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6-1  Free Response Homework 
 
Find the critical values. 
 
1. Answer:    

 
  

 

3. Answer:     

  

  

 
5. Answer:  
 

 

 

 
7. Answer:  
 
i)  

  

  
    

9. Answer:  

i)  

  

 

  x = −2

  y = x2 + 4x − 3

  y′ = 2x + 4 = 0

  
x = −1,  

2
3

  y = 2x3 + x2 − 4x + 8

  

y′ = 6x2 + 2x − 4 = 0
3x2 + x − 2 = 0
3x − 2( ) x +1( ) = 0

  x = −4, 2

  y = x5 + 5x4 − 5x3 − 35x2 − 40x −1

  

y′ = 5x4 + 20x3 −15x2 − 70x − 40 = 0
x4 + 4x3 − 3x2 −14x − 8 = 0

x − 2( ) x +1( )2
x + 4( ) = 0

 x = 0,  ± 4

y = x4 − 32x2 +12
dy
dx = 4x

3 − 64x = 4x x2 −16( ) = 0
 x = 0,  ± 4

  
x = −3, − 5

3, 1

  y = x3 + x2 −5x−3
dy
dx = 3x

2 + 2x− 5 = 0

x = −2 ± 22 − 4 3( ) −5( )
2 3( ) =1, − 5

3
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iii) Endpoints of the given domain are also critical values, so   

  

 
11. Answer:  
 

 

i)  

  
  
iii) Endpoints of the given domain are also critical values, so  
 
 

13. Answer:  

 
i)  

 

   

 
15. Answer:  
 
i)   
  

, but  is not in the domain. 
iii) Endpoints of the given domain are also critical values, so  
 
  
 
 

  
x = −3, − 5

3, 1

 x = −3,  0,  ± 2,  5

y = −3x4 + 24x2 + 5
dy
dx = −12x

4 + 48x = −12x x+ 4( ) = 0
x = 0, ± 2

x = −3, 5

 

2
54

,  −5.120
⎛

⎝⎜
⎞

⎠⎟
,  −2

54
,  29.120

⎛

⎝⎜
⎞

⎠⎟

  y = x5 −16x+12

  

dy
dx

= 5x4 −16 = 0→ x = ± 2
54

  
y 2

54

⎛

⎝⎜
⎞

⎠⎟
= −5.120

  
y − 2

54

⎛

⎝⎜
⎞

⎠⎟
= 29.120

 
−1, −17( ),  0, −12( ),

 
3, − 21( ), 2, − 20( )

  y = x4 −6x2 −12

  y = 4x3 −12x = 4x x−3( ) = 0

  x = 0, ± 3   x = − 3
x = −1, 2

  
y −1( ) = −17, y 0( ) = −12, y 3( ) = −21, y 2( ) = −20
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17. 
 

 

 

 
 

 
19.  
 

The degree is odd, therefore the range is All Reals. 
 
6-1 Multiple Choice Homework 
 
1. Answer: C 
 

 

 

 
 
3.  Answer: A 
 

  
y∈ −53

4 , ∞⎡

⎣
⎢

⎞
⎠⎟

  

y = x2 +5x−7
dy
dx

= 2x+5= 0→ x = − 5
2

  
→ range : y∈ −53

4 , ∞⎡

⎣
⎢

⎞
⎠⎟

  y∈ −∞,  ∞( )

f x( ) = x 3 − 9x2 + 24x + 4

f ′ x( ) = 3x2 − 18x + 24 = 0

3x2 − 18x + 24
3

=
0
3

x2 − 6x + 8 = 0

x − 2( ) x − 4( ) = 0
x = 2, 4

f ′ x( )
x   2          4     

← →⎯⎯⎯⎯⎯⎯⎯
 +    0    −     0  +

                      max         min

  
y − 5

2
⎛
⎝⎜

⎞
⎠⎟
= −53

4
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5. Answer: D 
 

 

 

6-2 Free Response Homework 
 
1. Answer:  

 is increasing where  is positive 
 
3a. Maximum point because the signs of  change from + to - 

3b. Neither because the sign of  does not change 

 

5. Answer:  

 is increasing where  is positive 
 
7. Answer:  

   

f x( ) = 3x 3 + 5x2 − 3x
f ′ x( ) = 9x2 + 10x − 3 = 0

x =
−10 ± 102 − 4 9( ) −3( )

2 9( )
= −1.357

  0.245

⎧
⎨
⎩

f ′ x( )
x   −1.357    .245    

← →⎯⎯⎯⎯⎯⎯⎯⎯
 +    0    −     0  +

                             max         min
f −1.357( ) = 5.779

y 8( ) = 256

y′ =
3
2
x2

y′ 8( ) = 3
2
8( )2 = 96

y − 256 = 96 x − 8( )

  
x ∈ −3, 0( )∪ 3, ∞( )

 
F x( )  

F ′ x( )

 
dH

dx

 
dH

dx

  
x ∈ −∞, −3( )∪ −3, 

2
3

⎛
⎝⎜

⎞
⎠⎟

 
G x( )  

G′ x( )

  
x ∈ −∞, 0.131( )∪ 2.535, ∞( )

  y′ = 3x − 8x +1= 0
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 is increasing where  is positive, so  
 

9. Answer:   

   
   

 

 
 

 is increasing where  is positive 
 
 
11. Answer:  
   

   

 

 
 

 is decreasing where  is negative 
 
13. Answer:   

 

 

x =
8 ± 82 − 4 3( ) 1( )

