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International GCSE Mathematics
Formulae sheet — Higher Tier

Arithmetic series

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

The quadratic equation

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

—b ++/b? - 4ac
2a

X =

Area of trapezium = %(a + b)h

Trigonometry

In any triangle ABC
a b ¢

Sine Rule — = — = —
sinA sinB sinC

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

Area of triangle = %ab sinC

Volume of cone = %nrzh

Curved surface area of cone = 77/

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 = %m‘g

Surface area of sphere = 47°

&
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w I
Answer ALL TWENTY THREE questions.
Write your answers in the spaces provided.
You must write down all the stages in your working.
1 Anplane has a length of 73 metres.
A scale model is made of the plane.
The scale of the model is 1 : 200
Work out the length of the scale model.
Give your answer in centimetres.
15 2 100 = 0.565m
0565 X 100 = %65cm T = 100cw
%5 om
(Total for Question 1 is 3 marks)
2 Here are the first five terms of an arithmetic sequence.
7 11 15 19 23

Write down an expression, in terms of n, for the nth term of this sequence.

S { AR Y £ Y &

— N ~—
+& 44 x4 4 L“\

whea n =L LM =L this wust be odded to make the nbh tem

t-L=3 %—/ the same as the sequence

n + 5 is the ath term (Total for Question 2 is 2 marks)

J
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73 - 200 = 0.365m 

0.365 X 100 = 36.5cm 
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36.5
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1m = 100cm 
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7	11	15	19	23
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4n 
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when n = 1, 4(1) = 4 
7 - 4 = 3 
4n + 3 is the nth term 
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Typewritten Text
this must be added to make the nth term 
the same as the sequence
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3 There are 90 counters in a bag.
Each counter in the bag is either red or blue so that

the number of red counters : the number of blue counters =2 : 13

Li is going to put some more red counters in the bag so that
- . .1
the probability of taking at random a red counter from the bag is =

Work out the number of red counters that Li is going to put in the bag.

intheratio 1 : BHthereare L+ 1B =10 ‘xlrts
0 - 15 = & counters per part
6X1=1 red counters

L{ adds ¥ red counters swch that UL +x = 1

0+ g
S+ =100+ 7%
%+ =0V+x
%+l =9
I =S
=11

L{ will add 1T red counters to the bag,

(Total for Question 3 is 4 marks)
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in the ratio 2 : 13 there are 2 + 13 = 15 parts 
90 - 15 = 6 counters per part 
6 X 2 = 12 red counters 

Li adds x red counters such that	12 + x =  1
							90 + x   3

3 (12 + x) = 1 (90 + x)  
  36 + 3x = 90 + x 
  36 + 2x = 90 
	  2x = 54 
	   x = 27

Li will add 27 red counters to the bag. 
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4 #£={1,2,3,4,56,7,8,9, 10,11, 12}

A mey — wnion (A AND B) = the bit in the middle
AUB={1,23,4,56,7,09 11,12} -

Draw a Venn diagram to show this infom

these must 4o in A UY thu:\ are.
odd and B it they are not

the rcw\au\mg AMbETS 4 onkside the circles

&

A B

10

(Total for Question 4 is 4 marks)
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union (A AND B) = the bit in the middle 
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Typewritten Text
these must go in A if they are 
odd and B if they are not 
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the remaining numbers go outside the circles
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Calvin has 12 identical rectangular tiles.
He arranges the tiles to fit exactly round the edge of a shaded rectangle, as shown in the
diagram below.

A Diagram NOT
accurately drawn
67cm
) 123cm g
Work out the area of the shaded rectangle.
let: Y
short side = € < <
long side =
9 Y N
\ertical: horizontal.:
O 1y+1-b? Qly+x =1
@ @ _ L»kd + L = 12\7)
- =)
2\3\ +L=bt
Iy = % Iy +L =6t
g =5 =1 10R) + 1 - bt
y = [’em L = Mom

leagth = 3y + (g - 1) height =y + (y - x)  ared = length X height

=l-»\5—1 :2\5—’}, =101¥l+5

= LUY) - 11 = 10%) - 1 = LL5m

= 101tm = LSem

LSGLS cm?

