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2. x=2cost, y=t—cost, 0=<<t<27 ¥
Ji=21mw
t 0 /2 o 3m/2 2 (2,27 —1)
z 2 0 -2 0 2
y | -1 /2 m+1 3w /2 2r—1
1.57 414 471 5.28 \

t=0
i2,-1)

B(@z=e—1lLy=e" y=(e) =(z+1)*and
since =z > —1, we have the right side of the parabola
y=(z+1)"

®) ’

/]

_'l 0 . 4

24. (a) From the first graph, we have 1 < z < 2_ From the second graph, we have —1 < 5 < 1. The only choice that satisfies
either of those conditions is IIT.

(b) From the first graph, the values of = cycle through the values from —2 to 2 four times. From the second graph, the values
of y cycle through the values from —2 to 2 six times. Choice I satisfies these conditions.

(c) From the first graph, the values of = cycle through the values from —2 to 2 three times. From the second graph, we have
0 < gy < 2. Choice IV satisfies these conditions.

(d) From the first graph, the values of x cycle through the values from —2 to 2 two times. From the second graph, the values of
y do the same thing Choice II satisfies these conditions.

28 (@z=t"—t+1=(t*+1)—t> 0 [think of the graphs of y = t* + 1 and y = ¢] and y = ¢* > 0, so these equations

are matched with graph V.

M) y=+t>0 «x=1t>—2t=tt—2)is negative for 0 < ¢ < 2 so these equations are matched with graph L

(c) = = sin 2t has period 27 /2 = 7. Note that
y(t + 2m) = sint + 27 + sin 2(¢ + 2m)] = sin(t + 27 + sin 2t) = sin(t + sin 2¢) = y(t), so y has period 2.
These equations match graph II since = cycles through the values —1 to 1 twice as y cycles through those values once.

(d) = = cos 5t has period 27 /5 and y = sin 2¢ has period «r, s0 = will take on the values —1 to 1, and then 1 to —1, before y
takes on the values —1 to 1. Note that when ¢ = 0, (z, y) = (1, 0). These equations are matched with graph VI.

(€) z =t +sindt, y =1* +cos3t. Astbecomes large, ¢ and t* become the dominant terms in the expressions for z and
y, so the graph will look like the graph of y = =, but with oscillations  These equations are matched with graph TV.

sin 2t cos 2t

Oe=grrm-v=178

Ast — oo, z and y both approach 0. These equations are matched with graph ITI.



14.

32

74.

11.2

. . dy  dy/df cos @ — 2sin 26
— cos 8 20, y—sin® 20, =0 =X _— — . When6=0 — (1,1) and
@=cosftsn26, y=sinf+cosil, dr  dz/d6 —sinBt 2cos20 (29) = (1, 1)

dy/dx = 1, so an equation of the tangent to the curve isy — 1 = 2(z — 1), ory = 1 + 1.

B B dy _dyjdt  1—1/t t—1 2
r=t+Int, y=¢t—Int = dx_d:rfdt_l+]/t_t+]_1 i1 =
d [ dy d 2
Py  dt\dz Z\ T 2/(t+1)? 2
— = = = = the curve is CU for all ¢ in its domain
de® _ dz/dt 1+ 1/t t+1)/t  (E+1)7 " B jorattims

thatis, ¢ > 0 [t <. —1 not in domain].

The curve x = #* — 2t = ¢(t — 2), y = +/f intersects the y-axis when = = 0, Y

that is, when ¢ = 0 and t = 2_ The corresponding values of y are 0 and /2. =2 —

The shaded area is given by B
y=12 t=2 2 1

f (zr —x;_,}dyz[ [0—=(t)] ¥ (¢) dt = —f (# —Qt}(— di:) . =0
y=0 =0 0 2/t ) 0 x

_ (12 g2y g— 12 2g02)

=—J, (2t t )dt_ [Bt 2t ]0
=—(3-21-3-27) =2 (- ) = —V2(-R) =5 V2

If the cow walks with the rope taut, if traces out the portion of the

mvolute in Exercise 73 corresponding to the range 0 < @ < 7, arriving at (=, 7r)

the point (—v, wr) when 8 = 7. With the rope now fully extended, the

cow walks in a semicircle of radius 7r, arriving at (—r, —r). Finally,

the cow traces out another portion of the involute, namely the reflection

about the x-axis of the inifial involute path. (This corresponds to the

ot
(—r, —mr)

range —w < @ < 0.) Referring to the figure, we see that the total grazing
areais 2( Ay + Az). As is one-quarter of the area of a circle of radius 7r, so Az = L7(7r)? = 17%+%. We will compute
A1 + Az and then subtract A2 = 17r” to obtam A;.

