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You
1 (a) Simplify (m°)’

Answer ALL questions.

Write your answers in the spaces provided.

must write down all the stages in your working.

(b) Simplify x” xx°

a‘xa’

(@)’ = a”, so the powers should be multiplied. 2 x 3 =6

= a""’, so the powers should be added. 5 + 8 = 13

~
(c) Expand 4p(p2 + 3p)

Lpxp’=4p’and4px3p=4x3xpxp=12p°

4p*4 27

(2)

(Total for Question 1 is 4 marks)
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2 Jonny wants to know how much coffee he will need for 800 people at a meeting.

Each person who drinks coffee will drink 2 cups of coffee.
10.6 g of coftee is needed for each cup of coffee.

Jonny assumes 68% of the people will drink coffee.

(a) Using this assumption, work out the amount of coffee Jonny needs.
Give your answer correct to the nearest gram.

This works out that 68% of the 800 people is 544. Percentage is
out of 100 so putting the 68 over 100 converts it into a fraction.
'Of' means to multiply to multiplying this fraction by the 800

Multiplying the 544 people who want coffee by the 2 cups each person
will drink works out that there will need to be 1088 cups of coffee

Multiplying the 1088 cups of coffee needed by the 10.6 g needed
for each cup works out that 11532.8 g of coffee will be needed

The answer of 11532.8 is rounded to the nearest gram

Jonny’s assumption is wrong.

of the people will drink coffee.

(b) How does this affect your answer to part (a)?

It will be greater

As 72% is greater than 68% so more people want coffee. This will
mean more cups of coffee and therefore more coffee will be needed

(Total for Question 2 is 5 marks)
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3 ACF and ADG are straight lines.
BCD and EFG are parallel lines.

These two angles are
corresponding. There is
an F-shape involving
two parallel lines

E F G

Show that triangle ACD is isosceles.
Give a reason for each stage of your working.

180-110=70
Angle ADC = 70° as angles on a straight line add up to 180°

Angles ADC and CDG lie aroun

Angle ACB = 125° as corresponding angles are equal See diagram above

180 -125=55
Angle ACD = 55° as angles on a straight line add up to 180°

180-55-70=55

Subtracti les ACD and ADC
Angle CAD = 55° as angles in a triangle add up to 180° ubtracting angles o

from 180° leaves angle CAD

Therefore triangle ACD is isosceles as it has two equal angles

(Total for Question 3 is 5 marks)

point on a straight line. So subtracting
angle CDG from 180° leaves angle ADC

Angles ACD and ACB lie around a
point on a straight line. So subtracting
angle ACB from 180° leaves angle ACD

Angles ACD and CAD are both 55°

da
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e )
| 4 Tt takes 14 hours for 5 identical pumps to fill a water tank.

How many hours would it take 4 of these pumps to fill another water tank of the
same size?

Multiplying the 14 hours by the 5 pumps doing this
work finds that 70 hours worth of work is being done

<K

4+XS

x>
o9
L
s
2R
bo%!

S

Dividing the 70 hours worth of work by the 4 pumps which are next
doing the work finds that each pump will be needed for 17.5 hours
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(Total for Question 4 is 2 marks)
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( )

5 A and B are numbers such that

A=2"%x3"x7
B=3x7

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

Multiplying the lowest power of each prime in both lists finds the highest
common factor. There are no 2s in B so the 2s are ignored. The lowest
power of 3 out of 3* and 3% is 3°. The lowest power of 7 out of 7 and 7% is 7

2¥X7

(b) Find the lowest common multiple (LCM) of 4 and B.

Multiplying the highest power of each prime in both lists finds the lowest
common multiple. The highest power of 2 out of 2* and no 2s is 2°. The highest
power of 3 out of 3 and 3% is 3*. The highest power of 7 out of 7 and 77 is 7°

2 x3*%x7°

(Total for Question 5 is 3 marks)
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6 Lava flows from a volcano at a constant rate of 11.9m’/s

How many days does it take for 67205600m’ of lava to flow from the volcano?
Give your answer correct to the nearest day.

Sdt <

This is basically a speed, distance, time problem so writing the formula triangle

From the formula triangle, time = distance/speed. The distance is basically the volume
of lava in m® and the speed is basically the 11.9 m’/s. As they both involve m’ they are
compatible and seconds is the unit of time as this is involved in the unit of the speed

LEK
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00 avareee 672 6
K.

¥ o ol
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o Il.

