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International GCSE Mathematics

Formulae sheet — Higher Tier

Arithmetic series

Sum to n terms, § = % [2a + (n — 1)d]

Area of trapezium = %(a + b)h

The quadratic equation —< )
The solutions of ax” + bx + ¢ = 0 where
a = 0 are given by: h
L —b + b - 4ac
> — >
Trigonometry In any triangle ABC
¢ Sine Rule %~ =2 __¢
sind sinB sinC
b a Cosine Rule &’ = b’ + ¢* — 2bccos A
1
Area of triangle = —absin C
y - B 2

1
Volume of cone = g r’h

Curved surface area of cone = 7/

A

Volume of prism
= area of cross section x length

Cross
section

A/Imgf'

Volume of cylinder = 77°h
Curved surface area
of cylinder = 2zrh

B

- -o

4
Volume of sphere = gmﬁ

Surface area of sphere = 47/




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

You must write down all the stages in your working.

10

>
0 2 4 6 8 10 12 14 x

(a) Describe fully the single transformation that maps triangle A onto triangle B

Entargement of Saale factor 3 at centre (3,0)

' _ —4) - four positions 1o the left
(b) On the grid above, translate triangle A by the vector

3) — dhee positions upward
Label your triangle C
(1)

(Total for Question 1 is 4 marks)




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

(206

"\

2 00

2
AXx2AXxAX2 x3xGAS = 2 x3 x5

® ©

(Total for Question 2 is 3 marks)




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.

15y 158 162 13

e ®

Sincg Median = 160 em ,

snce Candela’s height is higher than Diana's ,

x> Candelas hughf : 162 em

Sine rangg, = A un,

. ‘
1#5-21 =y = VWeom - Dianas height

C
o
=
()
-~
—

(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}
B = {odd numbers}

(a) List the members of the set

(1) ANB -is i Sek A and Set B

(i) AUB -1sih sk A or S B

(b) Is it true that 24 € A?

Tick one of the boxes below.

Yes

No

v

Give a reason for your answer.

2y is not between q and 20 - @

A s in Sk Cand pot in et 6

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

(c) List the members of one possible set C

not in sutB < {012, 14 ,16,(8) 20

Mombars OfF € : Any & AuMbers except 12, My, 1, 20

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

Diagram NOT
accurately drawn

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.

Finding length of sides of ppcp :

x - 36
x: 6w ()

% length of side of Square - diametes of Semicirde = 6 o

Area 0f each Sumiurge:

“"

\ toq
—i-xmx(%) ~|’C®

Mea 0f § Semcirde U x j;ﬂo

18I

Y

Total arca: area of gquare + area of 4 semicicdle
-3t © 92.g

< 92.5 om” 0)




3p-5
10

(a) Solve p=

Show clear algebraic working.
(o)p = 3p-5

lop-3p- -5 ©
tp = -6

P- 2%
0

(b) Simplify «” where a >0

(c) Simplify fully

—S-xx—txg_
6 x Yy

“-_'2-):";“ *Y
= Y @
2%

(d) Factorise fully  10c°d” + 15¢d*

S(acsdzf Scd")
- 5¢ (acd +3d") ©
~5cd (2C +347) ©

Sed (204 3d)




k
2
4"

Find an expression for x in terms of k and »

(Total for Question 7 is 2 marks)

8 A cinema increased the cost of an adult ticket by 12%
After the increase, the cost of an adult ticket was £18.20

Work out the cost of an adult ticket before the increase.
Ticket ost after increaSe -
loof, +12/, = W2/, @

(6] |
lﬂiﬂa' ticket st : 18-20 x “.2 O
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of five cities in 2018

9 The table gives information about the population, correct to 2 significant figures, of each

City Population (2018)
Ahmedabad 7.7 x 10°
Barcelona 5.5x10°
Chicago 8.8 x 10°
Lagos 1.3x10’
Tokyo 3.7 % 10’

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

0
JOUAS

Ahmedabad in 2018

Tokyo = 33 xlOe
6
Ahwmedabagd = F.3x10

bbff?f%w : (31‘ ‘:’}) Xu)‘@
29.3 x 10°

2.9 xto @

7]

8 800 000 (J)

(b) Which of these cities had the least population in 2018?

(c) Work out the difference between the population of Tokyo and the population of

Give your answer in standard form correct to 2 significant figures.

10 e im e i imm
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10 The diagram shows triangle 4BP inside the regular hexagon ABCDEF

D E
Diagram NOT
accurately drawn
C F
P
2
ar
B S A
AB =5cm BP=2cm Angle ABP = 90°

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

6-2 o
Internal angle of '\%agon . ——c-— x (80

: _‘Lxuso'
6

<10 ©

tan BAP - ‘35'_- @

-\ 2
BAP = tan —
40

Y

angle PAF - )ao°-1|.%° @

- 9827 (D

e e e e e et e e i i i e e 11



7

went to a gym on Saturday.

