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49. True. dy = f'(x)dx = S (ax +b)dx = adx. On the other hand,
Ay=flx+Ax)—fx)=lax+Ax)+b]—(ax + b)) =a Ax = adx.

100[f (x + Ax) = f(x)] 100’ (x) dx
S &) f&

50. True. The percentage change in 4 is approximately

';USingf’l'E‘Ch‘nology,f | page 244

1. dy = f' (3)dx = 757.87(0.01) ~ 7.5787.

2. dy = f' (2) dx = —0.125639152666 (—0.04) =~ —0.0050256.
3. dy = f' (1)dx = 1.04067285926 (0.03) ~ 0.031220.

4. dy = f'(2) (—=0.02) ~ 9.66379267622 (—0.02) = —0.19328.
5. dy = f/(4)(0.1) ~ —0.198761598 (0.1) = —0.01988.

6. dy = f' (3) (—0.05) ~ 12.3113248654 (—0.05) = —0.6155662.

7. If the interest rate changes from 5% to 5.3% per year, the monthly payment will increase by
dP = f'(0.05) (0.003) =~ 44.00, or approximately $44.00 per month. If the rate changes from 5% to 5.4% per
year, the payment will increase by $58.67 per month, and if it changes from 5% to 5.5% per year, the payment will
increase by $73.34 per month.

8. 4 = mr?,50dA = 27r dr. The area of the ring is approximately d A4 = 27 (53,200) (15), or 5,013,982 km?.
9. dx = f’(40) (2) =~ ~0.625. That is, the quantity demanded will decrease by 625 watches per week.

10. 77 (22,000) = 0.0000570472, so AT =~ T’ (22,000) Ad ~ —0.0285236. The period changes by
(—0.0285236) (24) ~ —0.6845664, a decrease of approximately 0.69 hours.

Concept Review Questions  page 246

1. 2.0 b. nx"~1 e cf’ (x). d /() +g ()

b EDS )= f (g )

2.8 £ (g @) +g ) f ®) [e@]
glx

a8 (f(0)) /() b n[f 0] f )

4, Marginal cost, marginal revenue, marginal profit, marginal average cost

5. a, __pf (p) b. Elastic, unitary, inelastic
f(p)
6. Both sides, dy/dx 7. v, dy/dt, a g SOOI _fOg®

g 7 g®
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9. a. x3 — x| b, f(x+ Ax)— f(x) 10. Ax, Ax,x, f' (x)dx

Review Exercises  page 247

1 f (%)= (3x —2x* $3x2 —2x + 1) = 15x* — 8xP 4 6x — 2.

2. f(x)= (4x +2x* 4+ 3x% — 2) = 24x° + 8x3 + 6.

w

g (x) = Zz’d; (=253 +3x71 +2) = 6x7 = 3x72,
/ dna a3 _ 12 2, 1,732
4.f(r):27(21 =33 =)y =4 = 9r% 4 7%

d
5.8 (0=~ @712 4 4732 1 2) = =173 — 61752,

d 2 2
6. hW(x)=— [+ )=2x—=.
) dx (x +x) T

7-f’(t)——(t+2t—‘+3t—2)—1- 272 — 6;—3_1_132 ;65'

8 d 2 ds~! 42512 = 4y + 4572 — 5732 = 4 4 1

.8 (5= (S—S + 2s ) s+ 457 = s+———s3T.

