Chapter 2

Applications of Differentiation

Exercise Set 2.1

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

First, find the critical points.

fl(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):
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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 (—00, —2) and

A

increasing on (—2,00) , 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(22)=(=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.

) L

_5 10 f)=x"+4x+5 lg:
= !
=3 2 of

-2 1 C

0 > o I I
1 10

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

A: (—e0,-3) and B:(-3,0).

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 (—ee,—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.

' f (X) 7 2 Y.
—6 _3 flx)=x*+6x-3 lg:
-5 -8 A f
—;‘. —}é _1I0 I_\S 1\ I_‘I‘ I_Izlz'zl é 1
_ _ =
-2 | -1 AL
ok
5T o
f (x) =5—x—x*
First, find the critical points.
fl(x)=-1-2x
f '(x) exists for all real numbers. We solve
f(x)=0
-1-2x=0
—2x=1
1
X=-=
2

The solution is continued on the next page.
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1 1 3 3
The only critical value is 3 We use 3 to The only critical value is 1 We use 2 to

divide the real number line into two intervals, divide the real number line into two intervals,

A: —oo,—l and B: —l,oo : A: —oo,—é and B: —E,oo.
2 2 4 4

A B A:Test -1, f'(-1)=-3-4(-1)=1>0
A A
< N > B: Test 0, f'(0)=—3 4(0)=-3<0
1 3
5 We see that f (x)is increasing on (_w’_Z)

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

and decreasing on (—%,oo) , there is a relative
A:Test -1, f'(-1)=-1-2(-1)=1>0

. 3
B:Test0, f'(0)=-1-2(0)=-1<0 maximum at x=-=-.
2
We see that f(x) is increasing on (—oo,—lj f _3 =2-3 3 -2 _3 :E
2 4 4 4 8
d decreasi ~L o). and the ch . . . 325
and decreasing on 2 and the change Thus, there is a relative maximum at —ﬁ .
from increasing to decreasing indicates that a We sketch the graph.
1
relative maximum occurs at x = 5 We o f (x) y
-3 —7 5t
M

substitute into the original equation to find

-2 0 () =2 - 3x — 252
- S WA
f(_l):5_(_l)_(_l)2 _21 0 2 .

2 2 2 4 1 ) -5t

Thus, there is a relative maximum at (— 2,—241) .

)
|
—_
)

5. g(x)=1+6)c+3x2

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

A: (—oo,—l) and B: (—l,oo):

We use the information obtained to sketch the i ' - )
raph. Other function values are listed below. First, find the critical points.
x f(x) g'(x)=6+6x
.
-3 -1 g:/(x):ifxfxz g '(x) exists for all real numbers. We solve:
-2 3 N |
- : /;2T \ g'(x)=0
- 6+6x=0
1 21 | A | LAL L1
-3 e S5—43-2-1,L1¥345% _
5 5 / ;‘% E \ 6x=-6
1 3 =l x=-1
2

-1

4. f(x)=2-3x-2x7

f ‘(x) =-3-4x i - B
f'(x) exists for all real numbers. Solve D 1' i
fix)=0
3_4x=0 The solution is continued on the next page.
3
xX=——

4



Exercise Set 2.1

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

A: Test —2,2'(-2)=6+6(-2)=-6<0

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

We see that g '(x) is decreasing on (—00,—1)
and increasing on (—l,oo) , 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.

SRt ,

—4 25 i

-3 10 2 200 =1+ 6x + 3x2
-2 1 1

L1 1 N -

-1 -2 —5—4—3—2W 12345%
2

-3

1 10 4

-5

'(x) exists for all real numbers. Solve
' 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: (—oo,—2) and B:(—2,<>o).

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 (—00, —2)

and increasing on (—2,00) , there is a relative

minimum at x =-2.
F(-2)=0.5(=2)" +2(=2)+-11=-13

Thus, there is a relative minimum at (—2, —13) .

215
We sketch the graph.
by
F(x) yﬁ

-5 17 r
-4 | -1 = Xy
-3 _25

2
—2 13 F(x)=0.5x2+2x—11
-1 _25 B

2
0 -11
1 _17

2

G(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)z()
3x? —2x-1=0
(Bx+1)(x-1)=0
3x+1=0 or x=1=0
3x=-1 or x=1
)c=—l or x=1
3

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).

(=3} (-5} mocis)

e
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

The solution is continued on the next page.
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From the previous page, we see that G(x) is
. . 1 .
increasing on (_‘”"5)’ decreasing on
1 . . .
—5,1 , and increasing on (1,00) . So there is

. . 1 .
a relative maximum at x = —5 and a relative

minimum at x=1.

We find G[—%) :

oS- )

1 11
=———-—+—+2
27 9 3
_®
27

Then we find G(l) :

G()=(1) - (1) - (1)+2

=1-1-1+2
=1
. . . 1 59
There is a relative maximum at _ﬁ , and

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

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

* | G(x)
-2 -8
_1 1 | ﬁ N T I |
0 2 5432, [ 123 45x
2 4 -
3 17 ~4

M

G =x3-x2—x+2

g(x)=)c3 +%x2—2x+5
g'(x):3x2+x—2

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

g'(x)=0
32 +x-2=0
(3x-2)(x+1)=0
3x-2=0 or x+1=0
2
xX=— or x=-1

3
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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:(z,wj-
3 3

A: Test —2,
g'(-2)=3(-2)" +(-2)-2=8>0
B: Test O,
2'(0)=3(0)
C: Test 1,
g'(1)=301)1+(1)-2=2>0

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

2 4(0)-2=-2<0

decreasing on (—1,%) , and increasing on

2 . . .
E’oo . So there is a relative maximum at

x =—1and a relative minimum at x = % .
¢(-1)= (1 43 (1 -2(1)e5= 3

—

3 2
ol 21=[2] + 4 2] —o[ 2452108
3 3 213 3 27
. . . 13
There is a relative maximum at —1,? , and

there is a relative minimum at (2,—12173j . We

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

x| g(x) 5
) 3 s
0 5 >
1 9 3
2 1

T 2 :,;lu_%:u;;;x
-2r

g(x)=x3+%xz—2x+5



Exercise Set 2.1

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
=1
x=x%1

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

A: (—ee,~1), B: (~11), and C:(1,0).

