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Questions
 



Q1.           

A hot piece of metal is dropped into a cool liquid. As the metal cools, its temperature T degrees
Celsius, t minutes after it enters the liquid, is modelled by

T = 300e−0.04t + 20,     t ≥ 0

(a)  Find the temperature of the piece of metal as it enters the liquid.

(1)

(b)  Find the value of t for which T = 180, giving your answer to 3 significant figures.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

(4)

(c)  Show, by differentiation, that the rate, in degrees Celsius per minute, at which the
temperature of the metal is changing, is given by the expression.

(3)

 

(Total for question = 8 marks)

 

 

Q2.           

A population of insects is being studied. The number of insects, N, in the population, is modelled
by the equation

where t is the time, in weeks, from the start of the study.

Using the model,

(a)  find the number of insects at the start of the study,

(1)

(b)  find the number of insects when t = 10,

(2)



(c)  find the time from the start of the study when there are 82 insects.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

(4)

(d)  Find, by differentiating, the rate, measured in insects per week, at which the number of
insects is increasing when t = 5. Give your answer to the nearest whole number.

(3)

 

(Total for question = 10 marks)

 

 

Q3.           

A bath is filled with hot water. The temperature, θ °C, of the water in the bath, t minutes after
the bath has been filled, is given by

θ = 20 + Ae–kt

where A and k are positive constants.

Given that the temperature of the water in the bath is initially 38°C,

(a)  find the value of A.

(2)

The temperature of the water in the bath 16 minutes after the bath has been filled is 24.5°C.

(b)  Show that 

(4)

Using the values for k and A,

(c)  find the temperature of the water 40 minutes after the bath has been filled, giving your
answer to 3 significant figures.

(2)

(d)  Explain why the temperature of the water in the bath cannot fall to 19°C.

(1)

 



(Total for question = 9 marks)

 

 

Q4.           

Figure 5 shows a sketch of the curves C1 and C2

C1 has equation 

C2 has equation 

Given that C1 and C2 cut the y-axis at the points P and Q respectively,

(a)  find the exact distance PQ.

(2)

C1 and C2 intersect at the point R.

(b)  Find the exact coordinates of R.

(5)

 

(Total for question = 7 marks)

 

 

Q5.           



The value of Lin's car is modelled by the formula

where the value of the car is V pounds when the age of the car is t years.

A sketch of t against V is shown in Figure 1.

(a)  State the range of V.

(2)

According to this model,

(b)  find the rate at which the value of the car is decreasing when t = 10
       Give your answer in pounds per year.

(3)

(c)  Calculate the exact value of t when V = 15000.

(4)

 

(Total for question = 9 marks)

 

Q6.           

The growth of pond weed on the surface of a pond is being investigated.

The surface area of the pond covered by the weed, A m2, is modelled by the equation



where t is the number of weeks after the start of the investigation.

Using the model,

(a)  calculate the surface area of the pond covered by the weed at the start of the investigation,

(1)

(b)  calculate the value of t when A = 260, giving your answer to 2 decimal places.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

(4)

The pond weed continues to grow until it completely covers the surface of the pond.

Using the model,

(c)  deduce the maximum possible surface area of the pond.

(1)

 

(Total for question = 6 marks)

 

 

Q7.           

The mass, m grams, of a radioactive substance t years after first being observed, is modelled by
the equation

m = 25e1−kt

where k is a positive constant.

(a)  State the value of m when the radioactive substance was first observed.

(1)

Given that the mass is 50 grams, 10 years after first being observed,

(b)  show that 

(4)



(c)  Find the value of t when m = 20, giving your answer to the nearest year.

(3)

 

(Total for question = 8 marks)

 

 

Q8.           

A scientist is studying a population of lizards on an island.

The number of lizards, N, in the population, t years after the start of the study, is modelled by
the equation

Use the model to answer parts (a), (b), (c)  and (d).

(a)  Find the number of lizards in the population at the start of the study.

(1)

The model predicts an upper limit to the number of lizards on the island.

(b)  State the value of this limit.

(1)

(c)  Find the value of t when N = 780. Give your answer to one decimal place.

(4)

(d)  (i)  Show that the rate of growth, 
, is given by

where A is a constant to be found.

(ii)  Hence state the value of N at which the rate of growth is a maximum.

(5)

 

(Total for question = 11 marks)
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