2 LIMITS AND THE DERIVATIVE

EXERCISE 2-1

2. xP—64=(x-8)(x+8) 4. ¥ +5x-36=(x+9)(x—4)

6. x> +15x% +50x = x(x* +15x+50) = x(x +5)(x +10) 8. 20x*+1lx—3=(4x+3)(5x—1)

10. f(0.5)=2 12.  f(2.25)=2.25
4. (A) lim =2 B) lim fix)=2 (C) limfx)=2 (D) fil)=2
P x—1* X—l

16. (A) lim fix)y=4 (B) lim fix)y=4  (C) lim ix)=4 (D) f(4) does not exist
X—4 X—4* X—4

18. g(2.)=1.9 20. g(2.5)=1.5

22. (A) lim g(x)=2 (B) lim g(x)=2 (C) lim g(x)=2 (D) g2)=2
X—2" X—2* X—2

24. (A) lim g(x)=0 (B) lim g(x)=0 (C) lim g(x)=0 D) g4)=0
X—4~ X—4" X—4

26. (A) lim fix)=3 (B) lim fix)=-3
x—-2* x—-2"
(C) Since lim fix)# lim f{x), lim f{x) does not exist.
x—-=2" x—-2" x—-2
D) f2)=-3
28. (A) lim flx)=-3 (B) lim fix)=3
x—2* x—2"
(C) lim f{x) does not exist since lim f{x) # lim f{x)
x—2 x—2 x—2"
D) f2)=3

30. 3x —»>—-6asx—-2;thus lim 3x=-6
X—-2

32. x-3—>5-3=2asx— 5;thus lim (x—3)=2
X—5
34, x(x+3)— (-1)(-1+3)=-2asx— —1; thus limlx(x +3)=-2
X—-

x=2 2 _ 1

36. x—2—>4-2=2asx— 4;thus lim
X—4 X 4 2

38. J16-7x — \J16-7(0) = /16 =4 asx — 0; thus lim J16-7x =4
X—
40. lim2g(x) =2limg(x) =2(4) =8
x—l1 x—1

42 lim [g(x) ~ 3/00)] = lim g(x) ~ 3 1lim flx) = 4~ 3(-5) = 19

Copyright © 2019 Pearson Education, Inc.
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2-2 CHAPTER 2: LIMITS AND THE DERIVATIVE

3-f( _ ImB=/@T 3-lim 0 55 g

44, =
i 1—4g(x) lim[l-4g(x)] 1-4limg(x) 1-4(4) 15
x—l1 x—l1

46. lim Px+2f(x) = %/lin}[bc +2/(x)]

= 3/2limx +21lim f(x)
x—1 x—l1
=32-10 =2
J(x),

o
r

J(x),
48. | 50

* nt ) nt

o TS

=Y
L g

=Y

5
S

i

2. o) 24x if x<0
. fx)=
2-x if x>0
(A) lim flx)= lim 2—-x)=2
x—0" x—0"
(B) lim fix)= lim 2+x)=2
x—0" x—0"
(C) lim fix) =2 since lim f{x)= lim fix)=2
x—0 x—0" x—0"
D) fi0)=2+0=2

54, 1) x+3 if x<-=2
. fx)=
Jx+2 if o x>-2

(A) lim fix)= lim Jx+2 =0
x—-2% x—-2"

(B) lim fx)= lim (x+3)=1
x—-2" x—-2"

© lirn2 fx) does not exist since lim flix)# lim fx)
X——

x—-2" x—-2"
(D) fi-2) does not exist; f'is not defined at x = -2.
T if x<0
56. fry=4%"3
T i x>0

x—3

(A) lim fix)= lim
x—-=3 x—=-3 X+

does not exist since x =-3 is a

non-removable zero of the denominator.
(B) lim f{x) = lim = lim
x—0 =0~ x+3 x—=0" x+3

(C) lim f{x) does not exist, since lim f{x) does not exist.
x—3 x—3"

X

=0
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58.

60.

62.

64.

66.

\ %:—1 if x<3
x— —(x—
f(x):m: 3
001 if x>3
x-3

(Note: Observe that for x <3, |x —3| =3 —x=—(x-3)
and forx >3, |x-3|=x-3)

(A) lim fix)= lim 1=1 (B) lim fix)= lim (-1)=-1
x—3* x—3* x—3 x—3

(C) lim f{x) does not exist, since lim flx) # lim f{x)
x—=3 x—3* x—3"

(D) f(3) does not exist; fis not defined at x = 3.

) = x+3 _ o x+ 3
x2 +3x x(x + 3)
(A) lim X3 1.1 (B) lim fix) = lim ! does not exist.
x—-3 x(x + 3) x—-3 X 3 x—0 x—0 x

X 4x=6 _ (x+3)(x-2)

o) = x+3 (x+3)

. L (x+3)(x-2) B
®) fim fi) = fim =Sy T 62 =S

. X +x-6 -6 _
R
(C) limflx) = lim 2¥X=6 _0 _,

-2 x+3 5

_ X1 (x=D(x+D)
)= (x+1)° (x+1)?
(A) 11m f(x)— lim [CatlCaal xl does not exist since

=1 (x+1)° -1 x+1
lim (x —1)=-2 but 11m (x+1)=0.

x——1

- Sl
(B) 11mf(x) 11 im (x+1) 1 1
-1 0
© hmf(x)—h 0t D) _Z_O

3x° +2x—1 _ GBx=D)(x+])
X 43x4+2  (x+2)(x+1)
3x2+2x-1 20
Ahm x)=lim ——— ="—=10
(&) f() -3 X7 +3x+2 2
(3x D(x+1) T e
A x+2)(x+1)  x>-1 x+2 1

Jx) =

(B) hm f(x) =

3x*+2x-1 15 5
Cllm x—llm———:—
© f() =2 x24+3x+2 12 4

Copyright © 2019 Pearson Education, Inc.
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2-4

68.

70.

72.

74.

76.

78.

80.

82.

84.

86.

88.

CHAPTER 2: LIMITS AND THE DERIVATIVE

Sl tms@

. X

True: lim ==

¥l g(x) lm}g(x) 1
xX—>

=-=1

I/\

Not always true. For example, the statement is false for f(x) =

Not always true. For example, the statement is false for f(x) = {
1
x

. 0 . .
lim does not have the form —; the limit does not exist since
x—=-3 x+ 0

.X= .oox=2

lim =oo, lim = —oo,

—-3 X+ x—-3" x+3

m (x+D)(x=3)
-3 (x=3)(x—-4)

Therefore lim (x+D(x=3) = lim ¥+l

lim —
=5 x"—4x-5

Therefore lim

lim

x=2x% —2x+1

Jx) =
A h) /@ _

h—>0

Jx) =

h—>0

S =

h—>0

S )

h—>0

has the form 6;

0 (x+D(x-3) _ x+1
(x-3)(x-4) x-4

=4,

=3 (x=3)(x—-4) x-3x—-4

x2=7x+10

has the form %

¥-7x+10 . x-2 1
=li

X =Tx+10  (x=5)(x+2) x-5
¥F—dx-5 (x=5)(x+1) x+1’

>

o5 2 —4x—5 xo5x+1 2

x? +2x+1

Sx—1

x+
m

=2 (x—1)2 0 x>2x%—2x+1

1)?

2
does not have the form 9 lim sz“

>

L S2Em=1-(10-1)

10+5A—-1-9
m

provided x # 3.

provided x #5.

=9.

h—>0 h h—0 h h—0 h

x -2
2 N 4 2 4
f(2+h) fQ ~ lim +h)"-2-(4 2):lim 4+4h+h”-2-2
h—0 h h—0 h
2
—im P i@ ny=a
h—0 h h—0
—4x+13
f(2+h) (2 lim_4(2+h)+13_[_4(2)+13]:limih:—4
h—0 h h—0 h
=3 x|
f(2+h) (2 lim_3|2+h|_[_3(2)]:lim -32+h)+6 — lim =3h
h—0 h—0 h h—0 h

Copyright © 2019 Pearson Education, Inc.
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EXERCISE 2-1

J(x) )
90. (A) lim fix)= lim (0.5x)=1 5
X—2" X—2"
lim fix)= lim (=x)=-2 _»
x—2" x—2* Z ;:x
J(x) 4
)
(B) lim fix)= lim (-3 +0.5x)=-2
X—-2" X—-2"
lim fix)= lim (3—x)=1 S
xX—2" x—2" 5 X
A
C) I =l —3m+0.5x)=-3m+1
©) xf}f(x) xgl;( m x) =—-3m f(x) A
lim fx)= lim (3m—x)=3m-2
xX—2" x—2"
3m+1=3m-2
6m=3 & >
1 > X
m=—=05
2
li = I =-0.5
-

(D) The graph in (A) is broken when it jumps from (2, 1) down to
(2, -2), the graph in (B) is also broken when it jumps from
(2,-2) up to (2, 1), while the graph in (C) is one continuous piece with no jumps or breaks.

G(x
92. (A) For car sharing of not more than 10 hours, the (B) 3,(0())
charge per hour is /5x. The charge per hour for sharing 250
more than 10 hours is 10x. Thus, 200
150 £

15x if 0<x<10 /

Gy=1 o 100
10x if x>10 50(7

& >
0" 510152025 «x
(C) Asx approaches 10 from the left, G(x) approaches 150, thus,

the left limit of G(x) at x = 10 exists, lim G(x)=150.

X—10
Similarly, lim G(x)=100. However, lim G(x) does not exist, since lim G(x)# lim G(x).
X—10" X—10 X—10" X—10"

94. For car sharing of more more than 10 hours per month, the charge for the service given in Problem 91 is
9x-40 while the charge for in Problem 92 is 10x. It is clear that the latter is more expensive than the
former.

Copyright © 2019 Pearson Education, Inc.



2-6 CHAPTER 2: LIMITS AND THE DERIVATIVE

96. (A) Let x be the volume of a purchase before the discount is applied. Then P(x) is given by:
X if 0<x<300
3004+0.97(x-300)=0.97x+9 if  300<x<1,000

P(x) = {0.97(1,000)+9+0.95(x—1,000) = 0.95x+29 if 1,000 < x < 3,000
0.95(3,000) + 29 + 0.93(x —3,000) = 0.93x+89  if 3,000 < x <5,000
0.93(5,000) + 89+ 0.90(x — 5,000) = 0.90x +239 if x>5,000

(B) lim P(x)=0.97(1,000) +9 = 979

X—1,000"

lim P(x) = 0.95(1,000) + 29 = 979
X—1,000"

Thus, lim P(x)=979
X—1,000
lim P(x)=0.95(3,000) + 29 =2,879
X—3,000”

lim  P(x) = 0.93(3,000) + 89 = 2,879
X—3,000*

Thus, lim P(x)=2,879
X—3,000

(C) For 0 <x <300, they produce the same price. For x > 300, the one in Problem 95 produces a lower
price.

98. From Problem 97, we have:
() = 20x if 0<x<4,000
80,000 if  x>4,000

Thus
20 if 0<x<4,000
A(x) = o) _ 80,000
X ’ if  x>4,000
X
lim A(x)= Ilim A(x)=20= Ilim A(x)
X—54,000 X—>4,000" X—4,000
lim Ax)= Ilim A(x)= 80,000 _ 10= lim A(x)
X—8,000” X—8,000" 8,000 X—8,000
EXERCISE 2-2
2. x=5 4. y=1

6. y+4=-3(x-8) (point-slope form); 3x+y =20

8. Slope: m= fozzl(; =5, y—=20=5[x—(-1)] (point-slope form); —5x+y =25
10.  lim fix)=oo 12.  lim_ fix)=o
X—>—o° xX—=2
14. lim flx)=o0 16. lim f{x) does not exist
x—2 x—2

Copyright © 2019 Pearson Education, Inc.



18.

20.

22.

24,

EXERCISE 2-2 2-7

2

x
X) =
S x+3
2
(A) lim_ = —o0; as x approaches —3 from the left, the
x—-3~ x+3

denominator is negatively approaching 0 and the numerator is positively approaching (—3)2 =9,

2
(B) lim = oo; numerator approaches (73)2 = 9 and denominator
x3t x+3

is positively approaching 0.

(C) Since left and right limits at —3 are not equal,
lim f{x) does not exist.

x—-3
2x+2
)= —7
(x+2)
. 2x+2 . . .. .
(A) lim = —o0; as x approaches —2 from the left, the denominator is positively approaching 0

=2 (x+ 2)2
and the numerator is negatively approaching 2(-2) + 2 =-2.

2x+2
(B) lim
o2t (x+2)?

and the numerator is negatively approaching 2(-2) + 2 = -2.
(C) Since lim_ fix) = lim f{x) =—o0, we can say that lim f{x)=—o0.
x—-2 + x—=2

= —o0; as x approaches —2 from the right, the denominator is positively approaching 0

x—-2
2
X +x+2
=<
Sx) 1
. X2 Hx+2 . .
(A) lim 1 =—o0; as x approaches 1, the numerator approaches 4 and the denominator negatively
x—1 X —

approaches 0.

2
(B) lim Lxl-l-Z = oo; in this case the denominator positively approaches 0.
x—1 X—
2
(C) lim X hxt2 does not exist.
x>l x—1
A = x*+x-2
(x+2)
) = (x-D(x+2)
(x+2)
@) tim EDEFD e eo1=-3
x—-2 (x + 2) x—-2
®) lim DD o )=3
x—>—2+ (x + 2) xe—2+
(C) lim Gohxr+2) lim (x — 1) =—3 or we can say that left and right limits at x = -2 exist and are
x—-2 (x + 2) x—-2

equal, therefore
lim f{x) exists and is equal to the common value 3.
x—-2

Copyright © 2019 Pearson Education, Inc.