/ d -3/ "y 3
9. 0 (x) = x(x —2x73/2) = 2x 4 3%~/ =%+ 5
2x-HH)-=+1H @) 3

10. , __ '

f(x) » SO f ( ) (2)&'—'1)2 (2x_1)2

22 d 2 2d 22 1
1 g = sog'(t)“(t g -rg et (2t2+1)<2t>—t2<4t) 2%
22417 (2t2 T 1)2 (2t2 N 1) (2t2 " 1)2.
A2 / (t1/2+1) %t—l/z_tuz (%t—]/Z) )
12-h(f)=—*]72—,soh () = > _ .
S (72 +1) 27 (Vi +1)
o Jx=1 _xl/z—l

13.f(x)—f+1— %0

) = (x 1/2+1)(1 —1/2) (x12 - 1) (%x—x/z) Lylyiz ol le-in 12

X) = - —
(x1/2+1)2 (x]/2+1)2 (x1/2+1)2
1

CVEERD)
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: @2+1) M -1 1-27
F0= 22+1 S0 /10 = ee+1)? e+l
£y = iirlﬁ,so

d d
e (=1 ) = oA o (=) (62 1) (4 ) — (6 4 @)
X)) = poand
(x> -1)* (x> - 1)*
4x +2x3 —4x3 —2x = 2x° —2x3 2x — 4x3 —2x_2x(x4—2x2——1)

(x2=1)° (x2—1)° (x> -1)*

f @)= (2x2 +x)3, so f' (x) =3 (2x? +x)2 ZZd; (222 +x) =3 @4x + 1) (2x° +x)2.

F ) =(3x*- ) so f'(x) =8 (3x —7) (9x2) = 72x> (3x3—2)7.

. d o, S(vE+2)?
h(x) = (V3 +2)°,s0h (x)=5(x1/2+2)4;,;x1/2‘=5(x1/2+2)4'%x p SWEED) NG L.
o= (212+1)]/2=%(2t2+1) 1/25 2+1) =32+ @)= 2;t+1'
gy = VT=20 = (1-20)"" s0g' (1) = L (1 = 237 (=612) = =21 (1 = 2%) P,
s@) = (B2-2+537% so

3 - 431 -1)

=232 —2+5) " (61-2) =432 -2+5) " @ =)=
s' (1) (B2 =20 435)7 (61 -2) ( ) ( ) =219

—3/2

fx) = (@3 -3x2+1) S0
f’(x)——%(Zx ~3x2 4+ 1) 5/2(

2
hix) = (x—{—;cl—) = (x+x‘1)2, 50

W) =2 (x+x1) (1 = x2) :2<x+%) (1 -

—6x) = —9x (x — 1) (2x* = 3x2 4 1)

—5/2

5)=2(52) (5 -

2(x2 +1) (x2 = 1)'

x3
14+x
h = T
(x) = 1)2 $0 | |
W) = @2 +1) M= 0+0222+1) (@) @22+ 1)[x°+1) -8 —8x"]  6x>4+8x—1
- (2x2 +1)* (2x2 +1)* (2x2+1)°
h() = (2 +10)" (22), 50

(2¢%) + 212 — d

4 d
@)= (2+ )d i
3

=4t (P +

@+ =@+ e +22 42

1) [(F% +¢) + 4% + 2] = 4% (51 + 3) (¢

+i’ @ +1)

+1)°.
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32.
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)= @x+1)° (32 +x)% 50
S =@ +13 2(62 4 x) @x+ )+ (2 4x)7 3@+ 12 Q)
=2 @x + 12 (62 +x) [@x + D? +3 (6% +x)] =2@x + D (x> +x) (72 +7x +1).

g @) =x (x> = 1),
g (x) = Z;i [ 1/2 (x — 1) ] =x/2.3 (x2 - 1)2 (2x) + (x2 - 1)3 . %X—I/Z

= Lx=1/2 (2 - 1) [12x2 + (x2 = 1)] = (13x2 = 1) (x2 — 1)2.

