
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]

Answer:  x(t) = 13.046cos(9t – 0.8095)

[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]

Answer:  x(t) = sqrt(29)cos(3t – 0.3805)

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

[12 pts] 

Answer:  y(t) = (11/6)e^(4t) + (31/6)e^(-2t) + e^(6t)

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

Answer:  yp(t) = e^(6t)

[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' = _______________________

Answer:  u' = v

                 v' = -3u – 8v

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

             x' = 4x + 5y

             y' = 15x - 6y

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

Answer:  x(t) = (¼)e^(-11t) + (35/4)e^(9t)

                y(t) = (-3/4)e^(-11t) + (35/4)e^(9t)

8 pts] 7) For problem 6, find:

    a) The fundamental matrix, Ф(t).

    b) The solution by using the formula,  X(t)  = Ф(t). Ф(0)-1X(0)

Answer: a)  [ e^(-11t)     e^(9t)]

                     [-3e^(-11t)   e^(9t)]

               b)  x(t) = (¼)e^(-11t) + (35/4)e^(9t)

                  y(t) = (-3/4)e^(-11t) + (35/4)e^(9t)

[14 pts] 8) Solve the system of differential equations

             x' = x - 4y

             y' = 4x - 7y

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

Answer:  x(t) = 3e^(-3t) + 4te^(-3t)

                y(t) = 2e^(-3t) + 4te^(-3t)

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

[8 pts] 10)  Find and classify the critical point(s) for the following system using theorem 2:

             x' = 2x - 2y - 4

             y' = x - 4y + 3

(11/3, 5/3) Unstable Saddle Point