2 3( )
= 0.131

2.535

⎧
⎨
⎩

y′ x( )
x   − .131          2.535     

← →⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
 +    0      −        0  +

y y′

  
x ∈ −∞, 1( )∪ 11

3
, ∞

⎛
⎝⎜

⎞
⎠⎟

  y = 3x −14x +11= 0

  
y = 3x −11( ) x −1( ) = 0

y′ x( )
x      1              11

3
     

← →⎯⎯⎯⎯⎯⎯⎯⎯⎯
 +    0      −        0  +

y y′

  
x ∈ −∞, −0.797( )∪ 1.464, ∞( )

  y = −6x2 + 4x + 7 = 0

x =
−4 ± 42 − 4 −6( ) 7( )

2 −6( )
= −0.797

1.464

⎧
⎨
⎩

f ′ x( )
x   − .797          1.464     

← →⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
 −    0      +        0  −

y y′

  
x ∈ −∞, −0.236( )∪ 3, 4.236( )

  y = x3 − 7x2 +11x + 3 = 0

  

y '
x     − .236        3        4.236    

← →⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
    −   0    +    0     −    0   + 
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 is decreasing where  is negative 
 
 
15. Answer: Max pt. @ ;  Min pt. @     

   

 

 
 
 

17. Answer: Max pt. @ ;  Min pt. @  

 
   

   

 

 
 
 
19. Answer: Max pt. @ ;  Min pt. @  
   

   

 

 
 
 
 
21. Answer: Max pt. @ ;  Min pt. @   

 

y y′

  x = 0.131   x = 2.535
  y′ = 3x − 8x +1= 0

x =
8 ± 82 − 4 3( ) 1( )

2 3( )
= 0.131

2.535

⎧
⎨
⎩

y′ x( )
x   − .131          2.535     

← →⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
 +    0      −        0  +

  x =1
  
x = 11

3

  y = 3x −14x +11= 0

  
y = 3x −11( ) x −1( ) = 0

y′ x( )
x      1              11

3
     

← →⎯⎯⎯⎯⎯⎯⎯⎯⎯
 +    0      −        0  +

  x = 1.464   x = −0.797

  y = −6x2 + 4x + 7 = 0

x =
−4 ± 42 − 4 −6( ) 7( )

2 −6( )
= −0.797

1.464

⎧
⎨
⎩

f ′ x( )
x   − .797          1.464     

← →⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
 −    0      +        0  −

  x = 3   x = −0.236, 4.236

  y = x3 − 7x2 +11x + 3 = 0
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23a) Answer:  
 

 

 

    
 
23b) Answer:  
 

 

 
 
23c) Answer: No maximum acceleration 

 

 

25.   

 

i.  

 

iii.  

So,  

 
27.   

  

y '
x     − .236        3        4.236    

← →⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
    −   0    +    0     −    0   + 

  t = 0

x′ t( ) = 6t 3 − 42t 2 + 60 = 0
t 2 − 7t +10 = 0
t − 2( ) t − 5( ) = 0
t = 2, 5

x 0( ) = 4, x 2( ) = 56, x 5( ) = 29

v 3.5( ) = −13.5

v t( ) = t 2 − 7t +10
v′ t( ) = 2t − 7 = 0
t = 3.5
v 3.5( ) = −13.5

a t( ) = 2t − 7
a′ t( ) = 2 ≠ 0

  
x = −3, − 5

3,1

  

dy
dx

= 3x2 + 2x−5= 0

  

3x+5( ) x−1( ) = 0

x = −5
3,1

  x = −3,1

  
x = −3, − 5

3,1

  x = −3, 0, ± 2, 5
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i.  

 

iii.  
So,  

 
29.     

i.  

 

 is not in the given domain. 
iii.  
 

So,  
 
 
31.  on   

i.  

 

 is not an extreme because it is a bouncer. 
And  is not included in the domain. 

iii.   
So,  

 
 
6-2 Multiple Choice Homework 
 
1. Answer: B  
 

 

  

dy
dx

= −12x3 + 48x = 0

  

−12x x2 − 4( ) = 0
x = 0, ± 2
  x = −3, 5

  x = −3, 0, ± 2, 5

  x = −1, 0, 3, 2

  

dy
dx

= 4x3 −12x = 0

  

4x x2 −3( ) = 0

x = 0, ± 3

  x = − 3
  x = −1, 2

  x = −1, 0, 3, 2

  x = −1, 2   
x∈ −1, 2⎡⎣ ⎤⎦

  

dy
dx

= 4x3 −12x2 = 0

  

4x2 x−3( ) = 0
x = 0, 3
  x = 0

  x = 3
  x = −1, 2

  x = −1, 2

w ! " 2,  " 1( ) # 3,  $( )
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!  is increasing where  is positive. 
 
3. Answer: C 
 

  

 
5. Answer: A  
 

 

 
Decreasing interval is where  is negative. 

 
 
6-3 Free Response Homework 
 
Solve these problems algebraically. 
 