24/%
X
f(x) = W, SO
P — WP+ W -5 1@ +2)7 2 1@+ PR 42 -] 4-
¥ = x34+2 B x3 42 —2(x3+2)3/2‘
172
h(x)= 9{_‘*'?2)3__, $0
Wy = B 13x+2712@) - Gx+2'2 (@) _ $6x+272B@x —3) —8Gx +2)]
N (4x — 3)? B (4x — 3)?
_ 12x + 25
23/3x + 2 (4x —3)2
@ +n'?
FO="rny
=t e+ nT2@) - @+ D230+ D)
- e+ e
_ @41 P2+ 1) [+ D) =3@+D] 5t+2
(@t +1)8 T VAl + )t

d
f(x)-—Zx =33+ 2% 4 x+4,50 f'(x) = x(x —3x% 4222 4+ x +4) =8> —9x? + 4x + 1 and

" (x) = (Sx —Ox? dx +1) =24x2 — 18x +4=2 (12x2 — 9x +2).
— 5172 -1/2 —172 _ 1 _ - 3 1 3
g(x) x!/ +x / sog(x) 1/ —7.76 andg"(x) —"x 3/2+;x 5/2=—W+W.
244 () —1(2 —12
b = sy = CEADIE) A
e +4 (2 +4) (12 +4)
) — (P+4° - (@=r)2@+4 ey _ -u@+4[+)+2(4-A)] 2 (t2—12)'
(2 +4)* (2 +4)* (2 +4)

fx) = (x3 +x+ 1)2, SO

173

S@=2+x+1) @2+ 1) =20 +3° + 32+ 27 +x +1) =2(3x% + 4% +3x2 + x + 1)

and f” (x) = 2 (15x* + 12x% + 6x + 1).
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35.
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12 1/2 ~1/2

f1x) = & @2x?+1) T (@x?+1)”
e =2@2+ 1) P (<) @24 )T U =227+ )72 [(2x2 + 1) =262 =

(x) = 2x (2x2+1) SO

2
(222 4+ 1)
fO=1(+17>s0
o=@+ 4132+ @n=(+ 2 [(2 +1) +62] = (2 +1) (7 + 1) and
1=+ 1)+ (12 +1)@ (P +1) @) =20 (P+ D) [7(2+ 1) +2 (72 +1)]
=6t (12 + 1) (7% + 3).

d d
6x2 —3y? = 9. Differentiating this equation implicitly, we have 12x — 6y£ = 0 and -6y£ = —12x. Therefore,

dy —=12x 2
dx ~ -6y  y’

d
2x3 — 3xy = 4. Differentiating this equation implicitly, we have 6x* — 3y — 3x-d—y =0, so ——3x§{ = —6x% + 3y.
x x
dy 2x?—
Thus, & = 2~
dx X

% + 3x2 = 3y, Differentiating this equation implicitly, we have 3y%y’ + 6x = 3)/,3y%y’ — 3y’ = —6x, and

6x 2x
Y (3y2 — 3) = —6x. Therefore, y’ = -3 ) = _y2 —

x2 4+ 2x2y% + y? = 10. Differentiating this equation implicitly, we have 2x + 4ch2 + 2x2 (2yy’ ) +2yy' =0,
x (1+2y%)

23y’ (2x% 4+ 1) = —2x (1 4 2y?), and thus ' = —————.
yy' (2x% + 1) (1+2y%) S
x2 — 4xy — y* = 12. Differentiating this equation implicitly, we have 2x — 4xy" — 4y — 2yy’ = 0 and
-2x—=2y) x-=2

—22x+y) 2x+y

¥ (—4x — 2y) = —2x + 4y. Therefore, y’ =

3x2y —4xy +x — 2y = 6. Differentiating this equation implicitly, we have 6xy + 3x2y —4y —4xy' +1-2y =0,

4y —6xy — 1
/ 2 _ _ — _ . '
¥ (3x% —4x —2) =4y — 6xy — 1, and thus y T a3
2, | 3 2 2(x*=1)

fx)y=x +-5,sodf=f/(x)dx:(2x-—2x )dx: 2x—-—3 dxz——:;——dx_

x x x

! d -12 L3 =32 352
@) = —=—=,s0df = f' (x)dx = — (*’ +1 dx =L (x¥+1 3% dx = ———— di.
f ) x3 F1 f f ) dx ( ) 2 ( ) ( ) 2(x3+ 1)3/2
0 df = f ()dy = o (x4 4) 2 dx =} (262 + )7V () = ——— dx

dx 2x2 44

2 (4) (0.1 8 2
b. Settingx=4anddx:0.l,weﬁndAf%df=\/—EL:O? 8 _2

2(16) + 4 T 60 15
e Af = f(@&1) = f () =+/2(41)* +4— /2(16) + 4 =~ 0.1335. From part (b), Af ~ 2 ~0.1333,

