The Derivative in Graphing and Applications

4.1 Increasing and Decreasing Functions
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DEFINITION Let f be defined on an interval, and let 21 and x5 denote points in that interval.
1. f is increasing on the interval if f(x1) < f(z2) whenever z; < zs.
2. f is decreasing on the interval if f(x1) > f(z2) whenever z; < 3.

3. f is constant on the interval if f(z1) = f(z9) for all point z; and z3.
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THEOREM 4.1 Let f be a function that is continuous on a closed interval [a,b] and differ-

entiable on the open interval (a,b).
L. If f'(z) > O for every value of z in (a,b), then f is increasing on [a, b].
2. If f/(x) <O for every value of z in (a,b), then f is decreasing on [a, b].

3. If f'(x) = 0 for every value of z in (a,b), then f is constant on [a, b].
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Example 4.1 Find the intervals on which f(x) = 2% — 4z +5 is increasing and the intervals on which
it is decreasing. ‘F(X) - (’x?'__ §x _“’” +q .F x)= Y'L-LIX 45
= (x-) %1 | 2§ ')z 2x -y
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Example 4.2 Find the intervals on which f(z) = 2® — 3z is increasing and the intervals on which it

is decreasing.
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DerINITION If f is differentiable on an open interval, then f is said to be concave up on

the open interval if f/(x) is increasing on that interval, and f is said to be concave down

on the open interval if f/(x) is decreasing on that interval
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THEOREM 4.2 Let f be twice differentiable on an open interval

1. If f"(z) > 0 for every value of z in the open interval, then f is concave up on that

2. If f”(z) < 0 for every value of z in the open interval, then f is concave down on that
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Example 4.3 Use the first and second derivatives of f(z) = 23 — 322 + 1 to determine where f is

increasing, decreasing, concave up and concave down.
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Inflection points in applications
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DErFINITION If f is continuous on an open interval containing a value zg, and if f changes
the direction of its concavity at the point (zo, f(20)), then we say that f has an inflection

point at xg. and we call the point (g, f(xg)) on the graph of f an inflection point of f.
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2. Find the interval(s) of x where f is increasing.
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3. Find the interval(s) of x where f is decreasing.
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4. Find z at the inflection point(s) off
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5. Find the interval( ) of T where f is concave up.
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6. Find the interval(s) of x where f is concave down.
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