yaxima and Minima

mition. Let a function f be def;
's olute maximum on [a, b] if there is a ny
0> 1) for all x € [a, b]. Similarly, fis saj

fa, b] if there is a number d € [q, b.] such that f (d) < f (3&) for all x € [a, ]. The
wmbers /() and f (d) are respectively called absolute maximum and absolute
pinimum values Qf Jon [a, b]. (Some autho

rs use the word global instead of
sbsolute). = | | | -

The function f is said to have “relative maximum atc € ] g, b[ if there
exists a number & > 0 such that [c - §, ¢ + S]lcla, b and 1 (c) is the absolute
maximum value of fon [c - 6, ¢+ §] la, b ie, |

* @) 2f(x)forallx e [c-8c+5]
/(c)is called the relative maximum value of f at c.

The function £ is said to have'a relative minimum at J € ]a, b [ if there
exists a number £ > 0 such that [d-gd+e]c]a, B[ and f (d) is the absolute
mnimum value of fon [d — &, d+ g]; thatis s :

f@ < f(x) forall xe[d-¢d+e)
f(@is called the relative minimum value of f at d.

The term (relative) extreme values (extrema) is used to refer to either a

I 3 . ] . 2
ative) maximum value or a (relative) minimum value.

i A critical point for fis any point ¢ in the domain of f at which /“(¢) =0 or
:fh?:n differentiable at ¢, The critical points where f*(x) = O are called stationary
S' -

ther tepn: A 7 =0 Qo )
rminology being used is ‘local maximum (n_ungmUlvll) .
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concavity 1 of a function y = (¥) is said m

.+ on. The grapt == = = : ¢
(7.9) Definition : if it lies above every tangent [ipe at th,

' nl
an interval ]a b [ if and only

petween (@, (a)) an '
Similarly, Y = f(x)1s
graph lies below every tangent

con

The function Y =f (®) is

domain if it is concave up (down

We known that if /(¥

in some interval, then f'(x) is an

increasing function. Since f'(x) is .

slope of the tangent line, and if /(x)
is an increasing function, then as a
point P moves from left to right
along the curve (Figure 7.5), the
slope of the tangent line to the curve
increases. Thus the curve - is
concave up.

Similarly, if f"(x) < 0 in an

interval, then f'(x) is a decreasing

function. In this case as a point P

moves from left to right along the
curve, the slope of the tangent line

to the curve decreases (Figure 7.6)
The curve is concaye down

! under
such circumstances. |

We summarize thege results in -

d(,f (b)) on the curve.
cave down in an open interval if and g
line at all points of the open interval,

said to be concave up (down) at 5 poin
) in some open interval containing ¢,

)>0

Figure 7.5
-Concave up

Figure 7.6
Concave down
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: Tl,eol’e“" If y = (x) possesses continuous second o

! 3 S5CC n - . . iy
) 14 p [, then order derivatives in

P
i
f
|

‘ Soll]tion’ dx

T WYl iY Y YV

(7',[“5;\/8[ £ is concave up in ]
gite =y =S ave up in ] a, b [ if and i/
0] {)clonging to]a, bl donly if /" (x) > 0 for all x
2 ~ f(x) is concave down in ] a, b [ if anc 2k i
f [ifand only if /"(x) < 0 for all x

(i) {))e!ongi"g to]a, bl
_ £ (x) is concave up atc € ]a, b[iff” (c)>0anditis concay
e

cif /() <0.
the intervals for which the curve
= xtLERY+ 12¢2+5c+7
- (i) faces down |

. (ii') ijjown at

e 10. Find
Y

(i) faces Up

18x? +24x +5

Egﬂm pl

ﬂ = 4x3-

; i :
a)y 12x ‘—-36x+24 = 12(x - )(x—2)

dx’ |
dz . : d2
Forx<1 ,a});>0.Whenx'=1,-(E%=O
‘ .dz d2
Forl<x<2, Zr%<0.Whenx=2', L-i—x%- =.O
d? |
Forx > 2 y ;z'_x% > 0.
x > 2 and faces down on

Thus the curve faces up in the intervals x < 1,
12[ _ |

(110) Definition. Point of In
scalled a point of inflection if f is concave U
éown on the other side of ¢ and fis continuous atx =C.

= Ogl}:;] tangent line to a curve at a ‘[
o b ection P always crosses the
% one Sii:lse the curve must face up
igen | ¢ of P and be above the
o ne there, while the curve must

= ¢ on a curve y=fx

flection. A point X
de of ¢ and concave

p on one si

P(x=c¢) l

it g
{ Iy and be b
| ®0Nthe oher side elow the tangent . Tigure 7.7
] i i The - . A H 2
{ Uy, - curve y = f(x) changes the diréction at a point of inflection - Hence
by Theorem 7.9, ft2 0 onone
. r=Qatl

1 ¢ " Con
g Ntinuouyg § : ”
§ tofp in an interval including P, then

andj'u
" 50 on the other side of P. This can on

Hene,
1 v.v‘ cc
~ e have the following:
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