MATH 601  Section 603  Final Exam  Fall 2004  (12/8/2004)

Name
. ; 1. (12.5%) 5. (12.5%)
E-m r
(if ys:ll v(&zsi:lttl receive grades by e-mail) 2 — (125%) 6. (125%)
3. (12%) 7 (13%)
4. (13%) 8 _ (12%)
Total

There are a total of eight problems.

1. Let S be the paraboloid z=16— (22 +y?) lying above the zy-plane. Let

F = (=32 + 2%y + 3y)i + (22 + 52)j + (3z — 27)k.
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where C s the bounding curve of S (on the zy-plane). (12.5)%
(Hint: cos®fsin® § = 1(1 — cos 46))
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2. Let S Dbethe closed cylinder bounded laterally by z?4+y?2=09, onthebottomby 2z=0
and on the top by 2z =6. Let F = z% +33j — (2 — 5)k. Evaluate the surface integral

/ / F -dS, where the surface normal of S is oriented outward. (12.5%)
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3. Let r=:m'—l—yj+zk,r= |r|,f=f(x,y,z),gzg(x,y,Z)

F = F(%Zl; Z) = Pl(:c,y,z)'i + Ql(ﬂf;y,z)j + Rl(m7yyz)k7
G= G(%%Z) = P2(x7y, Z)’I: + QZ(x7y7z)j + R2($,y, .’B)k

Derive the following identities:

(a) V-(r"r) = (n+3)r™ for any real number n; (4%)
(b) V- (FxG)=G -VxF—-F.-VxG; (4%)
() V2(fg) = fV2g+2Vf-Vg+gV°f. (4%)

Sobe. , (“) V- (¥*¥) '
2 (") +7g O 4+ (ry)= (M) L1y )

_—.Q’“H'w '—-—)+(v“+'1-mv” {}—)-y(r ¢ yonr” ,_:;L)

!
- - Y
= 7;1/‘"-!— nl x'il-‘dfb‘ 2y +y|Y y-,_QM—B) .



4. Let D be the solid bounded by the following three surfaces:

lateral: 22 4+ % = a2

top: z = by,

bottom: z = by, where by > bs.

Let F' = 2zi — 3yj — (112 — 9)K, Verify the Gauss Divergence Theorem for the given F.D

and 0D (0D is the bounding surface of D). (13%)
D eD

> 92 ’
V-F = ;;(»)+%(-31)+%(-u}): 2-3-ll=- 2.

Fage [(omag e f|F mds+f(Fmss
JJF 8= [[7 des [P Rus lfEA
: b 2t A
= [l agi-oy k] b [t - ] T
’ o
+ “[zx?"%ﬁ-(ll;—‘i)}; ouxdj
D,(1
b, (e A _ e
= j;)g(u%-q)dzxﬁ-% Sb; So [z-aw.g.me-aa/:—-é A—Q}aled) %‘5311% 1) A]
1 b, )

2 z 2, R 2
- (1) + (o], (2603400 {1 bn-)re

et ()~ (oeb) ~Lb=D) = ~12Ta by,
Ta® ({tth4)- tamb) L1bD)] |



5. (a) Compute the Gram—Schmidt QR-factorization of the matrix

-1 2
-4 0
2 0
2 —4

A= (8.5%)

N = O

(b) Use the above to find the least square solution to

Az =b, where b=[1 2 1 1] (4%)
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6. (a) Let

XM 10 0 0
M 100 0
DV
J= ° )| Give TN, (4%)
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(b) Solve the following system of linear differential equations

%m(t) - [_09 é} (t) + m

. (8.5%)
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A= 12
4

(a) Find an LU-factorization of A (i.e.,
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A=LU) where L is unitlower triangular

and U is upper triangular. (9%)
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(b) Use part (a) to solve Az =b where b= [—1} (4%)
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8. Let A bean m xn matrix. Show that

(@) f ze N(ATA), then Az R(A)n N(AT). (3%)
(b) N(ATA) = N(A). (3%)
(¢) A and ATA have the same rank. (3%)
(d) If A has linearly independent columns, than ATA is nohsingular‘ (3%)
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