Solution 7

2. f(z) =sinz = f'(x)=cosx, s0 f(%) =

g
iy
—_
E1E]

) =% 3. Thus,

L@2)=f(5) +F(F)e-F) =3+3V3(z—F) =3V32+3 -5 V3n
6. glz)=yT+z=(14+2)"° = ¢&)=11+2)"% s0g(0)=1and 2
g'(0) = 3. Therefore, {T+a = g(z) = 9(0) +¢'(0)(z — 0) =1+ 1= ﬁ
So v/0.95 = {/1+ (—0.05) =~ 1 + 3(—0.05) = 0.983, -3.25 3
and {/T1=¢TF01~1+3(0.1)=1.03. L/g J
=1.5

24. To estimate e~%9?®_we’ll find the linearization of f(x) = e® ata = 0. Since f'(z) = %, f(0) = 1, and f'(0) = 1, we have
L(z) =1+ 1(z — 0) = = + 1. Thus, ® =z & + 1 when x isnear 0, so e **® =~ —0.015 + 1 = 0.985.
27. y = f(z) = tanz = dy = sec’ zdr. When = = 45° and dx = —1°,
dy = sec® 45°(—x/180) = (\.:’E)2 (—7/180) = —m /90, so tan 44° = F(44°) ~ f(45°) + dy = 1 — 7/90 == 0.965.
4. ) gla)=val+5 = ¢'(2)=v0=3 g(195) = g(2) +41(2)(1.95 —2) = —4 + 3(—0.05) = —4.15.
9(2.05) = g(2) + ¢/(2)(2.05 — 2) = —4 + 3(0.05) = —3.85.

(b) The formula g'(x) = /=2 + & shows that g'(z) is positive and increasing. This means that the slopes of the tangent lines
are positive and the tangents are getting steeper. So the tangent lines lie below the graph of g. Hence, the estimates in
part (a) are too small

5. Absolute maximum value is f(4) = 5; there is no absolute minimum value; local maximum values are f(4) = 5 and

f(6) = 4: local minimum values are f(2) = 2and f(1) = f(5) =3

6. There is no absolute maximum value; absolute mininum value is g(4) = 1; local maximum values are g(3) = 4 and

g(€) = 3; local minimum values are g(2) = 2 and g(4) = 1.

8. Absolute minimum at 1, absolute maximum at 5,

local maximum at 2, local minimum at 4
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_p—1 oy PP HH)—(p—1)(2p) p +4—-2p"+2p —p’+2p+4
36. h{p) = 214 = h (p) = {p2 _|_4}2 = (Pg _|_4:|2 - (pg +4)2
h'(p)=0 = p= L;—I—lﬁ' — 1+ +/5. The critical numbers are 1 = /5. [h’(p) exists for all real numbers ]

40. g(0) =46 —tand = g'(0) =4—sec’f. () =0 = sec’f=4 = secf=2%2 = cosf=x1 =
6 = I + 2nm, 5 + 2n7, &F 4 2nm, and 3F + 2n are critical numbers.

Note: The values of 8 that make ¢'(#) undefined are not in the domam of g.

80. f(zx) =z —Inz, [3,2]. f(z)=1—-2=221 f(z)=0 = =z=1 [Note thatO0 isnot in the domain of f ]

tal—

f(3) =3—-In3 =119 f(1) = L and f(2) =2 — In2 =~ 1.31. So f(2) = 2 — In2 is the absolute maximum value and

(1) = 1 is the absolute minimum value.
1. (a) f 1s increasing on (1,3) and (4, 6). (b) f is decreasing on (0, 1) and (3, 4).
(c) f is concave upward on (0, 2). (d) f is concave downward on (2, 4) and (4, €).
(e) The point of inflection is (2, 3).
8. (a) f is increasing on the intervals where f'(z) > 0, namely, (2,4) and (6, 9).
(b) f has a local maximum where it changes from increasing to decreasing, that is, where f’ changes from positive to negative
(at = = 4). Similarly, where f' changes from negative to positive, f has a local minimum (at = 2 and at x = €).
(c) When f' is increasing, its derivative "' is positive and hence_ f is concave upward. This happens on (1, 3), (5,7), and
(8,9). Similarly, f is concave downward when f* is decreasing—that is, on (0, 1), (3, 5), and (7, 8).
(d) F has inflection points at x = 1, 3, 5, 7, and 8§, since the direction of concavity changes at each of these values.
10. (a) f(x) =4a® + 32> —6zx+1 = f'(z) =122 +6x—6=6(22> + 2 —1) = 6(2x — 1)(z + 1). Thus,
fllz)>0 & z<—lorz>zandf(x) <0 & —1<az< 3 So fisincreasing on (—oo,—1) and {%,oc) and
f 1s decreasing on (—1, 1).
(b) f changes from increasing to decreasing at x = —1 and from decreasing to increasing at x = % Thus, f(—1) =€1isa
local maximum value and f {%} =— i is a local minimum value.

