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4.
X(s,t) = (szcost,szsint,s) —-3<s<3,0<t<2n

(a)
Xs = (2scost,2ssint, 1)

X; = (—s?sint, s? cost, 0)
so the normal vector is :
N =X, x X; = (—s%cost, —s*sint, 25%)
at the point (—1,0) N is (—1,0,—2)
(b) We have : X(—1,0) = (1,0,—1) and so from a the equation of the
tangent plane at the point (1,0, —1) is :
—(x—1)—-2(z4+41)=—-2—-22—-1=0
()

A= gy

10.
X(r,0) = (rcosf,rsind,§)

(a) When ¢ = % then we have :

™ T \/37“ s
X3 =653

us

which is the equation of the line y = v/3x in the plane z = %7 . For any other
fixed 6 the r - coordinates curve is the line y = tan #z in the plane z =6 .

(b) When r =1 then
X(1,6) = (cos@,sin b, 0)

which is the equation of the helix. For any other fixed r the 6 - coordinates
curve is the helix r(0) = (rcos6,rsin6,0) .
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2.
X(s,t) =(s+t,s —t,st)

X, = (1,1,1)



Xt:(l,—l,s)
N=X,xX;=(s+t,t—s —2)

IN|| = v2s2+2t2+4
(a)

// de:// 4\|N||dsdt:// 4257 4 202 4 ddsdt
X D D

If we use the polar coordinates for the region D we have :

z 1
/2 / 4r/2r2 + 4drd = Z(65 — 8)
0 0

3

(b)
/ /X F.dS — / /D F(X(s,1)).N(s, t)dsdt / /D (-4, 5—t, st). (548, t—s, —2)dsdt

3l 1
// 2stdsdt = / / 2(r cos 0)(rsin )rdrdd = —
D 0o Jo 4
4.

(a) X,Y are both parameterizations for the surface z = 3(z% + y*) when
2 +y?<4.

(b)
X = (cost,sint, 6s)
X; = (—ssint, scost,0)

N = X, x X; = (—6s%cost, —6s”sint, s)
// (yi — zj + 2°k).dS = // (yi — zj + 2°k).Ndsdt
X D

27 2
:// 955dsdt:/ / 9s%dsdt = 1927
D 0 0

Y = (2cost,2sint, 24s)
Y: = (—2ssint, 2scost,0)
N =Y, xY; = (—48s? cost, —48s? sint, 4s)

//(yi—xj+z2k).dS://(yi—xj+22k).Ndsdt
Y D



4 1
= / / 576s°dsdt = / / 576s°dsdt = 384w
D 0 0
21.

(b) For 0 < z <1 we can parameterize S by
X(s,t) = (coss,sins,t), 0<s<2m,0<t<1

Xs = (—sins,coss,0)

X¢=(0,0,1)
N =X, x X; = (cos s,sin s,0)
N

n (cos s,sin s, 0)

SN
For 1 < z <9 we can parameterize S by
Y(s,t) = (scost, ssint,s), 0<s<9,0<¢<2rx
Y, = (cost,sint, 1)
Y, = (—ssint, scost,0)
N=Y; xY,;=(scost,ssint, —s)

N
n———= ——
NI v2

27 1
// F.dS:/ / F.Ndtds = 0
X 0 0
27 9 27 9
//F.dS:/ /F.Ndsdt:/ / —szdsdt:f@w
Y 0 1 0 1 3
//F.dsz// F.dS+// F.as = 14560
s X v 3
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(cost,sint,—1)

4. We can parameterize S by :

<¢<m

0l

X(0,¢) = (2singcosh,2sinpsinf,2cosp) 0 <6 < 2,
then
X4 = (2cos ¢pcosb,2cos psinb, —2sin @)
Xy = (—2sin¢sin b, 2sin ¢ cos b, 0)
N = X, x Xy = (4sin? ¢ cos 0, 4sin? $sin 6, 4sin ¢ cos ¢)



and so )
/V x F.dS :/ / (5,2, —1).Ndpdo
s o Jz
27 ™
= / / (20sin” ¢ cos O + 8sin? ¢ sin @ — 4sin ¢ cos ¢)dfdp = —4n

0 J3
on the other hand we can parameterize the boundary of S by :

r(f) = (cos(—0),sin(—6),0) = (cosf,—sin6,0) 0<6 < 2r

therefore

2m
% F.dr = / (2sin0)(—2sin 6) + (2 cos § 4 4sin? 0)(2 cos 0)dd = —4r
c 0

9. The boundary of D is S, U S},. We can parameterize Sy, by :
X (0, ¢) = (bsin ¢ cos 8, bsin O sin ¢, b cos @)

Xy = (bcosgcosf,beos ¢psinf, —bsin ¢)
Xy = (—bsin ¢sin b, bsin ¢ cos b, 0)
N=X4xXg= (b%sin? ¢ cos 0, b? sin? ¢ sin 6, b? sin ¢ cos ¢)

/Sb F.ds = /OW /0 ) F(X(0,¢)).Ndodg

™ 27
= / / (sin ¢ cos 6, sin O sin ¢, cos ¢).(b* sin? ¢ cos A, b* sin” ¢ sin 0, b2 sin ¢ cos $)dOdep
o Jo

SO

T 2 T 2
/ / b?(sin® ¢ cos? @+sin® ¢ sin? f+sin ¢ cos® ¢)dfde = / / b? sin ¢dhdé = 4mb?
o Jo o Jo

similarly we have :

/ F.dS = —4ra?
Sa

/ F.dS = 47 (b* — a?)
oD

and so :

on the other hand : 5
VEF =222+ y?+22=-
p

T 27 b
/ V.FdV = / / / (g)dededcﬁ = 47(b* — a?)
D o Jo a P



12. If we define D to be the region :
{(z,y,2) 2 +y* < 1,1 <2 < el_””z_yz}
then the boundary of D is S U S’ where
S = {(5,y,1) 2 + 42 < 1)
We can parameterize S’ by :
X(r,0) = (rcosf,rsind, 1)

Xy = (—rsinf,rcosf,0)
X, = (cosf,sin6,0)
N =X, xX, = —rk

2m 2m
/ F.dS = / / X(r,0)).Ndrdf —/ / rcosf,rsind,0).(0,0, —r)drdd =0
S/

on the other hand V.F = 0 and so from the Gauss theorem we have :

/F.dS+/ F.dS:/ V.FdV =0
s ’ D

and so [(F.dS=0



