Chapter 2

Applications of Differentiation

Exercise Set 2.1

1. f(x)=x2+4x+5

First, find the critical points.

f'(x)=2x+4
f'(x) exists for all real numbers. We solve
f'(x)=0
2x+4=0
2x=—-4
x=-2

The only critical value is =2 . We use -2 to
divide the real number line into two intervals,

A: (—oo,—2) and B: (—2,00):

%

A
A 4

We use a test value in each interval to determine
the sign of the derivative in each interval.

A: Test —3,f'(-3)=2(-3)+4=-2<0

B: Test0, f'(0)=2(0)+4=4>0

We see that f (x) is decreasing on (—oo, —2)
and increasing on (—2, oo) , and the change from

decreasing to increasing indicates that a relative
minimum occurs at x = —2 . We substitute into

the original equation to find f (—2) :
f(=2)=(=2) +4(-2)+5=1
Thus, there is a relative minimum at (—2,1) . We

use the information obtained to sketch the
graph. Other function values are listed below.

x| f(x)

-5 10

—4 5

-3 2

-2 1

-1 2

0 5 x
1 10 6 5 4 3 2 -1 10

f(x) =x"+6x-3
f'(x)=2x+6
f'(x)exists for all real numbers. Solve
f'(x)=0
2x+6=0

2x=-6

x=-3
The only critical value is —3. We use -3 to
divide the real number line into two intervals,

A: (—e0,—3) and B:(-3,e0).

A: Test —4,f'(—4) = 2(—4)+6 =-2<0

B: Test0, f'(0)=2(0)+6=6>0

We see that f(x)is decreasing on (—e0,—3)
and increasing on (—3,00) , there is a relative
minimum at x =-3.

f(=3)=(-3) +6(-3)-3=-12

Thus, there is a relative minimum at (—3,—12) .
We sketch the graph.

© | ) y
-6 -3 C
-5 -8 Z/
—4 ~11 2; L
-3 —-12 a
=2 —11 E
-1 -8 C
0 -3 r
f (x) =5-x-x"
First, find the critical points.
f'(x) =-1-2x
f'(x) exists for all real numbers. We solve
f'(x)=0
-1-2x=0
—2x=1
1
= ——
2
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Exercise Set 2.1

1 1
The only critical value is 5 We use ) to

divide the real number line into two intervals,

A B
A A
& \If >
1
2

We use a test value in each interval to determine

the sign of the derivative in each interval.
A:Test —1,f'(-1)=-1-2(-1)=1>0
B: Test0, f'(0)=-1-2(0)=-1<0

.. . 1
We see that f (x) is increasing on (—oo,—zj
. 1
and decreasing on —E,oo , and the change
from increasing to decreasing indicates that a

. . 1
relative maximum occurs at x = 5 We

substitute into the original equation to find

f(—%):
2

121

Thus, there is a relative maximum at [—E,— .

4

We use the information obtained to sketch the
raph. Other function values are listed below.

W y
-3 -1 g:f(x):5fx—x2
—2 3 AN
-1 5 o
_1 21 Y AR WA VR
2 4 S—43-2-1,L 1% 3 45%
0 5 3F
1 3 =
2 -1
f(x) =2-3x-2x
f'(x) =-3-4x
f' (x) exists for all real numbers. Solve
f(x)=0
-3-4x=0
3
xX=-—
4

195

3 3
The only critical value is e We use 2 to

divide the real number line into two intervals,

A: (—oo,—éj and B:(—E,w).
4 4

A: Test —1,f'(-1)=-3-4(-1)=1>0
B: Test0, f'(0)=-3-4(0)=-3<0

.. . 3
We see that f (x) is increasing on [—oo,—zj
. 3 . .
and decreasing on —Z,oo , there is a relative
maximum at x = —Z .

() =S

Thus, there is a relative maximum at (—%,%j .

We sketch the graph.

D y
-3 =7 i
-2 0 sz(x):2—3x—2x2
-1 3 /? \
) = Sl 23 4 5 %
4 8 5
0 2 -3r
_4._
1 -3 -5k
2 —12
g(x) =1+6x+3x"
First, find the critical points.
g' (x) =6+6x
g'(x) exists for all real numbers. We solve:
g'(x)=0
6+6x=0
6x=-6
x=-1

The only critical value is —1. We use —1 to
divide the real number line into two intervals,

A: (—e0,—1) and B: (~1,%0):

A B

-1

We use a test value in each interval to determine
the sign of the derivative in each interval.
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A: Test —2,g'(<2) =6+6(-2) = -6 <0

B: Test 0, g'(0)=6+6(0)=6>0

We see that g'(x) is decreasing on (—eo,—1)
and increasing on (—1,e0), and the change from

decreasing to increasing indicates that a relative
minimum occurs at x =—1. We substitute into

the original equation to find g(-1):
g(-1)=1+6(-1)+3(-1) =2
Thus, there is a relative minimum at (—1, —2) .

We use the information obtained to sketch the
graph. Other function values are listed below.

* o sly) ,
-4 25 ]
-3 10 ; 2(x) = 1+ 6x +3x2
_2 1 | I I | r | T |
-1 -2 —-5-4-3-2-1/] 123 45%
0 1 L
1 10 *‘5‘:
2 25 )
F(x) =0.5x*+2x—-11
F'(x) =x+2
F'(x) exists for all real numbers. Solve
F' x) =0
x+2=0
x==2

The only critical value is (—1,8) . Weuse -2 to

divide the real number line into two intervals,
A: (—e0,—2) and B:(-2,).

A: Test —3,F'(-3)=(-3)+2=-1<0

B: Test0, F'(0)=(0)+2=2>0

We see that F (x) is decreasing on (—oo, —2)
and increasing on (—2,c0), there is a relative
minimum at x =-2.

F(-2)=05(-2)" +2(-2)+-11=-13

Thus, there is a relative minimum at (—2, —13) .
We sketch the graph.

Chapter 2: Applications of Differentiation

S RAC)
=5 _
2
—4 —-11 |
3 s -10
2
-2 —13
-1 25 F() =0.5x2 +2x - 11
2 i
0 -11
1 _
2

G(x) =x—x*—x+2
First, find the critical points.
G'(x)=3x"-2x-1

G' (x) exists for all real numbers. We solve

G'(x)=0

3x° —2x-1=0

(Bx+1)(x—1)=0
3x+1=0 or x—1=0
3x=-1 or x=1
x:—% or x=1

The critical values are —% and 1. We use them

to divide the real number line into three
intervals,

A: —<><>,—l , B: —l,l ,and C:(1,00).