There are 60 seconds in a minute so dividing the
time in seconds by 60 converts it into minutes

B | 5647529.4..+ 60

There are 60 minutes in an hour so dividing the

1941254+
S +.360 time in minutes by 60 converts it into hours

<
RS
SRS
RIS
SHIRIHIS

SRS
R K
ocss
Jestelelel
bototes
AR

<
< A
%
o A%
petes

There are 24 hours in a day so dividing the
time in hours by 24 converts it into days
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(Total for Question 6 is 3 marks)
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7 Here is the graph of y=x"—2x -2
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This is one of the roots

The turning point is here

(b) Write down an estimate for one of the roots of x° —2x—2 =0

y has been changed to O, so it is basically asking what x is
when y = O, or where the curve crosses the x-axis. The
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(Total for Question 7 is 2 marks)
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8 A solid cuboid is made of metal.

The metal has a density of 9 g/cm’
The volume of the cuboid is 72 cm’

Work out the mass of the cuboid.

Writing the formula triangle for density, mass, volume

From the formula triangle, mass = density x volume

Ix72

The units are compatible as both involve cm®. The unit

of mass calculated will be grams as this is involved

(Total for Question 8 is 2 marks)

9 Some people were asked if they wanted a new television.

70% of the people said yes.
80% of the people who said yes wanted a television with a large screen.

What percentage of the people asked said they wanted a television with a large screen?

80 ., 70

100100

0OS6X 100

Multiplying a decimal by 100 converts it into a percentage

Doing 80% of the 70%. 'Of' means to multiply. Percentage is out of 100
so putting both the 80 and 70 over 100 converts them into fractions

(Total for Question 9 is 2 marks)
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10 ABD is a triangle.
C is a point on BD.

6.8cm

55° 1] 41°
D C B

Work out the length of DC.
Give your answer correct to 1 decimal place.

Sin41x 6.8

5 A b
NTRATE e

‘4. .

AC is shared by both triangle ACB and ACD. Finding this helps to find
DC. Right-angled trigonometry can be used to find side AC in triangle
ACB. Writing SOH CAH TOA as formula triangles. Ticking H as we
have the hypotenuse and ticking O as we are looking for the opposite

There are two ticks on the SOH formula triangle so this one can be used.
From the formula triangle, opposite = sin of the angle x hypotenuse

Now right-angled trigonometry can be used to find side DC in triangle
ACD. Ticking O as AC is the opposite and ticking A as DC is the adjacent

There are two ticks on the TOA formula triangle so this one can be used. From

tanSS

the formula triangle, adjacent = opposite/tan of the angle. Using the exact value
of AC by using the Ans button on the calculator to recall the previous answer

Rounding the exact value of 3.12... to 1 decimal place

(Total for Question 10 is 3 marks)
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11 The table shows some information about the heights of a group of adults.
least height 169cm
greatest height 186cm
median 177 cm
lower quartile 174cm
upper quartile 180cm
(a) On the grid, draw a box plot for the information in the table.
Adults |7 I
Lower Quartile Upper Quartile
>
155 160 165 170 175 180 185 190
Height
2 small boxes represents 1 cm cight (em) 3)
The box plot below shows the distribution of the heights of a group of teenagers.
Teena I |
gers | |
Lower Quartile Upper Quartile
155 160 165 170 175 180 185 190
Height (cm)
(b) Compare the distribution of the heights of the adults with the distribution of the
heights of the teenagers.
Median was greater for adults. Interquartile range is the same for both
The interquartile range is the difference between the lower quartile and the upper
quartile. There are 12 small boxes between them for both the adults and the teenagers
(2)
. (Total for Question 11 is 5 marks) )
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12 Show that (x — 1)(x + 3)(x — 5) can be written in the form ax’ + bx’ + cx + d
where a, b, ¢ and d are integers.

X+3¢-X-3 « Expanding out the first two brackets

(ot +2x-3)(x-5) « ( Collecting like terms then written multiplied by the third bracket

3-S5 42— |02¢ -3 + |S «p Expanding

2X3~3°— 3¢+ (S « Collecting like terms

(Total for Question 12 is 3 marks)

+1
13 An expression for the nth term of the sequence of triangular numbers is nn+

Prove that the sum of any two consecutive triangular numbers is a square number.

N+n Expanding the numerator of the expression for the nth term

Expressing the numerator of the expression of the next term

(n+)(n+2) in the sequence for the nth term by adding 1 to both the n

N+20+N+2 Expanding the bracket

Adding the expressions for the nth term and the next term in the nth term. The
numerators can be added (n” + n + n’ + 2n + n + 2) and the denominator of 2 stays
the same. This is the expression of the sum of any two consecutive triangular numbers

2N +4n+2
2

nN*+2n+1 Dividing all the terms on the numerator by the 2

((\-!-I)z Factorising the quadratic to show that it is a square number

(Total for Question 13 is 3 marks)
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14 OAB is a triangle.

