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I ' y =  f  ( r ) : * t  + * :  r ( r ' + r )  A .  / i s a p o l y n o m i a l , s o D :  j R .
B.  r - in tercepr :0 ,  y - in tercept :  / (0)  :0  C.  f  (_r ) :  _ f  ( r ) ,so fis odd; the curve is symmetric about the origin. D. / is a porynomial, so
there is no asymptote. E. f 

'(r) : 3r2 + 1 > 0, so / is increasing on
(-*, *). R There is no critical number and hence, no rocar maximum
orminimum value. G, f" (*) :6r ) 0 on (0, oo) and f, ,(r) < 0 on
(-oo' 0) '  so / is cu on (0, -) and cD on (-oo,0). Since the concavirv
changes at r :0. there is an inflection point at (0,0).

2'  y = f(r) :  n3 * 6r2 + gr :  r(r+ 3), A. D : nR B. r_intercepts
are -3 and 0, g-intercept : 0 C. No symmetry D. No asymprote
E . f ' ( r ) : J r 2 * r 2 r f  9 : 3 ( z f  r ) ( r + 3 )  < 0  < +  _ 3 <  r { _ r ,
so / is decreasing on (-3, _1) ancl increasing on (_oo, _3) and (_1, oo).
E Local maximum value /(-3) : 0, local minimum value
/ ( - 1 )  - - 4  G . f " ( * ) : 6 r 1 _ I 2 : 6 ( r + 2 )  > 0  < +  r ) _ 2 ,
so /  is  CU on ( -2 ,  oo)  and CD on (_oo,  _2) . Ip  a t  (_2,  _2)

3 ' v = f ( r ) - 2 _  r b r - , 9 n 2  _  r z : - ( r -  z ) ( * ,  - T r + r )  A .  D : p  B .  g _ i n r e r c e p t :  / ( 0 )  : 2 ;
r-intercepts: f (,) :0 =+ r :2 or (by the quadratic formula) r - z-!-@ = 0.15, 6.g5C. No symmetry D. No asymptote

E. f ' (*)  :  -15 *  18r -  Jr2 -  _3 (r ,  _ 6r + b)
: - 3 ( r  _ 1 ) ( " _ 5 ) > 0  < +  1  < r < 5

so / is increasing on (1, 5) and decreasing on (_oo, 1) and (b, oo).
X, Local maximum value /(5) :2T,local minimum value /(f ) : _S
G .  f " ( r ) :  1 8 -  6 r  :  - ' G ( r - 3 )  >  0  < +  r  { J , s o . f i s C U o n
(-*,3) and CD on (3,  m).  Ip at  (S, ,  11)

L y = f ( n ) : 8 r 2  - t r 4 : r 2 ( A _ 1 2 )  
A .  D : l R .  B .  g _ i n t e r c e p t :  / ( 0 ) : 0 ;  r _ i n r e r c e p r s :  f ( r ) : O  = +

E, f '(") : 16r - 4,r3 : 4r(4 - rr) : 4r(2 + n)(2_ rr) > 0 <+
r (  -2 or 0 ( r {  2, so / is increasing on (_oo, _2) and (0,2) and
decreasing on (-2,0) and (2, -). R Local maximum value
/(t2) : 16, local minimum value /(0) : 0
G ,  f " ( * ) :  1 6 -  I 2 r 2  :  4 ( 4 _ J r 2 )  : g  + >  *  :  + h .

l " ( r )>o  <+  - f r . r< f r , so / i sCUon 
G* , f r )  ano

C D o n ( - o o . - 4 ) ,  ' /  '  \-  -  '  
\  , / i  )  

a n d  ( * , - ) .  I P  a t  ( * * .  +  )

H.

H.

(1/ r )  :  6 .

, W, so take

sr ly' such that

0  <  t  < l l N .  T h u s ,

rhenever0 < t < 6.

tive number l/ such that

L IN  < ,  <  0 .  Thus ,  f o r

l e n e v e r - 6 < t < 0 .