To find A; + A, first note that the rightmost point of the involute 1s (%‘r, r). [To see this, note that da/df = 0 when
6 =0or Z. 6 = 0 corresponds to the cusp at (r,0) and 8 = Z corresponds to (Zr,r).] The leftmost point of the mvolute is
(—r,xr). Thus, Ay + As = [[P ydz — [[2ydz = [, _yd=.

Now ydx = r(sinf — 8 cos 8) rf cos 8 df = r*(#sin cos @ — 6” cos” §)df. Integrate:

(1/7*) [ydx = —Bcos® @ — 3 (6> — 1) sin @ cos @ — 267 + 16 + C. This enables us to compute
2 2 1 3 w? ™ 2f ™ L
A1+ A3 =r [—Bcos 8—5{9 —1) smﬂcnsﬁ'——ﬁ' -- 6] - —ﬂ'—?+§ =r E—I—F

Therefore, A; = (A; + A3) — A; = 27772, s0 the grazing area is 2(A4; + A;) = 2(1?r3'r"z 42 ‘ﬂ's‘rzj = 2mirl.
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4. (a) (2. %F)
v
Q
® 0.%)
ETAR)
Je/
()
(. -%)
o/
_”J’T.-r

8.r>0, 7/3<6<2n/3

-]
]
wlt

x=1cas57“=1(0}=93ﬂd
ggl:l&inﬁ—zqr =1(1)=1

givesus (0, 1).
x = 2(:05[—7?'"] = 2(—%) =—V3and
1

y=2sin(—7F) =2(3) =

give us (—v’§ 1).

Il
wly

16. rcosf@ =1

. r=Ind, 0>1

<  x =1, avertical line.

r

D




56. (a) r = \/5 0 < 8 < 16w. r increases as @ increases and there are eight full revolutions. The graph must be either IT or V.
When 8 = 27, r = /27 = 2.5 and when # = 167, r = /167 = 7, so the last revolution intersects the polar axis at
approximately 3 times the distance that the first revolution intersects the polar axis, which is depicted in graph V.

() r =6 0<6 < 16w Seepart(a). This is graph I

(c) r =cos(6/3). 0= % < 2r = 0<6 < 6w, so this curve will repeat itself every 6 radians.
cos(£) =0 = £=2Z+mn = 6= 32E 4 3mwn, sothere will be two “pole” values, & and 2=
This 15 graph VL

(d) r = 1 + 2cos 8 is a limacon [see Exercise 55(a)] with ¢ = 2. This is graph ITL

(e) Since —1 <8in30 < 1,1 < 2 +5in38 < 3, so r = 2 4 sin 36 1s never 0; that is, the curve never intersects the pole.
This is graph I.

(f) r =1+ 2sin36. Solving r = 0 will give us many “pole” values, so this is graph IV.

5. r=2—sinf = x=rcosf=(2—sinf)cosh,y=rsinf = (2 —sinf)sinfd =

dy dy/df  (2—sinf)cos@+sinf(—cosf) 2cosf —2sinf cosf  2ecosf —sin26
de  dx/df (2 —sin8)(—sinf) +cosf(—cosf) —2sinf +sin’f —cos2@ —2sinf — cos 20

d 2(1/2) - (vV3/2)  1-v3/2 2 2-3

m
e S & T AR - (1/2) VB2 2 1-2vF
78. 08 From the graph, the highest points seem to have y = 0.77. To find the exact
value, we solve dy/df = 0. y =rsinf = sinf sin2 =
dy/df = 2sin @ cos 20 4 cos 8 sin 26
—08 08 — 25in @ (2cos® 8 — 1) + cos O (2sin b cosf)
= 2sinf (3cos® 8 — 1)

In the first quadrant, this is 0 when cos 6 = == < sinﬁ':ﬁ =
y=2sin"fcosf =23 == =$V3= 07T

114
6. r=1+4cosf, 0 <8 <m.

