MATH180 - HOMEWORK SOLUTIONS

HOMEWORK #4

Section 3.7: 1, 5, 11, 18, 23
Section 4.1: 1-9 (all), 13, 23, 27, 35, 37, 39, 43, 45-48, 51, 57, 63, 69, 71, 75, 78
Section 4.2: 1-12 (all), 15, 25, 35, 39, 45, 51, 57, 59, 65, 75
Section 4.3: 1, 3, 7, 9, 11-27 (odd only), 33, 35, 41, 45, 53, 63, 65, 69

EXERCISES 3.7, page 241
1. f(x) =2x"and dy = 4x dx. 2. f(x)=3x*+1and dy = 6x dx.
3. f(x)=x—xanddy=(3x*- 1) dx. 4. f(x)=2x3+xand dy = (6x* + 1) dx.

dx
20x+1

5. f()=+x+1=(x+D)" and dy:—;—(x+1)'”2dx=



3

3/2
2x

f(x)= 3x and dy=- dx.

6x+1

24x
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16.

F)=3"+xP anddy= Gx™" +Lx"")dx.

2_
fx) =x+ -2x- and dy:(l—;zz—)dx:xxzzdx.

3

3
f(X) ——1 and dy——z-x_—l)—z—dx

x._

_ x2+1—(x-1)2xd _=x?+2x+1

x—1
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f(x) = " 1) x = Fi
fx) = g-x—le and dy = (x+1)(4x)‘(22x2 D 2x? +4x2——1
x+1 (x+1) (x+1)

f(x) =v3x*—x=(3x"-x)"* and

1 6x—1
dy==(3x> = x)""*(6x —1)dx = ———dx.

2 243x - x

1 4x

=2 +3)Pand dy=—-2x* +3)*(4x)dx = ————dx
f(x) =( )~ and dy 3( x“ +3)7" (4x)dx T
f(x) =x*-1.
a. dy = 2x dx. b. dy = 2(1)(0.02) = 0.04.

c. Ay=[(1.02)> = 1] = [1 — 1] = 0.0404.

f(x) =3x*—2x +6;
a.dy=(6x—2)dx b. dy= 10(-0.03)=-0.3.
c. Ay = [3(1.97)* = 2(1.97) + 6] -[3(2)* - 2(2) + 6] = —0.2973.



17.

18.

19.

20.

21.

22.

23

a. dy=——. b. dy= -0.05 c. A

f(x) =2x+1=2x+D".
1 -1/2 _ dx
a. dy—5(2x+1) (2)_\/—2;1—1.

c. Ay=[2(4.1) + 11" = [2(4) + 11"*=0.03315.

y= Jx and dy = i Therefore, V10=3+
2Jx

dx

. y=x"and dy = 1x? dx. Therefore, 7.8 =2 -

dx
=Jx and dy=——. Therefore, V495 =7+
Y Y=ox 2.7

= —— =" -0.05263.

0.1

b. dy~—==003333

NG

L 3167.

2-49

1

dx
=+Jx and dy= . Therefore, V17 =4+ —— = 4.125.
Y N 2.4

05 =7.0358.

03

=Jx and dy=-——. Therefore, v/99.7 ~10 ——— =9.85.
4 W 210

02 983
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CHAPTER 4

EXERCISES 4.1, page 262

1. fis decreasing on (-0,0) and increasing on (0, ).

2. fis decreasing on (-o,-1), constant on (-1,1), and increasing on (1,0).
3. fis increasing on (-o0,-1) U (1,00), and decreasing on (-1,1).

4 fis increasing on (-o0,-1) U (1,00) and decreasing on (-1,0) U (0,1).

wn

. fis increasing on (0,2) and decreasing on (-00,0) U (2,00).

(=)

. fis increasing on (-1,0) U (1,0) and decreasing on (-00,-1) U (0,1).
7. fis decreasing on (-00,-1) U (1,00) and increasing on (-1,1).
8. fisincreasing on (-0,-1) U (-1,0) U (0,0).

9. Increasing on (20.2, 20.6) U (21.7, 21.8), constant on (19.6, 20.2) |J(20.6, 21.1),
and decreasing on (21.1, 21.7) U (21.8, 22.7),

10. a. fis decreasing on (0, 4). b. fis constant on (4, 12).
c. fis increasing on (12, 24).

11. f(x)=3x+5;f'(x) =3 >0 for all x and so f'is increasing on (-c0,0).

12. f(x)=4-5x. f'(x)=-5 and, therefore, fis decreasing everywhere, that is, f is
decreasing on (-00,00).

13. f(x) =x*-3x. f'(x) =2x-3 is continuous everywhere and is equal to zero when
x =3/2. From the following sign diagram



- = = - - - O+++ 4

SR

1
L
o
we see that f'is decreasing on (-c0, 3 ) and increasing on (2, «).

14. f(x)=2x"+x+1;/'(x) =4x+1=0, if x=-1/4. From the sign diagram of f"
- —————— O+++++++

— > x
1 0

-~

we see that fis decreasing on (-oo0,- 1 ) and increasing on (-}, ).

15. glx)=x- x. g'(x) =1 - 3x% is continuous everywhere and is equal to zero when
1-3x*=0, or x= i—‘gi. From the following sign diagram

- === 0+++ ++++0~~~~

I} l 1 5> X

™ T T >
S, B

3 3

. . V3 V3 . .
we see that f'is decreasing on (-0,~75 ) UJ ( 3, ) and increasing on

(-L, L,

16. £(x) =x>-3x°. f'(x) =3x*- 6x=3x(x-2) =0 if x = 0 or 2. From the sign
diagram of /'

++++++0--0+++++

f - > X
0o 2
we see that f'is increasing on (-0,0) |J (2,0) and decreasing on (0,2).

17. gx)=x>+3x2+1; 2'(x) = 3x* + 6x = 3x(x + 2).
From the following sign diagram
+ +++++0~-0+++++
| p— > X
-2 0
we see that g is increasing on (-0,-2) U (0,:0) and decreasing on (-2,0).




18. f(x) = x* - 3x+4.f'(x) =3x*- 3 is continuous everywhere and is equal to zero

19.

20.

21.

22.

when x = £1. From the sign diagram

+ ++ 4 O mm - O+++++4

Il )] L
T | 1 > X

=1 0 1
we see that f'is increasing on (-o0,-1) U (1,00) and decreasing on (-1,1).

