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International GCSE Mathematics
Formulae sheet — Higher Tier

Arithmetic series

Sumtonterms, S = 2 [2a + (n = 1)d]

The quadratic equation

The solutions of ax? + bx + ¢ = 0 where
a = 0 are given by:

—b £+b* — dac

2a

X =

Area of trapezium = %(a + b)h

< ™ >

Trigonometry

In any triangle ABC

Sine Rule ,a = ‘b = ,c
smd smB sinC

Cosine Rule a? =b? + c?-2bccos A

Area of triangle = %ab sinC

Volume of cone = %m*zh

Curved surface area of cone = 77/

A

Volume of prism
= area of cross section x length

Cross
section

length

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

Volume of sphere = %ms

Surface area of sphere = 47r?
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Answer ALL TWENTY THREE questions.
Write your answers in the spaces provided.
You must write down all the stages in your working.

+
1 Showthat 33~ =21 Py exatb
4 12 q:-c C
l-‘i B :5 .é—— )‘ .El__ *
5097 T
=®|S"3xi_ ©
4 43
= _5.,. ll
H 3
0
Lo3s a2 . g (REs)
a2 = 2 a2 N2
(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. compass on B,

maflk. an asc on
A% and AC.

7. COMPESS an these
marks, dfau Q. &C

b the. centre fom each.

connect ntersechon of ascs
to & us'mﬂ o wler.
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(Total for Question 2 is 2 marks)
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(@) Simplify hx h?

G=c’-4c
(b) Find the value of G when ¢ =-5

n
Qa *a

n
a

(a*)"

gubstitute C= -5 nto the equation

G- (5)-408) @

- 26 + 20

s @

(c) Solve =2x+3

4
Show clear algebraic working.

6X-3  gx+3

()

®”
[}

w

&x 112
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w

3xtl12

t )
$

L

§(22+3) 0

~-5%X

™
- 4a

m

=T~

(Total for Question 3 is 6 marks)
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( )

4 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 Frequency
(t minutes)
0<t<10 4
10 <t < 20 10
20 <t <30 15
30 < t < 40 25 k/ ::)ad:'
40 <t<50 6

(@) Write down the modal class interval.
Mmodal class = class with highest frequency

30<t <4D @
1)
(b) Work out an estimate for the mean length of time taken by these 60 students to travel
to school on Monday. sfx nieval
Give your answer correct to one decimal place.  pegn = — midpoind x
<f freauency
for each
oSS

mean : (5x4) + (1B x10) + (25x5) +(35425) + (85 %¢)

60

. 20 + 150 ¥+ 315 + g35 1210 (1)

6o

iy

1690 0

60
- 28.2 (Id.P.) @

....................................................... minutes

(Total for Question 4 is 5 marks)
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4 )
5 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
(a) P g pop g
Difference between population in 2011 and Lo1q .
8265 - 1500 = 165 (1)
_ se wcrement 00 /
Finding percentage iNLRASE, ihe value °
0/, = ‘o-1/. ®
3500 (:i)
[
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.
Normol price - 30 (normol price) = 3160
100 Q)
30 (normay price) = 34-50
10 100
- . 00 (1
100 normal pricé * 3160 x 0
: 45 euros @
................... "g euros
3)
(Total for Question 5 is 6 marks)
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Point A has coordinates (-3, 11)
Point B has coordinates (47, b)
The midpoint of AB has coordinates (a, —19)

SEES

KRR
:.00.0
&

S

ﬁ'
o
o0

Find the value of a and the value of b. A (-3,11)

a:(-3+u3 ) . 44 g
A n ®

~138 = WL+b
b

[y}

-8 -1l 22

b -4q () o= T4

(Total for Question 6 is 2 marks)
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~= | 7 Pedro drove from Toulouse to Montpellier in 2 hours 42 minutes.
. He drove at an average speed of 90 km/hour.