(=5} me 5} maci)

S Sy
1

W | —

We use a test value in each interval to determine
the sign of the derivative in each interval.
A: Test —1,

G'(-1)=3(-1)" =2(-1)-1=4>0
B: Test 0,

G'(0)=3(0) -2(0)-1=-1<0
C: Test 2,

G'(2)=3(2)" -2(2)-1=7>0
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Exercise Set 2.1

1
We see that G(x) is increasing on (—w,—gj ,

. 1 . .
decreasing on —5,1 , and increasing on
(l,oo) . So there is a relative maximum at

1 . ..
X = —g and a relative minimum at x =1.

We find G(—%) :

o)

1 11
=———-—+—=+2
27 9 3
_®
27

Then we find G(1):
G(1)=(1) = (1) = (1)+2
=1-1-142
=1
There is a relative maximum at (—1,2) , and
327
there is a relative minimum at (1,1) . We use the

information obtained to sketch the graph. Other
function values are listed below.

Rt

2 | 8

o1

0 2 )
2 4

3 | 1

g(x)=)c3-i-%x2 —-2x+5

g (x)=3x2 +x-2
g'(x) exists for all real numbers. We solve
g'(x)=0
3x* +x-2=0
(3x=2)(x+1)=0
3x-2=0 or x+1=0
ng or x=-1
3

197

The critical values are —1 and % . We use them

to divide the real number line into three
intervals,

A: (=o0,~1), B: (—l,gj, and C:(E,MJ.
3 3

A: Test —2,

g'(-2)=3(-2)" +(-2)-2=8>0
B: Test 0,

'(0)=3(0)" +(0)-2=-2<0
C: Test 1,

g'(1)=3(1) +(1)-2=2>0

We see that g (x) is increasing on (—oo,—l) ,

. 2 . .
decreasing on —1,5 , and increasing on
2 . . .
g,oo . So there is a relative maximum at

x =—1and a relative minimum at x =

¢(1)= (1) 5 (1) ~2(-1)+5=

(5035 ()5

There is a relative maximum at [—l,%j, and

W W

1

there is a relative minimum at (%,%j . We use

the information obtained to sketch the graph.
Other function values are listed below.

* | s :

i) 3 7
0 5 2
1 2 :

2 11 _L_A_éf_i_ ]
-2

-3

g(x)=x3+%x2—lx+5
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f(x) =x -3x+6
First, find the critical points.

f'(x)=3x"-3
f'(x) exists for all real numbers. We solve
f(x)=0
3x*-3=0
3x> =3
x* =1
x =zl

The critical values are —1 and 1. We use them to
divide the real number line into three intervals,

A: (—o0,—1), B: (=1,1), and C:(1,c0).

-1 1

We use a test value in each interval to determine
the sign of the derivative in each interval.

A:Test —3,1'(-3)=3(-3)" =3=24>0
£'(0)=3(0) -3=-3<0
f'(2)=3(2)-3=9>0

We see that f(x) is increasing on (—oo,—l) ,

B: Test 0,
C: Test 2,

decreasing on (—1,1) , and increasing on (l,oo) .

So there is a relative maximum at x =—1and a
relative minimum at x =1.

We find f(-1):
f(=1)=(=1)"=3(-1)+6=-1+3+6 =8
Then we find £(1):
F1)=(1)=3(1)+6=1-3+6=4

There is a relative maximum at (—1,8) , and

there is a relative minimum at (1,4) . We use the

information obtained to sketch the graph. Other
function values are listed below.

)
-3 -12 6
_ 5
2 g:j(x)=x3—3x+6
0 6 2
1
2 8 Sush 123 45%
3 24 ] 3

10.

11.

Chapter 2: Applications of Differentiation

f(x) =x -3x"
'(x) =3x> —6x
(x)

x ) exists for all real numbers. We solve

f'(x)ZO

x=0 or x=2
The critical values are 0 and 2 . We use them to
divide the real number line into three intervals,

A: (=20,0), B: (0,2), and C:(2,e0).

A:Test —1,f'(-1)=3(-1)" =6(-1)=9>0
B:Testl, f'(1)=3(1)-6(1)=-3<0
C:Test3, f'(3)=3(3)-6(3)=9>0
We see that f(x) is increasing on (—<°,0),
decreasing on (0,2), and increasing on (2,c).

So there is a relative maximum at x =0 and a
relative minimum at x =2 .

£(0)=(0)" =3(0)" =0
F(2)=(2)-3(2) =4
There is a relative maximum at (0,0) , and there

18 a relative minimum at (2,—4) . We use the

information obtained to sketch the graph. Other
function values are listed below.

* ] f) 5t
R
-2 =20 3k
-1 | 4 i
1 -2 SN 2 45
3 0 %:
4 16 ;: f00) =x3 - 3x2

f(x) =3x> +2x°
First, find the critical points.
f'(x) =6x+6x"

f '(x) exists for all real numbers. We solve

f'(x)=0

6x+6x> =0

6x(1+x)=0
6x=0 or x+1=0
x=0 or x=-1

Copyright © 2012 Pearson Education, Inc. Publishing as Addison-Wesley



12.

Exercise Set 2.1

The critical values are —1 and 0 . We use them
to divide the real number line into three
intervals,

A: (=eo,—1), B: (=1,0), and C:(0,0).

A
A 4

-1 0

We use a test value in each interval to determine
the sign of the derivative in each interval.
A: Test —2,

f(=2)=6(=2)+6(-2)" =12>0

B: Test—l,
2

C: Test 1,

F1)=6(1)+6(1) =12>0
We see that f(x) is increasing on (—oo,—l) ,
decreasing on (—1,0), and increasing on (0,).

So there is a relative maximum at x = —1and a
relative minimum at x =0.

We find f(-1):

F(=1)=3(=1) +2(=1)" =1

Then we find £(0):

£(0)=3(0)+2(0)" =0

There is a relative maximum at(—1,1) , and

there is a relative minimum at (0,0) . We use the

information obtained to sketch the graph. Other
function values are listed below.

AL, 3
3 | 27 3
i) -4 J00=3x2+ 23 i_
1 1 S R R
2
2 28 Bl
b
stk
f(x) =x" +3x
f'(x) =3x"+3
f' (x) exists for all real numbers. We solve
f1(x)=0
3x*+3=0
X =1

13.

199

There are no real solutions to this equation.
Therefore, the function does not have any
critical values.

We test a point

£1(0)=3(0) +3=3>0
We see that f(x) is increasing on (—co,), and

that there are no relative extrema. We use the
information obtained to sketch the graph. Other
function values are listed below.

