
178 0

46. Let IPRI = x. Then we get the following formulas for r and h in terms of fJ and x:

. fJ r . fJ d fJ h h fJ
SlD- = - => r = XSln- an cos- = - => = XC08-.

2 x 2 2 x 2
Now A(fJ) = !11'r2 and B(fJ) = !(2r)h = rho So

I
i
!

equivalently, [sec(sinX)]2 CO8X.

5. Let u = g(x) = ..;x and y = /(u) = e".J
t;'t . dy dy du~LetU =g(x) = e'" and, = j(u) = emu. Then dx = dudx = (cosu)(e"') =e8cose".

7. F(x) = (X3 +4xf => .F'(x) = 7(x3 +4x)6(3x2 +4) [or7x'(x2 +4)'(~ +4)J

(yF(X) = (x2 - x + 1)3 => F'(X) = 3(X2 - x + 1)2 (~-1)

I. F(x) = ~1 + 2%+x3 = (1 +2x + x3)1/4 '*

. 1/3 3 ax3
10. f(x) = (1+x4)2/3 ~ f'(x) = 1(1+x4)- (42:) = 3~

1 3 -4 3 3 4 ) -4 -12t'
11. get) = (t4 + 1)3 = (t4 + 1)- ~ g'(t) = -3(t4 + 1) (4t) = -12t (t + 1 = (t4 +1)4
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lim A(6) = lim t,..,.2 = 111" Jim !: = 111" lim %sin(6/2)
1/-0+ B (6) 1/-0+ rh 2 1/-0+ h 2 1/-0+ %008(6/2)

= !7r lim tan(6/2) = O.
/1--+0+

~ d=2rSin~.

1 .;i
Then ~ = ~:: = (eU>(ix-l/2) = eVz ° 2.jX = ;';;0

F'(~) = 1 (I + 2z + Z3) -S'. . 1- (I + 2z + Z3) = ( l~)a'.. (2 + 32:2)
UiIi 41+2e+

2+&r 2+3:r:2= 4(1 + 2rt +%*)',. = 4 ~ (1 + 2:r: + :r:3)3



(t) = ~1 +tant = (1 +tant)1/3

I ~ tI=-sin(aS+zS).3:t2 [a3isjustaCOI

~ Sl=3(aJ8Z)2(-IIinZ) (aSisjustacoostaJJ

tI = e-"'. ~ (-mz) = e-"" (-m) = -me-"'.
e

'II' = 4 see 5:z: tan 5z(5) = 20 see 5:z: tan 5:z:

"" 008((11 + z8)

. = (II + cas':e

. = e-"" '* I

= 4sec5z '*

,(%) = (1 + 4%)11(3 + % - %2)8 *
,'(%) = (1 + 4%)11 . 8(3 + % - %2)7 (1 - 2%) + (3 + % - %2)8.5(1 + 4%). ."

= 4(1 + 4%).(3 + % - %2)7 [2(1 + 4%)(1 - 2%) + 5(3 + % - ~)]

= 4(1 + 4%).(3 + % - %2)7 [(2 + 4% - 16%2) + (15 + 5% - 5%2»)

= 4(1 + 4%).(3 + % - %2)7 (17 + 9:t - 21:e2)

- -

'1/ = 2:e(Z2 + 2)1/8 + (z2 + 1)(I)(z2 + 2)-2/8 (:lz) - 2z(z2 + 2)118 [1 + 3(~2:' 12)]

" == ze-ar2 (-2z) + e-.2 . 1 == e-ar2 (_2z2 + 1) == e-.I (1 - 2z2)

=> ,,== e-1I8 (-3ain3z) + (coe3z)( -5e-I18) == -e---(38iD3z+ 5coe3z)

~ = ze-~ ..
~ = e-18 CO83z

~ = e"-. ~

Using Formula 5 and the Chain Rule, y = 101-"
" := 1oI-~ (In 10). ~ (1 - :r2) = -2:e(ln 10)101-..

