
MAT 425 HW 5 Due April 26, 2011

MAT 425. Homework 5
Due April 26, 2011

Computational problems are marked with an *.
Points: 10+10+30+30+20

1. Textbook, page 442, Problem 10.10.

2. Textbook, page 442, Problem 10.11.

3. Let’s use the shooting method to solve the boundary value problem (BVP):

y′′(t) = 4e2t , y(0) = 2, y(1) = 10.

Follow these steps.

(a) Introduce new unknown vector

~x(t) =
(

x1(t)
x2(t)

)
:=

(
y(t)
y′(t)

)
Show that~x satisfies the 1st order ODE system

d
dt
~x = ~F(t,~x) where ~F(t,~x) =

(
x2

4e2t

)
(1)

with boundary conditions

x1(0) = 2, x1(1) = 10. (2)

(b) * Use the Forward Euler’s Method to solve the initial value problem (IVP)

Equation (1) with initial conditions~x(0) =
(

2
3

)
with step size h = 0.001 and find the approximate value for x1(1). Hint: the
exact value is x1(1) = e2+2. You can test on smaller values for h first to make
sure your code is free of bugs.
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(c) * Repeat part (b) but with different initial conditions

~x(0) =
(

2
4

)
and find an approximation for x1(1). This time, the exact value is x1(1) =
e2 +3.
(Note: x1(0) is the same as before but x2(0) is changed from 3 to 4; remember
in part (a), we use x1 for y and x2 for y′; this means, we are trying different
IVPs with the same y(0) but different slopes y′(0). Hence, the name “shooting
method”.)

(d) Compare the desired value for x1(1) = 10 stated in (2) with the values of x1(1)
obtained from part (b) and (c) correponding to different initial conditions, more
precisely, same x1(0) but different “slope” x2(0). Which initial slope leads to
an undershoot and which leads to an overshoot? Does it mean the right “guess”
for x2(0) should lie between 3 and 4?

(e) * Repeat part (b) with x1(0) = 2, x2(0) = 3.5. Compare x1(1) obtained this
time with the “target” value as stated in (2), x1(1) = 10. Now, is this case an
overshoot or undershoot? The guess for x2(0) should be between 3 and 3.5 or
is it between 3.5 and 4?
Answer: the right guess for x2(0) should be in (3.5,4).

(f) * Finally, repeat part (b) with x1(0) = 2, x2(0) = 3.75. This time, your com-
puted x1(1) should be very close to the target x1(1) = 10.

(g) * On the same graph, plot the approximate solution x1 obtained from part
(b), (c), (e), (f) against t. Then, (manually) mark the undershoot curve(s) and
overshoot curve(s) on this plot. Here are some coding tips:

• if you use
array solution for x1(0),x1(h),x1(2h),x1(3h)...,
array slope for x2(0),x2(h),x2(2h),x2(3h)...
and array t for 0,h,2h,3h, ...

in your Matlab code, then use
plot(t,solution)

to draw the graph of x1 v.s. t.
• Matlab command plot(...) clears the previous graph by default. To

keep the old plots, you can use hold on and hold off as following
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hold off;

% insert here your code for plotting the first curve

hold on;

% insert here the rest of your plotting code

hold off;

4. The motion of a damped spring-mass system is modeled by the ODE

my′′(t)+Cdampy′(t)+Cspringy(t) = 0.

Here, we set the mass m = 1, damping coefficient Cdamp = 5 and spring constant
Cspring = 4. Now, we release the mass at position y(0) with zero initial velocity
y′(0) = 0. Question: what is the value for initial position y(0) such that at time
t = 1/2, the mass reaches position y(1/2) = 3? The exact answer is

y(0) =
9

4e−0.5− e−2 . (3)

(a) What are the correct boundary conditions for this problem?

(b) Use the finite different method with step size h = 1/8 to construct a linear
system A~x =~b. Specify all the entries of A and~b. Pay attention to the first and
last rows of A that correspond to the lower and upper boundary conditions.

(c) Using Matlab code x=A\b, you can easily solve the system obtained in part (b).
Then, what is the approximate initial position y(0) from this computation?

(d) * Apply finite difference method with h = 1/80 to find an approximation for
y(0) and make sure it is not far from the exact one given in (3).

5. * Consider the same spring-mass system as in the previous problem. Consider
the same boundary conditions. Use the collocation method with collocation points
[0,1/8,3/8,1/2]. Use the basis functions φ j(t) = t j for j = 0,1,2,3. Derive the
4-by-4 linear system A~x =~b, use Matlab to find ~x and answer the same question
as in the previous problem: what is the value for initial position y(0) such that at
time t = 1/2, the mass reaches position y(1/2) = 3? Pay attention to the boundary
conditions.
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