X f(x) é:
=2 -14 3+
_1 2 f(x)=x3+3x
| I I1 | N I I |
0 0 54321123 45x
1 4 r
AL
2 14 4
M
g (x) =2x"-16
First, find the critical points.

g'(x) =6x"
g'(x) exists for all real numbers. We solve
g'(x)=0
6x> =0
x=0

The only critical value is 0. We use 0 to
divide the real number line into two intervals,

A: (—0,0), and B: (0,c0).

A
\ 4

We use a test value in each interval to determine
the sign of the derivative in each interval.

A:Test —1,g'(-1)=6(-1)" =6>0

B: Test 1, g'(1)=6(1)2 =6>0

We see that g (x) is increasing on (—oo,O) and
increasing on (O,oo) , so the function has no

relative extema. We use the information
obtained to sketch the graph. Other function
values are listed below.

x g(x) C

_2 _32 1 _I L1 1

_1 _18 —5— [ 1 345«x

0 -16 / ,
g0 =23 -16

1 —14 r

2 0 L

3 38 "
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14.

15.

F (x) =1-x
First, find the critical points.
F '(x) =-3x’
F'(x) exists for all real numbers. We solve
F '(x) =0
-3x*=0
x=0

The only critical value is 0. We use 0 to
divide the real number line into two intervals,

A: (=20,0), and B: (0,e0).

A: Test —1LF'(-1)=-3(-1)" =-3<0
B:Testl, F'(1)=-3(1)=-3<0

We see that F(x)is decreasing on (—e,0) and

decreasing on (O,oo) , so the function has no

relative extema. We use the information
obtained to sketch the graph. Other function
values are listed below.

X F(x) )5?

) 9 o[

-1 2 oL
0 | 1 | S
1 0 2+ \F)=1-x3

_3_

2 =7 -4

G(x) =x"—6x" +10
First, find the critical points.
G'(x)=3x" —12x

G' (x) exists for all real numbers. We solve

G'(x)=0
X —4x=0 Dividing by 3
x(x—4)=0
x=0 or x—4=0
x=0 or x=4

The critical values are 0 and 4 . We use them to
divide the real number line into three intervals,

A: (=20,0), B: (0,4), and C:(4,0).

l—Lr—Llr—L

>
< T T >

0 4

We use a test value in each interval to determine

the sign of the derivative in each interval.

16.

Chapter 2: Applications of Differentiation

A: Test—1,G'(-1) =3(~1)" =12(-1) =15 >0
B:Testl, G'(1)=3(1)"-12(1)=-9<0
C:Test5, G'(5)=3(5)"-12(5)=15>0
We see that G(x)is increasing on (—,0),

decreasing on (0,4) , and increasing on (4,00) .

So there is a relative maximum at x =0 and a
relative minimum at x =4 .

We find G(0):
G(0)=(0)"=6(0)" +10
=10
Then we find G(4):
G(4)=(4) -6(4)" +10
=64-96+10
=-22
There is a relative maximum at (0,10) , and
there is a relative minimum at (4, —22) . We use

the information obtained to sketch the graph.
Other function values are listed below.

S LA B
-2 22 -
_1 3 L1 ?’xl

\S]
|
(@)}
i
S
T T T
=
wl
N
| 5
>F
<
%

3 -17 -20

[ G =x3-6x2+10

f()c)=12-i-9x—3x2 -x
f'(x)=9-6x-3x
f '(x) exists for all real numbers. Solve
f1(x)=0
9-6x-3x"=0
X’ +2x-3=0 Dividing by -3

(x+3)(x—l) =0

x+3=0 or x—=1=0

x=-3 or x=1

The critical values are —3 and 1. We use them to
divide the real number line into three intervals,

A: (=e0,=3), B: (=3,1), and C:(1,0).
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Exercise Set 2.1

A: Test —4,
f(-4)=9-6(-4)-3(-4) =-15<0
B: Test 0,
£'(0)=9-6(0)-3(0) =9>0
C: Test 2,
£'(2)=9-6(2)-3(2) =-15<0
We see that f(x) is decreasing on (—eo,-3),
increasing on (-3,1), and increasing on (1,0).

So there is a relative minimum at x = -3 and a
relative maximum atx =1.

£(3) =12+9(-3)-3(-3) ~(-3) =15
F)=12+9(1)=3(1)" -(1)" =17
There is a relative minimum at(—3,—15) , and

there is a relative maximum at (1,17) . We use

the information obtained to sketch the graph.
Other function values are listed below.

70

-5 17 15

—4 -8 }2/\
) -10 _54\571_5_1 AR
—1 1 BN

0 12 ;-
; 1{)5 _f(x):ll+9)c73x27x3
g(x) = x3 —.X'4

First, find the critical points.
g'(x) =3x" —4x’

g'(x) exists for all real numbers. We solve

g'(x)=0
3x—4x* =0
x*(3-4x)=0
X’ = or 3-4x=0
x=0 or —4x=-3
x=0 or )c=g
4

The critical values are 0 and % . We use them to

divide the real number line into three intervals,

A: (—<,0), B: (0,3), and C:(E,w).
4 4

18.

201

] |
< T T

0 3

4

We use a test value in each interval to determine
the sign of the derivative in each interval.

A Test—Lg (+1) =3(-1)' ~4(-1) =750
2 3
B: Test l, g'(l):3(l) _4(lj
2 2 2 2
4 8) 4

C:Testl, g'(1)= 3(1)2 —4(1)3 =-1<0

We see that g (x) is increasing on (—oo,O) and

3
>

[O,%j , and is decreasing on [%,oo) . So there
is no relative extrema at x = 0 but there is a

. . 3
relative maximum at x = Z .

3
We find —|:
g[4)

3 (zj 3y _27_ 8127
814)7\4) \4) T6a 256 256

27
There is a relative maximum at é,— . We
4256
use the information obtained to sketch the
graph. Other function values are listed below.

X g(x) o5t
0.4+
-2 —24 03r
2 =3 _ 44
_1 _2 | I - (?] _% IX
0 0 -10 0%, 05 1y «x
1 1 0.2
2 16 =03
1 0 o
2 -8
f(x) =x'=2x
f'(x) =4x’ —6x’
f' (x) exists for all real numbers. Solve
f(x)=0
4x* —6x* =0
2x* (2x-3)=0
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19.

=0 or 2x-3=0

x=0 or )c=g
2

The critical values are 0 and % We use them to

divide the real number line into three intervals,

A: (—,0), B: (O,EJ, and C:(E,oo).
2 2

A:Test—1,f'(-1) =4(=1)" =6(=1)" ==10 <0
F(1)=4(1)" -6(1) =—2<0
C:Test2, f'(2)=4(2)' -6(2) =8>0
Since f(x)is decreasing on both (—e,0) and

B: Test 1,

3 . . 3 .
(0,5) , and increasing on (E,oo) , there is no
relative extrema at x = O but there is a relative

minimum at x = E

4 3
FENMENSNEN .
2 2 2 16
There is a relative minimum at (%, —Zj . We

16

use the information obtained to sketch the
graph. Other function values are listed below.