2-8 CHAPTER 2: LIMITS AND THE DERIVATIVE

26. p(x)=10—x°+7x’ =—x*+7x’ +10

(A) Leading term: —x®  (B) lim p(x)=lim (—x®)=—=  (C) lim p(x)= lim (-x°*) = —oo
28.  p(x)=—-x"+2x>+9x

(A) Leading term: —x°  (B) lim p(x) = lim (-x’) = —e0 (©) lim p(x)= lim (—x°)=oo
30. p(x)=5x+x’-8x*=x’—8x" +5x

(A) Leading term: x°  (B) lim p(x) = lim (x’) =0 (C©) lim p(x)= lim (x°)=—co

32 p(x)=1+4x> +4x* =4x* +4x* +1

(A) Leading term: 4x*  (B) lim p(x) = lim (4x*) =0 (©) lim p(x)= lim (4x*) =
_ 3
4. () f(5)=220L J 3B 536

7+4(5° 507

2-3(10° 2,998

B) f10)= = ~—0.748
/ 7+4(10)° 4,007
2
348 3,3 573
(C) lim 273 lim 3x = lim X (Divide numerator and denominator by x? )
X—>o0 7-1-4)53 xX—>00 4x3 x—oo 1
— +4
X
_0-3 —_3
0+4 4
36. (A) f(-8)=DFL_ B B 008
7(-8)° -2 -3,586 3,586
B) f16)= 5(—16)3—1—11 __ 9 O oo
7(-16)° -2 —28,674 28,674
S,
273
(C) lim 5x3+11 = lim *—2X— ( Divide numerator and denominator by x3.)
x—e Tx =2 X—o0 7_~
e
_0+0
7-0

4-3) -8(=3) _ 8,724 _

" > ~15.386
(-3)"+9(-3) 567

38. (A) f(=3)=
6

4-6) -8(-6) _ 1,119,696 _

; : ~138.234
6(-6)" +9(-6) 8,100

B) f(-6)=

Copyright © 2019 Pearson Education, Inc.



40.

42.

44.

46.

48.

50.

52.

EXERCISE 2-2

4x° - 8
. 4x" —8x . x3 . . 4
(C) lim = lim (Divide numerator and denominator by x~.)
x== 6x" +9x X ey 9
2
x
8 9 =
As x —> —oo, 4x° -~ and 6+— —6. Therefore, lim %:—w.
X X x=— 6x" +9x
(A) f(-50)= 3450 _ 47 0.241
5+4(-50) 195
®) 1100 =057 _ 546
5+4(-100) 395
3+x 2 *l
(©) lim = lim X (Divide numerator and denominator by x.)
x>0 S54+4x x> S
—+4
x
_0+1 1
0+4 4
2x . . . .
f(x)= —5; lim f(x) =—co, lim f(x)=00; x =35 is a vertical asymptote.
X — x—5" x—5"
x+2 . .
S(x)=— % the denominator has no zeros; no vertical asymptotes.
X+
x=5 x=5 . .
f(x) = = ; lim f(x) = —eo, lim f(x) =0,
x* =16 (x+4)(x—4) =4 x4

lim f(x) =co, lim f(x)=—o0; x=—4 and x =4 are vertical asymptotes.
x—4" x—4"

)= x2—21 _ (x+D(x-1) _ x—1 x
X +2x" +3x x(x+2)(x+1)  x(x+2)
lim f(x) ==, lim f(x)=e0, lim £(x) =2, lim f(x) =<, lim f(x)=—=;

x—-2"

x=-2 and x=0 are vertical asymptotes.

X' +2x-15  (x+5)(x-3)
S(x)=—; = ;
X +2x-8 (x+4H(x-2)

lim f(x)=—c0, lim f(x)=co, lim f(x)=co, lim f(x)=—co;

x—-4"

x=-4 and x =2 are vertical asymptotes.

3x+2
=

iy = 225
2
3+—

lim fx) = lim 2272 = fim —% = 3*0 _4
X—o0 X0 X — x—yoo 1_& 1-0

X

Copyright © 2019 Pearson Education, Inc.
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2-10 CHAPTER 2: LIMITS AND THE DERIVATIVE

So y = 3 is the horizontal asymptote.
Vertical asymptote: x = 4 (since n(4) = 14, d(4) = 0).

2
x° =1
54. fix)= .
x*+2
2 1-L1
x -1 2
li = li = li =
Xli?oﬂx) e X2 +2 e 1+2 (Dividing the numerator and denominator by x2.)
_1-0 _ 1
1+0

So, the horizontal asymptote is: y = 1.
d(x) = x2 + 2> 0 so, there are no vertical asymptotes.

X X

56. flx)= =
U -4 (x=-2)(x+2)
x 1 0
lim f{x) = lim = lim —— = —— =0,
X—>00 X—>00 X2—4 X—>o0 1——2 1-0

so the horizontal asymptote is: y = 0.
Since n(-2) =-2, n(2) = 2, d(-2) = d(2) = 0, we have two vertical asymptotes: x =—-2, x = 2.

2
58, fry= 2
1+ 2
2 =
lim fx) = lim 2 = Jim —x =10 _
X—>00 X—yo0 xoeo 1 0
X

So, there are no horizontal asymptotes. Since n(0) =9, d(0) =0,
x = 0 is the only vertical asymptote.

60. fn= 12
X
1 5
X+5 Y2 040
lim f{x)= lim = lim XX = """ =,
X—o0 X x x—yo0 1 1

so the horizontal asymptote is: y = 0.
Since n(0) =5, d(0) = 0, x = 0 is the vertical asymptote.

2x* +7x+12

62. fix)= .
) 2x% +5x-12
2 2
lim fx) = lim 22 T2, 20
X e 2xT +5x—-12 xoe 2x

so, y = 1 is the horizontal asymptote.

Since n(—4) =16, n (%j =27,d(-4)= d(%] =0,x=-4andx= % are the vertical asymptotes.

Copyright © 2019 Pearson Education, Inc.



64.

66.

68.

70.

72.

74.

76.

78.

80.

82.

EXERCISE 2-2 2-11

x°=x—-12
foy=—5—"
2x°+5x-12
~-x-12 Xt 1 1. . :
lim fix) = lim —————— = lim — = —,s0 y= — is the horizontal asymptote. Since n(-4) =8,
x—vee woe 2yt 45x—12 x> 2x 2 2

n (%j =—-11.25, d(-4)= d(gj =0, x=—4 and x= % are the vertical asymptotes.

2 2
flx )_M; f(x)—l m:hmx_:hm(_x):_w
—-X x>0 5—Xx x—eo —X  x—>oo
4x+1 4x+1 . 4x 4
x— hm x) = lim = lim —=—
S -7’ f() x50 5x =7 x-5=5x 5
2 +3
CES al Jlim f(x)= lim 243 jim 2o
-1’ wx? =] xo-ex
6—x* 6—x* —x*
x)= ; hm x)= lim = lim — =
S 1+2x f( )= xo—o 1 4+2x  x—>-w 2x
False: f(x)= ! has two vertical asymptotes.

(x-2)(x+2) 22-4

True: Theorem 4 gives three possible cases, two of which give exactly one horizontal asymptote and one
of which gives no horizontal asymptote.

2

+2 .
False: f(x)= —x crosses the horizontal asymptote y =1lat x=2.
X +x+2

lim (a ' +a xn_l +...+a,) =wifa_ >0 and n an even positive integer, or a_ < 0 and n an odd
e /| n-1 0 n n
positive integer.
-1 . . o .
lim (anx +a _1xn + ...+ ao) =—o0if a,> 0 and # is an odd positive integer or a, < 0 and 7 is an
X——o0

even positive integer.

(A) Since C(x) is a linear function (B) C( ) = C(x)
of x, it can be written in the form X
C(x) =mx +b 240x +300
Since the fixed costs are $300, 5 = 300. =
Also, C(20) = 5100, so u
5100 = m(20) + 300
20m = 4800
m =240
Therefore, C(x) = 240x + 300

Copyright © 2019 Pearson Education, Inc.



2-12

84.

86.

88.

CHAPTER 2: LIMITS AND THE DERIVATIVE

© €k (D) T 24004300
500
240+°%
— X

1
As x increases, the numerator tends to 240 and the
denominator is 1. Therefore, C (x) tends to 240 or
$240 per board. Therefore, C (x) tends to $240 per

30 ¥ board.
lim C (x) = lim [2’ 700 +1,332J =0+1,332=1,332
x> € X—yoo x
Py = 99/’
> +50

99(5)° 2475 99(10)* 9900

(A P(5)= ——=33 or33%; P(0)= =66 or 66%
D=5 50 7 PO = 50 ™ Ts0 ’
99(20)* 39,600
P(20) = 2( ) _ 3 =88 or 88%
20° +50 450
: .99 99 . . )
lim P(z) = lim — =llmﬁ (divide numerator and denominator by ¢*)
t—o0 o 7 450 t%w1+4?
B t

99
=—— =99, P(t)— 99%
1+0

S5t(t+50)

Ct)y= ——
® £ +100
2

lim C(¢) = lim 5t3+—250t (Divide numerator and denominator by t3.)
e t=e 7 +100

5,250

ﬁ 0+0

=0

= lim —
e 100 140
The long term drug concentration is 0 mg/ml.

N(t)=ﬂ,t20
t+9

(A) N(6) = 1006) _ 600 ~ 40 components/day
6+9 15
100z

B) 70= —— or
® t+9

70t + 630 = 100¢
30¢=630

t= 630 _ 21 days
30

Copyright © 2019 Pearson Education, Inc.



100¢ 100

EXERCISE 2-3

100

(C) lim N(t) = lim — = lim —— = —— =100
[—>o0

toeo (49t

I+—

140

The maximum number of components an employee can produce in consecutive days is 100

2-13

components.
9. (A) v =37,K,,=3
(A) max M B)  ws)= 37s
Vi 3+
50 (C) Fors=9,v= 370) _ 27.75
£ 40 349
3 T P = 37 37s
< 301 v Forv=32, 32=
> 20 = 185 3ts
10 or 96+32s=37s
/ >
0/ 510152025 & and s=%=192
Concentration 5
Ky=3
92. (A) C.___ =24, M=150 24T
(A) Crhax B) )=
C 150+T
25 51 Conax = 24 (C) For T=600,
20
&
) c- CUOO) o)
10 3o =12 150+ 600
5
ForC=12,12= ﬂ or
0 /200 600 1000 T 150+T
Kelvin
M =150 1800 + 127 = 24T,
T=150.
EXERCISE 2-3
2. (=8,-4] 4. [0.1,0.3] 6. (—o0,—4]1U[4,0) 8. (—o0,—6)U[9,0)
10. f is discontinuous at x =1 since 12. £ is discontinuous at x =1 since
lim f(x) # f(1) lim f(x) = f(1)
x—1 x—l
Jx) 4 Jx) A
nt nt
™
"-—\.l
L > >
5 X e~ gy
— sing
® T~
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2-14 CHAPTER 2: LIMITS AND THE DERIVATIVE

14. fis discontinuous atx = 1, f(x) A
since lin} fx) does not exist
x—
—"‘ =
L= o >

= X
GV

16. f(-2.1)=1

18. f(-1.9)=09

20. (A) lim flx)=2 (B) lim fix)=2 (C) lim fix)=2

x—27 x—2" x—2

( lim f(x)= lim f(x)= 2)
x—27 x—2"
(D) f(2) does not exist; fis not defined at x = 2.(E) No, since f'is not even defined at x = 2.
22. (A) lim fix)=0
x—=-1"
(B) lim fix)=0
x—-1*
(©) lim fix)=0 ( lim f(x)= lim f(x)= 0)
x—-1 x—-1" x—-1*
D)A-1)=0
(E) Yes, since lim1 fx) =A0).
xX——
24, g(-2.1)=09

26. g(-1.9)=2.95
28. (A) lim gx)=1
x—-2"
(B) lim g(x)=3
x—-2"
(C) lim g(x) does not exist, since lim g(x)# lim g(x)
x—-2 x—-2" x—-2"
(D) g(-2) does not exist; g is not defined at x =-2. (E) No, since g is not even defined at x = 2.
30. (A) lim g(x)=0 (B) lim gx)=0 (C) lim g(x)=0
x—4~ x—4" x—4
( lim g(x)= lim g(x)= 0)
x—4" x—4*

(D) g(4)=0. (E) Yes, since lin’i fx)=£4)

32.  h(x) =4 -2xis a polynomial function. Therefore, f'is continuous for all x [Theorem 1(C)].
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34.

36.

38.

40.

42.

44.

46.

48.

50.

EXERCISE 2-3 2-15

k(x) =

is a rational function and the denominator x — 4 is 0 when x = 4. Thus, k is continuous for all
x—

x except x =4 [Theorem 1(D)].
x—

n(x) = _x=2 is a rational function and the denominator

(x=3)(x+1)
(x—=3)(x+1)is 0 when x =3 orx =—1. Thus, 7 is continuous for all x except x = 3, x =—1 [Theorem
1(D)].

1-x?
X+l

G(x) is a rational function and its denominator is never zero, hence by Theorem 1(D), G(x) is continuous

G(x) =

for all x.
2
N&) = x—-|w42
4-25x
. . . . . . 2
N(x) is a rational function and according to Theorem 1(D), N(x) is continuous for all x except x = ig

which make the denominator 0.

2x+7 1 =7 1 -7

x)= ; f is discontinuous at x =—; x)=0 at x=—. Partition numbers —, —.
S () F— v 5 S (x) > 5
x*+4
f@)== 5 ; f is discontinuous at x =3,—3; f(x)#0 forall x. Partition numbers 3, —3.
x f—
x4 x x(x* +1)
fx)= = ; f is discontinuousat x=7,—6; f(x)=0 at x=0. Partition

X—x-42 (x=7)(x+6)
numbers —6, 0, 7.

2 _2x—8<0

Let flx) = x> — 2x—8 = (x = 4)(x + 2).

Then f is continuous for all x and f-2) =f(4)=0.
Thus, x =-2 and x = 4 are partition numbers.

