Math 241 X8 Exam 3-practice November 21, 2013

Name:

e READ THE FOLLOWING DIRECTIONS!
e Do NOT open the exam until instructed to do so.

¢ You have until 12:50 to complete this exam. When you are told to stop writing, do it or you will lose
all points on the page you write on.

e You may not communicate with other students during this test.

¢ No written materials of any kind are allowed. No scratch paper is allowed except as given by the
proctors.

No phones, calculators, or any other electronic devices are allowed for any reason, including checking
the time (a simple wristwatch is fine).

Any case of cheating will be taken extremely seriously.

Show all your work and explain your answers.

Before turning in your exam, check to make certain you've answered all the questions.

¢ You do not need to simplify algebraic expressions.

Some possibly useful formulas:
cos?t = %(1 + cos(2t))

1
sin?¢ = 5(1 — cos(2t}))
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Math 241 X8 Exam 3-practice November 21, 2013

1. Let E be the 3D region bounded by the cylinders z2 + y? = 4 and the planes 2 =0 and z + 2 —'i:
R be the boundary of E. 2

(a) Is / / zdS positive, @ or zero?
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2. A certain vector field F has a singularity at (0,0,0) (and no others). Other than at the singularity,
Mathematica computes that divF = 3. You center a sphere S of radius 2 at the origin, and Mathematica

tells you that
/ F-dS=1.
s

But then your computer explodes. You don’t remember the formula for F. Your boss demands to know

the flow of F' across a sphere of radius 7. Can you tell him? (You have 2 minutes.)
cpvvhra‘ al the o. TR

let E be the 3D regien helwean the SFL“’/“ of radius 2 & F.
f*?, %AL o{i\/éb‘jcugﬁ +ALJV€W‘\)

flew out of E = H(J.VF dV = Hfz dV = 3 Vol (E)
“‘3(1(:})5 *n(-’l)s)
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Math 241 X8
3. Compute the net flow of F(z,y,z) = (z + y + 2,siny, 2z) along the curve C that is the intersection of

the surfaces z = 22 — y? and 22 + y% = 4.
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E
4. Find the volume of the region that is inside the cone z = +/ z2 + y2, outside the cone z = /322 + 3y2,

and below z = 2.
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5. The 3D region E has a 2D boundary R. The volume of E is 8m3 and the surface area of R is 7Tm?.

(a) Find //RSdS.

2 3. SA(R)= 21 .

(b) Find / / /E —2dV

= -2 VellE)= -1t M

(c) Find the net flow of F(z,y, 2) = (ze¥, —e¥, 5z + sinz) across R.
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6. Compute / / z2dS, where R is the portion of the paraboloid z = 9z2 + 4y2 with 2z < 1.
R
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7. Let F = (m,n, p) denote a 3D vector field, and f denote a scalar function of 3 variables. For each of the
following, either explain why the expression is meaningless or simplify the expression (using only partial
derivatives, f, and m,n,p.

(a) V- f Neasanse ! tois m‘f a veetor ‘F“"‘-‘l'“";
So you C«;{y»no’t c{ot F,mlwd W.H\ ;{: .
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2 y2 22

8. Compute the volume contained inside the ellipsoid % + ] + z= 1. (Hint: use two transformations.)
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Math 241 X8
9. Let a, b, ¢ be constant vectors, r = (z,¥, z), and let E be the region defined by
0<a-r<ao, 0<b-r<§8, 0<c-r<~.
Prove that (apr)?
M 7
///E(a Db r)(e- 1) dedydz = g T
(Hint: we didn’t mention it but your notebooks did: the volume of the parallelepiped spanned by a, b, ¢
is given by ja - (b x c)} which is also the determinant of the matrix whose rows are a, b, c.)
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vl i P

10. Let F(z,y,2) = (mﬁm,:’z:/c;’;i-z_s-ih(x)--l:."z:-ébs(m;/)r-l.-.mzz+;?,'ysin(:r)+2zyz+ye‘).
(a) Use the Gradient Test to verify that F is a gradient field.

L
C-LLV(_E'-’/-‘()A é) ;

-

<(;b\x + A X2 +QZ) - (O""S;n X+ 0 +dxz +€g)J

Fons
“( Yeesx +27%+9) +(O + 'jaoosx +0 +;zjz§}
J, .
(6 P Cozx "'(COS(XJ) = xﬂﬁ‘"(xj)) ‘Lzz"‘o)"(eg* %Cﬂ:ﬂ*(cw(xy]-xﬁ-,
+22) D
(b) Find a potential function for F. =< 6 e G> \/
l: :v.)(’ =) m= a -F = A = 'F
{‘1 x J n QJ{: , P ag ‘ "CCV‘S{-M-t o-f

,nftjrq‘}.‘.;u wt‘“‘l
respect 4, x "

.F: )(C‘j + jz SinX ¢ Sn\(ﬂj) *’(“)El + 3(\7123 L

= = wel, 2 2
= aj{’ Xe” + Bsiax * xcoslvy) + x 2 +aj3 :n

= 333 = e = g= ‘Jai +h (2)
= F:xe’ry%smyrs:‘v.(xj)+szz+:je%+L\(3)
= 9,f = ysinx raxy2 + et 4 b)) = p
=> W)= 6 = h = canstant
bake k=0

F = Xeyi-j%'sl\h)ﬂ +Sl\w()¢j')+xj}z+y¢.a‘

(c) Compute the flow of F along the curve with parametrization £(t) = (nt,t —t,3), t € [0, 1).

By the Fundasmastal Theorem of Fath Ttegmls,  sht=lle) =C0,0,6)
end =ﬂ(l) =<7L" 0, I>

'HC‘W cl(mj = gF‘ AT:) = F (MJB = -{-’(s‘h,,,i)
= flme) -flos0)

:(71:40 XY +0\ —_ (0 +0 fo+0+0))
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