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ds = /(dz/d8)? + (dy/dB)2 df = /r% + (dr/dB) df [see the derivation of Equation 10.4.6]. Therefore, for a polar

equation rotated around 6 = £, S = [ ab 277 cos 04/72 + (dr/df)? db.

(b) As in the solution for Exercise 75(b), we can double the surface area generated by rotating the curve from 8 =0to 6 = %

to obtain the total surface area.

/4
S=2 / 21 v/ cos 26 cos 8 1/ cos 20 + (sin? 28) /cos 26 df
0

/4 bl 2
=47r/ \/cos2ﬂcos«9wggs—2—0j_—$l—l——?gd0
o cos 20

/4 1 /4
= 4 \/COSQ@COS@-———d9=4ﬂ'/ cosfdf
[) Vcos 26 0

= 47r[sin9]g/4 = 47r(§ — 0) =227

10.5 Conic Sections

1. 2?2 =8yanda2® =4dpy = 4dp=8 < p=2. Thevertexis Y
4.5
(0,0), the focus is (0, 2), and the directrix isy = —2.
©,2)
0 P
y=-2
2.9z=1%s0dp=9 & p=3. Thevertexis (0,0), the focus is x=-217
1o
(8,0), and the directrix is x = — 2.
(0
0 é x
2 _ 2_ 5 _ 5 _ 5
3.5x4+3y° =0 & y'=-3z,s0dp=-5 & p=-—33. Y x=5
The vertex is (0, 0), the focus is (— 35, 0), and the directrix is z = 3. Vis |
. )
Y x
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——i——r,
@m2+12y=0 & z=-12y,s0dp=—-12 & p=-3. Y =3
The vertex is (0, 0), the focus is (0, —3), and the directrix is y = 3.
0

5 (y+1)>=16(z ~3),504p =16 & p = 4. The vertex is (3, —1), 3
the focus is (3 + 4, —1) = (7, —1), and the directrix is 17
r=3-4=-1.
0 7,21 x
x==1
6. (z—3)2=8(y+1),504p=8 & p=2 The vertexis(3,—1), 4
3,1 /
the focus is (3, —1 + 2) = (3, 1), and the directrix is \0 N .
7 x
y=-—1—2=-3.
y=-3
1.7 +6y+22+1=0 & yY¥+6y=-22-1 & 7

P¥4+by+9=-22+8 & (y+3)°2=-2z—4),s0dp=-2 &
p = —3%. The vertex is (4, —3), the focus is (%, —3), and the directrix is

T =

wlo

@2:1:2—16m—3y+38=0 o 227 - 16c=3y-38 & Y
2(z* 8z +16) =3y ~38+32 & 2A0z—-4)°=3y-6 o

(-4 =3%(y—2),s0dp=3 <« p=32 Thevertexis(4,2), the

focus is (4, 1), and the directrix is y = 2.

"o

9. The equation has the form y? = 4pz, where p < 0. Since the parabola passes through (1, 1), we have 12 = 4p(—1), so

4p = —1and an equationis y*> = —z orz = —y®. 4p = —1, 50 p = — 1 and the focus is (—3, 0) while the directrix

1

18(1)24.

The vertex is (2, —2), so the equation is of the form (z — 2) = 4p(y + 2), where p > 0. The point (0, 0) is on the parabola,
so4=4p(2) = d4p=2 Thus,anequationis (z —2)° =2(y+2). 4p=2,50p = 1 and the focus is (2, —2) while

the directrix is y = —g.
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2. 4z =y+4 & z° = L(y+4). This is an equation of a parabola with 4p = 1, 50 p = 7. The vertex is (0, —4) and the

focus is (0, —4 + &) = (0, ~ ).

922 =4y-24® & 2°+20-dy=0 & 2*+22 -2+ =2 & 24+2y-172=2 &

a?  (y-1)?
2t

= 1. This is an equation of an e//ipse with vertices at (v/2,1). The foci are at (£v/2— 1, 1) = (+1,1).

= 1. Thisis an

2 2 v’ (z—1)
0.¢y°-2=2"-2r & P -22+22=2 & P¥-(®-%+1)=2-1 & T 1

equation of a hyperbola with vertices (1, +1). The foci are at (1,£vT+1) = (1, +v2).

M.32° 6z —2y=1 & 3’-62=20+1 & 3 -+)=Y+1+3 & 3@-1)2=wp+4 &
(z — 1)®> = Z(y + 2). This is an equation of a parabola with 4p = £, so p = 1. The vertex is (1, —2) and the focus is

(,-2+35) = (L-%)

22220 +2° -8y +7=0 & (2®-220+1)+2(° —Y+4)=~-T+14+8 & (z—1)24+205-2°=2 <

(z-1?  (y—2)°
2 + 1

(1£v2-1,2) = (1£1,2).

= 1. This is an equation of an ellipse with vertices at (1 = /2, 2). The foci are at

33. The parabola with vertex {0, 0) and focus (1, 0) opens to the right and has p = 1, so its equation is y* = 4pz, or y? = 4z.

34. The parabola with focus (0, 0) and directrix y = 6 has vertex (0, 3) and opens downward, so p = —3 and its equation is

(z — 0)? = dp(y — 3), or * = —12(y — 3).

35. The distance from the focus (—4, 0) to the directrix z = 2 is 2 — (—4) = 6, so the distance from the focus to the vertex is
1(6) = 3 and the vertex is (—1,0). Since the focus is to the left of the vertex, p = —3. Anequation is y* = dp(z +1) =

y? = -12(z + 1).

@The parabola with vertex (2, 3) and focus (2, —1) opens downward and has p = ~1 — 3 = ~4, so its equation is
(z—2)* = 4p(y - 3), or (& — 2)* = —16(y — 3).

37. The parabola with vertex (3, —1) having a horizontal axis has equation [y — (—1)] = 4p(z — 3). Since it passes through

(-15,2), (2+1)* =4p(-15-3) = 9=4p(—18) = d4p=—31. Anequationis (y+1)*>=—%(z—3).

38. The parabola with vertical axis and passing through (0, 4) has equation y == az® + bz + 4. It also passes through (1, 3) and

(~2,-6), so
3=a+b+4 —l=a+b —~l=a-+b
—6=4a—2b+4 —10=4a — 2b —~5=12a—b
Adding the last two equations gives us 3a = —6, or a = —2. Since a + b = —1, we have b = 1, and an equation is

y=—202+a+4
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