1) A mass m = 3 is attached to both a spring with spring constant k = 243 and with no damping, c = 0.

The ball is started in motion with initial position x0 = 9 and initial velocity v0 = 85 .

Determine the position function x(t).    [10 pts]

[8 pts] 2) When a mass is attached to a spring and no damping constant, the resulting position function is                                                                    x(t) = 5cos(3t) + 2sin(3t).  Write the position function in the form x(t) = Ccos(ω0t – α0).     [8 pts]

3) Find the solution of  y'' - 2y' - 8y = 16e6t  with y(0) = 8, y'(0) = 3 using the method of undetermined coefficients.

[12 pts] 

4) Find a particular solution to problem 3 using the method of variation of parameters.    [12 pts] 

[6 pts] 5) Write the given second order equation as its equivalent system of 1st order equations:

                     u'' + 8u' + 3u  = 0

    Let v = u'.

    Then u' = _______________________

             v' = _______________________

[14 pts] 6) Solve the system of differential equations

             x' = 4x + 5y

             y' = 15x - 6y

   with initial values x(0) = 9, y(0) = 8.

[8 pts] 7) For problem 6, find:

    a) The fundamental matrix, Ф(t).

    b) The exponential matrix, etA  = Ф(t). Ф(0)-1

       And the solution by multiplying X(t) = etA
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[14 pts] 8) Solve the system of differential equations

             x' = x - 4y

             y' = 4x - 7y

   with initial values x(0) = 3, y(0) = 2.

[8 pts] 9) Use theorem 1 to determine the stability of the critical point (0, 0) for the system in problem 8.

[8 pts] 10)  Find the critical point(s) for the following system:

             x' = 2x - 2y - 4

             y' = x - 4y + 3

 And use theorem 2 to determine the stability (asymptotically stable, stable, or unstable) and use the following chart to determine the type of critical point

     Theorem 2 - Find the eigenvalues of the linear system with coefficient matrix A associated with the given almost linear system. 

      (i) If the eigenvalues are real and equal, then the critical point is either a node or a spiral point, and is asymptotically stable if they are both negative and unstable if they are both positive. 

      (ii) If the eigenvalues are both pure imaginary, then the critical point is either a center or a spiral point and may be either asymptotically stable, stable, or unstable. 

      (ii) Otherwise, classify the critical point using Theorem 1. 
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