f¥J -l ( . -1 ) 1~ F(.) = -= -

.+1 .+1
= i(Z -1)-1/2...!(!.=.!) :II ! (Z + 1)1/1 . (. + 1)(1) - (.I -I).ill

2 Z + 1 dz Z + 1 2 % - 1 (.I + 1)2 .

= ! (% + 1)1/2 . . + 1 - Z + 1 = ! (z + 1)1/2. 2 - 1
2 (.. - 1)1/2 (Z + 1)2 2 (z _1)1/2 (.I + 1)2 (Z - 1)1/2 (.I + 1)812

1"'(%)
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Implicit Differentiation

d d1. (a)dz(ZfI+2x+3z2) = dz(4) ~ (,;.1/+1/.1)+2+6%=0 ~ ,;y'=-y-2-6% ~

-11-2-6% 11+21/ = or 1/ = -6 - .
,; ,;

2 2 4-2x-~ 4. ..(b) zy + 2x + 3% = 4 ~ X1/ = 4 - 2x - 3% ~ 11 = x = ; - 2 - 3%, so V = -;2 - 3.

(c) From part (a). V = -Jf-2-k = -(4/~-2-.)-2-& == 4/~-3z 4
~ lit ~ =-~2-3.

2. d ( 2 2) d (36) , 0 ' SIt 42:(a) - 42: + 9y = - => SIt + 1811' 1/ = => 1/ = -- =--
d:1: d:1: 181/ 9y

(b) 42:2 + 9y2 = 36 => 9y2 = 36 - 42:2 => y2 = ~(9 -~) => 1/ = :i:f~. so
2z11' =::i:~ . !(9 - ~)-1/2 (-2%) = T 3v'9"=?

4z 2z, 4z - = T ~.(c) From part (a). 11 =-911 - 9(::i:f~) 3 9-z

(b) Vi = 4- y'x => y = (4- y'X)2 = 16 - 8y'X + x =>

, .;Y 4-v'z 4(c) 71 =-- =-- =--+1
v'z v'z v'z

d d5. dz (%2 +712) = dz (1) ~ 2z+2W = 0 ~

r-::\ d dlJJ' dz (%2 - 712) = dz (1) ~ 2% - 2yy' = 0 ~ 2% = 2yy' ~

d d7. dz (%3 + %2y + 4y2) = dz (6) ~ 3z2 + (%271' + 71. 2z) + 8yy' = 0

(z2 + Sy)II' = -3%2 - 2xtI '* 11' = 3%2 + 2ztI = z(3% + 211)

Z2+Sy Z2+Sy

L ~ (Z2 - 2xJI+st) = :x (C) '* 2z ~ 2(ZJI' +11.1) +3JrIl' = 0
22: - 211 = 11' (22: - 3112) '* 11' = 2z - 211

22: - 3112

11 = -=
Sf

21/f1' = -2x ~

1/' = =
11

=* ,;&2'11' + Sw' = -3:1:2 - 2xy

~ 2x - 2y = 2xy' - 3y~y' ~



;, d
( ):'(~cousinlf) = d% 1

~
~ 4DZUY
t(4coezeosy) = 4sinzsiny => y'... 4 = tan z tany
. coszcosy

~ [ysin(Z2») = :1z [zsin(tf») => YC08(z2). 2z + sin(Z2) . II' = zcos(tf) . 2W + 8in(tf) .1

~ [1In(Z2) - 2zyeos(tf)] = sin(tf) - 2zyCOS(Z2) => 11'= sin(tf) - 2zyCOS(Z2)

:. ain(z2) - 2zyC08(r)

l (~'.) ... ..! (z + y) => e""1/(z2y' + y. 2z) = 1 + II' => z2e8'.v + 2zye8'. = 1 + y'
~ rh:
, ,, , 2 1-2zye"'11

=> y'(Z2~ - - 1) = 1 - 2zye"'" => y' =
Z2e'"'- - 1

d
(yz + y) = rh: (1 + z2tf) => !(z + y)-1/2(1 + V) = Z2 . 2W + tf .2z =>

+ 2 ~ = 2z2w + 2ztf => 1 + V = 4z2y yZ + Y V + 4ztr yZ + y =>
. y z y
~
,- 4z2y.;z:Fi V = 4ztf2 yZ + y - 1 => y' (1 - 4z2y .;z:Fi) = 4ztf.;z:Fi - 1 =>

f'
~~vx+i-l
r 1 - 4z21f y% + If
"