-oo means that for every

lever z < N. Now we

eed a negative number

< { @ - , r r h u s , w e

-  

" )  

:  -oo '

( 3 . 1 1 1

/ J  8 0 \
\ v 3 ' t /
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a  :  f@)  : 14  l 4 r3  :  r 3 (n++ )  A '  D  :R  B '  g - i n te r cep t :  H '

/(0) : 0; r-intercepts: /(r) : 0 e r : -4'o C' No symmetry

D. No asymptote E. f ' (") :  4r3 +72r2 :4r2(r + 3) > 0 <+

r ) - 3 , s o / i s i n c r e a s i n g o n ( - 3 , o o ) a n d d e c r e a s i n g o n ( - o o ' - 3 ) '

F. Local minimum value /(-35 : -27 ' no local maximum

G .  f " ( r )  :  L 2 r 2  + 2 4 r  : 7 2 r ( r + 2 )  < 0  e  - 2  < r  <  0 '

so / is CD on (-2, 0) and CU on (-oo, -2) and (0' m)'

IP a t  (0 ,0)  and ( -2 ,  -16)

6 . A :  f  @ ) :  r ( r - 1 2 ) 3  A .  D :  l R '  B '  E - i n t e r c e p t :  / ( 0 ) : 0 ;

r - i n t e r c e p t s : / ( r ) : g e r : - 2 , 0 C ' N o s y m m e t r y D ' N o a s y m p t o t e

E .  f ' ( r )  :  3 r ( r t z ) ' + ( r + 2 ) 3 : ( r t z ) 2  l S r * ( r *  2 ) l : ( n + 2 ) 2 ( 4 r - r 2 ) ' f ' ( " )  > 0  e  * >  - f , '

a n d f , ( " ) < 0 e r  - _  2 o t -  2 i - r : - - 1 , , o / i s i n c r e a s i n g o n ( - i ' - ) a n d d e c r e a s i n g o n ( - o o ' - 2 )

and (-,2,- * ) . tu"nce / is decreasing on (-oo, - 
* ) uv rhe analogue of Exercise 4'3 '53 for decreasing functions'l

F. Local minimum value /(-;)  :  -#'nolocal maximum H'

c. f  " (*) :  (r  t  2) '(4) -r (4r + 2)(2)(r + 2)

:2(n + 2) l ( r  + 2)(2)  - t  4r  *  2 l

:  2(n + 2)(6n+ 6)  :  I2( r  *  r ) ( r  + 2)

f , , ( r )  < 0  < +  - 2  <  r  I  - ! , s o  /  i s C D o n  ( - 2 , - I ) a n d C U o n

( - * ,  - 2 )  and  ( -1 ,  - ) '  lP  a t  ( - 2 ,0 )  and  ( -1 '  - 1 )

7 . A : f @ ) : 2 r 5 - 5 n 2 + 1  A . D : R '  B ' g - i n t e r c e p t :  / ( 0 ) : 1  C ' N o s y m m e t r y  D ' N o a s y m p t o t e

n .  f ' ( r ) : 1 0 r a -  l ; n : L ; r ( r s - 1 )  :  r 0 r ( r - r ) ( * ' * r * 1 ) ' s o / ' ( ' )  < 0  e  0 - - r  ( 1 a n d

f , ( " )>0  e  r  -0or r  )  1 '  Thus , / i s inc reas ingon ( - - ,0 )  and (1 , - )  anddecreas ingon (0 ,1 ) .

F. Local maximum value /(0) : l,local minimum value /(1) 
- -2 H'

G .  f " ( r ) : 4 0 1 3  
- 1 0 :  l l ( 4 r 3  - 1 )  s o  f " ( * ) : 0  e  r : L l Y 4 '

f , , ( r ) > 0  < )  r > I l { 4 a n d f " ( r ) < 0  e  r < l l  l ' / 4 '

so /  is  CD on (-oo, r lW) and CU on (r /  {+ '*) '

w u, (*,  r  -  - ,+-) = 1o'u'o'  -0'786)'  -  
\  v4 2 l i /4) '  /

8 .  a  :  f  @ )  : 2 t

-3r3 ("' - 4

the curve is sY

E .  f '  ( z )  : 6 t

0 < z . ' -2an<

by Exercise 4.

