
(4.3) Derivatives and Behavior of Function

10-25-2017 class notes

From previous notes: (After reading this, go to today’s notes on next page).

The critical numbers are x = 1, 2, 3, 4, 5 and 6.
x = 8 is NOT a critical number because

derivative is neither zero nor undefined there.
The absolute minimum value of y = f(x) is at x = 6 and it is about 0.5.

There is no absolute maximum for this graph in [0,8] because the function is
going to infinity near zero but if you take any subinterval [m,8] where m is not

0 but less than 8 then you can get an absolute maximum.
This doesn’t contradict the FACT (Extreme Value Theorem) because the function is not

continuous at 0 and also at 4.

GENERAL PROCEDURE TO FIND EXTREMA
First find critical points by looking at where f ′(x) = 0 or f ′(x) DNE.

In other words, solve f ′(x) = 0 for x or see where f ′(x) cannot be found.
Usually f ′(x) DNE if f(x)→∞ or is discontinuous or has a pointed edge.

Once you find x where f ′(x) = 0 you can check whether they are local maxima or minima
by looking at values to left and right and seeing whether function is increasing and then

decreasing or decreasing and then increasing.
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[ Note, though, that you can find absolute max/min without finding whether a critical
number is local max/min].

Derivatives and Behavior of Function
Main Idea

Derivative tells you where function is increasing/decreasing
Second derivative tells you where it is concave or convex

Note that the peaks and valleys may be local extrema (maxima or minima)
or they may be it global extrema.

FACT: Absolute minimum and maximum WILL exist if function is CONTINUOUS on a
CLOSED interval.

In the next page you will see that if function is not continuous then absolute
maximum may not exist.

Also even if continuous on an OPEN interval, it may not have absolute max
and min in that interval

FIRST DERIVATIVE
If f ′(c) > 0 then function is increasing at c and if f ′(c) < 0 then

function is decreasing at c.

First derivative and second derivative tests

Also why sometimes 2nd derivative test is better.
NOTE: THESE TESTS ONLY SHOW HOW TO FIND LOCAL MAX/MIN !!
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Second derivative test:
[Advantage: Depends only on value AT the point, NOT AROUND that point].
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PROBLEM 4.3.42 : Graph f(x) = 5x3 − 3x5.

Where are f(x), f ′(x), f ′′(x) equal to zero?

So f(x) = 0 at x =
√

5/3,−
√

5/3 and x = 0.
f ′(x) = 0 at x = 1,−1, 0.

f ′′(x) = 0 at x =
√

1/2,−
√

1/2, 0.
Graph and conclusions in next page.
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Blue line is function, Orange line first derivative
and Green line second derivative.

It has local minimum at x = −1, local maximum at x = 1 and an inflexion point at 0
where it changes from concave down to concave up.

In class we saw how the behavior of the first derivative and second derivative of function
tell us how the function itself is behaving.

For example, at -1, f ′ goes from negative to positive and f ′′ is positive. So f is concave up
and goes from decreasing to increasing.

ALL the points where f ′′(x) = 0 are points of inflexion.
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