OBC is a sector of a circle,

Calculate the area of OBC.

Give your answer correct to 3 significant figures.

=+ -2bcCcosA

centre O.

A

There are not opposite pairs of sides and angles in triangle OAB so the
sine rule cannot be used. Therefore the cosine rule probably has to be used

OB=[F*+6-2XIxb6x COS 35

Square rooting both sides to find a. Substituting OB for a,
9 for b, 6 for c and 35 for A. This finds that OB is 5.34.. cm

OB is the radius of the sector OBC. Area of circle = 1 x radius’. Using the

80 2
552;25)<'TT><'55.33". -

exact value of OB. There are 360° around the centre of a circle and there
are 80° out of these 360°. So doing 80/360 of the area of the circle

Rounding the exact area of 19.91... to 3 significant figures

(Total for Question 14 is 4 marks)
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15 (a) Factorise a° — b’

Difference of two squares can be used

(o+b)(a-b)

(b) Show that 2* — 1 is the product of two consecutive odd numbers.

2“is a square number as its power is a multiple of 2. 1 is also a
square number. Therefore it can be factorised using difference of
two squares, as shown in (a). a> = 2%, so a = 2%° as square rooting
halves the power. b* = 1, so b = 1 as square rooting 1 gives 1

@°+1)(2=-)

Putting both brackets into the calculator separately to give them as integers.
They are two consecutive odd numbers. Showing them as a product

I048S75SX 1048577

2

(Total for Question 15 is 3 marks)
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16

On the grid, enlarge triangle T by scale factor —2 with centre of enlargement (-2, —2)

(Total for Question 16 is 2 marks)

Writing the vector from the centre of enlargement to one of the corners
of the triangle (shown in purple). Multiplying the vector by -2 and doing
this vector from the centre of enlargement (shown in orange)

Doing a similar method for the other corners
then joining up the corners to make a triangle

=V

J

15
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17 Here is a distance-time graph.

100
90
80
70

60

Distance

(metres) >0

40
30
20

10

Drawing a tangent at the point on
the curve which has time 2.5 seconds

0 1 2

Time (seconds)

3 4

(a) Find an estimate of the gradient of the graph at time 2.5 seconds.

You must show how you get your answer.

So 56 - 0 expresses the change iny and 4.5 -

(b) What does the gradient of the graph represent?

The gradient of the tangent is an estimate of the gradient of the curve at time
2.5 seconds. Gradient of straight line = (change in y)/(change in x). Using the two
points in orange, y has changed from O to 56 and x has changed from 1.3 to 4.5.

1.3 expresses the change in x

(Total for Question 17 is 4 marks)
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| 18 A solid frustum is made by removing a small cone from a large cone
S as shown in the diagram.

Curved surface area of cone = zr/

p

/

/

~

g,.,.,:z’ The slant height of the small cone is 6 cm.
SRS The slant height of the large cone is 10cm.
The radius of the base of the large cone is 3 cm.
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Calculate the total surface area of the frustum.
Give your answer correct to 3 significant figures.
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The small cone is similar to the large cone as it has the same angle at the top. Expressing the
slant height of the small cone as a fraction of the slant height of the large cone expresses the
scale factor from the large cone to the small cone. Doing this scale factor of the radius of the
base of the large cone works out that the radius of the base of the small cone is 1.8 cm
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This expresses the curved
surface area of the large cone.
ris the radius and is 3 cm. | is
the slant height, which is 10 cm

Adding the area of the top circle.
Area of circle = m x radius’
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Adding the area of the base circle.
Area of circle = mm x radius’
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Subtracting the curved surface area of the small cone
from the curved surface area of the large cone leaves
the curved surface area of the frustum. r is the radius
and is 1.8 cm. | is the slant height, which is 6 cm
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The exact answer of 98.77... is rounded to 3 significant figures
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S5 (Total for Question 18 is 5 marks)
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19 Sana needs to draw the graph of y=3" for 0 <x < 4
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She draws the graph shown on the grid.
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This point is (0, 0).
It should be (O, 1)
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Using table mode on the calculator. Set f(x) = 3% Start: 0. End: 4. Step: 1. This gives the
table of values for the graph and makes it easier to spot any coordinates which are incorrect

(Total for Question 19 is 1 mark)
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20 Prove algebraically that 0.123 can be written as 295

Let x be the recurring decimal

xX=0.123

<K

x>
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There are two recurring digits so multiplying by 10 twice and
writing the recurring digits in the same decimal places as above

100x=12.323

Subtracting x from 100x to cancel out the recurring digits

99x=12.2

122
99

_ 6l
%95

x = Dividing both sides by 99 to express x as a fraction

Simplifying the fraction by putting it into the calculator
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(Total for Question 20 is 3 marks)
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21 Solve !