S EAC),
-2 32
-1 3
0 0 25 1505,
1 —1 B
2 0 20k foo=xt-23
3 27 -

f(x)=§x3—2x2+4x—1

First, find the critical points.
f'(x) =x"—4x+4

f' (x) exists for all real numbers. We solve

f'(x)=0

X —4x+4=0
(x—Z)Z =0
x—=2=0
x=2

The only critical value is 2 .

20.

Chapter 2: Applications of Differentiation

We divide the real number line into two
intervals,

A: (—0,2) and B:(2,0).

A B
A A

\ 4

A

We use a test value in each interval to determine
the sign of the derivative in each interval.

A: Test 0, £'(0)=(0)" —4(0)+4=4>0
B: Test3, f'(3)=(3)" —4(3)+4=1>0
We see that f(x)is increasing on both (—,2)

and (2,c0). Therefore, there are no relative

extrema.
We use the information obtained to sketch the
graph. Other function values are listed below.

Y.
it iof
sk
3 | —40 ok
4k
) _» T
3 L (NI
_1 n ~-5-4-3-2-1,/ 123 45 Xx
3 _h
6L
0 -1 sl
10
4
! 3 13 72
x)=2x3-2 =il
) B ) 3% X= + 4x
3
3 2

F(x) =—lx3 +3x* —=9x+2
3

F'(x) =—x"+6x-9

F'(x) exists for all real numbers. Solve

F'(x) =0

-x*+6x-9=0

X —6x+9=0

(x-3)" =0

x=3=0

x=3

The only critical value is 3. We divide the real
number line into two intervals,
A: (—0,3) and B:(3,c).

B
—A A

\ 4

A

We use a test value in each interval to determine
the sign of the derivative in each interval.
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Exercise Set 2.1

A: Test 0,F'(0) = —(0)’ +6(0)-9=-9<0
B: Test4, F'(4)=—(4)" +6(4)-9=-1<0
We see that F (x) is decreasing on both (—00,3)

and (3,00) . Therefore, there are no relative

extrmea.
We use the information obtained to sketch the
graph. Other function values are listed below.

x F(x) o
-3 65 L
2| 7 [
-1 Ex) =2
3 L
0 2 i
1 _B N
> — 23 +3x% - 9x+2
2 "0 F(x) = 3x +3x X
3
3 —7

g(x)=2x"-20x" +18
First, find the critical points.
g'(x) =8x" —40x

g'(x) exists for all real numbers. We solve

g'(x)=0
8x’ —40x=0
8x(x*=5)=0
8x=0 or x*-5=0
x=0 or x’=5
x=0 or x:ix/g

The critical values are 0, \/g and — \/g . We use

them to divide the real number line into four
intervals,

A: (—00,—\/5), B: (—\/3,0),
C:(O,\/g), and D:(\/g,oo).

i Y e
5 0 5

We use a test value in each interval to determine

the sign of the derivative in each interval.

203

A: Test —3,
g'(-3)=8(-3)" -40(-3) =-96 <0
B: Test —1,
g'(-1)=8(~1)’ —40(-1)=32>0
C: Test 1,
g'(1)=8(1)" —40(1) = -32<0
D: Test 3,
¢'(3)=8(3)’-40(3)=96>0

We see that g (x) is decreasing on (—oo, —\/g ],
increasing on [—\/g ,0:| , decreasing again
on[O,\/g J , and increasing again on[\/g,oo) .

Thus, there is a relative minimum at x = —\/g R
a relative maximum at x =0, and another

relative minimum at x = \/g .
We find g (—\/g) :

£(~)=2(~5)
Then we find g(0):
£(0)=2(0)" -20(0)" +18 =18

Then we find g(\/g )
g(\/§)=2(\/§)4—20(\/§)2+18=_32

There are relative minima at (—\/g s —32) and

~20(—5) +18=-32

(\/g s —32) . There is a relative maximum at

(0,18) We use the information obtained to

sketch the graph. Other function values are
listed below.

x| g(x) o}
4 | 210 20k
2| A
-1 0 I I
1 O 10
20+
3 =30
4 210

g0 =2x*-20x% + 18
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22, f(x)=3x"-15x" +12 Jio Jio) JioY
£'(x) =125 =30x f[_sz?’[ T] _15(_TJ e
f'(x) exists for all real numbers. We solve 27

fi(x)=0 LA
125 — 305 = 0 £(0)=3(0)" =15(0)" +12=12
6x(2¢" ~5)=0 f(ﬂjzs[EJA—ls[@]2+12
6x=0 or  2x*-5=0 2 2 2
x=0 or X :é —_2_7

2 4
There are relative minima at
x=0 or x:i@ (_@ —Z}md[@ _zj
J10 J10 27 4 27 4

The critical val 0, —and ———. W . . .
¢ cniical vatues are 2 an 2 ¢ There is a relative maximum at (0,12) We use

use them to divide the real number line into four the information obtained to sketch the graph.

intervals, Other function values are listed below.
J1o J10
A: | —oo,——— |, B: | — ,0 1,
[ 2 x| fr)
-3 120
C:[O,@], d D:[@,w] -2 0
2 2 1 0
A: Test—2, 1 0 ==
'(=2) =12(=2)’ =30(=2) = 36 <0 2 0
F1(-2) =12(-2) ~30(-2) =36 < 2 [ O
B: Test —1, fe0) =3xt—15x2 + 12
f1(=1)=12(=1)" =30(-1) =18 >0
C: Test 1, 23, F(x)=x—1=(x-1)5
()= 12(1)3 -30(1)=-18<0 First, find the critical points.
D: Test 2,

£'(2)=12(2)" =30(2) =36 >0

We see that f (x) is decreasing on

Jioy V10
o= , increasing on —T,O ,

. . 10 . .
decreasing again on [OT] , and increasing

1
again on [g,wJ . Thus, there is a relative

F(x) =3 (=17 (1)
ot
3(x-1)"

F'(x) does not exist when

S(x - 1)% =0, which means that F'(x) does
not exist when x =1. The equation
F '(x) = 0 has no solution, therefore, the only

critical valueis x =1.
We use 1 to divide the real number line into
two intervals,

.. 10 . .
minimum at x = _T , a relative maximum at A: (—oo,l) and B: (l,oo) :
x =0, and another relative minimum at A B
=10 P,
2 < T 7
1
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We use a test value in each interval to determine
the sign of the derivative in each interval.
1 1

A: Test 0,F'(0)=—— ==>0
3(0-1)% 3

B: Test 2,F'(2) =;2=1>0
3(2-1% 3

We see that F(x) is increasing on both (—oo,l]
and [1,). Thus, there are no relative extrema

for F(x). We use the information obtained to

sketch the graph. Other function values are
listed.