1a. Answer: $100 
Average cost =         

 
1b. Answer: $80 

 
    

c. Answer: 500 machine 

  
 
3. Answer: $140,000 

h!
w       " 2    !  " 1     !!     0          3   

# $% % % % % % % % % % % % %
 !!!"      0     +      0     "   !! 0     "     0  +

!h

f x( ) = x4 ! 2x2 ! 8

= x2 ! 4( ) x2 + 2( ) = 0

x = ±2

f ! x( ) = 4x3 " 4x

= 4x x2 " 1( ) = 0

x = 0,!±1

  
f x( ) = 2! 3x! x2 + 1

3
x3 " f #x( ) = 3! 2x+ x2 = x! 3( ) x+1( ) = 0

f ! x( )
x   " 1           3    

# $% % % % % % % %
 !!+  0   "   !! 0  +

 
f ! x( )

 

c x( )
x   

c 100( )
100

=
2000+100 100( ) ! 0.1 100( )2

100
= 110

  

dc
dx

= 100! .2x
  

dc
dx x=100

= 100! .2 100( ) = 80

  

dc
dx

= 100! .2x = 0   x = 500
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5. Answer: 2 in x 2 in 
 

 

 
 

 

 
 
7a. Answer: Moon: ,   
 

   

 
7b. Answer: Earth: ,  
 

   

9. Answer:  

  
P x( ) = ! x2

1000
+24x! 4000

  
P! x( ) = " x

500
+24= 0

  

24= x
500

x =12,000

  

P!
x     12000       

" #$ $ $ $ $ $ $
  +    0     %    

  
P 12,000( ) =140,000

  

V = 12! 2x( ) 12! 2x( )x

= 144x ! 48x2 + 4x3

  V! = 144" 96x +12x2 = 0

  

12! 8x + x2 = 0

x ! 2( ) x ! 6( ) = 0

V! x( )
x   !! 2   !   !!!!!! 6     

" #$ $ $ $ $ $ $ $
 +    0   !! % !!! !! 0  +

  t = 320 sec   h = 66,560 feet

  

s= 832t ! 2.6t2 = 0

t = 0, 320

  

s! = 832" 5.2t = 0

t = 160

s 160( ) = 66560

  t = 52 sec   h = 10,816 feet

  

s= 832t ! 16t2 = 0

t = 0, 52

  

s! = 832" 32t = 0

t = 26

s 26( ) = 10816

  
x =

1

3
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11. Answer: 40 ft x 80 ft 
 

 
 

 
 
11. Answer: ,  
 

 

  

  
 

13. Answer:  

 

 

 

 

 
 

  

D = x ! x3

D" = 1! 3x2 = 0

  

A = bh= 160! 2h( )h = 160h ! 2h2

A" = 160! 4h = 0

  

h = 40

b = 80

  x = 2.800 ft, y = 2.800 ft   A = 28.005 ft2

  ! x + 2x + 2y = 20

  

A = 2x 10! x !
"

2
x

#
$%

&
'(

+
"

2
x2

= 20x ! 2x2 ! " x2 +
"

2
x2

  A! = 20" 4x " 2# x + # x = 0

  
x =

4

3
! A = 49.267

  

A= 2xy = 2x 16! x2( ) = 32x ! 2x3

dA
dx

= 32! 6x2 = 0" x = ±
16
3

=
4

3
= 2.309

  

P!
x     2.309       

" #$ $ $ $ $ $
  +    0     %    

  ! x = 2.309is max

  
A

4

3

!

"#
$

%&
' = 49.267
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15.  

  

 

    

 
17. Answer: 

 

   
 

 

 
 

 

  
 
 
19. Answer: 195.959 

 
and 

  

 

 

 

R= M 2 15!
1
3

M
"

#$
%

&'
=15M 2 !

1
3

M 3

dR
dM

= 30M ! M 2 = M 30! M( ) = 0" M = 0, 30

R!
M   0          30     

" #$ $ $ $ $ $ $ $ $
%   0    +    0  %

M = 30

  V = 100.925 in3

  V = πr 2h
  
SA = 120 = 2πr 2 + 2πrh→ h = 120− 2πr 2

2πr
⎛
⎝⎜

⎞
⎠⎟

  
V = πr 2h = πr 2 60−πr 2

πr
⎛
⎝⎜

⎞
⎠⎟
= 0→ 60r −πr3

  
dV
dr

= 60− 3πr 2 = 0→ r = ± 20
π

= ±2.523

V ′ r( )
r   − 2.523          2.523     ← →⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

 −    0    +      0  −
  ∴x = 2.523 is max

  V 2.523( ) = 60 2.523( )−π 2.523( )3
= 100.925

  F = 2b+ 4h
  
A= bh =1200→ h = 1200

b

  
F = 2b+ 4 1200

b
⎛
⎝⎜

⎞
⎠⎟
= 2w+ 4800w−1

  

F ′ = 2− 4800w−2 = 0→ 2 = 4800
w2

w2 = 2400→ w= ±48.990
V ′ r( )
r   − 48.99          48.99     ← →⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

 −    0    +      0  −
  ∴x = 48.990 is max
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21. Answer:  

 
and 

  

 

 

 
 
23a. Answer: Max at ;  min at 

 
i. 

 

   but 60.976 is not in the domain. 

 
19.024 is at the max. 
 
iii. Domain is , so  are critical values and are at the 
minimums. 

  
 
23b. Answer: 4945 
19.024 is at the only maximum, therefore, N(19.024) is the absolute maximum 

 

  
F 48.990( ) =195.959

  
F 6.831( ) = 81.976

  F = 6w+7h
  
A= 2w 2h( ) = 4wh=160! h= 40

w

  
F = 6w+7 40

w
!
"#

$
%&

= 6w+280w' 1

  

F! = 6" 280w" 2 = 0# 6= 280
w2

w2 = 280
6

# w= ±6.831

  
F 6.831( ) = 81.976

  t = 19.024   t = 0, 48

  
N t( ) = 1

6
t3 ! 20t2 +580t +1

  

N! t( ) = 1
2

t3 " 40t2 +580= 0

t =
40± 402 " 4 1

2( ) 580( )
2 1

2( )
=19.024, 60.976

N! t( )
t   19.024   !   !! 60.976     

" #$ $ $ $ $ $ $ $ $ $ $ $
 %   0    +  ! ! 0  %

  
t ! 0,48"# $%   t = 0, 48

  
N 19.024( ) = 1

6
19.024( )3−20 19.024( )2 +58019.024( )+1= 4945



 133 

 
23c. Answer:  
See the sign pattern of  

 
above.

