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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 —Z
The solutions of ax* + bx + ¢ = 0 where
a = 0 are given by: h
‘= —b +\b* — 4ac
> —
Trigonometry In any triangle ABC
¢ Sine Rule % =2 _ ¢
sind sinB sinC
b a Cosine Rule a@*>=b*>+ ¢* —2bccos A
1
Area of triangle = —absin C
y - B 2

1
Volume of cone = g ar*h

Curved surface area of cone = 7/

A

Volume of prism
= area of cross section x length

Cross
section

A/Imgf'

Volume of cylinder = 772
Curved surface area
of cylinder = 2zrh

B

- ——
- ~o

4
Volume of sphere = gmﬁ

Surface area of sphere = 477°




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

You must write down all the stages in your working.

+
1 Showthat 35 x.=oM1 Py Cxatb
479 12 a&c —
3 3 x
. —_— X —
LHS 34 9
’(DLs.isx—:}— @
4 4=3
= _2...3:‘_
Y 3
i L
. 3§ 1 12 3. g (Ris)

(Total for Question 1 is 3 marks)

2 Using ruler and compasses only, construct the bisector of angle ABC.
You must show all your construction lines.

1. composs on B,
mafle. anL afc on
A% and. AC.

7. COMPOSS an these
Marks, dfaw an &C

o 4he centre fom each.

3. connect ntersechon of aucs
to B us'm.g o e .

(Total for Question 2 is 2 marks)




(a) Simplify A"x h?

G=c*>—4c

ntm
T A

n-m
=@

a

n m
Qa *xa
n (]

a —-a

(3+2) '
(a")"

nx M

(b) Find the value of G when ¢ = -5

gubshitute C=-5 Into the equation -

"

€

(c) Solve

(-s)-4(8) ©
26 + 20
=4S

®

22 ox+3
2 x

Show clear algebraic working.

Ex -3

——

X
5%x-3
62-3
-3
)

. 2%x+3
x
§(22+3) 0

: 8xt1?
)—-sx
3xt12

Ix E)—\mQ)

"

"

-5:=% ');.3




The table gives information about the length of time, in minutes, that each of 60 students
took to travel to school on Monday.

Length of time Frequenc
(t minutes) q y
0<tr<10 4
10 << 20 10
20 <t <30 15
modal
30 <r<40 25 Class
40 <t <50 6
(a) Write down the modal class interval.
Modal Class = Class with highest frequency
30<t <40 @
1)
(b) Work out an estimate for the mean length of time taken by these 60 students to travel
to school on Monday. sfx ‘mteval
Give your answer correct to one decimal place.  pegn = —— midpoin? x
< f freapency
for each
coss
Mean - (5xu) + (18x10) + (25x15) +(35425) + (45%€)
60
. 20 1 150 ¥ 315 + 835 t+210 ()
60
- 6qo0 @
60
- 28.2 (vdp) 0)
8.2 .
....................................................... minutes
4)

(Total for Question 4 is 5 marks)




7

S In 2017, the population of a village was 7500
In 2019, the population of the village was 8265

(a) Work out the percentage increase in the population of the village from 2017 to 2019
Difference betwWeen population in 201 and 2019 .

8265 - 1500 = 165 (1)

- 5o werement X 100 ‘/
Finding percentage INURASE, T e =4

65 v . y
x IOO/o = 10.1 /. @
3500 O
[
2
.................... 0
3)

In a sale, normal prices are reduced by 30%
The sale price of a T-shirt was 31.50 euros.

(b) Work out the normal price of the T-shirt.

Normal price - 30 (normol price) = 3150
00 ©
30 (normay price) = 3450
ENAT
~ 100 . 0o (1
ce = 31.50 x —
normal pricé =y
* Y5 euros @
................... l-.g euros
3)

(Total for Question 5 is 6 marks)




Point 4 has coordinates (-3, 11)
Point B has coordinates (47, b)
The midpoint of AB has coordinates (a, —19)

Find the value of a and the value of 5.

A(-3,0)
a"(‘SH-‘:}) 2 44_=12
2 2 v
-\q - (n+y)
2
-38 = Wl+b
b :-%-1 L
b= -H9 (1) b=

midpoint (2,

-9) 843, b)

(Total for Question 6 is 2 marks)

Pedro drove from Toulouse to Montpellier in 2 hours 42 minutes.
He drove at an average speed of 90 km/hour.

Janine drove from Toulouse to Montpellier along the same route as Pedro.
The journey took her 3 hours.

