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14. 1fy = f(x), then /(1) = lim S (”h}:‘f W Shich is option (C).

15. The average rate of change of f(x)=x"—2xon the interval [-1,2]is

ey (2-2-2)= (17 =2-(=1)) o_
f@)-rn _( )=(D*-2-D) o U+2) __3__1, which s choice (B).
2—(-1) 3 3 3

16. The tangent line has equation y = f"(0)(x—0)+ £(0)) =[Lﬂ%}(1—ﬂ)+f(ﬂ}

3 ' 3
=[lim - ‘”](x-n)m:(]imi]-x:limxﬂ x=0ory=0.
x—0 _1-_0. -

=0 x x—0

17. The tangent line has equation y =f’{[}}(x—ﬁ)+f(ﬂ}=£limL§W](x—ﬂ)+ﬂﬂ)
r—

T30
s i | |y X T A Y TR
=m0 =i )= ) -0

22. With f(x) =4x—3x"and the point(2,—4), the slope of the tangent line is
- dx—3x* —(—4
m—lim L= @) _ i, $x73% ~(4)

—lim dx—3x +4 lim —(3x+2)(x-2)
=32 x—2

=2 x—2 x52 x—2

2 x—2

=lim—(3x+2)=-8;

x—=1

The equation of the tangent line is y=-8(x—2)—4 or y=-8x+12.

23. With f(x)=x"—3x+1and the point(2,3). the slope of the tangent line is

i I @)= X =3xA1-(3) L -Bx-2 L (D) (x=2)

x—2 I—2

x—32 x—z x—32 x—z x—32 _1'_2

= lin}— (3x+2)=9; The equation of the tangent line is y = 9(1 - 2) +3 ory=9x+15.
‘ ineisy=9(x-2)+3 ory= 5.
i e+ e =0, The equation of the tangent line is y =9(x—2)+3 or y=9x+1
24. With f(x) =\Eand the point(1,1), the slope of the tangent line is

et Z@=F ) i (V) (V)

x—l x_]

x—1 . 1 1

S T O (eel) P (el el 2

The equation of the tangent line is y =4(x—~1)+1 ory =1x+1.




25.

34

35.

36.

37.

41.

42.

2X+1 1nd the point(1,1), the slope of the tangent line is

With fi(x)=
x+2

2x+1 | 2x+1—(x+2)
;_q:[imM:]im x+2  _jim x+2 = lim x—1
x—=] x_l x—l x_l x—=l _x_l x—] (x_l)(x+2)
1 1 1 . .
=lim =—— =—: The equation of the tangent line is y =1(x-1)+l ory=1x+=.
= x+2 142 3 1 g y=3(x-1)+lory=3x+3

2'(0)is the only negative value. The slope at x = 4 is smaller than the slope at x = 2 and both are
smaller than the slope at x =-2, Thusg'(0)<0<g'(4)<g'(2) < g'(-2).
(a) On [20, 60]: f(60)— f(20) _700—-300 _ 400 _ 10

60-20 40 40
(b) Pick any interval that has the same y-value at its endpoints. [0, 57] is such an interval since

F(0)=7(57)=600.

(©) On [40, 60]: f(60)~ f(40) _ 700-200 _ 500 _ .
60—40 20 20

On [40, 70]: f(70)~ (40) _ 900-200 _ 700 _ 231
70—40 30 30

Since 25 > 23%, the average rate of change on [40, 60] is larger.
(a) The tangent line at x = 50 appears to pass through the points (40, f(40))and(50, f(50)),so0

£(50) = 200-400 _ —200 _ 0.
40-50 —10

(b) The tangent line at x = 10 is steeper than the tangent line at x = 30, so it is larger in magnitude,
but less in numerical value; that is, £'(10) < £'(30).

(c) The slope of the tangent line at x = 60, f'(60), is greater than the slope of the line through

(40, £(40))and (80, £(80)).So yes, f'(60)> f(E;]i:{ri4U}_

Since g(5) =3, the point(5,-3)is on the graph of g. Since g'(5) =4, the slope of the tangent line at
x =5 is 4. Then the equation of the tangent line at this point is y =4(x—5) -3 or y =4x-23.

