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International GCSE Mathematics

Formulae sheet — Higher Tier

Arithmetic series

Sum to n terms, § = g [2a + (n — 1)d]

Area of trapezium = %(a + b)h

The quadratic equation l—>
The solutions of ax? + bx + ¢ = 0 where
a = 0 are given by: h
L —b + b - dac

o — >

Trigonometry In any triangle ABC
< SineRule —2— =2 _¢
sin4d sinB sinC
b a Cosine Rule o> = b*>+ ¢* —2bccos A
Area of triangle = lab sin C
A 2 B

Volume of cone = l wr*h

Curved surface area of cone = 7r/

Volume of prism
= area of cross section x length

Cross
section

length

Volume of cylinder = 7r°h
Curved surface area
of cylinder = 2zrh

—————
- ~

4
Volume of sphere = Em**

Surface area of sphere = 47/”

&
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Answer ALL TWENTY FOUR questions.

Write your answers in the spaces provided.

You must write down all the stages in your working.

1 The table shows information about the frame size, in cm, of 60 bicycles sold in a shop.

Frame size (S cm) Frequency
30<§5<36 4
2 36<§5<42 14
42 <§ <48 18
48 <S5<54 19
54<§5<60 5

(a) Write down the modal class.

(b) Work out an estimate for the mean frame size.

Mechod Cuake Che m\dpo(ﬂt 0% each gmme Svze Class
and - Muieiply 16 by che  freguency
The mean ¢ the Som Of Chese valves diurded b% the

tocal number 0¢ bikes (t0)

Mid point s Moltiplying by the
gfecbuem%
— = 3:
33 x =132
D uw2-36

T +36 =2436= 39 39 x\4=5u6

Som 0§ Che valves:
SUb v t.

D\uid\ng bg total numbec
of bikes

—— =45 7

(Total for Question 1 is 5 marks)
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2

The diagram shows a solid triangular prism.

4 8cm

=\

| 3.6cm

Work out the total surface area of the triangular prism.
Give your answer correct to 3 significant figures.

Sufgace area
=36
4 g et o
25
Two present, so

M‘AZ:“(’ZZ
36 = 5

5urgace arem
36 S Tx36:1%
5
7
Suf%ue orea,
6 bXx1:zuy
7

Total Sufface area “i2 '_3_(2+

25 5

=18 08
To 3 Signigicant g,gms NBcm®

6cm

&2

Diagram NOT
accurately drawn

(Total for Question 2 is 3 marks)
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Here is a list of six numbers written in order of size.
X 5 b% z 10 12

The numbers have
a range of 9
a median of 8
a mode of 10

Find the value of x, the value of y and the value of z
Range = hahest value - lpwest value
12 -

Mode = vae which appeat tre yroes
50 either Y ot 7 mMust be

Yi:b. Median = middie point
Swesro\er GOr 2 to be bhe Mided e poing,
.. Jorz=1o, 46 and 2 -p

( '6)"—6:2‘*’6
2

- Q

So -
J=6 and Z -0 ey b )
- oth the me
Mode  stavemense éo hod. iy

2= A0

(Total for Question 3 is 3 marks)

P72438A
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4 Divya and Yuan each pay for a holiday at a special offer price.

Divya’s holiday Yuan’s holiday

Nommal price: $1600 Nommal price: $1400

Special offer:

Special offer:
16% off the normal price

k% off the normal price
The amount that Divya pays is the same as the amount that Yuan pays.

Work out the value of &

[1fst 1 Caicolate how owcn Divga pays

can be expmssed s

S0, amMbont Price 15 (e dpced by XO-l6|or
= 256 ik \C 2%
AMoont 1 ivya Pays = ‘

{

Yoan Pegs Che came amount, ¢0 we can yse

‘ 00 gad \ Che percencage  chonge formola
( ~ )woo

-y

50" K=1Ly

k=

(Total for Question 4 is 4 marks)

P72438A
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5 C grams of chocolate is shared in the ratios 2 : 5 : 8
The difference between the largest share and the smallest share is 390 grams.

