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SPINOFF 3A

A Cost-Benefit Analysis of the Doppler Radar
Wind Profiler at the Kennedy Space Center

Problem Statement

The Doppler Radar Wind Profiler (DRWP) at the Kennedy Space Center (KSC) can detect sudden
wind velocity changes that would not be noticed using the traditional method of determining wind
velocity changes -- aweather balloon sent aloft one hour before launch. The cost of operating the
DRWP is $250,000 per year. With NASA funding being limited, the scientists at KSC need to
know whether this expense can be justified. Your mission, should you decide to accept it, isto
compare the benefits of using the DRWP with its annual operating cost ($250,000) and to make a
recommendation to either stop using the DRWP or to continue funding it. 'Y ou must justify your
recommendation. The DRWP is used for approximately eight Shuttle launches per year and 2
Titan rocket launches per year. Shuttles have acrew of 6 persons while Titan rockets are
unmanned.

Mathematical Aside

The benefit associated with the DRWP depends on the value of the Shuttle, the value of a Titan
rocket, and the value of the payloads they are carrying. Another factor is the probability that the
DRWP will detect a sudden wind velocity change not detectable by traditional means, thus
avoiding the destruction of alaunch vehicle and its payload. To determine the benefit associated
with the DRWP, we need to understand the concept of mathematical expectation. We first
introduce several terms.

Anexperiment isthe observation of an occurrence. For example, the Engineers at KSC
conducted an experiment when they used the DRWP to record changes in wind velocities over a
long period of time. A sample space isthe set of all possible outcomes. For the purposes of the
K SC experiment the possible outcomes were the possible changes in wind vel ocity from the last
reading made by the weather balloon, so our sample space would be the set of all possible changes
inwind velocity. Anevent isasubset of the sample space. The KSC scientists were interested in
the event: “changesin wind velocity with absolute value greater than 20 m/s’, a subset of al the
possible outcomes.

Example 1. Consider the following experiment. Y ou will tossacoin and asix-sided die. You are
interested in obtaining a head on the coin and either a5 or 6 onthe die. Find the sample space and
event.

Solution:

L et Sbe the name for the sample space. Then

S={(H.1), (H,2), (H,3), (H,4), (H,5), (H,6), (T,1), (T,2), (T,3), (T.4), (T.5), (T,6)}
Theevent E weareinterested inis.

E={(H.5), (H,6)}
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Theprobability of an event isameasure of the likelihood that the event will occur. 1n most
instances we useexperimental probability, obtaining the probability by looking at alarge
number of data. For example, the insurance industry uses data from across the United States to
determine the probability that someone fitting a certain profile (e.g., 18 year old, unmarried male)
will have an automobile accident involving medical expenses. To find the experimental probability
p we divide the number (m) of times an event occurs by the number (n) of times the experiment
was repeated.

p= m Experimental Probability
n

In some cases we can use logical reasoning to determine the theor etical probability of an

event. If al outcomes are equaly likely (often not the case), the theoretical probability can be

found by dividing the number of outcomes Sin the event by the total number of outcomes T in the

sample space. The outcomesin the event of interest are often referred to as successes.

p:;_

Exercises:

1) If acoinand adie are tossed simultaneously, find the theoretical probability that the coin shows
heads and the die shows a5 or a 6.

2) Threefair coinsaretossed. List the sample space for this experiment. Consider the event
“exactly two heads’. List all outcomes which satisfy this event and specify the theoretical
probability of the event.

3) The program for the TI-83™ shown below simulates tossing two dice and finding the sum of
thetwo dice. Run the program 100 times and use the results to find the experimental
probability of getting either a7 or an 11 for the sum.

PROGRAM:DICE
‘randint(1,6)+randint(1,6)® S
:Disp S
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Mathematicians use the concept of mathematical expectation or expected value to indicate
the value of an event with different "winnings" and probabilities for each possible outcome. To
find the expected value of an event, you must multiply the “winnings’ associated with each
outcome by the probability of that outcome. The sum of these products is the expected value of the
event. In symbols, the expected value V of an event composed of outcomes that have probabilities
Py B, P, ... @A WiNNiNgs w;, w,, W, ... isgiven by the following formula:

V=w Xp +W, Xp, + W, Xp, +...

Example 2: A fair coin and fair die aretossed. |If ahead and a1 or 2 shows, youwin $2. If a
head and a 3 or 4 shows, you win $5. If ahead and a5 or 6 show, you win $10. Otherwise, you
lose $5. What isthe mathematical expectation for this game?

Solution: Let p, be the probability of getting ahead and a1 or 2, p, be the probability of getting a
head and 3 or 4, p, be the probability of getting ahead and a5 or 6, and p, be the probability of

getting any other outcome. Then p,=p, = p, = f?_ . Also, p, = 1—62 . The associated winnings are

w, =2, w, =5w, =10, w, =-5. The expected valueVis

—2_>Q+£>6+3x10+1§2x(-@

12 12 12
4 10 20 -30
S =+ — +—
12 12 12 12

= 1% » $0.33

If you play this game repeatedly, you can expect to win an average of $0.33 per game.

We now have the mathematical tools needed to solve the problem described in the beginning
paragraph of this Spinoff. The following four-step model for problem solving will help to guide
you through the solution process. Try to remember these five steps, for they can be applied to
amost any problem.

1) Define the problem
Refer to the problem statement at the beginning of thisinvestigation. Discuss the problemin
your team. What information do you need if you are going to be able to make a
recommendation to the Kennedy Space Center's Director? Make alist of the information
needed and present the list to your instructor who has collected the information you will need.

What assumptions must you make in order to complete your mission?

State the problem in your own words.
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2) Devise a plan
State in your own words how you will determine adollar value for the benefit of using the
DRWP.

3) Carry out the plan
Determine the expected value of the DRWP using your assumptions. Use this number to
decide whether or not to recommend continued use of the DRWP.

4) Look back
There may beloss of lifeif the Shuttleislost. How would this factor affect your
recommendation to the KSC Director?
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