M340 (s4) Take Home Exam 2 – Due Monday, Feb. 16, 2004

1. 
A spherical pill and a cubical pill both have the same volume. If they are dropped into a solute at the same time, and each of them dissolves at a rate proportional to the square root of their surface area, which one will completely dissolve first?

a) Obtain the differential equation that models the dissolving for the sphere and cube.

Hint: the unknown in the equation for the sphere will be the radius as a function of time, while in the equation for the cube it will be the side length as a function of time.

b) Solve the equations for r(t) and x(t), assuming that the constant proportionality in the two equations is the same.

c) Determine which reaches zero first, r(t) or x(t)?

Hint: You will have to express r(0) and x(0) in terms of the initial volume, V0, which is the same for the two pills.

2. 
Use the Euler’s method to find the approximate values of the solution of the initial value problem given below at t=1, 2, 4, and 5:

i) with h=1;

ii) with h=0.5;

iii) with h=0.1.

y’ = 1 – 2y,
y(0) = 1.

Compare those values (in a table) with the true values after you find the theoretical solution of the previous equation.

3. 
Suppose 
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a) Classify all critical points of this equation as stable, unstable, etc…

b) Sketch the solution curves y(t) versus t showing all equilibrium solutions and showing how to use the second derivative of y(t) to get the correct curvatures on solution curves.

c) Show that any solution curve that originates at y(0) between b and c must decrease steadily to the value b, but the curve cannot cross the line y=b.

4. 
Consider the differential equation
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and two sets of initial conditions:




i) 
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ii) 
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a) Find a positive value P0 such that the solution to the differential equation oscillates when 
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b) Find the general solution for the IVP i) and the general solution for the IVP ii)  in the case that 
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c) Same request as in b), but for 
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d) Same request as in b), but for 
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