Work out the value of C
Y

6 Shoseg =

\shoe =

| Share =

ol Ny mipey 0f Sharee 7454

C=15 i
¢= 1915, C= Q0
(Total for Question 5 is 3 marks)
6 Solve the simultaneous equations W want GO mam polace

the equagions so the
X3 x+2y=15 Y vaes are cthe came

4x -6y =4 Ae Che g\‘gﬂs (& Ghe 2
Cquacions aye 9\‘%
) . crent
Show clear algebraic working. WE Wil bt g d\Y\{% tie fV’l
i \ Bg YTULK\H% twe % values
N X% =3¢ tha = UG gr\e dame, we ehminabe
oW  boCh \ e, allo
¢, we Can()% C;B ys have (Oeggiuents 50!\1Q, gorwmg R %‘TBU
adel Ghe €quarions  toge cher: =) and supse quently
o
Plg back ingo

eith G
to g\nr)\ q tbher eq/uablon

So (Total for Question 6 is 3 marks)
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(YN
| 37 =0 0900932

=91 50 decimal moves
5 places to the 1REC

(a) Write 9.32 x 107 as an ordinary number.

() Work out 3 x 10° -6 x 10*
Give your answer in standard form.
(2 X105 ) - (6 x lO“')
>3 -6
T 240000

(onvercmg back {ngo gtan dord form
L4000

24 %00

(¢) Work out (3 x 10%) x (6 x 10%)
Give your answer in standard form.

Thns Bguation is too bi
't back (this mechod Wwov

Instend, lots SPNG 16 vp

Veing indices roles:

€quation becomes

Y020 Ly e

Moving che demal Povnt | place

0 000092%7)

‘0 tke ovp o¢ stan daxd korm and convers
ld ‘e moggicient' )

(Total for Question 7 is 5 marks)

X
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(ecoanise  that the Common
tch between the 2 vares
>

)
(a) Factorise fully 18c°d? — 21¢?

(6cde-7)

(b) (i) Factorise y* —3y — 18
hat Motbiphes to gec - 18,
and oads to get -37

FOCO%“.%' -6 ¥ 2
and -6 + 3
o §ac toris ecl -

(4-6)(y+3)

(ii) Hence, solve y* -3y —18 =0
= (4-6)(y+3)=0

e needl the 4
when eacls b\’a_c\(ec =0

(@S MU plying by 0 =0 che

Mq/u\'rémenm
W-6 =0
Y6

ant (31-3 =0

............ (des =T .
()
....... (4-6)(853) ..
()
450 Bl

(Total for Question 8 is 5 marks)

P72438A
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The diagram shows an isosceles triangle ABC

C

Diagram NOT
accurately drawn

A 7cm B
bace

AB=7cm AC=BC=ycm
The area of the triangle is 42 ¢cm?

Work out the value of y

Lrea of (mqngle 5 \Z » base % heigng

-

L1 =7 * % Heiqne
Height = w2
2 7
<)

3 2

Meghe «

Avplying  pycragoras
Qt +bt =c2 C

3 Sz:(jl S(M
3= imez a
J=12 5

\_)0"

T-2=3 %

(Total for Question 9 is 4 marks)

P72438A
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10 R and T are points on a circle, centre O

Diagram NOT
accurately drawn

RT=12cm

M is the midpoint of RT

Angle ROM = 52°

Work out the area of the circle.

Give your answer correct to 3 significant figures.

Atea = Trpe
‘“hefe f=n0
RM=eT

2
RM=¢

b \S M \)sm& £rig.

R . Gne=0

H
Gin52 :.(L

‘ ko
0 0= 6
Sinsz

RO =7 4gin
' (!Ld\US:7 6“___‘,

Hl’ea:-]—r(z

Atea = Tx (7 6ru)2

Acta = 182 1327449

founded to 3 cgniprant figures
Ara = g)

(Total for Question 10 is 4 marks)

P72438A
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11  The table shows information about the times, in minutes, that 80 patients had to wait to

see a doctor.

Time (W minutes) Frequency
0<wW<10 7
10< W <20 10
20 < W <30 15
30 < W< 40 32
40 < W <50 16

Notge

T §ind each vde, adk Che
corrent Comulacive E“"W“CS

o Che vawe in the 0 uene
table which anges wmg\r q{‘;ing

time  bounds

(a) Complete the cumulative frequency table below.

