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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 &’ = 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 TWO questions.
Write your answers in the spaces provided.

You must write down all the stages in your working.

5 13

1
1 Show that 3; ><16 —515

s = A6°. 0 O

R
= 8 x\ @
Sx3
5
- 8% 1 |15 / 8%
\5 O —
" 12
B \5

(Total for Question 1 is 3 marks)




2 Giventhata < b <c
the four whole numbers a, a, b and ¢ have

a mode of 7
a median of 8.5
a mean of 9

Work out the value of a, the value of b and the value of c.

mode = q = ¥ @
median = Q+b - 35
2
]-fb -85S
2
THo * I}
b= (lo
mgan a*q.‘_b*o a = .. ? .............................................
> - q @
4 b=
Felo4C = 36 "

C = 36 - 1‘-} = '1 @
(Total for Question 2 is 4 marks)

3 (a) On the number line, show the inequality -2 <y < 1

<V

-— 6
®

(2)
n is an integer. __ 1s a whole number

(b) Write down all the values of # that satisty —3.4 <n <2




A train journey from Paris to Amsterdam took 3 hours 24 minutes.
The total distance the train travelled was 433.5 km.

distance
S < -
Work out the average speed of the train. peed fime
Give your answer in kilometres per hour.
x€o
Converty 24 minutes to hours - TN
hours minutes
i‘t_ - 0.4 hOUIJ ‘LZ‘/
Go + 60
fimg talcen = 3+0.4 = 3.4 hows @
#33.5 km
S < |
Peed 3.4 hows ©
+ 1235 km/h (O
127.5

(Total for Question 4 is 3 marks)




7

S The diagram shows a cuboid and a cylinder. _
Volume 0f Wy Lhder - Diagram NOT

accurately drawn
Volume 0§ wboid = L xw x h exrxh y
X CImy

XC 5,
¥/ A

xcm 2xcm

- -

12¢cm - -~ v

The dimensions of the cuboid are xcm by 12cm by Scm.
The volume of the cuboid is 270 cm’

The radius of the cylinder is x cm.
The height of the cylinder is 2xcm.

(a) Work out the volume of the cylinder.
Give your answer correct to the nearest whole number.
Volume of cubojd = 12 x5 x X = 270
60 x = 210

x = 230
66

* kSan()

Volume of (ﬂl‘mder > fox xzx 2X
- wx(45) x 204.5) ()

= 513 uv\s@

x(l00)3 (3)

*100
(b) Change 1 m’ to cm’ Y /\7
m o m om
R/
Tieo = (o)

3 (lOO)S(,m}
m Xx
| EEa | 000 000 (7) | 000 000
Ve o~ 1000 000




c
(a) Make c the subject of 4 = ; -5z

-s2
)

As = C"S&Z >®

C
A:_’

+5y2
C = AytSyz

¢ = y(A+s52) ()

(b) Write down the value of g°

(c) Factorise x°— 11x+ 24

0+ .l(—u)‘.u(.)(m)

L S
NO
= W+ |26
b}
2 4 n-5
2 2
- 8 o 3

< (x-8)(x-3) (O

C-y(Aats2)

(z-8)(Cx-32)

(Total for Question 6 is 5 marks)




Kuro invests 50000 yen for 3 years in a savings account.
She gets 2.4% per year compound interest.

Work out how much money Kuro will have in her savings account at the end of the 3 years.
Give your answer correct to the nearest yen.

100/ + 24/ = 102.4 ”,
N'a wmpounded for 3 years
- 50000 » (1024 7) @)

- 53 687 @

(Total for Question 7 is 3 marks)
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8 The diagram shows a regular pentagon, ABCDE, a regular hexagon, CFGHID,
and a quadrilateral, EDIJ.

F

Diagram NOT
accurately drawn

Interior angle of o polygon -

h-2 x 0800
AEJ and HIJ are straight lines. n

Work out the size of the angle marked x.

: d
Show your working clearly. where n = number of Sides

Finding nterior angle of a Pentagon

572 180" - 108° (1)
S
F‘mdzng intQrigr angto of a hudgon g
6-2
6

x180° - \20'@

angle JED = 180°- 108" = 13°
angle EOT - 360 - 108 - 120 - 132° @

angle DIY = (80°-120° - 60°

X - 360 - #2°-132°-60" (1)

< q(:@




7

9 A=2%x3"x%x11" B=2°x3x11"

(a) Find the highest common factor (HCF) of 4 and B.

A

HOF

Hee of Aand B = 2°x 3 x

6

(b) Find the lowest common multiple (LCM) of 24 and 35.
Give the LCM as a product of powers of its prime factors.

0
2A ‘-@x [
3 - 2 x 3&

Lam of 2A and 3p

6
2)‘3)‘“4
2)
9 5 8
2 x3 x|l @
S
2737 <y
2)

(Total for Question 9 is 4 marks)

10




S A

10 The diagram shows one face of a wall.
This face is in the shape of a pentagon with exactly one line of symmetry.

7m Diagram NOT
accurately drawn

10 .898....

