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10. The equation kx? + 4kx + 3 = 0, where £ is a constant, has no real roots.

Prove that

(=)
N
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A\
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(Total for Question 10 is 4 marks)
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12. A student was asked to give the exact solution to the equation
27— 929 =0
The student’s attempt is shown below:
27— 929 =0
2% +24—-9(29=0

Let 2=y
»¥—=9+8=0
=80 -D=0
y=8ory=1

Sox=3o0rx=0

(a) Identify the two errors made by the student.

(b) Find the exact solution to the equation.
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11. An archer shoots an arrow.

The height, H metres, of the arrow above the ground is modelled by the formula
H=18+0.4d - 0.0024°, d>0

where d is the horizontal distance of the arrow from the archer, measured in metres.

Given that the arrow travels in a vertical plane until it hits the ground,

(a) find the horizontal distance travelled by the arrow, as given by this model.

(b) With reference to the model, interpret the significance of the constant 1.8 in the formula.

(c) Write 1.8 + 0.4d — 0.002d? in the form
A—B(d-C)*

where A, B and C are constants to be found.

It is decided that the model should be adapted for a different archer.
The adapted formula for this archer is

H=2.1+0.4d - 0.0024°, d>0
Hence or otherwise, find, for the adapted model

(d) (i) the maximum height of the arrow above the ground.

(i1) the horizontal distance, from the archer, of the arrow when it is at its maximum height.
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P =100 - 6.25(x — 9

®)
<V

Figure 1

A company makes a particular type of children’s toy.

The annual profit made by the company is modelled by the equation
P =100 — 6.25(x — 9)

where P is the profit measured in thousands of pounds and X is the selling price of the toy
in pounds.

A sketch of P against X is shown in Figure 1.
Using the model,

(a) explain why £15 is not a sensible selling price for the toy.

(2)
Given that the company made an annual profit of more than £80000

(b) find, according to the model, the least possible selling price for the toy.
3)

The company wishes to maximise its annual profit.
State, according to the model,
(c) (1) the maximum possible annual profit,

(i1) the selling price of the toy that maximises the annual profit.
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<V

Figurel
Figure 1 is a graph showing the trajectory of arugby ball.

The height of the ball above the ground, H metres, has been plotted against the horizontal
distance, x metres, measured from the point where the ball was kicked.

The ball travelsin a vertical plane.

The ball reaches a maximum height of 12metres and hits the ground at a point 40 metres
from where it was kicked.

(a) Find a quadratic equation linking H with x that models this situation.
3

The ball passes over the horizontal bar of a set of rugby posts that is perpendicular to the
path of the ball. The bar is 3metres above the ground.

(b) Use your equation to find the greatest horizontal distance of the bar from O.
3

(c) Give one limitation of the model.
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Question 8 continued
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7

2. Find, using algebra, all real solutions to the equation

(i) 16a2=2+a

(i) b* + 7b> — 18 = 0

C))
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9. A company started mining tin in Riverdale on 1st January 2019.

A model to find the total mass of tin that will be mined by the company in Riverdale is
given by the equation

T=1200—3(n-20)>
where T tonnes is the total mass of tin mined in the n years after the start of mining.

Using this model,

(a) calculate the mass of tin that will be mined up to 1st January 2020,
1)

(b) deduce the maximum total mass of tin that could be mined,

(0))

(c) calculate the mass of tin that will be mined in 2023.

2

(d) State, giving reasons, the limitation on the values of n.
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Question 9 continued
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,
3. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.
(i) Solve the equation
%2 = I8 = x

writing the answer as a surd in simplest form.

©)
(i) Solve the eguation
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7.

25

(—2,13)

XV

Figurel

Figure 1 shows a sketch of a curve C with equation y =f(x) and astraight linel.
The curve C meets| at the points (—2,13) and (0,25) as shown.
The shaded region R is bounded by C and | as shown in Figure 1.

Given that
e f(X)isaquadratic functionin x
e (—2,13) is the minimum turning point of y = f(X)

use inequalities to define R.
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7

5. The curve with equation y = 3 x 2° meets the curve with equation y= 15 — 2" at the point P.

Find, using algebra, the exact x coordinate of P. 7
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6. In this question you should show all stages of your working.
Solutionsrelying on calculator technology are not acceptable.
(a) Using agebra, find all solutions of the equation

3 —-17x*—6x=0

(b) Hencefind all real solutions of

3(y-2°-17(y-2)*-6(y-2°=0

3)
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14. A curve C has equation y =f(x) where
f(x) =-3x°+ 12x + 8
(&) Write f(x) in the form
a(x+b)*+c

where a, b and ¢ are constants to be found.

3
The curve C has a maximum turning point at M.

(b) Find the coordinates of M.
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2. Given that
f(X)=x2—4x+5 xeR

(a) express f(X) in the form (X + @)? + b where a and b are integers to be found.