J= 1 + z2y =? !(zy)-1!2(Zt/ + y " 1) = 0 + z21/ + 1/" 2z =? 2 ~ 1/ + 2 ~ = z21/ + 2ztI

r/ (-=- - z2) = 2ztI- ~ =? 1/(Z - 2z\/Zi ) = 4xJIy'ij -1/ =? ' = 4ztI y'ij - Y

2 v'ii 2 v'ii 2 v'ii 2 y'ij 1/ z - 2z2 y'ij

SECTION 3.6 IMPlICIT DlFFERENTlAmN 0 ,.
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fl. (a) Ify = r1(x), then /(y) = x. Differentiating implicitly with respect to x aDd remembering that y is a ~
'( ) dtI dy 1 (/ -1)'( ) 1 of x, we get / 1/ d:1: = I, so d:1: = /'(1/) => x = /'(/-I(X))"

(b) /(4) = 5 => r1(5) = 4. By put (a), (1-1)'(5) = 1/J'(r1(5) = 1/'(4) = 1/(1) = J.
.. (a) /(x) = 2:J: + con => /'(x) = 2 - sin x > 0 for all x. Thus, / is increasing for all x and is therefore

one-kHme.

(b) Since / is one-to-oDe, r1(1) = Ie <* /(Ie) = 1. By inspection, we see that /(0) .. 2(0) + cosO'"" 1,10

Ie = r1(1) = O.

(c) (1-1)'(1) = 1//'(1-1(1») = 1//,(0) = 1/(2 - sinO) = !

.. ~ + 4~ = 5 => 2x + 4(2yy') = 0 => 1/' = - :U. Now let h be the height of the lamp, and let (a, b) be tbt

poiDt oftanpncy of the line passing through the points (3, h) and (-5,0). This line has slope

(h - 0)/[3 - (-5)] = ih. But the slope of the tangent line through the point (a, b) can be expressed as 11 = -~,
or as b"( 0 ) = ~ 5 [since the line passes through (-5, O) and (a, b)], so - 4ba = ~

5 <=> 0- -5 0+ a+

~ = -02 - 50 <=> 02 + 4b2 = -Sa. But 02 + 4I:J = 5 [since (a, b) is 011 the ellipse), so 5 = -Sa <=>

0 = -1. 1beD 4I:J = -02 - 50 = -1 - 5( -I} = 4 => b = I, since the point is 011 the top half of the ellipse.

So ~ = ~ 5 = - 11 I) = _41 => h = 2. So the lamp is located 2 units above the x-axis.
8 0+ - +

3.7 Higher Derivatives

1. a = I, b = I', c = j". We can see this because where a has a horizontal tangent, b = 0, and where b has a

horizontal tangent, c = O. We can immediately see that c can be neither I nor 1', since at the points where c has a

horizontal tangent, neither a nor b is equal to O.

2. Where d has horizontal tangents, only c is 0, so d' = c. c has negative tangents for z < 0 and b is the only graph

that is negative for z < 0, so c' = b. b has positive tangents on R (except at z = 0), and the only graph that is

positive on the same domain is a, so b' = a. We conclude that d = I, c = 1', b = I", and a = 1"'.

3. We can immediately see that a is the graph of the acceleration function, since at the points where a has a horizontal

tangent, neither c nor b is equal to O. Next, we note that a = 0 at the point where b has a horizontal tangent, so b

must be the graph of the velocity function, and hence, b' = a. We conclude that c is the graph of the position

function.

4. a must be the jerk since none of the graphs are 0 at its high and low points. a is 0 where b has a maximum, so
b' = a. b is 0 where c has a maximum. so c' = b. We conclude that d is the position function, c is the velocity, b is

the acceleration, and a is the jerk.

5. I(z) = z5 + 6x2 - 7z ~ I'(z) = 5.z4 + 12% - 7 ~ j"(z) = 2Ozs + 12

.. I(t) = t8 - 7t8 + 2t4 ~ I'(t) = &1 - (2t6 + at3 ~ j"(t) = 56t8 - 21Ot4 + 24t2

7. JI = cos28 ~ JI' = -2 sin 28 ~ JI" = -4cos28

'i:)JI=8sin8 ~ y'=8cos8+sin8 ~ JI"=8(-sin8)+oos8.1+cos8=2oos8-8sin8

7. 1J = 00828

@ = (Jsin(J

1/' = - :U. Now let h be the height of the lamp, and let (a, b) be thI

..



