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Show your work! No calculators! Please draw a around your answers!
Please do not write on your desk!

DISCLAIMER: When solving matrix equations by elimination, please use the following
instructions. (a) cR; + Rj: Add ¢ times row i to row j (b) R; <> Rj: Switch row ¢ with row j.

1.(1042 pts) Consider the differential equation —3u” + 2u’' = §(z — 1)  u(0) =0, u(2) =0.

(a) Write the difference equations with h = 3 for thlS differential equation and solve them.

(For ' use centered differences.) O (@;ouno\aﬂ nd thon o(®)= o)
@)
-56+ur ' I I
— <1 1 vh)—2uly) 40l 2[-vo)+ufx))
h 1T 7 2 2 t - O
—tt " 2h
o L 4 2 2 x=d Ll w2k, g [ u(xmu(m
T LWx
Yo Xy X?_ X3, X¢
T (repmsmhnj S<X'\>>/
S Xy o2 LV (x2) =20 (x3) +vlxg) 4 VD -I-U(Xqﬂ
z 2 7
g = a2 ||

S O
=7 (ﬁz K+9IC>U=hl[4] (Boundag ow\H'h'm >
K=| 57, f’_.] , C= [%_}{1] o(2)=o

0 -\ 2 r e
| 2hel @ 0 ° Eo = lo= |+
—_— - +C)v= —L Z o\v-= B e
= EEK+C>” [ ] o 22} \° 3
AU
(b) Graph your answer in (a).
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2.(10+444 pts) Consider the matrix A = (1 4 0).
0 0 3

(a) Calculate the eigenvalues and eigenvectors of A.
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(b) Produce a matrix decompostion QAQ” for A where @ is an orthogonal matrix, A is a
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3.(14+4 pts) Consider the fixed/free spring-mass system consisting of two masses m; = 6 and

mo = 8 and two springs with constants ¢; = 18 and ¢; = 24 with no external forces present.

(a) Find u(t) and uy(t) (the position of the two masses as functions of time), if the masses
start at position u;(0) =0, wu(0) =4 and velocity «}(0) =2, u5(0) = 3.
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(b) Find the elongation of each spring at t = .
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4.(3+443+4 pts) This problem has three unrelated parts.

(a) Calculate the matrix product
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(b) For which values of ¢ the following matrix equation written in augmented form has
(i) NO solution, (ii) MORE THAN one solution, (iii) a SINGLE solution?

1 2 3 |4 iR:JL R 1 234
0 1 -1 2]
0 -1 1 b+c

— > o | -l
00O
Final 1o dells vs that |
G Tor e =u , e c;é—b’} Aaore art no soluhons
(1) For (=-5, therc are Many soluhovis
@ This sjsjrﬁm \/\A( NEVER a 3 r\j\t solution .

; 1 -2
(c) Which of the vectors t = 3) LU= ( 1) LU= ((1]) LW = ( 2) is an eigenvector for the
0 — —

matrix (; f)? /A\ \['C(,h)( Y, TS an .U' \Ialud. ﬁf mdfl)( A
\',‘1 'be some  pymbed A , The eﬁ(uﬂ/hm AV’—‘A\/

» S sanvefiod .
<2|_ |2_ (%’) = :| ) Efjenualues—
(’luz) CL) =<_|l

5

C

)=<—in (1) (HE)-Co- 4(22)

| 1 o)_ 2 T T'A.CSQ Vectors are T
21 A ( I Eijw veckyrs
(d) For which value(s) of ¢, does A have all eigenvalues,A > (7
t 30 . . N
A=13 ¢t 4 |:€ all a«‘jenvduu 0’6 / 5JV‘4‘M¢‘|Y7C MatY (X a >O,
0 4 o e |
A— < C\eqr% t "I’(u_v\ the Wmhﬂ)( 1S 'FDS\”WV’E -Ar,g\/wle_.
Symmehnc ‘E‘plwcvnhn%a, «ll top |b€‘|’ deteaminants ( minors)
for all values v€-l:-
must be >0,

® Qu top left determinaat of &) =t > O
— £*-9>0l= £>3
Q Lo ) ! ?=7 7

3 (s »# ) = t(¥-2:)70



5.(2+4+4443 pts)The energy function for a matrix K is given as
E(u1,uz2,us) = u? + 2uiug + 2u3 — 4uguz + 3us T K
‘ . = V.
(a) Write the matrix K. K is & SUW\H\C,PI\C MAH\‘ X So Aot E (u)— v
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(b) Find the LU decomposition of A.
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(c) Use the LU decomposition from (b) to answer the following questions.

(i) Is K invertibe? Explain.
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6.(1pt each) Determine whether the following statements are True/False.Circle

your answer.(No need to explain.)

True/ here is a matrix A so that Az = 0 has no solution.

False For any matrix A, the sum A 4+ A” is a symmetric matrix.
True @ Eigenvalues of a symmetric matrix can be complex numbers.
True/ Eigenvalues of a positive-semi-definite matrix can be negative.

QFa]se If AS = SD, D a diagonal matrix, then the nonzero columns of S are eigenvectors

for 2
@/Fa]se If A is positive-definite, then so are A% A~ 'and A”.
True/H A and B are positive-definite, then so is A+ B.

True Ii A? = A, then ecigenvalues of A are 1 and —1.



7.(5 pts) Use the method of least squares to find the best fitting horizontal line to the data

below, and compute the error, e’e.
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8.(10+2 pts) Use the method of least squares to find the best fitting function of the form

y = acos(r) + bsin(z) to the data below, and compute the error, e¢’e.
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(b) Plot the data and the best fit function y = a cos(x) + bsin(z) over the interval [0, 7].
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