A=£ %(1+cuss)2da=§£ (1+2cosa+cosza)de=%£ [1+2cosf+ (1 + cos26)| df

iy

=§f (2+2cos0+ 2cos20)do =2[20+2sin0+ 1sin20] ) =2 (3x+0+0) —3(0) =3
o

32. 3+ 2cosf =3 +2sinf = cosf=sind = #=2Ior r=3+2sinf =7
A=2[7/* (3 +2cos6)*d8 = [77]*(9+ 12cos 6 + 4 cos” 6) df
— f;j“ [0+ 12cos68+4- 2(1 + cos26)] do (
= [7/*(11 + 12 cos § + 2 cos 26) d = [116 + 12sin 6 +sin 26] 77/ =
= (8 —6v24+1)— (EE+6v2+1) =117 — 1212 r=3+2cosf



38. The pole is a point of intersection.
r=1+sinf@
l —cos@=1+sinf = —cosf =sinf = —1=tand =
3 Tar
H=TDIT_
Theothertwopnintsnfinlersectionare(14—%;%")311(1(1—%:%’)_ L
r=1=—cost
44, We need to find the shaded area A in the fipure. The honizontal line
stage
representing the front of the stage has equationy =4 <
o rsin@=4 = r=4/sin@. This line intersects the curve
= .
- 4 = 1 1 = —
\ 4m '-__‘7 '\,\r=m r=8+8sinf when 8 + 8siné ey
microphone F=8+8sin@ 8sinf +8sin®8 =4 = 2sin”@+2sinf—1=0 =
audience

sinf =

_2:&4'4—'—8=_2:|212V’}§=_1—'2_“/§ [the other value is less than —1] = 6=sin_1(\/§2_1).

This angle is about 21.5° and is denoted by o in the fipure.
A=2["?1(8+85in6)’d0 —2 [7/* L(4csch)?do = €4 [7/*(1 + 2sin 0 + sin> 0) d6 — 16 [7/* esc? 9 df

[

=64 [T (1+2sin0+ 1 — 2 cos20) db + 16 [T/*(—esc®6) df = 64[26 — 2cos 6 — L sin26] /% + 16[cot 6]7/*

= 16 [66 — 8 cos § — sin 20 + cot 8] 7/* = 16[(3m — 0 — 0+ 0) — (6 — 8 cos @ — sin 2 + cot )]

= 487 — %6a + 128 cos a + 16sin 2a¢ — 16 cot o

From the figure, z* + (V3 —1)" =22 = 2>=4—(3—23+1) = //I
=
WJi—1
z? =23 = /12,50 2z = v/2/3 = /12. Using the trigonometric relationships o ]

=,,|| ="I_
for a right triangle and the identity sin 2a: = 2 sin « cos «r, We continue: ¥EVII=VI2
4 4 4/
A= 487 — %6 + 128 - ]2—1—16-2~V‘§ L V12 g V12 RS
2 2 2 vV3—1 /3+1
=487 — 960 +64 V1Z+8 12 (v3—1) -8 V12 (v3+1) =487 + 48 /1 —gﬁsin-l("ﬁ;l)
~ 20416 m*
11.5

2dy+ a2 =0 = 2= 4y dp= -4 sop=—1.
The vertex 1s (0, 0), the focus 15 (0, —1), and the directrix
sy =1

- yzl

i0,-1)

2 2
18. The ellipse is centered at (2, 1), witha — 3 and b — 2. An equation is > 92) + 4]) =l.c=vaZ—5 =5, 50
the foci are (2 £ /5, 1).



34. The distance from the focus (3, €) to the vertex (3,2) 1s 6 — 2 = 4. Since the focus is above the vertex, p = 4.
Anequationis (z —3)* =4dp(y —2) = (z—3)* =16(y—2).

52. |PFi|— |PFz|=%2a & /(z+c)>+3>—/(z—c)®+3®=22a &

Vet +r={z—c)2+32£2a & (z+c)’+y’ =(z—c)’+y +4a’ tda/lz—c)2+32 =

dexr —da® = Ha .z — )+ & Fx’ —2eecxta’ =a (2" —2ex+7 +1°) &

(62 —f;.'.z]:r:2 —ay? = an(cz —az} = b2’ —a?y? =a’bh? [whereb® =c? —a?] = :r:_z — z—z =1
(43
11.6
10. rzL—u—3=+,wheree=ﬂanded=4 = d=4(&)=%
3 —10cos® 1/3 — Fcosf 2 1 5
- 1
(a) Eccentricity=e = 2 /
(b) Since e = 1?” > 1, the conic is a hyperbola.
L )
(c) Since “—e cos 67 appears m the denominator, the directrix is to the left of the 4 ('3
a
1z
focus at the origin. d = |FI| = £, so an equation of the directrix is = = —£. =0
(d) The vertices are (—172,0]and(%?ﬂ],sothecenterismidwaybetweenthml, \
that is, (122, 7). LN 1

26. We are given e = 0.048 and 2a = 1.56 x 10° = &= 7.8 x 10°. By (7), we have

_a(l—€’)  T78x10°[1—(0.048)% ~ 7.78 x 10°

" T Tfecosd 1+ 0.048 cos @ 1+ 0.048cos @