F(x)=1x*-3x+9x+20; f'(x) =x*-6x+9=(x-3)*>0 forall x except
x =3, at which point f' (3) = 0. Therefore, f'is increasing on (-0,3) U (3,0).

f(x)=%x-2x"—6x-2; f'(x) =2%*-4x-6=2(x"-2x-3)=2(x-3)(x+1)=0
if x=-1 or 3. From the sign diagram of ",

++4++ 0-—-= -~ O+++++
+— : > x
-1 0 3

we see that f'is increasing on (-00,-1) U (3,0) and decreasing on (-1,3).

h(x) =x* - 42 + 10; A'(x) = 4x® - 12x* = 4x*(x - 3) if x= 0 or 3. From the sign
diagram of A',

we see that 4 is increasing on (3,0) and decreasing on (-00,0) U (0,3).

g(x)=x" -2 +4. g'(x) = 4x® - 4x = 4x(x* - 1) is continuous everywhere and is
equal to zero when x = 0, 1, and -1. From the sign diagram

- _——m 0+ ++O0-=—=-0+++
t f f > X
-1 0 1

we see that g is decreasing on (-o,-1) U (0,1) and increasing on (-1,0) U (1,0).



23. f(x)= L (x=-2)". f'(x)==1(x-2)7 ()= ——1—7 is discontinuous at
x=2 (x-2)
x =2 and is continuous everywhere else. From the sign diagram

S’ not defined here

e ew e e om e ws wn ww e wm ws -

we see that fis decreasing on (-00,2) U (2,).

= - and we see that /' 1s not defined at x = -3/2.

24. h(x)= -—1—; h(x)=———
2x+3 (2x+3)
But A'(x) < 0 for all x except x = -3/2. Therefore, 4 is decreasing on

(-0,-3) U (-3 ,0).

RTINS
25 WO = KO =" =

From the following sign diagram,
h' not defined here

R e i T

——t > 1
0 1
we see that A'(f) < 0 whenever it is defined. We conclude that 4 1s decreasing on
(-o0,1) U (1,00).
2t D) -2 20 +2-4 2( -1
26. g(1) = ;g(t)=( )2) (2 120 _ TV (2 2)
t*+1 (r+1 (t"+1) "+
Next, g'(¢f) = 0 if t = +1. From the sign diagram of g,
- == 0+t +tEH+H0 - -~
+ } 4 > ¢

-1 0 1
we see that g is increasing on (-1,1) and decreasing on (-0,-1) U (1,0).



27.

28.

29.

30.

31.

f®) = S ') = x? = 3 . Observe that f'(x) is not defined atx =0,

5x2/5

but is positive everywhere else and therefore increasing on (-0,0) U (0,c0).

fx) =xP+5; f'()c)zg)c‘”3 32”3 and so /" is not defined at x = 0. Now

f'(x) <0ifx<0andf'(x) >0ifx>0, and so f'is decreasing on (-0,0) and
increasing on (0,00).

S(x)=+x+1 f(JC)——(JcH)”2 ( +1)™"? 2\/%:_1 and we see that

f'(x) >01if x> -1. Therefore, f'is increasing on (-1, ).

and we have the following

f@ =@-9"; 1) =§(x-5)'”3 -

sign diagram.

_ 2
3(x _ 5)l/3 ’

J' not defined here

0 5
So, fis decreasing on (-,5) and is increasing on (5,0).

X

f(x)=\/l—6jx7=(16‘x2)”2' f’(x)=%(16—x2)'”2(—2x)=—ﬁo

Since the domain of fis [-4,4], we consider the sign diagram for /"' on this interval.
Thus,

J' not defined here

+ +
+++ 0----

+ -+ f—> x

-4 0 4

and we see that f'is increasing on (-4,0) and decreasing on (0,4).

32, gl =x(x+ "2



33.

34.

35. f'(x) = %(x ~)=20x-1)F =~

gxX)=(x+D" +xD)x+ D = (x+ ) (x +1+1x)
3x+2

2Jx+1°

Then g' is continuous on (-1,00) and has a zero at x = -2/3. From the sign diagram

=(x+D)"3x+) =

—~-04+++++e

} 1 >3 x
1 v
S -2 0

we see that g is decreasing on (-1,-2 ) and increasing on (- % ,o).
2
f’(x)=i(x—x")=l+—17=Lzﬂ and so f'(x) > 0 forall x # 0.
dx x x
Therefore, fis increasing on (-0,0) U (0,:).

(x - D(2x)-x* B x?—2x _x(x-2)

x-D" =D =D
Then, 4' is continuous everywhere except at x = 1 and has zeros at x =0 and x = 2.
From the sign diagram

h(x) = % W(x) =

h’ not defined here:
d

+ ++0~~ --0+++++
" > X
0 1 2

we see that 4 is increasing on (-00,0) U (2,0) and decreasing on (0,1) U (1,2).

g From the sign diagram of /"

S not defined here
4
et r bbb m-me
—+ > X
0 1

we see that fis increasing on (-o,1) and decreasing on (1,0).



x g,(x)z(x+1)2(1)—x(2)(x+1)=(x+1)(x+1—2x)= 1-x
(x+1)% (x+D* (x+1* (x+1*

36. g(x)=

So g' has a zero at x = 1 and is discontinuous at x =-1. The sign diagram of g'

&' not defined here

4
- —=- +4++ ++0~=-=--
—t—+ > X
-1 0 1

shows that g is decreasing on (-o0,-1) | (1,0) and increasing on (-1,1).

37. f has a relative maximum of (0) = 1 and relative minima of f(-1) =0 and

f=0.

38. f has arelative maximum of f(0) = 1 and relative minima of f(-1) =0 and

f(1)=0.
39. f has a relative maximum of f(-1) = 2 and a relative minimum of f(1)=-2.

40. f has a relative maximum at x = 0 with value of 0; it has a relative minimum at
(4,-32).

41. f has arelative maximum of f(1) =3 and a relative minimum of f(2)=2.

42. f has a relative minimum at (-1,0). 43. f has a relative minimum at (0,2).
44. fhas a relative maximum at (-3, - 2 ) and a relative minimum at (3,%).

45. a 46. ¢ 47. d 48. b

49. f(x) =x*-4x. f'(x) =2x - 4=2(x - 2) has a critical point at x = 2. From the
following sign diagram



50.

51.

52.

53.

___________ O+ ++++

t + > X
0 2
we see that f{2) = -4 is a relative minimum by the First Derivative Test.

g(x) =x’+3x+8; g'(x)=2x+ 3 has a critical point at x = -3/2. From the
following sign diagram

- ————— O+++++++

[} 1 > X
L
2
we see that g(—2) =2 is arelative minimum by the First Derivative Test.

h(t)=-£+6t+6; h(f)=-2t+6=-2(¢-3)=0if =3, acritical point. The sign
diagram ‘
+++ 4+ ++40-=-— -

+ —+ >t

(0 3

and the First Derivative Test imply that 4 has a relative maximum at 3 with value
f(3)=-9+18+6=15.

f(x)=1x*~2x+4. f'(x)=x-2 giving the critical point x = 2. The sign
diagram for /" is

and we see that f(2) = 2 is a relative minimum.

fx) =x". f'(x)=3x*" giving x = 0 as the critical point of f.
From the sign diagram



+++ 40+
Jl > X
0]

we see that /' does not change sign as we move across x = 0, and conclude that f
has no relative extremum.

