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Linear Modelling 
 
Q6.​
  

A small factory makes bars of soap. 

On any day, the total cost to the factory, £y, of making x bars of soap is modelled to be ​
the sum of two separate elements: 

​

∙​  a fixed cost​

∙​  a cost that is proportional to the number of bars of soap that are made that day  

(a)  Write down a general equation linking y with x, for this model. 

(1) 
The bars of soap are sold for £2 each. 

On a day when 800 bars of soap are made and sold, the factory makes a profit of £500 

On a day when 300 bars of soap are made and sold, the factory makes a loss of £80 

Using the above information, 

(b)  show that y = 0.84x + 428 

(3) 
(c)  With reference to the model, interpret the significance of the value 0.84 in the equation. 

(1) 
Assuming that each bar of soap is sold on the day it is made, 

(d)  find the least number of bars of soap that must be made on any given day for the factory to make a 
profit that day. 

(2)  
(Total for question = 7 marks) 

 
 





Quadratic Modelling 
Q2.  
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)  
(Total for question = 6 marks) 

Q3.​
  

 

Figure above 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) 

 



Q9.  
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) 





Q7. (Bonus Question) 
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) 

(Total for Question 13 is 7 marks) 
 
 





Finding Equations of Cubics 

  

 
Q10.​
  

 

Figure 1 shows a sketch of a curve C with equation y = f(x) where f(x) is a cubic expression in x. 

The curve 

​

∙​  passes through the origin​

∙​  has a maximum turning point at (2, 8)​

∙​  has a minimum turning point at (6, 0)  

(a)  Write down the set of values of x for which 

f'(x) < 0 

(1) 
The line with equation y = k, where k is a constant, intersects C at only one point. 

(b)  Find the set of values of k, giving your answer in set notation. 

(2) 
(c)  Find the equation of C. You may leave your answer in factorised form. 

(3) 
  

(Total for question = 6 marks) 
  

 
 

 



 



Q11.​
  

 

Figure 1 

Figure 1 shows a sketch of the curve C with equation y = f(x). 

The curve C passes through the point (−1, 0) and touches the x-axis at the point (2, 0). 

The curve C has a maximum at the point (0, 4). 

​
(a)  The equation of the curve C can be written in the form 

y = x3 + ax2 + bx + c 

where a, b and c are integers. 

Calculate the values of a, b and c. 

(5) 
​

(b)   Sketch the curve with equation y = f( ) in the space provided on page 24 

Show clearly the coordinates of all the points where the curve crosses or meets the coordinate axes. 

(3) 
(Total 8 marks) 





Exponential Modelling 
 
Q4.​
  

Coffee is poured into a cup. 

The temperature of the coffee, H °C, t minutes after being poured into the cup is modelled by the equation 

H = Ae−Bt + 30 

where A and B are constants. 

Initially, the temperature of the coffee was 85 °C. 

(a)  State the value of A. 

(1) 
Initially, the coffee was cooling at a rate of 7.5 °C per minute. 

(b)  Find a complete equation linking H and t, giving the value of B to 3 decimal places. 

(3) 
  

(Total for question = 4 marks) 
 
Q14.​
  

The rate of increase of the number, N, of fish in a lake is modelled by the differential equation 

        t > 0,     0 < N < 5000 

In the given equation, the time t is measured in years from the start of January 2000 and k is a positive 
constant. 

(a) By solving the differential equation, show that 

N = 5000 − Ate−kt 

where A is a positive constant. 
(5) 

After one year, at the start of January 2001, there are 1200 fish in the lake. 

After two years, at the start of January 2002, there are 1800 fish in the lake. 

(b) Find the exact value of the constant A and the exact value of the constant k. 

(4) 
(c) Hence find the number of fish in the lake after five years. Give your answer to the nearest hundred 
fish. 

(1) 
​
​
​

(Total 10 marks) 





Q15.  
In a simple model, the value, £V, of a car depends on its age, t, in years. 

The following information is available for car A 

​

∙​  its value when new is £20 000​

∙​  its value after one year is £16 000  

(a)  Use an exponential model to form, for car A, a possible equation linking V with t. 

(4) 
The value of car A is monitored over a 10-year period. ​
Its value after 10 years is £2 000 

(b)  Evaluate the reliability of your model in light of this information. 

(2) 
The following information is available for car B 

​

∙​  it has the same value, when new, as car A​

∙​  its value depreciates more slowly than that of car A  

(c)  Explain how you would adapt the equation found in (a) so that it could be used to model the value of 
car B. 

(1)  
(Total for question = 7 marks) 

Q16.  
The amount of a certain type of drug in the bloodstream t hours after it has been taken is given by the 
formula 

 

where x is the amount of the drug in the bloodstream in milligrams and D is the dose given in milligrams. 

A dose of 10 mg of the drug is given. 

(a)  Find the amount of the drug in the bloodstream 5 hours after the dose is given. ​
       Give your answer in mg to 3 decimal places. 

(2) 
A second dose of 10 mg is given after 5 hours. 

(b)  Show that the amount of the drug in the bloodstream 1 hour after the second dose is 13.549 mg to 3 
decimal places. 

(2) 
No more doses of the drug are given. At time T hours after the second dose is given, the amount of the 
drug in the bloodstream is 3 mg. 

(c)  Find the value of T. 

(3) 
  

(Total 7 marks) 





Exponential to Linear Modelling with Logarithmic scale 
 
Q5.​
  

 

The value, V pounds, of a mobile phone, t months after it was bought, is modelled by 

V = abt 

where a and b are constants. 