   
 
6-3 Multiple Choice Homework 
 
1. Answer: B 

 

 
3. Answer: C 
The piece of wire is cut into lengths of  and .  The sides of the square are 

 and the sides of the triangle are .   

   

 
 

 
5. Answer: E 

 

 
, , ,  

 
 
 
  

  t = 0, 19.024⎡⎣ ⎤⎦

 
N ′ t( )

P = x 144 − x( ) = 144x − x2
P′ t( ) = 144 − 2x = 0
x = 72

x 10 − x

s =
x

4
10 − x
3

A =
x

4
⎛
⎝⎜

⎞
⎠⎟
2

+
3
4

10 − x( )2

A′ =
x

8
−

3
2

10 − x( ) = 0
x = 4.35

g′ x( ) = 3x2 − 6x = 0
3x x − 2( ) = 0
x = 0, 2
g −1( ) = −3 g 0( ) = 1 g 2( ) = ! 3 g 4( ) = 17
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6-4 Free Response Homework 
 
1.      
Domain:  
Zeros:  

 
 

"-int:   
 

EB: Both ends up  
The right end goes up because the degree term is positive.  The left does the same 
as the right because the degree is even. 
Extreme Point:  

 

 
Range:    
The curve opens up from the extreme point. 
 

 
 
 
3.    
Domain:   
Zeros:   

  
f x( ) = x2 + 4x −12

  x ∈All Reals

  
f x( ) = x2 + 4x −12

  
= x + 6( ) x − 2( )
 −6,  0( ) ,  2,  0( )
  
f 0( ) = 02 + 4 0( ) −12

 0,  –12( )

  
f ′ x( ) = 2x + 4 = 0

  

x = −2
f 2( ) = −16

 ! 2,  Ð16( )
  
y ! " 16, #$% )

!7 !6 !5 !4 !3 !2 !1 1 2 3 4 5

!16

!15

!14

!13

!12

!11

!10

!9

!8

!7

!6

!5

!4

!3

!2

!1

1

2

3

4

!

"

  
h x( ) = x3 + x2 ! 7x ! 15

  x ∈All Reals

  
h x( ) = x3 + x2 ! 7x ! 15
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"-int:   
 

EB:  Right end up; left end down 
Right end up because the degree term is positive; Left end down because the 
degree is odd 
Range:  
Extreme Points:  

 

 

 

 
 
5.      
Domain:   Range:  
 
Zeros:    "-int: , so  

EB:  Right end up; left end down 
Right end up because the degree term is positive; Left end down because the 
degree is odd 

Extreme Points: ,
 

 

  
h x( ) = x ! 3( ) x2 + 4x + 5( )
 3,  0( )
  
f 0( ) = 03 + 02 − 7 0( ) −15

 0,  –15( )

  y ∈All Reals

 1.230,  –6.738( ) ,  ! 1.897,  17.854( )
  
h x( ) = 3x2 + 2x ! 7

x =
! 2 ± 22 ! 4 3( ) ! 7( )

2 3( )
=

1.230

! 1.897

"
#
$

!4 !3 !2 !1 1 2 3 4 5

!24

!21

!18

!15

!12

!9

!6

!3

3

!

"

  y = x5 ! 3x3

  x ∈All Reals   y ∈All Reals

 
± 3, 0( ), 0, 0( )   

y = 05 ! 3 0( )3

 0,  0( )

 

3

5
, ! 2.898

"

#$
%

&'  

! 3

5
, 2.898

"

#$
%

&'

  
y! = 5x4 " 9x2 = x2 5x2 " 9( ) = 0
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7.    
Domain:   
Zeros:  

 
"-int:  
EB: Left end down; right end up 
Right end up because the degree term is positive; Left end down because the 
degree is odd 
Range:  
Extreme Points:   
 

 

 

  
x = 0, ±

3

5

!2 !1 1 2 3

!5

!4

!3

!2

!1

1

2

3

4

5

!

"

  y = x3 ! 7x2 +11x + 3

  x ∈All Reals

  
y = x ! 3( ) x2 ! 4x ! 1( )

 ! 3,  0( ),  ! 0.236,  0( ),  4.236,  0( )
 0,  3( )

  y ∈All Reals

 3.667,  –1.481( ) ,  1,  8( )

  

y! = 3x2 " 14x +11

y! = 3x " 11( ) x " 1( ) = 0

x =
11
3

, 1
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9.    
Domain:  
Zeros: 

 

 

"-int:   
 

EB: Both ends down 
The right end goes down because the degree term is negative.  The left does the 
same as the right because the degree is even. 
Extreme Points: ,  

 

Range:  
 

 

!4 !3 !2 !1 1 2 3 4 5 6 7 8

!5

!4

!3

!2

!1

1

2

3

4

5

6

7

8

9

10

!

"

  
P x( ) = ! x4 + 8x2 ! 12

  x ∈All Reals

 
± 2, 0( ),  ± 6, 0( )

  

P x( ) = ! x4 + 8x2 ! 12

= ! x2 ! 2( ) x2 ! 6( ) = 0

 0,  Ð12( )

  
P x( ) = ! 04 + 8 0( )2

! 12

 0,  Ð12( )  
±2, 4( )

  

P! x( ) = " 4x3 +16x

= " 4x x2 " 4( ) = 0

x = 0, ±2

  
y ! " # , 4( $%

!4 !3 !2 !1 1 2 3 4

!20

!15

!10

!5

5

!