Time (W minutes) | Cumulative
frequency
0<w<10
10<W <20
20< W <30
30<wW<40
40 < W <50 20

x}
‘\.
o
~—~

1)

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

P72438A
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4
80
70
60
50
Cumulative
frequency
40
Note  the poinrs
30 I W1\
i
[ ]
20 5
10 ‘
|
0 —
0 10 20~ 30 <40 50
Time (minutes)
(2)
(¢) Use your graph to find an estimate for the median.
...................................................... minutes
1)
(d) Use your graph to find an estimate for the interquartile range.
TQP <
Q= 15/ wae - 25/ valve
(00x075) — (BOXD 28) o eeeeeseesseseeeeseeenns ‘7 ....................... minutes
e o0 CF o ¢ c¢ (day valve 15— 17 will be acepted) (2)
0§ 20
29 _ 20 =9 (Total for Question 11 is 6 marks)

Note median and range vawes

Sourced @om oL Coffectly drawn
P72438A ‘ g@ph w.u%be ace pbed ’
©2023 Pearson Education Ltd.
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12  Solve 2% =32

In order to %eb o ~alve og
2), the Power e MIST be
A Positive numbec

80 oC must be o n@_gacl\/a (em,
QS —ve x ~ve = 4ve

Recognise 77 =39

50‘%5(:2,:5-
L =

5
L..}.

(Total for Question 12 is 2 marks)

Y 21
13 Use algebra to show that 0.381 = —
=0 33|
l0/0001=3?>lz~l% — \0000(,:3%1‘818
100 = 33, (7). 0x = gl
o)
9900 x = 3790 ¢ 990 = 378
XL = 270 X = 373
qaoo . %0
X =21 =Ll
= S5

Note ' there are muitiple
WA4S to answer Ghis
Joestion, the key here
(& Ehat we wong to
det  into @ Praction,
Che eas\’est'wag to
acheve this 15 b

he deamal powts
Ehrough sbmgegic mowmplicution
begore &gnding Ghe digterence
(o then lead s to ghpe
desiced grackion .

|

(005 =3¢ 1218 —
lc = 0-3818
99x = 27.8
X =37¢
N
C =21
55

or

(Total for Question 13 is 2 marks)

P72438A
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4 7=L
r

p = 0.51 correct to 2 significant figures.
r = 6.3 correct to 2 significant figures.

Work out the upper bound for the value of T
Show your working clearly.

/E%s%\ge c?% i bbutd o T'thwe wont GO credte  the biggest  valve
\ 15 15 done GO e bo ond ¢
bound @& the de}lom|namr ® "3 vppec boond  of  Che Numerabtor on

the lower
To 2 signigicaty §aues , so: + o oos

O3 fov vpper boond (as 0 51 has 2 deci mal places)
70 05 gor lower bood (a5 6 2 has | deamal place)
0 51+0 005=-0 BI5
=0-515
6 25
=0 0824
............... Q.02724%

(Total for Question 14 is 2 marks)

P72438A
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15 (a) Complete the table of values for y = x* — 3x + 2

U

X -2 -1 -0.5 0 1 1.5 2

y 0 4 3.4 2 0 0.9 Ly

2
(b) On the grid, draw the graph of y = x* — 3x + 2 for values of x from -2 to 2
Ya
> %
-2
2

P72438A
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(c¢) By drawing a suitable straight line on the grid, use your graph to find an estimate for
the solution of

233 -3x+4=0

Give your answer correct to one decimal place.

ol 2x>-3x+l =0
T2 (0 Make have no Coeggicens 1ngiong of x ke

- DCZ'%DQ +2 =0
Compa\‘n
thew\rg}
The only dhiggecent Germ s Che “3-,’2/3@
So we need o dmw On Y= -%x

for %:'%:’"

__Neab LN\

N, l 3 _32, o -3 (Total for Question 15 is 7 marks)
2

We Can see &rom ouvl exetdh thas Che hwe inversects Che

(answers 1n the fanqe of 16 to ~1 T are acepred, given o Correct Covve [ drcwon )