F. Local mini

value /(2) :

f " ( r ) > o

-'r/2 < r <

ano (0, rE),

(-t/2', -zs ̂

9 .  a  :  f  @ ) :

gt-intercePt =

tim _+
r + 1 - n - L

E. f 
' (*) :

on  ( -oo ,1 )

G.  f " ( r )=

on  ( -oo ,1 )

1 0 . s : r l @ -

C. No sYmr

E. f 
' (r) =

( - 1 ,  1 ) ,  so

F. Localm

G .  f " ( r ) ,

negative or

on (-oo, -

t -3 , -27 )
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8.A: f  (") :2013 - Jr5 A. D : IR B. E-intercepr /(0) :0; r_interceprs: f  (r) :0 <+
- 3 r 3 ( r 2  - ? )  : O  < +  r : 0 o r + 1 / f f i x t 2 . 5 8 2  C .  f ( - * ) : _ f ( r ) , s o / i s o d d ;

the curve is symmetric about the origin. D. No asymptote

E .  f ' ( r )  :  6012  -  t b ra  :  - IS r2 ( r ,  -  + )  :  - I b r2 ( r  +2 ) ( r_  2 ) ,  so  f , ( r )  >  0  <+  _2  < r  <  0o r

0 < r  < 2 a n d f ' ( r )  < 0  < +  r  <  - 2 o r r  >  2 .  T h u s , / i s i n c r e a s i n g o n  ( - 2 , 0 )  a n d ( 0 , 2 )  [ h e n c e  o n ( - 2 , 2 )
by Exercise 4.3.531and f is decreasing on (-oo, _2) and (2, oo).

R Local minimum value f (-2) : -64,local maximum H.

value f (2) :64 G. f"(r) : I20r - 6013 : -.60r(r, _ Z).

f " ( * )  >0  <+ r  <  -J2or0  < ,  <  r /2 ;  f , , ( * )  <0  <+

-J, < r I 0 or r ) t/2.Thus,/ is CUon (-m, -r/r)

and (0, t/2), ana / is CD on (-r/2,0) and (J2,*). rp at

( -yO, -28 f r )  =  ( - r .aL4, -Js .Ss8) ,  (0 ,0 ) ,  and ( r /z ,zAr /2 )
e  * >  - | ,

l n  ( -oo ,  -2 )

:easing functions.]

No asymPtote

. z ( 1 a n d

on  (0 ,1 ) .

9 . a =  f  ( r ) :  r l @  - r )  L .  D :  { n l n  t r } :  ( - o o , 1 )  u  ( 1 , o o )  B .

y-intercept : /(0) : 0 C. No symmetry D. 
,IL h: 

1, so g :

l iT * :  -oo.  l im 
r  

;  :  @, so u :  l  is  aVA.
r + l - r - - t  r - 1 f  I - I

f , .  ! t t - \  ( r - 1 ) - r  - 1
t r ' I  \ r ) :  ( z l b ,  

:  
1 * - t ' ,  

( 0 f o r n + I , s o / i s d e c r e a s i n g

on (-m, 1) and (1, -) . R No exrreme values

G . f " ( r ) : =
( r - 1 F  

> 0  < +  r l l , s o / i s C U o n ( 1 , o o )  a n d C D

on (-oo, 1). No IP

r-intercept : 0,

l i s a H A .

B. r-intercept : 0, gr-interce

H.

1 0 ,  y :  r l @  - t ) 2  A .  D :  { z  I  r  + r } :  ( _ o o , 1 ) u  ( 1 , o o )

C. No symmetry D. 
, I1;  C _F: 0,  so A :} is a HA.)Y'O=V: N, so , ,  :

E. f  
, ( r )  -  ( r  -  r )2 ( ! )  -  r (2)(r  -  r )  - r  -  j

(r - t7+ 
: 

G11f. 
This is negative on (-oo, -1) and (1, oo) and posirive on

(-1,1),so / (z)  is  decreasing on (-m, -1) and (1,  - )  and increasing on (-1,1).

