10.2

p.782: 7-11 odd, 17-25 odd, 35, 43-49 odd, 55, 60-62, 64-75
¢ dy 1 L & (+n)-r) 1

1. =——0o, y=All+t = —=—(1+¢ 3 = 7
Tl PRELa “Tofize dr (1) (1+1)

dy dyldr 1/(2T=1) _(1+0)" 1
— = - = - — = = — [1 f)
dx dx/dt 1/ (1+17) 21+t 2

) , .y
9. x=f+1, y=t"+¢; r=—1.@=4r‘+l,ﬁ=3rz, andd—"}=aﬁ [t 4:‘ +l . Whent =—1,
dt dt dc  dxl/dr 3

(x,y)=(0,0)and dy/dx=-3/3=-1, so an equation of the tangent to the curve at the point

corresponding tor=—1 is y—0=—1(x—-0), ory=—x.

. dy . dx .
11. x=tcost, y=tsint; t =7. E= fcost+sint, ? =f(—smr}+ cost, and
[}
dy _dy/dt  tcost+sint
dx dr/dt —tsinf+cost
When t=x (x, 1) = (—:-r_.D) and dy/dx=—x/(-1)=m, so an equation of the tangent to the curve

at the point corresponding tot =7 isy—0=m(x—(—7)),0ry=7ox+ T’
ala)
dy dy /! dt 2f+1:1+i:} dy dr\ dt —1:‘(2:):_ 1 ' The

17. x=t'+1l, y=t' +t = - -
dx  dx/dt 2t 2t dx” dx | dt 2t 4r
2
curve is CU when% =0, thatis, when 7 <0.
t
"l - ]
19, x=e, yotet = D _Pldt_—temve =) (1) =
dx  dx/dt e e
ila)
dl _ar ,df _e(ED+A-0(2e7) e (-1-2+21) =e"(2t—3). The curve is CU when
dx* dx/dt e e
d }}U that is, whens > 3.
dt*
! f
21. x=t—Int, y=t+Inr [notethatz>0] = & _dyld 1+1"r='r+l:>
dc dx/dt 1-1/t t-1
i{ﬂ) (t=D)—(z+D(D)
d-_}-zdr Idr _ (r—l]j | The cu
dx-  dx/dt (t—=1)/t (r—]] dr

O<t=<1.



23. x:f-}f,y:ﬁ—z.@ﬂr, o0 _0ot-0o ,f 3

dt dt
/
(x,¥)=(0.-3). %=3ﬁ_3=3(.¢+1}(r—1), so%zﬂ - _3\/ ,

—2.—2) (2,1}
t=—lorl < (x,y) =(2,—2) or (—2,—2).The curve has a F\. I “—f—'
horizontal tangent at (0,—3) and vertical tangents at ‘ 0. -3 :

(2.-2) and (-2.-2). T
L S
—4
25. x=cos#, y=cos3f. The whole curve is traced out for0<f < z. 2 \
1 } _"I!_s ]=| ¥
Y 36in36, s0 Y 20 e sin30=0 < 36=0,7.27, o 3r < {,;;mi P
0=0,5.F or 7 <> (x,p)=(L1).(L.—1).(=1.1) or (-L-1). [
-2 2
£=—sinﬁ, SO £=U ©sinf=06=00r7 < (x,y)=(L1)or
déd de
dy dx _ (+,—1)
(-1,—1). Both — and — equal 0 when #=0, andz. To find the (—1,~1) 2
de dé 0= f=m/3
—3sin3g H _ S
slope when & =0, we find limﬁ= lim 35?“ g = limM=9, -7
E-0 gy 60 —sinf §+0 —cosd
) odvldt 3t 1 to1
35 x=3"+l,y=r-1= so ﬂ: YA _2T T The tangent has slope— when—=— & =1,
dx dx/dt 6t 2 2 2 2

so the point is(4,0).

=1-¢" and £=]+e_! S0

43. x=t+e", y=t—e", 0=1=2. — ,
dt dt

an 2 .{jf}‘ 2 ., .
[—J +£—J =[l—e")“ +(1+¢=a'r ) =1-2e "+ +14+2e" +e 2 =2+2¢ . Thus,
dt dt
L=[N2+25%dr~3.142,

]

L L

45. x=r-2sint, y=1-2cosz, 0=t <4r. %=1—2cost and %=Esint, SO

-
£

2 - 2
(%J +[%J =(1—2cos?) +{25im‘)2=1—4c03:‘+4c032r+45in2:‘=5—4cosr. Thus,

L=["5—dcostdr ~26.730.
47. x=1+3%, y=4+27,0<s<1. dx/de=6tanddy/ dr =612, so (dx/ dr)? +(dy/ dr)? =36¢> +36¢".
Thus, L= [ 367 +36rdr = | 61+ =6[ N (bdu)  [u=1+7, du=21a]

=2[§u3-’3]f =2(277-1)=2(242-1)



49.

35.

60.

61.

62.

64.

635.

66.

67.