X F(x) ”m
7 ) 2:/
0 -1 T ro=va—1
1 0 08642 %é 68 10%
2 1 /k
9 2 -2F

G(x)=Vxr2 = (x+2)"
G'(x)=3(x+2) 7 (1)

1
3(x+2)"

G'(x)does not exist when x = -2 . The

equation G'(x) =0 has no solution, therefore,

the only critical value isx = -2 .
We use —2 to divide the real number line into
two intervals,

A: (—oo,—2) and B: (—2,00):
A: Test —3,G'(—3) =—=§>O

S N
3(-1+2)% 3

We see that G(x) is increasing on both

(—oo, —2) and (—2,<><>) . Thus, there are no

B: Test —1,G'(-1)=

relative extrema for G (x) .

205

We use the information obtained to sketch the
graph. Other function values are listed below.

X G(x) "
1o ) 2/
_3 _1 : G(x) = \/3x+2
-2 0 0564 p [ 2 46810
6 2 —2:

25. f(x)zl—x%

First, find the critical points.

-2 _i
f'(x)ij &

2
3x
f' (x) does not exist when

3¥x=0 , which means that f '(x) does not

exist when x =0 . The equation f'(x) =0 has
no solution, therefore, the only critical value
isx=0.
We use 0 to divide the real number line into
two intervals,

A: (—o0,0) and B: (0,0):

B
A A

A
Y

We use a test value in each interval to determine
the sign of the derivative in each interval.

2 2
A: Test =1, f'(-1)=- =—>0
e 33Y-1 3
2 2

=——<0

M3

We see that f(x)is increasing on (—o,0] and

B:Test 1 f'(1)=—

decreasing on [0,e0) . Thus, there is a relative

maximum at x =0 .
We find f(0):

£(0)=1-(0)" =1.

Therefore, there is a relative maximum at (0,1) .
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We use the information obtained to sketch the
graph. Other function values are listed below.

¥ | f(r) .
3 3 f(x):kxm
~1 0 i
L L 0 b=
= / \
05
1

3 (x + 3)%
f '(x) does not exist when x = =3 . The equation

f '(x) = 0 has no solution, therefore, the only

critical value is x = -3.
We use —3 to divide the real number line into

two intervals, A: (—e,—3) and B: (-3,c):

2 2
A:Test —4,f'(-4)=————=-=<0
3(-4+3)% 3
2 2
B: Test —2,f(—2)=—— =250
3(-2+3)% 3

We see that f(x)is decreasing on (—e0,—3) and
increasing on (—3,00) . Thus, there is a relative
minimum at x =-3.

f(-3)= (—3+3)% -5=-5:

Therefore, there is a relative minimum at

(—3, —5) . We use the information obtained to

sketch the graph. Other function values are
listed below.

r | f)
—-11 -1 .

—4 —4 48 x
i) —4

5 -1

27.

Chapter 2: Applications of Differentiation

G(x)= 7 =-8(x+1)"

First, find the critical points.
G'(x) = -8(~1)(x* +1)~ (2x)
16x
=— -
(x +1)
G'(x) exists for all real numbers. We solve
G' (x) =0
16x
(x2 + 1)2
16x=0
x=0
The only critical value is O .
We use O to divide the real number line into

two intervals,
A: (—oo,O) and B: (O,oo):

=0

B
P \If A
< T

0

We use a test value in each interval to determine
the sign of the derivative in each interval.

Y

A Test 1,6 (1) =0 _ 216,
(-1)"+1)
16(1

B: Test 1, G'(1)=L=E=4>o

() + 1)2 4
We see that G(x) is decreasing on (—oo,O) and

increasing on (O,oo) . Thus, a relative minimum

occurs at x=0.
We find G(0):

-8
G(0)=(0)2—+1=—

Thus, there is a relative minimum at (O, —8) .
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We use the information obtained to sketch the
graph. Other function values are listed below.

X | G(x)
-3 _4
5
-2 _38
5
-1 —4
1 —4
2 _8
5
3 _4
5
28. F(x)= =5(x2+1)"
(9 === (e 1)
F'(x)=5(-1)(x* +1) " (2x)
_ —10x
(xz -i—l)2
F '(x) exists for all real numbers. We solve
F'(x) =0
ixz -0
(x2 +1)
x=0

The only critical values is 0.
We use O to divide the real number line into
two intervals,

A: (—oo,O) and B: (O,oo):

A: Test —1,
-10(-1
peny=—0ED 105,
((-1)2+1) 4 2
B: Test 1,
I O R (R

((1)2 + 1)2 4 2

We see that F(x)is increasing on (—e,0) and

decreasing on (0,c0). Thus, a relative maximum

occurs at x=0.
We find F(0):

5
0=

Thus, there is a relative maximum at (0,5) .

207

We use the information obtained to sketch the
graph. Other function values are listed below.

X F(x) }3
-3 %
-2 1
-1 % 1
1 % —10—8—6—4—I2 é 468 1I0x
2 1 o
v
4x
29. x)=
g( ) x> +1

First, find the critical points.
L (P 1)(4)—4x(2x)
8 (x) = 5 2
(x + 1)
_4x’+4-8x7
(xz + 1)2
4= 4x*
(x2 + 1)2
g'(x) exists for all real numbers. We solve
g'(x)=0

Quotient Rule

. . 2 2
0 Multiplying by (x +1)
x> =1=0 Dividing by —4
2
1

X
X

The critical values are —1 and 1. We use them to
divide the real number line into three intervals,

A: (—oo,—1), B: (=1,1), and C:(1,).

We use a test value in each interval to determine
the sign of the derivative in each interval.
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30.

C:Test2, g'(2)=——"5=--—-<0

We see that g(x)is decreasing on (—oo,—1],
increasing on [—1, 1] , and decreasing again on
[1,0). So there is a relative minimum at

x =—1and a relative maximum at x=1.
We find g(-1) :

4(-1) -4
8(-1)= (-1)" +1 277
Then we findg(l) :
4(1) 4
g(l)= (I +1 =572

There is a relative minimum at(—1,-2), and

there is a relative maximum at (1,2) . We use the

information obtained to sketch the graph. Other
function values are listed below.

* | sly)
-3 _s
5
) _8
5
0 0
2 8
5
3 s
5
2
X
g(x) P+
' (x2 + 1)(2x) -x’ (2x)
8 (x) = 5 2
(x +1)
. 2x
8 (x) APEERYY
(x +1)
g'(x) exists for all real numbers. We solve
g'(x) =0
22x =0
(x +1)
x=0

31.