"
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11.  
Domain:  
Zeros:  

   

  
"-int:  

 
EB: Both ends up 
The right end goes up because the degree term is positive.  The left does the same 
as the right because the degree is even. 
Extreme Points:  

 

Range:  
The curve opens up from the extreme point 
 

 
    
13.    
Domain:  
Zeros:   

  
f x( ) = x4 + 4x3 −12x2 − 32x

  x ∈All Reals

  
f x( ) = x4 + 4x3 −12x2 − 32x

  

f x( ) = x x3 + 4x2 −12x − 32( )
= x x + 2( ) x2 + 2x −16( )

x = 0, −2, 3.123, −5.123

 0,  0( ) ,  −2,  0( ) ,  3.123,  0( ) ,  −5.123,  0( )
 0,  0( )

  
f 0( ) = 04 + 4 0( )3

−12 0( )2
− 32 0( ) = 0

 −4,  –64( ) ,  −1,  17( ) ,  2,  –64( )

  

f x( ) = 4x3 −12x2 − 24x − 32

= x + 4( ) x +1( ) x − 2( )
x = −4, −1, 2

  
y ∈ −64,  ∞⎡⎣ )

-5 -4 -3 -2 -1 1 2 3 4 5 6

-80

-70

-60

-50

-40

-30

-20

-10

10

20

x

y

  
F x( ) = 4 + 3x2 ! x4

  x ∈All Reals

 2,  0( ),  ! 2,  0( )
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"-int:  
 

EB: Both ends down 
The right end goes down because the degree term is negative.  The left does the 
same as the right because the degree is even. 
Extreme Points: ,  

 

Range:  
The curve opens down from the extreme point 
 

 
 
15.    
Domain:  

Zeros:  
 

 

"-int:  

  

F x( ) = 4 ! x2( ) 1+ x2( )
x = ±2

 0,  4( )

  
F 0( ) = 4+ 3 0( )2

! 0( )4
= 4

 0,  4( )  
±1.225, 6.25( )

  

F ′ x( ) = 6x − 4x3

= 2x 3− 2x2( ) = 0

x = 0, ± 1.5

  
y ∈ −∞,  6.25( ⎤⎦

-5 -4 -3 -2 -1 1 2 3 4

-9

-6

-3

3

6

9

x

y

  y = −3x3 + 2x2 +147x − 98

  x ∈All Reals

 
±7,  0( ),  2

3
,  0

⎛
⎝⎜

⎞
⎠⎟

  

y = −3x3 + 2x2 +147x − 98
= −x2 3x − 2( ) + 49 3x − 2( )
= 49 − x2( ) 3x − 2( )

x = ±7, 
2
3

 0,  − 98( )
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EB: Left end up; right end down 
Right end down because the degree term is negative; left end opposite the right 
because the degree is odd 
Range:  
Extreme Points:  

 

 

 
 
 
17.  Domain: Given as     

Zeros:  Found by Calculator   

"-int:  

 
 

EB: None, because of the given domain    

Extreme Points: 
 

i.  

 

iii.  

  
y 0( ) = ! 303 + 2 0( )2

+147 0( ) ! 98= ! 98

  y ∈All Reals

 4.270,  332.592( ), ! 3.825,  ! 463.127( )
  y! = " 9x2 + 4x +147= 0

x =
! 4 ± 42 ! 4 ! 9( ) 147( )

2 ! 9( )
=

4.270

! 3.825

"
#
$

!9 !8 !7 !6 !5 !4 !3 !2 !1 1 2 3 4 5 6 7 8 9 10

!500

!400

!300

!200

!100

100

200

300

400

!

"

  
x∈ −3, 1⎡⎣ ⎤⎦

 
−2.514, 0( ), −0.592, 0( )

 0,  − 3( )
  y 0( ) = 0( )3 + 0( )2 −5 0( )−3= −3

 
−3,−6( ), − 5

3
,3.481

⎛
⎝⎜

⎞
⎠⎟

, 1, − 6( )

  

dy
dx

= 3x2 + 2x−5= 0

  

3x+5( ) x−1( ) = 0

x = −5
3,1

  x = −3,1
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So the critical values are 
 

Plugging each critical value into the#"-equation, the extreme points are 

 

 
Range:  

From the extreme points, min = -6, and max = 3.481. 

 
 

 

19. Domain: Given as     
Zeros:   

  

 But these are not in the domain,, so there are no zeros. 

"-int:   

 
EB: none, because of the given domain    
Extreme Points: , , ,  

i.  

  
x = −3, − 5

3,1

 
−3,−6( ), − 5

3
,3.481

⎛
⎝⎜

⎞
⎠⎟

, 1, − 6( )

  y∈ −6, 3.481⎡⎣ ⎤⎦

4

2

–2

–4

–6

–8

–2

 x∈ −3,  5[ ]
 
±2.864, 0( )
−3x4 + 24x2 + 5 = 0

x2 = −24 ± 242 − 4 −3( ) 5( )
2 −3( ) = −.203 or 8.203

x = ± 8.203 = ±2.864

 0,  5( )
  y 0( ) = −3 0( )4 + 24 0( )2 +5= 5

 0,  5( )  −3,  − 22( )  ±2, 53( )  5, −1270( )

  

dy
dx

= −12x3 + 48x = −12x x2 − 4( ) = 0
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iii.  

