Integration : Differential Equations

June 2006

[image: image1.png]At time ¢ seconds the length of the side of a cube is xcm, the surface area of the cube
is S, and the volume of the cube is Ve

‘The surface area of the cube s increasing at a constant rate of 8 cm’s™.

Show that

@

@
Given that =8 when 1=0,

(©) solve the ifferntial equation in part (), and fid the value of  when V= 1612
[
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[image: image2.png]8. Apopulation growth is modelled by the differential equation

‘where P is the population. i the time measured in days and & is a positive constant.
Given that the initial population is Py,

(@) solve the differential equation. giving P in terms of Py, kand 1.
@

Given also that k=25,

(b) find the time taken. to the nearest minute, for the population to reach 2Py.
®

Tn an improved model the differential equation s given as

P ipcosis,
a

‘where P is the population. s the time measured in days and / is a positive constant.
Given, again. that the initial population s Po and that time is measured in days,

(©) solve the second differential equation, giving P in terms of Py, 4 and 1.
@

Given also that =25,

(@) find the time taken, to the nearest minute, for the population to reach 2P for the first
time, using the improved model
3
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[image: image3.png]8. Liquid i pouring into a large vertical cizcula cylinder at 2 constant rte of 1600 caP's”
and is leaking out of a hole in the base, at 2 ate proportional to the square root of he
eight of the liquid already in the cylinder. The area of the circular cross section of the
cylinder is 4000 e

(@) Show that at time f seconds, the height h cm of liquid in the cylinder safisfies the
differential equation

i _ 04—k where ks a positve constant.

w @
When h = 25, wate s leaking out ofth hole at 400 cu's*

() Show that k = 002
[

(© Separstethe vaiabesofthe diffretial equation
B _4-002h

0

o show tha the ime tken to 5l the cylinder from empy o a beight of 100 cm i

giventy

s

‘Using the substitation = (201)", or otherwise,
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o X an
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[C)

(&) Hence find the fime taken to il the cylinder from empty to a height of 100 cm, giving
‘our answwer in minntes and seconds to the nearest second.
a




