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Ch. 2: Quadratics

June 2022 Question 5 Paper 1 (A Level)

5. The height, i metres, of a tree, ¢ years after being planted, is modelled by the equation
K=at+b 0<1<25
where a and b are constants.

Given that
» the height of the tree was 2.60m, 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 @ and b to 3 significant figures.

(4)
Given that the height of the tree was 7m, exactly 20 years after being planted
(b) evaluate the model, giving reasons for your answer.
(2)
ANSWER
Question Scheme Marks AOQOs
5(a) Attempts to use B =at+b M1 3 1b
with either t =2, h=2.6 or 1=10,h=5.1 '
Correct equations 2a+b=6.76 Al 1.1b
| 10a +b =26.01 ‘
Solves simultaneously to find values for @ and b dM1 1.1b
K =2411+195 cao Al 33
“
(b) | Substitutes ¢ =20 into their »” =2.411+1.95 and finds / or h> Ml 34
Or substitutes /=7 into their &° =2.41¢+1.95 and finds ¢
Compares the model with the true values and concludes "good
model" with a minimal reason
E.g.1 Finds h=7.08(m) and states that it is a good model as Al 15
Sa
7.08 (m) is close to 7 (m)
E.g I Finds{=19.5 years and states that the model 1s accurate
as 19.5 ( years) = 20 (years)
(2)
(6 marks)
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November 2021 Question 6

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

I —17x' —6x=0

3)
(b) Hence find all real solutions of
3(y-2)0-17(y-2)'—6(y—2Y =0
3)
ANSWER
Question Scheme Marks | AOs
6@ | 3¢ -17%" —6x=0=x(3x" ~17x-6)=0 M1 .1a
= x(3x+1)(x-6)=0 dMm1 1.1b
:}x:U,—%,(u Al | Lb
(3)
(b) Attempts to solve (*1-—2]2 =n where n is any solution = 0 to (a) Ml 2.2a
Two of 2,2+/6 Alft | 1.1b
All three of 2,2++/6 Al 2.1
(3)
(6 marks)

Arancha Ruiz
Copyr‘ialrﬁ 2023 © Better your Maths



November 2021 Question 12 Paper 1 (A-Level)

12.
H A

14

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
18 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 90m

* s at a vertical height of 27 m above the ground after travelling a horizontal
distance of 120m

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

(a) find H in terms of x

(5)
(b) Hence find, according to the model,
(1) the maximum vertical height of the ball above the ground,

(11) 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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ANSWER
Question Scheme Marks AOs
12(a) H=ax’ +bx+c and x=0, H=3=>H=ax"+hx+3 M1 33
H=ax* +bx+3 and x =120, H =27 = 27 =14400a +1206+3 | ML | 3.1b
ur%_zax+b_0whenx=90:>180a+b:0 Al | 11b
H=ax"+bx+3 and x=120,H =27 = 27 =14400a +120b + 3
and
Y 2ax+h=0 whenx =90 =180+ =0 M1 1310
=a=..,b=..
M=t 42243 oe Al | LIb
300 B '
()
b
(b)) x=9{}:>H(=—L(9CI]2+£(90)+3]=30m Bl 34
300 5
(b)an) H:D:—ﬁx3+%x+3:0:x:_._ M1 34
x=(-4.868..) 184.868...
. Al 32a
= x=185(m)
3)
(c) Examples must focus on why the model may not be appropriate or
give values/situations where the model would break down: E.g.
e The ground 1s unlikely to be horizontal
e The ball is not a particle so has dimensions/size Bl 3.5b
¢ The ball is unlikely to travel in a vertical plane (as it will
spin)
e fisnot likely to be a quadratic function in x
(1)
(9 marks)
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June 2018 Question 6

PA

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.

(=)

Given that the company made an annual profit of more than £80 000

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

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

(ii) the selling price of the toy that maximises the annual profit.
(2)
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ANSWER
Question Scheme Marks | AOs
6@ | Attempts P=100-625(15-9)’ Mi 34
=—125 .. not sensible as the company would make a loss Al 24
2)
® | Uses P>80=(x-9)' <32 or P=80=>(x-9) =32 Ml | 3.b
=9-32<x<9+432 dM1 1.1b
Minimum Price = £7.22 Al 32a
3)
(c) States (1) maximum profit =£ 100 000 B1 32a
and (11) selling price £9 Bl 22a
(2)
(7 marks)

Video solution:

https://youtu.be/UFenaZppVpk
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https://youtu.be/UFenaZppVpk

June 2018 Question 8 Paper 2 (A-level)

8.

H A
>
0 X
Figure 1

Figure 1 is a graph showing the trajectory of a rugby ball.
The height of the ball above the ground, i/ 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 /{ 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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ANSWER
Question Scheme Marks | AOs
8 (a) H=Ax(40-x) tor H =Ax(x—40)1 M1 33
Way 1 x:ZU,H:IE:HE:A(Z[)]HD—ZU)::»A:% dM1 | 3.1b
H= i!:{-ﬂf()— x) or H= —ix[x—f-l{]) Al 1.1b
100 ‘ 100 ‘
(3)
(a) H=12-A(x-20) {or H=12+A(x—-20)"} MI 33
Way2 x=40,H=0:>0=12—A(40—20}"::ui',:%m dM1 | 3.1b
H=12—i(x—20)3 Al 1.1b
100
(3)
(a) H=ax’ +bx+c (ordeduces H =ax’ +bx)
Way 3 Both x=0, H=0=0=0+0+¢ = ¢=0
and either x=40, i/ =0 = 0=1600a + 40h Mi 33
or x=20, H=12=12=400a+20b ‘
or _—b=20 I=b=—40a}
2a
b=-40a = 12=400a+20(-40a) = a=-0.03
dM1 3.1b
s0 b=—40(=0.03) =12
H=-0.03x" +12x Al 1.1b
(3)
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(b)

(H=3=)3= Iimx[40—_r}:> x* —40x+100=0

or {H=3 =} 3=12_%(x_20}2 — (x—20) =300

M1

40i,f1600—41 100
(1190) or x=20%+300

2(1)

eg X=

dM1

{chmses 20 + +J300 :;»} greatest distance = awrt 37.3 m

Al

3)

(c)

Gives a mitation of the model. Accept e.g.

the ground is horizontal

the ball needs to be kicked from the ground

the ball is modelled as a particle

the horizontal bar needs to be modelled as a line
there is no wind or air resistance on the ball
there is no spin on the ball

no obstacles in the trajectory (or path) of the ball
the trajectory of the ball is a perfect parabola

Bl

3.5b

(0]

(7 marks)
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