
Questions 
 
 
Q1. 
  
The equation kx2 + 4kx + 3 = 0, where k is a constant, has no real roots. 

Prove that 

 
(4) 

  
(Total for question = 4 marks) 
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Q2. 
  

 

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)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, 

(a)  explain why £15 is not a sensible selling price for the toy. 
(2) 

Give 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. 
(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) 
  

(Total for question = 7 marks) 
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Q3. 
  
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) 

  
(Total for question = 6 marks) 
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Q4. 
  

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) 

  
(Total for question = 6 marks) 
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Q5. 
  
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) 

 

Figure 3 shows a sketch of the curve C. 

The line l passes through M and is parallel to the x-axis. 

The region R, shown shaded in Figure 3, is bounded by C, l and the y-axis. 

(c)  Using algebraic integration, find the area of R. 
(5) 

  
(Total for question = 10 marks) 
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Q6. 
  
An archer shoots an arrow. 

The height, H metres, of the arrow above the ground is modelled by the formula 

H = 1.8 + 0.4d – 0.002d2,     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. 
(3) 

(b)   With reference to the model, interpret the significance of the constant 1.8 in the formula. 
(1) 

(c)   Write 1.8 + 0.4d – 0.002d2 in the form 

A – B(d – C)2 
where A, B and C are constants to be found. 

(3) 
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 – 0.002d2,     d ≥ 0 

Hence or otherwise, find, for the adapted model 

(d)   (i)   the maximum height of the arrow above the ground. 
(ii)  the horizontal distance, from the archer, of the arrow when it is at its maximum height. 

(2) 
  

(Total for question = 9 marks) 
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Q7. 
  

 

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) 

  
(Total for question = 7 marks) 

  
 
 

 Quadratics - Year 1 Core PhysicsAndMathsTutor.com



Q8. 
  

 

(a)  Write f(x) in the form a(x + b)2 + c, where a, b and c are integers to be found. 
(3) 

(b)  Sketch the curve with equation y = f(x) showing any points of intersection with the 
coordinate axes and the coordinates of any turning point. 

(3) 
(c)  (i)  Describe fully the transformation that maps the curve with equation y = f(x) onto the 
curve with equation y = g(x) where 

 
(ii)  Find the range of the function 

 
(4) 

  
(Total for question = 10 marks) 
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Q9. 
  

 

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) 
  

(Total for question = 9 marks) 
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Q10. 
  
Find, using algebra, all real solutions to the equation 

(i)  16a2 = 2  
(4) 

(ii)  b4 + 7b2 – 18 = 0 
(4) 

  
(Total for question = 8 marks) 
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Q11. 
  
The curve C has equation y = f(x) where 

f(x) = ax3 + 15x2 – 39x + b 

and a and b are constants. 

Given 

 
•  the point (2, 10) lies on C 
•  the gradient of the curve at (2, 10) is –3  

(a)  (i)  show that the value of a is –2 
(ii)  find the value of b. 

(4) 
(b)  Hence show that C has no stationary points. 

(3) 
(c)  Write f(x) in the form (x – 4)Q(x) where Q(x) is a quadratic expression to be found. 

(2) 
(d)  Hence deduce the coordinates of the points of intersection of the curve with equation 

y = f(0.2x) 
and the coordinate axes. 

(2) 
  

(Total for question = 11 marks) 
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Q3. 
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Q5. 
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Q8. 
  

 

  
 
 

 Quadratics - Year 1 Core PhysicsAndMathsTutor.com



Q9. 
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