Test Numbers
x  f(x)
-3 7+
0 —-8(-)
S 7

Thus, x2 —2x—-8<0for: -2 <x<4 (inequality notation), (-2,4) (interval notation)

X+ 7x>-10 or x>+ 7x+10>0
Let flx) =x% + 7x + 10 = (x + 2)(x + 5).

Then f is continuous for all x and f-5)=f{-2)=0.
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2-16 CHAPTER 2: LIMITS AND THE DERIVATIVE

Thus, x =—5 and x = -2 are partition numbers.

Test Numbers

xS
-6 4(+)
-4 =2(-)

0 10(+)

Thus, x2 +7x+10>0for: x<-5 or x>-2 (inequality notation), (—o0,—5) U (-2, ) (interval
notation)

52. x*_9x%>0
x4 — 9x2 = xz(x2 -9

Sincex2>0forx7é0,thenx4f9x2>0ifx279>00rx2>9
or"x<-3 or x>3" or (-o,-3) U (3, ).
sa, 4 o
x°+2x
x—4 x—4 . .
Let fix)= — = . Then f is discontinuous at x = 0 and

x°+2x x(x+2)

x=-2and f(4)=0. Thus,x=-2,x=0,and x =4 are partition numbers.

Test Numbers
x  f(x)
-3 -10)
-1 5(+)
1 -1(-)
5 —31 ()
Thus, <0 for: x<-2 or 0<x<4 (inequality notation), (-0, -2) U (0, 4)(interval notation)

x2+2x

56. (A)g(x)> 0 for x <—4 or x> 4; (—o, —4) U (4, ).
(B)gx)<0for-4<x<lorl<x<4;(-4,1) U (1,4).

58. fi)=x" — 42~ 2x+2. Partition numbers: x, = 05113, x, = 2.1209

(A) fix)> 0 on (—0,0.5113) U (2.1209, o)
(B) fix)<0on (0.5113, 2.1209)

3 —
60. fix)= %x-kl Partition numbers: X ~-2.3301, Xy ~-1, X3 = 0.2016, x

x =1

4= 1,x5:2.1284

(A) fix)>0on (-2.3301,-1) U (0.2016, 1) U (2.1284, o).
(B) f{x) <0 on (-, -2.3301) U (1, 0.2016) U (1, 2.1284).

Copyright © 2019 Pearson Education, Inc.



62.

64.

66.

68.

70.

72.

EXERCISE 2-3 2-17

NT—x
Let flx)=7—x. Then v7—-x = 3 f(x) is continuous whenever f(x) is continuous and nonnegative

[Theorem 1(F)]. Since fix) =7 — x is continuous for all x [Theorem 1(C)] and fix) >0 forx <7, J7—x is
continuous on (—o, 7].

3

x—8
Let fix)=x—8.Then 3/x—8 = 3/f(x) is continuous whenever f{x) is continuous [Theorem 1(E)]. Since
Alx) =x — 8 is continuous for all x [Theorem 1(C)], J/x—8 is continuous on (-0, o).
Va4-x*
Let fix)=4 fxz. Then V4—x> = 2[f(x) is continuous whenever f{x) is continuous and nonnegative
[Theorem 1(F)]. Since f{x) =4 —x2 is continuous for all x [Theorem 1(C)] and f{x) is nonnegative on
[-2,2], Vv4—x? is continuous on [-2, 2].
Ix? +2
Let flx) =x2 +2. Then Yx> +2 = 3 f(x) is continuous whenever f(x) is continuous [Theorem 1(E)].

Since fix) = x2 + 2 is continuous for all x [Theorem 1(C)], x> +2 is continuous on (—0, ).

The graph of fis shown at the right. This function is f( x) A
discontinuous at x = 1.
[ im fix)=1and lim fix)=2; >
x—1- xolt
Thus, lin} f(x) does not exist.] \ 1 d
x—
5 x
J(x) 4
The graph of fis shown at the right. 5
This function is continuous for all x. [ lirr% fx)=A2)=4]
X—
\ /
5]x
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2-18 CHAPTER 2: LIMITS AND THE DERIVATIVE

r o

74. The graph of fis shown at the right. f (x A

This function is discontinuous at x =0, )
since 1in(1) fx)=1#£0)=0
x—>

Qri
=Y

76. (A) Since 1im+ fix)=£A2)=2, fis continuous from the right at x = 2.
x—2

(B) Since lir?_ fx)=1+#A2) =2, fis not continuous from the left
atx = EH
(C) fis continuous on the open interval (1, 2).
(D) fis not continuous on the closed interval [1, 2] since
xl_i}rg_ fx)=1#£2)=2,1i.e.,fis not continuous from the left at x = 2.

(E) fis continuous on the half-closed interval [1, 2).

78. True: If r(x)= ZEX)
X

is a rational function and d(x) has degree n, then r(x) has at most n points of

discontinuity.

80. True: Continuous on (0, 2) means continuous at every real number x in (0, 2), including x = 1.

82. False. The greatest integer function has infinitely many points of discontinuity. See Prob. 75.

84. xintercepts: x=-4,3 86. x intercepts: x=-3,2,7

J(x) 4 Jx) 4

WEC ) 1
\
\
/ . \1,
[l 10 x \ \10 x
\-
6

# 0 for all x. This does not contradict Theorem 2 because f'is not continuous on (2, 7); f is

88. flx)=

xX—

discontinuous at x = 4.
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90. (A)

35,
45,
55,
65,

15, 0<x<1
25, 1<x<2
2<x<3
3<x<4
4<x<5
55x<6
75, 6<x<7
85, 7<x<8

EXERCISE 2-3 2-19

(B) R(x)4

$100
$80
$60
$40

2 46 810 x

o-e
ce
o

© lirgl5 R(x) =45 = R(3.5); thus, R(x) is continuous at x = 3.5.
X—3.

lim R(x) does not exist; thus, R(x) is not continuous at x = 4.
x—4

92.

94. (A) S()

(B) The

S(x) = R(x).

5+0.69xif 0<x<5

52+0.65xif 5<x<50

6.2+0.63x1f 50 < x

graph of S is:

S(x)4

$100
$80
$60
$40
$20

\

L =
50

© lirré S(x) = 8.45 = S(5); thus, S(x) is continuous at x = 5.
X—>

linslo S(x) =37.7 = S(50); thus, S(x) is continuous at x = 50.
X,

96.

C(x)4

(A) The graph of C(x) is:

-

(B)

100

©

80

60

D)

40

20

98.

5

10

X

(B) lim p(¢) = 10; p(t;) = 10.
t—>t1

From the graph, liIils C(x) =50 and C(4.5) = 50.
X—4.

From the graph, liné C(x) does not exist; C(8) = 60.
x—>

Since lilils C(x) =50 = C(4.5), C(x) is continuous at x = 4.5.
X—4.

Since lirré C(x) does not exist and C(8) = 60, C(x) is not
X

continuous at x = 8.

(A) From the graph, p is discontinuous at ¢ = by, andr=¢ 4
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(©) lim p() =30, p(t,) = 10.
l‘*)l‘z

(D) lim p(#) does not exist; p(¢ 4) = 80.
1%14

EXERCISE 2-4

2. Slope m= 8-11 =_—3, -1.5 4. Slope m=ﬂzi:é; 0.375
I-(-1) 2 4-(-12) 16 8
2 15 25
6. ——=— 2=
5 55 5

1-V2 1-V2 5-2 7-6J2 7 6
8. = . = :———\/5
5442 5+42 5-2 23 23 23

10. (A) f(_? _(f 2()_2) = 41_1 = 3 is the slope of the secant line through

(=2,/-2)) and (-1, A=1)).

f(2+h) = f(=2)  5-(2+h)*-1 _ 5-[4—4h+h*]-1
(B) - -
h h h
_5-4+4h-R -1 _ 4h-0* _
h h
slope of the secant line through (-2, f(-2)) and (-2 + &, -2 + h))

(© tim LEZEDZTCD _ 4y =4,
h—0 h h—0

4—h;

slope of the tangent line at (-2, f{-2))

12. fix)= 3x2
(A) Slope of secant line through (2, f(2)) and (5, f(5)):

f)-f(2)_ 357 -32)° _75-12 _ 63

=22 =21
5-2 5-2 3 3

(B) Slope of secant line through (2, f(2)) and 2+ 4, f(2+4h)):

32+h)° =3(2)° _ 3(4+4h+h*)—12 _12+12h+3h* —12 _ 12h+3h° — 1243k
2+h-2 h h h

(C) Slope of the graph at (2, £(2)): lim w =lim(12+3h) =12.

14. (A) Distance traveled for 0<t<4: 352(1.5)=528; average velocity: v = % =132 mph.

S@-f©O) _528_

® 4
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16.

18.
20.

22,

24.

EXERCISE 2-4

(C) Slopeat x=4: m=150. Equation of tangent line at (4, f(4)): y—528=150(x—4) or
y=150x—-72.

1 1 . .
f(x)= 1—2; f(2)= 3 =0.2. Equation of tangent line: y—0.2=-0.16(x—-2) or
+Xx
y=-0.16x+3.4.

f(x)=x* f(-1)=1. Equation of tangent line: y—1=—-4(x+1) or y=—-4x-3.

S =9
Step 1. Find fix + h).
fix+h)=9
Step 2. Find f{x + k) — f{x).
fix+h)—fix)=9-9=0

S+ - f(x)
Step 3. Find —h .
fGath-f@ 0 _,
h h
Step 4. Find f'(x)= %11)1(1) M = }1}3(1) =0

Thus, if f{lx)=9,then f'(x)=0, f'(1)=0, [f'(2)=0, f'3)=0.
fix)=4-o6x
Step 1. fix+h)y=4—-6(x+h)=4—6x—6h
Step 2. flx + h)—fix)=(4—6x—6h)— (4 —6x)
=4 —6x—6h—4+6x=-6h
S(x+h)—f(x) _ —6h -6
h h

Step 3.

Step 4. @ = lim w = lim (-6)= -6

fM=-6, f2)=-6, [f(3)=-6
fix) = 2x2 +8
Step 1. flr+h)=2(x + h)> + 8 =2(x> + 2xh + h2) + 8

= 2x% + dxh + 21 + 8

Step2.  flr+ k) —fx) = (2% + 4xh + 2h% + 8) — (2% + 8)

=252+ duh+ 2h% + 8~ 242 — 8
= 4xh + 2h°
_ 2
Step 3. f(x+h2 f(x) _ 4xh-}il-2h — 4y 12N
Step 4. 7= tim LEEDZSC) et oy = ax
h—0 h h—0

f =4, f2)=8, [f(B3)=12

Copyright © 2019 Pearson Education, Inc.
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2-22

26.

28.

30.

32.

CHAPTER 2: LIMITS AND THE DERIVATIVE

f(x)=3x>+2x-10

Step 1. f(x+h)=3(x+h) +2(x+h)—10=9x" + 6xh +3h> +2x +2h - 10
S FOeth)= f(x)= (3% +6xh + 38 +2x+2h—10) - (3x> + 2x — 10)
Cp <.
= 6xh+3h> +2h = h(6x +3h +2)
Step 3. f()c+hh)—f(x):h(6)c+]/l3h+2):6x+3h+2
Step 4. fi(x) = %inéw = lim (6+34+2) = 6x-+2

FM=8, f@=14, f3)=20

fx)=x"—4x+7
Step 1. fx+h)y=(x+h)’—4(x+h)+T7=x"+2xh+h* —4x—4h+7

f(x+h) = f(x)=x"+2xh+h> —dx—4h+7—(x" —4x+7)

Step 2.
=2xh+h> —4h=hQ2x+h—4)
Step 3. f(x+hz—f(x)=h(2x-;lh—4)=2x+h_4
Step 4. f'(x)=}llinéwzlim(2x+h—4)=2x—4
— h—0

f(H=-2, f@=0, f@3=2

f(x)=6x"—3x+4
Step 1. f(x+h)=6(x+h)’ =3(x+h)+4=6x"+12xh+6h* —=3x-3h+4

f(x+h)— f(x)=(6x"+12xh+h* =3x—3h+4)—(6x> —3x+4)

Step 2.
= 12xh+ k> —3h = h(12x+h—3)
Step 3. f(“hz_f(x)=h(12x2h_3)=12x+h—3
Step 4. f’(x)z}ljn(l)M:lim(12x+h—3):12x—3
— h—0

SM=9 f@=21, 5@=33

f(x)=-x"+3x+2
Step 1. F(x+h)=—(x+h)’+3(x+h)+2=—x"—-2xh—h> +3x+3h+2
F(x+h)— f(x)=(=x" =2xh—h* +3x+3h+2)—(—x" +3x+2)

Step 2.
=2xh—-h"+3h= h(—2x—h+3)
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SO+ —f(x) _ h(=2x-h+3) _

Step 3. —“2x—h+3

€ h 7 X

Step 4. f'(x) = lim JSarh =) _ lim (—2x—h+3)=—-2x+3
h—0 h h—0

FO-L f@Q=1 f3)=3

34, fl)=20+5

Step 1. fix+ k) =—2(x+h)° +5 =20 + 3x2h + 35k + B2) + 5
=23 _6x2h—6xhE — 23 +5
.3 .2 2 .3 3
Step 2. fx+h)—fix)y=-"2x"—6x"h—6xh™—2h~ +5—(-2x" +5)

= _6x%h — 6xh* — 210
= 2h(3x% + 3xh + i)
2 2
Step 3. f(x+hz—f(x) _ —2h(3x ;3xh+h ) =—2(3x2+3xh+h2)
Step 4. @ = lim PACAIOLNI) (“hz"f ) _ lim (-2(3x2 + 3xh + h2)} = —6x°
S=-6, [f(2)=-24, [f(3)=-54
36. fix)= 6 -2
X
Step 1. fix+h) = 6
x+h
Step 2. fox + h) - fix)y= [L—zj - (9—2j
x+h X
_ 6 6 _ 6x-6x-6h _ -6k
x+h x x(x+h) x(x+h)
—6h
f+h)—f(x) _ x(x+h) _ 6
Step 3. h h x(x+h)
v S = fx) _ -6 _ 6
Step 4. f @)= lim Y lim [ETy I
(1) = n=_0__3 __6_2
f=-6, f1 » SO =g =3
38. fi)=3-7+x

