
First Order 
Differential Equations

Question Paper 1

Level A Level 

Subject Maths 

Exam Board OCR

Module Core 4

Topic First Order Differential Equations

Sub Topic First Order Differential Equations

Booklet Question Paper - 1

Time Allowed: 61 minutes

Score:  /51

Percentage: /100 

Grade Boundaries: 

A* A B C D E U 

>85% 77.5% 70% 62.5% 57.5% 45% <45% 

Save My Exams! – The Home of Revision  
For more awesome GCSE and A level resources, visit us at www.savemyexams.co.uk/ 

 



1	 In the year 2000 the population density, P, of a village was 100 people per km2, and was increasing at the 
rate of 1 person per km2 per year. The rate of increase of the population density is thought to be inversely 
proportional to the size of the population density. The time in years after the year 2000 is denoted by t.

(i) Write down a differential equation to model this situation, and solve it to express P in terms of t.  [6]

(ii) In 2008 the population density of the village was 108 people per km2 and in 2013 it was 128 people
per km2. Determine how well the model fits these figures. [2]

2	 A container in the shape of an inverted cone of radius 3 metres and vertical height 4.5 metres is initially 
filled with liquid fertiliser. This fertiliser is released through a hole in the bottom of the container at a rate 
of 0.01 m3 per second. At time t seconds the fertiliser remaining in the container forms an inverted cone of 
height h metres.

[The volume of a cone is V 3
1 2= rr h.]

(i) Show that d
d h t
h

400
92
r

=- . [5]

[4](ii) Express h in terms of t.

(iii) Find the time it takes to empty the container, giving your answer to the nearest minute. [2]

3	 At time t seconds, the radius of a spherical balloon is r cm. The balloon is being inflated so that the rate of 
increase of its radius is inversely proportional to the square root of its radius. When t = 5, r = 9 and, at this 
instant, the radius is increasing at 1.08 cm s−1.

(i) Write down a differential equation to model this situation, and solve it to express r in terms of t. [7]

[2]

3

(ii) How much air is in the balloon initially?

[The volume of a sphere is V = 4rr3 .]

4 Solve the differential equation

e 2y 
dx
dy  ++ ta x = 0 ,

 given that x = 0 when y = 0. Give your answer in the form  y = f(x). [6]
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5 The gradient of a curve at the point (x, y), where x > −2, is given by

dy

dx
= 1

3y2(x + 2) .

The points (1, 2) and (q, 1.5) lie on the curve. Find the value of q, giving your answer correct to

3 significant figures. [7]

6 A tank contains water which is heated by an electric water heater working under the action of a

thermostat. The temperature of the water, θ
◦C, may be modelled as follows. When the water heater

is first switched on, θ = 40. The heater causes the temperature to increase at a rate k
1

◦C per second,

where k
1

is a constant, until θ = 60. The heater then switches off.

(i) Write down, in terms of k
1
, how long it takes for the temperature to increase from 40 ◦C to 60 ◦C.

[1]

The temperature of the water then immediately starts to decrease at a variable rate k
2
(θ − 20) ◦C per

second, where k
2

is a constant, until θ = 40.

(ii) Write down a differential equation to represent the situation as the temperature is decreasing.

[1]

(iii) Find the total length of time for the temperature to increase from 40 ◦C to 60 ◦
◦to 40 C. Give your answer in terms of k

1
and k

2
.

C and then decrease

[8]
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