(Total for Question 5 is 5 marks)
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let: 
	short side = x 
	long side = y 

vertical: 				horizontal:
	2y + x = 67 			4y + x = 123

		4y + x = 123 		
		2y + x = 67 
		2y 	   = 56			2y + x = 67 
			 y = 56 - 2 		2(28) + x = 67 	
			 y = 28cm  		x = 11cm
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solve simultaneous equations by subtraction 
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length = 3y + (y - x) 
	  = 4y - x
	  = 4(28) - 11
	  = 101cm  
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Typewritten Text
height = y + (y - x)
	  = 2y - x 
	  = 2(28) - 11
	  = 45cm  
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area = length X height 
	= 101 X 45 
	= 4545cm 
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4545

hanna
Rectangle

hanna
Typewritten Text
x

hanna
Typewritten Text
x

hanna
Typewritten Text
y


hanna
Typewritten Text
y



PMT
PhysicsAndMathsTutor.com

4 ~
6 (a) Find the highest common factor (HCF) of 96 and 120
9
120 / b\ Find factors in both lists and w\\xktt?kg
/N @ a4
@ 40 RN them togcthcr.
/N @ L4
Py [ g IXINLIXD =1L
Ao B A WEew
9 @ JARN
2 T (2)
A= g;) x5 x 7@x 11
B=2Yx7 x
C=3)x 5 @
(b) Find the lowest common multiple (LCM) of A, B and C.
To 4ind LCH, raise cach factor to the highest power it oppears o in
the \ist.
LN = 2% 3 X 5" % F x 1
- BLER00 .
(Total for Question 6 is 4 marks)
- J
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2 X 2 X 2 X 3 = 24 
HCF = 24
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Typewritten Text
Find factors in both lists and multiply 
them together. 
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To find LCM, raise each factor to the highest power it appears to in 
the list. 
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LCM = 2  X 3  X 5  X 7  X 11
	= 646800
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7 Jenny invests $8500 for 3 years in a savings account.
She gets 2.3% per year compound interest.

(@) How much money will Jenny have in her savings account at the end of 3 years?
Give your answer correct to the nearest dollar.

!Y'u\ak amount = stavt'u\g amount X (1 + interest rate)

final avonnt = 8500 % (1 + OOI3)°
- 41000%.
= $4100

$ 4100
(3)

Rami bought a house on 1st January 2015

In 2015, the house increased in value by 15%
In 2016, the house decreased in value by 8%

On 1st January 2017, the value of the house was $687 700

(b) What was the value of the house on 1st January 2015?

let V = vwalue on st Jan 2015

L increase = X115
O XABY = ¥ 10 o/ decrease = % 1- 0% - 04

1058V = 631 100
V = 650 000
s 650 000
3)
(Total for Question 7 is 6 marks)
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final amount = starting amount X (1 + interest rate) 
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final amount = 8500 X (1 + 0.023) 
		   = 9100.092...
		   = $9100 

hanna
Pencil

hanna
Typewritten Text
9100
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Typewritten Text
let V = value on 1st Jan 2015 

0.92 X 1.15V = 687 700 
1.058V = 687 700 
V = 650 000
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650 000
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Typewritten Text
15% increase = X 1.15
8% decrease = X 1 - 0.08 = 0.92
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8 A Dblock of wood has a mass of 3.5kg.
The wood has density 0.65kg/m?3

(a) Work out the volume of the block of wood.
Give your answer correct to 3 significant figures.

dmsltg = MAsS

\olume
045 - 35
V, < V L,
. 2\, = 063
70'65 : v - _é_s-)
0.65
V = 55w’ 5.8 me

3)
(b) Change a speed of 630 kilometres per hour to a speed in metres per second.

1 hour = 60 wmins

650 ww/h = 60 = 105 ww/min 1 wmin = 60 seconds
105 ww/min = 60 = 0135 ww/fs

01%5 X 1000 = T#5 wis 1l = 1000 w

T}S m/s
3)

(Total for Question 8 is 6 marks)
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density =   mass
		volume  
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0.65 = 3.5 
	  V
V =  3.5 
     0.65
V = 5.38m 
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5.38
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630 km/h - 60 = 10.5 km/min
			 10.5 km/min - 60 = 0.175 km/s

0.175 X 1000 = 175 m/s
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1 hour = 60 mins 
1 min = 60 seconds
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1 km = 1000 m
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175
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9 Solve the simultaneous equations

4x+5y =4
2x-y=9

Show clear algebraic working.