Figure 2 shows the linear relationship between log10V and t. 

The line passes through the points (0, 3) and (10, 2.79) as shown. 

Using these points, 

(a)  find the initial value of the phone, 

(2) 
(b)  find a complete equation for V in terms of t, giving the exact value of a and giving the value of b​
to 3 significant figures. 

(3) 
Exactly 2 years after it was bought, the value of the phone was £320 

(c)  Use this information to evaluate the reliability of the model. 

(2) 
  

(Total for question = 7 marks) 
 





Q8.​
  

A company plans to extract oil from an oil field. 

The daily volume of oil V, measured in barrels that the company will extract from this oil field depends 
upon the time, t years, after the start of drilling. 

The company decides to use a model to estimate the daily volume of oil that will be extracted. The model 
includes the following assumptions: 

​

∙​    The initial daily volume of oil extracted from the oil field will be 16 000 barrels.​

∙​    The daily volume of oil that will be extracted exactly 4 years after the start of drilling will be 9000 
barrels.​

∙​    The daily volume of oil extracted will decrease over time. 

The diagram below shows the graphs of two possible models. 

 

(a)   (i)   Use model A to estimate the daily volume of oil that will be extracted exactly 3 years after the 
start of drilling. 

(ii)  Write down a limitation of using model A. 
(2) 

(b)   (i)   Using an exponential model and the information given in the question, find a possible equation 
for model B. 

(ii)  Using your answer to (b)(i) estimate the daily volume of oil that will be extracted exactly 3 years 
after the start of drilling. 

(5) 
  

(Total for question = 7 marks) 





Q18.​
  

The time, T seconds, that a pendulum takes to complete one swing is modelled by the formula 

T = alb 

where l metres is the length of the pendulum and a and b are constants. 

(a)  Show that this relationship can be written in the form 

log10T = b log10l + log10a 

(2) 

 

A student carried out an experiment to find the values of the constants a and b. 

The student recorded the value of T for different values of l. 

Figure 3 shows the linear relationship between log10l and log10T for the student's data. ​
The straight line passes through the points (– 0.7, 0) and (0.21, 0.45) 

Using this information, 

(b)  find a complete equation for the model in the form 

T = al b 

giving the value of a and the value of b, each to 3 significant figures. 
(3) 

(c)  With reference to the model, interpret the value of the constant a. 

(1) 
  

(Total for question = 6 marks) 
  

 
 





Q19.​
  

A research engineer is testing the effectiveness of the braking system of a car when it is driven in wet 
conditions. 

The engineer measures and records the braking distance, d metres, when the brakes are applied from a 
speed of V km h−1. 

Graphs of d against V and log10 d against log10 V were plotted. 

The results are shown below together with a data point from each graph. 

 

(a)  Explain how Figure 6 would lead the engineer to believe that the braking distance should be modelled 
by the formula 

d = kVn       where k and n are constants 

with k ≈ 0.017 
(3) 

Using the information given in Figure 5, with k = 0.017 

(b)  find a complete equation for the model giving the value of n to 3 significant figures. 

(3) 
Sean is driving this car at 60 km h−1 in wet conditions when he notices a large puddle in ​
the road 100 m ahead. It takes him 0.8 seconds to react before applying the brakes. 

(c)  Use your formula to find out if Sean will be able to stop before reaching the puddle. 

(3) 
  

(Total for question = 9 marks) 
 





Trigonometric Modelling 
 
Q1.​
  

 

Figure 4 shows a sketch of a Ferris wheel. 

The height above the ground, Hm, of a passenger on the Ferris wheel, t seconds after the wheel starts 
turning, is modelled by the equation 

H = | A sin(bt + α)°| 

where A, b and α are constants. 

Figure 5 shows a sketch of the graph of H against t, for one revolution of the wheel. 

Given that 

​

∙​  the maximum height of the passenger above the ground is 50 m​

∙​  the passenger is 1 m above the ground when the wheel starts turning​

∙​  the wheel takes 720 seconds to complete one revolution  

(a)  find a complete equation for the model, giving the exact value of A, the exact value of b and the value 
of α to 3 significant figures. 

(4) 
H = | A sin(bt + α)° | + d 

where d is a positive constant, would be a more appropriate model. 
(1) 

  

(Total for question = 5 marks) 
  

 
 

  

 
 

  





Q12.​
  

(a) Express 2 sin θ − 4 cos θ in the form R sin(θ − α), where R and α are constants, R > 0 

and 0 < α < π⁄2 
Give the value of α to 3 decimal places. 

(3) 
H(θ) = 4 + 5(2sin 3θ − 4cos3θ)2 

Find 

(b) (i) the maximum value of H(θ), 

(ii) the smallest value of θ, for 0 ≤ θ < π, at which this maximum value occurs. 
(3) 

Find 

(c) (i) the minimum value of H(θ), 

(ii) the largest value of θ, for 0 ≤ θ < π, at which this minimum value occurs. 
(3) 

​
​
​

(Total 9 marks) 
 
 
Q13.​
  

(a)  Express sinx + 2 cosx in the form Rsin(x + α) where R and α are constants, R > 0 

and  
Give the exact value of R and give the value of α in radians to 3 decimal places. 

(3) 
The temperature, θ °C , inside a room on a given day is modelled by the equation 

 

where t is the number of hours after midnight. 

Using the equation of the model and your answer to part (a), 

(b)  deduce the maximum temperature of the room during this day, 

(1) 
(c)  find the time of day when the maximum temperature occurs, giving your answer to the nearest minute. 

(3) 
  

(Total for question = 7 marks) 



 