Work out Janine’s average speed for the journey.
time taken = 2 hours 42 miautes
Speed = 9o km/hour

distance from Toulouse 4o Mont pedli o -

s
o km/y, x 2 hour 412 minukes convert Minute
6o

= Qo x 2.1
. 243 km (D

Janing’s average Speed -

M > 8 km/h(D
3hours®

gpo,q,d = oiskan &

Mo

hours

(Total for Question 7 is 4 marks)

distance - speed x time




Harold bought an antique clock for £1200
The clock increased in value by 8% per year.

Find the value of the clock exactly 3 years after Harold bought the clock.

Give your answer correct to the nearest £.

\nikia) value : § 1200

8 i
Year | - §1200 + 00 (1200) = § y29¢ @
Year 2 $1296 ¥ (50 (1296) - £1399.68

O

- $1611.65

(3
Year 3 : £1399.68 +___'o(\3qq.68)
« $1512 (nearest )

(Total for Question 8 is 3 marks)

A box is put on a horizontal table.

The face of the box in contact with the table is a square of side 1.5 metres.
The pressure on the table due to the box is 34.8 newtons/m?

fi
Work out the force exerted by the box on the table. pressure = ;r::
2
Ared = I Sm x1-6EM Pressure = 3yu8 N/m
< 2:25 ml 0)
Force = pressure x areq
s x 225 ©®
- 183 N 0)
.................... ?83 newtons
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10 Alex makes 80 cakes to sell.

He makes chocolate cakes, lemon cakes and fruit cakes where

number of . numberof number of
chocolate cakes ~ lemon cakes ~ fruit cakes

Alex sells
all of the chocolate cakes

3
Z of the lemon cakes

7
g of the fruit cakes

The profit he makes on each cake he sells is shown in the table.

Type of cake | Profit per cake he sells

chocolate £2.00
lemon £1.70
fruit £2.40

Work out the total profit that Alex makes from the cakes he sells.

Finding total ratio of cakes :
Tota) profit Made on cokes Saves :

3+2+5 =10
Einding number of each Cakes : (aux2) +(12x1-10) +(35%x2:42)
cholate : 3 x 80 > 24 cakes = 48 + 204 + 8y ©
o
 §152-40 o

fuib - 2 x80 = o Cakes ()
10

A}

Finding nutmbes of each cakes Sold

choColate = 24 cakes

lemon - 3 x 16 = |2 <akes @
U

fruit - % x40 = 3c Cakes

(Total for Question 10 is 5 marks)
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Age (a years) | Frequency
0<a<?20 9

20 <a <30 19

30 <a <40 17

40 < a <50 18

50 <a<60 13

60 <a <70 4

(a) Complete the cumulative frequency table.

Age (a years) %:;:;:it:i;e
0<a<?20 q
0<a<30 29
0<a<40 Ys
0<a<50 63
0<a<60 16
0<a<70 80

11 The frequency table gives information about the ages of the 80 people in a train carriage.

D q+\Q - 1

0 Dm+l‘+=qs

etc

(1)

10 B



(b) On the grid, draw a cumulative frequency graph for your table.

A
80 =

N\

70

60

~——

50

Cumulative

40

frequency

30

20 /

10 a

0 10 20 30 3t 40 50 60
Age (a years)

(2)
(c) Use your graph to find an estimate for the median age of the people in the train carriage.

median = QTO : o (from graph)

(Total for Question 11 is 5 marks)

>
70

11
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12 Solve the simultaneous equations

Tx+2y=35.5
3x-5y=17

Show clear algebraic working.

substitute @) intp 3%-9Y - \?

3(s5-29) -5y =11
3

2
6-Cu - 35y =14 ¢«
16.5-6y - 35Y ) Y
~Gy-35y = 14 - 6.5
~4ly = (025 ) g
g = -25@
Substitute g:-Q-S ntp (D
I-5
% = 5.5_1‘_)5) X T
1 ot
15 @ (Total for Question 12 is 4 marks)

12 B
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13 The curve C has equation y=5x*—x*—6x+4

(@) Find 4 gxn -
J . doc
A sx-ax-¢

dx

onx

There are two points on the curve C at which the gradient of the curve is 2

(b) Find the x coordinate of each of these two points.
Show clear algebraic working.

whea gradient : 2, dy
dx

2
Gr-22-6 =20

DR

2
15X -2%-8=0 0

Finding valued df x :

L. -(2) 1t [ e

©

20(15)
30
2t 22 ay -0
> 30 30
20
_2
5130

(2)

4 -2
x:?l 3
4)

(Total for Question 13 is 6 marks)

1R
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14 Expand and simplify (4x + 1)(x — 3)(5x + 6)

Espanding Lirst 2 brackess -

(Ax1) (x-3) = hx-axtx -3
s yxtux -3 ©

Muttiplying first expansion with another bra ke -
(u% -ux-3) (5% +6)
3 2
. 20% +24K-55% - 66 % -15% - 18 (D)

: 9.01.3~3m1-8\x -13 @

3 2
2% -31x-81» -8

(Total for Question 14 is 3 marks)

14
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B, D, E and F are points on a circle.
ABC is the tangent to the circle at B.

