
Problem Sheet Eight - Answers

30. This problem will compute values needed in problem 31 also.
Sea Level:

,

At 40k ft;

Inserting into the equations above for p(t) and �(t), we get



and

31. Aileron input at full control = 30 deg
a) Sea level:

40k ft

b) General Solution

integrating:

(Note that this version of the general solution is needed if you decide to do the “extra problem.”
However for the case of interest here, we have , and can substitute numbers in for the

sea level case:

We can now specify an angle, and solve for the time. You can use Mathcad. Matlab,
Mathematica, or some other math package to solve these for t, or you can simply use Newton’s
method for solving nonlinear equations. Newton’s method is simply an algorithm that starts with
an initial guess t0 and then tells us how to improve that guess. The general from of this method is:

where = 0 at the solution.



In our problem

and

Hence for this problem Newton’s method takes the form:

Iterate until the magnitude of is less than some specified tolerance.

The results for various angles are;

32.

Substituting into our basic equation:

The characteristic equation (obtained by assuming a solution



The solution to the characteristic equation gives us the characteristic values (eigenvalues) of the
system. For this problem they are:

We can immediately determine the following properties of the motion.

Note that this is not . In addition we have

33. Assumptions: Model has same density as aircraft
Model has same aerodynamic characteristics
Both at same velocity

and

Hence:

Similarly,

For the model:

The solution to the characteristic equation ( ) is:

The corresponding properties:



34. The governing equation of motion for the pitch oscillation about the y axis is

Calculating the ingredients we have:

Then:

The characteristic equation is:

“The Standard Form”

The solution:



a)

b)

c) Or

d)

e) Moving the cg forward will make more negative.

This change, in turn, will make more negative and correspondingly will make the last term in

the differential equation larger. Hence is larger and is thus larger.

On the other hand,

will change since will increase. However the change in will be a much smaller percent

then that of because is smaller to begin with then , so for a small change

in h, the percent change in the value is much less. So for starters we will assume that the terms
associated with do not change significantly. Assuming that is the case, then we can

look at the standard form:

From our assumptions above, the middle term is unchanged, and the last term increases.
The solution is

The result of these changes are:

since is unchanged, the n is unchanged and

a)



c) Since increases, decreases>

b) Since is larger, and is smaller, is larger.

d) Therefore is smaller and becomes larger.


