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Q1.
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

e jts value when new is £20 000
e its value after one yearis £16 000

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

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.

The following information is available for car B

e it has the same value, when new, as car A
e 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.

(Total for question = 7 marks)

Q2.
A scientist is studying the growth of two different populations of bacteria.
The number of bacteria, N, in the first population is modelled by the equation
N = AeX t=0
where A and k are positive constants and t is the time in hours from the start of the study.

Given that

e there were 1000 bacteria in this population at the start of the study
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e it took exactly 5 hours from the start of the study for this population to double

(a) find a complete equation for the model.

(b) Hence find the rate of increase in the number of bacteria in this population exactly 8 hours
from the start of the study.
Give your answer to 2 significant figures.

The number of bacteria, M, in the second population is modelled by the equation
M = 500e! 4k t=0
where k has the value found in part (a) and t is the time in hours from the start of the study.

Given that T hours after the start of the study, the number of bacteria in the two different
populations was the same,

(c) find the value of T.

(Total for question = 9 marks)

Q3.
A scientist is studying a population of mice on an island.

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

900

;"'-'r= P ———
3+ 7e 0%

ek, t=0

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

(b) Show that the rate of growth dV
dr is given by dV _ N(300 — N)
dr 1200
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The rate of growth is a maximum after T months.

(c) Find, according to the model, the value of T.

According to the model, the maximum number of mice on the island is P.

(d) State the value of P.

(Total for question = 10 marks)

Q4.

The value, £V, of a vintage car t years after it was first valued on 1°' January 2001, is modelled
by the equation

V=Ap"' where A and p are constants
Given that the value of the car was £32 000 on 1% January 2005 and £50 000 on 1°* January 2012
(a) (i) find p to 4 decimal places,

(ii) show that A is approximately 24 800
(b) With reference to the model, interpret
(i) the value of the constant A,

(i) the value of the constant p.

Using the model,

(c) find the year during which the value of the car first exceeds £100 000

(Total for question = 10 marks)
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Q5.

The function g is defined by

3In(x) -7
g(.r)=m x>0 =x#k
where k is a constant.
(a) Deduce the value of k.
(b) Prove that
g'x)>0

for all values of x in the domain of g.

(c) Find the range of values of a for which

(Total for question = 6 marks)

Q6.

The time, T seconds, that a pendulum takes to complete one swing is modelled by the formula
T=al’

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

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

log,oT = b log;o/ + l0g 0@
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Figure 3
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 /.

Figure 3 shows the linear relationship between log;o/ and log,,T 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?

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

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

(Total for question = 6 marks)

Q7.
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Figure 5
Water flows at a constant rate into a large tank.
The tank is a cuboid, with all sides of negligible thickness.
The base of the tank measures 8 m by 3 m and the height of the tank is 5 m.
There is a tap at a point T at the bottom of the tank, as shown in Figure 5.
At time t minutes after the tap has been opened
e the depth of water in the tank is h metres

« water is flowing into the tank at a constant rate of 0.48 m® per minute
« water is modelled as leaving the tank through the tap at a rate of 0.1h m® per minute

(a) Show that, according to the model,

1200 dh
dt =24 -5h

Given that when the tap was opened, the depth of water in the tank was 2 m,
(b) show that, according to the model,
h=A+Bek

where A, B and k are constants to be found.

Given that the tap remains open,

(c) determine, according to the model, whether the tank will ever become full, giving a reason
for your answer.

(Total for question = 12 marks)
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Q8.
(a) Sketch the curve with equation
y =4

stating any points of intersection with the coordinate axes.

(b) Solve
4% =100

giving your answer to 2 decimal places.

(Total for question = 4 marks)

Q9.

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 Vkmh™.

Graphs of d against V and log,, d against log,o V were plotted.

The results are shown below together with a data point from each graph.
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Figure 5 Figure 6

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

d=kVv" where k and n are constants

with kK = 0.017

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

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

Sean is driving this car at 60 km h™! 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.

(Total for question = 9 marks)

Q10.
A scientist is studying the number of bees and the number of wasps on an island.

The number of bees, measured in thousands, N, , is modelled by the equation
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N, = 45 + 220 %!
where t is the number of years from the start of the study.
According to the model,

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

(b) show that, exactly 10 years after the start of the study, the number of bees was increasing
at a rate of approximately 18 thousand per year.

The number of wasps, measured in thousands, N,, is modelled by the equation
N, = 10 + 800 e 2%t
where t is the number of years from the start of the study.
When t = T, according to the models, there are an equal number of bees and wasps.

(c) Find the value of T to 2 decimal places.

(Total for question = 8 marks)
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