-1 1

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

A:Test -3, f'(-3)=3(-3)’ -3=24>0
B:Test0, f'(0)=3(0) -3=-3<0
C:Test2, f'(2)=3(2)'-3=9>0

We see that f(x) is increasing on (—00,—1) ,
decreasing on (—1,1) , and increasing on (1, 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 f (1) :
F)=01y=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.

| f(x)
-3 =12 6
= 5
2 §:f(x)=x3—3x+6
0 6 2F
ik
P I e st
3 24 l ar
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10. f (x) =x’ =3x%
f '(x) =3x* —6x
f'(x) exists for all real numbers. We solve
f'(x)=0
3x* —6x=0
3x (x - 2) =0
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: (—,0), B: (0,2), and C:(2,0).

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 (—00,0),
decreasing on (O, 2) , and increasing on (2,00) .

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

£(0)=(0)"=3(0)° =0
F(2)=(2) =32y =4
There is a relative maximum at (0,0) , and there

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

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

* | f()

-2 | 20 o[

-1 —4 e
1 -2 5—4-3-2-1{[\1 2 p 4 5 x
3 0 T

4 16 g: f(x):x3—3x2

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

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

f'(x)ZO
6x+6x" =0
6x(1+x)=0
6x=0 or x+1=0
x=0 or x=-1

The solution is continued on the next page.
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From the previous page, we know the critical
values are —1 and 0 . We use them to divide the
real number line into three intervals,

A: (—oo,-1), B: (~1,0), and C:(0, o).

A

-1 0

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

£'(=2)=6(=2)+6(-2)" =12>0

B:Test—l,
2

EREROES
2) 2 2) 2
C: Test 1,
F()=6(1)+6(1*=12>0
We see that f(x) is increasing on (—00,—1) ,

decreasing on (—1, 0) , and increasing on (0,00) .

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 f(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.

f(x) )
27 ;

2

-4 feo=32+23 ]

1 1 1 1 1
1 54321

28 -3

12.

f (x) =X’ +3x
f '(x) =3x>+3
f'(x) exists for all real numbers. We solve

f(x)=0

13.
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There are no real solutions to this equation.
Therefore, the function does not have any
critical values.

We test a point

£'(0)=3(0+3=3>0
We see that f (x) is increasing on (—00,00) , and

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

* f(x) é:
-2 —14 3F N
_1 _4 i— fl) =x2+3x
0 0 EREERY IR Py
1 4 A
2 14 4
sk
g (x) =2x"-16
First, find the critical points.
g '(x) = 6x7
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: (—oo,O), and B: (0,00).

Py R

A

>
>

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
g'(1)=6(1=6>0

We see that g (x) is increasing on (—00, O) and

B: Test 1,

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.

. g(x) C

_2 _32 1 i 1 | -
-1 ~18 5 123 45x
0 -16 :g(x)zw_m
1 —14 i

2 0 B

3 38
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15.

Exercise Set 2.1

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: (—oo,O), and B: (0,00).

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

We see that F(x)is decreasing on (—00,0) and

B: Test 1,

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) e

2 | 9 of

—1 2 N

0 1 S[R3 5k
ok W)=1-x3

1 0 _g_ F(x) =1

2 =7 j‘;:

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: (—=°,0), B: (0,4), and C:(4,0).

I S T .

] | 3
< T T 7

0 4

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

16.
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A: Test—1,G'(=1) = 3(~1)" =12(=1) =15 >0
B:Testl, G'(1)=3(1)’-12(1)=-9<0
C:TestS, G'(5)=3(5)-12(5)=15>0
We see that G x) is increasing on (—00,0),

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

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

o]z

-2 =22 r

/.

1 5 SO 1N 45 Tx
2 -6 1or v
3 -17 -208

[ GO =x3—6x2+10

f(x)=12+9x-3x> - x°

f'(x)=9-6x-3x*
f'(x) exists for all real numbers. Solve
f(x)=0

9-6x-3x" =0

x*+2x-3=0 Dividing by —3
(x+3)(x—1)=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,c).
On the next page, we use a test value in each

interval to determine the sign of the derivative
in each interval.
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17.

A: Test—4,
f'(-4)=9-6(-4)-3(-4)’ =-15<0
B: Test O,
£'(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 (—00,—3),

increasing on (—3, 1), and increasing on (1, 00) .

So there is a relative minimum at x =—-3 and a

relative maximumatx =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.