6m 6m

] [ ]
5 10m 5

Omondi is going to paint this face of the wall once.
He has to buy all the paint that he needs to use.

The paint in each tin of paint Omondi is going to buy will cover 16 m” of the face of the wall.

Work out the least number of tins of paint Omondi will need to buy.
Show your working clearly.

39 using nyhago(as, “\%Wﬂ, -[inolmg n - 1 f

: B
Areq of h’apezmm A and 2 ﬁqpezsums

e
"i" (6+10.898..) » (5) x 2

2
< gyt m (1)
@ & fihs of paint i1s not enough to GVer
w = 528 < the whole wall
1 2 omondi heeds © tins of paint

©o 6

11



7

The table gives information about their replies.

11 The manager of a call centre asked the 120 people, who rang the call centre last week,
how long they each waited before their call was answered.

Time waited (# minutes) Frequency
0<t< 5 8
5<t<10 15

10<< 15 17
15 <¢r<20 28
20 <t <25 33
25 <t <30 19

(a) Complete the cumulative frequency table.

Time waited (f minutes) | Cumulative frequency
0<t< 5 3
0<t<10 23
0<t< 15 4o
0<r<20 68
0<t<25 101 0
0<1<30 120

(1)

12 e em e m el e



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

A
120

110 A

100 7

988 i L/

80

Cumulative 70 F
frequency

B

60

AN

50 /

—

40

\

30

20 /

\

10 S

\

\

0 5 10 15 20 B 25 30

Time waited (minutes)

(c) Use your graph to find an estimate for the median of the times waited.
median ~ '_i_"_ - 60

2

minutes

(1)
(d) Using your graph, find an estimate for the percentage of the 120 people who said
that they waited longer than 23 minutes before their call was answered.
Show your working clearly.
120 -88 = 32 @
Pefwﬂ-age Qf Peo')'e Wa“'d ‘0 hqef 'H\dn 23 'mm,d'fﬁ :
201
32 . 7 EE %
2100/, - 26 -T/
120 ‘ @ (2)

1
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12 (a) Simplify (16" /)2
6% x (€)% x (19"

= l‘;‘e,sxfs
s 4’ (@

2x+1 x-2

(b) Write 2 + as a single fraction in its simplest form.

3

Rationalise the denominafor

3(ax+tt) + y(x-2) 0

4(3)

~ Gx +3 +4x -8 @

12

= 0x-9%
VL

Given that 47 =16 x 2"

(c) find the value of .
Show your working clearly.

LAY
k) | g

2® 0

9 (k+3) = 4tk
2646 = 4tk O
2k-k = b6

k-—1®




S

Ao=

13 Here are two vectors.

—

Find, as a column vector, 4

—

()0

+

'(i'.) ®

(Total for Question 13 is 2 marks)

18
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Diagram NOT
accurately drawn

B, D, E and F are points on a circle.

ABC is the tangent at B to the circle.
Angle ABD =39°
Angle EFD =18°

Work out the size of angle BDE.
Give reasons for your working.

angle BFD = angle ABD - 39° ®
(alternate segment thegrem) (1)

angle BOE = 180" - (18°+39°) 0

Iy

(80 - 63

-3 ()

( oppasite angles 1n 0 GJdic q}mdrila&e«al sum dp to I80°)

16




15 (a) Use algebra to show that 457=4 3

let 2 < 4.53.. @
loox = 4st.s3...
100 % -% = 4ST.5F - 1 5+
9% = 453 0 !
99 | 453
x = k§3 - 396
q9 1
533
JERITTI
. "
: 4-3; (showh)
N (2)
(b) Show that ﬁ can be written in the form 4 +b a
where a and b are integers.
Show your working clearly.
¢ +3[a — eliminafe surds from denominatos

2

X
¢-3/2  6+3 2

2(6+3[7)
36 - 9(2)

. 12+6]J2 @
18

. £(a+]2)
6 (3)

=_9:i2—_ where a = 1
3 b:3

3)

(Total for Question 15 is 5 marks)

17
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16 (a) Expand and simplify (x +4)(x —2)(x + 1)
Expand first 2 tems

xax+yx-8

Ly ax -8 (1)

"

(x+4) (x-2)

v

Mulbiply with the remaining tefm -
2 2
(Z—Aflx-g)(xﬂ) : x"’uc +2% +2X-82-8 @

3
X 43X -6x-8 0

3 2
X +3x -6x -8

3)
(b) Express x° — 10x + 40 in the form (x + @)’ + b, where a and b are integers.
By using Compleing the Square method :
2
(x-5) -25 tyo (1)
T
s (x-5) +15 @
where 6 = -5
b=1I5
2
(x-5) +15
(2)
(Total for Question 16 is 5 marks)
. J