The curve with equation y = f (X)
* meets the y-axis at the point P

* has a minimum turning point at the point Q
(b) Write down
(1) the coordinates of P

(i1) the coordinates of Q

(2)
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Figure3
Figure 3 is a graph of the trajectory of a golf ball after the ball has been hit until it first
hits the ground.
The vertical height, H metres, of the ball above the ground has been plotted against the
horizontal distance travelled, X metres, measured from where the ball was hit.
The ball is modelled as a particle travelling in a vertical plane above horizontal ground.
Given that the ball
* is hit from a point on the top of a platform of vertical height 3 m above the ground
* reaches its maximum vertical height after travelling a horizontal distance of 90 m
* s at a vertical height of 27 m above the ground after travelling a horizontal
distance of 120m
Given also that H is modelled as a quadratic function in X
(@ find H in terms of X
®)
(b) Hence find, according to the model,
(1) the maximum vertical height of the ball above the ground,
(i) the horizontal distance travelled by the ball, from when it was hit to when it first
hits the ground, giving your answer to the nearest metre.
3
(c) The possible effects of wind or air resistance are two limitations of the model.
Give one other limitation of this model.
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5. The height, h metres, of a tree, t years after being planted, is modelled by the equation

hW=at+b 0<t<25
where a and b are constants.

Given that
* the height of the tree was 2.60 m, exactly 2 years after being planted
* the height of the tree was 5.10m, exactly 10 years after being planted

(a) find a complete equation for the model, giving the values of a and b to 3 significant figures.

Given that the height of the tree was 7m, exactly 20 years after being planted

(b) evaluate the model, giving reasons for your answer.

(4)
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1.

Figure4
Figure 4 shows a sketch of part of the curve C, with equation
y=2x3+10 x>0
and part of the curve C, with equation
y=42x—-15¢-7 x>0

1
(a) Verify that the curves intersect at X = -

2)
The curves intersect again at the point P

(b) Using algebra and showing all stages of working, find the exact X coordinate of P

(5)
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Question 11 continued
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8.

(10, 80)

Figure3

Figure 3 shows a sketch of a curve C and astraight linel.

Given that

« Chasequation y = f (x) wheref (x) isaquadratic expression in x
» Ccutsthe x-axisat 0 and 6

* | cutsthe y-axis at 60 and intersects C at the point (10, 80)

use inequalities to define the region R shown shaded in Figure 3.

©)

)
SO
RRRRRRR

S‘
N '53’ [
I
0.0 .0

N
AW A S
LRI

RN
R
SRR

&

SRS

S

=
=
=

%

-
2

5
2
G

Ror

O
el

AR

0
90 Jode!

v
X
M
bebele
SRR

2
rods
555
350
505

4o

o
otetes!

S

BES

bl
<
el

.0

SRS
5
555

0 0.0
50555



iPad Pro 12.9" 5
June 2023 AS P1

M
2.25


4o

K
SRS

2R
%%

Q.o.‘b%\‘
‘::n:oo

Sodetels

%

e

ee
S
SRS

L5

S

e
i
e
S

o tode;
”.:Av.%O.

.,

7

Question 8 continued

(Total for Question 8 is5 marks)
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15.

In this question you must show detailed reasoning.

Solutionsrelying on calculator technology are not acceptable.

The curve C, hasequation y = 8 — 10x + 6x* — x°
The curve C, hasequation y = x> —12x + 14

(& Verify that when x =1 the curves C,and C,intersect.
2)

The curves also intersect when x = k.
Giventhat k<0

(b) use algebrato find the exact value of k.
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Question 15 continued
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13. On aroller coaster ride, passengers travel in carriages around a track.
On the ride, carriages complete multiple circuits of the track such that
» the maximum vertical height of a carriage above the ground is 60m
* acariage startsacircuit at a vertical height of 2m above the ground
» theground is horizontal

The vertical height, Hm, of a carriage above the ground, t seconds after the carriage
starts the first circuit, is modelled by the equation

H = a—b(t - 20)

where a and b are positive constants.

(8) Find a complete equation for the model.
(b) Usethe model to determine the height of the carriage above the ground when t = 40

In an alternative model, the vertical height, Hm, of a carriage above the ground,
t seconds after the carriage starts the first circuit, is given by

H = 29cos(t + a)° + S 0<a<360°

where a and f are constants.

(c) Find a complete equation for the aternative model.

Given that the carriage moves continuously for 2 minutes,

(d) give areason why the alternative model would be more appropriate.
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Question 13 continued
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The graph in Figure 3 shows the path of a small ball.
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The ball travels in a vertical plane above horizontal ground.
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The ball is thrown from the point represented by A and caught at the point represented
by B.
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The height, H metres, of the ball above the ground has been plotted against the i
horizontal distance, X metres, measured from the point where the ball was thrown. LA

With respect to a fixed origin O, the point A has coordinates (0, 2) and the point B has om
coordinates (20, 0.8), as shown in Figure 3. 2

The ball reaches its maximum height when X =9 =

A quadratic function, linking H with X, is used to model the path of the ball. o

R
05 =
o
SR,

X
4o
X

(a) Find H in terms of Xx.
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(4)

(b) Give one limitation of the model. Poc
(1) S

Sl

555

S
SR

Chandra is standing directly under the path of the ball at a point 16 m horizontally zé:ggg.
from O. 0'3532:

Chandra can catch the ball if the ball is less than 2.5 m above the ground. S

(c) Use the model to determine if Chandra can catch the ball. ' 0;‘é?’g:o
) o
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Question 9 continued
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