ADVANCED PLACEMENT CALCULUS AB

Extreme Value of Functions

-One of the most useful things we can use the derivative for.
-"What is the most effective dose of medicine?”

Absolute Extreme Values

Let f be a function with domain D. Then f(c) is the:

absolute maximum value on D iff f(x) < f(c) for all xin D.

absolute minimum value on D iff f(x) > f(c) for all xin D.

-Absolute or global max and min values are also called absolute extrema.

Example

-Functions with the same function rule can have different extrema
depending on the domain.

Function Rule Domain D Absolute Extrema

y = x° (—oo, oo) No abs. max

abs. minof Oat x=0

y =x* [0,2} abs max of 4 at x =2
abs minof Oat x =0
y =x* (0,2} abs. max of 4 at x =2
No abs. min.
y=x° (0,2) No abs extrema
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Absolute maximum.
No greater value of f anywhere.

2 Also a local maxaimum
Local maximum,

No greater value of
f nearby.

Local minimum.
No smaller
value of fnecarby

Absolute minimum. o
No smaller value Local minimum
of fanywhere. Also a No smaller value of
local minimum f nearby

-A list of local extrema will automatically include absolute extrema if there
are any.

Finding Extreme Values

-Functions have local extreme values if ¥’ is O or f’ does not exist.

Theorem-Local Extreme Values

-If a function f has a local max value or a local min value at an interior point
c of its domain, and f’ exist at ¢ then

f’(c) -0

Definition-Critical Point

-A point in the interior of the domain of a function £ at which f’=0 or f’
does not exist is a critical point of 7.

Example-Finding Absolute Extrema

-Find the abs. max and min of f(x) = x%% on [—2,3]
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f’(x) L

3 3Yx
-The derivative has no zeros but is undefined at x = 0.

-We must consider the one critical point and the endpoints:

Critical point value: f(O) =0

”

Endpoint values: f(—Z) _ (_2)2/3

2/3
£(3)= (3 =46
-We can see from this that the functions abs. max value is f/; ~2.08 and
occurs at the right endpoint x = 3.
-The abs. min value is 0 and occurs at the interior point x = 0.

-Graph to confirm.

Example-Finding Extreme Values

Fx) = ——

4 - x*
-The function is only defined on 4 — x* > O so the domain is (—2,2).

-The domain as no endpoints.

-Find the derivative
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f(x)= 4+X2= (4-x)

Fx)==S(4-x) " (-2x)= W

-The only critical point in the domain (—2,2) is x=0.

-This is the only candidate for an extreme value.

-To tell whether 1/2 is an extreme value examine the function

-As x moves away from zero on either side the denominator gets smaller,
the value of fincreases.

-We have a min value at x = O, the min is absolute.

-Graph to confirm.
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