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2 Derivatives

2 2 Applications of differentiation

Topic 2.2 A Extreme value problems

Conditions for extreme values

Possible extrema Critical points

Points where f x is not

defined

End points of bed
intervals of definition

Eg fold ma

ny of s mat
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min with f o not defined
in

f x 1 f x 1

decreasing increasing

Sufficient conditions for existence of extreme
values

If f changes sign at the point in question

f x exists and is non zero

if f x 0 then provided f exists and
is continuous near x f is increasing
Hence if f'd o it must change

sign from
to t so f has a min

at x

if f x so then provided f exists and
is continuous near x f is decreasing
Hence if f x o it must change

sign from
to so f has a max

at x
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2 Derivatives

2 2 Applications of differentiation

Topic 2.2 A Extreme value problems

Example
Construct a rectangular container with
square base

material for base 5 Er
material for sidesHop 1 Er

h
What is the largest possible volume

b
b for 72

Volume V b
2 h base length b heighth

costs c 5 b t d b2 4 bh in E



c b

base
area tape ageaides

cost c should be 72

72 562 62 464 6 2 484 7328

Solve for h 4 36 362
25

181 b

V b 52 181,161 186 b

U b 18 32.362 18 9262 I 0
to get
extreme value

4 52 6 2 negative b doesnotmake
sense

b 96 0 for b o so we

have a max at 5 2 in m

h 181 32.2 9 3 6 in m

V 22 6 24 in m3
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2 Derivatives

2 2 Applications of differentiation

Topic 2.2 A Extreme value problems

Example
Construct a rectangular container with
square base

material for base 5 in
material for sides top 1 Ez

h
What is the largest possible volume

b for 7 ZE
b

Alternative solution using implicit differentiation

Suppose both h and b are functions of some



pp f f
artificial parameter f i.e ha and b t

Then we have two conditions for the two
unknowns h and b

If I 0 necessary
condition for max volume

with U b2 h O

362 26h constant total cost in E here72

We use implicit differentiation

It z b da oh t be 9 I 0 Product and
chain rules

2 bh 52

and differentiating on both sides gives

3 2b 81 24 4 25 1 0

65 24 1 2591

Divide by Ihh Y't
zyggtoget rid of It It 6 24
Mt



By th 2h 3b th h 3b

Now we can get other quantities b and finally
V by inserting into and Ox

This approach avoids soloing before
differentiating so it works more generally
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2 Derivatives

2 2 Applications of differentiation

Topic 2.2 A Extreme value problems

Example What is the min distance of
point 2,0 to graph of y

2 2 1

Sketch a
Y n

g ten e y
2 2 1

Y

g
16210

s x
m

v

f fan



El 2 x t

yHere C 2 x t x2 n as y
2 2 1

Note Minimizing l means also minimizing e

O I 91 2 2 x f e t 2x 4 4

outer inner

x n y f and l B

Why is this a min We could look at second
derivative but its easier here

lim l o and only one
IN

critical point at x l

e cannot have a max so critical point
must correspond to min

You can also see from sketch that there
cannot be a max o


