e *., @a) fl)=z*—dr-1 = f(z)=42"-4= 4z} -1)=4(c-1)(a*+z+1).S0 f'(z) >0 «
| c-1>0 [4(z?+x+1)>0] & x> 1 Thus, fisincreasing on (1,00) and decreasing on (=00, 1).
(b) f changes from decreasing to increasing at its only critical number, z = 1. Thus, f(1) = —4 is a local minimum valuc.
©) fl(z) =42 -4 = f’(z) =122% f"(z) > 0forall z except z = 0. Thus, f is CU on (—o0,0) and (0, 0).

Moreover, since f’ is increasing on (—00, 00), f is CU on (=00, o0). There are no IPs.

z’ 2?2 + 3)(2z) — z%(2 6
‘) f(z) = 2 + 3 = [fl(a)= ( (a)r:(2 +)3)2 e) = @ _:3)2. The denominator is positive so the sign of [(r)

is determined by the sign of z. Thus, f'(z) >0 & z >0and f'(z) <0 < z <0.So f is increasing on (0. cc)

and f is decreasing on (—o0, 0).
(b) f changes from decreasing to increasing at z = 0. Thus, f(0) = 0 is a local minimum value.

(z? +3)%(6) — 6z - 2(2® + 3)(2z) _ 6(c® +3) [z° +3-42%] 6(3-32>) —18(z+1)(z—1)
[(z2 + 3)2)? (z2 +3)* (22 +3)8 (z2+3)3 )
f"(z)>0 & —-l<z<landf’(z)<0 & x<—lorx>1 Thus, fisCUon(—1,1)and CD on (—o0,—1)

© f'(x) =

and (1, 00). There are IPs at (£1, 1 ). -

3
@a) flz)=In(z*+27) = f'(2)= '_L_-:_h?—ﬁ f'(z) > 0ifz >0and f'(z) < 0ifz <0, so f is increasing on (U, 2¢)

and f is decreasing on (—00, 0).

(b) £(0) = In27 ~ 3.3 is a local minimum value.

) () = (z* +27)(1222) — 42%(4z%) _ 42°[3(* +27) — 4a] @ ,
© ()= (z* +27)? - (z* +27)? ‘
47’81 —a') _ —42’(® 4+ 9)(x +3)(z - 3)
(zt+27)2 (x4 +27)%
f"(z) >0if-3<z<0and0 <z < 3,and f'(zr) <0ifz < -3orz >3 A
Thus, f is CU on (—3,0) and (0, 3) [hence on (—3,3)] and f is CD on
=3 0 3 x

(—o00, —3) and (3, oc). There are IPs at (+3, In 108) ~ (£3,4.68).

‘(a)f(i)—H'CO%t o2r<tLor = f’(f)—l-—sint>0foralltand (d)

=0 whensint=1 < t= —3zor%,s0fis increasing on (— _or, ,270).

(b) No maximum or minimum ~ 70 = « '
2

() f'(t)y=—cost>0 <« te (_%’_%)U(%,%),sofisCU =

these intervals and CD on (=27, — 2), (-3 ). and (3, 2m).

There are IPs at (£3F x +37) and (+3, +3).

—‘— =-Z VAs.
@(a) lim xztanz = oo and lim ztanz =00,80Z and 2%{re '‘As

-7 /27 z——n/2%

e
(b) f(x):xtanz,—-;—<:c<%.f(:c)=xsec2x+tan:c>0 & (e)

L4
0 < z < %, so f increases on (0, %) and decreases on (-%,0).