2 -2 . . .
54. f(x) =xP+2. f'(x)= Ex‘”3 =37 and is discontinuous at x = 0, a critical
X

point. From the sign diagram
S not defined here

]
- —————— D+++++++

+ > %
o

and the First Derivative Test we see that fhas a relative minimum at (0,2).

55. g(x)=x-3x*+4. g'(x)=3x"-6x=3x(x-2)=0ifx =0 or 2. From the sign

+ +++++0-—-—-0+++++
1
} T > X
0 2

diagram, we see that the critical point x = 0 gives a relative maximum, whereas,
x = 2 gives a relative minimum. The values are g(0) =4 and g(2)=8-12+4=0.

56. f(x) =x*-3x+6. Setting f'(x) =3x*-3=3(*-1)=3(x+ )(x-1)=0 gives
x=-1and x =1 as critical points. The sign diagram of /"

+ ++4+ 0=== -~ O+++++
) —+ > X
-1 o] 1

shows that (-1,8) is a relative maximum and (1,4) is a relative minimum.

57. f(x)=1x*'-x* f'(x)=2x"-2x =2x(x* -1) = 2x(x + 1)(x - 1) is continuous

everywhere and has zeros as x = -1, x =0, and x = 1, the critical points of /. Using
the First Derivative Test and the following sign diagram of /"



-=-==0+ ++0~-~ 0+++
1 — > X
-1 0 1
we see that f(-1) =-1/2 and f(1) = -1/2 are relative minima of fand f(0)=0is a

relative maximum of f.

58. h(x)=1x*-3x* +4x-8
h(x)=2x"-6x+4=2(x" -3x+2)=2(x-D(x* +x-2)
=2(x-D(x—-1)(x+2) =2(x~1)*(x +2).
We see that 4'(x) = 0 at x = -2 and x = 1; both are critical points of 4. From the sign

diagram of #'

————— O++++ +40+ ++ +
——t— > x
-2 o 1

we see that 4 has a relative minimum at (-2,-20).

59. F(x)=1x’-x’-3x+4. Setting F'(x)=x"~2x-3=(x-3)(x+1) =0 gives
x=-1and x =3 as critical points. From the sign diagram

+ 44+ 0= --- O+++++ ,
—t t > X
-1 0 3

we see that x = -1 gives a relative maximum and x = 3 gives a relative minimum.

The values are
F(-1)=-4-1+3+4=L and F(3)=9-9-9+4=-5,

respectively.

60. F(f)=13¢ - 207 + 20. Setting
F'(t)=15¢- 60 = 157 - 4) = 154 + 2)(t-2) =0
gives t = -2, 0, and 2 as critical points. From the sign diagram

+ +++ 0---0 -- 0+ +
i } } > 1
-2 0 2

we see that ¢ = -2 gives a relative maximum and ¢ = 2 gives a relative minimum.




The values are F(-2) = 3(-32) - 20(-8) + 20 =84 and
F(2)=3(32) - 20(8) + 20 = -44, respectively.

61. g(x) =x*-4x* +8. Setting g'(x) = 4% - 12x* = 4x*(x - 3) =0 gives x =0 and x = 3
as critical points. From the sign diagram

----- O-~-=- 0+++++

i } > X
0 3
we see that x = 3 gives a relative minimum. Its value is g(3) = 3" - 4(3)’ + 8 =-19.

62. f(x) =3x"-23+4; f'(x) =12x - 6x* = 6x*(2x - 1) =0 if x =0 or 1/2. The sign
diagram of /' is shown below.

----- O=== 0+++++
t ¢ > X
0 1/2
and shows that / has a relative minimum at (§,%).

63. g'(x)= %(1 + 1) = —iz. Observe that g' is never zero for all values of x.
x x

Furthermore, g' is undefined at x = 0, but x = 0 is not in the domain of g.
Therefore g has no critical points and so g has no relative extrema.

64. h(x) = L B (x) = (x+1)(1) _Zx(l) _ 1 .,
%+l (x+1) (x+1)

of h, we see that x = -1 is not a critical point of & and conclude that 4 has no
relative extrema.

Since x = -1 is not in the domain

2_ —
65. f(x)=x+2+2. Settingf’(x):l__gz_=x 29=(x+3)(2x 3 o
x X X X

gives x = -3 and x = 3 as critical points. From the sign diagram

J' not defined here
+
++++ 0-—-=-0 —-=--0+++++

.
T } — > X

1
-3 o] 3




66.

67.

68.

69.

we see that (-3,-4) is a relative maximum and (3,8) is a relative minimum.

4000 v 4. 4000  4(x’-1000)
g(x)=2x" +—x—+10 g'(x)=4x- R =

point of g is x = 10; x = 0 is not a critical point of g since g(x) is not defined there.
The sign diagram of g' is
&' not defined here

. The only critical

4
———————————— O+++

+ } > X

0 10

Using the First Derivative Test, we conclude that the point (10, 610) is a relative
minimum of g.

_ (1+x2)(1)—x(2x)_ 1-x’ _(=-x0)(1+x)
f(x) f ( )_ (1+x2)2 - (1+x2)2 - (1+x2)2

and these are critical points of f. From the sign diagram of /"

=0 ifx=4=1,

——=m 0+ ++ +++ 0 ---

1 } t >
-1 0 1

we see that f has a relative minimum at (-1, - 1)and a relative maximum at (1,4

X (x* =1)-x(2x) 1+ x2
= . Ob that ¢’ = = -
809 =7y Observethat g(x) == 5= =~ 05

Furthermore, x + 1 are not critical points since they are not in the domain of g. So
g has no relative extrema.

X

is never zero.

2 2

(x* -4)(2x) - x*(2x) 8x . :
Xx)= = - 1S continuous
S0 =g S W= s
everywhere except at x + 2 and has a zero at x = 0. Therefore, x = 0 is the only
critical point of f'(the points x = +2 do not lie in the domain of /). Using the

following sign diagram of /"




. f' not defined here

+ +++ ++4+40 ~-=-= = =-=-

-2 0 2
and the First Derivative Test, we conclude that /(0) = 0 is a relative maximum of /.