@L»”L+5\5=L»
@It -y-=1

@xz_ :)h&—l\d:’l%@

G- => br-ly=TR Ix -yg-=1
b + 5y =L I - =19
= o v =%
1@45 1< | &,us.s)l
; ( B} 23>< -\
x= 5%
y: '2

(Total for Question 9 is 3 marks)
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4x + 5y = 4 

2x - y = 9
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2x - y = 9 
2x - (-2) = 9 
    2x = 7
	x = 3.5
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4x - 2y = 18 
4x + 5y = 4 
	-7y = 14 
	  -y = 2 
	   y = -2 
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4x - 2y = 18 
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-2
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| 10 The line L is drawn on the grid.

Find an equation for L.

y-intersect at g = 1
grodient w = 5:1=18

- 3cadieﬂt

Y = WL+ cuj-mtu%@

\5=1.S”L+1

23 4

(Total for Question 10 is 3 marks)
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y-intersect at y = 1
gradient m = 3 - 2 = 1.5 

y = mx + c 
y = 1.5x + 1
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11 Twenty students took a Science test and a Maths test.
Both tests were marked out of 50

The table gives information about their results.

Median Interquartile range
Science 27 18
Maths 24.5 11

Use this information to compare the Science test results with the Maths test results.
Write down two comparisons.

1 Owerall students have a highcr mark 0n sCience,
2 Results are wore Consistent for maths,

(Total for Question 11 is 2 marks)

12
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Overall students have a higher mark in science. 

Results are more consistent for maths. 
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12 (@ Simplfy n* - angthing to the power of O is 1
4
=1
1)
() simplify @y (") ="
<3L2\7 5)3 _ 33)( 302‘3 thsxz
= 23'&,6\‘36
(2)
(c) Factorise fully 2e2-18 )
~__,X0 s & Common factor
et-1@ = e -q) = W(e+3H(e-3)
this is the dif-ference of two squares
(2)
(d) Make r the subject of m = 6a5+ r
' toke out 7 as 0. facol
2 y
M:\‘&;‘f‘?ﬂ '."SM?" P(E/Vt’lw = x
< S7 >Z Qp_ ba JfSMQ—\
, - |
5m* - |
M1 — éa+ 1A
_ 5r
- < Y
XJT
Srm*= ba * 7
-r
e _
C BpplP =1 = bo.
4)
(Total for Question 12 is 9 marks)
- J
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anything to the power of 0 is 1
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this is the difference of two squares
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13 The frequency table gives information about the numbers of mice in some nests.

Number of mice Frequency
5 4
6 13
/ 16 Mean = sum of data points
8 X nimber of data points
9 6

The mean number of mice in a nest is 7

Work out the value of x.

GBYXYW+GEXD+FXH+¥ +@XH
L+D+Tb+x+b -t

oL + R¢

-
s w%gqﬂa

Z(au»f%'rv:’ﬂ?)‘\wx,\gexpgﬂd\
ol + XL =145 + ¢

e =11 <
< =9 Q-lbu

x= 9

(Total for Question 13 is 4 marks)

14
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(5 X 4) + (6 X 13) + (7 X 16) + 8x + (9 X 6)
		4 + 13 + 16 + x + 6 
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= 7
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264 + 8x 
 39 + x 
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= 7 
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264 + 8x = 7(39 + x) 
264 + 8x = 273 + 7x 
 264 + x = 273 
	  x = 9 
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9
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mean =  sum of data points 
	  number of data points
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14 Marcus plays two games of tennis.
For each game, the probability that Marcus wins is 0.35
(@) Complete the probability tree diagram.
First game Second game
Marcus
065 wins
Marcus
wins
Marcus
OES does not
win
Marcus
055 wins
12055 = 068 Marcus
does not
win
Marcus
OES does not
win
(2)
(b) Work out the probability that Marcus wins at least one of the two games of tennis.
wins at least one’ could be:
wins ond wins 055 X055 = QIS
wins ond Loses 055 X 065 = 05
: OR ©
Lses and wins 065 X 035 = OUH5 b
AND s X
QU5 + OIS + OIS = O5H35
(3)
(Total for Question 14 is 5 marks)
\ J
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1 - 0.35 =
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Typewritten Text
'wins at least one' could be:
 
wins and wins
 
wins and loses
 
loses and wins 
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0.35 X 0.35 = 0.1225

0.35 X 0.65 = 0.2275

0.65 X 0.35 = 0.2275
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Typewritten Text
0.1225 + 0.2275 + 0.2275 = 0.5775
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15 The diagram shows a trapezium.

