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International GCSE Mathematics

Formulae sheet — Higher Tier

Arithmetic series

Sum to n terms, S = g [2a + (n— 1)d]

Area of trapezium = %(a + b)h

The quadratic equation ——p]
The solutions of ax’ + bx + ¢ = 0 where
a = 0 are given by: h
L —b+ b - 4ac
- — >
Trigonometry In any triangle ABC
¢ Sine Rule -a = .b = ,C
sin4d sinB sinC
b a Cosine Rule &’ =b" + ¢" — 2bccos A
1
Area of triangle = —ab sin C
y - B 2

Volume of cone = %mfzh

Curved surface area of cone = 77/

A

Volume of prism
= area of cross section x length

Cross
section

4/length'

Volume of cylinder = z7°h
Curved surface area
of cylinder = 27zrh

——————

4
Volume of sphere = Enf

Surface area of sphere = 47°

N
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Answer ALL TWENTY FIVE questions.
Write your answers in the spaces provided.

You must write down all the stages in your working.
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(a) Describe fully the single transformation that maps triangle A onto triangle B

..@n\c&raemef\)r Lot =2, cote (2,0)

(b) On the grid above, translate triangle A by the vector (

+3 H'buf)

Label your triangle C

>
14

1)

(Total for Question 1 is 4 marks)
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4 D

2 Write 1200 as a product of powers of its prime factors.
Show your working clearly.

¥iaTe)
N\
@/ 6o
/\
@ foce)
@é \\% 200 = 2x2x2r2 x D x5 XS
C?{ \ & 2

(Total for Question 2 is 3 marks)
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3 Alberto, Bill, Candela and Diana are four friends.
Here is some information about the height of each of these friends.

Alberto’s height is 158 cm.
Bill’s height is 175 cm.
Candela’s height is greater than Diana’s height.

The median height of these four friends is 160 cm.
The range of the heights of these four friends is 21 cm.

Work out Candela’s height and Diana’s height.
75 — 15 = [T “renge 8 C and canot both e betto=m=n f + B
A > %) median = 160 — moet b= betwoon ft and =

159 15 (b&m s B wodd mem o= k5 2156 X )

158 b~ |15 rvg=
= 1Sk
— ¢ \62em
DY IS kenmn

(Total for Question 3 is 3 marks)
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4 #=1{9,10,11,12,13,14, 15,16, 17, 18, 19, 20}
A = {multiples of 3} = 34,12,15, 18}
B = todd numbersj 1 _ 44\ p, 15,11, 4}
(a) List the members of the set

I

(i) AnB
U interemobion: And

R

NidL¥mMlioNoa

o
o

(i) AUB
T onion
in & or b or oesth qg\\|\2;\’51\glﬂj\%l\q 444444444444444444
bk dott conte demeds doice @
(b) Is it true that 24 € A?

e a e sasesasoresosetones
VIV SIHL

Tick one of the boxes below.

Yes No

J/

Give a reason for your answer.

Set C has 4 members such that C B’ = {10, 18}

(c) List the members of one possible set C

o and D are n £ L cng

. . 1
— WQW\O(;V\iﬂSS e\eW\é?n’\‘b o € must o= n, %) (Of weld b= in C(\BB

any L oF 0 A\, »ms g

R GRS o $0%e%
V SIHLNIJL¥MIONOG oo yauvSsIHINEIIMMIONoOG: -
B R R R R R R R R R B R R RIS

R

AR

s

(Total for Question 4 is 5 marks)
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5 The diagram shows a shape made from a square ABCD and 4 identical semicircles.

XX g X XX >
< %/ o 2e262%6% < <
XXX X XX XXX

Diagram NOT
accurately drawn

5%

SRR

- DONOTWRI
SRR

As shown in the diagram, the semicircles have AB, BC, CD and DA as diameters.
The area of the square is 36 cm’

Calculate the total area of the shape.
Give your answer correct to one decimal place.

prrea b‘p fpyuare = d‘L‘:-?)é

= A= \Y’b/é = bemn

—— ’érz = Denn
lt gemicircles = 2 cohoe cirdes
—y A= 2Ax Vwd Alccde) =W e*
— 56 5k%6...

Tolel ares = 56y 54, .. + 6

~ Q9 5’C,w\(l/

(Total for Question 5 is 4 marks)
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3p-5

Sol =
(a) Solve p 10
(0 *< o

Show clear algebraic working.
\O \g - EP -S
-2)\0 "BP
7‘0 =-5
L
-9

P
D= Tl
3)
(b) Simplify ¢’ where a >0
Qv 'H/\‘\ © = |
R I
1)
3x)?