Chapter 2: Applications of Differentiation

The only critical values is 0.
We use 0 to divide the real number line into
two intervals,
A: (—o0,0) and B: (0,0):
A: Test —1,

_2_
4

We see that g(x) is decreasing on (—e,0) and

increasing on (0,0). Thus, a relative minimum

occursat x=0.
We find g (0) :

O
(0)_(0)2+1_0

Thus, there is a relative minimum at (0,0) . We

use the information obtained to sketch the
raph. Other function values are listed below.

¥
X 8 (x) 151 x2
gx) = Sy
X
_3 9 1+
10 sk
_2 i | I I | | N I I |
5 5-4-3-2-1 | 123 45x
—1 1 —05fF
2 b
1
1 2 -15F
2 4
5
3 92
10

1) = =()"
First, find the critical points.
1 -2
(9=507
_ 1 _ 1
3(x)% 3-%/)7

f '(x) does not exist when x =0 . The equation

f '(x) = 0 has no solution, therefore, the only

critical valueisx =0 .
We use O to divide the real number line into
two intervals,

A: (—o0,0) and B: (0,0):
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A We use the information obtained to sketch the

32.

B
A

\If
T

0

We use a test value in each interval to determine
the sign of the derivative in each interval.
1

A:Test—1,f'(-1)=——
-1y
! :l>0

3(3 (1)2) 3

We see that f (x) is increasing on both (—oo,O]

A
A 4

=l>0
3

B: Test L, f'(1) =

and [O,oo) . Thus, there are no relative extrema

for f (x) . We use the information obtained to

sketch the graph. Other function values are
listed below.

33.

graph. Other function values are listed below.

| foo= e 13

L —

1 0 y BEREE
0 1 -
2

.

3

g(x) =VxX*+2x+5 = (x2 +2x+5)%
First, find the critical points.
g'(x) = %(xz +2x+ 5)7% (2x + 2)
_ 2 (x + 1)
2(x* +2x+ 5)%

x+1

] f(x) 42 X+l
3 ) L VX2 +2x+5
1 1 fa=t 1p The equation x* +2x +5 = 0 has no real-
0 0 PRI AR number solution, so g'(x) exists for all real
S5-4-3-2-1 12345x
1 1 i numbers. Next we find out where the derivative
8 2 L is zero. We solve
b= g'(x) =0
F(x) = (xr1)" NS S
| y N2 +2x+5
f1(x)=3(+1) 2 (1) x+1=0
1 x=-1
= A The only critical value is—1. We use —1 to
3 (x + 1) 3 divide the real number line into two intervals,
f'(x) does not exist when x = —1 . The equation At (=e0,~1) and B: (~1,e0):
f '(x) = 0 has no solution, therefore, the only A B
critical value is x = —1. < = >

We use —1 to divide the real number line into
two intervals,

A: (—e0,—1) and B: (~1,%0):

A: Test —2,f'(-2) =

-1
We use a test value in each interval to determine

the sign of the derivative in each interval.
A: Test —2,

7 -2)+1 —
3(-2+1)5 3 ¢(L2) (2 )+ :[1<0
1 1 J(=2) +2(=2)+5 V5
B: Test 0, f'(0) =———-==>0
3(0_,_1)4 3 B: Test 0,
We see that f(x) is increasing on both ¢'(0)= (0)+1 oo

intervals, Thus, there are no relative extrema

for f(x).
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34.

We see that g (x) is decreasing on (—oo,—l] and

increasing on [~1,0) , and the change from

decreasing to increasing indicates that a relative
minimum occurs at x =—1. We substitute into

the original equation to find g (—1) :

g(-1)=|(C1) +2(-1)+5 = a =2

Thus, there is a relative minimum at (—1,2) .

We use the information obtained to sketch the
graph. Other function values are listed below.

x| g(x) i
—4 3.61 8
-2 2.24 6
0 2.24 g
1 2.83 i
3 447 | S s o
g(x) =Vx2+2x+5
1 WA
F(x)= =(x"+1
( ) X2 +1 ( )
F'(x) = (—% ()c2 + 1)7% (Zx)
_ —-X
(x+1)"
F '(x) exists for all real numbers. We solve
F'(x) =0
—Xx
S
(52 +1)"
x=0

The only critical value is 0.
We use 0 to divide the real number line into
two intervals,

A: (—o0,0) and B: (0,0):
A: Test —1,

B: Test 1,
-1 -1
Fi=—L Lo
((1)2 + 1)4 V8
We see that F(x)is increasing on (—e,0) and
decreasing on (0,e0). Thus, a relative maximum

occurs at x =0.

35. -

69.

70.

71.

Chapter 2: Applications of Differentiation

R
(0)2+1

Thus, there is a relative maximum at (0,1) . We

F(0)=

use the information obtained to sketch the
graph. Other function values are listed below.

X F(X) 12—
-3 0.32 W oo L
2 | 045 JK e
-1 0.71 e R
1 0.71 03r
2 | 045 N
3 0.32 '

68. Left to the student.

Answers may vary, one such graph is:
1x)

AN

-9-8-7-6-5-4-3-2-11f123 56 789

— N W A W»

Answers may vary, one such graph is:
Pe(x)

2

9-8-7-6-5\4-32/1 [01 234567389
-2

4

X

Answers may vary, one such graph is:
G(x)
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72. Answers may vary, one such graph is:
F(x)
40

20

X

73. Answers may vary, one such graph is:
8(x)

VRN

1234567 8910111213141516171819

X

9 -8-7-6-5-4-3-2\1 |01 23 4567289

74. Answers may vary, one such graph is:
/x)

x

9 87-6-5-4-32-1 0123456789

75. Answers may vary, one such graph is:

I

X

8 -6 4 -2 Y0 2 4 6 8 1012 14 16 18

76. Answers may vary, one such graph is:
G(x)

X

-9-8-7-6-5-43-2-1 1234567891011121314

211

77. Answers may vary, one such graph is:

f(x)

X

9-8-7-6-5-4-3-2-1 1234567891011‘21314

78. Answers may vary, one such graph is:

8(x) X

9-8-7-6-5-4-3-2-1 12345678910111p1314

79. T(t)=-0.1¢+1.2t+98.6, 0<t<12

First, we find the critical points.
T'(1)=-021+1.2

T (t) exists for all real numbers. Solve

T'(1)=0
-0.2t+1.2=0

-02t=-12
t=6

The only critical value is 6. We use it to divide
the interval [0, 12] into two intervals:

A: [0,6) and B: (6,12]
A B
A A
N

& N
N T I I [l

0 6 12

Next, we test a point in each interval to
determine the sign of the derivative.