%7
K

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

. speed x time
Work out Janine’s average speed for the journey. disfance - Sp

time token = 2 hodrs 42 minutes speed ¢ digtan @
Speed = do kM /houy Hme

distance from Toolouse 4o Mont pedli o -

s o hours
qo km/y, x 2 hour 4 42 Minutes covert minute
6o

= Go x 2.1Q)
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(Total for Question 7 is 4 marks)
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8 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 £.

likia) value : § 1200

8
Year | §1200 ¥ Tpp (1100) > ¢ 1294 O,

"

§1399.68

®

= $1611.65
« $1512 (nearest 3)

8

g
Year 3 :  1399.65 + oy (1397¢8)

(Total for Question 8 is 3 marks)

9 Abox 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?

force
Work out the force exerted by the box on the table. pressure =

rea

Ared = 1S m x1.E M Pressure = 3U8 N/m‘

: 2-2% ml @

pressure x areq

g x 2.25 ©

Force

"

83 N 0

(Total for Question 9 is 3 marks)
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<1 10 Alex makes 80 cakes to sell.
G558 He makes chocolate cakes, lemon cakes and fruit cakes where

S number of . numberof _  number of

= : : . 3:2:5
o chocolate cakes lemon cakes fruit cakes

ST Alex sells
e all of the chocolate cakes

3
o 1 of the lemon cakes

7 ,
SO 3 of the fruit cakes

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

558 Type of cake | Profit per cake he sells

CRAXRKS
oo chocolate £2.00

QB
S35 lemon £1.70

5 <
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e
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X

fruit £2.40

2

<]

¢ o~
NN
JIEH
_t.‘o‘m,
PRRX

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

Finding toral ratio of cakes :

3+2+5 =10 Tota) profit Made on cakes Soles
+ =

finding number of each cakes : (2aux2) +(12x1:10) +(352242)

1o

(hocOlai'C . 3 X 30 : A4 Cd.ke,s z qg ¥ 10-'{- + 8‘{ ®

x 52-40
2 g0 : |6 Cakes @ #1 0]
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\0
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(Total for Question 10 is 5 marks)
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11 The frequency table gives information about the ages of the 80 people in a train carriage.

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

(@) Complete the cumulative frequency table.

Cumulative

Age (a years) frequency

0<a<20 q

q+1Q - 1R
0<a<30 29

0<a<50 63 :
ete

0 < a<60 16

0<a<70 80

0<a<40 45 @ )az+rr=as

1)
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(b) On the grid, draw a cumulative frequency graph for your table.

A
80 =

70

60

P
=

50

Cumulative 40
frequency EEEEEENEEE SSluE N NS SRR A
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&0 (c) Use your graph to find an estimate for the median age of the people in the train carriage.
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median = QT : 4o (from graph)
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(Total for Question 11 is 5 marks)
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12 Solve the simultaneous equations

5.5
17

X+ 2y
3x — by

Show clear algebraic working.

I =65-%

'*"'(; x : 65-2Y ®_@

p—

1

substitute @ intp 3%-3Y =1
3(5.5-29) -6y = 3
+ 23
16.56-6y - 35y = W1 “
~Gy-35Y = 14-165

-16.5

-~y = (025
g = -25@
substitute y=-25 o ©

x = 5.5-2(-25)
1

y

15 @ (Total for Question 12 is 4 marks)
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4 )
13 The curve C has equation y=5x3-x2-6x+4

. N
(a) Find d—J; _Ol ax" = anx™

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.

o 7 when grﬂdleﬁt 2 2, dg -2

A
SRR —
Pose-wio% (l

Gr-22-6 = 20

2
15X -2%-8=0 (D

Finding valued Jof 2 -

L. - (2) 1 JENHH(s1ER)
2015)

30

X
29
A
195 R
290

(Total for Question 13 is 6 marks)
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14 Expand and simplify  (4x + 1)(x — 3)(5x + 6)

Espanding first 2 brackefs -
2
B -2 xXt% -3
yx'-ux-3 @©
n with anothex bra s -

(A1) (x-3)

Muttiplying first expansio
(4% -ux -3) (5% +6)

3 2
. 20% +24%-55x"- 66 -15x - 18 (D

()

mx’-saxz-sm -13 @

3 2
2100% -31x-81¥ -I8

(Total for Question 14 is 3 marks)
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15

Diagram NOT
accurately drawn

A B C

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 ABC is parallel to EF.
Give a reason for each stage of your working.