¢ . 1+2)(2)-£2(21) 2t
70. g(t)=—— . Setting g'(1) = -
g(t) =z Setting £'() 1+12)? A+

only critical point of g. Since g'(f) <0 if # < 0 and g'(f) > 0 if > 0, we see that
(0,0) is a relative minimum of g.

=0 givest=0 asthe

(v 1323 oy 2y 2
@) =P 1= 16 GO

f'(x) is discontinuous at x = 1. The sign diagram for /" is

S not defined here

We conclude that f(1) = 0 is a relative minimum.

72. g(x)=xx-4 = x(x-4)".

gx) = =D+ x(W)x -4 =1 (x - )" [2x - +x]= 3x-8

20x-4

is continuous everywhere except at x = 4 and has a zero at x = 8/3. Only the point
x = 4 lies in the domain of g which is the interval [4,00). Thus, x = 4 is the only

critical point of g. From the sign diagram,

g' not defined here

4
R E X

+— > X
4

we conclude that g(4) = 0 is a relative minimum of g.

73. h(f)=-16£ + 64t + 80.  K(f) =-32t + 64 = -32(¢ - 2) and has sign diagram



74.

75.

76.

77.

++++0-- ==

} t >t
0 2
This tells us that the stone is rising on the time interval (0,2) and falling when
¢ > 2. It hits the ground when h(r) = -16¢* + 64t + 80 = 0
or -4t-5=(t- 5)(t+1)=0o0rt=5 (wereject the root t =-1.)

P(x) = -0.001x* +8x - 5000. P'(x)=-0.002x + 8 = 0 if x = 4000. Observe that
P'(x) > 0 if x <4000 and P'(x) <0 ifx > 4000. So P is increasing on (0,4000) and
decreasing on (4000, o).

P'(x)= %(0.0726x2 +0.7902x +4.9623) = 0.1452x +0.7902.

Since P'(x)>0 on (0, 25), we see that P is increasing on the interval in question.

Our result tells us that the percent of the population afflicted with Alzheimer’s
disease increases with age for those that are 65 and over.

h(t) = =162 +1662 +33t +10; K()=-£ +32¢+33 =-(t + 1)(t- 33).
The sign diagram for 4' is

++ ++0--=~--
+ + >t
0 33

The rocket is rising on the time interval (0,33) and descending on (33,7) for some
positive number 7. The parachute is deployed 33 seconds after liftoff.

I()=4-3124+80; I'(t)=F-5t=1(t-5)=0if t="0or 5. From the sign

----- O+++++

: > ¢
0 5 10



diagram, we see that / is decreasing on (0,5) and increasing on (5,10). After
declining from 1984 through 1989, the index begins to increase after 1989,

78, f(t) =20t — 404t +50 = 20¢ — 40¢'* +50.

v o L e o120 =1)
f'(t)=20 40(2t ) =20(1 \/;)———————\/; }

Then /' is continuous on (0,4) and is equal to zero at t = 1. From the sign

diagram
——0++++++++
+— —t > £
0 1 4

we see that f'is decreasing on (0,1) and increasing on (1,4). We conclude that the
average speed decreases from 6 A.M. to 7 A.-M. and then picks up from 7 A.M. to
10 A. M.

EXERCISES 4.2, page 280

1. f is concave downward on (-,0) and concave upward on (0,). f has an inflection
point at (0,0).

bo

. fis concave downward on (0, %) and concave upward on (3 , ). f has an

inflection point at (3, 2).
3. fis concave downward on (-0,0) | (0,%).
4. fis concave upward on (-20,-4) |J (4,%); concave downward on (-4,4).

5. fis concave upward on (-0,0) {J (1,00) and concave downward on (0,1).
(0,0) and (1,-1) are inflection points of /.



~

6. fis concave upward on (0,1) U (5,) and concave downward on (1,5).
7. fis concave downward on (-0,-2) U (-2,2) U (2,).

8. fis concave downward on (-0,0) and concave upward on (0,0). (0,1) is an
inflection point.

9 a 10. b 11.b 12.¢

13. a. D(t)>0, D,(¢)>0, D/(¢)>0, and D,(r) <0on (0,12).
b. With or without the proposed promotional campaign, the deposits will increase,
but with the promotion, the deposits will increase at an increasing rate whereas
without the promotion, the deposits will increase at a decreasing rate.

14. If you look at the tangent lines to the graph of P, you will see that the tangent line
at P has the greatest slope. This means that the rate at which the average worker is
assembling transistor radios is the greatest-- that is, she is most efficient-- at r = 2,
orat 10 A M.

15. The significance of the inflection point ( is that the restoration process is working
at its peak at the time #; corresponding to its t-coordinate.

16. The rumor spreads with increasing speed initially. The rate at which the rumor is
spread reaches a maximum at the time corresponding to the ¢-coordinate of the
point P on the curve. Thereafter, the speed at which the rumor is spread decreases.

17. f(x) =4x*- 12x+7. f(x) =8x-12andf"(x) =8. So, f "(x) > 0 everywhere and
therefore fis concave upward everywhere.

18. g(x)=x* +%x2 +6x+10; g'(x)=4x’ +x+6 and g"(x)=12x" +1. We see that
g"(x) > 1 for all values of x and so g is concave upward everywhere.

19. f(x)=—14-=x'4;f’(x)=——45— and f"(x)=—2—8>0 for all values of x in
X X X

(-0,0) U (0,0) and so f'is concave upward everywhere.



20. g(x)=—4-x*. g'(x)= -%[-(4 =) =4 =2 (<20) = x(4- X7,

g"(0)=(4~x")" +x(-3)(4 - x*)7"(-2x)
4

(4 _ x2 )3/2

whenever it is defined and so g is concave upward wherever it is defined.

=(4-x)[(4-x)+x]= >0,

21. f(x) =2x*-3x+4; f'(x) =4x -3 and ' (x) =4 > 0 for all values of x. So fis
concave upward on (-00,00),

22. g(x)=-x*+3x+4; g'(x) = -2x + 3 and g"(x) = -2 <0 for all values of x. So g is
concave downward on (-00,00).

23. f(x) =x’- 1. f'(x) =3x" and f'(x) = 6x. The sign diagram of f” follows.

- ————— O++++4+++

; > X

0
We see that f'is concave downward on (-,0) and concave upward on (0,0).

24. g(x)= X -x g'(x)=3x"-1and g"(x) = 6x. Since g"(x) <0 if x<0and g"(x)>0if
x >0, we see that g is concave downward on (-00,0) and concave upward on
(0,0).