P72438A
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16 The function fis such that

f(x):3 2 wherex;tg
28

. 1
(a) Find f(gj

pug m'@ for every o B

3G -5~ "%‘_ 1)
(b) Find f~'(x)
- s (% 22-5)
ooez wwnvvtro rvamnge 0  make x the BLject
lj —b> - (.6&?&&&}
3 -‘g(d -3
= _inﬁk_ (=2y)
Repoe the o' WITh g 2 +5x
_ £ = oo Bt
=Z2+rbx ()
o &
The function g is such that
g(x) =5x> - 20x + 23
(c) Express g(x) in the form a(x — b)> + ¢
ngm’%e/ shal this is (ompleting  Ghe 640000
2~ 205 +23
Le*-ba]+23
st g
¥ rhis
(lx-2)2-14]+23
multiply by the
(x-2)2-20 +23
(x—2)* +3
o (X2 k2

(Total for Question 16 is 6 marks)

P72438A
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17

C
Diagram NOT
accurately drawn
83cm
[\
A 46cm B
AB=4.6 cm BC=83cm angle ABC is acute

The area of triangle ABC is 12 cm?

Work out the perimeter of triangle ABC
Give your answer correct to 3 significant figures.

Findins 3) USINg Fhe Qrea % o (:ruangle'
Area - L b
Z_Q Slnc

= |
7 (+6)22) 500

= = 6nb
5 Le) (22)
e ot .

1N < ACTS) (v,\s))
© = 289w .

USing (ogine (UL Ho @""d AL
Az=geryce- 2BC CosA

HO: = AR’ + BL™-2(AR(RC) (o5 B

ACE = 1y.¢2 + g 32—2(%'6)(9 3) Cos (3% 47 2)

ACE =30 662
AC = 130 ¢o2 .
AL = & 537._

penmeter = AC + AR + RC
FH 52l Y446 +22
18 437 .
Roonded Go 2 sigmgicant gigures

penmecer = (¢ L ¢m
................................... \ gt{“ cm

(Total for Question 17 is 5 marks)

P72438A
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18  Solve ﬁ(x—2ﬁ)=x+2ﬁ

Give your answer in the form a + b\/g where a and b are integers.
Show your working clearly.

13(2-20) =0 4213

expanding the e
Note Gxﬂr i otk ebg

A~ 203) = o + 243

3;5 ~6 =00+ 2{3
g% al ohe s on Ghe Same, side

LS - =203 + 4
Futom‘gfng o
X3 -1 =213 46
~ oy 5o

X =23 +6

<
S -

L=6+ru3

(Total for Question 18 is 4 marks)

P72438A
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SO we wilh bt
L sing & graction
19  Pis inversely proportional to y?
Wheny=4,P=a

(a) Find a formula for P in terms of y and a

P__ K
S 32
- Kk
u%
L=k
6
K=lba
P < lbo .
y2 P-7
gL
3
Given also that y is directly proportional to @ {x
and whenx =a, P=4a
(b) find a formula for P in terms of x and a
Fn’sl\: gnd o using  hats p- 16
we gueb calcolabed. ” above - %
P1 \6(; Ll'(L E ’(é’
J ke
LEQ = [6& Kz - |_6_
2 Lo
l\,}?_ - 3 KZ = _L;—
= lea o
Lol
4=y P~ L6
y = K=
‘3 - t] b- &
- W=k o
J ) =
wen =
8 3 P: L X Q“
P=lba 4
P= lsgl b=4
ST B
(k)? P - -L\'__
Paa e R
ke 3
P=loy (Total for Question 19 is 6 marks)
K1
P72438A
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20  Here is a sketch of the curve y = a cos(x + b)° for 0 < x < 360

Given that 0 < b < 180

find the value of @ and the value of b

Swecching Y= Zcosac wil help 05 ompare to gind B.