<« (x+5——»

- Diagram NOT
accurately drawn
(2x=-3)
.
< (3x-2) >

All measurements shown on the diagram are in centimetres.
The area of the trapezium is 133 cm?

(@) Show that 8x2—6x—-275=0

ared of & trapezium =LZ @ Xb)h

Z(r + 5) + (Br - DY X U - 3)
L s BN Ut - B

o= 2@ - by - Q)
- R br - g Q)*Z
0w b o )

155

1)

(3)
(b) Find the value of x. b A f\oz-— 40 C

Show your working clearly.
plet

O- b C
¥-br-9:=0
Q o - (42329
2%

bt 3336
TR

~ 425 or =59 x= bI§
kmgt\r\ cannot be mgut’wc S0 L = bIS

3)
(Total for Question 15 is 6 marks)
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area of a trapezium =   (a X b) h 
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 133 	=   ((x + 5) + (3x - 2)) X (2x - 3) 
	=   (4x + 3) X (2x - 3)
	=   (8x - 6x - 9) 
 266 = 8x - 6x - 9 
   0 = 8x - 6x - 275 
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8x - 6x - 9 = 0 
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length cannot be negative so x = 6.25
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16 The diagram shows two mathematically similar vases, A and B.

Diagram NOT
accurately drawn

A has a volume of 405cm?
B has a volume of 960cm?

B has a surface area of 928 cm?

Work out the surface area of A.

3
-3\—:% S Bis X7 bigger than A

<%ﬁ X 428 = 92Lcm”
’ —fof Surface afea

‘ 490( volume

Sﬂ. cm?

(Total for Question 16 is 3 marks)
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B is X    bigger than A
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17 fis the function such that f(x) =4 — 3x
(a) Work out f(5)

LB = L - 38) o reglace wowith §
-L-T
=-1 (1)

g is the function such that g(x) =

1-2x

(b) Find the value of x that cannot be included in any domain of g

Connot dinide by 0, so set denominator to O

1-1-0 - domain is the INPUT wolues of ¢
1=l x- 5 )
(c) Work out fg(—1.5)

__ rc?kau; any L in IY(”L\ with 3(1\

l
ﬁyu=u_5Qril

(2)
(Total for Question 17 is 4 marks)
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f(5) = 4 - 3(5) 
	= 4 - 15 
	= - 11
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domain is the INPUT values of x 

hanna
Typewritten Text
Cannot divide by 0, so set denominator to 0:
	1 - 2x = 0 
		1 = 2x 	x = 
	    

hanna
Pencil

hanna
Typewritten Text
replace any x in f(x) with g(x)
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fg(x) = 4 - 3

	 = 4 - 

	 = 4 - 
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18 P =

x=8  correct to 1 significant figure
a=4.6 correct to 2 significant figures
m =20 correct to the nearest 10

Calculate the lower bound of P.
Show your working clearly.

Lowest = Lowest \rxig\r\cst = hig\r\cst - Lowest
hlg\r\cst
15 <1 <%
LSS < a < L6S
B<wm<I

/\owe—gt

lowest P = LSS =016
I5 - 15 P
— MC'\( \G Nesb

0l <P

(Total for Question 18 is 4 marks)
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lowest =   lowest 		highest = highest - lowest 
	     highest 

7.5 < x < 8.5			 
4.55 < a < 4.65							
  15 < m < 25 

lowest P =    4.55	= 0.26 
		  25 - 7.5 

0.26 < P 
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19 The histogram shows information about the numbers of minutes some people waited to
be served at a Post Office.

A

5

3

Frequency
density

0 5 10 15 20 25 30
Number of minutes

Work out an estimate for the proportion of these people who waited longer than 20 minutes
to be served.