Step 1. fix+h)=3-Tx+h

Step 2. fx+h)—f)=CB-Tx+h)—B-TJx)=7(x — Jx+h)

Copyright © 2019 Pearson Education, Inc.
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Step 3 fa+n) =) _ TWx=x+h)  IGx=x+h)  (xtxrh)
| ! L h x +xrh)

_ Tx—=(x+h) _ T(x—x-h)

h(x+x+h)  h(Jx+Jx+h)

=7h =7

B h(\Jx +/x+h) B Jx +Vx+h

s fx+h)=f(x) _ . =7 =T
Step 4. f(x)_}z%T_},%(\/;+m]_2\/;
7 7 72 7 73
D=-=, fQ=-—==-"2, f@)=—_=-
/) 2,f() N 4,f() NG p
40. fix)=16~x+9
Step 1. fix+h)=16Jx+h+9
Step 2. Ax+h) —fix)=16/x+h+9 —16/x+9
=16(Jx+h+9 — Jx+9)
Step 3. f(x+h2—f(x): 16(\/x+h+h9—\/x+9)
_16(x+h+9-x+9)  (Wx+h+9+x+9)
h (Wx+h+9 +/x+9)
_ 16((x+h+9)—(x+9))
hNx+h+9 +Jx+9)
_ 16h _ 16
hNx+h+9+Jx+9)  Jx+h+9+/x+9
)  fxth) - fx) 16 16 8
Step 4. =1 - _ _
— S h o0 Jxtht9+4x+9  24xt9  Jx49
8 _ 410 8 &Il 8§ 43
M= —=— Q)= —="— B)= —=——
f()m 5,f() o ll’f()\/ﬁ3
2. f@W=——
| Cx+4
1
Step 1. f(x+h)—x+4+h
B B 1 1 :x+4—(x+4+h)= —h
Step 2 ) ) = T d T rr At k)t ) (rrd T+ A)
fx+h)—f(x) _ —h _ -1
Step3. I T h(x A1)t d) (x+A1h) (it d)

Copyright © 2019 Pearson Education, Inc.



44.

46.

48.

EXERCISE 2-4

fEth) =), -1 -
pd  f'(x)=1 =1 ) '
Stepd.  f'(x)=lim 2 oo (L A+ M) (x+4)  (x+4)?
[ ___1 ! :_—l ' :_—1
F0=2 F@=1 1O=
X
f(x)_x+2
Stepl. f(x+h)= hl
x+2+h
el Xth xR+ -x(x+2+h) 2h
Step2.  fx+h)=-f(¥)=——7"7-—7 (x+ 2+ ) (x+2) (x+2+h)(x+2)
St = f(x) _ 2 _ 2
Step 3. I T h(x4+2+h)(x+2)  (x+2+h)(x+2)
e SR = () 2 -2
Step4. f (x)_,lql_% I _lhn:}) (x+2+h)(x+2) (x+2)*
[ _g ! =£=l Y =i
FO=5. f@)==0 SO)=o
y=f) = +x

(A) =22 +2=6,/i4) =4 +4=20

SA)-f2) _20-6 _ 14
4-2 2 2
@)ﬂD:6JQ+hy:Q+hf+(2+m:4+4h+h2+2+h

=6+ 5h+h?

Slope of secant line: =17

fQ+h)-f(2) _ 6+5h+h> -6

Slope of secant line:
h h

_ Sh+k’

h
(C) Slope of tangent line at (2, f2)):
i QD=1

h—0 h

=5+h

=lim(G5+h)=5
h—0

(D) Equation of tangent line at (2, f{2)):
y=-f2)= f'2)x-2)ory—6=5x—-2)and y =5x—4.

f(x)=x2+x

S@-f2) _ 4’ +4-((2°+2) _ 16+4-6
4-2 2 2

(A) Average velocity: = 7 meters per second

fQ+D=fQ2) _ Q+h)’+Q+h)—6 _ 4+4h+h>+2+h—6
h h h

(B) Average velocity:

_ Sh i’

=5+ h meters per second

(C) Instantaneous velocity: lim
h—0

J@C+m- 12 _
h h

im (5 + /) = 5 meters per second
—0

Copyright © 2019 Pearson Education, Inc.
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50. F'(x) does not exist at x =b. 52. F'(x)doesexistat x=d.

54. F'(x)does not existat x =f. 56. F'(x) does not exist at x = /.

58. (A) Tofind f' use the two step process for the given function f(x)=4x—x”+1.

Step 1.
fx+h)—f(x) [4x+h)—(x+h) +1]-[4x—x" +1]
h - h
_(4x+4h—x" =2xh—h’ +1)—(4x—x" +1)
- h
4h—-2xh—h’
= P =4-2x-h

Step2.  f(x)= yn&wz fim (42— ) = 4-2x.

(B) Slopes: at x=0, f'(0)=4; x=2, f'(2)=0; x=4, f'(4)=—4

©
Sfx)
ny
/ \
f \ak
60. To find v=f ‘(x), use the two-step process for the given distance function, f{x)= 8x2 —4x.
Step 1. S+ - f(x) _ 8(x+h)” —4(x+h)—(8x" —4x)
h h
_ 8(x? +2xh+h*)—4x—4h—8x" +4x
h
_ 8x” +16xh+8h* —4x—4h—8x” +4x
h
_ 2
_ 16xh—4h+8h" _ 65— 4 + 8K
h
Step 2. im LOHD =) o (6r— 4+ 8y = 16x—4
h—0 h h—0

Thus, the velocity, v= f ‘(x)=16x—4
1 (1) =12 feet per second, [ (3) =44 feet per second, f (5)= 76 feet per second

62. (A) The graphs of g and 4 are vertical translations of the graph of /. All Three functions should have the
same derivatives; they differ from each other by a constant.
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64.

66.

68.

70.

EXERCISE 2-4

(B) m(x)= —x2 +c

Step 1. m(x+h):—(x+h)2+c:—x2—2xh—h2+c
Step2.  m(x+h)—m(x) = (=X — 2xh— h2 + ¢) — (X% + ¢)

2

=—x2—2xh—h2+c+x —c=—2xh—h2

m(x+h)—-m(x) _ —2xh- W

Step 3. = 2x—h
h h
Stepd. i) = lim MEFEDTME) o my=ox
h—0 h h—0
True: lim LGNS @) o mEth)+b=(m+b)
" b0 h h—0 h

. mx+mh+b-mx—-b . mh .
= lim =lim—-=limm=m
h—0 h h—0 h h—0

Letce (a,b). We wish to show that lim f(x) = f(c). If welet h=x—c, then x=h+c, and this
X—c

statement is equivalent to %in%) f(c+h)= f(c), which is in turn equivalent to ]Ein}) ( fle+h)-f (c)) =0
— —

Since f'(x) exists at every point in the interval, we know that f'(c) is defined and

i LCED=S© _ oy

h—0 h

. . flc+h)—f(c) . ,
(i) iy L= )iy 1)
ﬁmh(1&1@;1£2)=0

h—0 h

lim (f(c-+h) = f(e) =0

False. For example, f(x)=|x|has a sharp corner at x =0, but is continuous there.

o

2x ifx<2 . f (x)
The graph of f{x)= is:

6—xifx=>2 )

f1s not differentiable at x = 2 because the graph of f'has a sharp
corner at this point.

=Y
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72.

74.

76.

78.

80.

CHAPTER 2: LIMITS AND THE DERIVATIVE

-2 ifx<0 S(x)
M=V 5 ifxso 5
Itis clear that /(o) —2xifx<0
is clear thai x) =
0 ifx>2 1 >
> X
Thus, the only question is f (0).
Since lim f‘(x)= lim (2x)=0and lim f‘(x)= lim (0)=0,f !
x—0" x—0" x—0* x—0" I*
is differentiable at 0 as well;
fs differentiable for all real numbers.
) =1-1x|
- - —(1- h
i SO =f©) _ 1[0k =(=jo) _ ||
h—0 h h—0 h h—0 h
The limit does not exist. Thus, fis not differentiable at x = 0.
o) = x2/3
_ 2B 423 23
fim LOD=SO _ O+ -07 A L
h=0 h h—0 h h—0  h h—0 p13
The limit does not exist. Thus, fis not differentiable at x = 0.
) = 1+ x2
- 1+(0+h)? —/1+0? 2
i LOED=1©) _ 1O 10t e
h—0 h h—0 h h—0 h
Vien? =1 1+n?+1 141 h 0
: = lim ———== lim =5=0

= lim = —_—
h—0 h 4n? 41 0 h[ E +1} =0 Sl 4 1% +1

fis differentiable at x=0 and f (0)=0.

y= 16x2
Now, ify = 1,024 ft, then
16x% = 1,024
2 - L0
16
x =8sec.

y'=32x and at x =8, )" =32(8) =256 ft/sec.
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82. P(x)=45x— 0.025x% — 5,000, 0 < x < 2,400.

P(850) — P(800)

850800
_ [45(850) —0.025(850)% — 5,000] — [45(800) — 0.025(800) — 5,000]
- 50
_45(850)—0.025(850)% — 45(800) + 0.025(800)>
- 50
54,250-54,062.5 _ 187.5

50 -

(A) Average change =

=$3.75

(B) P(x)=45x — 0.025x> — 5,000
Step 1. P(x+ ) = 450 + k) — 0.025(x + )% — 5,000
— 45x + 45k — 0.025x% — 0.05xh — 0.025h> — 5,000
Step2. P(x+h)— P(x) = (45x + 45h — 0.025x% — 0.05xh — 0.025h — 5,000) — (45x — 0.025x% — 5,000)
— 45h — 0.05xh — 0.025h

P(x+h)—P(x) _ 45h—0.05xh—0.025h
h h

P(x+h)-P(x) _
h

=45-0.05x—-0.025h

Step 3.

Step4. P'(x)= lim lim (45 — 0.05x — 0.025h) =45 —0.05x
h—0 h—0

(C) P(800)=45(800) — 0.025(800)2 — 5,000 = 15,000
P'(800) =45 —0.05(800) = 5;
At a production level of 800 car seats, the profit is $15,000 and is increasing at the rate of $5 per seat.

84. S(t)=+/t+8
(A) Stepl. S(t+h) =i+h+8

Step 2. S(t+h)fS(t)=(m+8)—(\/;+8)=ﬂ—\/;
(V- E) St

Ji+h+t
_(+h-t _ h
Jivh e i bt
_h
S(t+h)-S(t)  ~t+h++t 1
Step 3. = =
h h Je+h++t
S+ -S@) . 1 |
Step 4. S'(H)= lim = lim =
@ h—0 h=0 Jt+h++Jt 24t

(B) S(9)=9 +8=11; S(9)=L=%=0.167

29

After 9 months, the total sales are $11 million and are increasing at the rate of $0.167 million
= $167,000 per month.

Copyright © 2019 Pearson Education, Inc.



2-30 CHAPTER 2: LIMITS AND THE DERIVATIVE

(C) The estimated total sales are $11.167 million after 10 months and
$11.334 million after 11 months.

86. (A) p(t)=48>-37+1,698
Step 1. p(t+h)=48(t+h)* =37 (¢+h)+1,698
=48(1> +2eh+ 1* ) =37 —37h+1,698
= 481 + 961h +48h* =37t —37h +1,698
p(t+h)— p(t) = 481> +96th + 48h* =37t —37h +1,698 — (481* =371 +1,698)

Step 2.
=96th +48h* —37h
p— 2 —
Step 3. p(t+h) p(t):96th+48h 37h=96t+48h—37

h h

h—0

Step4. p'(1) = lim M = lim (96 +48h—37) = 96137
—

(B) 2027 corresponds to = 17. Thus
p(17) = 48(17)° =37(17) +1,698 = 14,941
p'(17)=96(17)-37 =1,595
In 2027, 14,941 thousand tons of copper will be consumed and this quantity is increasing at the rate

of 1,595 thousand tons/year.

88. (A)  Quadratic regression model

C(x) = —1.764x% +44.611x +1068.607, C'(x) =—3.528x+44.611.

(B) C(30) = —1.764(30)* +44.611(30) +1068.607 =~ 819.337 ;
C'(30) = —3.526(30) +44.611=-61.169
In 2030, 819.3 billion kilowatts will be sold and the amount sold is decreasing at the rate of 61.2

billion kilowatts per year.

90. (A) F(1)=98 + ——
t+1

Step 1. F(t+h)=98+
t+h+1

4 4 4 4
Step2. F(t+h)—-F@)=|98+ - 98+—| = -
( )0 [ j [ t+1j t+h+1  t+1

t+h+1
_4 (t+D)—-(@+h+]) | —4h
(t+h+D)(+1) (t+h+D)(+1)
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—4h
F+h)—F@)  (+htDi+]) 4
Step 3. _ _
: h h (t+h+1)1+1)
_ F(+h)—F@) . 4 4
Step4.  F'(1)=1 =1 _
Step (0)=lim I O hADEL]) (1)

(B) F(3)=99, F'(3)= I—: = _Tl The body temperature 3 hours after taking the medicine is 99 © and is

decreasing at the rate of 0.25° per hour.