X f(x) i
-5 17 15

-2 -10 SY32A 1215 45 %
-1 1 \Z}Q:

—

0 12 2
g 1?5 fo)=12+9x=3x%—x3
g (x) = )c3 - x4

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

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

g'(x)=0
32 -4x° =0
x2(3—4x)=0
X = or  3-4x=0
x=0 or —4x=-3
x=0 or x=

The critical values are 0 and

Alw alw

Chapter 2: Applications of Differentiation

We use the critical values to divide the real
number line into three intervals,

A: (—=0,0), B: (o,%j, and c:(%,w}
0 3

4

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

ATest=1g (1) =3(-1) ~4(-1)' =750
e {32
SRS

C:Testl, g'(1)= 3(1)2 —4(1)3 =-1<0

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

3 . . 3
(O,Z) , and is decreasing on [Z,ooj . So there
is no relative extrema at x = O but there is a

relative maximum at x = Z .

3
We find —|:
g(4j
3)_(3Y_(3) _27_s81_271
814)7\4) "\4) Tea 256 256

There is a relative maximum at (

4’256 ) ’
use the information obtained to sketch the
graph. Other function values are listed below.

ol g(x)
2 |
-1 -2
0 0
1 1

2 16

1 0

2 -8
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18. f (x) =x*—2x°

' x) =4x° — 6x*

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

f'(x)=0

4x° —6x2 =0

24 (2x-3)=0
x* =0 or  2x-3=0
x=0 or ng

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

divide the real number line into three intervals,
A: (—=0,0), B: (o,%j, and c:(%,w}

A: Test—1, £'(=1)=4(-1)’ =6(-1)* =10 <0

F(0)=40)-6(1 =—2<0

C:Test2, f'(2)=4(2)'-6(2)°=8>0
Since f (x)is decreasing on both (—eo,0) and

B: Test 1,

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

minimum at x = E .

B3

There is a relative minimum at [ %

27

. We
16
use the information obtained to sketch the
graph. Other function values are listed below.

B -

-2 32 -

-1 3 i L
0 0 o} 1.5]25%
1 -1 i

2 0 F S =x*-2x3
3

19.
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f(x)=§x3—2x2+4x—l

First, find the critical points.
f(x)= x*—4dx+4

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

f1x)=0

X’ —4x+4=0
(x—2)2 =0
x-2=0
x=2

The only critical value is 2.

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

A B
A 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 (2,00). Therefore, there are no relative

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

Y
* f(x) 10k
sk
-3 —40 6
2 | _» o
3 L1 T 111
5432-1,f12345x
-1 22 gL
3 _6*
0 -1 8-
ok
1 4
3 j(x):%x3—lx2+4x—1
2 5
3
3 2
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20.

F(x)z —lx3 +3x%—9x+2
3

F'(x)=—x2 +6x—-9

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

F'(x)=0
—x*+6x-9=0
2 —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: (—00,3) and B:(3,oo).
A
A

B
A

\If
T

3

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

A: Test O,F'(O):—(O)2 +6(0)—9:_9< 0

A
A 4

B: Test4, F'(4)=—(4)" +6(4)-9=-1<0
We see that F (x)is decreasing on both (—<°,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) HL
-3 65 -
-2 104 oL
3 e
—5-4-3-2-1 12345x
_2_
—1 % L
_6¥
0 2 8-
10k
1 _13
3 F(x)=7%x3+3x279x+2
2 _20
3
3 =7

21.
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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)ZO
8x* —40x =0
8x(x2—5)=0
8x=0 or  x*-5=0
x=0 or =5
x=0 or x=i\/§

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

them to divide the real number line into four
intervals,

A: (—w,—ﬁ),B: (—\/5,0),
C:(O,\/g),and D:(\/E,oo).

e i i Vet
Ao %

We use a test value in each interval to determine
the sign of the derivative in each interval.
A: Test—3,

g'(-3)=8(-3)' —40(-3)=—96 <0
B: Test —1,

g'(-1)=8(-1) -40(-1)=32>0
C: Test1,

g'(1)=38(1)* -40(1)= -32<0
D: Test 3,

2'(3)=8(3) -40(3)=96>0

We see that g (x) is decreasing on (—oo, —\/g ) s
increasing on (—\/g , 0) , decreasing again on
(0,\/§ ) , and increasing again on (\/g s oo) .

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

relative minimum at x = \/g .

We find g (—\/5) :

g(~5)=2(~V5) ~20(~5) +18=-32

The solution is continued on the next page.
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Then we find g(0):

2(0)=2(0)" —20(0)* +18=18

Then we find ¢ (</5)

¢(v5)=2(v5) ~20(V5) +18=-32
There are relative minima at (~v/5,-32) and

(\/§ ,—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) 3{%
—4 210 201
e LA
-1 0 = - I
; 0 =20

ok
4 210

g(0) = 2x* - 20x2 +18

f(x)=3x"—15x7 +12
f(x)=12x" —30x
f '(x) exists for all real numbers. We solve
f(x)=0
12x° -30x=0
6)((2)(2 —5) =0
6x=0 or

x=0 or x2:§
2

x=0 or

use them to divide the real number line into four
intervals,

A: (—m,—@} B: [—@,O),

2
C:(O,@], and D:[@,w}
2 2

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

223

A: Test—2,

£1(=2)=12(-2)’ -30(-2) = -36 <0
B: Test —1,

£(=1)=12(-1)’ =30(-1)=18 >0
C: Test 1,

£1(1)=12(1)° =30(1) = -18 <0
D: Test 2,

£'(2)=12(2)’ =30(2) =36 >0

We see that f (x) is decreasing on

Vio) oo V1o
—ee,= = | increasing on —T,O ;

10
decreasing again on [0,—2 J , and increasing
. ~V10 . .
again on T,oo . Thus, there is a relative

minimum at x = ———, a relative maximum at

x =0, and another relative minimum at

10
X—T.
Ryl

2 2 2
27
T4

£(0)=3(0)" =15(0)* +12=12

(A5

2 2
__z
4
There are relative minima at [—@,—%7) and
Jio 27
27 4

There is a relative maximum at (0,12).

