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~BLEMS

"2 the critical points for each of the functions in Problems
-2 For each critical point, determine whether the function has

-2zl maximum, a local minimum, or neither there. If possible,
‘rz the absolute maximum and minimum values of the function
T =2 indicated domain.

v =x-x%on [0, 1]

- 3

Zo=x-2, —co<y<oo
o=x=x*on|0, 1]

4. }=x3~3x2+2, —o<x< o
o= 14T, —co<x<oo

“o=x3~224 xon [—1, 2]
- :xz—4x+3or1 O, 3)

. =x—6xon [0, 2]
L o=x-—x%on (0, 1)
" - = 1/(x — 2) on (1, 3)
I =2 on o0, 3]
=~ =1/3-x on [0, 4]
Soo=x24 2/x), x>0
< =x/(1+x) on [0, 1]
= j=x3+3x2+3x+2, —0<x< 00
o :—x2+4x, x=0
T :\/;—x, x=0
B =Va-3 _2<.<»
Ao =x*-4xon|0, 2
3 =x*~x2on[~1, 1]
= " =tanxon [0, 7/2)
= =secxon (—==/2, w/2)
= - =2sinx + cos 2% on [0, /2]
4 =xt— 22+ 2o0n [—1, 2]
T = -8 -2700%, —co<x<oo
> % =x4—(x3/3)—2x2+x—1, —0<x< 00
= =@x-x»"lon ©, 1
2 =|x%on[-2, 3]. What would occur if the domain were
:zanged to [-2, 3)?
= _[7* for x =0,
2x—x2 forx>0
n :{3—xon[0,2],
(1/2)x* on (2, 3]

Pma =e absolute maximum and minimum values (if any) of the
‘mx."15 in Problems 31-36. In each case, start by rewriting the
=1 “ormula without absolute values by using appropriate ver-
@ 7 the formula on different intervals of the domain. Then

include the boundaries of these intervals among the points you
investigate. Unless stated otherwise, the domain is the function’s
natural (largest possible) domain.

X

3. y=

YT

__ A
2y=T
33. y=sinlx|, —2x=<x=<2q
3. y= K
X

Boy=r-1, -1sx=<2
36. y=|x—x%, x=0

37. We do not need calculus to show that x + 1/x = 2 when
x> 0. To see why, multiply out the left side of the inequal-
ity (x = 1)>= 0 and divide through by x.

38. Calculate the values of the first and second derivatives of
y=x>,y=x* and y = —x* at the origin to show that y”
has no predictive value when it is zero.

39. Find the critical points, asymptotes, and points of inflection
and graph the function

40. Test the function

X3

2
y=?+£2——l+cosx

for the existence of a local maximum or minimum at x = Q.

41. Suppose that a function ¥ = f(x) is known to be differentia-
ble for all values of x and to have a Jocal maximum atx = ¢,
Which of the fdllowing must be true of the graph of f?
a) It has a point of inflection at x = c.

b) It crosses the x-axis at x = c.
¢) It has a local maximum or minimum at x = c.

42. Find the maximum height of the curve y=4sinx~
3 cos x above the x-axis.

43. Find the maximum height of the curve y =4 sin’x —
3 cos’x above the x-axis.

44. 2) Find a value of b that wil| ensure that the function y =
2x” + bx + ¢ has a local minimum value at x = |,
b) Why will no value of b make y = 21 + by + ¢ have a
local maximum value at x = 12
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3.4 MAXIMA AND MINIMA: THEORY

1. y=x—xzon[0,1]. y'=1-2x. y'=0@x=%—.y‘>0if

1
x < —2- andy'<0if x> -;— = y(%) = Tl;- is local maximum which

absolute, since y(0)=0 and y(1)=0 are absolute minimimum

values.
3. y=x—x30n[0,1]. y' =1-3x%. y' =0@x=i-‘]%. The value
x-——}— is out of the domain y(—l—)— V3
3 N\

is local maximum

which is absolute, since y(0)=0 and y(1)=0 are absolute

minimum values.
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Chapter 3: Applications of Derivatives

y=x3—l47xon(—°°,°°). y'=3x2—l47. y'=0x=%7.
y'>01f x<-7, y'<0if—7<x<7,andy'>0ifx>7.
Therefore, y (-7) = 686 is local maximum, andy (7)=-686

is local minimum. There are no absolute extrema.