(020, Yo
D050 w8

LBDF - LFBg = 70 @

(olternate Segment theofem) 0

<

9% Tetold 0

SO g0 - LE

S LEFE -

2050, 908 © [ ] €
SRS ~ (4o + 30 )
L

i

. 180°-mno°

QLR Pt
G SETNO)

' i clic
( angies opposite to tach Ofhel in d G
= q’und( lateral symsS 4P tp 180°)

§§§§§§§§, ° sinte ZEFB * :l’O‘ which 1S the Same QS LFBOI

LSS b

ne EF and Yine Agc are paliel %0

( LEF® and (FBc are alfesnate angie.s)

QO
SRR
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(Total for Question 15 is 4 marks)
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4 )
16 The functions f and g are defined as

fix—5x-7

5X

1 X
9 X X+ 4
(@) Write down the value of x that must be excluded from any domain of g

- — Simcp dgnOMinOfo of 9(‘1’.) y @
cannot be 2€60

(b) Find gf(2.6)
f(2.6) - s(2.6)-1 = 6@

f(26)-qc)=-5() .30 .3
g )9)67 0 ©c 3 ..........................

(c) Solve fg(x) =2
7 2a5x-1x-2x : 8428
5 -51—) 3
x4 ) - t6x = 36
@
a5 x -3 % : 225 @
A+ H

fg(n) -2 = 25%
(a aty :I 2 .25

ax+s = A5% - 17(-28@

[

fq(x)

(v}

<X e KX
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Let y= 9(x) . Find % in tesm of y. SO
S
Xty
y(x+y) = 5%
yx+yy = 5%
Yy = 5% -YX
4y - x(5-y) O §x O X s

-4
x:A 59 Tg
5-Y

" =

%
55
X
25
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(Total for Question 16 is 9 marks)
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17 The diagram shows a prism ABCDEFGH with a horizontal base.

Diagram NOT
accurately drawn

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.

it 2
diagonal FH = J 12 +12
. \QJT om @
By using trigenomesry -
0 30.5 o
tan @ =
© o % -
6 :30.5° (1)

(b) Work out the length of BE.
Give your answer correct to one decimal place.
2
Bx = 15717
: q um

Ba:q9tlo:(qem (1)

8 -[8a v ce"

. J l"llf(uﬁ)‘ ¢ BGE forms a righy angle triong e .
- @ we Can uSe PYthagpras Theorem
JG'H to Solve for BE. cm

156 um (O
(Total for Question 17 is 6 marks)
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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.
Th = a4 (n-1)d
Te-39:a45d —@©

Tq:ts:atigd —@
Substitute ) into @

1-8:(39-5d) +184

18-39 = 13d
-31:2 = 13 d (7)

substitute d- -24 nto ©

3q - a+5(-2u)

39 - G -12

39 +12

st ©

_ N _
Sum of first 26 term . Sn - ry 20+ (n-1)d

Q

[

Sys % a(51) + (2u) (-2 ) 0

.28 (aoz -51.6)

L

(Total for Question 18 is 4 marks)
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19 The diagram shows rectangle ABCD with rectangle EFGH cut out to form the shaded region.