(c) Simplify fully

6x°y

Yloanial <o Rl R Vi
Q\X/’yxpcx-xxcﬁ —?L‘(::

................... R
(2)
(d) Factorise fully ~ 10c’d” + 15¢d*
= Ax S xCxlrC < xd + DxE5 < X d xd xd <
= 5247 (2.7 + )
(2)

(Total for Question 6 is 8 marks)
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4"
Find an expression for x in terms of k£ and »

Nesd o express eva’cd%\mﬁ’ as o pow= ot 2

% '3 k
L\'= A 2 _ 2 (&wxy\ = CLWW\
1" (2*)"
2 m m-n
— 2 _?‘_/ = &
2> e’
k- P
le—2n x
= Q2 = 2
=) \4~ PN =
xX= ]4—-2;/\ 4444444444444444444444444444444
(Total for Question 7 is 2 marks)
8 A cinema increased the cost of an adult ticket by 12% (oo +12 = 1129 = 112
After the increase, the cost of an adult ticket was £18.20 leo
Work out the cost of an adult ticket before the increase. il
f ~ N

r&x}e’ﬂrhﬁ clwge oriairal nero

= = decipal wihplier

|8+ AO

= agl{w?\S
2

(Total for Question 8 is 3 marks)
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The table gives information about the population, correct to 2 significant figures, of each
of five cities in 2018

I

City Population (2018)

OO

Ahmedabad 7.7 % 10°

KA

iilemionod

Barcelona 5.5%x10°

Chicago 8.8 x 10°

Lagos 1.3 x 107

Tokyo 3.7x 10

(a) Write 8.8 x 10° as an ordinary number.

3%
L & gace r\'aM'

Z
i
\\tf S
@
-
\,\‘T‘ <

4 soo 00 b0
~— 1)

(b) Which of these cities had the least population in 2018?6
Givet ool Lo omullest power £ 10

Hen  emdlast nombear with His power
& A E)QFCElOV\ﬂ 4444444444444444444
5‘5§< o - Q)arafbwa (1)

(c) Work out the difference between the population of Tokyo and the population of
Ahmedabad in 2018
Give your answer in standard form correct to 2 significant figures.

(3‘/1 K (O—'\ — ( 1] % lOé\ vae s<u>"| botrton on a_ql/_'daf)pr

= A4 Do oo
Il\.. .____._'.)"\-7

= Q\%; 1!
~ QGRID (Qfﬂq

R R

IR

SRRRRRRRRS

- VIdYSIHINIZLMMIONOG - - yIWVSIHINIILGMIONOG - V3HVSIH

(Total for Question 9 is 4 marks)
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10 )
}% 10 The diagram shows triangle ABP inside the regular hexagon ABCDEF
95 D E

Diagram NOT
accurately drawn

~ DONOTWRI
: RRRLLERRLRLES:

AB=5cm BP =2cm Angle ABP = 90°

Work out the size of angle PAF
Give your answer correct to 3 significant figures.

ADCDEF 12 l&:@u\ar b\ezaaom

2D o
= e =" = o
7 .
exteror L= \8o — 60 = |20
aﬂg\e /’ o
s = |20
nteior = L BRF
c«rﬂ‘e
P \ o
° ! o/ ks = "ToR  tane= g
Lem 7
A tane-= 75
U} " Cnn o - g (%\

~ AP

LPRF = RO~

~ ag 1 °

(Total for Question 10 is 5 marks)
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11 The cumulative frequency table shows information about the ages of 60 people who
went to a gym on Saturday.

Age (a years) | Cumulative frequency

10 <a <20 13

10 <a <30 36
10 <a <40 42
10 <a <50 47
10 <a <60 52

10 <a <70 56

N

10 <a <80 60

N

(a) On the grid, draw a cumulative frequency graph for the information in the table.

A

60

50

5]

40
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Question 11 continued
5 (b) Use your graph to find an estimate for the median of the ages of these people.
| e G
: ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ L years
5 !
= (c) Use your graph to find an estimate for the interquartile range of the ages of these people.
: &o : =
L= =150 Q, =
e = %*@:L@: On = b
Taw = 6qa- &
= ke-9 =95
(24~ 28)
4444444444444444444444444444444444 A9 years
(2)

(d) Use your graph to find an estimate for the number of these people who are older than 55 years.

age = 95 o =19 = WA people <55

= Lo- k4 = (\ [{)ecP\e > 55

(Total for Question 11 is 7 marks)
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12

Diagram NOT
accurately drawn

(2x + 9)cm

D

ACE and BCD are straight lines.
AB is parallel to DE

Work out the value of x
Tr“\c«g‘ea AL and COE are Simlar Cc:rramdng eid=s hiﬁh\l@\zﬂa\
6_@ — Qo W
Ao 44 6
= Lx2x = L2 (22 +4Q)
20c = 2ok + &8 (x5)
oo = Yaoe + St (24)
b = = + 4