EXERCISE 2-5

1 1 1
3 _ 3 _ 1 _ _ 10
2 \/;— 4. ;—x 6 (xS)Z—T—X
8 LI S x5 10 i(5) =0 (Derivative of a constant rule.)
. Aé/; - xl/s - . dx - .
12 y=x* 14. g(x)=x
y'=8x""=8x" (Power rule) 2'(x)=9x""=9x® (Power rule)
16. y=x" 18. f(x)=x"
Z—y =—5x"=-5x° (Power rule) f'(x)= %xS/ = %xw 2 (Power rule)
X
1 _
20 y= x_7 =x"

y==Tx=-7x%= _—Z (Power rule)
X

d

22. ——(-3x?)=-3(2x)=—6x (constant times a function rule)
_ 3 3
2. f(x)=0.7x 26. y= %
f'(x)=0.7(3x") = 2.1x° 1., x
Y= 3(3?5 )= 3

28, h(x) = 5g(x); H'(2) = 5¢'(2) = 5(-1) = -5
30. h(x)=gx)-fx);H2)=g2)- f(2)=-1-3=-4
32, h(x)=—4f(x) + 5g(x) - 9; H'(2) =—4 f(2) + 5g'2) =—4(3) + 5(~-1) =17

34. i(—4x+9): i(—4x)+ i(9)2—4—%0:—4
dx dx dx
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36. y=2+5-87

% —0+5-24°7 =524/

38, g)=5r -2

W) =(5) (T S-(2) - (4n’
= —35x_8 + 8x_5

40. di(2u4~5 C30u+132)=(2) - 45 =31 +0=9" 3.1
u

42, F(f)=020 —3.11+ 132

F(f)=(02) - 3)2=3.1+0=0.6-3.1

44, w=—_=1,2
55
7 -3 -3
' — _ _2 j— _
v-(1) -
3

46. d|5x_2|_d 2}63 _(gjx—3 = (éj '(3)x2— (gj -(—3)x_4 = 1—5x2+ gx_4

de | 4 5% dx 4 5 4 5 4 5

48.  H(w)= ié —2dw = 5wl l2
w

H(w)=(5) - (6w —(2) - Gj w2 = 3077 _ 12

0. di @4+ 4= g)- (%) Ay (_ i j 514 VA -S4
u

52 F()= — - o —5715 g3
t

Fl)=(5)- [_ é J 615 (g). (_ %j 512 _ 615 5502

54, w= 22— 15
Su

W=(10) - [_%) 615 _ 5 -6/5

56.

[2.8{3 _ 06, 7] = di 28 —0.6x P +7)=(2.8) - (3 = (0.6) - (—gj B
X

- g ax Y043
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58. fix)= 2x2 + 8x
(A) f(x)=4x+8

(B) Slope of the graph of fat x=2: f(2)=4(2)+8=16
Slope of the graph of f at x=4: f(4)=4(4)+8=24
(C) Tangentlineat x=2: y -V = m(x—xl)
Xy =2
¥ =) =2(2)* + 8(2) = 24
m= f‘2)=16
Thus, y—24=16(x—2) or y=16x—8
Tangent line at x = 4:y—y1 = m(x—xl)
X =4
vy =fi4) =2(4)* + 8(4) = 64
m= f‘4)=24
Thus, y—64=24(x—4) or y=24x—-32

(D) The tangent line is horizontal at the values x = ¢ such that
f “(¢) =0. Thus, we must solve the following:
fx)=4x+8=0

4x =-8
x=-2

60. flx)=x1—32¢%+10
(A) f(x) =4 — 64x

(B) Slope of the graph of f at x=2: f‘(2)= 4(2)3 - 64(2) =-96
Slope of the graph of f at x=4: f(4)= 4(4)3 -64(4)=0
(C) Tangent line atx=2:y -y = m(x — xl), where

X1 =2y =A2) =@ - 322)* + 10=-102, m=-96

y+102=-96(x—2) or y=-96x+ 90

Tangent line at x = 4 is a horizontal line since the slope m = 0. Therefore, the equation of the tangent

line at x=4 is:
(D) Solve f ‘(x)=0 forx:
43 —64x=0

4x(xX ~16) =0

dx(x+4)(x—4)=0
x=—4, x=0, x=4

y=f4)= @)% - 32(4)% + 10 = 246

62. fix)= 80x— 10x>
(A) v=f(x)=80—20x
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(B) v|,.o = f(0)=280 ft/sec.

v|,s = £3)=280-20(3) = 20 fi/sec.

(C) Solvev= f(x)=0 for x:
80-20x=0
20x =80
x =4 seconds

3_ 9x2 + 24x

(A) v=f(x)=3x% - 18x+ 24

64. fix)=x

B) v

=0 = S (0)=24 ft/sec.

vy = £3)=3(3)% — 18(3) + 24 = 3 fi/sec.

(C) Solvev=f‘(x)=0 forx:
3x% —18x+24=0 or x>~ 6x+8 =0
x=2)x—-4) =0
x =2, x=4 seconds

66. f'(X)=2x+1—i; f'(x)=0 at x =1.5247.
Jx
68. f'(x)=4x"—4x+4; f'(x)=0 at x=2.3247.
70.  f'(x)=0.08x"—0.18x* ~1.56x+0.94; f'(x)=0 at x=-3.7626, 0.5742, 5.4384.

72, f(x)=x—78x>+162x—-10; f'(x)=0 at x=12391, 1.6400, 4.9209.

74. The tangent line to the graph of a parabola at the vertex is a horizontal line. Therefore, to find the x
coordinate of the vertex,
we solve f ‘(x) =0 for x.

76. No. The derivative is a quadratic function which can have at most two zeros.

78. y=(Q2x—5% ¥ =()2x—5)2)=8x—20

2
80. y= X +225 —1+ 2—5 1oy Y0125 (a3 = s

X X dx

20 —4x* +2x  2x° 4x® 2x 2 2 . -3
8. f)=——F———=—F-——F+5 =%"-4+x"7 [f)=4-4&

X X X X

84. False: The function f(x)= 1 is a counter-example.
X

86. False: The function f(x)= 2x is a counter-example.
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88.

90.

92.

EXERCISE 2-5 2-35

S (x)=u(x)=v(x)
Stepl.  f(x+h)=u(x+h)—v(x+h)

Step2. f(x+h)—f(x)=u(x+h)—v(x+h)—[u(x)—v(x)]=u(x+h)—u(x)-[v(x+h)—v(x)]

fx+h) = f(x) _u(x+h)—u(x)=[v(x+h)—v(x)] _ulx+h)-u(x) v(x+h)—v(x)
Step 3. . = p — . )
Step 4. mw _ m[u(whz —u(x) v(x+ hlz - v(x)}

= i M ZU) e VO TV i
h—0 h h—0 h

3

S()=0.0157" + 0.47 + 3.4 + 103

3 122 468+ 10

(A) S(1)=(0.015)-(4)° + (0.4)-(3) + (3.4)2)t + 10— 0 = 0.06¢
(B) S(4)=0.015(4)" + 0.4(4)> +3.4(4)% + 10(4) — 3 = 120.84,
S(4) = 0.06(4)° + 1.2(4)2 + 6.8(4) + 10 = 60.24.

After 4 months, sales are $120.84 million and are increasing
at the rate of $60.24 million per month.

(C) S(8)=0.015(8)* + 0.4(8)° + 3.4(8)% + 10(8) — 3 = 560.84,
S(8)=0.06(8)> + 1.2(8)% + 6.8(8) + 10 = 171.92.

After 8 months, sales are $560.84 million and are increasing
at the rate of $171.92 million per month.

x=10+ 8% 5o, <10
p

Forp =5, x=10+ % ~ 10+ 36 =46
w=10+ 8% 101 180p7!
p
& ygop2=- 180
dp
Forp =5, & p=5 _ 180 =72
dp 25

At the $5 price level, the demand is 46 pounds and is decreasing at the rate of 7.2 pounds per dollar
increase in price.
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94. (A) Cubic Regression model

CubicEeg
g=ax F b ot
a=-4.655667E ~4
b=.AZ7¥E428571

 SESFS2EE]

25.46857143

F(x) = —0.000467x> +0.027643x% +0.265952x + 25.468751
(B) F'(x)=—-0.001401x" +0.055286x +0.265952
F(55)=46.1, F'(55)=-0.9
In 2025, 46.1% of female high-school graduates enroll in college and the percentage is decreasing at
the rate of 0.9% per year.

9. C(x)= 0—'21 ~0.1x72
X
3 0.2 . . .
Cx)=-02x "= - the instantaneous rate of change of concentration at x miles.
X

(A) Atx=1, C'(1) =-0.2 parts per million per mile.

98. y=213x?,0<x<8.

First, find y=213x? =21x23 .
Then y’=21 [% x 3 j = 14x'1/3 = % = % , 1s the rate of learning at the end of x hours.
x x
(A) Rate of learning at the end of 1 hour:
14
—— = 14 items per hour.
0 p
(B) Rate of learning at the end of 8 hours:
14 14 7 items per hour.
I8 2

EXERCISE 2-6

2. f(x)=0.1x+3; f(7)=0.1(7)+3=3.7, f(7.1)=0.1(7.1)+3=3.71
4. f(x)=0.1x+3; f(-10)=0.1(=10)+3=2, f(-10.1)=0.1(=10.1)+3=1.99
6. g(x)=x gH=1"=1, gl.)=(.1)*=1.21

8. g(x)=x% g(5)=5"=25 g(4.9)=(4.9)=(5-0.1)" =24.01
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12.

14.

16.

18.

20.

22.

24,

26.

28.

EXERCISE 2-6

[ =5-2=3, Ay=flry) —fior) = 5(5)% - 5(2)* = 125 - 20 = 105

Ax=x2—x
ay 105
Ax 3

f(x1+AA>2—f(x1) _ f(2+li—f(2) _ f(3)If(2): 5(3)2;5(2)2 45 20-25

Ay =)~ fix)) = A3) ~A2) = 5(3)* - 5(2)* =45 - 20 = 25

Ax=xy-x;=3-2=1; —-—=—=125
x* x* X
y=200x—- —, dy=|200x—— |dx=|200—— |dx
30 30 15

% :x3(60 —x) =60x* —x*, dy=(180x> —4x*)dx

y=524% =522 ay =522 ae = 26x7)ax
*) fB+A)-f(3) _ 33+A0)” -3(3)° _ 3(9+6Ax+(Ax)*)-27
Ax Ax Ax
2 2
_ 27+18Ax+3(A0)° -27 _ 18AV+3(AY)’ oo
Ax Ax

(B) As Ax tends to zero, then, clearly, 18 + 3Ax tends to 18.
Note the values in the following table:

y=2x+3) =4x" +12x+9, dy = (8x+12)dx = 4(2x + 3)dx

2_
y="= ? =1—%=1—9x_2, dy=18x_3dx=gdx.
X X X

y=fix)=30+ 12)52—x3

Ay =f2+0.1) = 2) =A2.1) = A2) = [30 + 122.1)% = (2.1)°] = [(30 + 12(2)*> = 23]
~30+52.92-9.261 — 30— 48 + 8 = 3.66

dy=(30+12x2 ~ )| _, dv=4x - 3xD)| ., (0.1)=(24(2) - 32)°)(0.1) = (48 — 12)(0.1) = 3.6
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30. y=fix)= IOO(x—izj
X
Ay =f2—0.1) = A2) = f(1.9) —f2) = 100(1.9— ; ‘;)2] - 100[2—%) ~79.197 — 100 = —20.803
4Y 8 8
dy = (1oo[x——2j] , dx =100 [1+—3J ., (-0.1)=100 [1+—3j (~0.1)=-20
X X 2
4 3
32. V= Enr ,r=5cm, dr=Ar=0.1 cm.
dv= Gmﬁj | s dr=4m?|,_5 ©1)=3140m’.
34, f) =P+ +3; f0)=20+2x=-2; Ax=dx (©)
(A) Ay=f-2+ Ax2) -f=2) Ax Ay dy
—[(2+ A2 +2(-2 + Ax) + 3] FERE
(-2 2(-2)+ 3] i | e
=4 4Av+ (A —4+2Ax+3-4+4-3
= 2Ax + (Ax)? =2l
dy= f(-2)dx=-2dx
(B) Ay(~0.1) = -2(~0.1) + (-0.1)2 = 0.21 0.5
dy(-0.1) = 2(-0.1)= 0.2 o Ay
AV(0.2) = 2(-0.2) + (~0.2)* = 0.44 05 5
d(~0.2) = —2(-0.2) = 0.4 [ \"—\
AY(-0.3) = —2(=0.3) + (~0.3)% = 0.69 0=
dv(~0.3) = -2(-0.3) = 0.6
26 3 2 e a2
L ) =xT 2% f()=3x"—4x;x=2, Ax=dx ©
(A) Ay =2+ Ax) - f(2) Ax Ay dy
= [+ A - 22+ A7) - [20 - 202)°) R E:
=8+ 12Ax + 6(Ax)% + (Ax)® — 8 — 8Ax— 2(Ax)> —8 + 8 s “E
= 4Ax + 4(Ax)? + (Ax)°
dy= f(2)dx=14dx Vi=-. 198125
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40.

42.

44.

46.

48.

EXERCISE 2-6 2-39

(B) AW(=0.05) = 4(—0.05) + 4(~0.05)% + (-0.05)° 1
= 0.1901
d9(~0.05) = 4(—0.05) = 0.2 ) .
AY(=0.10) = 4(-0.10) + 4(0.10)% + (~0.10)°
~ 0361 dy
d(~0.10) = 4(-0.10) = ~0.4 -1

AV(=0.15) = 4(=0.15) + 4(=0.15)% + (=0.15)> =—0.5134
dy(-0.15) = 4(-0.15) = 0.6

False.

Example. Let y = f{x) = x2 + 1. Then
Ay =0 + Ax) ~ f(0) = (&) ~ (0) = (A + 1 - 1 = (Av)*
dy= f(0)dx=0dx=0.