The solution is continued on the next page.
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We use the information obtained on the
previous page to sketch the graph. Other
function values are listed below.

SRS
-3 [ 120
2 [ 0
1[0

I 0 e
2 | 0

3| 120

60 =3x* - 15x2 + 12

23, F(x)=3x—1=(x-1)"

First, find the critical points.
Fi(x) =5 (=17 ()
1
3(x-1)"

F '(x) does not exist when

3(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 value
is x=1.

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

A: (—oo,l) and B: (1,00):

A B
A A

A
A 4

Chapter 2: Applications of Differentiation

x F(x) "
_7 _2 2_
0 -1 [/reo=VaT
1 0 08642 Z/é F o 810%
2 1 s
9 2 -2

24. G(x)=Yx+2=(x+2)"

G'(x)=5(x+2) " (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 is x = 2.
We use —2 to divide the real number line into
two intervals,

A: (—oo, —2) and B: (—2, oo) :
_
3(-3+2)"
1 1
B: Test -1,G'(-1)=———=—>0
= 3(-1+2)* 3
We see that G(x)is increasing on both

(—00, —2) and (—2,00) . Thus, there are no

A: Test -3,G'(-3)= =é>0

relative extrema for G(x) .

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

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

1 1

A:Test0,F'(0)=——=—>0
©) 3(0-1)* 3

B:Test2,F'(2)=;y=l>0
3(2-1)° 3

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

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

sketch the graph. Other function values are
listed.

G(x) ”m
C10 | 2 L
S T A S
-2 0 -10-8-6-4-p | 2 4 6 810%
e T
6 2 -
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f (x) =1- x%
First, find the critical points.
Fi)= 2
3
2
3Rfx
f '(x) does not exist when
33/; =0, which means that f '(x) does not

exist when x =0. The equation f '(x) =0has
no solution, therefore, the only critical value is
x=0.
We use O to divide the real number line into
two intervals,
A: (—oo,O) and B: (O, oo) :
A
AL

B
A

\If
T

0

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

A: Test -1, f'(-1)=— 2 _2.9

313

2 _2
M3

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

A 4

A

B: Test 1, f'(1)=

decreasing on (O,oo) . 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) .

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

) g

3 3 [ =1-x23
_1 0 o5

1 0 L1 I I L1

26.
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£(x)=(x+3)" =5

2 _1
70 =3+3)”
2
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: (—oo,—3) and B: (—3,00):
2 2

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

We see that f (x) is decreasing on (—00, —3) and

increasing on (—3,00) . Thus, there is a relative
minimum at x =-3.

£(-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.

Y.
’ f(x) O =x+3)¥-5 2:
-11 | -1 i
—4 —4 ToSe s ‘:*4— 7
2 | -4 Sk
5 -1 /5F
-6
-7+
8 o2\
G(x)=— = 8(+* +1)

First, find the critical points.
G'(x)= —8(—1)(x2 + 1)_2 (2x)
_ léx
()
G'(x)exists for all real numbers. We set the

derivative equal to zero and solve the equation
for x on the next page.



Setting the derivative from the previous page
equal to zero, we have:

G'(x)=0
16x . ~0

(x2+1)
16x=0
x=0

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

A: (—oo,O) and B: (O,oo):

B
P
< T

0

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

\ 4

16(-1) -
A:Test—l,G‘(—1)=L)2=ﬁ=—4<o
((—1)2+1)

16(1
B: Test 1, G'(l)=&=ﬁ=4>0

((1)2 +1)2 4

We see that G(x) is decreasing on (—00,0) and

increasing on (O, oo) . Thus, a relative minimum
occurs at x=0.
We find G(0):

-8
O

Thus, there is a relative minimum at (O, —8) .

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

* | Gy
3 _a
5
2 | _s
5
-1 | -4
1 —4
2 _8
5
3 _a
5

28. F(x) =

Chapter 2: Applications of Differentiation

¥ +1

F(x)=5(-1)(* +1) " (22)
_ —10x
()
F '(x) exists for all real numbers. We solve
F '(x) =0
—10x
(x2 + 1)2
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):

=5 (x2 + 1)_1

=0

A: Test —1,
—-10(-1
F'(—1)=—()2=¥=§>0
((—1)2 +1)
B: Test 1,

—10(1 -
po-_—00 105

2
((1)2 + 1) 4 2
We see that F (x)is increasing on (—e,0) and

decreasing on (0,00) . Thus, a relative maximum
occurs at x=0.
We find F(0):

5
F(O):(o)2+1:5

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

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

~—

L )
-10-8-6-4-2 | 2 4 6 810'x

|
[\
= [ =[] [ = o= /}:\
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4x
29. x)=
g( ) 2 +1

First, find the critical points.
(x2 + 1) (4) —4x (2x)

x)= 5 Quotient Rule
(x2 + 1)
_AxP +4-8x7
(x2 + 1)2
_4-4x7
- 2
(x2 + 1)
g '(x) exists for all real numbers. We solve
g'(x)=0
42
4—-4x = 0
2
(x + l)
2 - 2, 4)?
4-4x"=0 Multiplying by (x + 1)
x*~1=0  Dividing by —4
X’ =1
xX= i\/I
x=1z1

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:(1,0).