A D

Diagram NOT
accurately drawn

B C

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

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

To god uppes bound of the orea of shaded region
@ ue got the upper bound of larger reckangle (aren)

@) we ot the lower bound of smaler redangie (area)

@ © minus @ to gt the area of shaded region

(O Acta of ABCH - 8.35em x 3:25 cm
. 60.5315 om~ (V)

@ Area of EFaH : 645 Om x §.26 om
. 32 28%5 om

® Area of shaded regica - 60-53%5 -22.8% (U

- A8-25 cth)

(Total for Question 19 is 3 marks)
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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=7()-6

/

« Vajue of x 15 Mot changing
« Value of Y translated down by 6 unit -

(-3,4-¢) = (-3,-2)

(ii) y = f(2x)
* Y -coordinate reMains the same

» X - wordinate is divided by 2

(Total for Question 20 is 2 marks)
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21 Giventhat M =

1840 % 23(n2—6n) x 32(1-4n)
122

find the values of n for which M =2

2
n 3(n -6n) ﬂ("qn)
18 s

2

M

12

() " en -yn)
(1x3) n . 23(n 6 )x 310 hn

qu 31t 0)

2
' un 3n-18n 8N 2-80
o x 2 x3 x

24x3

[

2

a
{ 3n-yn-4

gnh-§n12-2
] x

2
) 3n -iyn -y
= 2 x |

30
{230 -14n -4 ? 6
S

In-wn-s:-0 ()

N:iy t J(-M)‘-Q(S)(-SJ ®
2(3)

st Jagg > Wil
¢ c 3z

(Total for Question 21 is 5 marks)
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22 The diagram shows a regular octagon ABCDEFGH.

Each side of the octagon has length 10cm. .

Find the area of the shaded region ACDEH.
Give your answer correct to the nearest cm?

. . . (8-2) ° o
Interior angle of oo*agon s _8 %180 = 135 @

S‘)\if ockngan into § {friomfcf]les

Find x : 2% = ¢ tan ¢3:5° = 12-0H06..

Acen of triongle = 21 X 10 x 1.0H06 ... = 6b-3SS

i

Totol area of oc{aaon 8 x | avea of trxanﬂle

1]

$x (0:3SS ..
482.¢y ...

Acen of oolaﬁon

\

Area of trangle ABC = Ly joxlox Sini3s*® = 2502
2

Fidy = Y= 10 cos y5* = SJ2
Length of HE = 2x5f3 + 10 = lofy +lo ()

Area of frapeaium : é x (toJ3 t1o +10) X 105in

= I:LO-:H._.(D

Diagram NOT
accurately drawn

B
.

=35-355 @

2

22
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iff Area of shaded reﬂi@n > hrea of octagon — area of {—rimﬂﬂ’\e ABC -

Acea of tropezivim

ot

oo ries
S0
ot ook
SIS
botes-

- .o~ 10 -FH
Aren of shaded region = yg2. 8y .. — 35355

©326.FF..

323 om®  (nearest wnt)
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(Total for Question 22 is 6 marks)

Turn over for Question 23
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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.
The probability that Jean will take two beads of the same colour is %

Find the total number of beads in the bag.
Show clear algebraic working.

Probabitity of taking wo beads of same colour :  (jek n - total number of beads)

6
.3 2 .
Blue Y x n-1 nln-1)

White - 4§ 3 12

X
n n- n(n-1)

Orange, N3 x n-8 (n-2)(n-8)
n "1 n(an)

(-Dn-s) 3
G 4 12 + 2 g @

Combing -
n(n-1) ) hin4)

2 .3 2
6 +124n -I5nt56 = 5 (n-n)
N
W84 ac +8n-120n +4ys = 3n-3n @O

Ea-NFa+592 =0 (1)

N 3 E [ En)® gis)ise)
2(5)

= W7 240

lo

W

14 'ﬂ-.ll .......................................................

be whgle number
16 @nq n. of beads Should (Total for Question 23 is 4 marks)

—1
'

TOTAL FOR PAPER IS 100 MARKS
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