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2. (a) A hyperboloid of one sheet is 22 + y? — 22 = 1. A hyperboloid of two sheets is 22 — y? — 22 = 1.

(b) The given equation is equivalent to (z — 3)% + (y + 1)? — (2 + 1)2 = 0. This is a cone.
(c) To find the point of intersection, we must solve the equation e?* — e~2! = 0. The only solution
isat t =0. Let F(x,y,2) = (z — 3)>+ (y + 1)? — (2 + 1)?, so that our surface is given by the

equation F'(z,y,z) = 0. Then the normal vector to the surface at any point is given by
VF(z,y,2) = (2(x = 3),2(y +1), =2(z + 1)).

The point of intersection is (3 + 1/v/2,1/v/2 — 1,0), so the normal vector is (v/2,v/2, —2). The
tangent vector to the curve is (e*/v/2,ef/v/2, —e™*), which is (1/v/2,1/v/2,—1) at t = 0. Since
these two vectors are scalar multiples of one another, the curve is normal to the surface at the
point of intersection.



See the book.
Done in the review session.

Straightforward.

(
4. (a) The Cartesian coordinates of a point (p, 8, $) are given by x = pcos@sin ¢, y = psinfsin ¢, and
Z = pCos .

(b) In this situation, we can parametrize the surface as
r(60,¢) = (f(6) cosOsin ¢, f(6) sinOsin @, f(0) cos ¢)
with (6, ¢) € D. Therefore
ro(0,¢) = ((f'(0) cos 0 — f(0) sin0) sin ¢, (f'(0) sin & + f(0) cos 0) sin ¢, f'(6) cos @) .
Similarly,
ry (0, ¢) = (f(0) cos b cos ¢, f(0) cos f cos §, — f(6) sin¢) .

Then we have

i j k
rg Xxry = |(f'(0)cosf — f(§)sinf)sing (f'(0)sind+ f(§)cosf)sing f/'(0)cos¢
f(0) cosfcos o f(0)sin b cos ¢ —f(0)sin ¢

= —F(O)[(f(0)sinf + £(0) cos0) sin® ¢ + f'(0) sin O cos? )i

+ £(O)[f'(0) cos O cos® ¢ + (f'(6) cos @ — f(0) sin 8) sin? ¢lj

+ f(0) sin ¢ cos ¢[(f/(0) cosO — f(0)sinf)sin® — (f'(0)sin O + f(0) cos ) cos O]k
= —f(O)[f'(8)sinb + £(0) cos O sin® ¢li

+ f(O)[f'(0) cos O — f(0) sinfsin? @]j — [£(6)]? sin ¢ cos Pk.

Therefore

rg X 1g| = \/[f(9)]4 sin® ¢ cos? ¢ + [F(0)]2(f/(0)% + f(0)?sin" )

— \JF(O)*sin? 6 + F(9)21(0)".
Then the area of S is given by

//s ds = //D lrg X ry| dA = //D \/f(9)4sin2¢+f(0)2f/(9)2 o dop.

5. (a) The surface can be parametrized by x = cos? §sin ¢, y = sinf cos # sin ¢, and z = cos f cos ¢.

The intersection of the surface with the zy-plane is given by setting z = 0, which is equivalent
to either cosf = 0 or cos¢ = 0. cosf = 0 gives only the single point (0,0,0), while cos¢ = 0
means that sin¢ = 1, since 0 < ¢ < w/2. Therefore, the intersection is the curve parametrized by
x =cos?f and y = sinf cos @ for 0 < § < 7/2 (since this curve already includes the origin).

For the intersection with the zz-plane, we set y = 0, which is the same as saying sinf = 0,
cos® = 0, or sing = 0. Setting cos@ = 0 gives only the point (0,0,0). Setting sinf = 0 means
that cosd = 1, since 0 < 6 < /2. Then the intersection includes the curve parametrized by
x =sin¢g and z = cos¢ for 0 < ¢ < 7/2. Setting sin ¢ = 0 means that cos¢ = 1, so that the
intersection also includes the curve parametrized by x = 0 and z = cos 6.

For the intersection with the yz-plane, we set x = 0, which is the same as saying cosf = 0 or
sin ¢ = 0. Setting cos# = 0 gives only the point (0,0,0). Setting sin ¢ = 0 means that cos ¢ = 1.
Then the intersection consists of the curve parametrized by y = 0 and z = cosf for 0 < 6 < /2.



(b) By the Divergence Theorem, this is the same as computing the flux of the vector field F(z,y, z) =
(x,0,0) across the surface. So,

J[Fas= [[ Fewoxr) as

/2 pm/2
= / / — cos® fsin ¢[cos? O sin® ¢ — sin® 0] db de
0 0

/2 /2 /2 /2
= / sin” 0 cos® 0 d@/ sin ¢ d¢ — / cos” 0 d@/ sin® ¢ do
0 0 0 0

_2_ 82
15 15 3
__2
=5

Therefore the volume of the solid is %.

6. (a) Look it up in the index. The theorem is the whole paragraph, not just the red box.

(a)
(b) Done this a few times already.
)
)

c) Blah blah. Verify the conditions of the Implicit Function Theorem, and you're done.

(
7. (a) Let E, and let S be its boundary, oriented outward. Let F be a vector field defined on E whose
components have continuous partial derivatives. Then

J[[avpav=[[F.as.

(c¢) The divergence of a constant vector field is 0. Done!

(b) Idid this this morning.