15
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Take y = f(x) = x> and x = 27. Then Ax = dx = 268 —27 = —0.2, s0
Ay &~ dy = f'(x) Ax = %x'2/3 - (~=02) = 3—(]—93 (-0.2) = —7%—0 = —1—%. Therefore,
X=.

Y268 — Y27 = Ay = —1h, 50 V268 = V2T — 735 = 3 — 35 ~ 2.9926.

£ (x) = 2x% —3x2 — 16x + 3 and /' (x) = 6x? — 6x — 16.

a. To find the point(s) on the graph of f where the slope of the tangent line is equal to —4,
we solve 6x2 — 6x — 16 = —4, obtaining 6x% — 6x — 12 = 0, 6 (x> —x —2) = 0, and
6(x—2)(x+1)=0. Thus, x = 2orx = —1. Now £ (2) =2(2)* =3(2)* = 16(2) + 3 = —25 and
F(=1)=2(=1)> =3 (=1)? = 16 (—1) + 3 = 14, s0 the points are (2, —25) and (-1, 14).

b. Using the point-slope form of the equation of a line, we find that the equation of the tangent line at (2, —25) is
y—(=25)=—-4(x—2),y+25=—4x +8,0ory = —4x — 17, and the equation of the tangent line at (—1, 14)
isy—14=—4(x+1),ory=—4x +10.

Fe) =1+ I —dx 4+ 1so S/ (x) =x2 +x — 4.
2 Setx24+x—4=-2s0x2+x—2=(x+2)(x —1)=0. Therefore, x = —2 or 1. The points are (—2, 2—35-)

and (1, —-163).

b. Equationsarey—%:—-2(x+2),ory=—2x+13—3;andy+16§:—2(x—1),ory=—2x—%.

= (4 —x? 1/2, soy =1(4—x? -1z (-2x) =~ il . The slope of the tangent line is obtained by lettin
x =1, givingm = —% = - 33. Therefore, an equation of the tangent lineatx = 1is y — V3= —--‘43 (x = 1), or

y=-Lx 4

y=x@+1)%s0y =@+ +x-5@+ DD =G+ D G+ D +5x]=(Ex+ D+ 1)*. The slope of
the tangent line is obtained by letting x = 1. Thenm = (6 + 1) (2)* = 112. An equation of the tangent line is
y—32=112(x — 1), 0ry = 112x — 80.

8

— e d
-1

Fe) = @x—1D"Lso f/x)=—202x— D2 f"x)=8x—-1)"° =

48
2x —

1

S (x) =—48(2x — D= - 7 Because (2x — 1)* = 0 when x = 3, we see that the domain of /™ is

I 1
(moo3) U (3:0)
a. S(0) = 3.1, or $3.1 billion. $(5) =0.14 (5)? + 0.68 (5) + 3.1 = 10, or $10 billion.
b. S' (1) = 0.28¢ + 0.68, 50 S (0) = 0.28 (0) + 0.68 = 0.68, or $0.68 billion, and 5’ (5) = 0.28 (5) + 0.68 = 2.08,
or $2.08 billion/yr.

a. The number of UK digital viewers in 2015 is projected to be N (7) = 65.71 (5)*%% = 75.3, or 75.3 million.

b. N’ (£) = 65.71 (0.085) =915 s0 N’ (5) = 65.71 (0.085) (5)~%°! = 1.28. Thus, the number of viewers is
expected to be increasing at the rate of approximately 1.3 million per year.
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54. P (1) = 0.01484¢2 + 0.446¢ + 15.

a. P (0) = 15, or 15%, and P (22) = 0.01484 (22)% + 0.446 (22) + 15 & 31.99, or approximately 31.99%.

b. P’ (1) = 2(0.01484) ¢ + 0.446 = 0.02968¢ + 0.446, so P’ (2) = 0.02968 (2) + 0.446 = 0.50536, or
approximately 0.51%/yr, and P’ (20) = 0.02968 (20) 4 0.446 = 1.0396, or approximately 1.04%/yr.