-1 1

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

C4-4(22 12

A: Test —2,¢'(-2) > =-=-<0
((_2)2+1) 25
4-4(0)°

B: Test 0, g'(0)= 3 =4>0
((0)2+1)

_4-4(2) 12

C:Test2, g'(2)

We see that g (x) is decreasing on (—00,—1) s
increasing on (—1,1) , and decreasing again on
(l, 00) . So there is a relative minimum at

x =—1and a relative maximumat x=1.

30.
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We find g(—l) :

T ) I S
g( 1)_(_1)2+1_ B 2
Then we findg(l):

_ 40 4
g(l)_(1)2+1_2 ?

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.

* | g(x)

|
(98]
|

|
[\
|
Ujoe [Ln|on

[\®)
Loy [ | ©

2

¢ (x) B x2x+1
(x2 + l) (2x) —x* (2x)
()
2x
(x2+1f
g '(x) exists for all real numbers. We solve

g'(x)=0

2

g'(x)=

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

E=l>0
4 2

( 2(1) :
* ((1)2 + 1)

The solution is continued on the next page.
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31.

From the previous page, we see that g (x) is
decreasing on (—00,0) and increasing on (0,00) .

Thus, a relative minimum occurs at x=0.
We find g (0) :

g(O)— (0)2 —

0P+

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 b
g(x) 15T o= 2
3 9 I_g x2+1
10 sk
-2 4 L1 L1
5 —5-4-3-2-1 12345x
1 | =05
2 At
1 1 st
2
2 4
5
3 9
10

1

F ()= =(x)"
First, find the critical points.
l _
70 =30)"
1 1

3 33
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: (—oo,O) and B: (O, oo):

A B
A A

\If
T

0

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

A: Test—l,f'(—l)=;2=%>0

A
A 4

B: Test 1, f'(1)=

32,

Chapter 2: Applications of Differentiation

We see that f (x) is increasing on both (—oo, 0)
and (O, 00) . Thus, there are no relative extrema

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

sketch the graph. Other function values are
listed below.

ro f() 4
:? :? f(x)=%/; 1 /

3 (x + l)%
f '(x) does not exist when x = —1. The equation

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

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

A: (—oo,—l) and B: (—l,oo):
A:Test =2, f'(-2)=

L 1.0
30041y 3

We see that f (x) is increasing on both

B: Test O,f’(0)=

intervals, Thus, there are no relative extrema for
f(x).

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

[ fo0 = e
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33. g()c)=\/)c2 +2x+5 = (x2 +2x+5)%

First, find the critical points.
, 1 -%
g (x) = E(X2 +2x+5) ’ (2x+ 2)
o 2(x41)
= . i
Z(x +2x+ 5)

x+1

\/x2 +2x+5

The equation x? +2x+5 = 0has no real-

number solution, so g '(x) exists for all real

numbers. Next we find out where the derivative
is zero. We solve

g'(x)ZO
Ly
Va? +2x+5
x+1=0
x=-1

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

A: (—oo,—l) and B: (—l,oo):

A B
-1

We use a test value in each interval to determine

the sign of the derivative in each interval.

A: Test —2,

(-2)+1 =_—1<0

\/(—2)2 +2(-2)+5 V5

8'(-2)=

B U S0 S S
(0’ +2(0)+5 V5

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

increasing on (—l,oo) , 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 (—l) :

)= 215 =T =2

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

34.
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We use the information obtained to sketch the
graph. Other function values are listed below.

* 8 (x) %
—4 3.61 8
-2 2.24 0
0 2.24 4
1 2.83 i
3 4.47 078 4L 4 8 1%
g(x):m
F (x) = ! = (xz + 1)—/2
¥ +1
, I %
F(x)= (-EJ( 2 1) (29)
_ —X
(x+1)"
F '(x) exists for all real numbers. We solve
F '(x) =0
—X
——=0
(¢ +1)"
x=0

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

F)=—t =71

—=—<0
((1)2+1)/2 B

We see that F (x)is increasing on (—00,0) and

decreasing on (O, oo) . Thus, a relative maximum

occurs at x=0.

F(O)=;=1

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

use the information obtained to sketch the graph
on the next page.
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We use the information obtained on the
previous page to sketch the graph. Oth¢ r
function values are listed below.

X F(x) o
-3 | 032 W ppo = L
2 | 045 J_F() Vel
-1 0.71 e
1| o071 T
2 0.45 L
3 0.32

35.-68. Left to the student.

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

/)

— D W A W

-9-8»7-6-5-4»3»2-11P123 56 789

70. Answers may vary, one such graph is:
ps(x)

)

X

98-7-6-5\4-32/1 (01 23456789
2

4

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

72.

73.

74.

75.

76.

Chapter 2: Applications of Differ« ntiation

Answers may vary, one such graph is:

Flx)
401

207

X

123456780910111213141516171819

Answers may vary, one such graph is:

8(x)

X

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

Answers may vary, one such graph is:

flx)

X

9 8 -7-6-5-4-3

2101234567809

Answers may vary, one such graph is:

\ Flx)

8 6 4 2 Y0

2 4 6 8 10(12 14 16 18

Answers may vary, one such graph is:

G(x)

X

9-8-7-6-5-4[3-2-1

1234567891011121314




Exercise Set 2.1

77. Answers may vary, one such graph is:

fix)

x

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

01 234567891011121314

78. Answers may vary, one such graph is:

8(x)

X

98-7-6-5-43-2-1

12345678910111p1314

79. Answers may vary, one such graph is:

Y
x
Vl 2 3 4 s

80. Answers may vary, one such graph is:

/ x
1 2 3 4 5

0

81. Answers may vary, one such graph is:

f(x)

X

82.
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Answers may vary, one such graph is:

8(x)

-9

83.

