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Math 317 Quiz 6 Solutions

MAR. 31, 2014

e The quiz has three problems. Total 10 + 1 points. It should be completed
in 20 minutes.

1
with 1< z<4, oriented so that the normal points upward. Calculate fS f-ds.

3
Question 1. (5 pts) Let f(z,y,z):= ( 2 ) and S be the portion of x>+ y* =2

Solution. We parametrize S as

r=u,y=v,z=u’+v% (u,v) €D :={1 <u?+0v?<4}. (1)

1 0 —2u
Ty = 0 |, r,= 1 |=r,xr,=| —2v |. (2)
2u 2v 1
As the 3rd component is 1 >0, r, X r, points upward. Thus we have
3 —2u
/f-dS = / 2 1| —2v |d(u,v)
S D 1 1

= / [—6u—4v+1]d(u,v)

/ [—6u—4v] =0 due to symmetry = / d(u,v)=3m. (3)
D

Then

Remark. Alternative solution.

Solution. r=rcosf,y=rsind, z =12 (4)
Then
cos® —rsin —272cos 0
r.=| sinf |, rg=| rcosf |=r,xr,=| —2r’sinf | (5)
2r 0 r
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Thus we have

—672cosf —4r?sinf +rd(r,0)

/Sf.ds —

1,2]x [0, 27r]

2
l —67r2cosf —4r?sinf+rdf|dr

2
2nrdr=3m. (6)

I
N\ﬁ\

Question 2. (5 pts) Let f,gcCl and let V CR? satisfy hypotheses of Gauss’s
Theorem. Prove that

/Vf%d(ﬂf,y,Z)=vagnxd5—/vg%d(ﬂf,y72) (7)

Ny
where ny 1s the x-component of the unit outer normal n, that is n = ( n, )

ny

Solution. All we need to prove is

8

d(z,y,z2)= ngnde- (8)

f
Set F(z,y,z):= ( ) Application of Gauss’s Theorem now gives
0

= -ndS = iv T.y.2)= (fg) T
Fonsds= [ Fonas= [aiw(F)diys) = [ FdaG.y.0). )

oV

Question 3. (1 bonus pt) Prove Green’s Theorem for D={(z,y)|x,y >0,
r+y<1}.

Solution. Let f, g be arbitrary C! functions. Denote by Si, S», S5 the three parts of dD:
S1:(0,0) = (1,0); So: (1,0) — (0,1); S3: (0,1) — (0, 0). (10)

All three are straight line segments. We parametrize:

S5} (') s(%)

all three parametrizations are u € [0, 1].



Now calculate

oD

(Change of variable 1 —u=v) =
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SldeH—gdy
+/S2fd:c+gdy
+ SSfd:L’—I—gdy
Al f<“70>du+/01 (= /(1= 0)+ 91—, w)] du
_/1 9(0,1—u)du
/ f(u,0) dU+/ —f(v, 1=v)] dv
A g(1—u, U)du—Al (0,v)d
[ 1500~ 1 -l
/ g (u, 1—u) 9(0,1—u)]du
[ ayuv dv]d
l %u v dv}d
/ l%‘@f} 4@ 1) (12)