(c) f(0) = 0is alocal minimum value.

ec? _z d
(d) [ (z) = 2sec’ z + 2z tan T sec z>0for—5<z<73,

so fisCUon (-3,%). NolP



a) [ is periodic with period 7, so we consider only —% < z < Z. Jl:i_r}})ln (tan’z) = —o0, lim In(tan’z) = oo,

z—(7w/2)~
and lim In(tan®z) = co,s0z =0,z = +J are VAs.
z—(-m/2)*
(b) f(z) = In(tan’z) = f'(z) dtans sec’ 3 .‘ZSEC2JC >0 & tanz>0 & 0<z<Z sofi
= : = = : T < Z, is
: tan? tanz 2

increasing on (0, ¥ ) and decreasing on (—7,0).
(c) No maximum or minimum (e)

iy 2 4 w, y _ —8cos2x
@) f'(z) = sinz cosz  sin2z = Fe)= sin? 2z <0 =

cos2z >0 & -5 <z<Z,s0fisCDon(—-%,0)and(0,%),

and CUon (—%,—7%) and (§,%). There are IPs at (+3,0).
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@y = f(z) = Va/(x-5) A D={z|z/(z- 5) 2 0} = (—00,0] U (5,00). B. Intercepts are 0.

C. Nosymmetry D. lim T = 1 __ _ 3 : T
ymmey D e\ =5 T MU\ Tog7z = Lsoy=1isaHA. m‘f;hv’it'_—g:oo,soz:

; / 1/ = \7'? _(-5)
7 Y 2 ¢ — ) )
isaVA. E. f'(x) = 7 (.L = 5) o) =—3[z(z - 5)°] W2 £0,50 [ is decreasing on (—o0, 0) and (5,00).
E. Noextreme values G. f”(x) = %[J,. (z — 5)3]'3/2(1 - 5)2(4z — 5) >0 H. y ;
forz > 5,and f”(z) < 0forz < 0,so0 fis CU on (5,00) and y=1
CDon (—00,0). NolP 0 =
:x=5 '
1 . . . sinz .
@‘y:f(z):sin;v—tanz A.D={z c#(2n+1)]} B.y=0 <« smm:tanm:coqz & sinz =0
orcost =1 <& 1z = nr (z-intercepts), y-intercept = f(0) =0 C. f(-2) = —f(x), so the curve is symmetric
about (0, 0). Also periodic with period 27 D. l(im )’ (sinz — tanz) = —oo and l(m;l )+(sinm —tanz) = o0, s0
z—(m/2)~ x—(m/2

T =nm + § are VAs. E. f'(c) = cosx — sec? z < 0, so f decreases on each interval in its domain, that is,

y

on((2n—1)%,(2n+1)%). F No extreme values H.
G. f"(2) = —sinz — 2 sec’ xtanx = —sinx (1 + 2sec® ). Note that
1+ 2sec®z # Osincesec®z # —3.  f"(z) >0for—% <z < 0and

<z <2msofisCUon ((n- 3)m nr)andCDon (nm, (n+ 3)m).

f has IPs at (n,0). Note also that f'(0) = 0, but f'(7) = —2.

SECTION4.4 CURVE SKETCHING O 213

@y_—' )=t =2l i;l - .,
f(z) = tan (r+ 1) A-D={z|z# -1} B. z-intercept=1, y-intercept = £(0) '

= tan‘l(_l) =~z

C. No symmetry D. lim tan~! (z — 1) = lim tan'l(l—ﬂ> =tan"'1=

zT—too z+1 P o ) 1+1/z =1%0y=2ZisaHA
Also, lim tan~! z-1) _ _r . 1fT—-1
z——1+ . z+1) 2andIl|£ri_tan l(r—;—l):g'
E. f(z) = - : (2+1)= (= 1)
+{e-1)/(z+ D)2 (z+1)2 H. yI

2 1 \ 2
= >0 __/ T2 v=§

—(I+1)2+(I—1)2 z2+1-° mm =3

. _ 0 '
S0 f is increasing on (~co, —1)and (-1,00). F. No extreme values = ﬁﬁjl—z(f.—}
* 74

G. f"(z) = —2z/(z® + 1)2 >0 & z<0,50fis CU on ( o/]._g

—00,—1) and
(=1,0), and CD on (0, 00). 1P at (0,-12)