25. f(x) =x*-6x> +2x+ 8, f/(x) =4x>- 18> +2and f'(x) = 12x? - 36x = 12x(x - 3).
The sign diagram of /"
+ +++++0--~-0+++
t 4 > X
0 3
shows that f'is concave upward on (-0,0) |J (3,00) and concave downward on (0,3).

26. f(x) =3x*-6>+x-8. f'(x) =12 - 18¥* + 1 and
(%) = 36x* - 36x = 36x(x - 1). From the sign diagram of /"

+ +++++0--0+++++
t } > X
0 1

we conclude that f'is concave upward on (-0,0) {J (1,0) and concave downward
on (0,1).




‘ 4 12 12
27, =M iy = 2T d £7(x)=—=2 ;107 _ _ .
S(x)=x"". f'(x) 7 X and f"(x) 49 X 4917

Observe that / "(x) < 0 for all x different from zero. So fis concave downward on

(-0,0) U (0,0).

1 2 2
28. - |/3; r x — -2/3 and " X =__x—5/3=__ .
S(x)=x"5 f'(x) 3x Sr(x) 9 9,
From the sign diagram of /",
J " is not defined here
)
+ +++++ e
} > X
0

we see that f'is concave upward on (-0,0) and concave downward on (0,).

-2,

29, f(x)=(4-x)". f'(x)=§(4—x)"’2(-1)=-%(4—x) :

I; __l _ =32, =_______1—
S (x)—4(4 x) (=D 4(4_x)3/2<0

whenever it is defined. So fis concave downward on (-c0,4).

30, g(x)=x-2=(x-2)". g'(x)=%(x—2)’”2

1

1
and g"(x)=-—(x-2)""? =—————, which is negative for x > 2. Next, the
g"(x) 4( ) 22" g

domain of g is [2,0), and we conclude that g is concave downward on (2,).

31. f'(x)=§,c‘(x_2)’l =—(x-2)" and f"(x)=2(x-2)" = (x_22)3'

The sign diagram of /" shows that f'is concave downward on (-»,2) and concave
upward on (2,0).

J"is not defined here

+
e S

$
+ t > X

0 2




__ X +DM-xDH _ 1 i
32, g(x)= RE g'(x)= i D ( e =(x+1)"" and
g'(x)=-2(x+1)" =- 2 7. The sign diagram of g"(x) is
(x+1)

g" is not defined here

-1 0
and we see that g is concave upward on (-0,-1) and concave downward on (-1,00).

33, f'(x)= (2 +x ) =—(2+x))7?(2x) = -2x(2+x*)? and
f"(x)= —2(2 +x) 2 = 2x(-2)(2+x1) 3 (2x)

=202+ x2) (2 + %) +4x] = 23x°=2) o it x= 44373,

(2+x%)’
From the sign diagram of /"
+ +++ Q) - O+ + + +
1 t + > X
-v2/3 0 V273

we see that fis concave upward on (-0,-+/2/3) U (+2/3, o) and concave
downward on (-v2/3,+42/3).

A+x)D)-x(2x)  1-x°

34, g(x) = "(x) = -
&) = 1+x &)= (1+x%)? (1+x%)?
. 1+ (=2x)— (1 - x3)2(1+ x*)(2x
g(x)=( )X ( )(“)( )(2x)
1+ x9)
_ 2+ a1+ 27 +2-207) 0 2x(3-x1)
A+x%)* (1 +x%)
The sign diagram for g” follows:
----- + +++ 0--~-0+++++
f - t > X
-3 0 V3

We see that g is concave downward on (-o,- NE) ) U (0, NE) ) and concave upward



35.

36.

37.

38.

on (-+/3,0) U (V3 o).

(1-D@n-*() 1*-2t
-0 -
(-1 Qt-2)-( -202(t-1)
(-1
(=D -4+2-20+4n) 2
) (-1 -y
The sign diagram of 4" is

W) =~ () =
t—1

h(t) =

h " is not defined here

¢
- ———— ++++E++

1 + >t
0 1
and tells us that 4 is concave downward on (-0,1) and concave upward on (1,c0).

_xAl o DM -G 2
f(x)—x_l,f(x)— e " 2(x-1)? and
" - _ _ —3= 4
S(x)=(=2)(-2)(x-1) G

The sign diagram of f"is
JS " is not defined here

v
-~ mmmmm —e t i+ttt

t f > X
0 1 ’
and we conclude that fis concave downward on (-0,1) and concave upward on

(law)
1 3 «_6
gx)=x+—.g'(x)=1-2x" and g"(x)=6x" =—>0 whenever x# 0.
x x

Therefore, g is concave upward on (-0,0) U (0,%0).

() =-(r-2)% W) =20r-2)"; h"(r)=-6(r-2)* <0 forall r#2.
So A is concave downward on (-00,2) U (2,%0).



39. g()=Qt-H">. g == %(2t -4 = %(m — 4y,

4 4
"(y=——(2t-4)"? =~——— . The sign diagram of g"
g'(1)=—-501-4) ST 4" gn diag g

g" is not defined here

+
I R A
+ t > X
0 2

tells us that g is concave upward on (-,2) and concave downward on (2,).

40. f(x) =(x-2)*".
' _ _2_ _ -1/3 I — __g_ _ -4/3 = _____2____
f'(x)= 3 (x=-2)" and f"(x) 5 (x-2) TR <0

for all x # 2. Therefore, fis concave downward on (-0,2) U (2,m).

41. f(x) =x*-2.f'(x) =3x"and f"(x) = 6x. f"(x) is continuous everywhere and has a
zero at x = 0. From the sign diagram of /"
- —_————— O+ +4+++4++

E > X
0
we conclude that (0,-2) is an inflection point of f.

42, g(x)=x-6x. g'(x)=3x> -6 and g"(x)=6x. Observe that g"(x)=0if x =0.
Since g"(x) <0if x <0 and g"(x) > 0 if x > 0, we see that (0,0) is an inflection
point of g.

43. f(x) =6x - 18x* + 12x - 15; f'(x) = 18x* - 36x + 12 and
f"(x)=36x-36=36(x-1)=0ifx = 1. The sign diagram of /"
———————— O+++++
t ; > X
0 1
tells us that f has an inflection point at (1,-15).

44. g(x)=2x-3x*+18x - 8, g'(x) = 6x* - 6x + 18 and g"(x) = 12x- 6 = 6(2x - 1).
From the sign diagram of g"



-------- O+++++

! 1 > Xx
we conclude that (4,1 ) is an inflection point of g.

45. f(x) =3x" -4 + 1. /' (x) =12¢° - 12x% and f"(x) = 36x” - 24x = 12x(3x - 2) = 0 if
x =0 or 2/3. These are candidates for inflection points. The sign diagram of /"

+ +++++0-~--0+++++
t $ > X
0 2

3
shows that (0,1) and (2,11 are inflection points of /.