@© f'(x) =24c+6=6(4z+1). f'(z)>0 & =z>-tandf'(z)<0 = =z < —3% Thus, fisconcaveupward

on (—1, oo) and concave downward on (—oo, —2)- There is an inflection point at (—%_, f(—l—lt]} = (—%? 2).
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sinx

13. (a) f(z) =sinz+cosz, 0 <z <27 f'(z)=cosz—sinz=0 = cosz=sinz = 1=
cosx

tanz=1 = =z=7Z%or2f Thus, f'(z) >0 < cosz—sinz>0 & cosz>sinz & 0<z<Zor
E<cz<2rand f'(z) <0 & cosz <sinz & I <z < 2L Sofisincreasing on (0,%) and {%=2“) and f
is decreasing on (5, 2% ).

(b) f changes from increasing to decreasing at x = % and from decreasing to increasing at x = E'T“_ Thus, f (%) =+2isa
local maximum value and f(%"} — —+/2 is a local minimum value.

© f'(z) = —sinz —cosz =0 = —sinzx=cosx = tanz=-1 = x=‘r’ifor?ff_Divideﬂleinterml

(0, 27) into subintervals with these numbers as endpoints and complete a second derivative chart.

Interval f'lz)=—sinz —cosx Concavity
(0,3r) f'(3)=-1<0 downward
(3F.%F) fllm)=1>0 upward

(. 2n) F(EE) =3-3V3<0 downward

There are inflection points at (2,0) and (Z=,0).

30. (a) f(3) =2 = thepoint(3,2)isonthe graphof f. f/(3) =1 = the slope of

24
the tangent line at (3,2) is 3. f'(z) > O0forallz = f is increasing on R. /

0 3 x

f'(xz) < 0forallz = f is concave downward on . A possible graph for f m= %

15 shown.

(b) The tangent line at (3, 2) has equationy — 2 = %(m —3),ory = %a’: - %, and x-intercept —1. Since f is concave
downward on [, f 1s below the x-axis at x = —1, and hence changes sign at least once. Since f 1s increasing on K,
it changes sign at most once. Thus, it changes sign exactly once and there is one solution of the equation f(z) = 0.

() f" <0 = f isdecreasing Since f'(3) = 3, f'(2) must be greater than 3. so no, it is not possible that f'(2) = 3.
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32. (a) f is increasing where f is positive, on (1, €) and (8, o0), and decreasing where ' is negative, on (0, 1) and (€, 8).
(b) f has a local maximum where f' changes from positive to negative, at = = 6, and local minima where f' changes from
negative to positive, atx = l and at =z = 8.
(c) f is concave upward where ' is increasing, that 1s, on (0, 2), (3, 5), and (7, oc), and concave downward where f” is
decreasing, that is, on (2, 3) and (5, 7).
(d) There are points of inflection where f changes its (e) ¥y

direction of concavity, at z = 2, x = 3, x = 5 and

r=T.

4. (@) S(x)=x—sinz,0<z<4dr = S zr)=1—cosz. S'(z)=0 & cosz=1 < 2=0 2r and4dn
S'(x) >0 < coszx < 1, whichis true for all x except integer multiples of 2, so § is mcreasing on (0, 4r)
since 5'(2x) = 0.

(b) There 15 no local maximum or mininnumn. (d) 4 ;
(€) 8"(x) =sinz. §"(x) > 01f0 <z < wor2r <z < 3w, and §"(x) < 01f 3ar
m<x<2ror3mw <z < 4w S0 5is CUon (0, w) and (2w, 37), and § is CD 271
on (7, 2m) and (3w, 47). There are inflection points at (, ), (27, 27), and ™
(3, 3m). of = 27 37 4w x
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