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8FM0 Unit Test – Further Pure 1 – 4 Numerical Methods

1. [5]The variable y satisfies the differential equation

d2y

dx2
= 3 + 2y2

dy

dx

Given that y = 1.5 and dy
dx

= 2 at x = 1, use the approximations

(
d2y

dx2

)
0

≈ y1 − 2y0 + y−1
h2

and

(
dy

dx

)
0

≈ y1 − y−1
2h

with h = 0.1, to find an estimate for y at x = 0.9.
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2. The temperature, θ◦C, of coffee in a cup, t minutes after the cup of coffee is put in a room, is

modelled by the differential equation

dθ

dt
= −k(θ − 20)

where k is a constant.

The coffee has an initial temperature of 80◦C. Using k = 0.1,

(a) [6]use two iterations of the approximation formula
(
dy
dx

)
0
= y1−y0

h
to estimate the temperature

of the coffee 3 minutes after it was put in the room.

The coffee in a different cup, which also had an initial temperature of 80◦C when it was put in

the room, cools more slowly.

(b) [1]Use this information to suggest how the value of k would need to be changed in the model.

Total: 7
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3. [7]Julie decides to start a business breeding rabbits to sell as pets.

Initially she buys 20 rabbits. After t years the number of rabbits, R, is modelled by the differential

equation

dR

dt
= 2R + 4 sin t t > 0

Julie needs to have at least 40 rabbits before she can start to sell them. Use two iterations of

the approximation formula (
dy

dx

)
n

≈ yn+1 − yn
h

to find out if, according to the model, Julie will be able to start selling rabbits after 4 months.
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4. [7]The variables x and y satisfy the differential equation

d2y

dx2
= 2y2 − x− 1

where dy
dx

= 3 and y = 0 at x = 0.

Use the approximations

(
d2y

dx2

)
n

≈ (yn+1 − 2yn + yn−1)
h2

and

(
dy

dx

)
n

≈ (yn+1 − yn−1)
2h

with h = 0.1 to find an estimate for the value of y at x = 0.2.
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