Angle EDF = 40°
Angle FBC = 70°

Prove that the tangent 4BC is parallel to EF.
Give a reason for each stage of your working.

LBDF : LFB(C : 06" O
( aMternate Segment heolem) ©

180 - LEDB
180°- (o' + 30)

LEFR

'y

n

180°- no’

: 30 @

( angles opposite 10 each Other in a yclic

guadrilaiefol sums up 1o 180°)

kne EF and line ABc are pacliel 10

( LEF® and (FBc are alfernate ang\es)

. sinCe ZEFB = 10  which 1S the Same as LFBC,

Diagram NOT
accurately drawn

(Total for Question 15 is 4 marks)

15
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16 The functions f and g are defined as

fix—5x-7

S5x
x+4

gix—

(a) Write down the value of x that must be excluded from any domain of g

X -4 — sincg denominafor of g(x) a4 O
cannot be 2€660
(1)
(b) Find gf(2.6)
f(2.6) - 5(26)-1 = 6@
9f(26) - g(g) = 5(6) .30 .3 o 3
6*.“ lO .......................................................
(2)
(c) Solve fg(x) =2
7 25%x-1x-2X : 8438
fo(x) = § (—5’3—) -1 c ac
x4 (6x -
0,
. A5 X -3 x:ﬂ-lS@
AtH
fg(fl) =3 = 25X -3
AtH . 225
ax+¥g = 25% -n-as@ 3)
(d) Express the inverse function g! in the form g':x — ...
Q(%) : sX
xty
Let y:= g(x) . Find x in tum of y.
y = Sn
xty
y(x+y) = 5%
yxtyy = 5%
L 6x -9
Uy ~ 5% 9) o Y
= X(95- -
ty (5 -1 L L glix— .. S ..... u ..............................
TN N0} R 3)

5-Y

16 B



e

17 The diagram shows a prism ABCDEFGH with a horizontal base.

B
I5cm

A

C Diagram NOT
accurately drawn
RIS
10cm
————————— H
A0
12cm
F 12cm E

The base of the prism, EFGH, is a square of side 12cm.
Trapezium ADEF is a cross section of the prism where AF and DE are vertical edges.

DE=CH=10cm
AD =BC=15cm

(a) Work out the size of the angle between CF and the base EFGH.
Give your answer correct to one decimal place.

diagonadl FH = J 142t

s\ 2 em (1)
By using trigenomedny -
10 30.5
tan @ =
=0 s
. 3)
6:-30s5"()

(b) Work out the length of BE.
Give your answer correct to one decimal place.

8

Bx = 1512
> q um

Ba:9tlo: 19 em ()

8E - SBG% GE "

A1 {0 ¢ BGE forms a right Gngle triangle.
© We Can uSe Pythagoras Theorem

"

[

156 un ()
(Total for Question 17 is 6 marks)

JG"“] to Solve for BE . 255 ................

17
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18 In an arithmetic series, the 6th term is 39
In the same arithmetic series, the 19th term is 7.8

Work out the sum of the first 25 terms of the arithmetic series.
Tan =64 (n-1)d
Te -39 a45d — @
Tq:tg=atisd —Q@
Substitute () info @

1.8: (3‘] -Sd) +18d

18-39:13d
-31:12 = 13 d ()
d: -32 _ _qy
\3

substitute d- -2-4 o @

3q :a+5(-2:4)
39 - a-12
a: 3a+12
.51 ©
N )
Sum of first 25 tem . Sn - 7[1“ (n ')d]

Sys - % 2(51) 4 (3“)('3-“)] 0

. 126 (co: -51.6)

18 B P



19 The diagram shows rectangle ABCD with rectangle EFGH cut out to form the shaded region.

4 D

Diagram NOT
accurately drawn

B C

AD = 8.3 cm correct to one decimal place
DC =7.2cm correct to one decimal place
EH = 6.2 cm correct to one decimal place
HG = 5.3 cm correct to one decimal place

Work out the upper bound of the area of the shaded region.
Show your working clearly.