==ll-fl,} -11" ..-""-",..-n"-,,---, ,,,, ~

) = -42.5(1 - 7t).( -7) :::a 1470(1 - 7t).

2z + 1 -' ( ) (2: - 1)(2) - (2z + 1)(1) 22: - 2 - 2z - 1 -3
3( 1) -2 ..- ~ 112: == == == or - 2:-

2: - 1 (2: - 1)2 (2: - 1)2 (2: - 1)2

-"
(2:) == -3(-2)(2: -1)-3 == 6(2: -1)-3 or 6

II (2: - 1)3

1-4u h'( )- (1+3u)(-4)-(1-4u)(3) - -4-l2u-3+l2u - -7= i+3u ~ u - (1 + 3u)2 - (1 + 3u)2 - (1 + 3u)2 or

+ 3U)-2 ~ h"(u) == -7(-2)(1 + 3u)-3(3) == 42(1 + 3u)-3 or (1 ~)a

= 1I"r. + .;-. = 081/2 + ,.,-1/2 ~

) = (I .l,-1/2 +" (-i--a/2) = l08-1/2 -lb.-3/2 ~

I) = ie{ _l,-a/2) - i" (-1,-8/2) == -108-3/2 + i"a-5/2

== HTI ~ h'(2:) = ~r + 1)-1/2(2z) = :z: ~

2 v:z:2 + 1

- HTI .1-z [t(r + 1)-112(22:)1- .(r + 1)-1/2 [(r + 1) -rl == 1
) - (a+1)' - (:z:2 + 1)1 (2:2 + 1)8/2

r:eC8 :III} ,l == :z:. eC8 . c + eC8 .1 .. e""(cz + 1) ~

e-(c) + (cz + l>e- . c == ce-(1 + cz + 1) :IE: ce08(CZ + 2)

.~ + 1)2/3 ~ rl == f(z' + 1) -113 (32:') = 2z2(Z3 + 1)-l/a ~

2:11'( -1Hz' + 1)-./8(32:') + (z' + 1)-1/3(42:) = 42:(z' + 1)-l/a - 22:.(z' + 1)-4/8
A-

h'( )= (1+3u)(-4)-(1-4u)(3) == -4-121&-3+1211.. -7
u (1 + 3u)2 (1 + 3u)2 (1 + h)2

.~ '*. v:r:+l

- v'i+!. 4- 4:r:. 1(:r:+ 1)-1/2 = 4v'i+T - 2s/v'i+! = 4(:r:+ 1) - 2s = 2s+4- (..Ii+l)2 :r: + 1 (:r: + 1)3/2 (:r: + 1)3/2

... -.".. . ,.,"2'ft'-", '11'-"'\'

...

(f) = tan3t ~ K(f) = 3~ 3t ~

"~et) = 2. 31111C3t: (aec3t) = hec3t(3aec3ftan3t) = 18aec2 3ttan3t

t) = ~0088 ~ g'(8) = 280088 - B28mB ~

(8) = 20088 - 2Bain8 - 2BainB - B2OO8B = (2 - B2) OO8B - 4ulnB

~) = t'eat .. g'(t) = f'eat .5 + e6t .3t2 = t2e6t(5t + 3) =*

(t) = (2t)e5t(5t + 3) + t2 (5e1lt)(5t + 3) + t2eat(5)

= teat [2(Sf + 3) + ISt(5t + 3) + Sf) = teat (25t2 + 3Ot + 6)

(t) = tao3t =>

,. Ie.) - ~C08. - .2 sin. ~

SECTION 3.7 HlGHERDERIVATMS 0 199

F'(t) == 6(1- 7t)II(-7) == -42(1- 7t)1I ~
___A

9'(z).. (z -1)(2) - (2%+ 1)(1) = 2z - 2 - 2z -1 - -3

~-~ ~-~ ~-~

or

=*

...