55, a. The number of cameras that will be shipped after 2 years is given by
N@)=6 (22) + 200 (2) + 4+/2 + 20,000 = 20,429.7, or approximately 20,430 cameras.
b. The rate of change in the number of cameras shipped after 2 years is given by
N'(2) = (12¢ +200 + 271/2)], = 12(2) +200 + 5 ~ 225.4, or approximately 225 cameras/yr.

56, a. The GDP in 2013 is given by 7 (3) = 0.1 3)> 4+ 0.5 (3)> + 2 (3) + 20 = 33.2, or $33.2 billion.
b. The rate of change of the GDP in 2013 is given by f/ (3) = (O.3t2 +t+ 2)|t=3 =0303)Y +34+2=770r

$7.7 billion/yr.

57. a. The population after 3 years is given by P (3) = 30 — & 27.7778, or approximately 27,778. The

2(3)+3
current population is P (0) = 30 — ? a2 23,333, or approximately 23,333. So the population will have changed
by 27,778 — 23,333 = 4445 that is, it would have increased by 4445.

40

[ __f’_ — —17
b.P(t)_—dt[30 20 (21 +3) ]_(2t+3)2,

so the rate of change after 3 years is

P (3)= a2 (0.4938; that is, it will be increasing at the rate of approximately 494 people/yr.

[2(3) + 317

58. a. The number of copies sold after 12 weeks is given by N (12) = [4 + 5 (12)]>/* = 1024, or 1,024,000.
b. The rate of change after 12 weeks is given by N' (12) = % (44 50 (5)1{_12 ~ 133.33, or approximately

133,000 copies/wk.
59. N (x) = 1000 (1 + 2x)1/2, so N’ (x) = 1000 (%) a1+ 2x)"1/2 2)= ——!—0—(& The rate of increase at the end of
V14 2x

the twelfth week is N’ (12) = % = 200, or 200 subscribers/week.

60. 7 (r) = 31.88 (1 +1)~%45 so £ (1) = 31.88 (—0.45) (1 + N7 = —14.346 (1 + 1)~ 4°_ It is changing at the
rate of /7 (2) ~ —2.917; that is, decreasing at the rate of approximately 2.9 cents/minute/yr. The average price per
minute at the beginning of 2000 was / (2) = 31.88 (1 +2)~%%, or approximately 19.45 cents/minute.

61. He can expect to live £ (100) = 46.9[1 + 1.09 (100)]°! ~ 75.0433, or approximately 75.04 years.
1) = 46.9(0.1) (14 1.09)79 (1.09) = 5.1121 (1 + 1.09)%?, so the required rate of change is
F7(100) = 5.1121[1 + 1.09 (100)]~%% ~ 0.074, or approximately 0.07 yr/yr.

62. C (x) = 2500 +2.2x.

a. The marginal cost is C’ (x) = 2.2. The marginal cost when x = 1000 is C’ (1000) = 2.2. The marginal cost
when x = 2000 is C’ (2000) = 2.2.
C(x) 2500+2.2x 2500 2500

=22+ "—,50C' (x) = ——~.
X x

b. C (x) = . .
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— 2500
¢. lim C(x)= lim (2.2+ ———) =22,
X—00 x—00 X

d
Pw== [15537% +10] = F5x1/2 = 355, 50 p' (40) = /40 = 0.9487, or $0.9487. When the number of
units is 40,000, the price will increase $0.9487 for each 1000 radios demanded.