: ax . 4 .
x=tsint, y=tcost, 0=r=l1. ?=fcosr+smr and %=—f5mr+cosr, S0
I I

dx | dy 2 2 . . 2 2 . 2 : 2
o + o =1 COS f+2rsiNfCcosf+Sin™ f+¢ sin” 7 —27/sinfcosf+cos” ¢
t t

=t*(cos” t+sin’ t)+sin’ t+cos f =1~ +1.
Thus, L= j ' +1dr= [ f+1+'ln(f+ )J—‘\/_+’ln(1+\/_)
()=t =) =2t y(t)=2e" = V(t)=4e" =
L= jb YO+ ()i = [;"3\/(2:)2 (4 dr = f;“i}rlf +16¢" dt, choice (D).

r(f) =<.f3,sin ({)) = V(1) =(3r2,—%c05(§]> = v(2) =<3(2'}1,—1—ﬁc05(§)) =(12,0), choice (A).
E_I:+]_dx d_y dy [ dt r+]:£ 3 +1 E

dt  t—1 dt dx dc/dr t-1  dr|., 3-1 2
speed = |v(1)] = J(x'(1))* +('(1))* = J(61)* +2° =J36r3 +4.
24 =361 +4 = 24° =361 +4 = 576-4=361" @ R == o =45 chojice (C).

dy

dx : :
x=cost = —=-sinf, y=cos2ft = —=-2sin2t.
dt dt

T - — r - . CAS
L= J(=sint)? +(-2sin2)*dr = " \[5in’ ¢ +4sin®26)dt = 4.647. choice (B).

Speed = J(é] +[ﬂ] =‘j[4+nc:mr2 ]2 +[ﬂ] Whent =1,
dt dt dt

speed = .J(4+cosl}2 +16 = 6.051, which is option (C).
i .
Y _lat_o oD _gang 2o,

=5, (A).

The curve has a horizontal tangent when

dx  dx/dt dt drt
11:2::‘—8 :}@ (£ =1)(4r)—(2¢* —8)(3¢° } “24(r —]2f+2}. dy _0 < =0, and when? =0,
| -1 dt (£ —1)° (r —1)° dt
ﬁ_(wz){d)—{dr)(])_ 8 20
dt (r+2)° (r+2)y
. i 2.0°-8 -8
Therefore, the only horizontal tangent line occurs when r=0= y= 1 =—1 =8, (D).

The region R is traced for 0 =< 7.
x=cos t = x' =3cos’ t-(—sint), y=sin’ f = y' =3sin’t-(cost).



68. x

69.

=r1f(x')2 +(y") dt =j.:.3\/(3 cos” ¢-(—sinz))* +(3sin’ 7-(cos?))” dr

pil . . 7 e -7 .
:3||:| J[cosﬁrsm‘ r+51n4r::05‘:‘] dt = 3f ,J[c«v:)sz.i‘suff(-::-:us3 r+s1n3r)}df
J 0

&2 i .
23.[:. coszsinzdr =<sin’ r|{I =1.5, option (B).

dy
d dt

a’(aﬁ]
dy _dyldt 3" d’y _ di\ di

[

I-\.FIL.-

dr deldt 2t 1 ad  deldt

a(l)=|

70.

[ 1+ (1) —#(2¢) Y

=r3+1:>ﬁ=2r y=t = = =3¢

3
_2_>2
2

4t’

\

= )=(0.-2).

mz_

\(1+19)7 (1)

(b) x(1) = 1”2 j 1 ;: ds —

[ln(l

() a(r) =v'(1) = (x"(1).y"(1)) = -

=5

choice (B).

\ ! 7
AT B -

[~ \a=

22
—AT /-
i

In2 In(l+#)—In2 In(l+7°) _
= = X

2

2

_1'(!)=2+J Zds=2+2[Ins| =2+2(Inf—0)=2+2Inr = p(2)=2+2In2
Ay

The particle’s position at time ¢ = 2is {—; In5,2(1+1In 2}}.

dy dyldt 2/t 2_]+r

© T dia ti(l+5) t ¢

. dy .
Therefore, lim— =2. }1_}1’2(}{ +1)=

= dx

(@) a(®) =v'() ={ 6+(2+1)

5

1+¢°
2

=2(}{:+1).

{ 2 \ / 2 \
S 6 4\ = ay=( 22D 6 4y} =(2.2)
; \6+(2+1) [

Speed = |v(1)| = J[ln(m(z ) | +(60-27) =

|v(D)| =J[|n(6+(3)-‘ }]E +(6-2)" = J[ln(zz}]2 +16 ~5.313.

(b) ;r(1}=5+[02 In[6+(2+7)" [dr ~5+6.955=11.955.
_v(?,}='5'+[|3(63—2f3)df=9+[313—%r"]g=9+(] ~1%)—(0-0)=%. Thus, P~(1.9552).

dy dy/df
de/dt

@=-‘.} & 6t=2t" =2t(3-t)=0=¢t=0o0rt=3.

