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Forming differential equations
S I 11 Differential equations are useful because regularly in real-life, the rate of change of a variable is
Pearson Pure Mathematics Year 2/AS based on its current value. For example in Year 1, we saw a property of exponential growth is that

Pages 324326

the rate of change is proportional to the current value:

The rate of increase of a rabbit population (with population P, where time
is t) is proportional to the current population.
Form a differential equation, and find its general solution.

popultion(ithpopulation P, uhere time
ene curent popiaton
Form 3 Giferntial sation, 20 find s enera soston.

(Notice by the way that e*t = (e")t, and since e* is a constant,
we could always write y = A - B*. i.e. The general solution is
‘any generic exponential function’, not just restricted to those
with e as the base. However it is customary to write Ae*t) z
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Hmmm Further Example

Form 3 Giferntial sation, 20 find s enera soston.

[Textbook] Water in a manufacturing plant is held in a large cylindrical tank of diameter 20m. Water

flows out of the bottom of the tank through a tap at a rate proportional to the cube root of the
volume.

. . dh 3
(a) Show that t minutes after the tap is opened, e —k¥/h for some constant k.

3

(b) Show that the general solution of this differential equation may be written h = (P — Qt)z,
where P and Q are constants.

Initially the height of the water is 27m. 10 minutes later, the height is 8m.

(c) Find the values of the constants P and Q.

(d) Find the time in minutes when the water is at a depth of 1m.
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Pearson Pure Mathematics Year 2/4S.
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Test Your Understanding

Edexcel C4 June 2005 Q8

Liqu pouring into a cont at a constant rate of 20 cm’
proportional to the volume of the liquid already in the container.

! and is leaking out at a rate

(@) Explain why. at time  scconds, the volume, I e, of liquid in the container satisfies the
differential equation
|

y
W r0-r, |®
ar

where k is a positive constant.

The container is initially empty.
(b) By solving the differential equation, show that

V=A+Be¥,
Teachers/Students: |
giving the values of 4 and B in terms of k. ©) recommend also looking at
Given also that & = 10 when =5, Edexcel Jan 2008 Q8 which
dr . . . has a part (a) similar to the
(¢) find the volume of liquid in the container at 10 s after the start. ®

previous example.
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