11 The cumulative frequency table shows information about the ages of 60 people who

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
10 < a <80 60

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

A
60
us
»/
e :
50 =
P
x'
Q- ys e
X
40
ENEENEEEEE AN RN DAl e o e e e T e e
Cumulative :
frequency / y
median - 30
/
/
20 v
Q- s .
10
l
/
/
/V
0¥ >
10 200 2¢ 30 40 % 50 55 60 70 80
Age (years)
2)
\_

12 S
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Question 11 continued

(b) Use your graph to find an estimate for the median of the ages of these people.

Median . %o- =30 (from 9raph)

....................................................... years
(1)
(c) Use your graph to find an estimate for the interquartile range of the ages of these people.
[
Q - -;;x(,o = 15 (from graph)
Qs - % x¢o * 45 (Fom graph)
Intefquartile vahge = O3 - @,
*hg-21 () 2
O ....................... 5 ............................. years

225 ® (2)

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

From qmvh :

6o -50 (V)
= 1o ()

(Total for Question 11 is 7 marks)

e e e e e et e e i i i i e 1
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Diagram NOT
accurately drawn

D

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

Work out the value of x
Finding scale factr of ¥wo triangles :

6 om
-5

.2 om

5 () = 2249 (1)

ox = 2x +1q
lo-2x = 1
3x = 9
L9
7 O ]
8

(Total for Question 12 is 3 marks)

14
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13 The diagram shows a sector AOB of a circle with centre O

A

Diagram NOT
accurately drawn

6.0%
5.2

67°

0 5.2cm B

Angle AOB = 67°
0O4A=0B=52cm

Calculate the perimeter of the sector.
Give your answer correct to 3 significant figures.

Cramfeawnce of the whole drde :

Axtex5.9 - 22 g
x i€ x = @

Arc length OF the Sedor Ao :

6t 62
— XN = (.0 )
260 c 6-08 um O
Puimeter of the sedor Apg -

5.2+5.21C.08 - 16.4g O e R cm

165 (3s¢) (Total for Question 13 is 3 marks)

e e e e e e e e i i i i e 18
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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.

Probability of @ diCe 10 land on even NuMbys.
3 1

6 > 2
Probability of a dice +p land on 0dd numbers -

-
=
—

2 -1
(A Py

Tips -
O Find probability of all four dices fo land on odd numbers-

(@ 1 minus probability m U b gt the probability of at least
one dice lands gn AN even Number .

P (an foue lands on odd numbers) :

IO N | (
R — K — X - S —
I S |

1
2 16
P(at leagt one of the dice lands on even numbess) :

‘__‘_ )
T4 T{@
O

16 S
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15 The diagram shows a kite ABCD

AB=6cm BC=11cm

Calculate the area of the kite.

Give your answer correct to 3 significant figures.

Find drea of one half of the kite -

_‘;,‘ AR x BC £~ Sin ABC

:

< : °
— x6xlWlxsn usg
2 ®

29.13 (,ml
Area of the whole Kite :

2% 2943 om ()

5g.3 (,m*®

Diagram NOT
accurately drawn

~C

Angle ABC =118°

- Both Sides of kite o Syromesvical-

(Total for Question 15 is 3 marks)

17




16 Here are nine graphs.

Graph A
YA

Graph D
VA

=V

Graph G
YV A

=<V

1R

=V

Graph B
YA

TO ;
Graph E
YV A
0 5

Graph H
YV A

Graph C

Graph F
YV A

=V

Graph I
YV A

=<'V




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
q g-'mh/c t P
“a+ 3
y=-2x+3 (&
F
y = o —_—
x| e

y = tanx®
y= Gt D D -2) H
(Total for Question 16 is 3 marks)
.. 19
17 Use algebra to show that  0.345 = 55

Let 4 = 0.8y545 ...
100 x = 34 .5yg5

100 % - % = 34.545 - 0-34s5..(D
X - 3‘{1 @
a9
.1

_—

5%

(Total for Question 17 is 2 marks)

10
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18 Kaidan and Sonja went on two different car journeys.
distance

S .
peed hre

For Kaidan’s journey
distance = 80km correct to the nearest 5km
time = 2.7 hours correct to 1 decimal place

For Sonja’s journey
distance = 33 km correct to 2 significant figures
time = 1 hour correct to the nearest 0.1 hour

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

By considering bounds, show that Kaidan is correct.
Show your working clearly.