(c) The particle is at rest when —
dx

dt
(d) The slope of the tangent line is —

d}
dx

_dyldr _

dt

6f — 21

dx / dt

T m[6+(2+0)7]

. At P, this slope is

v =0. (Note thatdx /dt = 0foranyz = 0.)



71.

72.

73.

6:2-2-2° 4
In[6+3’] 33’
@) v(t)={(x'(t),y'(1)) = v(1) = (=", 2cos(1)} ~ (1.717,1.081).

a(r)=v'(r) = (-2sinz- ™, ~2sint) = a(1) = (-2sin(1)-e**',~2sin(1)) ~ (~2.889,~1.683).

(b) speed = ‘J[%] +[$l =\/(em] +(2cost)’.

1.5 =2.25 =( “"‘"] +4cos’t & t~1.254,2.358. The first time ¢ for which the speed of the particle

is 1.51s t =1.254.
(c) At the highest point, the y-coordinate of the particle is at its maximum value, so

so the equation of the line tangent to the curve at Pis y —& =1 (x—11.955).

%—Oélcosr—ﬂécost 0 t=%. (0)=y(7)=0, y(£)=2-1=2, so this point is a

maximum. At this point, x —1+I "”“dr = 1+3 104 =4.104. Thus, the coordinates of the
particle at its highest point are roughly (4.104,2).

(d) Because the particle is at its highest point when =%, we have already determined that the

particle is at position (4.104,2) when ¢ = £.

(e) distance traveled = J J(e‘“" ]3 +(2sint)’ df = 6.035.

f D _dldt_—Zeost 1 ) t— o™ & t—a~120531.
dx dx/di e 2

a CAS
y(a) ~ 2sin(a) ~1.868, x{a}.=1+jD e dt ~ 1+2.664=3.664.
At this point, the coordinates of the particle are (3.664,1.868).
1, 4dfa T 7 i
© d zfz dr(a‘r)z 251[1:_ When 71, d _1,’: Esulll
dx” & e dx e
at this point.

= —0.980 < 0, so the curve is concave down

3 3 3 37
@) a(0) =) 2-1/r+4:}a{) 23:4 241 14

(b) x(S)=12+j;31/r+4df=12+[2(:‘+4’}3"'2]; =12+2(9"7 -4")=12+2(27-8)=12+38 =50

(c) v,(t)=0+[10dy =107 —50=10(t - 5)

(d) speed = |v(?)| =J(3Jr+ 4]E +(10£-50)" =+/100t* 9917 +2536  |v(7)| = /49 ~22.338

(a) Speed at time 7 =2 is ‘](e2 )2 +(sin(2? )): ~54.603

a(t)=v'(t)= (2:512:::05(;2)) = a(2) =(4e*,4c0s(4)) ~ (218.393,-2.615)



74.

75.

by & ! di| - _ 51“54} ~—0.91386
del_, dcldi_, e
x(2)=0+ [ e” dr~16453, y(2) =4+ sin(c*)dr ~3.195.
Thus, the equation of the line tangent to the curve whenz=2 isy = 5"14 (x—16.453)-3.195.
e

(c) distance traveled = j J{e’z ) + (s.in{.ifz))3 dt ~16.545
0

(a) y(4)=0.01(4° —22(4%) +120(4)) =1.92

.
w(t—2) ]df ~1+0.231=1.231. Thus at timer = 4, the particle’s coordinates are

x(4) =1+Jr sin[

approximately (1.231,1.92).

w3

(b) The speed is equal to | whenl= [ﬁ] +(aﬁjl =[£] +(aﬁ,1 =1=a~0.51460 (and a
dr. dr dt dr

graph confirms this is the first time). At this time, a(b) = v'(b) =(-0.254,0.982).
(c) The tangent line is vertical when

é=El < sin m(r—2) =0 < (=2
dt 3 6

(d) The maximum height of the particle occurs when the tangent line is horizontal, that is, when

@=M=G o ﬁ=[Zl o D.DI(SF —44t+]2D)=ﬂ & 3 —44t+120=0 < t~3.621, or 11.045.

dv dx/dt dt
v(3.621) =1.935 < 2, and y(11.045) = —0.110 < 2, so the particle never exceeds a height of 2.

10 - ] . 2
(e}P=Jr J[ﬁ] +[ﬁ] di =6.874
, dt dt

10 ——
| dc| (dv) |
Average speed = —— = | 4| = dt=—(6.873871=0.687
() Average sp m—DL \/(dr] [dr] 0 )

ovor-{BET ]
(b) L= J ‘][ﬁ] +[@]L dt = 59.725
. dt dt

© x()=4+[ (24" *)dr~2.40, y(1)=5+] 3W25-7 dr ~34.180 = At time ¢ =2,the
particle’s position is (2.40,34.180),

=0, 7,27, or3x. = r=2or &

V()| =217 ~14.731.

[d)%=ﬂ<::>—2+e":+' —0o2=c""on2="+r 1+l =1-In2>t=b=+-In2.

Attime =0, a(b)=v'(b)=(-2.216,-0.334).