True.
Ay =f2 + Ax) — f(2) = 0 implies that
A2+ &) =f2)
Since this is true for every increment and since the right-hand side of this equation is a constant, the
function f{x) must be a constant function.

y= (2x2 —4)x = (sz - 4)(x)1/2 =2x"% —4x"?, dy =(5x"* = 2x7"*) dx.

v=fry =220 —s00x V2 x =64, Av=dr=1.
Jx

Ay = fir + Ax) — () = (64 + 1) — fi64) = 65) — fi64) = = = =057
y=fx) = % =500x 12, fi)=—295x32
dy= fi(64)dx= f(64)(1)=-295(64)""% = 7% ~_0576

Given D(x)= 1,000 — 40x2, 1 £x<5. Then, D'(x) =-80x.
The approximate change in demand dD corresponding to a change Ax = dx in the price x is:
dD = D'(x)dx
Thus, letting x = 3 and dx = 0.20, we get
dD = D'(3)(0.20) = —80(3)(0.20) = —48.
There will be a 48-pound decrease in demand (approximately) when the price is increased from $3.00 to
$3.20.

2
X

X
R(x)=200x— —; R'(x)=200- —
(x) 30 (x) 15
2 2

Profit P(x) = R(x) — C(x) = 200x — ;C_o ~ 72,000 — 60x = 140x — ;C—O ~ 72,000

X
P(x)=140 - —
€9 3
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Now, for x = 1,500, Ax=dx =10, we get

dR = R'(1,500)(10) = (200—%) (10) = 1,000

dP = P'(1,500)(10) = (140— 1’1500

10) =400

)
Thus, the approximate change in revenue is $1,000 and the approximate change in profit is $400 if the
production is increased from 1,500 to 1,510 televisions.

For x =4,500, Ax = dx = 10, we have:

dR = R'(4,500)(10) = (200 —%) (10) = 1,000

4
dP = P'(4,500)(10) = (140 - ,15500j (10) =-1,600.
Thus, the approximate change in revenue is —$1,000 and and the approximate change in profit is

—$1,600 if the production is increased from 4,500 to 4,510 televisions.

50. V= %7[}’3; V= 47rr2.

The approximate volume of the shell for a radius change from 5 mm to 5.3 mm is given by:
AV = 4w, dx=4n(5%(0.3) (Note: Av=dx = 0.3 mm)

= 94.2 cubic millimeters

3 2
52 T=x2[1-2|=x2-% 0<x<6 T'=2x-1.
9 9 3

(A) Forx=2, Ax=dx=0.1,

2 2
dT = 2x—x? o dx=12(2) —Z?J (0.1)=0.27 degrees

(B) Forx=3, Ax=dx=0.1
x’ 3?
dT = 2x—? 5 dx= 2(3)—? (0.1) = 0.3 degrees

x=

(C) Forx=4,Ax=dx=0.1
2 42
dT=| 2x—— 4 dx=12(4) Y (0.1)=0.27 degrees

x=

2 12 _
X =

54, y:52\/;,05x§9;y:52x1/2 and hence y' = 57 6x_1/2.

2

For x =1 and Ax = dx = 0.1 the approximate increase in the number of items learned is given by
y de=26(1"20.1) = 2.6 items.

dy =)'
Similarly, for x =4, Ax = dx = 0.1, we have
dy =y _, dv=264)"%0.1)= 1.3 items.
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EXERCISE 2-7

In Problems 2 — 8, C(x)=10,000+150x —0.2x.

2.

4.

10.

14.

18.

22,

24,

26.

28.

30.

32.

34.

36.

C(100) = 10,000 + 150(100) — 0.2(100)> = 25,000 — 2,000 = 23,000, $23,000

C(199) = 10,000 +150(199) —0.2(199)* = 39,850 —7,920.20 = 31,929.80 , $31,929.80

Using the results in Problems 4 and 5, C(200)— C(199) = 32,000 —31,929.80 = 70.20, $70.20
C(200) _ 32,000

Average cost of producing 200 bicycles: =160, $160
200 200

C'(x)=6 12. C'(x)=12-02x

R'(x) =36-0.06x 16. R'(x)=25-0.10x

P'(x) = (36-0.06x) 6 = 30— 0.06x 20. P'(x)=(25-0.1x)~(12-0.2x) = 13+0.1x

_ 2
R(xy= 22002 _ 5 6 00x
x

R'(x)=-0.02

P'(x)=3.9-0.04x

145

P'(x)=—0.02+—-
X

True: If p=b—mxthen R(x)=xp=bx—mx*,and R'(x)=b—-2mx.
False: If C(x) =5x+10, then the marginal cost is C'(x) = 5. In this case, the average marginal cost over

. . — 10 . .
any interval is 5. However, the average costis C(x) =5+— so the marginal average cost is
X

C'(x)= —% , which is not equal to 5 over the interval [1,2], for example.
X

C(x) = 1,000 + 100x — 0.25x>

(A) The exact cost of producing the 51st guitar is:
C(51) - C(50)
=1,000 + 100(51) = 0.25(51)%  [1,000 + 100(50) — 0.25(50)2]
=100 - 0.25(51)% + 0.25(50) = 74.75 or $74.75
(B) C(x) =100 — 0.5x
C(50) = 100 — 0.5(50) = 75 or $75.
C(x) = 10,000 + 20x

10,000+ 20x 10,000 +
X

20

(A) C(x)=

10,000

C (1,000) = 5 +20=30 =30 or $30
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38.

40.

42.

44.

CHAPTER 2: LIMITS AND THE DERIVATIVE

— 2 -l
(B) C'(x)=—10,000x"2 = w
X
C'(1,000) = LOOS =-0.01 or—1¢
(1,000)

At a production level of 1,000 dictionaries, average cost is decreasing at the rate of 1¢ per game.

(C) The average cost per game if 1,001 are produced is approximately $30.00 — $0.01 = $29.99.

P(x) = 22x — 0.2x% — 400, 0 < x < 100
(A) The exact profit from the sale of the 41st calendar is
P(41) — P(40) = 22(41) — 0.2(41)2 —400 — [22(40) — 0.2(40)2 —400]
—22-0.2(41)° + 0.2(40)° = 5.80 or $5.80
(B) P'(x)=22-0.4x
P'(40)=22-0.4(40)=22-16=6o0or $6

P(x)=12x - ().02x2 —1,000, 0 <x<600; P'(x)=12-0.04x
(A) P'(200)=12-0.04(200) =12 —8 =4 or $4;

at a production level of 200 cameras, profit is increasing at the rate of $4 per camera.
(B) P'(350)=12-0.04(350)=12—-14=-2 or-$2;

at a production level of 350 cameras, profit is decreasing at the rate of $2 per camera.

P(x) = 20x — 0.02x% — 320, 0 < x < 1,000

Average profit: P x)= P _ 20 -0.02x — 320 _ 20 -0.02x — 320x'1
X X
- 320
(A) Atx =40, P (40)=20-0.02(40) ~ = = 1120 or $11.20.
(B) P'(x)=-0.02 + 32052 =—0.02 + @
X
P '(40)=-0.02 + 3202 =0.18 or $0.18;
(40)

at a production level of 40 grills, the average profit per grill is increasing at the rate of $0.18 per
grill.

(C) The average profit per grill if 41 grills are produced is approximately $11.20 + $0.18 = $11.38.
x=1,000-20p

(A) 20p=1,000 —x, p =50—-0.05x, 0 <x < 1,000

(B) R(x) =x(50-0.05x) = 50x — 0.05x2, 0<x<1,000

(©) R'(x)=50-0.10x
R'(400) =50 — 0.10(400) = 50 — 40 = 10;
at a production level of 400 steam irons, revenue is increasing at the rate of $10 per steam iron.

(D) R'(650) =50 —0.10(650) = 50 — 65 =—15;
at a production level of 650 steam irons, revenue is decreasing at the rate of $15 per steam iron.
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x=9,000-30p and C(x)= 150,000 + 30x

(A) 30p=9,000—-x, p=300- %x, 0=<x<9,000

(B) C'(x)=30
1 1 2

(C) R(x)=x|300——x | =300x — —x~, 0<x<9,000
30 30

(D) R'(x)=300— % x

(E) R'(3,000)=300— % (3,000) = 100; at a production level of
3,000 sets, revenue is increasing at the rate of $100 per set.
R'(6000) =300 — % (6,000) = 300 — 400 = —100; at a production level of 6,000 sets, revenue is

decreasing at the rate of $100 per set.

(F) The graphs of C(x) and R(x) are shown Revenue
7 function
at the right. N
ol
To find the break-even points, set C(x) = R(x): S5t
150,000 + 30x —300x - 2 B
30 Eat
X - 8,100x + 4,500,000 =0 ;32 : Broaleewen Loss
(x — 600)(x — 7,500) =0 " Loss f;
x =600 or x=7,500 1234567585
Thousand units
Now, C(600) = 150,000 + 30(600) = 168,000,
C(7,500) = 150,000 + 30(7,500) = 375,000
Thus, the break-even points are:
(600, 168,000) and (7,500, 375,000).
(G) P()=R(x)— C(x)  =300x— % X% — (150,000 + 30x)

— L2 2700 150,000
30
1
H) P(x)= _E x+270

(O P'(1,500)= f% (1,500) + 270 = 170; at a production level of 1,500 sets, profit is increasing at the
rate of $170 per set.

P'(4,500) = —% (4,500) + 270 = -30; at a production level of 4,500 sets, profit is decreasing at the

rate of $30 per set.
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48. (A) We are given p =25 when x =300 and p =20 when x = 400. Thus, we have the pair of equations:
25=300m+b
20=400m + b

. . 1
Subtracting the second equation from the first, we get —100m = 5. Thus, m = 50
Substituting this into either equation yields » = 40. Therefore,

1
p=——x+40=40- —— 0<x<800
20 20
2

(B) R(x)—x(40—i =40x— 2, 0<x<800
20 20

(C) From the financial department's estimates, m = 5 and b = 5,000. Thus, C(x) = 5x + 5,000.

(D) The graphs of R(x) and C(x) are shown lf{eve!me Cost
: unction .
at the right. function

To find the break-even points, set C(x) = R(x):

x2

5x + 5,000 =40x — —
20

Break-even
points

%~ 700x + 100,000 —0
(x — 200)(x — 500) =0
x=200 or x =500 g X
Now, C(200) = 5(200) + 5,000 = 6,000 and Hundred units
C(500) = 5(500) + 5,000 = 7,500

Thus, the break-even points are: (200, 6,000) and (500, 7,500).

2
(E) P(x) = R(x) — C(x) = 40x — ;‘—0 — (5x + 5,000)

Thousand dollars

2
=35x— 2 5000
20

(F) P(x)=35— %

P'(325)=35- % = 2.5; at a production level of 325 toasters, profit is increasing at the rate of

$2.50 per toaster.

42 . . .
P'(425)=35—- 1—05 =-7.5; at a production level of 425 toasters, profit is decreasing at the rate of

$7.50 per toaster.

50. Total cost: C(x) = 5x + 2,340
Total revenue: R(x) = 40x — 0. 1x2, 0<x<400

(A) R'(x)=40-0.2x
The graph of R has a horizontal tangent line at the value(s) of x where R'(x) =0, i.e.
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40-02x=0
or x=200

(B) P(x) = R(x) — C(x) = 40x — 0.1x% — (5x + 2,340)
= 35x— 0.1x% — 2,340

(C) P'(x) = 35— 0.2x. Setting P'(x) = 0, we have

35-02x=0
or x=175
(D) The graphs of C(x), R(x) and P(x) are shown at the right. y C)
Break-even points: R(x) = C(x) $4,000
2
40x — 0.1x =5x+2,340
2 R(x)
x~—350x + 23,400 =0
(x — 90)(x — 260) =0 400 *
x=90 or x =260
P(x)

Thus, the break-even points are:
(90, 2,790) and (260, 3,640).
x intercepts for P: —0. lx2 +35x—-2,340 =0 or

X%~ 350x + 23,400 = 0
which is the same as the above equation. Thus, x = 90 and x = 260 are x intercepts of P.

52. Demand equation: p = 60 — 2 Jx =60- 2x1/2

Cost equation: C(x) = 3,000 + 5x

(A) Revenue R(x) =xp = x(60 — 2x1/2

= 60x — 2x°/2

)

(B) The graphs for R and C for 0 <x <900 are shown below:
8000

0 900
0

Break-even points: (81, 3,405), (631, 6,155)

54. (A) LinRed (B) Fixed costs: $2,832,085; variable cost: $292
u=gx+b -
Bo1592 obace. S
= . a=29%2, 126464
r="-l582877241 P2EsRebaiey

(C) Lety = p(x) be the linear regression equation found in part (A) and let y = C(x) be the linear
regression equation found in part (B). Then revenue R(x) = xp(x), and the break-even points are
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R(x) = C(x).
Break-even points: (2,253, 3,490,130), (6,331, 4,681,675).

(D) The company will make a profit when 2,253 <x < 6,331. From part A), p(2,253) = 740 and
p(6,331) = 1,549. Thus, the company will make a profit for the price range $740 < p < $1,549.

CHAPTER 2 REVIEW

1.

2.

f(x)=2x*+5

(A) 3) - 1) =23)% + 5 [2(1)> + 5] = 16

Q) -fO) _ 16
2

(B) Average rate of change: ————= = =38

)
3-1

(C) Slope of secant line: SO=/D _ % =8

3-1
(D) Instantaneous rate of change at x = 1:

SU+h)=f(Q) _ 20+h)* +5-[2) +5] _ 2(1+2h+h*)+5-7 _ 4h+2k°
h h h

=4+2h

Step 1.

step2. 1im 2SO _ i 440my=4
h—0 h h—0

(E) Slope of the tangent line atx = 1: 4
F) fr(1)=4 (2-2)
fix)=-3x+2

Step 1. Find f(x+h)
f(x+h)y=-3(x+h)+2=-3x-3h+2

Step 2. Find f(x+h)— f(x)
F(x+h)— f(x)=-3x-3h+2—(-3x+2)=-3x—3h+2+3x—-2=-3h

Find f(x+h})l_f(x)
fOcth)=f(x) _ =3h
h Ch

Sx+h)—f(x)
. .

Step 3.