-8 -7 5 4 321 01 2 3 4

6 7 8 9

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

x

-9

84.

—]

8 -7 6 -5 4 -3 2 -1 y123456789

e

Answers may vary, one such graph is:

K(x)

x

9

85.

86.

8 -7 6 -5 4 -3 -2 -1 (0

2 3 45 6 7 89

The critical value of a function f is an
interior value c of its domain at which the
tangent to the graph is horizontal ( f'(c)= O) or

the tangent is vertical (f '(c) does not exist) .

The critical values for this graph are
X5 X3, Xy, X5, Xg, X7, Xg, Xy -

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 (a',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.
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87. Letting ¢ be years since 2000 and E be thousand

of employees, we have the function:
E(1)=-28.31F +381.86r° —1162.07¢ +16905.87
First, we find the critical points.

E'(t)= —84.9312 +763.72t —1162.07

E '(t) exists for all real numbers. Solve
E'(t)=0

—84.931* +763.72t —1162.07 = 0
Using the quadratic formula, we have:

-763.72+ \/(763.72)2 —4(-84.93)(-1162.07)

= 2(-84.93)

_ —763.72%/188,489.818

-169.86
t=194 or t=17.05
There are two critical values. We use them to

divide the interval [0,00) into three intervals:

A: [0,1.94) B: (1.94,7.05), and C:(7.05,c°)

B C
f—p ﬂr—H—H
~— | ! >
0 1.94 7.05
Next, we test a point in each interval to
determine the sign of the derivative.
A: Test 1,

E'(1)=-84.93(1)" +763.72(1)-1162.07
=-483.28<0
B: Test 2,
E'(2)=-84.93(2) +763.72(2)-1162.07
=25.65>0
C: Test 8,
E'(8)=-84.93(8) +763.72(8)~1162.07

=-487.83<0
Since, E (t) is decreasing on [0,1.94) and

increasing on (1.94,7.05) and there is a relative

minimum at =194 .
E(1.94) = -28.31(1.94) +381.86(1.94)°
~1162.07(1.94) +16905.87
~15,882

There is a relative minimum at (1.94, 15,882) .

Since, E(t) is increasing on (1.94,7.05) and

decreasing [7.05, oo) on and there is a relative

maximum at ¢t =7.05.

88. N(a)=-a’+300a+6,

Chapter 2: Applications of Differentiation

E(7.05)=-2831(7.05)’ +381.86(7.05)°
—~1162.07(7.05) +16905.87

=17,773
There is a relative maxnimum at
(7.05, 17,773)..

We sketch the graph.

! T(t)

0 16,906 EMA E() =—283168 + 381.8612

1 16, 097 18,000 —1162.07t + 16,905.87
3 16,092

5 17,103

8 17,554
12 9029

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

N
Nl

interval [O, 300] into two intervals,
A: [0,150) and B:(150,300].
A: Test 100,

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

N'(200) = -2(200)+300 =-100 < 0
Since, N(a) is increasing on [0,150) and
decreasing on (1 50, 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) 2:';;?’ "N(a) =—a +300a + 6
0 6 20,000{

100 | 20,006 15,000}

200 | 20,006 10,000

300 6 5,000

100 200 300 a
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T(t)=-0.1* +1.2r+98.6, 0<t<12
First, we find the critical points.
T'(r)=-0.2+12

T '(t) exists for all real numbers. Solve

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

-02tr=-1.2
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
<

3
T ) I [l

0 6 12

&
<

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

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

t (0

T | ol

104

0 98.6 1031 T() =-0.12 +1.2t +98.6
3 [ 1013 | or
5 102.1 lgg-
7 102.1 23:
8 101.8 o 1 1 1 11 11 1 1 1 1 Il
12 08.6 ST 23450678 0101112 1

f(x)=0.125x% —1.157x +22.864
for 1I5<x<90
f'(x)=0.025x-1.157
f '(x) exists everywhere, so we solve
f'(x)=0
0.025x-1.157 =0
x=46.28

91.
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The only critical value is about 46.28 we use it
to break up the interval (15,90) into two
intervals
A: (15,46.28) and B:(46.28,90).
A: Test 20,
f'(20)=0.025(20)-1.157 = -0.657 < 0
B: Test 50,
1'(50)=0.025(50)—1.157 = 0.093> 0
We see that f (x) is decreasing on (15,46.28)

and increasing on (46.28,90) , so there is a

relative minimum at x = 46.28 .
f (46.28)

= 0.0125(46.28)" —1.157(46.28) +22.864

=-3.9
There is a relative minimum at about
(46.28,—3.9). Thus, the longitude and latitude

of the southernmost point at which the full
eclipse could be view is 46.28 degrees east and
3.9 degrees south.

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

S AS)
20 | 4724
30 | 0.59
40 | 3416
60 | ~1.556 SN
80 | 10.304

The derivative is negative over the interval
(—oo,—l) and positive over the interval (—1,00).

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

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

interval (—l,oo) and has a horizontal tangent at

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

X

______ N3_2 -1 |01
9-8-7-6-5-432-1 0123456789
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92,

93.