&rccvxu\c% = &rutxw\c% density X class width
21X @G0 -1

= \)co\M
10-30 is —% of the block
(S X% =10 people. who united longer thon 20 minutes
tot(x\\){0\)\(:(1.5\(2\+(|+¥5\+(5L\(5\+(ﬂX5\+(1\(15\
= 60

10
10 out ot (>0=%=l’b people

(Total for Question 19 is 3 marks)
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frequency = frequency density X class width 
		= 1 X (30 - 15) 	
		= 15 people 

20-30 is    of the block 

15 X   = 10 people who waited longer than 20 minutes

total people = (2.5 X 2) + (4 X 3) + (3.4 X 5) + (2.2 X 5) + (1 X 15)
		 = 60
 
10 out of 60 =    =    people 
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Diagram NOT
A accurately drawn

P C Q

A, B, C and D are points on a circle.
PCQ is a tangent to the circle.
AB = CB.

Angle BCQ = x°

Prove that angle CDA = 2x°
Give reasons for each stage in your working.

CﬁB = oltemate scgmu\t theorem (with theoretical line CR)

(A = RO - I owositc omgkcs in an isosCeles tr'umgkc are ch\mL
angles in o triangle sum o 1RO’

Cﬁﬂ -RO- RO - 1) = It OWOSLtc m\gkcs of a cyclic cL\xadr'Lku’cuak
sum to RO’

(Total for Question 20 is 5 marks)
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CAB = x 	alternate segment theorem (with theoretical line CA)


CBA = 180 - 2x		opposite angles in an isosceles triangle are equal	
				angles in a triangle sum to 180  	


CDA = 180 - (180 - 2x) = 2x	opposite angles of a cyclic quadrilateral
						sum to 180 
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21 Line L has equation 4y —6x = 33
Line M goes through the point A (5, 6) and the point B (—4, k)

L is perpendicular to M.

Work out the value of k.

@ by - by = % or use gradient \mowkcdgc
Ly = 6% + 33 k-6 _ _%
k:\=§-"L+33 45

’ 3(k-6)= 2=
mz\(gz=— e -1 = 1%
. 2 k=36

2 ‘-E k=12

@ g - 4= ML - ) whmi=i»’.%
g—%r%(;L-S\ \5=—% L)+ 3
y=-3%+3 =12

K=12

(Total for Question 21 is 4 marks)
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4y - 6x = 33 
4y = 6x + 33 
y =   x + 

m  X    = -1 
m = 
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y - y = m (x - x ) 
y - 6 =   (x - 5) 
y =   x + 
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when x = -4: 
y =    (-4) + 
  = 
K = 
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22 The diagram shows a cone.

Diagram NOT
accurately drawn

N —
AB is a diameter of the cone.
V is the vertex of the cone.

Given that
the area of the base of the cone : the total surface area of the cone =3 : 8

work out the size of angle AVB.
Give your answer correct to 1 decimal place.

base ared = 7 total sm“&ucc ared = 7<r+ 7erl

concel brecause =0 =3

7t et w L= 5 Y

-N“z'.Tﬂ‘\, = :I) . S r_ R¥-3

3 _j?_. 3.
xe22d > = 7T = 0

mel=5 ~ 1= 5 5 (=2 _ = |.62.

rTc T 3
\V4
fi\L - L heep values accurate b
L su ) /‘ f )
0.9 storu\g in your calcwlator
/ S b or Leaning in exact form
" . 32
o _°C 5
Sh= H L Skﬂ-‘< 3/5 > = %6- %bq "o
7% 336 = 3T .
323
(Total for Question 22 is 6 marks)
. J
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base area =   r 			total surface area =   r +   rl 

 r  :   r  +   rl = 3 : 8 
 r :  rl = 3 : 5 

r = 3 
rl = 5
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keep values accurate by 
storing in your calculator 
or leaving in exact form 


hanna
Pencil


PMT!

PhysicsAndMathsTutor.com

r

23 ABCD is a trapezium.
DC = 3AB

(3 a3

—>

Find the exact magnitude of BC

—_ — — 2 A "'\
F\B:HD+DB=<_3> N

(Total for Question 23 is 5 marks)

TOTAL FOR PAPER IS 100 MARKS
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AB = AD + DB = 				= 
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DC = 3(AB) = 3 
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