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Section 4.3 — How derivatives affect the shape of a graph
Section 4.5 — Curve sketching

Definition1  Letf beafunction defined on aninterval |.
f isincreasing on | if and only if for any %, <x,, f (%)< f(x,)
f isdecreasing on | if and only if for any x, <x,, f (%) > f(x,)

Increasing/Decreasing Test
Letf be adifferentiable functionon I.

If f'(x)>0 forany xI | ,thenfisincressingon .

If f'(x) <0 forany xI | ,thenf isdecreasingon I.

Concavity Test
If f"(x)>0 forany xI |, thenf isconcave upward on I.

If f"(x) <0 forany xI | ,thenf isconcave downwardon|.

Definition2 A point of inflection is a point where the graph has a tangent and concavity changes from upward to
downward or vice versa At suchapoint f "=0 or f" isundefined.

The First Derivative Test
Suppose that cisacritica number of a continuous function f.
a) If f' changesfrom positive to negative at c, then f hasalocal maximum &t c.

b) If f' changesfrom negative to positive at c, then f hasa local minimum at c.

c) If f'ispostiveto theleft and right of ¢, or negative to the left and right of ¢, then f has no local
maximum or minimum &t c.

The Second Derivative Test
Suppose f " is continuous near c.

a) If f'(c)=0and f"(c)<O0,thenf hesaloca maximum at c.
b) If f'(c)=0and f"(c)>0,thenf hasaloca minimumat c.

How to Graph a Function
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