9.

The derivative is positive over the interval
(—00,2) and negative over the interval (2,00).

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

the interval (—00, 2) , decreasing over the interval

(2,00) and has a horizontal tangentatx=2. A

possible graph is shown below.
fix)

X

9 8§-76-5-4-32-11012345¢673879

/

The derivative is positive over the interval
(—00, 1) and negative over the interval (1,00) .

Furthermore it is equal to zero when x =1. This
means that the function is increasing o er the

interval (—00, l) , decreasing over the interval

(1, oo) and has a horizontal tangentatx=1. A

possible graph is shown below.
flx)

"\ X

987654324001 2Y%Y45673809

The derivative is negative over the interval
(—00, —1) and positive over the interval (— 1, 00) .

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

the interval (—00, —1) , increasing over the
interval (—1,00) and has a horizontal ta1 gent at

x=-1. A possible graph is shown below.
flx)

X

—9—8—7—6—5—4—3\{1/01 234567809

Chapter 2: Applications of Differ« ntiation

95. The derivative is positive over the - nterval

96.

(—4,2) and negative over the inter als (—oo,—4)

and (2,00). Furthermore it is equal to zero when
x =—4 and x = 2 . This means that the function
is decreasing over the interval (—00, —4) , then

increasing over the interval (—4, 2) , and then

decreasing again over the interval (2,00) . The

function has horizontal tangents at
x=—4and x =2. A possible graph is shown

below.
f(x)

01 2 3 56 789

9 8 7\6 5 -4 -3 -2 -

The derivative is negative over the interval
(—1,3) and intervals and positive over the
intervals (—00,—1) and (3,00) . Furthermore it is

equal to zero when x =—1and x=3. This
means that the function is increasir g over the

interval (—oo, —1) , then decreasing ¢ ver the
interval (—1, 3) , and then increasing again over

the interval (3, oo) . The function hi s horizontal

tangents at x = —1 and x =3 . A possible graph

is shown below.
f(x)

9 8 -7 -6 -5 -4 -3/2 -1

N3 #5678 09




97.

98.

Exercise Set 2.1

f(x)==x"—4x" +54x* +160x° — 64157
—828x+1200
Using the calculator we enter the funct on into
the graphing editor as follows:
Flekl Flekz Flokz
~N R R E—dE T DD

Bt leBnE-ad 1m"
2—g2TK+1286

Using the following window:

Ve l=1060
Ares=1

The graph of the function is:
f(x) =-x®—4x5+ 54x* + 160x3
- 641x2-1828x + 1200

7000

In Al
|V Y

~3000

We find the relative extrema using the
minimum/maximum feature on the cal¢ ulator.
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), «nd

(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 Flakz Flokz
M ERT g B0
~Z2—168E+4Ea8
~MNe=
M=
sMy=
M=
~NE=

Using the following window:

W IHOO
Amin=-1@

99.
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The graph of the function is:
f(x) = x* + 4x3 — 36x2 — 160x + 400
800

IVl
| Vo

—400
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 (—i ,560) .

f(x)=1[‘4—x2‘ +1

Using the calculator we enter the fi nction into
the graphing editor as follows:

Flotl Flotz Flot:
1RFfCabs (4—1"2
12+1

M=
M=
“My=
“Me=
~Me=

Using the following window:

The graph of the function is:
) =Y14—x2] +1

6

1001 1 L1 1 1)10

0
We find the relative extrema using the
minimum/maximum feature on the calculator.

There are relative minima at (—2, l) and (2,1) .

There is a relative maximum at (0, 2.587) .
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100. f (x) . /9 _2 The grapfl(mx)oif&li'functlon is:
Using the calculator we enter the funct on into 4
the graphing editor as follows: \:
Flotl Flatz Flots
s RO 2 ) A
wMe= e N g
== L L
~My= L
we= -2
:3 6= We find the relative extrema using the
7= - : minimum/maximum feature on the calculator.
Using the following window: . . .
The graph is decreasing over the interval
WIMDOL
wmin=-d (—e,2).
nmax=d4 . . .
Moo l=1 The graph is increasing over the inrerval (2,00) .
Ymin=-5
Yrax=5 There is a relative minimum at (2,( ) .
ﬁf—:gé;% The derivative does not exist at x= 2
The graph of the function is:
) =x /9 -x? 102. f(x)=[2x-5
2 Flotl Flotz Flotd
C ~M1Babsc2k-50
3 ~Ne=
Y . {4 ~MNa=
r nMy=
C “We=
[ nME=
5 ~Ne=
Notice, the calculator has trouble draw: ng the Using the following window:
graph. The graph should continue to tt e x- W IHOOW
) . amin=-16
intercepts at (—3, 0) and (3,0) . Fortunately, this Mmax=18
does not hinder our efforts to find the extrema. =cl f];
. . Ymin=-1A
We find the relative extrema using the Vmax=18
minimum/maximum feature on the calc ulator. Y=l=1
There is a relative minimum at (—2.12,- 4.5) . Ares=l —
The graph of the function is:
There is a relative maximum at (2.12,1 .5) . f(x) = |2x - 5|

101 f(x)=|x-2|

Using the calculator we enter the funct on into

the graphing editor as follows: -3|—— L7
Flekl Flekz Flokz i
~N1BabscE-21 2
:$ :: We find the relative extrema using the
WMy= minimum/maximum feature on the calculator.
“ﬁ L= The graph is decreasing over the interval
M=
~J
Using the following window: 2
WIHDOL The graph is increasing over the inierval
Smin= -1 P s
Hmax=16 S
necl=1 2
Ymin=-18
Ymax=10 _ _ o 5
Vezl=1 There is a relative minimum at|{ —,0 |.
nres=l 2

The derivative does not exist at x =

N | L
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104.

