IVP
Calculate the position s(t), velocity v(t) and acceleration a(t) of a “harmonic oscillator” made in the earth gravitational field by a mass m connected with a spring with the length L and coefficient k to a foundation. All potential losses in the energy are 0. Use MatLab for your solution and visualization. Implement two cases:
a) Fixed basement, initial speed of m is v0 and its position s0, 

b) Basement is moving up and down by sinusoidal function with amplitude h, with the frequency f and starting form h0.  Initial speed of m is v0 and its position s0.
Explain the dynamic behavior of this system in both cases. Solve in a general way and then visualize the solution for some concrete data, for example:
m=80kg, v0= 1 m/s,  s0=0.5m, k=0.2, L=0.5m, h0=0m,  f=1Hz


BVP
Suppose that the altitude of the trajectory of a projectile is described by the 2nd order ODE u''= - 4. Suppose that the projectile is fired from position t=0 and height u(0)=1 and is strike a target at position t=1, at height u(1)=2. Calculate the approximate height at t=0.25 and t=0.5, by all methods listed below.
(a)

Use Matlab solver for BVP and plot the solution. From the obtained solution estimate u(0.25) - the height at t=0.25 and u(0.5) - the height at t=0.5.
(b) 

Test if the results obtained in (a) are in accordance with the BVP solved by shooting method using the initial guess for the slope u'(0)=3 and Heuns's method. 

(c)

Solve the above BVP using the following procedure:

1.To determine the initial slope at t=0, required to hit the desired target at t=1, use the trapezoid rule with stepsize h=1 to derive a system of two equations for the unknown initial slope s0 = u'(0) and final slope s1=u'(1).

2.What are the resulting values for the initial and final slope?

3.Using the initial slope just determined and a step size of h=0.5, use the trapezoid rule once again to compute the approximate height of the projectile at t=0.5 and once again by the same method to compute u(0.25).
(d)

Solve the same BVP again, this time using a finite difference method with h=0.25. 

(e)

Solve the same BVP again, this time using  5 collocation points together with boundary values, to determine v(t,x) approximating the solution u(t). 

(f)

Solve the same BVP again, this time using Galerkin method at the same five points as in previous cases. Determine approximate solution v(t,x) using B-splines of degree 1. 

Write your solutions in a MatLab script.
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