1R



17 Solve the simultaneous equations

x—6y=5 2z2:5%6y -0
xy—2y"=6 -@

Show clear algebraic working.

subshtute ) mte @ :

(s+6y)y - 24" = 6 ()
5y+0y -2y =6
iy +5¢-6 = 0 (1)
('w~3)(g+1)=0®

9‘% or Yy=-2 @

substitute y values o O :
3 . -
x:,l;fg(?) or X :5+G(-2)

x = 1 or X = =3

' 0

3
| R -
z,-“,y- ;XT3 Y2

e e e e e et e e i e i e e 10
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18 The histogram and the table give some information about the amounts of time, in hours,
that Year 11 students at Bergdesh Academy spent, in total, on their homework last week.
No student in Year 11 spent longer than 9 hours on their homework.

A

Frequency
density

0 1 2 3 4 5 6 7 8 9 10

Time spent on homework (¢ hours)

Fveq,u%(y = frequoney densily x CUass width

Finding haght of fust bar

‘-.d: i:‘l‘.
X

(S small square represents 2) @

20 O



Time spent on homework Frequency
(t hours)
0<tr<2 28
2 ci<4 Lo 20%2 = 40
b<i<s 30 doxI = 30
soi<6 24 @ dy x1 = 2y
6<t<9 36 12x3 = 36

Using the information in the histogram and in the table, work out an estimate for the
mean amount of time the Year 11 students spent on their homework last week.
Give your answer in hours correct to 3 significant figures.

(1x28) + (3x40) +( 45 x30) + (5-5x2¢) +(35x36) (1)
28 +40 + 30 + 24 + 34

o

tstimated mean

28 + 120 + 135 + 132 + 230D
IS8

o

:685@

158

cy3y O

21



t

a —

19 k=

t = 14 correct to 2 significant figures
a = 7.8 correct to 2 significant figures
h = 3.4 correct to 2 significant figures

Work out the lower bound for the value of %.
Show your working clearly.

To gd lower bound valve of k : lower bound of +

upper bound of a - loWes bound of h

lower bound of t =13 .5
Uppu bownd of a = .85 @
loer bound ofF h = 3.35

3.5
lower bound OF k = 4 oo 53¢

—.3@

22 S
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20 A particle P is moving along a straight line.
The fixed point O lies on the line.

At time ¢ seconds (¢ > 0), the displacement of P from O is s metres where
s=1£ -9 +33t-6

Find the minimum speed of P.

ds *_ gt + 33
peed, V= 0

v = 3 (656t +u)
By wmpleting the Square :

V- 3[(%-3)1- q +u] 0,

3y w2 ] @
v -3e-a)re ()

VIS at minimum when Rt rerm =0 (cannot be negative
beause of Sguare)

when b <3,y 3(3-3)+¢
>0 +6

:G@

, -
minimum Speed of P 1§ 6 ms

o6

P




21 The nth term of an arithmetic series is u, where u > 0 for all n
The sum to »n terms of the series is S

Given that u, =6 and that S|, = (u,)’ + 18

find the value of Uy,

Uy = 6 - at (y-1)d
G- a+3d

a: 6-3d @
Sy - _“_[mﬂod] = (atsd) +18 ()
2

Subshiute a:6-3d nto equodion of Sy

2
2 [2te-sd) +10d] = (6-3d+5d) +18 ()

n (u—cd tiod) - (et2d) +18
2

L ();lf;:d) - 36+ dtud tig
x

cotaad = Sy t2ud+yd®

yd*+ayd -22d +54 -66 = 0
hd*+ad -12 =0
ad*td -6 =0 (1)
(2d-3)(dt2) >0

d:3 or d=-2
P

since Uy >0, d:-21s not valid -

d-2 and a-2
2 2

Uy = % +(19)(3)

L '-30@

24 S



(Total for Question 21 is 6 marks)

Turn over for Question 22
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7

22 ABC is an isosceles triangle with AB = AC.

B is the point with coordinates (-1, 5)
C is the point with coordinates (2, 10)
M is the midpoint of BC.

Find an equation of the line through the points 4 and M.
Give your answer in the form py + gx =r where p, ¢ and r are integers.

A

2+(-1) lo4s )
/ B
2 2 (-1,5)

: (0-9,?5) @

C(Q,lo)

2T - -—---- >

midpoint of B¢ - (
(05,2:5)

10-5

9radient of line Bc
2-(-1)

gradient of line MA -

Eq,uaflon of |ine, MA ° }6: ~ _35 (05) + e

| <
G,

1)
g~—}.x,f3_q_
S 5
S'y-_-Sx*g‘]
5y t3x =39 (D

Pl R S




5y +3% = 3q

(Total for Question 22 is 5 marks)

TOTAL FOR PAPER IS 100 MARKS
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