Air Traffic
Management

Activity I:
Determining || Introduction
the Locus of
a Fllght Plan ||| Assoonas afl_lght path is decided upon, the pilot and controllers mor_utpr the
course of the airplane to be sure the airplane stays on that course. Thisisnot
unlike making sure a car stays on aroad (and between the lines). If we describe a
flight path in terms of alocus defined by lines with equations, it should be easy to
determine if we are inside the locus and if the actual airplane’s path intersects any
of thelocus boundaries (or lines). Controllers have programs that do essentially
this, and they can foresee when an airplane may leave thislocus. To better under-
stand how such programs work, let’s look at aflight path specifically in terms of
objective points, then regions (paths).

Thisis broken up into eight sections:

Part A. At what point will the airplane be after time, t?

Part B. What isthe distancetraveled in timet?

Part C. Can we reach a specific endpoint if given v, and v, are constants?

Part D. If the airplane does not reach (x,, y,), what isthe closest point of
approach (x,, y,) whereit should turn to get to (x,, y,)?

Part E. If wewant to reach (x,, y,), what should the heading angle (x) be?

Part F. If | want toreach (x,y,) at t =t, what should | do?

Part G. If theairplanefliesfor a certain speed for a certain amount of time,
at what speed should the airplanefly for the remaining portion of time,
in order to still reach itsdestination at timet,?

Part H. Staying on the geometric path
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Part A - Wherewill theairplane be after timet?

1. What | already know:

a d= X , Where
d= distance, = ,and =
Thismeans, if | start from the origin (0,0) and travel at 40 mi/h for 2 hours, |
will have traveled miles.
If | then travel for another hour at 20 mi/h, | will have travelled another
miles.
The total trip will be miles because total

distance traveled = sum of all parts of trip.

b) Not all distances are known or can be easily calculated for al problems.
Sometimes, we have to leave things in variable form. If you were to write an
eguation with variables to show that the total distance = the sum of all dis-
tances, what would the equation look like? Use d and subscripts to denote
different distances.

If you don’t know the distance of the first stretch of the path, and only want
to usether and t variables for that path, what would the new equation look
like?

What is another way of writing this equation, using no ds?
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¢) Our problem becomes a little more complex when we use x and y to illustrate
points and we travel along diagonals. We can use the following variables to
determine where an airplane will be (x, y) after timet.

(x,y)

N

angle

(Xor Yo) Vy

> angle x = heading angle

v

Similarly as with distance, the final position = where the pilot began from
(XoY,) Plus the new distance traveled. For convenience, the distance vector is
broken up into its x and y constituents.

X=X, +Vt

y=y,+ vyt

2. Solve for the unknown variables; fill in the chart.

X Yo v, v, X

1. 0 0 5 15 10
2. 2 2 60 25 3

3. 4 1 -10 30 5

4. -15 -15 2 -25 -40
5. -10 2 17 20 24 42

3. For any two of the above situations, summarize the path of the airplane as the
example shows, on a coordinate grid. Estimate the distance traveled using a
ruler or the squares on your graph paper, or use the distance formulaif you know
it.
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Activity I:
Determining | part B - What isthe distance traveled in timet?

the Locus of
a F'lght Plan ||| Let'sderive aformulathen useit to solve for distance with respect to time!

1. First method of derivation: Proof with Algebra and Trigonometry Properties.

Given: distance is defined with the following equation:
d = ((x - %)+ (y - yp)) 2
and
X=X,+Vt
Y=Y+ vt (and variables defined in picturein Part A)
Prove: d = vt









































































