
Revision lesson on differential equations

you CHAN do it

Question: 1 2 3 4 5 6

Points: 5 5 8 13 5 9

Score:

Question: 7 8 9 10 Total

Points: 15 15 12 14 101

Score:
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1.
dy

dx
=

x

y

(a) find a general solution in the form y = f(x)

(3)

(b) find a particular solution, given that when x = 1, y = 2

(2)

2.
dy

dx
=

y

x

(a) find a general solution in the form y = f(x)

(3)

(b) find a particular solution, given that when x = 1, y = 2

(2)
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3. (a) Find ∫
9x+ 6

x
dx, x > 0

(2)

(b) Given that y = 8 at x = 1, solve the differential equation

dy

dx
=

(9x+ 6)y
1
3

x

giving your answer in the form y2 = g(x).

(6)
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4. Liquid is pouring into a container at a constant rate of 20 cm3 s−1 and is leaking out at a

rate proportional to the volume of liquid already in the container.

(a) Explain why, at time t seconds, the volume, V cm3, of liquid in the container satisfies

the differential equation
dV

dt
= 20− kV,

where k is a positive constant.

(2)

The container is initially empty.

(b) By solving the differential equation, show that

V = A+Be−kt,

giving the values of A and B in terms of k.

(6)

Given also that
dV

dt
= 10 when t = 5,

(c) find the volume of liquid in the container at 10 s after the start.

(5)
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5. Water is flowing into a large container and is leaking from a hole at the base of the

container.

At time t seconds after the water starts to flow, the volume, V cm3, of water in the

container is modelled by the differential equation

dV

dt
= 300− kV

where k is a constant.

(a) Solve the differential equation to show that, according to the model,

V =
300

k
+ Ae−kt

where A is a constant.

(5)

Skipping Subsequent Parts in the original question this time, but well

done on getting this far, year 13s!
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6. A bottle of water is put into a refrigerator. The temperature inside the refrigerator remains

constant at 3◦C and t minutes after the bottle is placed in the refrigerator the temperature

of the water in the bottle is θ◦C.

The rate of change of the temperature of the water in the bottle is modelled by the

differential equation,
dθ

dt
=

(3− θ)

125

(a) By solving the differential equation, show that,

θ = Ae−0.008t + 3

where A is a constant.

(4)

Given that the temperature of the water in the bottle when it was put in the refrigerator

was 16◦C,

(b) find the time taken for the temperature of the water in the bottle to fall to 10◦C,

giving your answer to the nearest minute.

(5)
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Spot the Difference!
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7.
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8.
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9. (a) Express
1

P (5− P )
in partial fractions.

(3)

A team of conservationists is studying the population of meerkats on a nature reserve. The

population is modelled by the differential equation

dP

dt
=

1

15
P (5− P ), t ⩾ 0

where P , in thousands, is the population of meerkats and t is the time measured in years

since the study began.

Given that when t = 0, P = 1,

(b) solve the differential equation, giving your answer in the form,

P =
a

b+ ce−
1
3
t

where a, b and c are integers.

(8)

(c) Hence show that the population cannot exceed 5000

(1)
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10. In this question you must show all stages of your working.

Solutions relying on calculator technology are not acceptable.

(a) Write
1

(H − 5)(H + 3)
in partial fraction form.

(3)

The depth of water in a storage tank is being monitored.

The depth of water in the tank, H metres, is modelled by the differential equation

dH

dt
= −(H − 5)(H + 3)

40

where t is the time, in days, from when monitoring began.

Given that the initial depth of water in the tank was 13 m,

(b) solve the differential equation to show that

H =
10 + 3 e−0.2t

2− e−0.2t

(7)

(c) Hence find the time taken for the depth of water in the tank to fall to 8 m.

(3)

According to the model, the depth of water in the tank will eventually fall to k metres.

(d) State the value of the constant k.

(1)
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Extra Working Space
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Extra Working Space

Total for paper is 101 marks
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