3

+ =
x+4 2-2x
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Multiplying all terms on both sides by

+35HE =ty «

2-22¢ 43¢+ 12 =(x+4)(2-2x)

X + 4 to eliminate it as the denominator

Multiplying all terms on both sides by 2 - 2x
to eliminate it as the denominator
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Putting it into the quadratic form by bringing all the
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terms on the right to the left so that it all equals to O
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Solving using the quadratic formula. It was in the
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(Total for Question 21 is 4 marks)
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2 8 13
22 Given that the vector a 6 +b 5 is parallel to the vector

find an expression for b in terms of a.

2a+8b=13x

Expanding out the x-components to make the first equation

Expanding out the y-components to make the second equation

60 +2b=6

120+ 48b=78=
780+26b=78X

-660+22b=0

Adding 66a to both sides to get the b term on its own

22b=660a

Dividing both sides by 22 gets b on its own

Treating the equations in a similar way to simultaneous equations. Multiplying the
first equation by 6 to form the third equation. Multiplying the second equation by 13
to form the fourth equation. This makes the number of x the same in both equations

Subtracting the fourth equation from the third equation eliminates the x terms

As it is parallel, it must be equal to something multiplied by

C this vector. Using x to represent what it is multiplied by

(Total for Question 22 is 3 marks)
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23 A circle has equation x* +)” =25 R
The point P with coordinates (-3, 4) lies on the circle.
Alex says that the tangent to the circle at P crosses the x-axis at the point (-8, 0) S

Is Alex correct? S
You must show how you get your answer. R

The centre of the circle is at (0, 0) as it is in the form of the general equation of a circle

which has its centre at the origin. The straight line going from (0, 0) to (-3, 4) is a radius.

¢ The tangent is perpendicular to this radius. Therefore doing the negative reciprocal of the

_l;;o . . . . .
gradient of the radius works out the gradient of the tangent. Negative reciprocal means
doing -1 divided by the gradient of the radius. Gradient = (change in y)/(change in x). y
changes from O to 4 and x changes from O to -3. Therefore the change iny is 4 - 0 and
the change in x is -3 - 0. This works out that the gradient of the tangent is 3/4
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The gradient of 3/4 basically means that it goes up 3/4 for every 1 it goes to the right.
The x-coordinate of (-8, 0) is 5 to the left of the point (-3, 4). So it goes 5 to the left,
meaning that it goes down 5 lots of 3/4. Starting from the y-coordinate of (-3, 4) and
subtracting 5 lots of 3/4 works out that the y-coordinate when x = -8 is 0.25
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No < The y-coordinate must be O when the x-coordinate is -8 in order for (-8, 0) to be the

) >\, point where the tangent crosses the x-axis. This is not the case so Alex cannot be correct
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(Total for Question 23 is 4 marks)
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| 24 There is a total of y counters in a box.

s There are x pink counters and 5 blue counters in the box.
o The rest of the counters are green.

SIS xXy= 1:3
o Freda takes at random two counters from the box.

i et Find, in terms of x, an expression for the probability that Freda takes two counters of the
= same colour.

2
S . . ax* + bx + ¢
SO Give your answer as a fraction in the form — where a, b, ¢, d and e
+ ex

S are integers.

Listing the outcomes which result in two counters of the same colour.

S
| P&Por B&Bor G&G Pink AND pink OR blue AND blue OR green AND green
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e AND means to multiply, OR means to add. There are 3x counters in total as y is the total
SR number of counters and this is 3 times x in the ratio. So the denominator for the first pick is 3x.

There is 1 less counter for the second pick so subtracting 1 for the denominator for the second
e pick. There are x pink counters, 5 blue counters and 3x - x - 5 (which simplifies to 2x - 5) green
counters for the first picks. There are 1 less of each colour for the second picks.

£ xx*-x 20 | 42X -12<-10=+30
9x*-3¢

To multiply fractions, the numerators can be multiplied
together and the denominators can be multiplied together
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The denominators are all the same so the numerators
can be added and put over the same denominator

5% %

g@f

s (Total for Question 24 is S marks)

5553 TOTAL FOR PAPER IS 80 MARKS
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