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Show your work! No calculators! Please draw a around your answers!
Please do not write on your desk!
1. (10+10) For the differential equation

—u"(z) =0(z —2) u(0)=0,u'(4)=0
(a) Find the continuous solution. Graph your answer.
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(b) For n=3, write the difference equations for the same differential equation, and put the
equations in matrix form. (DO NOT SOLVE THE EQUATION)
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2. (4+4+6+10) Consider the spring-mass system with two masses m; = 8,mg = 2 and three
springs with spring constants ¢; = 56,¢c; = 8,¢3 = 2. Both ends are fixed. Assume that

there is no friction and external force acting, and the masses are moving up and down. Let

u{t
u(t) = { 1(t) } be the displacements of the masses at any time ¢

(%) (t)

Write the elongations eq, e, €3 of the springs in terms of u; and us.
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(b) Find the stiffness matrix K. o
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(c) Calculate the frequencies wry, wy.
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(d) Find the displacements of the masses u(t) =
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3. (124+4+4) Let A= 14 1
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(a) Find the LDLT-decomposition of the matrix A. (L is lower triangular and D is a diagonal
matrix.)
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(b) What is the determinant of A?

det A= det L &t D ot ‘L_‘T‘

- 4«'\~4~1-'3.2w1»~1~\:[Q

(c) Is A positive-definite? Explain.
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4. (44+4+44+4) This problem has four unrelated parts.

‘ 1 1 11 3 11 1 0 -1
(a) Given v = 1 |,and A= 1 -1 2|,B= 2 3 2(,C=|1 -1 2
-1 -2 11 -1 0 2 3 1 2
Find the matrix which has v as an eigenvector.
A\/ = %\/ = 1% = 3\/ C,\/ — “EQ
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(b) If A has eigenvalues —2,1 and eigenvectors v; = l: 1 } and vy = l: 0 } , respectively.
0 1

Find the eigenvalues, and eigenvectors of A%+ I.
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(d) If A is a symmetric, positive-definite matrix, which of the followinguare always positive-
definite : A — 2I, ATA, A2 — 24 + 2I. Explain your answer.
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. (8+12) (a) Fmd the projection matrix P of any vector { ¢ ] in R? onto the line y = 3z.

M [
P A (NA‘Yq AT

“[51(1“3) [ 3)
— | Vo /o

o)

(b) Find the equation of the plane z = ax + by + ¢ fitting best to the data:
(1,1,0),(1,0,1),(-1,0,2),(1,-1,3), T

and calculate the error ie. ete
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