d 1/2 —1/2 —20x
"(x) = — |20 (—x? + 100 = 10 (—x% 4+ 100 —2x) = —————, 30
P dx[ ( ) ] ( ) T2 =x2 + 100
20 (6) Y . .
! (6) = —————-t— = —15, When the number of units is 6000, the price drops by $15 for each thousand units
PO == 50 price QTopS B

demanded.

a. The actual cost incurred in the manufacturing of the 301st MP3 player is
C (301) — C (300) = [0.0001 (301)* — 0.02 (301)% + 24 (301) + 2000]
—[0.0001 (300)* — 0.02 (300)? + 24 (300) + 2000]

7 39.07, or approximately $39.07.

b. The marginal cost is C’ (300) = (0.0003x2 — 0.04x +24)| _,q0 = 39, or approximately $39.

a. R (x) = px = (—0.02x + 600) x = —0.02x? + 600x.
b. R’ (x) = —0.04x + 600.

¢. R’ (10,000) = —0.04 (10,000) + 600 = 200. This says that the sale of the 10,001st phone will bring a revenue of
$200.

a. R (x) = px = (2000 — 0.04x) x = 2000x — 0.04x2, so
P (x) = R (x) — C (x) = (2000x — 0.04x2) — (0.000002x> — 0.02x 4 1000x + 120,000)

= —0.000002x3 — 0.02x? + 1000x — 120,000.

Therefore,
— C 0.000002x3 — 0.02x2 + 1000 120,000 120,000
C(x)= (x) = ¥ i X = 0.000002x2 — 0.02x + 1000 + 0.0 .
x X x
b. C'(x) = di (O.OOOOOZx3 ~0.02x2 + 1000x + 120,000) = 0.000006x2? — 0.04x + 1000,
X

R (x) = % (2000x — 0.04x%) = 2000 — 0.08x,
P’ (x) = % (—0.000002x> — 0.02x2 + 1000x — 120,000) = —0.000006x2 — 0.04x -+ 1000, and
T )= % (0.000002x — 0.02x + 1000 + 120,000x~") = 0.000004x — 0.02 — 120,000x 2.
¢. C’(3000) = 0.000006 (3000) — 0.04 (3000) + 1000 = 934, R’ (3000) = 2000 — 0.08 (3000) = 1760, and

P’ (3000) = —0.000006 (3000) — 0.04 (3000) + 1000 = 826.

d. C’ (5000) = 0.000004 (5000) — 0.02 — 120,000 (5000)~2 = —0.0048, and
C’ (8000) = 0.000004 (8000) — 0.02 — 120,000 (8000)~2 &~ 0.0101. At a production level of 5000 machines, the
average cost of each additional unit is decreasing at a rate of 0.48 cents. At a production level of 8000 machines,
the average cost of each additional unit is increasing at a rate of approximately 1 cent per unit.
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_ ¢ 80x -+ 150,000 150,000
ATy o) 30+ ~ 80+ .
X X X
_ 150,000
b. C (1) = ——5—.
X

150,000
X

¢. lim C(x) = lim (80 + ) = 80. Ifthe production level is very high, then the unit cost approaches
x> X— 00

$80/unit.

pf'(p) p('%) _ P

5 / 5

x=f(p)=—3p+30,s0 ' (p)==5and E(p) = = = .

fp)=—3p S (p)==3 p 0 Spt30 12—
a E3)= % = %, so demand is inelastic.
b. E (6) = 7o = 1, so demand is unitary.
¢ EO9) = 129—_9 = 3, so demand is elastic.