E, Local minimum value /(-1) : -], no local maximum. H.

G. f , , ( * ) -  
( r  -  t )3( - t ) - r  ( r r f - r ) (s) ( r  -  r ) 'z  :2k J2\

@ _  9 a  @ -  f f '  
r h i s i s

negative on (-oo, -2), andpositive on (-2, 1) and (1, -). So / is CD

on ( -oo,  -2)  and CU on ( -2 ,1)  and (1 ,  m) .  Ip  a t  ( -2 ,  -$)

0

p t :  / ( 0 )  :  0



and (3, oo) . F. No extreme values

G. f" (r) :
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1 1 .  s :  f  ( r ) :  t l ( r 2  _  S )  A .  D :  { r l n l + 3 ) :  ( - o o ' - 3 )  u  ( - 3 ' 3 )  u  ( 3 ' o o )

B. g-intercept: /(0) : -*,no r-intercept c. f (-") : f (r) + / is even; the curve is symmetric about

the s-axis.  D. 
, I?;  ; - :  

0 '  so a : | is  a HA' 
, ' i?-  ; - :  

-oo'  
, l l? ; - :  

oo'

, i i -  ;=:  
oo'  

"11* 
; - :  

-oo'  so t r  :  3 and r  -  -3 are vA'

E. f' (r) : -ffu ' o <+ r 10 (r * -3)so / is increasing H'

on (-oo, -3) and (-3,0) and decreasing on (0,3) and (3' -) '

F .  Loca l  maximum va lue / (0)  :  - * '

G. a,, - 
-z(r'z - g)2 +-(24?!r'-g)(zr) - u(1'*^?J t o e

( r2  -  g)4  ( r2  -  9) "

1 2 > g  e  n ) 3  o r r ( - 3 , s o / i s C U o n ( - o o ' - 3 )  a n d ( 3 ' - )

and CD on ( -3 ,3) .  No IP

1 2 . s : f ( " ) : r l ( r 2 - 9 ) L . D : { r l r l + 3 } : ( - o o , - 3 ) u ( - 3 ' 3 ) u ( 3 ' o o ) B ' r - i n t e r c e p t : 0 '

g - i n r e r c e p t : / ( 0 ) : 0 . c . f ( - r ) : - f ( r ) , s o / i s o d d ; t h e c u r v e i s s y m m e t r i c a b o u t t h e o r i g i n '

, L n r
D. ,IT; ;- :  

0, so v -- 0 is a HA' 
, t i i l  i=: 

oo' 
,S- r 'z - g: 

-oo'

,11* ;-6: 
oo' 

,Ji- ;- n: 
-oo' so tr : 3 and r : -3 are vA'

.  (r2 - g) - n-(2r) 
:  -  

" 

* n..o 
< 0 (z + +J)so / is decreasing on (-oo, -3), (-3, 3),

E. f '(r) : :- 
*:;f- @2 _ s).

G .  f " ( r ) :  -

:

f " ( * )>o

(-e rA, o) a,

There are thre

1 4 .  y :  f ( * ) : ,

c.  f  ( - r ) :

i s a H A ; n o V

(0, -) and dt

G .  f " ( r ) :

:

s o / i s C U o t

There are tw(

15. E : f @) 
--

r : 7  C .  I

E. f 
'(r) --

f ' ( r )  < o

decreasing o

R No local I

G .  f " ( r ) :

/"(r) is neg

CD on (-oc

H . x

- z r ( r 2  + 2 ! )  
)  o  w h e n  - 3  <  r  - o o r r  )  3 ,

( r 2  _ g ) "

so / is CU on (-3,0) ancl (3'  oo), CD on (-oo, -3) and (0' 3) '

IP a t  (0 ,0)