=-3

Step 4. Find lim
h—0

fim LOFD TS o C3y= 3 (2-2)
h—0 h h—0
(A) Tim () + 3g(0) = 5 limfix) + 3 lim g(ox) = 5:2 + 3-4 = 22

(B) lim [fx)g(x)] = [lim Ax)][ lim g(x)] = 24 =8
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10.

11.

12.

13.

14.

16.

18.

20.

21.

22,

23.

CHAPTER 2 REVIEW

(C) lim g(x) _ x—l 4 —

(D) im[5+ 2x — 3g(x)] = lim 5 + lim 2x — 3 limg(x) = 5 + 2 — 3(4) = -5
x—1 x—1 x—1 x—1

f(1.5)=15
£(2.5)=35
£(2.75)=3.75

£(3.25)=3.75

(#) lim f)=1 () limfAy=1 (O lmAn=1 (D) A)=1

(A) lim =2 (B) lim f)=3 () lim fix) does not exist
x—2 x—

x—2"

(A) lim =4  B) lmAY=4 (O limfx)=4 (D) f3)docs not exist
x—3 x—

x—3"
(A) From the graph, lim f{x) does not exist since
x—1

lim fix)=2+# lim fix)=3.
x—1 x—1*

(B) fA1)=3
(C) fis NOT continuous at x = 1, since liml fx) does not exist.
xX—
(A) lirri fx)=2 (B) A(2)is not defined
X—

(C) fis NOT continuous at x = 2 since f{2) is not defined.

(A) limfix)=1 B) f3)=1

(C) fis continuous at x = 3 since ling Sx)=103).
X—

lim f{x)=10 (2-2) 15. lim fix)=5
X—oo X—y—o0

lim flx)=o0 (2-2) 17. lim fix)=-o
— + x—2°

lim flx)=o0 (2-2) 19. lim fix)=oo
x—6" x—>6+

limfx)=o0  (2-2)

x—6
x=2andx=6
y=5andy=10

x=2andx=6
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D) f2)=3

(2-2)

(2-2)

(2-2)

(2-1)

2-1)

(2-1)
(2-1)

(2-1)
2-1)

2-1)

-1

(2-3)

(2-3)

(2-3)

(2-2)
(2-2)

(2-3)
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24.

25.

26.

27.

28.

29.

30.

31.

CHAPTER 2: LIMITS AND THE DERIVATIVE

fix) = 3x2 -5

Step 1. Find fix + h):
f(x+h)=3(x+ h)?=5=3x"+ 6xh + 3h* =5

Step 2. Find f(x + h) — f(x):
f(x+h) = f(x) =3x"+ 6xh + 3k =5 — (3x* =5) = 6xh + 3h°

Find M :

Step 3. p
— 2
S+ h) — f(x) _ 6xh+3h =h(6x+3h)=6x+3h’h¢0
Step4.  Find lim L&M=/
h—0 h

limw = lim(6x + 3h) = 6x

h—0

Thus, f'(x) = 6x.

(A) P'(x)=Gx)=3/"(x); h(5)=3/"(5)=3(-1)=-3
(B) A'(x) =(2g())' =-2¢'(x); h'(5)=-2g'(5)=-2(3)=6
(©) h'(x)=2f"Cx); H(5)=2(-1)=-2

D) rx)=-g'x); h(S)=—3)=3

(E) Hx)=2f"(x)+3g'(x); K'(5)=2(-1)+3(-3)=-11

f= 32 =5+ 1 £ @ =5 - 10
=202 3x pi=2 L2 5- 1 5
‘ T 2 2
fix)=5
Sx)=0
3 058 3 1,53
= — + — = — + =50
f(x) x 4 Zx 4x ;
3 2,152 3,152
' =——= + — =_ -+ =
S'(x) 2X 4 X 52 2 X
f=22 o025t =054 + 0250t
X
- _ 2
£i0=05(4x > +025(@) =20+ =5 43
X
Sfx) = (3x3 -Dx+1)= 3x4 + 3x3 -2x-2

Fi) =120 + %% —2
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(2-4)

(2-5)

(2-5)

(2-5)

(2-5)

(2-5)

(2-5)

(2-5)



For Problems 32 — 35, fix) = x2 +x.

32.

33.

34.

3s.

36.

37.

38.

39.

Ax=x27x1 =371=2,Ay=f(x2)ff(xl)= 12 -2=10,

1y

Ax 2

Sa+tA)—-fx) _ fA+2) -/ _ fO-fD) _12-2
Ax 2 2 2

dy =f (x)dx = (2x + 1)dx. Forx; = 1,x, =3,
dx=Ax=3-1=2,dy=(2:1+1)2=32=6

Ay=fix+Ax)—fix);atx=1,Ax=0.2,

Ay=£(1.2)-f(1)=0.64
dy=f‘(x)dx where f ‘(x)=2x+ 1;atx=1
dy=3(0.2)=0.6

From the graph:
(A) lim fix)=4
x—2"

(C) lim f{x) does not exist since lim f{x) #
x—2 x—27 x

D) f(2)=6

From the graph:

(A) lim fix)=3 B) lim fix)=3
x5 x5t

(E) Yes, since lim flix) = f(5) =3.
x—5

(A)  fix)<0on (8, )

x2—x<12 or xz—x—12<0

(B) filx)=0on|[

(B) lim+ fx)=6

x—2

1im+ fx)

—2

© liné fix)=3

0, 8]

=5

CHAPTER 2 REVIEW

(E) No, since lim f{x) does not exist.
x—2

D) A5 =3

(2-6)

(2-6)

(2-6)

(2-6)

(2-3)

(2-3)

(2-3)

2-49

Let fix) = x2 —x—12=(x+3)(x—4). Then fis continuous for all x and f—3) =f(4) = 0. Thus,x=-3 and

x =4 are partition numbers.

f(x)

Test Numbers

+++++l————
1 4 1 1
1 T

-4 -3 0

Thus, x2 —x < 12 for: 3 <x <4 or (-3, 4).

X

Copyright © 2019 Pearson Education, Inc.
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4. 7 S0 S22 o
x° +3x x(x+3)
Let f{x )= xX=5 . Then f'is discontinuous at x = 0 and x =-3, and {5) = 0. Thus,x=-3,x=0, and

x(x+3

x =5 are partition numbers.

44 + + 4 Test Numbers

X) — — —: e i oot INHHHIDER

1o x J(®

-G I S 2 00

-3 0 5 X 4 -z0)

-1 3(+)

1 -1(-)

6 4

Thus, x-S >0 for -3<x<0 or x>5, or (-3,0) U (5, »). (2-3)

x°+3x

41. x3 +x2—4x—2>0

Let f(x):x3 +x2 —4x —2. Then f is continuous for all x and f{x) =0 at x=-2.3429, —0.4707 and
1.8136.
f(x) -=-=-0+++0----0+ 4+ +

>«

-2.34 -0.470 1.81

Thus, x> +x° —dx—2>0 for -2.3429 <x<-0.4707 or 1.8136<x<oo, or
(-2.3429, -0.4707) U (1.8136, ). (2-3)

42. f)=05x2—5

S@H-f2) _ 054)°-5-[0.52)* -5] _ 8-2

A =3
) 4-2 2 2
®) fQ+)=f(2) _ 052+h)’=5-[0.5(2)* =5] _ 0.5(4+4h+h’)-5+3
h h h
2
_2h+0.5K _hQ2+05h) o
h h
(C) lim PACLL) N ACO R (2+0.5h)=2 (2-4)
h—0 h h—0
43, y= %xﬁg Y T 1;
DLt s 3=t (2-5)
dx 3
4 y- Wx , 5 _3,2,5 -,
2 3Wx 2 3
3 1 _1/2 5 1 _3/2 3 5 3 5
=2 = +=|—— = - = - 2-5
g 2(2x ) 3( 2" N LN PPN o
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45.

46.

47.

48.

49.

50.

51.

CHAPTER 2 REVIEW 2-51

o) =183x + ?;9 —18¢13 10013
X

I

= 1.8 L2 1) e 23 —4/3_ 0.6 03
g'(%) 1.8(3)6 j+0.9( 3x 0.6x —0.3x [N (2-5)

(2-5)

f(x):x2+4
f(x)=2x

(A) The slope of the graphatx=1ism =f (1) =2.

B) Al)=12+4=5
The tangent line at (1, 5), where the slope m = 2, is:
(y—-5)=2(x-1) [Note: (yfyl) =m(x fxl).]
y=5+2x-2
y=2x+3 (2-4, 2-5)

fx) = IOx—x2

[ (x)=10-2x
The tangent line is horizontal at the values of x such that
f'x)=0:
10-2x=0
x=5 (2-4)

F(x)=x>+3x% —45x-135

F) = 3x% + 6x — 45

Set /' (x) =0:

352+ 6x—45=0

x2+2x—15:O
x=3)(x+5=0

x=3, x=-5 (2-5)

fx) :x4 - 2x3 — 5x2 +7x
) =4 —6xP—10x+7

Set f'(x) = 4x3 — 6x2 — 10x + 7 = 0 and solve for x using a root-approximation routine on a graphing

utility:
f'(x)=0 at x=-1.34, x=0.58, x=2.26 (2-5)

) =x —10x> —5x+ 10
1) =52t =302 =5 =507 — 6 - 1)

Letf' (x)= S(x4 - 6x2 — 1) =0 and solve for x using a root-approximation routine on a graphing utility;
that is, solve x4 - 6x2 —1=0 for x.

£ (x)=0atx=+2.4824 (2-5)
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y:f(x):8x2—4x+1

(A) Instantaneous velocity function; v(x) =f" (x) = 16x — 4.
(B) v(3)=16(3) — 4 = 44 ft/sec. (2-5)

y=f(x)=—5x2+ 16x+3
(A) Instantaneous velocity function: v(x) =f" (x) =—10x + 16.
(B) v(x) =0 when —-10x + 16 =0
10x=16
x=1.6sec (2-5)

(A) The graph of g is the graph of f shifted 4 units to the right, and the graph of h is the graph of f'shifted
4 units down.

J) 4
1
7] 5
b/
PT /I 71 &
g e

(B) The graph of g” is the graph of f” shifted 4 units to the right, and the graph of 4" is the graph of f”.

J&) )
= \JTT R
\/ \VANNN
%,— X
| (2-4)
fx)= x2 — 4 is a polynomial function; f'is continuous on (—o, ). (2-3)
+1 . . . . . . .
fix) = al is a rational function and the denominator x — 2 is 0 at x = 2. Thus f'is continuous for all x
x—
such that x # 2, i.e., on (-0, 2) U (2, ). (2-3)
x+4 . . . .
fix) = # is a rational function and the denominator
X" +3x-

x2 +3x—4=(x+4)(x—1)is 0 atx=—4 and x = 1. Thus, fis continuous for all x except x =—4 and x = 1,
ie.,on (—o,—4) U (-4, 1) U (1, x). (2-2)

fx)= J4-x*; gx)=4- x2 is continuous for all x since it is a polynomial function. Therefore,
flx) = 3/g(x) is continuous for all x, i.e., on (=0, o). (2-3)
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fx)=+4- X gx)=4- x2 is continuous for all x and g(x) is nonnegative for 2 <x < 2.

Therefore, fix)= ./g(x) is continuous for -2 <x <2, i.e., on [-2, 2]. (2-3)

2x 2x 2

x)= = = ,X#0
) ¥ -3x x(x-3) x-3 7
lim2
(A) limfi) = lim —— = —=1" =2 _
x—1 x>l x—=3 lln}(x -3 =2
x—

(B) hm f(x) = lim does not exist since lim 2 =2 and
=3 x—3 x—3

hm x-3)=0
x—3

© hmf(x) = lim 2 _.2 2-1)
x—=0 x—3 3
x+1
X) =
Sx) Gy
4l hm(x +1) |
(A) lim = ===
=1 (3-x)? llm(3 X 22 2
lim (x+1)
(B) lim XL oo 5 :%:0
¥=-1 (3-x)? lim (3—-x) 4
x—-1
(C) lim i 5 does not exist since  lim (x + 1) =4 and 11m 3- x) =0 2-1)
x—3 (3 — x) x—3
)= |x—4] [-1 ifx<4
VT4 T ifxs4
(A) lim filx)=-1 (B) lim fix)=1 (C) lim f{x) does not exist. (2-1)
x—4— x—4" x—4
f(x)— -3 _ x=3 __ —B-x _ - x#3
-x2 B+x)3-x) (@B+x)(B-x) 3+x
(A) hm f(x) = hm S
33+x 6
(B) hm f(x) = 11m does not exist
33+x
-1 1
© hmf(x) = lim =—— 2-1)

x—0 3+x 3

Copyright © 2019 Pearson Education, Inc.
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64. fix)= x> —x-2 _ (x=2)(x+D _ x+l x£2
> =7x+10  (x=-2)(x-5) x-5’
1
(A) hmf(x)— hm Xt =0
—-1 x—5
(B) lim fix) = lim ~1 = 3~
x—2 =2 x—5 -3

1 .
© 11m f(x) = lim = does not exist

x—5 X —
65. fix)= I
3Ix—6  3(x-2)
(A) lim —* = jim 22 =2
x—e0 3x— x—e 3x 3
(B) lim = im X =2
x——o0 3x— x——o 3X 3
©) lim —F— = fim —2 = o
-2 3x—6 w2 3(x-2)

im ——— =
vo2t 3(x—-2) x—2 3x—-6

2x° 2x°
66. fix)= - =—
3(x-2) 3x°—12x+12
3 3

(A) lim L lim Ziz = Jim 2X =0

xee 3x2 —12x 412 x> 3x x—=e 3

2x° 2x°

B) fim —= = fim 2 = gim 2=

xo- 3x2 —12x+12 x> 3x x>0

3 3 3

(©) lim Lz = lim L =o0; lim L

-2 3(x-2) w2 3(x=2)% x=2 3(x—2)>

2x
67. flr)= ——>—
3(x—-2)
2 2

(A) fim —=— = tim 25 = lim 2 =0

X—>o0 3(x— ) x—eo 3x x—eo 3x
B) fim — = fim 2= jim = =

x—o—ee 3(x—2) x—>—e 3x x—>—ee 3y
(€) lim 2—x -, lim L3 —o0;  lim 2—’“3 does not exist.