25 25

25 25 P ("“7‘2,,3 z) 2177 25
x=—=—150 f'(p) = —=—= and E (p) = ——; ==£ = JIFE (p) = 1, then

VP 2p2 2 - 25_3/322 2(25 - p'72)

2(25— p1/?) =25,5025 - pl? = 225, p? = 22—5, and p = 6%5-. E (p) > 1 and demand is elastic if p > 156.25,
E (p) = 1 and demand is unitary if p = 156.25, and E (p) < | and demand is inelastic if p < 156.25.

p(=002p) P
100 — 0.01p2 — 5000 — %pz'

x =100 —0.01p2,s0 f'(p) = —0.02p and E (p) = —

1600 1600
= -8— < 1 and so demand is inelastic.

5000 — L (1600) 4200 21

a. E (40) =

b. Because demand is inelastic, raising the unit price slightly causes revenue to increase.

3 3

a. p = 91000 — x, so /1000 —x = g, 1000 — x = %5, and x = 1000 — 72—9 Therefore,
7
729,000 — p? 3p? r? r ( 243) 3p°
= =" % and ' = ———=—-—/ Then E = - = .
x=f(p) 729 and " (p) 729 243 en £(p) 729,(;(;3—23 729,000 — p?
3 (60)° 648,000 648
E (60) = (60) = = > 1, and so demand is elastic.

729,000 — 603 _ 513,000 513

b. From part (a), we see that raising the price slightly causes revenue to decrease.
d

G (1) = r (=0.33 + 1.2¢2 4 500) = —0.9¢* +2.4¢, 50 G' (2) = —0.9 (4) + 2.4 (2) = 1.2. Thus, the GDP is

growing at the rate of $1.2 billion/year. G” (2) = (—1.8¢ 4 2.4)|,—p = —1.2, so the rate of rate of change of the

GDP is decreasing at the rate of $1.2 billion/yr/yr.




3 BEFORE MOVING ON...

AT o 2T o 2 (1 (02 4 1V g4 — (242 4 )2 2’
740 = [ @2 +1)7] = @2 +1) re(b) e+ un =2+ 1)+ P and
d 12 ' —1/2
a== [@2+1) 422 (22 +1) |
_ _ - 6t 483
=124 1) P un 4422+ 072 4 @) (<4 22 + 1) 4 = - .
)™ 0 2+ )74 @) (1) @) w0 = —
, , 2@ 17 , _
Thus, the velocity after 2 seconds is v (2) = 9'/2 + Sz =7 fi/sec and the acceleration after 2 seconds is
12 4@8) 76
0(2) = él_/i - -'9—3—/7 = '27 ft/sec2.
Before Moving On...  page 250

1 £ () =2x3=3x1 455723 50 f/ (x) =2 (3x?) = 3 (%x‘zﬂ) +5 (—%x‘sﬁ) = 6x% — x723 = Wx—58,

2.8 ()= a% [x (2x? — 1)1/2] = (2x% - 1)1/2 +x (%) (2% - 1)—1/2 % (2x%—1)

2_
== )" rlr @2 - 1) P = @2 - 1) P[0 - 1) + 207 = -‘%2—1—1.
Pr
2x + 1
3, paad pumad —— T,
yo=IW = ainre
dy (@PHx+1)@Q-@x+DEx+1) 2P +2w+2- @ +4x+1) P42 —1
dx (32 +x +1)° (2 +x +1)° (2 4x+1)>
4, f (x) = S S D72, 50 f1(x) = 4 G+ =L+ = -
Jr+1 dx 2(x + 1372
3
") = —1 (=3 -52 _ 3 .
Thus, f (x) = b} ( 2) (x + 1) 4 (x + 1) 4(x + 1)5/2 and
, 15
") =3 (=3 ~72 . 15 -1
r@=3(-3) e+ g+ 1) YT

5. xy? — x2y 4+ x3 = 4. Differentiating both sides of the equation implicitly with respect to x
gives % +x (2yy') — 2xy — x%y' +3x% = 0, s0 (2xy — x2)y' + (¥ — 2xy +3x?) = 0 and
. —y? 4 2xy — 3x? B —y% 4 2xy — 3x?