1 3 . g : f ( * ) : r l @ 2 + 9 )  A . D : l R  B . g - i n t e r c e p t : / ( 0 )  : 0 ;  r - i n t e r c e p t :  f ( " ) : O  e  r : 0

c. f (-r) : - f (*),so / is odd and the curve is symmetric about the origin. D' 
,I?- l" l@' + 9) ] : 0' so

y--oisaHA; novA E.f1,)  :  
W:#&:gt#Pto 

e

- 3 < r 1 3 , s o / i s i n c r e a s i n g o n ( - 3 , 3 ) a n d d e c r e a s i n g o n ( - o o , - 3 ) a n d ( 3 ' - ) .

F. Local minimum value /(-3) : -fr' local maximum value /(3) : f
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G ,  f " ( r ) :
( r2  +s) ' ( -z r )  -  (g  -  r r )  .z ( r2  +g) (zr )

I t* '  + o1') '
( z r ) ( n 2  + g ) l -  ( r 2  + g )  - z ( g  -  r 2 ) )

(r2 + s)a

2r(r2 - 2T')- ( r t+gfr  :o <+ t r  :o '+\ /27:  +3v€

f " ( r )  > 0  < +  - Z J 5  <  r  < 0 o r r  >  Z y E , s o / i s C U o n

( - r . ,6 ,0 )  and (zJ \ ,oo) ,andcDon ( -oo ,  -J r /J )  and (0 ,3u€)

There are three inflecrion points: (0,0) and (+3 /5, ++rE)

14. y:  f  ( r ) :  12 f  ( r2 +S) A. D :  IR. B. g- intercept:  / (0)  :0;  r - inrercepr:  f  ( r )  :0 <+ r :0

c . f ( - r ) :  f  ( * ) , s o / i s e v e n a n d s y m m e t r i c a b o u t t h e g - a x i s .  D .  
, I T L  l " " l @ ,  + 9 ) ]  : 1 , s o 9 : 1

i s  a  HA:  no VA E.  f  
' ( r )  :

(r2 + g) (zr) - 12 (zr)

(r2 + s)2

(0, oo) and decreasing on (--,0). F, Local minimum value /(0) : 0; no local maxinrum

H.
is symmetric about

ntercept : 0,

origin.

) ,  ( - 3 , 3 ) ,

f : 0

1 2  + s ) ]  :  o ,  r o

0 < +

G .  f " ( r ) :

l8r

(r, + g\, 
> tJ <+ z ) 0, so ./ is increasing on

( r '  + g ) ' Q . q  -  r c r . 2 ( r '  + g )  . z r _  r s ( r r  + e ) l ( z r  + g )  -  4 * r l  1 8 ( e  -  3 2 2 )

l { r r *e ) ' l '  
: 1 " ' +q ' -

-s+(r + ttr) (r, - t[z), o <+ -utr < " < r/5( r2  + g \s

so / is cu on (-t /J, v€) ano CD on (-oo, -rh) and (v€, oo). H.

There are two inf lecrion poinrs: (+/5,+).

1 5 . y :  f ( r ) : +  A .  D : { r l r + 0 } :  ( - o o , 0 )  u ( 0 , o o )  B .  N o y - i n r e r c e p t ;  r - i n t e r c e p t :  J @ ) : 0'  
x,z

r :1  c .  No  symmet ry  D .  , I? -  + :  
0 .  so  a : | i s  a  HA.  ) t : r r# :  

-oo ,  so  r r :0  i s  a  vA .

E. f ' (r) :
1 2 . r - ( r - 1 )  . 2 r  _ - r 2 + 2 r  - ( " -  2 )

, s o / ' ( z )  > 0  < +  0 < r { 2 a n d
1 4  P 3( * ' ) '

f ' ( r )  <  0  <+ r  {0or  r  }  2 .  Thus,  /  is  increas ingon (0 ,2)  and

decreasing on (-oo,0) and (2, oo).

Fl, No local minimum, local maximum value f (2) : j.