Fmd.'mg upper bound of Kkaidan's SPeed -
distance, .4 = 825 km 0

tme o < 265 hows

82.5 km

Sf?ﬂ»dug t aes "

+ 3618 ek (O

Finding tower bound of Sov“a:; speed
distonce, w 325 bm

Speed p - S2S km

o e —

105 |,
= 3095 ko' @

®
Speed,,, °f Kaidan = 313kml > Sspeed,, of Sopja = 3095 ko '

(Sho W(\)

(Total for Question 18 is 4 marks)

20 R S




19 f(x) =x>—4
gx)=2x+1

Solve  fg(x) >0
Show clear algebraic working.

forz)- (224 -y O

f92) >0
fq(x) >0

(2k4) -4 >0 0

(2zt1) > 4 /
e

2+ > ¥y _

22t = 2 ) 26+ = 2

MC
.-
Y

| - -3
=L, 2m2(

3 |
- x> > —
x< , 2 2

0

(Total for Question 19 is 4 marks)

e e e e e et e i i i i e e 21
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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

Fiading wordinates of P - a(6,4)

L-coordnate : C+X |

2
= P
X 72 (2,3)
y-wordingte : +Yy . 3 0 is the midgoint of PA
2
y =3
P-(2,2) ©

F‘-nolo'ng gradient of Aop :

n-3 .}
Mz ——— = — =2
6-2 4 0

Finding gmdient of tangent v Aop -

S S
m=—> -7 @

Etvxaﬁan of mngwf at P :

= -1
3 I(_2)+c
C =y

y = "Ix,ﬂt 0)

22 S
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21 Solve the simultaneous equations

x—2y= 3
X’ -y’ +2x=10 — ®
Show clear algebraic working. X=aAy43 - @

substitute @ intp @© :

«

(29+3) -4 + 2(43) = 10 ©

by 412y +9 - g1y Gyt 6

"

(o
3riyg+s =0 (0

(Bg+1)(y+s)=0 ()

Substitute y values Into @

x-2(:3)3 , x:2(5)*3 0

P




f N
22 The point 4 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

(@) y=f(X)@ - 415 tvanglated 3 posthions b the left

-3 -1
(D e )
1)
(i) y= f(%) - % 1S doubled
('6 .......... — 2o )
1)

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

Y A

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=Cex—o)

) \ xis hansiated ¢ wordinate 1o the vig ht

where c is a constant. Y S hegated
AL 2
(2)
(Total for Question 22 is 4 marks)
. J

24 S
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20 3 2 )X 1
x2-36 x-6 4 — x

23 Express ( as a single fraction in its simplest form.

S\mp\lf-ying terms i bradkdd ity Single frackion -

20 2 (n+¢)
x>~ 3¢ 2-6 (1tt)
.20 2(x+6)
X*-3¢  x*-3g
20 - 2(x16)
X -26
s 8-2x )_(q-x)
X -36 x*-3¢

Multiply with the femaining frachon -

Wwm g
2 M

X -3¢
.2
2 -3¢ 0 2
2*-3¢

(Total for Question 23 is 3 marks)

28




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

khcm v

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 k2 cm and the radius of the base of the large cone is krcm.
The radius of the sphere is 7 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

I S



The volume of solid A is 6 times the volume of solid B.
Given that &k > 3/7

find an expression for /4 in terms of k and »

Nolume of each hwftS?hu'g'. Volume, of Small g, -
‘ 3 ' IR
%KVO‘uMQOf SPWQ 13-.-)‘ %xlt,xr 1 ?"prh
2 3
—3—-“:r @
Nolume Of fruspram -
Volume of large wne - Volume dof small Gone
-'—*k.x(\“)lxkl\ - -L)dl txh
3 37
N \ 2, 3_
gt h(K-1) @
Volume, of Solid A - Volume of Solid B :
| 2 3 2 3 . _'_ 2 3— 3
zmrk(k—\)i—?w 3mrhf3mr @
2 3 2 2 3
o -%-n_r h(,ks—l) + —"j-nr =6 (%U hf’;‘“—f) ®
2 2 2 3
s h(,f—l) ¥y Zme = awrTh o+ e
3 3 2
= fr
Lhey + Ar bk ur 6
3 2
h(C-1) v 2r = Gh +1LF
h(E-1)-¢h = lor @)
Wi -Fh = dor
L= lor Ior
-3 @ R s S

e e e e e et e i e e i e e 27
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25 ABCD is a parallelogram and ADM is a straight line.

B ’ c
“ Diagram NOT
K accurately drawn
L
> >
4 b D Ly M
2

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

Given that A:p=1:2
use a vector method to find the value of 4 and the value of u

—a
ke kb (-L)a | Ch--Aa DL =(1-M)a
®

-5 9 -5 9
kL = KA +AD + DL

:-ka + b +(1-Mm)a 0)

— - = 2K
m - GfDM [M

. -(l-lu.)g+l)_b_ s —(l—)/\)ti-}%b

N ®

— O —
km = kKA + AD + D

[
‘-'L@"h*;ll

ﬁ
q : 2‘—' - ’Ax "@
b : L }_X.
— 2 2
A 3
x: 5 -0 A= F
£
Su%hhﬂe@mh:@ 5® X s ¢ @ YT N
24 -1 = -3 A A = 7 S ?(Total for Question 25 is 5 marks)

TOTAL FOR PAPER IS 100 MARKS
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