Chapter 3
Applications of Derivatives

3.3 How Derivatives affect the Shape of a Graph



What does f' tells us about f.
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Increasing/Decreasing Test
(a) If f'(x) > 0 on an interval, then f is increasing on that interval.

(b) If f'(x) < 0 on an interval, then f is decreasing on that interval.
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EXAMPLE 1 Find where the function f(x) = 3x* — 4x’ — 12x* + 5 is increasing
and where it is decreasing.
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Local Extreme Values.
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The First Derivative Test Suppose that c is a critical number of a continuous

function f.

(a) If f' changes from positive to negative at ¢, then f has a local maximum at c.
(b) If f’ changes from negative to positive at ¢, then f has a local minimum at c.

(c) If f'1is positive to the left and right of ¢, or negative to the left and right of c,
then f has no local maximum or minimum at c.
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EXAMPLE 3 Find the local maximum and minimum/|values pf the function
ocal maximum |

g(x) =x + 2sinx 0<x<2m

@f&ﬁ\la\j\ie

| +2¢cosx =0
|

= cosxX. - T——
2
- 2 °C = L)-\‘T_
s L= > ) z
Takl
Facos|[ © | ¢ x < 3 | €XC | 3 | exelar
l42ces2 ONE + 0 _ 0 \ 1+ |one
) boe
% %) loc. -
-f \ / WMoY . \> PN /7 \
<= W[z x=m \ )C:}ETL
-5 |4 ZCOS()_IJ =I>0 - | Zesw = ‘\Q\: \-onst}lg
"
' I >0
@ Hn\ &. LN %% '\“L\NS-
tw\ _  amw i [ 2
&'} >L=.L": ‘tt 3\" T*ZSY\( 5
> 2

p.4



What does f'" tell us about f?

Two important definitions:

1
) Definition If the graph of f lies above all of its tangents on an interval /, then it is

called concave upward on /. If the graph of f lies below all of its tangents on /, it
is called concave downward on /.

2| Definition A point P on a curve y = f(x) is called an inflection point if f is con-
tinuous there and the curve changes from concave upward to concave downward or
from concave downward to concave upward at P.
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Concavity Test
(a) If f"(x) > 0O for all x in I, then the graph of f is concave upward on 1.
(b) If f"(x) < O for all x in I, then the graph of f is concave downward on /.

Note: There is an inflection point when the second derivative is zero.
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Example. Find the interval(s) of concavity of the furq(,'\'ion
f(\) =x'—3x>—9x + 4
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The Second Derivative Test Suppose f” is continuous near c.
IR L ‘ \_/ f“lu\)
(a) If f'(c) = 0 and f"(c) > 0, then f has a local minimum at c.

A
(b) If f'(¢) = 0 and f"(c) < 0, then f has a local maximum at c. /o\-*
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EXAMPLE. Find the extreme values of the function f(g;) — ;1;3 4+ 33;2.
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