Exercise Set 2.1

f (x) = ‘xz —1‘
Using the calculator we enter the function into
the graphing editor as follows:

Flotl Flokz Flotbz
~NiBabsoxtE=12
wMe=
wMi=
nMy=
wWe=
wME=
wNe=
Using the following window:

WIHOOW
Amin=-1@
Amax=1@
necl=1
Ymin=-18
Ymax=18
Vel=1
HAres=1

The graph of the function is:
f(x)=|x2-1]|

-2
We find the relative extrema using the
minimum/maximum feature on the calculator.
The graph is decreasing over the interval

(—eo,—1) and (0,1).

The graph is increasing over the interval
(-1,0) and (2,).

There are relative minimums at

(-1,0) and (1,0).

There is a relative maximum at (0, 1) .

The derivative does not exist at x = —1and
x=1.

f (x) = ‘xz -3x+ 2‘

Using the calculator we enter the function into
the graphing editor as follows:

Flatl Flatz Flats
;¥1Eab5iH“2—3H+2

“Mez=
M=
~My=
~Mp=
“ME=

237

Using the following window:

105.

WIHOOL
HAmin=-2
ABMax=5
Hecl=1
Ymin=-1
Ymax=d4
Yeol=1
Ares=1

The graph of the function is:

f(x) = |x2-3x +2|

3

0 Ja
-1

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

The graph is decreasing over the interval

(=eo,1) and (%2}

The graph is increasing over the interval
3

1,— | and (2,0) .

(13 ana 2

There are relative minimums at (l, 0) and (2,0) .

There is a relative maximum at (;—4) .

The derivative does not exist at x =1 and
x=2.

f (x) = ‘9 - xz‘
Using the calculator we enter the function into
the graphing editor as follows:

Floti Flokz Flot:
~M1Babs (-2
M=
“Mars
“My=

Using the following window:

WIHOOL
Hmin=-1@
Amax=16
Hecl=1
Ymin=-1@

The solution is continued on the next page.
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The graph of the function is:
f(x) =19 - x2|
10

_4‘\ 1 1 C 1 1
-1

We find the relative extrema using the

minimum/maximum feature on the calculator.

The graph is decreasing over the interval

(—e<,-3) and (0,3).

The graph is increasing over the interval

(-3,0) and (3,0).

There are relative minimums at

(-3,0) and (3,0).

There is a relative maximum at (0,9) .

)4

The derivative does not exist at x = —3 and
x=3.

f (x) = ‘—xz +4x— 4‘

Enter the function into the graphing editor:
Flatl Flokz Flobz
;¥1Eab5ﬂ'H“2+4H—

“Mez=
M=
~My=
~Mp=
“ME=

Using the following window:

The graph of the function is:
f(x)= |-x2+4x — 4|
5

0 4

-1
We find the relative extrema using the
minimum/maximum feature on the calculator.
The graph is decreasing over the interval

(—e0,2).

The graph is increasing over the interval (2,00) .

There is a relative minimum at (2, 0) .

The derivative exists for all values of x.

107.

108.

Chapter 2: Applications of Differentiation

f (x) = ‘x3 - 1‘
Using the calculator we enter the function into
the graphing editor as follows:

Flokl Flake Flotz
“NiBabsoxt3-12
~Ne=
~Na=
wWy=
wNe=
wMe=
~Ne=
Using the following window:
WIHDOL

nmin=_-2

nMax=3
necl=1

Ymin=-1

Ymax=10

Yscl=1

nres=l
The graph of the function is:

f(x)=|x3-1]|

_2K C J‘S
-1

We find the relative extrema using the
minimum/maximum feature on the calculator.
The graph is decreasing over the interval

(—eo,-1).

The graph is increasing over the interval (l, 00) .

There is a relative minimum at (1,0) .

The derivative does not exist at x =1.

f (x) = ‘x4 - 2x2‘
Using the calculator we enter the function into

the graphing editor as follows:

Flokl Flotz Flotz
;¥1Eab5iH“4—2H“2

Using the following window:

The solution is continued on the next page.
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Exercise Set 2.1

The graph of the function is:

A

f(x)= |x*-2x2|

9

-1

We find the relative extrema using the
minimum/maximum feature on the calculator.
The graph is decreasing over the interval

(—o0,—1.41) and (0,1.41).

The graph is increasing over the interval
(—1.41,0) and (1.41,0).

There are relative minimums at
(-1.41,0),(0,0) and (1.41,0).

There are relative maximums at

(~1,0) and (1,0).

The derivative does not exist at x =—1.41 and
x=141.

a)

b)

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

CubicEea
g=gx i+hxe+oxE+o
a=2.??52958E'g

b=-3. 124485E -
c=,119721543%
d=-29. @737 I6

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 (4316,77.85) and it
appears to have a relative maximum at
(3333, 79.14) . This leads us to believe that

eating too many calories might shorten life
expectancy.

110.

a)

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.

b)

)
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CubicEeg
d=axF+hwE+ox+d
a=-1.,122387e-8
b=1.1694844 -4
c=-. 4107422686
d=493. 3632825

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 does not appears
to have a relative extrema. The greater the
daily caloric intake, the lower the infant
mortality.

111.

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.



