Chapter Three: Applications of Differentiation
3.1 Extrema on an Interval

Definition of Extrema — Let f be defined on an interval / containing c.

1. f(c) is the minimum of fon I if f(c) Sf(x)for all xin /.

2. f(c) is the maximum of fon / if f(c) > f(x)for all xin 1.

The minimum and maximum of a function on an interval are the extreme values, or extrema, of the
function on the interval. The minimum and maximum of a function on an interval are also called the
absolute minimum and absolute maximum or global minimum and global maximum, on the interval.

The Extreme Value Theorem — If f is continuous on a closed interval [a, b], then f has both a minimum
and a maximum on the interval.

Definition of Relative Extrema —

1. If there is an open interval containing ¢ on which f(c) is a maximum, then f(c) is called a

relative maximum of £, or you can say that f has a relative maximum at (c,f(c)).

2. If there is an open interval containing c on which f(c) is a minimum, then f(c) is called a

relative minimum of f, or you can say that f has a relative minimum at (c,f(c)).

The plural of relative maximum is relative maxima, and the plural of relative minimum is relative
minima. Relative maximum and relative minimum are sometimes called local maximum and local
minimum, respectively.

Definition of a Critical Number — Let f be defined at c. If f'(c) = Qorif fis not differentiable at ¢, then ¢
is a critical number of f. 't "ﬁor% et bath fossflp,'l,l,',_.s

Theorem — If f has a relative minimum or relative maximum at x = ¢, then c is a critical number of f. That
is, relative extrema occur only at critical numbers.



Guidelines for Finding Extrema on a Closed Interval — To find extrema of a continuous function fon a
closed interval [a, b], use the following steps.

1. Find the critical numbers of fin (a, b). (x values where derivative is 0 or does not exist)
2. Evaluate f at each critical number in (a, b).

3. Evaluate f at each endpoint of [a, b].

4. The least of these values is the minimum. The greatest is the maximum.

Examples: Find the derivative of the function at the indicated extremum.

1 f(x)= cos-;f at (0,1) and (2,-1)
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Examples: Locate the absolute extrema of the function on the closed interval.

1. f(x): 2x+5’[o’5]

onlﬂ '0058'}(: exteema at endpoiabs

3
le\-_ %x ¥-"’3— Pe:ﬁ WA % il g
D= 3 ad NS maximum
fF0= 3 ;;,“_1;'[5\ S
S—J \s never zeo and
o,luuauas ie_g:m—e&_
3 Edbfmn\'s
2. f(x)=x"-12x,[0.4] . PN 5
gl()(\t-3)("‘__lL +L12:>;( C.N‘F(Z\:L15 -12(2\ = $-24= -1, vun
ey : c 4% = b Mma
0=3x-\1 /(i o Ry (1) -y = YT 1l max
12 = 354’- V\.UM\)EI’S C. . ‘F(‘ZS ND+ A |ﬁ‘|’Cf‘V0~\
3. g(x)=x,[-11] |
6(70: X'/3 em}’o{:ﬂ- 3(_,3’: 3\/.-7 = —l Win, mum
(0= *X—%’- + Cr;’r]alj(o) =Yoo TO
6 3 3y numbe _ {/T" . o
g (D1 vndefined ab 270 1 od G
g0+ 0 Pomber

4. h(t):i,[3’5]

Vo — t-2¥|\—f(l3 - E"Z‘i
NOE <~/_<+-zf s

-

@-2)

l«n‘(ﬂ u/«AeQ.‘Ad at E=L)N°+ 1a 1ateeval

L +£0
3

Mo cr el num berg

= T =3 maxmmum

M;\ﬂl‘/‘mum



5. g(x)=secx,{—£,£}
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