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Show your work! No calculators! Please draw a ‘around your answers!

Please do not write on your desk!
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1. (3434+4) Let < f, g >= / 2? f(z)g(z)dz for continuous functions f, g defined on [—1, 1]
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(a) Show that 2™ is orthogonal to 2™ if m is even and n is odd.
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(b) Find the norm of z™.
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(¢) Compute Proj .x™.
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2. (444+4+4+4)Given f(x) = sin(z) and g(z) = 3sin(z) + 2 cos(z)
(a) For N = 4, discretize f(z) and g(x) on [0, 27] to get 7 and g .
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(b) Compute 7 ® g .
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(c) Write Fy and F;'.
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3. (6+446+4) Given the following truss

(a) Find the clongation matrix A. i.e. e = Au.
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(c) Find a basis for the null space of A
Free var ql:yl@% mf’c u?, and ug
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4. (3+4+43+5) Consider the spring-mass system with two masses m; = 1,mg = 1 and three

springs with spring constants ci, ¢s, c3. Both ends are fixed. Assume that there is no friction

[2
and external force acting, and the masses are moving up and down. Let u(t) = [ uléti } be
U2

the displacements of the masses at any time ¢

(a) Write the elongations ey, es, e3 of the springs in terms of u; and us.

& = U, | O N
€ = Uy~ U, = =1 L&t
6?3 . UZ,, O oo t T
(b) Find the stiffness matrix K. w )
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(¢) Find MK, and calculate Trace(M 1K) and det(M1K).
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(d) Find the relation between the spring constants so that one of the natural frequencies is

twice the other one. (Do Not Solve for ¢1, ¢s, c3.)
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5. (3-++3+3+34+3) This problem has five unrelated parts.
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(b) Prove or disprove: If A and B are symmetric, then so is A+ B.
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(c) Find the value(s) of a so that C' = ‘: -1 2 -1 } is positive definite.
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(a) Find the LU-decomposition of A =
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(d) Find the eigenvalues and eigenvectors of A = [ 0
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(e) For A =
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6. (10) Find the equation of the line y = a + bz fitting best to the data:
(-2,-13),(-1,-9),(1,-1),(4,11).

; i } , find P(invertible) and D(diagonal) matrices such that P- A =D - P
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7. <4+6 GIVGH'TE 2 7 )e”“z as the Fourier series of function f(z) below.
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(a) Find the Fourier Series of the function i(x) whose graph is given below.
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(b) Given g(z) below, find the Fourier series of g(z).
(Hint: Find suitable a so that g(z) = f(z — a; + flz+a).)
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