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Maxima and Minima
[bookmark: maxima_and_minima_2]Maxima and Minima
Definition
Let , the domain of , contain the point .
Then
i)  is a maximum value of  on  if  for all  in .

ii)  is a minimum value of  on  if  for all  in .

iii)  is an extreme value of  on  if it is the maximum or a minimum value.

iv) the function we want to maximize or minimize is called the objective function.




Maximum - Minimum Existence Theorem
If  is continuous on a closed interval , then  attains both a maximum and minimum value on that interval.

[image: Simple function sketch on coordinate axes.

The axes are drawn as dotted green lines. On the x-axis, a bracket marks the interval from a to b. Above this interval, a thick red curve begins high on the left and slopes downward as x increases, ending near the right side; both ends are drawn with curled tips. The picture illustrates a generic function drawn over the domain interval [a, b] (no numeric scale shown beyond the labels a and b).]  [image: Simple function sketch on dotted green coordinate axes with an x-interval labeled [a, b].
A thick green curve lies above the x-axis between a and b: it rises steeply from the left side to a tall peak near the middle-left, then drops sharply, and then gradually rises again toward b. The bracket on the x-axis emphasizes the domain segment from a to b.]  [image: Piecewise-looking function sketch on dotted green coordinate axes.
The interval [a, b] is marked by a bracket on the x-axis. Between a and b, a thick blue curve starts near a, rises to a sharp peak near the middle, then slopes down to a point near b. To the right of b, a separate disconnected blue curve segment appears, beginning with an open circle (hollow point) and then trending upward to the right. The drawing suggests a function on [a, b] with a separate branch or discontinuity for x > b.]


These can occur in one of three ways:
1. endpoints of the closed interval.
2. stationary points where .
3. singular points where  does not exist.
[bookmark: critical_point_theorem]Critical Point Theorem
Let  be defined on a closed interval,  containing the point . If  is an extreme value, then  is called a critical value.
( ) is either
1. an endpoint of I or
2. a stationary point of , i.e.,  or
3. a singular point of , i.e., .
EX 1
 Find the minimum and maximum values of  on .





EX 2
 Find the minimum and maximum points for  on 










EX 3
 Show that for a rectangle with perimeter of 30 inches, it has maximum area when it is a square.











EX 4
 Identify critical points and specify the maximum and minimum values.






EX 5
 Sketch the graph of a function with all of these characteristics:
1. continuous, but not necessarily differentiable.
2. has domain 
3. reaches a maximum value of 4 (at  )

[image: Graph of a function f(x) over the interval from x = 0 to x = 1. The vertical axis is labeled f(x) and the horizontal axis is labeled x, with x = 0 at the left endpoint and a dashed vertical boundary line at x = 1 on the right. A single smooth curve varies up and down across the interval, with several turning points. Numbers 7 through 1 label points/values along the curve in order from left to right: starting near x = 0 the curve is labeled 7, it rises to a local high labeled 6, falls to a valley labeled 5, rises to a flatter region labeled 4, rises again to a taller peak labeled 3, drops to another valley labeled 2, and then rises toward the right endpoint near x = 1 where it is labeled 1.]

EX 6
 Find all inflection points for .
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