So, the critical values are  
 Plugging each critical value into the#"-equation, the extreme points are 

  , , ,  
Range:  

From the extreme points, min = -1270 and min = 53. 
 

 
 

21. Domain: Given as     
Zeros:   none  

   

"-int:  
  
EB: none, because of the given domain   
Extreme Points:  

 
i)   

  

, but  is not in the domain. 
iii) Endpoints of the given domain are also critical values, so  

  x = 0, ± 2
  x = −3,1

  x = −3, 0, ± 2,1

 0,  5( )  −3,  − 22( )  ±2, 53( )  5, −1270( )
  y∈ −1270, 53⎡⎣ ⎤⎦

60

40

20

–20

–40

–60

–80

–100

–120

–140

–4 –2 2 4

  
x∈ −1, 2⎡⎣ ⎤⎦

  

x4 −6x2 −12 = 0

x2 =
6 ± 62 − 4 1( ) −12( )

2 1( ) = −1.583 or 7.583

x = ± 8.203 = ±2.754

 0,  −12( )
  y 0( ) = 0( )4 −6 0( )2 −12 = −12

 
−1, −17( ), 0, −12( ), 3, − 21( ), 2, − 20( )

  y = x4 −6x2 −12

  

dy
dx

= 4x3 −12x = 4x x2 −3( ) = 0

  x = 0, ± 3   x = − 3
x = −1, 2
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Range:  

From the extreme points, min = -21, and max = -12. 
 

 
 

23.  Domain: Given as     

Zeros:   
  

But  is not in the domain, so    

"-int:  
 

EB: none, because of the given domain     
Extreme Points:   

i)   

  

  
y −1( ) = −17, y 0( ) = −12, y 3( ) = −21, y 2( ) = −20

  y∈ −21,−12⎡⎣ ⎤⎦

–10

–12

–14

–16

–18

–20

–22

  
x∈ −1, 2⎡⎣ ⎤⎦

 0,  0( )
  y = x4 − 4x3 = x3 x− 4( ) = 0→ x = 0, 4

  x = 4  0,  0( )
 0,  0( )
  y 0( ) = 0( )4 − 4 0( )3 = 0

 −1, 5( ), 2, −16( )
  y = x4 − 4x3

  

dy
dx

= 4x3 −12x2 = 4x2 x−3( ) = 0
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, but  is not in the domain, and  is not an extreme because 
the sign of the derivative does not change at  due to the square on the $. 
iii) Endpoints of the given domain are also critical values, so  

 Plugging each critical value into the#"-equation, the extreme points are 

   
Range:  

From the extreme points, min = -16, and max = 5. 
 

 
 

 

 

6-4 Multiple Choice Homework 
 
1. Answer: C 

   

 
 
 
3.  Answer: D 
The right end goes down because the degree-term’s coefficient is negative.  The 
left end does the opposite of the right because the degree is odd. 
 

  x = 0, 3   x = 3   x = 0
  x = 0

x = −1, 2

 −1, 5( ), 2, −16( )
  y∈ −16, 5⎡⎣ ⎤⎦

10

5

–5

–10

–15

–20

–1 1 2 3 4

f ′ x( ) = 1 − 4x − 9x2

f ′ 2( ) = −43

f 2( ) = −26

y + 26 = 43 x − 2( )
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5. Answer: A 
 

 

6-5 Free Response Homework 
 
1a. At , there is a zero because .  At , there is a a 

maximum because  and the sign pattern switches from + to -.   

1b. At , there is above the $-axis because the  has a + .  At , 

there is a flat spot because , but there is not an extreme because the signs 
do not change. 
1c. At , there is a zero because .  At , there is a minimum 

because  and the sign pattern switches from - to + 
 
3a. At , there is a zero because .   The curve is increasing 

because the  sign pattern shows a +.   

3b. At , there is a zero because .  At , there is a flat spot 

because , but there is not an extreme because the signs do not change. 

3c. At , the curve is above the $-axis because  has a + at .  At 

, the curve is increasing because and  sign pattern shows a + at . 
 

5.   

    

Increasing and above the $-axis means  and . so   

 
  

  

y = x4 −5x2 + 4 = x2 −1( ) x2 − 4( ) = 0
∴x = ±1, ± 2

x = −3 f x( )= 0 x = −3

f ′ x( )= 0
x = 0 f x( ) x = 0

f ′ x( )= 0

x =1 f x( )= 0 x =1

f ′ x( )= 0

x = − 2 f x( )= 0
f ′ x( )

x = 2 f x( )= 0 x = 2

f ′ x( )= 0
x =1 f x( ) x =1

x =1 f ′ x( ) x =1

y = x2 ! 8x = x x ! 8( )= 0 " x = 0 or 8 y

x   0       8      
! "# # # # # #
+ !  0    $    0     +   !

dy
dx

= 2x! 8= 0" x = 4 y

x      4      
! "# # # #
    $    0     +   !

y > 0 dy
dx

>0 x ! 8, "( )
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7.   
  

 

 

 

 

Increasing and below the $-axis means  and , so 

 
 

 
 
 
9.    