A: Test O,T'(O) = —O.2(O)+1.2 =12>0

B: Test 7,7'(7) =—0.2(7)+1.2=-0.2 <0
Since, 7 (¢)is increasing on [0,6) and
decreasing on (6,12], there is a relative
maximum at t =6.

T(6)=~0.1(6)" +1.2(6)+98.6 = 102.2

There is a relative maximum at (6, 102.2) . We

sketch the graph.
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80. N(a)=-a’+300a+6, 0<a<300
a) =—-2a+300
a) exists for all real numbers. Solve,
N'(a) =0
—2a+300=0
—2a =-300
a=150
The only critical value is 150 . We divide the
interval [0,300] into two intervals,
A: [0,150) and B:(150,300].

A: Test 100,

N'(IOO) = —2(100) +300=100>0
B: Test 200,

N'(200) = —2(200)+300 = -100 <0
Since, N (a) is increasing on [0,150) and

Nl
N

(
'(

decreasing on (150,300] , there is a relative
maximum at x =150 .
N (150) = —(150)" +300(150) +6 = 22,506

There is a relative maximum at (150, 22,506) .

We sketch the graph.
¢ N(a) 25N‘§gi’ " N(a) =—a? +300a +6
0 6 20,000
100 | 20,006 | . ol
200 | 20,006 | ool
300 6 5000

100 200 300 a

81. A(r)=0.0265t" —0.4531* +1.796t +7.47,

0<r<10
First, find the critical points.
A'(1) =0.0795:* —0.9061 +1.796

T(t

! T(t) 1(0)5*

0 98.6 }g;: T() =-0.1t2+ 1.2t +98.6

3 101.3 }gf:

5 102.1 188-

7 102.1 o8-

8 | 101.8 | ool

12 | 986 ST 3456789101112 %

Chapter 2: Applications of Differentiation

A' (t) exists for all real numbers. We solve
A'(1)=0
0.0795¢*> —0.9061 +1.796 = 0

This is a quadratic equation with
a =0.0795,b = -0.906, and ¢ =1.796

Applying the Quadratic formula we have:

‘= —bxb* —dac

2a
—(-0.906) i\/(—0.906)2 —4(0.0795)(1.796)

2(0.0795)

~0.906 £+/0.249708

0.159
t=2.5553 or t=8.8409.
The critical values are 2.5553 and 8.8409 . We
use them to divide the real number line into

three intervals, A: (—e,2.5553),
B: (2.5553,8.8409), and C:(8.8409,c0).

| M
2.5553 8.8409

We use a test value in each interval to determine
the sign of the derivative in each interval.
A: Test 0,

A'(0)=0.0795(0)" —0.906(0) +1.796
=1.796 >0
B: Test 3,
A'(3) =0.0795 (3)2 —0.906 (3) +1.796
=-0.2065<0
C: Test 9,
A'(9) =0.0795 (9)2 —-0.906 (9) +1.796
=0.0815>0
We see that A(t) is increasing on (—oo,2.5553] ,

decreasing on [2.5553,8.8409] , and increasing

again on [8.8409,c0) . So there is a relative

maximum at ¢ =2.5553 and a relative minimum
at t =8.8409 .

We find A(2.5553):
A(2.5553) = 0.0265(2.5553)" —

0.453(2.5553) +1.796(2.5553) +
7.47

~9.5436
Then we find A(8.8409) :
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A(8.8409) = 0.0265(8.8409)" —

0.453(8.8409)" +1.796(8.8409) +

7.47
=06.2531

There is a relative maximum at (2.5553,9.5436)

and there is a relative minimum at
(8.8409,6.253 1) . We use the information

obtained to sketch the graph. Other function
values are listed below.

£ A0 |

0 | 747 o| i
4 9102 |

6 | 7662 | [

10 | 663 il

sl 1111111
012345678910t

82, f(x)=+138.1-5.025x+0.2902x>
= (138.1 —5.025x +0.2902x° )%
f'(x)

1 )
- 5(138.1 ~5.025x+0.2902x") %

(—5.025+0.5804x)
_ —5.025+0.5804x
- 2\/138.1 —5.025x+0.2902x>
f'(x)exists everywhere, so we solve
f(x)=0
—5.025+0.5804x ~0

24/138.1-5.025x +0.2902.x>
-5.025+0.5804x =0
0.5804x =5.025
x =8.6578

The only critical point is about 8.658 we use it
to break up the interval [0,22] into two intervals

A: [0,8.658) and B:(8.658,22].

213

A: Test 8,
~5.025+0.5804 (8
r9)= o
2\/138.1—5.025(8)+0.2902(8)
—0.3818
=————=-0.018<0
24116.4728
B: Test 9,
, —5.025+0.5804(9
r(0)- L
2\/138.1 —5.025(9)+0.2902(9)
0.1986
=————=0.0092>0
2/116.3812

We see that f(x) is decreasing on [0,8.658)

and increasing on (8.658,22], so there is a

relative minimum at x = 8.658 .
f(8.658)

= \/138.1 —5.025(8.658) +0.2902 (8.658)’

=10.786
There is a relative minimum at about

(8.658,10.786) . Thus, the point farthest north

on the path of the center of the eclipse is at a
latitude of about 8.658 degrees East and a
longitude of about 10.786 degrees South. The
farthest point south on the path of the center of
the eclipse is at a latitude of 22 degrees East and
a longitude of about 12.962 degrees South

We use the information obtained above to
sketch the graph. Other function values are
listed below.

S A GO0
0 11.752 125
5 10.965 12
10 10.811 115
15 11.315 L
20 12.397 105

| I Y Y N NI A |
22 12.962 100246 810121416182022 %

The critical value of a function fis an
interior value c¢ of its domain at which the
tangent to the graph is horizontal ( f' (c) = 0) or
the tangent is vertical ( f '(c) does not exist) .
The critical values for this graph are

X5 X35 Xys Xy Xy Xgs Xg s Xy -
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84.

85.

86.

The function is increasing on intervals
(a,b) and (c,d). A line tangent to the curve at

any point on either of these intervals has a
positive slope. Thus, the function is increasing
on the intervals for which the first derivative is
positive. Similarly, we see that on the intervals

(b,c) and (d,e) the function is decreasing. A
line tangent to the curve at any point on either
of these intervals has a negative slope. Thus, the
function is decreasing on the intervals for which
first derivative is negative.

The derivative is negative over the interval
(—o0,—1) and positive over the interval (—1,c).