To qA uppes bound of the area of shaded region :

@ we get the uppesr bound of larger cechangle (ara)

@ ue got the lower bound of Smaler redangie (ared)

@ © minus @ Ho gt the area of shaded 9ion

O Acta of ABCD - 8.36 em x 3:25 cm
. 60.53%5 om ®

(@ Area 0f EFGH : 6.6 Um x 5.25 om
. 322875 om

G Area of shaded region - 60-53%5 -32:28%5° (U

- 285 m‘m

(Total for Question 19 is 3 marks)

19
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20 A curve has equation y = f(x)
There is only one maximum point on the curve.
The coordinates of this maximum point are (-3, 4)

Write down the coordinates of the maximum point on the curve with equation

(i) y=1(x)-6

/

«  Value of X 18 Mot changing
o Value 0f g translated down by 6 umt-

(-3,4-¢) = (-3,-2)
(i) y = £(2x)

“ Y -coordinate reMains the same

» x- wordinate s divided by 2

(Total for Question 20 is 2 marks)

20 B



184 % 23(n2—6n) % 32(=4n)
122

21 Given that M =

find the values of n for which M =2

2
3(n - 6n) 2(V-4n)
PSP RS

2

12

2\ 3(nt-en) 2(1-4n)
(1"3) x 2 X 3
2 =

2"« 3’ ®

2
\ yun 3n-\18n 2-8n

2

2“x3

t o 3n-wn-4 SN-§Nn 12-2

. x 3

) 3n-yn-y
2:2 x |

. l\‘& ) N = 'i
{2 3n-Iyn -4 ? 6 6
- 5 )

In-14n -5 = 0 @ )3 @

Nyt Jew-y@3)s) @)
2(3)

« iyt '15; = g+ 16
A £ R A

(Total for Question 21 is 5 marks)

21
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22 The diagram shows a regular octagon ABCDEFGH.

Diagram NOT
accurately drawn

10cm
EAN éoL J}S? E
35 sl
D e
G Ib F
Each side of the octagon has length 10 cm.
Find the area of the shaded region ACDEH.
Give your answer correct to the nearest cm?
- ° o
Interior angle of octagon : 8_2):“80 = 135 @
8
spit ockagan into ¢ {’rianales
Find 2 : n = g{,ane:}.S‘ = |2.0H006 ...
Acea of h—im\gte = __i X0 x12.-0H06 ... = 60-3SS

(

Totol aren of ocfaaon 8 x | avea of thangle

$x (0:3SS ...
482.2Y .. @

Area of ma"'()le ABC = ! xjoxloX Sinl13S° = 252 -‘39'355..®
2

Acea of oaaﬁon

\

F‘ino‘ﬂi 3: ‘Ow5¢s°=95
Length of HE = 2x5J3 + 10 = lofz +lo ()

Area of trapezium : é x (toJ7 tio +10) X loSin 4&°

22



[}

krea of octagon - area o(‘ {rimnﬂle ARC -
Acea of M,Peuvlm

~ 35.355... — 10 -H ..

Area of shaded region

Area of shaded reqion = 482.9Y ...
326.F7F .

4

323 om®  (nearest )

(Total for Question 22 is 6 marks)

Turn over for Question 23

2R
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23 In a bag, there are only

3 blue beads
4 white beads
and x orange beads.

Jean is going to take at random two beads from the bag.

o . .3
The probability that Jean will take two beads of the same colour is 3
Find the total number of beads in the bag.

Show clear algebraic working.

Probability of taking two beads of same colour :  (iek n - total number of beads)

Blue : 3 2 - °

—_— K —

n n-| n(n-")

n n-\ n(n-1)

White - 4 3 . 2

Orangc, N3 » n-8 (n-2)(n-3)
n n-1 n(n-1)

3
(h-3)n-8) . =
Combing : 12« e (V)

4+
n(n-1)  N(n-1) n(n-y)
€ +124n"-15n+56 = 3? (n-n)
W8+ 4q¢ +3n1-|wn+uqs = 3nt«3n @

Ea-NFa+592 =0 (1)

N W32 )% 4s)Gs2)
2(5)

o L TR
o

> |6 l.‘-}.q AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

be whele number
n= |6 @u\q no. of beads §hould (Total for Question 23 is 4 marks)

TOTAL FOR PAPER IS 100 MARKS

24 B



