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4.3 Relative Maxima and Minima

Highest
moug}tain

Relative
-, Mmaximum

e e e e
) Y I,

Relative
minimum ' Deepest
valley

DEFINITION A function f is said to have a relative mazimum at xg if there is an open
interval containing z¢ on which f(zg) is the largest value, that is, f(z¢) > f(z) for all z in
the interval.

Similarly, f is said to have a relative minimum at xg if there is an open interval containing
zg on which f(xp) is the smallest value, that is, f(z¢) < f(z) for all z in the interval.

If f has either a relative maximum or a relative minimum at zg, then f is said to have a

relative extremum at xg.

AY Point of
nondifferentiability

“o/_  Point of
| nondifferentiability

Suppose that f is a function defined on an open interval containing the point zg. If f has

a relative extremum at xg, then f/(zg) = 0. A point zy in the domain of f is said to be a

critical point of f if either f/(zg) = 0 or f is not differentiable at zg.

206111: Calculus 1 Academic Year 2018
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Example 4.4 Find all critical points of{JT(:Jc) = g — 445
'z -4 \
/ \ f, o~
3000 x) = Wosn TGO ey I R X
WY Set T') =0 081 X UKl Te R Tud
ik ke B
X =7

Solution.

Example 4.5 Find all critical points of f(z) = +§
Solution. 'F 6 XY} % (%" Z*) éé A —i-'l.
(x +2)* (x+0)

RN E S fx) =0 |
@ 60wy T welhs Ax= gl

£60= 1" Dy - R- f23 oo -2 7a7t>or)u7mmu
i . 2 TmnDL%\ 7nc)c’)
‘F “})J’W\Dn()m
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X, Xy X,
Critical point Critical point Critical point
Stationary point Not a stationary point - Stati ;
[Relative maximum } Relative minimum
' AY %V
3 + . e
/¥ \\ : //’:-\—
A +" L -\f +
[ ' - +
4 R
7 S T T sl SRERC
% - % . 2 =
Critical point Critical point Critical point

Stationary point
Inflection point
Not a relative extremum

Stationary point
Inflection point
Not a relative extremum

Not a stationary point
Inflection point
Not a relative extremum

Critical point
Not a stationary pojnt
[Relative minimum |

Critical point

Not a stationary point
Inflection point

Not a relative extremum
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5. Find the interval(s) of x where f is concave up.
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6. Find the interval(s) of z where f is concave down.
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THEOREM 4.3 Let xo be a critical point of the function f that is continuous on the open
interval [a, b] containing xg. If f is differentiable on the interval, except possibly at zq, then

f(xp) can be classified as:

1. A relative minimum, if f'(z) changes from negative to positive at zg.

o

A relative maximum, if f/(z) changes from positive to negative at xg.

3. Neither a max nor a min if f’(z) is positive on both sides of zyp or negative on both

sides of zg.

THEOREM 4.4 Suppose that f is twice differentiable at the point z and f'(zg) = 0.
1. If f’(zg) > 0, then f has a relative minimum at xg.
2. If f"(xo) < 0, then f has a relative maximum at xg.

3. If f"(x¢) = 0, then the test is inconclusive; that is f may have a relative maximum,

a relative minimum or neither at xg.

Example 4.6 Find the relative extrema of f(x) = 3z° — 523
- y 4
ﬁl\. ion. (1) Y907 160 = I5x - 15x*
- A ;
oy Sl Set £60=0 5 15x*-1sx =0

ﬂmndmumﬁwmu 2 2 g -, findag e T
T X =0 -l
Xz(xz-l) =0 ) )1
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. 2
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2 1 Flrey = by’ = 30x = 30)((7,51' 1)
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4.5 Analysis of Functions E o //"*7 N 7
9

PROCEDURE GRAPHING STRATEGY

Step 1 : Find the domain, the z-intercepts, and the y-intercept.
Step 2 : Find the vertical asymptotes.

Step 3 : Find the end behaviour.

Step 4 : Find f'(z) and f"(x).

Step 5 : Sketch the graph of f.

Example 4.7 Sketch a graph of the equation y = z* — 423 + 10
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