46. f(x) =x* -2 +6.1(x) =4x° - 6xF and f"(x) = 12x* - 12x = 12x(x - 1). /"(x) is
continuous everywhere and has zeros at x = 0 and x = 1.From the sign diagram of /™"
++++ +0-~-0++++ +

} t > X
0 1
we conclude that (0,6) and (1,5) are inflection points of f.

47. g()=1",g() = L and g"(t) =-217" = 9125/3 . Observe that ¢ = 0 is in the

domain of g. Next, since g"(f) > 0 ift <0 and g"(¥) <0, if > 0, we see that (0,0) is
an inflection point of g.

48. f(x)=x". f'(x)=1x"" and f"(x)=-4x ’9/5;———L.Observethat

25x9/5

f"(x)>0ifx<0and f"(x) <0ifx> 0. Therefore, (0,0) is an inflection point.

49. f(x) =(x-1’+2.f'(x) =3(x-1)*and f"(x)=6(x - 1). Observe that f"(x)<0
if x<land f"(x)>01ifx> 1 and so (1,2) is an inflection point of f

50, f(x)=(x=2)"". f'(x)=§(x—2)”’.f"(x)=%(x—2)‘”=§;f—2)m-

x =2 is a candidate for an inflection point of £, but f"(x)> 0 for all values of
x = 2 and so f has no inflection point.



=2(1+x)7" f'(x) = =21+ x*) 2 (2x) = —4x(1+ x*) .

51. f(x)= 1+2x2
(%) = =41+ x*) 7 =4x(-2)(1+ x*) 7 (2x)
4(3x* - 1)
(1+x%)*°

is continuous everywhere and has zeros at x = i-ﬁ;. From the sign diagram of /"

=41+ X)) [+ xH) +4x ] =

we conclude that (—T y5) and( 2 ,4) are inflection points of /.

+ +++ Q0-—-= === O+++++
; } t > ¥
-¥3 0 V3
3 3
52. f(x)= 2+— f(x)———7 and f”(x)——— Now /™" changes sign as we move

across x =0 but x =0 is not in the domain of f so f has no inflection points.

53. f(x) =-=x>+2x+4and f'(x) =-2x+ 2. The critical point of f is x = 1. Since
f"(x)=-2andf"(1) = -2 <0, we conclude that /(1) = 5 is a relative maximum of /.

54. g(x)=2x*+3x+7; g'(x) = 4x + 3 = 0 if x = -3/4 and this is a critical point of g.
Next, g"(x) =4 and so g"(-3)=4> 0. So (-2,%) is a relative minimum.

55. f(x) =2x’ +1;f'(x) =6x’=0if x = 0 and this is a critical point of /. Next,
f"(x)=12x and so f"(0) = 0. Thus, the Second Derivative Test fails. But the First
Derivative Test shows that (0,0) is not a relative extremum.

56. g(x) =x" - 6x. g'(x) =3x*- 6 =3(x* - 2) = 0 implies x = ++/2 , are the critical points
of g. Next, g"(x) = 6x. Since g”(—«/z) =642 <0 and g”(\/z) =642 >0, we
conclude, by the Second Derivative Test, that (—\/—2— ,4«/5 ) is a relative maximum
and («/f ,—4«/—2_ ) is a relative minimum of g.

57. f(x)=1x"-2x*-5x-10. f'(x) =x*-4x-5=(x-5)(x+ 1) and this gives x = -1
and x =5 as critical points of £. Next, f"(x) = 2x - 4. Since f"(-1) = -6 <0, we see
that (-1,-% ) is a relative maximum. Next, /"(5) = 6 > 0 and this shows that

(5,—13%) is a relative minimum.



58. f(x) =2 +3x%- 12x-4; f'(x) =6x*+6x-12=6(x*+x-2)=6(x+2)(x - 1).
The critical points of fare x=-2and x=1. f"(x) = 12x + 6 = 6(2x + 1). Then
f"(-2)=6(-4+1)=-18<0and f"(1)=6(2+ 1) = 18 > 0. Using the Second

Derivative Test, we conclude that £(-2) = 16 is a relative maximum and (1) =-11
1s a relative minimum.

9 -9 _(+3(-3

59. g(t)=t +% g'(t)y=1- 7 = % ; and this shows that t = 43 are

.. : 18
critical points of g. Now, g"(t) =18t = R

Since g"(-3) =—£ < 0 the Second
Derivative Test implies that g has a relative maximum at (-3,-6). Also,

g"(3)= % >0 and so g has a relative minimum at (3,6).

60. f(£)=2t+3t"". f'(r)=2-3t"2. Setting /' (£) = 0 gives 3t™2 =2 or * = 3/2, so that
t =++/3/2 are critical points of /. Next, we compute f "(¢) = 6/£*. Since
f"(-V3/2)<0and f"(~3/2)>0, weseethat f(-V3/2)=-2+3/2 -3~2/3 is
a relative maximum and f(+/3/2)=2+/3/2 +3+2/3 is arelative minimum of f.

(I-x)D)-x(=1) _

x vy 1 .
61. f(x)—l—_;.f (x)= () —(l—x)z is never zero.

So there are no critical points and f* has no relative extrema.

_2x s (x* +1)(2) - 2x(2x) _2(1- x%)
62 f(x)_x2+1' S1= (x> +1)? T (xP+1)?

So x = +1 are critical points of f.
(x* +1)*(—4x) = 2(1 - x)2(x* + 1)(2x)

=0 ifx=+1.

Next, f"(x) =
/=) (x2 +1)4
C2x(xP+1)(-2x7 -2-4+4x")  4x(x’-3)
(x* +1)° (> +1)*
Since f"(-1) =— (3_4) =1>0, we see that (-1,-1) is a relative minimum and

2



63.

64.

65.

66.

2( 4

=1<0, we see that (1,1) is a relative maximum.

