
5.5 Optimisation
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5.5.1 Modelling with Di�erentiation

Modelling with Di�erentiation

What  can be modelled wit h di�erent iat ion?

Recall that di�erentiatio n is abo ut the rate  o f change  o f a functio n and pro vides a way o f �nding

minimum and maximum values o f a functio n

Anything that invo lves maximising o r minimising a quantity can be mo delled using di�erentiatio n;

fo r example

minimising the co st o f raw materials in manufacturing a pro duct

the maximum height a fo o tball co uld reach when kicked

These are called o ptimisatio n pro blems

What  modelling assumpt ions are used in opt imisat ion problems?

The quantity being o ptimised needs to  be dependent o n a single  variable

If o ther variables are initially invo lved, co nstraints  o r assumptio ns  abo ut them will need to  be

made; fo r example

minimising the co st o f the main raw material – timber in manufacturing furniture say

the co st o f screws, glue, varnish, etc can be �xed o r co nsidered negligible

Other mo delling assumptio ns  may have to  be made to o ; fo r example

igno ring air resistance and wind when mo delling the path o f a kicked fo o tball

How do I solve opt imisat ion problems?

In o ptimisatio n pro blems, letters o ther than x, yand f are o ften used including capital letters

V is o ften used fo r vo lume, S fo r surface area

r fo r radius if a circle, cylinder o r sphere is invo lved

Derivatives  can still be fo und but be clear abo ut which letter is representing the independent (x)

variable and which letter is representing the dependent (y) variable

A GDC may always use x and y but ensure yo u use the co rrect letters thro ugho ut yo ur wo rking

and �nal answer

Pro blems o ften start by linking two  co nnected quantities to gether – fo r example vo lume  and

surf ace area

Where mo re than o ne variable is invo lved, co nstraints  will be given such that the quantity o f

interest can be rewritten in terms o f o ne  variable

Once the quantity o f interest is written as a functio n o f a single variable, di�erentiatio n can be

used to  maximise  o r minimise  the quantity as required

ST EP 1

Rewrite the quantity to  be o ptimised in terms o f a single variable, using any co nstraints given in

the questio n
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ST EP 2

Di�erentiate and so lve the derivative equal to  z ero  to  �nd the “x"-co o rdinate(s) o f any

statio nary po ints

ST EP 3

If there is mo re than o ne statio nary po int, o r the requirement to  justify the nature o f the

statio nary po int, di�erentiate again

ST EP 4

Use the seco nd derivative to  determine the nature o f each statio nary po int and select the

maximum o r minimum po int as necessary

ST EP 5

Interpret the answer in the co ntext o f the questio n

Exam T ip

The �rst part o f rewriting a quantity as a single variable is o ften a “sho w that” questio n – this

means yo u may still be able to  access later parts o f the questio n even if yo u can’t do  this bit

Even when an algebraic so lutio n is required yo u can still use yo ur GDC to  check answers and

help yo u get an idea o f what yo u are aiming fo r

a)

Worked example

A large allo tment bed is being designed as a rectangle with a semicircle o n each end, as sho wn in

the diagram belo w.

The to tal area o f the bed is to  be 100πm2 .

Sho w that the perimeter o f the bed is given by the fo rmula

P=π
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b)       Find
dP
dr .

c)

d) Hence �nd the minimum perimeter.

Find the value o f r  that minimises the perimeter.
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e) Justify that this is the minimum perimeter.
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