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5.5.1Modelling with Differentiation

Modelling with Differentiation
What can be modelled with differentiation?

= Recallthat differentiationis about the rate of change of afunctionand provides awayof finding
minimum and maximumvalues of afunction
= Anything that involves maximising or minimising a quantitycanbe modelled using differentiation;
forexample
= minimisingthe cost of raw materials in manufacturingaproduct
= the maximumheight afootballcould reachwhenkicked
= These are called optimisationproblems

What modelling assumptionsare used in optimisation problems?

= The quantitybeingoptimised needs to be dependent onasingle variable
= |f othervariables are initiallyinvolved, constraints orassumptions about themwillneed to be
made;forexample
= minimising the cost of the mainraw material - timberin manufacturing furniture say
= thecostofscrews,glue,varnish,etc canbe fixed orconsidered negligible
= Othermodellingassumptions mayhave to be made too;forexample
= jgnoringairresistance and wind whenmodelling the path of akicked football

Howdolsolve optimisation problems?

= |noptimisationproblems,letters otherthan x, yand fare oftenused including capital letters
= Visoftenused forvolume, Sforsurface area
= rforradiusifacircle,cylinderorsphereisinvolved
= Derivatives canstillbe found but be clearabout whichletteris representing the independent (x)
variable and whichletteris representing the dependent ()) variable
= AGDC mayalways use xand ybut ensure youuse the correctletters throughout yourworking
and finalanswer
= Problems oftenstart bylinking two connected quantities together-forexample volume and
surface area
= Where more than one variable is involved, constraints will be given such that the quantity of
interestcanbe rewritteninterms of one variable
= Oncethe quantityofinterestis writtenas afunctionofasingle variable, differentiationcanbe
used to maximise or minimise the quantity as required

STEP1
Rewrite the quantity to be optimised interms of a single variable, using any constraints givenin
the question
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STEP2

Differentiate and solve the derivative equal to zero to find the “x"-coordinate(s) of any
stationarypoints

STEP3
If there is more than one stationary point,orthe requirement to justify the nature of the
stationarypoint, differentiate again

STEP4

Use the second derivative to determine the nature of each stationarypointand select the
maximum orminimum point as necessary

STEPS5
Interpret the answerinthe context of the question

O ExamTip

= The first part of rewriting a quantity as a single variable is oftena “show that” question - this
means youmay still be able to access laterparts of the questionevenif youcan’t do this bit

= Evenwhenanalgebraic solutionis required you canstilluse your GDC to check answers and
helpyougetanideaofwhatyouare aimingfor

@ Worked example

Alarge allotmentbed is beingdesigned as arectangle with asemicircle oneachend,as shownin
the diagrambelow.

rdm

The total area of the bed is to be 100TT mz.

a) Show that the perimeterof the bed is givenbythe formula
( 100\

P=m|r+——
\ r)
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P= r+7r + 2\
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P= 271+ 2(5&1' _ E\-)
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P= 7 + OO
r

o P= rr(r-r\%())
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- dp
b) Find dr

sTep|: Rewrte P oo powern & r

P= n’(r+ \OOr")
: aP _ -
STee 2 d—r—rr(\-\OOra)

c) Find the value of I'that minimises the perimeter.

STeP 2: n’(\- |o_0):o
r9.

r-100=0
r=10 (rqeci: 10 ogrica \emﬁHs)
This ie the on\y 9'\'d\"\mory poiﬁ\' Co

we can oume it 8 minimol.
%210 m Minimises the perimeter
d) Hence find the minimum perimeter.
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STER S: \ﬁ'\'eﬁ'preh andwer in context

Minipnom pe\’ime,ber i¢ wheo =10
~P= |10+ \00) = 201
o

Minimom peimeter ie 20 m

Use your GOC Yo check

e) Justify that this is the minimum perimeter.

orepw:  Uge Cecond Aewa’me

2
o P rrklOO
ar
. 2
ok r=10, Si\?i:]‘é: *»O - Minicwom

- - E——eem Ay

> QOrr ic Yhe Miotom: permeke\'
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