-2 3(x=2)° 2T 3(x=2) =2 3(x-2)

does not exist.
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f(x)=x2+4
_ 2 _92 2.4_ 2
lim SC+h)-f(2) _ lim[(2+h) +4]-[27+4] _ lim4+4h+h +4-8 _ lim4h+h
h—0 h h—0 h h—0 h h—=0 h
= lim(4+h) =4 (2-1)
h—0
Let fix) =
x+2
_ 1 1
lim Sx+h)-f(x) _ lim (x+h)+2 x+2 _ x+2-(x+h+2) _ lim —h
h—0 h h—0 h =0h(x+h+2)(x+2) =0 h(x+h+2)(x+2)
S T B — 2-1)
=0 (x+h+2)(x+2)  (x+2)2
f(x)=x27x
Step 1. Find f(x+h).

F(x+h)y=(x+h)?—(x+h)=x*+2xh+h* —x—h

Step 2. Find f(x+h)— f(x)
F(x+h) = f(x)=x*+2xh+h* —x—h—(x* —=x) = x> +2xh+ h* —x —h—(x* = x)

=x>+2xh+h>—x—h—-x>+x=2xh+h>—h

ping JOHD =S

Step 3. p
2
SO =f() _2xhtl=h_
h h
Step 4. Find lim 2L+ =/()
h—0 h

fim O ot oy =2x— 1

h—0 h h—0

Thus, f* (x) = 2x — 1. (2-4)
flry=x -3

Stepl.  Find f(x+h).
fx+h)y="x+h-3

Step 2. Find f(x+h)- f(x)

FG+h) = f(x)=Nx+h-3-(Sx=3)=x+h-3-Jx+3=x+h-x

Find —f(”hz_f(x) .
S+ =f) _ Nx+h-\x _ Nx+h-vx Jx+h+ix _ 1
h h h x+h+dx xth+dx

Step 3.

Copyright © 2019 Pearson Education, Inc.
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fath)=f()

Step 4. Find %1_r>r<1) P

fim TOETED i = o4
Yes, f'(-1)=0. (2-4)
No. f is not differentiable at x =0 since it is not continuous at x = 0. (2-4)
No. f has a vertical tangent at x = 1. (2-4)
No. f is not differentiable at x = 2; the curve has a “corner” at this point. (2-4)
Yes. f is differentiable at x = 3. In fact, /' (3)=0. (2-4)
Yes. f is differentiable at x = 4. (2-4)

Sx N .
fix) = —7; f'is discontinuous at x =7
x—

lim =00, lim =o0; x =7 1s a vertical asymptote
=7 x=7 7T X —
lim f{x) = lim = lim 5% 5; y=75is a horizontal asymptote. (2-2,2-3)
X—>o0 x—o00 x—7 x—ye0 X
=2x+5 .. . .
fix) = al >/ 1s discontinuous at x = 4.
(x=4)
. —2x+5 . -2x+5 . .
lim > =-o, lim > =—0; x=4Is a vertical asymptote.
=47 (x—4) o4t (x—4)
—2x+5 . =2 . =2 . .
al > = lim _2x = lim —=0; y=0is a horizontal asymptote. (2-2)
X—o0 (x—4) X—eo X X—oo X
2
+9 .. .
fix) = al 3 ; fis discontinuous at x = 3.
x—
. X249 . x> +9 . .
li =-—00, lim =o0; x =3 is a vertical asymptote.
x=3 x—3 x—>3+ X =
x? x?
lim = lim — = lim x = o; no horizontal asymptotes. (2-2)
X—oo X — X=X X—>o0
2 2
-9 -9 L .
fix) = al al ; fis discontinuous at x=-2, x=1.

X +x-2 - (x+2)(x-1)

At x=-2:
¥2-9 . ¥2-9

lim ——— =-0, lim ———— =o0; x=-2is a vertical asymptote.
-2 (x+2)(x-1) vt (x+2)(x-1)
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At x=
2 2
x°=9 . x°=9 . .
im ——— =00, lim ———— =-00; x=1is a vertical asymptote.
-1 (x+2)(x-1) o1t (x+2)(x-1)
x> -9 x?
1iin ———— = lim — = lim 1 =1; y=1is a horizontal asymptote. (2-2)
e X7 +x—=2 o x X e
3 2 2 2
x” =1 (x=D(x"+x+1)  (x=D(x"+x+1) x“+x+1
82. fl)=—=5— = > = 3 = , X # 1.
X’ =x"=x+l1 (x=D(x" =1 (x=1D)"(x+1) (x=D(x+1)
fis discontinuous at x = 1, x =—1.
At x=1:
2
x“+x+1

lim f{lx)= lim ———— =-o0, lim f{x) =o; x =1 is a vertical asymptote.
Jim A= e D) Jim ) ymp
At x=-1:

X +x+1 . X +x+1 . .

im ———— =, lim —————— =-00; x=-1 is a vertical asymptote.

x=-1 (x=1)(x+1) ot (x=D(x+1)
x -1 x°

1En —— > = lim — = lim 1=1; y=1isahorizontal asymptote. (2-2)
x=ee x7 —xT —x+1 o x x>

173, ., 1 273 1
83. flx)y=x""; f (x):§x = N

The domain of £’ (x) is all real numbers except x = 0. At x = 0, the graph of f'(x) is smooth, but it has a

vertical tangent.

(2-4)
2 .
x“-m ifx<l1
84. fix)=
- +m ifx>1
(A) J(x) 4

O

A z )
\‘ - x
\

-1
L]
=Y

\
\
lim fix)=—1, lim fix)=1

x> x—1

lim fx)=1, lim fix)=-1

x>l x—1

Copyright © 2019 Pearson Education, Inc.
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©) lim fix)=1-m, lim fix)y=—1+m
x—1 +

x—1

We want 1 —m =—1 + m which implies m = 1.

J(x) 4
h
\ nt
\
=
o
\
(D) The graphs in (A) and (B) have jumps at x = 1; the graph in (C) does not. (2-2)

85. filx)=1-]x—-1,0<x<2

- 1-{1+h-1|-1 —|h
(A) lim_ M = lim # = lim L = lim_ ﬁ =1 (jh|=-hifh<0)
h—0 h h—0 h h—0 h =0 h
- 1-11+h-1|-1 —\h -
(B) lim AGLRrION lim ¥= lim L= lim —h=71 (A =hifh>0)
h—ot h h—ot h ot h ot h

does not exist, since the left limit and the right limit are not equal.

© tin L4010

(D) f' (1) does not exist. (2-4)

86. (A) S(x)=7.47 +0.4000x for 0 <x<90; S(90)=43.47;
S(x) = 43.47 + 0.2076 (x — 90) = 24.786 + 0.2076x, x > 90

Therefore,
sy = |747+04000x if 0 <00
Y 124786+ 0.2076xif x > 90
(B) S (C) lim_S(x)= lim_S(x)=43.47=S5(90);
$80 X590 x—-90T

S(x) is continuous at x = 90.

180X
(2-2)
87. C(x)= 10,000+ 200x — 0.1x>
(A) C(101) — C(100) = 10,000 + 200(101) — 0.1(101)Z — [10,000 + 200(100) — 0.1(100)*]
= 29,179.90 — 29,000 = $179.90
(B) C'(x) =200 —0.2x
C'(100) =200 — 0.2(100) = 200 — 20 = $180 (2-7)
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88. C(x)= 5,000+ 40x + 0.05x>

(A) Cost of producing 100 bicycles:
C(100) = 5,000 + 40(100) + 0.05(100)2 =9,000 + 500 = 9,500
Marginal cost:
C'(x)=40+0.1x
C'(100) =40 + 0.1(100) =40 + 10 = 50

Interpretation: At a production level of 100 bicycles, the total cost is $9,500 and is increasing at the
rate of $50 per additional bicycle.

C(x) _ 5,000
X

5,000
10

(B) Average cost: C x)= +40 + 0.05x

C (100) = +40 +0.05(100) = 50 + 40 + 5 = 95

5, 000

Marginal average cost: E'(x) = +0.05 and

5,000

Z"(lOO)z 5 +0.05=-0.5+0.05=-0.45

Interpretation: At a production level of 100 bicycles, the average cost is $95 and the average cost is
decreasing at a rate of $0.45 per additional bicycle. 2-7)

89. The approximate cost of producing the 201 printer is greater than that of producing the 6015 printer (the
slope of the tangent line at x =200 is greater than the slope of the tangent line at x = 600). Since the
marginal costs are decreasing, the manufacturing process is becoming more efficient. 2-7)

90. p=25-0.01lx, C(x) = 2x + 9,000

(A) Marginal cost: C'(x) =2

Average cost: C (x) = C(x) _,, 9,000 9,000
X X
Marginal average cost: C' =— 9, 0200
x

(B) Revenue: R(x) =xp =25x — 0.01)c2
Marginal revenue: R'(x) =25-0.02x
> R( )

Average revenue: R (x) = =25-0.01x

Marginal average revenue: R (x) =-0.01
(C) Profit: P(x) = R(x) — C(x) =25x — 0.01x2 —(2x +9,000) = 23x — 0.01x2 —-9,000
Marginal profit: P'(x) =23 — 0.02x

Average profit: P x)= P =23-0.01x— 2,000
X

X
9,000
2

Marginal average profit: P (x)=-0.01 +

Copyright © 2019 Pearson Education, Inc.
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(D) Break-even points: R(x) = C(x)
25x — 0.01x% = 2x + 9,000
0.01x% — 23x + 9,000 = 0
% —2.300x + 900,000 = 0
(x — 500)(x — 1,800) = 0

Thus, the break-even points are at x = 500, x = 1,800;
break-even points: (500, 10,000), (1,800, 12,600).

(E) P'(1,000) =23 —0.02(1000) = 3; profit is increasing at the rate of $3 per umbrella.
P'(1,150) =23 - 0.02(1,150) = 0; profit is flat.

P'(1,400) =23 — 0.02(1,400) = -35; profit is decreasing at the rate of $5 per umbrella.

R
(F) ¢ Profit
$16,000 R C
N\ |
L | |
| Loss I I
I\l
I
| ! l
2,000 ~*
2-7)
01. Niy= =80y ?, >2
(A) Average rate of change from¢=2to t=>5:
40(5)—-80 40(2)-80
-N(2 1
NO-NE@) _ 3 2 = —— = 8 components per day.
5-2 3 15
(B) N(1) = 40 — ? —40-80": Nr@y=s0i2=32
t
80
N'(2)= 7 = 20 components per day. (2-5)
©) 1im 2250 iy (ﬂ—@j = lim (40 —@j =40
t—o0 t 1 —oo t t t—oo t
Long-term employees should near 40 components per day. (2-2)
92. N({f)=2t+ 113/2, N'()=2+ Taz_ 4+t
3 2 2
NOY =18+ 292 =27, N1 (9) = 440 7 g
3 2 2
After 9 months, 27,000 pools have been sold and the total sales are increasing
at the rate of 3,500 pools per month. (2-5)
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93. (A)
Eub1cReg
=g 3+l E 4o+
=T 0ZrrrroE ~4
b=-.844475 19605
c=1.024434127
d=12.353452381
L]

(B) N(x)=0.0005528x" —0.044x> +1.084x +12.545

N’(x) =0.0016584x* —0.088x +1.084
N(60)~36.9, N'(60)=1.7. In 2020, natural gas consumption will be 36.9 trillion cubic feet and

will be INCREASING at the rate of 1.7 trillion cubic feet per year. (2-4)
9. (A)
Linkeg
g=gx+h
a=-.08334188791
b=13. 59887 806
= |4 = e S 1

(B) Fixed costs: $484.21; variable cost per kringle: $2.11.

Linkeg
u—ax +h

. 187344633
b 484 2098395
r=.9939315784

(C) Let p(x) be the linear regression equation found in part (A) and let C(x) be the linear regression
equation found in part (B). Then revenue R(x) = xp(x) and the break-even points are the points where
R(x) = C(x).

Using an intersection routine on a graphing utility, the break-even points are: (51, 591.15) and
(248, 1,007.62).

1500

0 400
0

(D) The bakery will make a profit when 51 <x < 248. From the regression equation in part (A),
p(51)=11.64 and p(248) =4.07. Thus, the bakery will make a profit for the price range
$4.07 <p <$§l11.64. 2-7)
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C) = % = 500x 2, x> 1.

The instantaneous rate of change of concentration at x meters is:

C'(x) = 500(-2p 3 = =& 800
X

The rate of change of concentration at 10 meters is:

c'(10) = _11’(?300 =—1 parts per million per meter
The rate of change of concentration at 100 meters is:
C'(100) = ~L000 __ -1,000 L —0.001 part per million per meter. (2-5)

(100 100,000,000 1,000

F(t)=0.16/% — 1.6t + 102, F (f) = 0321 — 1.6
F(4)=98.16, F (4)=-0.32.

After 4 hours the patient’s temperature is 98.16°F and is decreasing at the rate of 0.32°F per hour. (2-5)

N =207 =20/2

10
7
10

(A) The rate of learning after one houris N' (1) = — = 10 items per hour.

N

(B) The rate of learning after four hoursis N'(4) = —= = 70 =5 items per hour. (2-5)

The rate of learning is N '(¢) =20 (%J 2210712 2

(A)
CJ
20
16
g 12 Lo==-0- Cinax
8 _7.’ Cmax
44 2

I
0 /300 600 1000 T

Kelvins
M =150

12T
150+T

=12

=6

B) A1) =

12(600) _

C) C(600) =
(€) C1600) 150+ 600
2T

To find T'when C = 10, solve ! =10 for T.
150+T

12r 10
150+T
127=1500 + 10T
27=1500
T=1750
T=750 when C=10. (2-3)
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