(Total for Question 12 is 3 marks)
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13 The diagram shows a sector AOB of a circle with centre O
A
Diagram NOT
accurately drawn
67°
o 52cm B
Angle AOB = 67°
OA=0B=52cm
Calculate the perimeter of the sector.
Give your answer correct to 3 significant figures.
6_1 L = '&' w & r
are \e\g‘\‘h = o ®x AxAY < 51 o)
= él O@ﬂ e
P= 6 otsr., + 2=5%
~ Vb5 e
................................... 65 em
(Total for Question 13 is 3 marks)
J

R R0 0 Turn over
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14 Ciara throws four fair six-sided dice.
The faces of each dice are labelled with the numbers 1, 2, 3,4, 5, 6

Work out the probability that at least one of the dice lands on an even number.
pe

\ A
for | die Pleven) = Pedd) = = Zoj/{)/o
5 o4 <
P(c{\' \EQO'\' \QJ@\\ = \-—- P(al\ Cdd\ <E/< "‘\3 dhis bmv/\c[/\ Wa‘H‘E/S
~~

= |- )ix’l):x%x% <d=

_ s

- 6

(Total for Question 14 is 3 marks)
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15 The diagram shows a kite ABCD

Diagram NOT
accurately drawn

D
A
6cm 118°
11cm
B
AB=6cm BC=11lcm

Calculate the area of the kite.
Give your answer correct to 3 significant figures.

Area of ke = 2x fren =F Abe

= :ankx Lx 1% iy 87

o 56|?chxl

Angle ABC = 118°

Sine amma rde:  Prea= L abenl

(Total for Question 15 is 3 marks)

C
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16 Here are nine graphs.

Graph A
YV A

Graph D
VA

=V

Graph G
YV A

9

18

=V

Graph B
Y A

>
~0O X
Graph E
VA
>
0 X
Graph H
YV A
/] .
0 ~ X

P 6 8 7 91 A 0 1 8 2 8

Graph C

Graph F
VA

=V

Graph I
VA
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Complete the table below with the letter of the graph that could represent each given equation.

Write each answer on the dotted line.

Equation Graph
é‘r"ra[@h% line :
y=-2x+3 C m<o
....................................................... .
1 reciprecal !
=—— _/
T Fo - 2
y = tanx® D tanx _.7L
cub-ic_ ;x’:’ 20 :/\/
y=(+ D - 1)x-2) H "“’*‘““i"’/"*

[ ]

(Total for Question 16 is 3 marks)

03215'—E
55

(< 100)

17 Use algebra to show that

. e 2
2 recoraivg digits © %10
o= OBWS = O DUSLS S,

ooz = Bl 5K k...

_ o= OS5 uS ko

Qo = DT

e L
a4

DU
A0

11

XA =

(Total for Question 17 is 2 marks)

J
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18 Kaidan and Sonja went on two different car journeys.

For Kaidan’s journey
distance = 80km correct to the nearest Skm ~ 1T1'S — 825 km
time = 2.7 hours correct to 1 decimal place 65— 275 h

For Sonja’s journey
distance = 33 km correct to 2 significant figures =~ 325 — %25 km
time = 1 hour correct to the nearest 0.1 hour 60Qa5 — 05 |k

Kaidan says,
“My average speed could have been greater than Sonja’s average speed.”

By considering bounds, show that Kaidan is correct. U= Ei
Show your working clearly. -t
LK) - el
— dAE = '52‘5
265 hes
= O 952...

- ?)\\ \?)‘1,,,

LppT bound  of auefaﬂefbp@F for K 7 lotos lourd oF a\,eraaegp@] Lo 5

— Yaidan {2 corvest

(Total for Question 18 is 4 marks)
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19 f(x) =x"—4
gx)=2x+1
Solve  fg(x) >0
Show clear algebraic working.
-Cg = £ [3Cﬂ]
= (‘;fo-i-\\?- -4k >o > \ 2
=2\ 2
2
(9o +\\ — & =0
2
(2o ) = k
2x 4| = ¥4
: - _ A
; ¢ = ‘/7_ A= o
\
g’ '; x 7 2
."0"0; —) o L =z er
-3 L
LT T
(Total for Question 19 is 4 marks)
- V,
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20 The centre O of a circle has coordinates (4, 7)
The point 4, on the circle, has coordinates (6, 11) and AOP is a diameter of the circle.
Find an equation of the tangent to the circle at the point P
e fop  (agert b radice
f(650) fongent o 0 b line .
o{- lede)
one qo=> '\“/‘\(‘(‘Aﬂ‘f\ P
o s midpoint oF AP Plzy)
. x+6 =4 3 + 1 =
2 2
+amgen+ at x="% N =3
f p(2,2)
-1
Mpg = - =2 2 Me™ 2
-
Yangert o Py =ZF T E
_|
P(2) on dangek s B = Z*E T
c =W
-5 (\,S = T.’\j_ x +
............ 4 = 4l
(Total for Question 20 is 4 marks)
L J
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21 Solve the simultaneous equations

x—-2y= 3 @
Y-y +2x=10 @

Show clear algebraic working.