sinj



differentiation fonnula for logarithmic functions,
dxd (log. x) = _11 , is simplest when a = e because

x na

1 d -3 3:z) = 1og2(1 - 3:r:) * /,(z) = (1 - 3:r:) 1n2 d:r: (1- 3:r:) = (1 - 3:r:) 102 or (3:r: - 1) In2

1 1 1
's) = IogIO(2- )= loglox -IogIO(S -1) * /,(z) 8: zlnl0 - (s -1)1n 10 or x(z -1)lnl0
. z-l

d 1 1 1t,,) = ~ = (lnZ)l/1I * /'(z) = i(lnZ)-4/11 d:r: (lnz) = 5(lns)4/1 . ; - 5:r: tf{lox)4

. 1 1 1
~) = In ~ = Inz1/11 = t Inz * /'(z) = 5 " ; = 5:r:

(1) 1 1 Inz - 2+lox
~)=y'ilnz * /,(x)-y'i ; +(lnz)"2y'i=y'i+27z- 2y'i

~

.. Jl + In(2u)] . f- In u . t-. . 2 - ! [1 + In(2u) -In u]
~ ) [1 + In(2U)]2 - [I + In(2u)]2

~ - 1 + (ln2 + lnu) -lnu - 1 + ln2
~. - u [1 + In{2u)]2 - u [I + In(2u)]2

SECTION 18 DERIVATIVES ~ LOGAIITtMC FUNCTIONS 0 211

.. /,(:e) - :e2 ~ 10 ~ (:e2 + 10) = :e2 ~ 10

1 d -lIinl/,(1) = - - (co8l) = - = - tan I
CO8 I dJJ CO8 I'*

f(z) = -sin(lnz).! = -IIin(lnz)
z z

'*

..

~
.
~..
:2
f

5
..

...

...
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19. Y = In(e-. + ze-.) = In(e-.(1 + z» = In(e-''') + In(1 + z) = -z + In(1 + z)
1 -1-z+1 z

y'=-I+I+z= l+z =-I+z
t;;;\. = [10(1 + e"')]2 * 1/' = 2 [In(1 + e.)] . -1 1 . e'" = 2e'" ~(1 + e"')
\.::;JI + e'" + e8

21.y=xlox * r/=z(l/z)+(Inz).1=1+lnx * y"=I/z

22. - lnx .,1 - z2(I/z) - (lnz)(2z) - z(1- 210x) - 1- 2lnzy - -;2 * 11 - (z2)2 - ~ - z3 *

.,11 z3(-2/z)-(1-2Inz)(3z2) = z2(-2-3+6Inz) = 6lnz-5
11 = ~r ~ ~

, 1 1 (1) ,,1 ( 1 ) 1 * 1/ = xlnl0 = lnl0; * 1/ = Inl0 - z2 = -z2In10

seez tanz + sec2 x24. y = In(secz + tan x) * y' = = see x *
secz+tanz

*
-1 !=.=.!2[1-In(z -1)] + z

[1-ln (z-I )] .I-z.- (, z -1 z - 1 z - 1 - z - 1) 1n(z - 1lt.:
1 (z) = ,., ]~ = X[1 -1n(z - 1)}2 [1 -In(z - 1)2 (z - 1 1 -In(z - 1)]2

- 2z -1- (z-1)1n(z -1)- (x -1)[1 -In(z - 1)]2

Dom(J) = {z I x - 1 > 0 and

and

1'( ) - l/zz - (1+lnZ)2

and Inz # -I} = {z I z > 0

*
Dom(J) = {x 11- X2 > O} = {z Ilzl <I} z <-1~ 1).

28. I(x) .= Inlninx *
Dom(J) = {z linInx > O} = {z IInz > I} = {z I z > .}~ (.,00).

23. y = IOglO X

#:25. f(x) = 1 -1n(x 1)

12&. j(z) = 1 + Inar

z '*29. j(z) = Inz

=*

, 1 .. (1 ...n...) -1&-1 . 1011+1 11 = .. - -- = or
2-:z:--~ 2-~-&r 5r+c-2

...~"',.,;

JI" = see x tan x

and Inez -1) ~ I}

x:;: 1 + e} = (1,1 + e) U (1+ e, 00)

1= - x(1 +InX)2.

x :;: lIe} := (0, lIe) U (lIe, 00).

1'(1) = 2ln1 + 1 = 1