 

 

 

Decreasing and below the $-axis means  and , so  

 
 
  

y = x3 ! x2 ! 4x+4= 0" x2 x! 1( ) ! 4 x! 1( ) = 0"

x2 ! 4( ) x ! 1( ) = 0" x = ±2,1

dy
dx

= 3x2 ! 2x! 4= 0" x =
2± 4! 4 3( ) ! 4( )

2 3( )
" x =1.535or ! 0.869

y
x   −2           1           2    

← →⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
−    0    +    0     −    0  +

y′
x   − 0.869        1.535    ← →⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

+     0      −       0  +

dy
dx

>0 y < 0

x∈ −∞, − 2( )∪ 1.535, 2( )

y = x3 − 27x = x x2 − 27( )= 0→ x = 0, ± 27
dy
dx

= 3x2 − 27 = 0→ x =±3

y
x  − 27         0         27     

← →⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
−    0    +    0     −    0  +

y′
x   − 3        3    ← →⎯⎯⎯⎯⎯⎯⎯⎯

+     0      −     0  +

dy
dx

< 0 y < 0 x∈ 0, 3( )
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11.   
.  Graphing  shows is a 

zero.   
 

 

 

 

 

Graphing  shows  is a zero. 

 

 
 

 

 

 

Decreasing and above the $-axis means  and , so  

 
  

y = x4 +4x3 ! 12x2 ! 32x = x x3 +4x2 ! 12x! 32( ) = 0"

x = 0 or x3 +4x2 ! 12x! 32= 0 y= x3 +4x2 ! 12x! 32 x = −2

−2 1 4 −12 −32
−2 − 4 32

1 2 −16 0

x2 + 2x−16 = 0→ x=
2± 4− 4 1( ) −16( )

2 1( )
→ x= 5.123or −3.123

y
x       − 3.123     − 2          0          5.123   

← →⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
    +     0     −      0     +     0     −    0  +

dy
dx

= 4x3 +12x2 − 24x−32 = 0→ x3 +3x2 −6x−8= 0

y = x3+3x2 ! 6x ! 8 x = ! 4
−4 1 3 −6 −8

−4 4 8
1 −1 −2 0

x3 +3x2 −6x−8= x+ 4( ) x2 − x− 2( )= x+ 4( ) x+1( ) x− 2( )

y
x       − 3.123     − 2          0          5.123   

← →⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
    +     0     −      0     +     0     −    0  +

y
x       − 3.123     − 2          0          5.123   

← →⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
    +     0     −      0     +     0     −    0  +

dy
dx

<0 y > 0 x∈ −∞, − 4( )∪ −1, 0( )
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13.   

"  is always positive, therfore the function is never below the $-axis.  There is no 
interval that fits the criteria. 
 
 
15.  

   

     

Speeding up means the velocity and acceleration have the same sign, therefore,  
 

 
 
 
 
17.  

  
Graphing  shows  is a zero. 

 

 
 

 
  

 

 

 

y = x4 +7x2 +10= x2 +5( ) x2 +2( ) = 0! no zeros y
x                 

! "# # # # #
     +  !!!! 

x t( ) = 2t3 ! 21t2 +60t + 4" v t( ) = 6t2 ! 42t +60= 0"

v t( )=6 t2 −7t +10( )=6 t − 2( ) t +5( )=0 v t( )
t   2               5    ← →⎯⎯⎯⎯⎯⎯⎯⎯⎯

   −  0      +       0  −

a t( )=12t2 ! 42= 0 a t( )
t      3.5      

! "# # # # # #
    $    0     +   !

t ! 2, 3.5( ) " 5, #( )

x t( ) = 9t4 ! 4t3 ! 240t2 +576t ! 48" v t( ) = 36t3 ! 12t2 ! 480t +576

v t( ) =12 3t3 ! t2 ! 40t +48( ) = 0

v=3t3 ! t2 ! 40t +48 t = ! 4
! 4 3 ! 1 ! 40 48

! 12 52 ! 48
3 ! 13 12 0

3t3 ! t2 ! 40t +48= t +4( ) 3t2 ! 13t ! 12( ) = t +4( ) 3t ! 4( ) t ! 3( )

v t( ) = 36t3 ! 12t2 ! 480t +576" a t( ) =108t2 ! 24t ! 480= 0

a t( )=12 9t2 ! 2t ! 40( )=12 9t ! 20( ) t ! 2( )= 0

v t( )
t   − 4          4

3         3    
← →⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
−    0    +    0     −    0  +

a t( )
t   − 2             20 9     

← →⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
+     0      −       0  +
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Speeding up means the velocity and acceleration have the same sign, therefore,  

 

 
 
 
19.  
 

 
 

 

 

 
Slowing down means the velocity and acceleration have opposite signs, therefore,  
 

 

 
21.   

.  When is? 
 

 

 

 

Moving left and up means  and , so  

 
23.   

 

t∈ −4, − 2( )∪ 4
3,
20
9

⎛
⎝⎜

⎞
⎠⎟
∪ 3,∞( )

y t( )= 5t 3 − t5 → v t( )=15t2 − 5t 4 = 5t2 3− t2( )

v t( )=15t2 ! 5t 4 " a t( )= 30t ! 20t 3 =10t 3! 2t2( )

v t( )
t   ! 3   !!!    0     !  3    

" #$ $ $ $ $ $ $ $ $ $ $ $
!  !  0    +    0     +   !0  !

a t( )
t   ! 1.5   !!!    0     !  1.5    

" #$ $ $ $ $ $ $ $ $ $ $ $ $ $
+ !  0    !     0     +   !0  !

t ! " # , " 3( )$ " 3
2
,0

%

&
'

(

)
* $

3
2

, 3
%

&
'

(

)
*

x t( ) = t4 ! 4t2 ! 5" x#t( ) = 4t3 ! 8t = 4t t2 ! 2( )
y t( )= 6t − t3→ y′ t( )= 6−3t2 = 3 2− t2( )

x′ t( )
t   − 2          0        2     

← →⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
−    0    +    0     −    0  +

y′ t( )
t   − 2               2     

← →⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
+    0    −       0  −

+

x′ t( )< 0 y′ t( )> 0 t∈ 0, 2( )
x t( )= t 3 − 6t2 +12t + 5→ x′ t( )= 3t2 −12t +12 == 3 t −2( )2

y t( )= t 4 − 5t2 − 36→ y′ t( )= 4t 3 −10t = 2t 2t2 − 5( )
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Moving left and down means  and , so  

 
 

 
6-5 Multiple Choice Homework 
 

1.  