O 2= Ay +2
in @+ (q +3) -y o+ 2 (4g +2) = 16 (2q+2)

\

(24 +3)(7-§1+5)
'-\—37' + 63 +ég +9

= Lffj'z + \lﬁ +9

1

thii+\13+cl—cdq +L(—3+ LE-1O=0
?331 + l6(j +5 =0
(’bd* \\(3+6\=0

4= 5 -5

in @ - B = 22 (%) +2 :%

1

‘B

2x(-5) +3 = =1

1\
1

-5 « X

3
3

KX
S Al
sl

.*.fh«
' » X
%.\

2L
{ .Q 0

%
[}
ERA

%

Y

%
i{

- v

Q"‘

(Total for Question 21 is 5 marks)
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22 The point A4 with coordinates (-3, 2) lies on the straight line with equation y = f(x)

(a) Find the coordinates of the image of the point 4 on the straight line with equation

(i) y=1f(x)-3
('x)t@ﬂ (:t,cj-'b\

(if) v = f(g)
(o, q) = (22,4)

Here is a sketch of part of the curve with equation y = g(x)

VA g

y=g)

Bx(p, q)

/
=V

/0

The point B with coordinates ( p, ¢) lies on the curve.

(b) Find the coordinates of the image of the point B on the curve with equation

y=-gx-o

where c is a constant. (x, 3\ B j\

= (p,9) > (p+re,-9)

[ PE& - )

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

(Total for Question 22 is 4 marks)

39508
oo
O
;g 3
‘;'-' 3
s
K
:4 o
FT1
:z o2
502009
E 5
N
B
X
595
%

&K
X
e
e

&

&

[0

\\

\' X

poe

X X

o
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23 Expr ( 20 — 2 )X as a single fraction in its simplest form
WSS ¥ 36 x-6) 4-x 8 P '
Fiet fodoriez as much as poeélb\e o xt- %= (4 6)(x-6)
Al erence of L e aned
ALO A
— - s Find \oo_fc'l‘ coommon clenominater
(o + 6) (= -6) -6 Ly —2C — ,
for expresoion  in ()
20 2 (2 +6) . \
(2c46)(oe-6) (o) (= +6) b -

20- (A= + 2) \
(x+ o) (o6 L
8 — Ao
(oc+ &) (-6 [ty -
2 (k=)
(ot 6) (2 - 60 (1)

N
(x+6)(x-6)

e
....... (etellx-¢)
(Total for Question 23 is 3 marks)
J
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24 The diagram shows a frustum of a cone, and a sphere.

The frustum, shown shaded in the diagram, is made by removing the small cone from
the large cone.
The small cone and the large cone are similar.

A A Diagram NOT
accurately drawn

Small cone
hcm

Large cone

The height of the small cone is #cm and the radius of the base of the small cone is 7 cm.
The height of the large cone is k4 cm and the radius of the base of the large cone is krcm.
The radius of the sphere is »cm.

The sphere is divided into two hemispheres, each of radius »cm.

Solid A is formed by joining one of the hemispheres to the frustum.
The plane face of the hemisphere coincides with the upper plane face of the frustum,
as shown in the diagram below.

Solid B is formed by joining the other hemisphere to the small cone that was removed
from the large cone.

The plane face of the hemisphere coincides with the plane face of the base of the small
cone, as shown in the diagram below.

Diagram NOT
accurately drawn

N’

26
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The volume of solid A is 6 times the volume of solid B.

Given that k > 37

find an expression for / in terms of & and r

Veore = 5 We*h

Large core 57 eV () = 12 U th)
Small cone + BNt

Frootum - (-1 m@>h

6‘o\r\ere ; % T M\ﬁpw : % T
Ve = -5 1h + Za’

% '“'r’b + A(S(\Yrq'lq

<
&
1]

n Vi = €V
2 L
2 | = (>N EX e FHX =6 ErGesr2N

(- Yh o+ 2r = 2 + 6h

= (I-7)h = or
S h = 1O

3 — (k3_>7 s h>o /./\
-7

(Total for Question 24 is 6 marks)

J
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25 ABCD is a parallelogram and ADM is a straight line.

B b C

RIS

N
/

Diagram NOT
accurately drawn

X

Jo2e%eds

NiZiMMioNOd

Tt

%2

% /ﬁ

—> —>
AB=a BC=b D =§b

K is the point on AB such that AK:AB=4:1
L is the point on CD such that CL:CD = u: 1
KLM is a straight line.
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Given that A:pu=1:2

use a vector method to find the value of 4 and the value of u
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(Total for Question 25 is 5 marks)

TOTAL FOR PAPER IS 100 MARKS
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