For the tangent line y =4x—5: when x =2, y = 4(2) — 5 =3 and its slope is 4 (the coefficient of x).
At the point of tangency, these values are shared with the curve y = f(x); that is, f(2) =3 and

F@=4.
Since(4,3)is on y = f(x), f(4) =3. The slope of the tangent line between (0,2)and(4,3) is% 50

N
f{4)-4-



47. Using Definition 2 with f(x)=3x" —x’anda =1: 4
_ 3(1+h)Y —(1+h))|-2
f,mszﬂm; fy_ [30m =(1em’)]

h—0 Fj

_]im(3+6h+3ﬁf]—(l+3h+Shl+F:3)—2_lim%_hs mh(i‘_h:]
T 0 h T S0 }? m —Fr

=lim(3-h*)=3-0-3.
h—0
The tangent line is y =3(x—1)+2or y=3x-1.

_ xt=2)—(-1 +_
48. With g(x) =x* —2anda =1, g'[1}=limM=lim( ) ) jim X
x—l I—] x—31 I—] x—l .T—].
x+1)(x" =1 1) (x+1)(x—1
=]im( ) ]=lim( )Or+1)( )=|im(f+1](x+1]=2(2)=4.
x— v—1 x—l r—1 x—3l
The tangent line is y =4(x—1)—lory=4x-5.
57. %@ﬂ}$:f’(9], where fl:.‘r)=«,/;aﬂd a="9.
I+h 2 “I+h 2
e —e . ) . . e I — o
S8. Lﬂ}Tzf[—jE), where f(x)=¢'and a=-2, or !’l—in’g—h 1'(2), where f(x)=¢ "and
a=2.

N(2010)-N(2008) _ 12,440-8,569 _ 3871 .
= = = 1935.5 locations/year
2010-2008

2
2010, 2012]; N(2012)—N(2010) 16,680—12,440 4240
(ii) ’ ©2012-2010 2 2
(b) [2014, 2016]: N(2016)-N(2014) _18,066—16,858 _ 1208

2016-2014 2
87,032—84,077 _ 2955

2010-2005 5
that oil consumption rose by an average of 591 thousands of barrels per day each year from 2005 to
2010.

(b) [2015, 2010]:

68. (a) (i) [2008, 2010]:

= 2120 locations/vear

=604 locations/year

69. (a) [2005, 2010]:

=591 thousands of barrels per day per year. This means

93,770-87,302 6468

2015-2010 5

An estimate of the instantaneous rate of change in 2013 is 1293.6 thousands of barrels per day per
year.

=1293.6

_ _ .
70. (a) (i) [4. 11]: Va)-v(4) _94-54 436 ., RNA copiesmL
114 7 7 Gy
- ~18 - ies/
(i) [8. 11]: van-v@®) _94-18 86 _ , o, RNA copies/mL
11-8 3 3 day
5) - 2-9. , iag/
(iii) [11, 15]; v(5-v(l _52-94 42 _ .  RNA copies/ml
1511 4 2 day
(iv) [11, 22]: V(.'ZZ}—V{H)=3.6—‘-}.4=—5.8=_U_58 RNAmplesme_

22-11 11 1 day



(b) An estimate of J'(11) is the average of the answers from part [a- )(i1) and (iii).
RNA copies/mL
day '
¥'(11) measures the instantaneous rate of change of patients 303’s viral load 11 days after ABT-538

treatment begins.
AC  C(105)-C(100)  6601.25-6500

/(1) ~ 1[-2.87+ (~1.05)] = -1.96

71. (a) (i) =$20.25/ unit.
Ax 105-100 5
_ 05—
(i) AC _€(101)-c(100) _ 6520.05-6500 _ $20.05/ unit.
Ax 101-100 1
b) C(100+h)—C(100) [SI]D[H 10100+ h)+0.05(100+ h)° ]— 6500 _ 20h+0.05R
h - h - h

=20.0.05h, ~h=0. So the instantaneous rate of change is
lim C(100+h)—C(100)

h—=0 h

= 1im(2ﬂ+ D.{:-Sh) =$20/ unit.
h—0

-