  

, so when the particle is moving up it is also moving right. 
 
The correct answer is A.  
 
3.   

I. it is moving right.  I is true. 

II. .  II is false. 

 
III. .   are both positive, so the particle is 
speeding up at .  III is true. 
The correct answer is E. 
 
5.  D 

 is a parabola opening down, so  has an absolute 

maximum.    is a cubic, so  has a relative maximum and a 

x′ t( )
t      2      ← →⎯⎯⎯⎯⎯

    +    0     +    

y! t( )
t   " 2.5   !!!    0     !  2.5    

# $% % % % % % % % % % % % % %
"  !  0    +    0     "    ! 0  +

x′ t( )< 0 y′ t( )< 0 t∈ 0, 2.5( )∪ 2,∞( )

y t( ) = 12 t
2 − t +1→ y′ t( ) = t −1> 0→ t >1

x t( ) = 14 t
4 + 2
3
t3 + 1

2
t2 −1→ x′ t( ) = t3 + 2t2 + t = t t +1( )2

t >1→ t t +1( )2 > 0

s = t3 + t2 → v t( ) = 3t2 + 2t→ a t( ) = 6t + 2
v 2
3

⎛
⎝⎜

⎞
⎠⎟
= 3 2

3
⎛
⎝⎜

⎞
⎠⎟

2

+ 2 2
3

⎛
⎝⎜

⎞
⎠⎟
> 0→

v 1
3

⎛
⎝⎜

⎞
⎠⎟
= 3 1

3
⎛
⎝⎜

⎞
⎠⎟

2

+ 2 1
3

⎛
⎝⎜

⎞
⎠⎟
≠ 0

v 1( ) = 5→ a 1( ) = 8 v 1( ) and a 1( )
t = 1

  
f x( ) = 5+10x− x2 f x( )

  
g x( ) = x3 −3x2 +3x g x( )
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relative minimum.   is a quartic opening up, so it has an 
absolute minimum but no absolute maximum.  Therefore, the correct answer is D. 

 
 
 
Polynomial Functions Practice Test  
Part 1: CALCULATOR REQUIRED         
 
1. Answer: E 

 has an absolute max but not an absolute min; has no absolute max or 
min; and  has an absolute min but not an absolute max.   
 

 
3. Answer: C 
 

 
 
 
5. Answer: E 
All the given equations have too many variables for differentiation without the 
Product Rule and Implicit Differentiation. 
 
 
7. Answer: A 

Based on the lack of sign changes on , C, D, and E cannot be correct.  The 

sign pattern of  shows that is at a minimum and #is at a 

maximum.  Therefore,  must be below the $-axis and must be above 

the $-axis.##The correct answer is A. 

 
  

  
h x( ) = x4 + 4x3 +6x2 + 4x

 
f x( )  

g x( )
 
h x( )

f ′ x( )= 3x2 +12 = 3 x2 + 4( )> 0

f x( )
f ′ x( ) x = −3 x = 1

x = −3 x = 1
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Part 2: CALCULATOR REQUIRED  
1.  and  . 

  

 
 
 
3a) The cost is $.03 for the sides and $.06 for the top and bottom.  The area of a 
cylinder is , where the first term is the top and bottom and the 
second is the side.  Then the cost is  
 
b) The secondary equation is the volume:  .  Isolating !  gives 

the substitution equation:  

 
c) Substituting: 

 

d)  

 
 
Part 3: NO CALCULATOR ALLOWED         
 
5.  
 
7. Domain:  

No denominator, Radical or Log, therefore,    
 
Zeros:   

   

% – Int:      
 
End Behavior (Right): The degree term has a positive exponent, so the right end 
goes up   

A = bh f = 2b + 4h = 2000→ b = 1000 − 2h
A = 1000 − 2h( )h = 1000h − 2h2
A′ = 1000 − 4h = 0→ h = 250

A 250( ) = 1000 250( )− 2 250( )2 = 375000 ft 2

A = 2πr2 + 2πrh
C r( )= 2πr2 .06( )+ 2πrh .03( )

V =πr2h =16π
h = 16r2

C r( )= 2πr2 .06( )+ 2πrh .03( )= .12πr2 + .06πr 16r2
⎛
⎝⎜

⎞
⎠⎟
= .12πr2 + .96πr−1

dC
dr = .24πr − .96πr−2 = 0→ .24πr = .96πr2 → r3 = 4→ r =1.587

C 1.587( )= .12π 1.587( )2 + .96π 1.587( )−1 = $2.86

x∈All Reals

y = x4 −29x2 +100= x2 −25( ) x2 − 4( )
±2, 0( ) and ±5, 0( )

0,100( )
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End Behavior (Left): The degree is even, so the left end does the same as the 
right end (namely, it goes up). 
      

Extreme Points:  

 

Range: From the sketch,  

 
 
 

y = x4 − 29x2 +100→ dy
dx = 4x

3 − 58x = 2x 2x2 − 29( )= 0
x = 0, ± 14.5→ 0,100( ), ±3.808, −110.250( )

y∈ −110.250,∞⎡⎣ )