Furthermore it is equal to zero when x =—1.
This means that the function is decreasing over

the interval (—oo, —1] , increasing over the

interval [—1,0) and has a horizontal tangent at

x =—1. A possible graph is shown below.
)

X

9 8 -7 -6 -5 - 2 - 7
9876543\2;0/123456789

The derivative is positive over the interval
(—o0,2) and negative over the interval (2,c).

Furthermore it is equal to zero when x =2.
This means that the function is increasing over

the interval (—e,2), decreasing over the interval

(2,<>o) and has a horizontal tangentatx =2 . A

possible graph is shown below.
f(x)

X

9-8-7-6-5-4-3-2-11012345¢6789

Chapter 2: Applications of Differentiation

The derivative is positive over the interval
(—oo,1) and negative over the interval (I,co).

Furthermore it is equal to zero when x =1. This
means that the function is increasing over the
interval (—oo,l] , decreasing over the interval
[1,20) and has a horizontal tangentatx =1. A

possible graph is shown below.
/(x)

"\ x

98765432401 2%45673809

The derivative is negative over the interval
(—o0,—1) and positive over the interval (—1,e).

Furthermore it is equal to zero when x =—1.
This means that the function is decreasing over

the interval (—oo, —1) , increasing over the

interval (—1,o0)and has a horizontal tangent at

x =—1. A possible graph is shown below.
f(x)

X

-9-8-7-6-5-4-3{1/01 23456789

The derivative is positive over the interval
(—4,2) and negative over the intervals
(—o0,—4) and (2,c0). Furthermore it is equal to
zero when x = —4 and x =2 . This means that
the function is decreasing over the

interval (—oo, —4] , then increasing over the
interval[-4,2], and then decreasing again over

the interval [2,e0). The function has horizontal

tangents at x = —4 and x =2 . A possible graph
is shown on the next page.
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91.

Exercise Set 2.1

f(x)

987W01 2 3

567 89

The derivative is negative over the interval
(—1,3) and intervals and positive over the
intervals (—eo,—1) and (3,0). Furthermore it is
equal to zero when x =—1 and x =3 . This
means that the function is increasing over the
interval (—eo,—1) , then decreasing over the
interval (—1,3) , and then increasing again over
the interval (3,00) . The function has horizontal
tangents at x = —1 and x =3 . A possible graph
is shown below.
)
/\ X
9 87 6 -5 -4 -3/2 1 OWS 6 7 8 9
f(x)==x"—4x° +54x* +160x° —641x°
—828x+1200
Using the calculator we enter the function into
the graphing editor as follows:
Flatl Flokz Flot:
N E R e E S5
atd+ 1 @R I—6d 1™
2-8285+126A/
wMe=
wMr=
“My=
~he=
Using the following window:
WIHOOW
pmin= -8
mmax=g
scl=1
Ymin=_-JEEE
Mmax=7HHE
Y=o l=1E60[
mres=l

92.

215

The graph of the function is:

|V
We find the relative extrema using the

minimum/maximum feature on the calculator.
There are relative minima at

(—3.683,—2288.03) and (2.116,—1083.08).
There are relative maxima at
(—6.262,3213.8), (—0.559,1440.06), and

(5.054,6674.12).

f(x) =x*+4x° —36x* —160x +400

Using the calculator we enter the function into
the graphing editor as follows:
Flokl Flokz Flotbz
i =BG S ok F e
~2—1 6B E+408
wMe=
whe=
Ny =
wNe=
~NE=

Using the following window:

The graph of the function is:

We find the relative extrema using the

minimum/maximum feature on the calculator.
There are relative minima at

(—5,425) and (4,-304).

There is a relative maximum at (—2, 560) .
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93.

94.

Fx)=3fa—2]+1

Using the calculator we enter the function into

the graphing editor as follows:
Flokl Flokz Flotz

=N BF I absod-Ho2

1+l

~e=
wMr=
why=
wNe=
~NE=
Using the following window:

WIHDOO

amin=-18

The graph of the function is:

We find the relative extrema using the

minimum/maximum feature on the calculator.
There are relative minima at(-2,1) and (2,1) .

There is a relative maximum at (0,2.587) .

f(x) =xV9—x"

Using the calculator we enter the function into

the graphing editor as follows:
Flokl Flokz Flotbz
~N B =2

M=
wMy=
wMe=
=M=
wMe=

Using the following window:

The graph of the function is:

95.

96.

Chapter 2: Applications of Differentiation

Notice, the calculator has trouble drawing the
graph. The graph should continue to the x-

intercepts at (—3,0) and (3,0). Fortunately, this
does not hinder our efforts to find the extrema.

We find the relative extrema using the
minimum/maximum feature on the calculator.

There is a relative minimum at (—2.12, —4.5) .

There is a relative maximum at (2.12,4.5) .

a)

b)

We enter the data into the calculator and
run a cubic regression. The calculator
returns

CubicEea
g=gx i +hxe+oxtd

[r R g Ruil]
mniumnn
|

When we try to run a quartic regression, the
calculator returns a domain error. Therefore,
the cubic regression fits best.

The domain of the function is the set of
nonnegative real numbers. Realistically,
there would be some upper limit upon daily
caloric intake.

The cubic regression model appears to have

a relative minimum at (3430,75.57) and it

appears to have a relative maximum at
(2768,80.75) .

a)

b)

)

The cubic function fits best. In fact some
calculators will return an error message
when an attempt is made to fit a quartic
function to the data.
Cubicked

The domain of the function is the set of
nonnegative real numbers. Realistically,
there would be some upper limit upon daily
caloric intake.

The cubic regression model appears to have

a relative minimum at (2732.84, 1.404) and

it appears to have a relative maximum at
(3394.80,16.597) .
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97.

a)

b)

Answers will vary. In Exercises 1-16 the
function is given in equation form. The most
accurate way to select an appropriate
viewing window, one should first determine
the domain, because that will help determine
the x-range. For polynomials the domain is
all real numbers, so we will typically select
a x-range that is symmetric about 0. Next,
you should find the critical values and make
sure that your x-range contains them.
Finally, you should determine the x-
intercepts and make sure the x-range
includes them. To find the y-range, you
should find the y-values of the critical points
and make sure the y-range includes those
values. You should also make sure that the
y-range includes the y-intercept.

To avoid the calculations required to find
the relative extrema and the zeros as
described above, we can determine a good
window by using the table screen on the
calculator and observing the appropriate y-
values for selected x-values.

Answers will vary. When the equations are
somewhat complex, the best way to
determine a viewing window is to use the
table screen on the calculator and observing
appropriate y-values for selected x-values.
You will need to set your table to accept
selected x-values. Enter the table set up
feature on your calculator and turn on the
ask feature for your independent variable.
This will allow you to enter an x-value and
the calculator will return the y-value. You
should make your ranges large enough so
that all the data points will be easily viewed
in the window.
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