e mnimum
AX [x=363
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5 A calculator must not be used in this question.

(a) Show that tan75° =2++/3. [4]

[ : fan (304us)
= fon 30 4

DO NOT WRITE IN THIS MARGIN

| — 4o 20" tonkS" 2|
(V]
1 Jz < ©
= 3+ TF L B, B :
-5 = Fo1 ) x| :
_ 3423+ =
R 2
(m)

:)—’f@//
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(b) Use the result from part (a) to find an expression for sec275°, in the form a+b+v/3 where a and

b are integers.

e = 14 1S’ = (M E) +\
=444 T 131)
= §14l3

(¢) Hence express c0s275° in the form c¢+d+v/3, where ¢ and d are fractions.

. | xa-qE

coy 15 = et9h | 8- UEB
. 8-4b
T bt - b(3)
_ 8-4Ts
. b

|
= 548
I © UUCLES & MOE 2022 Sk 4049/02/0/N/22
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6 (a) Solvethe equation 2*+4*' =15, [5]
let &% =W
2
Wt W _ (5
4-

where transFormAtion begins
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(b) Thecurve y=5—e*

() Find the coordinates of 4 and B, in logarithmic form where appropriate.

11

intersects the x-axis at 4 and the y-axis at B.

whan x=0 wlaw Y=o
QX
- =5
3= x = Mo
b(o, &) >

A (i‘“5/°>

(i) Find the gradient of the curve at 4.

I @ UCLES & MOE 2022

3>5—@l’<

%

Ll
O

XL(V\S
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7
A
9 L
30cmb
30km B
10cs 8
L & 20km
C

EAST

Two countries are separated by a border that runs from west to east. Villages 4 and B lie on the border.
A helicopter flies 30km from village 4 to a village C. Angle BAC is 6°. The helicopter then travels
20km to a village D at an angle of 90° to AC as shown. You can assume that the helicopter always flies

at the same height.

(a) Show that the shortest distance of village D from the border is (30 sin 6 —20 cos 6) km. [3]

| © UCLES & MOE 2022 i
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(b) Express

13 .

30sin®—20cosO in the form Rsin(6—q) where R > 0 and 0° < o < 90°. [4]
T Rem b SA - K oS omok
= (R (osd) N1 ({me) cos®

30 = Rwsd fan & ;&3_
Zon A

S

A=~ 33‘4.

e = 0f

. 30mO - 2008 = (0] < (-3 )

(c) Find the value of @ if village D is 10km from the border. [2]

| i UCLES & MOE 2022

)= 1
(5 —23F) = 5=

x= lb-|
o -333 = [be[
z . 0
o 498
SR 4049/02/0/N/22 [Turn OVLI




14 .

8 The equation of acurveis y = (x—3)v2x+1.

dy _ 3x-2
Show that = =22 4
(2) Showthat gy = Vore1 4

M 4 o) ()

- oxtl g x-3
(xt1)™

3x-1

Jox+l

(b) A particle moves along the curve in such a way that the x-coordinate is increasing at a constant
rate of 0.15 units per second. Find the rate of change of the y-coordinate at the point where x = 4.

0{ [2]
—)c— = -(
at - 0

dy; _ 362 1o
W‘\x:q O 3

"

n

)

£

ad
e~
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4
Use the result from part (a) to evaluat f
(¢) Use the result 1:)m part (a) to evaluate o Vil

Y R ¢
il G SR

where transFormAtion begins
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9  The equation of a circle is  x2 +y* —16x—2y+40 = 0.

(a) Find the radius and coordinates of the centre of the circle.

(-8 + (4= -5 =

cartr (§,1) vadus 35

I © UCLES & MOE 2022 40 4049/02/0/N/22
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(b) Find the shortest distance of the centre of the circle from the line y = 2x and hence explain why

the circle does not intersect the line y = 2x.

EFV—“ ﬂf novimal y=1= -5 (x-#)
J:—éx*S% Iolvw\\J .-gx
J= Ax

\

"

5
X=X
3=

Reg, Det = Je-3f 4+ (4-1)
= JB5= (108 = 6T P 5= vadwd

[5]

i yede dou et o evle

The point C (11, 5) lies on the circle and CD is a diameter of the circle.

(¢) Find the coordinates of D.

let D be (x,y)

X+ t5
e R A
X:5 y= -5

o9 (s,-3)

2]
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10

The diagram shows part of the curve y = % and the tangent to the curve at the point P(—3,1). The

curve intersects the y-axis at 4 and the tangent intersects the y-axis at B.

(a) Determine, with full working, whether B is nearer to O or to 4.

y=9(2-2)" A0,>)
'ng;t= 4 (-2 ()

- 18

Y
18 2
Gramy

ay
ot

X=-3

I © UCLES & MOE 2022 A 4049/02/0/N/22
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(b) Find, showing all necessary working, the value of the constants a and b for which the area of the

shaded region can be expressed as aln3 +5. [6]
0
-l
S 403-3 dx  — 4 (5+1)3)
-3

N

R v
!_—%M)&—lxﬂ_$ - 4
= = Fs - (1) - i
~durtdmg -y

A -
_)_IMB"L" 0\‘% b:"l-(—

\)

where transFormAtion begins
~—N
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