G .  f , ,  ( r )  -  13 '  ( - t )  -  l - ( !  -  z ) l '  z r '  2 r3  -  6 ' ,  2 ( r  -  g )

T : - - - r n  
:  

* n '

f"  (*) is negative on (-oo,0) and (0,3) and posit ive on (3, oo), so / is

CD on ( - - ,0)  and (0 ,3)  and CU on (8 ,  oo) .  tp  a t  (3 ,  f r )

H.

\

(- , ,-*)

P'+) (,,;)
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n 2  - )

a :  f @ ) : - #  L .  D : { "  I  , * 0 } : ( - - , 0 )  u ( 0 ' o o )  B '  N o E - i n t e r c e p t ; r - i n t e r c e p t s :  / ( r ) : 0
&

e r : + \ / t C . f ( - r ) : f ( * ) , s o / i s e v e n ; t h e c u r v e i s s y m m e t r i c a b o u t t h e g r - a x i s '

r ' - 2  a  ^ i ^ ^ L  
- 2 - q

D .  , I T ;  
" *  

: 0 , s o  a : } i s a H A .  l r l r " T :  
- o o ' s o , ' : 0 i s a v A '

.n .rr__(f__2_(d) _ 
-2r5 + 8r3 - 

-z(r2-- +) - 
-2(r + 2)(r - 2) 

.
E. f , ( r )  : F : - - -F - -T  t r s

f ,(*) is negarive on (-2,0) and (2, -) and posit ive on (-oo, -2) and (0' 2) '  so / is decreasing on (-2'  0) and

(2, oo) and increasing on (-*, -2) and (0,2)' F Local maximum value /(f2) : *' no local minimum'

15  .  ( - 4n )  +  2 ( r2  -  4 )  .Sna
G. f" (r)

2r4l-2f  + 5(r2 -  +1) -  2Qr2 -  2o)

; r1o

H.

H.

( r2  + 3)3 ( r2  + 3)3

f 
, ,(") is negarive on (-oo, -1) and (1, 66) and posit ive on (-1,1), so / is CD on (-oo' -1) and (1' oo) and

C U  o n  ( - 1 , 1 ) .  r e  a t  ( + t ,  | )

f" (r)is positive on (--, -tE 
) 

uno (/+, oo) and negative on

( - rE ,o)  and (o ,uE) ' 'o / i scuon ( - * '  - l+  
)  ano

t 7 .s :  f ( * ) : * :V##-L - ;n  
A .  D : lR  B .  s - in te rcep t :  / (0 )  :0 ;  z - in te rcep ts :

f ( r ) : O e r : 0 C . f ( - ' ) : f ( * ) ' s o / i s e v e n ; t h e g r a p h i s s y m m e t r i c a b o u t t h e y - a x i s '

tr'
D ' ' I T " " r ' z + 3 : 1 ' s o 9 : l i s a H A ' N o v A ' E ' u s i n g t h e R e c i p r o c a l R u l e '

f ' ( * ) - - 3  ; ? * : d fu ' f ' ( r ) >0  
<+  r ) 0and f ' ( " )  <0  e  r r - } ' so / i sdec reas ing

t

on (-oo,0) and increasing on (0, oo). F. Local minimum value /(0) : 0' no local maximum'

( . r 2  + 3 ) 2 ' 6  - 6 r ' 2 ( r 2  + 3 ) ' 2 " r
G .  f " \ r )

- o(r2 + 3)llr2 ! ?) 
- a'r2)

( r 2  + 3 ) 4

6(3  -  3u2)  -18( r  +  1 ) ( r  -  1 )- \

18 .a  - -  
f  ( * ) :  t ,

g-intercePt :

?

Iim +
1 -  4 u  +

? r _ l  &  |

{
E .  f '  ( r )  : '

and (-1, oo)

12:
G. a"

72:
: -

(

s o / i s C U o r

IP at (0, -1)

1 9 . y : f ( " ) - -

r-intercePts:

E. f  
' ( r )  :

z  <  f  , s o J
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