['=n=

f(t)_t__ D=2 16 2t;16 2(tt+8) Setting

f'(®=0givest=-2asa crmcal point. Next, we compute

2
f”(t)=gt~(2t+16t‘2)=2—32t'3=2—3732—. Since f"(~2) = 2—(3—8)—=6>0 we

see that (-2,12) is a relative minimum.

g(x)=x"+ z.g’(x) =2x ——2;. Setting g'(x) = O gives x*=1or x=1. Thus,x=1
x x

is the only critical point of g. Next, g"(x) =2+ —43— Since g"(1)=6> 0, we
x
conclude that g(1) = 3 is a relative minimum of g.
1+~ s(2s) 11— s?
(1+5°) (l +5°)

as critical points of g. Next, we compute
1+5°)2(=25) = (1-5")2(1+ 57 )(2s
g5y = (S (29) (1= )2(1+°)(25)

g(s)= > 5 8'(s) = >=0givess= -lands =1
I+s

(1+s5%)*
C2s(1+5*)(-1-5"—=2+2s")  2s(s’-3)
- (1+52)* T (1+5Y)

Now, g"(-1)=1>0 and so g(-1)=-1 is a relative minimum of g. Next,

g"(1)=-4<0 and so g(1) =1 is a relative maximum of g.

d 2x
"(x)=—(1+x3)"'=-1+x>)?2x) = ———"—. Setti '(x)=0 givesx =0
g'(x) dx( x) (1+x7)"(2x) L) etting g '(x) =0 gives x

as the only critical point. Next, we find

= X))+ 21+ A1) 2x) _ 20+ x)(1+x7 -4x7) - 2(1-3x")
£ 1+x%)* a+xH? (+x*)
Since g"(0) = -2 < 0, we see that (0,1) is a relative maximum.
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73. 74.
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75. a. N'(¢) is positive because N is increasing on (0,12).
b. N'(t)<0on (0,6) and N (¢) >0 on (6,12).
c. The rate of growth of the number of help-wanted advertisements was decreasing
over the first six months of the year and increasing over the last six months.



EXERCISES 4.3, page 296

1.

2.

10.

11.

12.

13.

y =0 is a horizontal asymptote.

y =0 is a horizontal asymptote and x = ~1 is a vertical asymptote.

y =0 is a horizontal asymptote and x = 0 is a vertical asymptote.

y =0 1s a horizontal asymptote.

y = 0is a horizontal asymptote and x =-1 and x = 1 are vertical asymptotes.
y = 0 is a horizontal asymptote.

y =3 is a horizontal asymptote and x = 0 is a vertical asymptote.

y = 01s a horizontal asymptote, and x = -2 is a vertical asymptote.
y=1and y = -1 are horizontal asymptotes.

y =1 is a horizontal asymptote and x = £1 are vertical asymptotes.

.1 . . .
lim— =0 and so y = 0 is a horizontal asymptote. Next, since the numerator of the

X—w Y

rational expression is not equal to zero and the denominator is zero at x = 0, we see
that x = 0 is a vertical asymptote.

lim
x> x 42
numerator of the rational function is not equal to zero but the denominator is equal

to zero at x = -2 and so x =-2 is a vertical asymptote.

=0 and so y =0 is a horizontal asymptote, Next, observe that the

f(x)= —i. lim - —2—2— =0, so y =0 is a horizontal asymptote. Next, the
x

2
x X0
denominator of f(x) is equal to zero atx = 0. Since the numerator of f(x) is not



14.

15.

16.

17.

18.

19.

20.

equal to zero at x = 0, we see that x = 0 is a vertical asymptote.

: 1 . .
lim 32, =0 and so y = 0 is a horizontal asymptote, Next, observe that the
X—w + x

denominator 1 + 2x> # 0 and so there are no vertical asymptotes.

. X— .1 . .
lim——=1lim—= =1, and so y =1 is a horizontal asymptote. Next, the

denominator is equal to zero at x = —1 and the numerator is not equal to zero at this
point, so x = —1 is a vertical asymptote.

t+1 . 1+1 1 : .
=lim —t = 3 and so y = 1/2 is a horizontal asymptote. Next, observe

D02t —] o= 21
that the denominator of the rational expression is zero at ¢ = 1/2, but the numerator
1s not equal to zero at this point, and so ¢ = 1/2 is a vertical asymptote.

h(x) = x* = 3x* +x + 1. h(x) is a polynomial function and, therefore, it does not
have any horizontal or vertical asymptotes.

The function g is a polynomial, and so the graph of g has no horizontal or vertical
asymptotes.

2

lim———=lim =1, and so y=1is a horizontal asymptote. Next, observe

5ot Q9 sw | — %

that the denominator of the rational expression £-9=(1+3)r-3)=0 ifr==3
and ¢ = 3. But the numerator is not equal to zero at these points. Therefore, t = -3
and ¢ = 3 are vertical asymptotes.

3 3

X . X - X
lim ——0- = lim =0, and, similarly, lim——-=-o. Therefore, there
oo x -4  xow]-— AZ x> x° —

are no horizontal asymptotes. Next, note that the denominator of g(x) equals zero at
x £2. Since the numerator of g(x) is not equal to zero at x £2, we see that x = -2
and x =2 are vertical asymptotes.



21.

22.

23,

24.

25.

|

. 3 ) : .
llm-z—i—— =lim == 0 and so y = 0 is a horizontal asymptote. Next,
o x* —x—6 x—»wl_%_x_z
observe that the denominator x> ~x—6=(x~3)(x +2)=0ifx=-2 orx = 3. But
the numerator 3x is not equal to zero at these points. Therefore, x =-2 and x =3

are vertical asymptotes.

(8]

. 2x ) ' .
lim—————=lim——2*—-=0, and soy =0 is a horizontal asymptote. Next,
2
o x4 x—2 x"’“’l'i‘;—x—z

observe that the denominator x* +x—2 = (x + 2)(x — 1)=0,ifx=-2orx=1. The
numerator is not equal to zero at these points, and so x =-2 and x = 1 are vertical
asymptotes.

lim [2 +

{—>o0

:l =2, and so y = 2 is a horizontal asymptote. Next observe that

5
(t-2)*

lim g(¢) = lim [2 + > 5 } =00, and so ¢ =2 is a vertical asymptote.
124 12" (r-2)

1im[1+ 2 3] =1 and lim [1+ 2 3} =1, soy=11sa horizontal asymptote.
X—> o0 x - X—»=00 x p—

f(x)=1+ 2 _x-3+2 x-1 . and observe that the

x-3 x-3 x-3
denominator of f(x) is equal to zero at x = 3. However, since the numerator of f (x)
is not equal to zero at x = 3, we see that x = 3 is a vertical asymptote.

Next, we write

2 _2
. X0 - . 32 . .
lim——— =lim—-=-=1 and so y = 1 is a horizontal asymptote. Next, observe
x—® x© — x2w ] — iz
X

that the denominator x*> -4 = (x +2)(x-2)=0 ifx =-2 or 2. Since the numerator
x* — 2 is not equal to zero at these points, the lines x =2 and x = 2 are vertical

asymptotes.