Cosx Jcoso
x |y X y
9 { 0 z
9% | 0 {0 )
g0 | - 180 -2 a= 2- ................................................
210 | © 210 (o) =
360 [ \ [ 30 [ 2 ) =1EL AN/ N\ s
(Total for Question 20 is 2 marks)
P72438A
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21  The diagram shows a triangular prism, ABCDEF, with a rectangular base ABCD

Diagram NOT
accurately drawn

AB=6cm DE =2.2 cm angle DAE = 18° angle ADE = 90°

Work out the angle that BE makes with the plane ABCD
Give your answer correct to one decimal place.

Fiest, cocotate leagon og AD

tan® =0
A € H
@nig=27 ,9
AD P
AD =2 2 D A R
tan 18
ARD=6 1

Next, caicoiace the leagsh 0 DB
ugmg pgchagorqst

Rt 4pT =2 ¢ i a
R b
DB = -l +6 77 '2 P 677 H

b

Flml\g\ Calcolace ©

’\'Qné =0 €

A o H
Tn® =2 ) 22 5

4 oy i B
O = tan"(22 ok

Fan (q_)
Tl 3.
(Total for Question 21 is 4 marks)

P72438A
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22

The diagram shows triangle OA4B with OA extended to £

(a-b)

Diagram NOT
accurately drawn

& = >
o —> 24 4 20 £
X s 5
— —
OA=a OB=b
M is the point on OB such that OM : MB=4: 1
N is the point on AB such that AN : NB=3:2
OA4A:AE=5:3
. . % .
(a) Find an expression for ON in terms of a and b
Give your answer in its simplest form.
-3 -
O = v 1
_i\) O)B + BN
ON = O >4
OB + RA
ON = b + Z(a-b)
=b v za-zy
SEar=l
- o+ b
ON = .., s
(2)
P72438A
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(b) Use a vector method to show that MNE is a straight line.

B I oona %Eﬂl\%ht e, Chen
(a-bh) Diag 2, Y
’ acct  MN 16 Qﬂfal\ o GO0 NE

L L

M“‘:‘f‘f; @z_b) RE - A+ 8
,15 - T o(ark) 24
“sbhtla-2y =2ar2brzg
TE2te0 "b4-34 g

a ((i: a b
So' 3ME = ‘—\TE K))
v They are pamllel,

. Total for Question 22 is 5 marks
SO MNE 15 @ 86raugh \ine ( Q )

P72438A
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G is the point on the curve with equation y = 8x*> — 14x — 6 where the gradient is 10
The straight line Q passes through the point G and is perpendicular to the tangent at G

Find an equation for Q
Give your answer in the form ax + by + ¢ = 0 where a, b and c are integers.

First, Gind. Bne Vawes 0¢ o and y
Jrokient o

‘%‘ = times b

Ol ( Minos lggm\e P&ﬁe&w)
%& _
==

(

Pogging backe 1nco
(15) (15)-6

The equation o§ a [ine

-8 =mia- )

4= =m(a-1 %)

M= gudiess of Q

Q16 pecpendiculal to the banoent
SO m\ xm 1 - “

Yro=-La +
A =
X+ \j + -0 ,
x + 20y + =
XZO CO S|MP11§L3 .................................................................................
(Total for Question 23 is 5 marks)
X+ 20\3 v -0
P72438A
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24

An arithmetic sequence has first term 8 and common difference 11
The sequence has k terms, where & > 21

The sum of the last 20 terms of the sequence is 10 170

Find the value of &
Show clear algebraic working.

Sum og lasc L/-'Sum 0g
20 Eerms = Sy - S, 10
Som 0g geries gormola
S, =
= 2 (2a+ (o)
S, =
. %(2 R (1))
Sk = k
“F v )
gl( = Kk
75+
SK—ZO k-20

(Z FLk -20-1)( )

\ k-
: 231)
SKVZO - K'ZO(?'K >
2
ke wOTK\r\gs o%
= SK 49 expang jon
V & K 20
= K(sy VA Ik? 220k =-|IK*+ 435 Kk L300
z ) - k-20 (11 ) K -4300
2

e xpanck  Uhe brqckets

=5k + I'k? —(k? +435 Kk + 4300

=HU0 k -L300
= Lo Kk
E= 2.8t
(Total for Question 24 is 5 marks)
TOTAL FOR PAPER =100 MARKS
P72438A
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