2xy — x2 T o x@Qy-x)

6. a.y=xvx2+5,s0dy = % [x 2+ 5)"] dx = [x (1) &+ (2x)] dx +[ (x> +3)"? (1)) dx

2
= (2 +5) [ +5) +x2] dx = 2’; 2“_: 55

2 5 0.13
@+ (0.01) = —— =~ 0.043.

Nz 3

b. Here dx = Ax = 2.01 — 2 = 0.01. Therefore, Ay ~ dy =

179




180 3 DIFFERENTIATION

Explore & Discuss

Page 179
1. R (x) = p (x) + xp’ (x). This says that the rate of change of the revenue (marginal revenue) is equal to the sum of
the unit price of the product plus the product of the number of units sold and the rate of change of the unit price.

2. If p (x) is a constant, say p, then R (x) = p. In other words, the marginal revenue is equal to the unit price. This is
expected because if the unit price is constant, then the revenue realized in selling one more unit (the marginal

revenue) is p.

Page 192

dp
1. The required expression is i g (x).
X

d.
2. The required expression is d—); = 1 ().

3. P =g (x) = g (f (x)). Using the Chain Rule, we have%;i =g (fx) f' ().

Page 193

dp . . .
1. — measures the rate of change of the population P with respect to the temperature of the medium.

dT . . .
2. o measures the rate of change of the temperature of the medium with respect to time,

dP dpP dT

il F'(T) g’ (¢) measures the rate of change of the population with respect to time.

4. (fog) (1) = f (g (1)) = P gives the population of bacteria at any time 7.

P
5 1 (g®))g = %t— (by the Chain Rule), and-this gives the rate of change of the population with respect to time
(see part (c)). '

Page 223
1. Thinking of x as a function of y and differentiating the given equation with respect to the independent variable

d , d d . d d . o d
L — ) = 2 (8). Thus, — -4 4 2 ) =
¥, we obtamdy (G —y+2x>—x) 7 (8). Thus, 7 () - (y)+dy (2x )+dy( x) =0, s0
dx  1-3y?

dx dx dx
32— 142322 ) == =0, (6x2 = 1) — =1—-3y%, and — = .
Y + (x dy) dy (6x )dy Y-, an dy 6x2—1
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Page 224

1. 2. If-2<x <0,thenh (x) = (4 _x2)1/2, s

y
2
=172
/‘ W@ =4@-2)""" = - = —faf0<x <2,
then h (x) = — (4 — x%)"/?, and
-2 0 >

2 x -
J h’(x)z%(4—x2)_1/2(—2x)=—\/:_7=—§for0§x <2

3. At the point (1,—\/§),h’(x) =-3= %, soy 443 = “/Tg(x——l),y+\/§: “/Tgx - 33@, and so
y=fe il
CHAPTER Exploring with Technology

Page 168
i ¢ ] n { 1 + ] +
L. P L AR N 2. 1565 F——t———+———f———
2000 T T
le+ts T T
0 |
-2000 T v + 50000 T T
-4000 T
T N T 0 Tt
0 20 40 60 80 100 120 0 20 40 60 80 100 120

3. We see that f (1) = 0 when ¢ = 98, We conclude that the rocket returns to Earth 98 seconds later.

Page 179
1. 3 Attt 2. The highest point on the graph of S is (1, 2.5), and

this tells us that the sales of the laser disc reach a
maximum of $2.5 million one year after its release.

0 ; ; ; f
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Page 191
1. 2. 03 4t
021
0.1 +
0.0 /{
-0.1 —H—t t—f—t
-1.0 -05 0.0 0.5 1.0
3. The slope of the tangent line is 0.1875, as expected.
Page 203
L2. 100 A——————f——f— 3. } A —————t
50 T / 0
0 —t— bt -1 e
0 200 400 600 800 1000 0 500 1000 1500 2000
The slope is zero. Yes, the point of tangency is the Yes. At the lowest point on the graph of C, the

lowest point on the graph of C, derivative of C must be zero.