27. g(x)= ; Rewrite g(x) as g(x) =
x(x+1) x

x-x x*

11 (x # 0)and note that
+

1

lim g(x)=1 )lc—ly = —c0 and lim g(x) = . Therefore, there are no horizontal
x——0 x—>-—© + x X%

asymptotes. Next, note that the denominator of g(x) is equal to zero at x =0 and
x =-1. However, since the numerator of g(x) is also equal to zero when x =0, we
see that x = 0 is not a vertical asymptote. Also, the numerator of g(x) is equal to

zero when x = -1, so x = -1 is not a vertical asymptote.




32. . 33.
) A
AP il
15
004 ————— —~ —— = = P=200 @
1
T | k -2 <z *
) -5
: -10
10 3 .y -15
T -20
a. fis increasing on (0,»). b. Yes, P=200
c. Concave up on (0,7) and concave down on (7,x).
d. Yes;at P,. P(t) is increasing fastestat ¢=1T7.
34. 35.
AY
AY
‘1 2
2 >
4 pry 2 2 4
~2
2 : > X *
_o
24
-8
-10
36.




41, f(x) =2 +3x"+ 12x+2
We first gather the following information on the graph of /.
1. The domain of f'is (—o0, o0).
2. Setting x = 0 gives 2 as the y-intercept.
3. lim(=2x* +3x* +12x+2) =0 and lim(-2x’ +3x" +12x+2) = 0

4. There are no asymptotes because f (x) is a polynomial functiop.
5.0(x) =—6x" +6x+12=-6(x* ~x—-2)=—6(x-2)x+1)=0 ifx=—lor x=2,

the critical points of /. From the sign diagram

——== 0 ++ +4+4+0Q - - -

| i 1

1 1 I > X
-1 0 2

we see that f s decreasing on (—oo,~1) U (2, «) and increasing on (-1,2).

6. The results of (5) show that (—1,~5) is a relative minimum and (2,22)isa
relative maximum.

T7.f"x)==12x+6=01ifx=1/2. The sign diagram of /'

++++++ +4+ 0 - - -

} } > X
0 1/2
shows that the graph of f'is concave upward on (—o0,1/2) and concave downward

on (1/2, o).
8. The results of (7) show that (1, 1) is an inflection point.
The graph of f follows.




45. f(1y=~Nt -4
We first gather the following information on f.
1. The domain of fis found by solving 7* - 4 > 0 giving it as (-0,-2] | [2,%0).
2. Since t # 0, there is no y-intercept. Next, setting y = f(¢) = 0 gives the
t-intercepts as -2 and 2.
3. [lim f(H)= }imf(t) = 4. There are no asymptotes.

5. f’(r):%(zz—4)““2(2z)=r(12-4)"”2= Tt T

Setting /' (r) = 0 gives t = 0. But ¢ = 0 is not in the domain of fand so there are no
critical points. The sign diagram for /' is
- - ++ 4+

) f ¢ > 1
-2 0 2
We see that fis increasing on (2,%0) and decreasing on (-00,-2).
6. From the results of (5) we see that there are no relative extrema.
T ') = ="+ DHE =D = - =41
4
- ([2 _4)3/2 '
8. Since f "(r) < 0 for all r in the domain of f, we see that f'is concave downward

everywhere. From the results of (7), we see that there are no inflection points.
The graph of f follows.




ZZ

53. f()= el

We first gather the following information on the graph of /.

1. The domain of f1s (-0, ).

2. Setting ¢ = 0 gives the y-intercept as 0. Similarly, setting y = 0 gives the ¢-
intercept as 0.

3. lim -

e T S T
4. The results of (3) show that y = 1 1s a horizontal asymptote. There are no
vertical asymptotes since the denominator 1s not equal to zero.

5. )= (1+t2)(2t)2—2t2(2t) _ 2[2 :
(1+17) (I+17)
Since /' (£)<0ifr<0andf'(r)>01f £>0, we see that fis decreasing on (-,0)
and increasing on (0,0).
6. The results of (5) show that (0,0) is a relative minimum.
. f,,([):(1+z2)2(2)—2z(2)(1+z2)(2z):2(1+z2)[(1+z2)—4z2]

‘ (1+ %) (1+¢%)*

_201-3) J3

- = f=+-—.
(1+¢%)

=0, 1fr=0, the only critical point of .

The sign diagram of /" 1s

- === 0+++++++0----

} } } > X

B, B
3 - 73

and shows that f'is concave downward on (-o,- %) U (% ,0) and concave

/

(9%

3
upward on (- ,l3—) .

o

o
i

8. The results of (7) show that (- g ,4)and (
The graph of f follows.

, %) are inflection points.

wl<
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63. a.Since lim C(¢r) = 11 02 =lim 0.
e t +1 oo |4 _2_

=0, y =0 is a horizontal asymptote.

b. Our results reveal that as time passes, the concentration of the drug decreases
and approaches zero.



65. G(f) =-0.2r + 2.41* + 60.

We first gather the following information on the graph of G.

1. The domain of G 1s (0,%0).

2. Setting ¢ = 0 gives 60 as the y-intercept.

Note that Step 3 1s not necessary in this case because of the restricted domain.

4. There are no asymptotes since G 1s a polynomial function.
5.G(t)=-0.61"+4.8/=-0.61(t-8) =0, if =0 or/=8. But these points do not lie
in the interval (0,8), so they are not critical points. The sign diagram of G'

+ 4+ ++

1 1 >t
0 8

shows that G 1s increasing on (0,8).
6. The results of (5) tell us that there are no relative extrema.
7.G"(H)=-1.2t+ 4.8 =-1.2(¢ - 4). The sign diagram ot G" 1s

+
f ; >t
0

and shows that G 1s concave upward on (0,4) and concave downward on (4,8).
8. The results of (7) shows that (4,85.6) is an inflection point.

The graph of G follows.




69. T(x)=120x"
xt+4
We first gather the following information on the function 7.
1. The domain of 7 is [0,0).
2. Setting x = 0 gives 0 as the y-intercept.
2

3. lim 12

o x° 44
4. The results of (3) show that y = 120 is a horizontal asymptote.

2 2
T(x) = 120 T FDZXZX@O 900X e > 0
(x*+4) (x*+4)
if x > 0, we see that 7 is increasing on (0,0).
6. There are no relative extrema in (0,00).

7 T(x)=9 60{(# +4) - x ()’ +4)(2x)}

=120.

w

(x* +4)*
_960(x* +4)[(x* +4)—4x’] _ 960(4 - 3x?)
(x* +4)* (x+4)°
The sign diagram for 7" is
+++0-~-~--
¢ } > X
o 23
3

We see that 7' is concave downward on (2—{3— ,0) and concave upward on (0, 2—3‘/3 ).

8. We see from the results of (7) that (23@ , 30) is an inflection point.
The graph of T follows.

AT
100 1
80T
60
40 1
20+






