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Equations, Inequalities and Quadratics



 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

!"#!"#$!$%&'()*+! N�x 2!,!-!"# � �   �, ZKHUH ! LV D FRQVWDQW, KDV QR UHDO URRWV.

! ./*0$!(#'(

� -!!!�! 3

4 $%&
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111

$'()*+,-(.,/012)3(4,!",32,%,5*.62&

15

!"#$%#&'()#%*! Turn over     

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

!!"! "#$! %&'()!*+#*!,'&!#--!.'/0*0()!(#-1)/!',!!!#23!"

xy -
#$%

 (E) 3URYH E\ FRXQWHU H[DPSOH WKDW WKLV LV QRW WUXH ZKHQ !!#23!" DUH ERWK QHJDWLYH.
#!%

4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444

#&'()*+,'-+./01(2'3+!!+21+4+5)-61%

iPad Pro 12.9" 5
Sample 2018 AS P1

M
2.1



 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

!"# $ VWXGHQW ZDV DVNHG WR JLYH WKH H[DFW VROXWLRQ WR WKH HTXDWLRQ

 22x ! "##í���(2!)     �

 7KH VWXGHQW¶V DWWHPSW LV VKRZQ EHORZ�

 22x ! "##í���(2!)     �

  22!  �  2"##í���(2!)     �

  /HW 2!##$##"

# #"2##í  �"  �  �     �

# # %"##í��&'%\��í��('##$##�

# #"##$##&#)*#"##$##(

# #+)#!##$##,#)*#!     �

# (D) ,GHQWLI\ WKH WZR HUURUV PDGH E\ WKH VWXGHQW.
$"%

 (E) )LQG WKH H[DFW VROXWLRQ WR WKH HTXDWLRQ.
$"%
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6.

P

xO

P = 100 x 9)2

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 x 9)2

 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, 

(2)

 (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) (i) the maximum possible annual profit,

  (ii) the selling price of the toy that maximises the annual profit.
(2)
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Question 6 continued
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8.

H

xO

Figure 1

	 Figure 1 is a graph showing the trajectory of a rugby 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 travels in a vertical plane. 

	 The ball reaches a maximum height of 12 metres 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 3 metres 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.
(1)
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Question 8 continued
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2. Find, using algebra, all real solutions to the equation

 (i) 16a2 = 2 a
(4)

 (ii) b4 + 7b2 – 18 = 0
(4)
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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)2

 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,
(1)

 (c) calculate the mass of tin that will be mined in 2023.
(2)

 (d) State, giving reasons, the limitation on the values of n.
(2)
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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

x 2 18−  = x

		  writing the answer as a surd in simplest form.
(3)

	 (ii)	Solve the equation

4
3x – 2

 = 
1

2 2
(3)
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7. 
y

xO

l

C

R

25

(−2, 13)

Figure 1

	 Figure 1 shows a sketch of a curve C with equation  y = f (x)  and a straight line l.

	 The curve C meets l at the points  (−2, 13)  and  (0, 25)  as shown.

	 The shaded region R is bounded by C and l as shown in Figure 1. 

	 Given that 

		  ●	 f (x) is a quadratic function in x

		  ●	 (−2, 13) is the minimum turning point of  y = f (x)

	 use inequalities to define R. 
(5)
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Question 7 continued
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5.	 The curve with equation  y = 3 × 2
x
  meets the curve with equation  y = 15 − 2

x+1
  at the point P.

	 Find, using algebra, the exact x coordinate of P.
(4)
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6.		  In this question you should show all stages of your working.

Solutions relying on calculator technology are not acceptable.

	 (a)	 Using algebra, find all solutions of the equation

3x3 – 17x2 – 6x = 0
(3)

	 (b)	Hence find all real solutions of

3(y – 2)6 – 17(y – 2)4 – 6(y – 2)2 = 0
(3)
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14.	A curve C has equation  y = f(x)  where

f(x) = –3x2 + 12x + 8

	 (a)	 Write f(x) in the form

a(x + b)2 + c

		  where a, b and c are constants to be found.
(3)

	 The curve C has a maximum turning point at M.

	 (b)	Find the coordinates of M.
(2)

R

l

O x

y

M

C
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Question 14 continued
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2.	 Given that

f (x) = x2 − 4x + 5            x ∈ 

	 (a)	 express f (x) in the form (x + a)2 + b where a and b are integers to be found.
(2)

	 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 

		  (i)	 the coordinates of P

		  (ii)	the coordinates of Q
(2)
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12. 
H

xO

3

Figure 3

	 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
•	 is at a vertical height of 27 m above the ground after travelling a horizontal 

distance of 120 m

	 Given also that H is modelled as a quadratic function in x

	 (a)	 find H in terms of x
(5)

	 (b)	Hence find, according to the model,

		  (i)	 the maximum vertical height of the ball above the ground,

		  (ii)	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.

(1)
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Question 12 continued
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5.	 The height, h metres, of a tree, t years after being planted, is modelled by the equation

h2 = 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 5.10 m, 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.
(4)

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

	 (b)	 evaluate the model, giving reasons for your answer.
(2)
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11.
y

x

C1

O

C2

Figure 4

	 Figure 4 shows a sketch of part of the curve C1 with equation

	 y = 2x3 + 10	 x > 0

	 and part of the curve C2 with equation

	 y = 42x − 15x2 − 7	 x > 0

	 (a)	 Verify that the curves intersect at  x = 
1

2
(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.	

O

R

C

l

6

(10, 80)60

y

x

Figure 3

	 Figure 3 shows a sketch of a curve C and a straight line l.

	 Given that

•	 C has equation y x� � �f  where f (x) is a quadratic expression in x

•	 C cuts the x-axis at 0 and 6

•	 l cuts the y-axis at 60 and intersects C at the point 10, 80

	 use inequalities to define the region R shown shaded in Figure 3.
(5)
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Question 8 continued
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15.	 In this question you must show detailed reasoning.

Solutions relying on calculator technology are not acceptable.

	 The curve C1  has equation 

	 The curve C2  has equation 

	 (a)	 Verify that when x = 1 the curves C1 and C2 intersect.
(2)

	 The curves also intersect when x k= .

	 Given that k < 0

	 (b)	 use algebra to find the exact value of k.
(5)
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Question 15 continued
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13.	On a roller 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 60 m

•	 a carriage starts a circuit at a vertical height of 2 m above the ground

•	 the ground is horizontal

	 The vertical height, H m, 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)2

	 where a and b are positive constants.

	 (a)	 Find a complete equation for the model.
(3)

	 (b)	 Use the model to determine the height of the carriage above the ground when  t = 40
(1)

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

H = 29 cos(9t + α)° + β  0  α < 360°

	 where α and β are constants.

	 (c)	 Find a complete equation for the alternative model.
(2)

	 Given that the carriage moves continuously for 2 minutes,

	 (d)	 give a reason why the alternative model would be more appropriate.
(1)
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Question 13 continued
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9.	

O

B(20, 0.8)

A(0, 2)

H (m)

x (m)

Figure 3

	 The graph in Figure 3 shows the path of a small ball.

	 The ball travels in a vertical plane above horizontal ground.

	 The ball is thrown from the point represented by A and caught at the point represented 
by B.

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

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

	 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.

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

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

	 Chandra is standing directly under the path of the ball at a point 16 m horizontally 
from O.

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

	 (c)	 Use the model to determine if Chandra can catch the ball.
(2)
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Question 9 continued
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