y=x'—4x+30n(0,3). y'=2x-4.y'=0&x=2.y"=2

= y(2)=-1 is absolute minimum. No absolute maximum

values since the domain interval is open.
1
y=x—xzon(0,1). y'=1-2x. y‘=0¢bx=?. y"=-2=

Y (%) = %— is a local maximumwhich is absolute. There are

no other extrema since the domain interval is open.

y=2xon{0,3]. y'=2#0=no local extrema. y(0)=01is
absolute minimun andy (3) = 6 is absolute maximum.

y=x2+:2(-, x>0. y'= x——2;. y'=0@2x3—2=0ﬁx=1.
X

4

y"=2+-—75> 0ifx=1=y(1)=3is local minimumwhichis
X

absolute on x> 0. There are no other extreme values.

y=x3+3x2+3x+2, -0 < x<o00, y! =3x’+ 6x+3. y'=0&
3(x+ 1)’= 0 ©x=-1. There is no sign change iny’.

Therefore there are no extreme values.

1
2¥x

y=‘/->-<-—x,x_>,0. y'= —1.y'=04:)1—2‘/;=0=>x=-1;.

3
y"=— -Z—x 2 <0>y (%—)= %— is local maximumwhich is

absolute. There is no local minimum.
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3.4 Maxima and Minima: Theor
4 3
y=x —4x on[0,2]. y'=4x —-4. y'=0& x=1.
2
y"=12x . y"(1)>0 >y (1)=-3 is arelative

minimum. y (0)= 0 andy (2)=8. Therefore 8 is the
absolute maximum, and -3 is an absolute minimum.

2
y =tanx on[o,%]. y'=sec x >0 . Thereforey=tanx

is always rising; y(0)=0 is absolute minimum, and there

is no maximum.

y=2sinx+ cos2x on [O, g] . y'=2cosx—-2sin2x

= 2cosx —4sinxcosx =2cosx (1 —2sinx). y'=0& cosx=0

orsinx=Ze x=1 or T, y" =-2sinx — 4cos2x. Y"(E) =
2 2 6 6
—2 (%) - 4(%) <0= Y(%) = 2(%) + % = -2— = local maximum.

yvy{({0)=1landy (lzt-) =1lare absoluteminima, and the local

maximum becomes absolute.

y=x4—8x3—270x20n—-eo<x<eo. y'=4x3 —24x2-—540x. y'=0¢&
4x (x—15)(x+9)=0& x=-9, 0, 15. y(-9)=-9477 is a local

minimum and y (15)=-37125 is an absolute minimum. y(0)=0
is a local maximum.

2 -1 1-2
y=(x=x) on(0,1). y'=- ———. y'=0ex=13.
(x=x")

y'<0ifx<%andy' >0 ifx>-§—=y(-§-)=4 is a local

minimum which is absoluteon(0,1). y—> e if x —0 or

+ ]
X — 1 = nomaximumvalues.
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X
3. y= 1+ %] canbe expressed as
1
1fx forx<0 (- x)a forx<0
y= Then y' =
X 1
1+ forx>0 — forx>0
x (1+x)

Note that eachpoint for whichy ' doesnot exist isnot in
thedomain of that piece. Therefore, y' >0 always =
thereare no extreme values.

33. y=sin|x|, 2R <x<27T.

_{ sinx for0_<_x521t} ._{cosx for0<xs27t}
-sinx -2m<x<0 —cosx for-2m<x<0

+ -_—
x>0 =y'—> 1 andx—0 =y' —>-1. Therefore,
y'(0) does not exist and O is a critical point of y.

cosx=0 forx= % and %’-t- in (0, 2x] and —cos x=0 for

x= --1-;- and —-321 in[-2x,0). y(0)=0is local minimum,

y (:t %) =1 are absolute maximumvalues. y (i :32—1‘) =-1

are absolute minimum values.
35, y=|x*-1], -1$xS2.
y= 1-x" for-1<x<1 y'_{—-2x for—1<x<1}
x’—1 forl<x<?2 2x forl<xs?2
y'=0&-2x=0x=0.y"=-2<0=y(0)=1 is local maximum.
y' does not exist ifx=1.y(-1)=0, y(1)=0 are absolute minimum
values. y(2) =3 is absolute maximum.

37. (x-1)%20 & x®-2x+120ex*+122x. If x>0, then

x+lzz
X



