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The Task
Please see worksheet for all details, there is simply too much to contain herein. However, the questions
asked of the students are as follows:
1.

[W]hat is the probability that a search team will find MH370 on its first try, that is, the first place the
team looks? (Assume the plane stayed generally intact and is visible from a search plane or ship.)

2. [W]ater covers 70.9% of the Earth. Assuming this percentage holds true for our search region, what is
the probability that a search team will find MH370 on its first try given that the plane “landed” on water?
3. Have you ever heard the phrase, “It’s like finding a needle in a haystack”? Haystacks come in all sizes.
However, round hay bales have standard sizes, including 5’ in height and 4’ in diameter. Hand sewing
needles vary in size, too. But 2” long by 3/64” in diameter could be considered typical. So, what is the
probability of finding a needle in a hay bale? And how does it compare to your answers to #1 and #2?
Big Ideas





Geometric probability
Area and volume
Representing complex shapes with basic geometric shapes
Extracting and assimilating all relevant information from a large collection of data; determining and
discarding any extraneous information; and applying appropriate formulas to calculate the answers to
complex real-world problems.

Standards of Learning for Grades 6-7-8
6.10b Solve practical problems involving area of a
circle given the diameter or radius
6.10c Solve practical problems involving area
7.1b
Determine scientific notation for numbers
7.1c
Compare numbers written in scientific
notation
7.5a Describe volume of cylinders
7.5b Solve practical problems involving the
volume of cylinders

G.9
G.11b
G.11c
G.13

Standards of Learning for Geometry
Use properties of quadrilaterals to solve realworld problems
Solve real-world problems involving
properties of circles
Find areas of sectors in circles
Use formulas for volume of three-dimensional
objects to solve real-world problems

Continue to next page for Process Goals and Related Tasks
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Process Goals
Problem Solving and Reasoning – Students will apply and adapt a variety of appropriate strategies to
solve problems that arise in mathematics and in other contexts.
Connections and Representations – Students will recognize and apply mathematics in contexts outside
of mathematics and will use representations to model and interpret physical, social, and mathematical
phenomena.
Communication – Students will justify their findings and present their results to the class with precise
mathematical language.

Related Task – Harry Potter and the Age of Man
Best estimates for the age of the Earth put it at 4.54 billion years. Modern humans (in other words, humans
that look like they do today) have been on the Earth for about 100,000 years.
Harry Potter and the Deathly Hallows is 784 pages long, and its average page has about 19 sentences.
If the Earth’s existence, all 4.54 billion years of it, were a 784 page book with about 19 sentences per page,
on what page and in which sentence on that page would modern humans make their first appearance?
Answer the question using pictures, words, tables, graphs, and/or symbols.
Related Task – The Lewis Carroll Conundrum
The task is a dissection problem that deals with cutting up a square and rearranging it into a rectangle to
find surprisingly that somehow an increase of one square unit of area has resulted. It is loosely related to
“How Can a Plane Just Disappear?” as it, too, deals with ratios (slope) and the idea and realization of
“smallness.” Please see the actual task and lesson for more details.
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The Task
Please see worksheet for all details, there is simply too much to contain herein. However, the
questions asked of the students are as follows:
1.

[W]hat is the probability that a search team will find MH370 on its first try, that is, the first
place the team looks? (Assume the plane stayed generally intact and is visible from a search
plane or ship.)
2. [W]ater covers 70.9% of the Earth. Assuming this percentage holds true for our search region,
what is the probability that a search team will find MH370 on its first try given that the plane
“landed” on water?
3. Have you ever heard the phrase, “It’s like finding a needle in a haystack”? Haystacks come in
all sizes. However, round hay bales have standard sizes, including 5’ in height and 4’ in
diameter. General hand sewing needles vary in size, too. But 2” long by 3/64” in diameter
could be considered typical. So, what is the probability of finding a needle in a hay bale? And
how does it compare to your answers to #1 and #2?







Materials
Document camera, presentation station,
standard teaching materials
Graphing calculator, standard student
materials
Google Earth1 (optional—does not need to
be used at all)
Worksheet: How Can a Plane Just Disappear:
A Geometric Probability Investigation
One large presentation paper per group
(The teacher may wish to have students
display their work on poster paper for a
gallery walk to follow the class discussion.)







Facilitating Task
Class will be divided into groups of 3-4
students.
Read the task together and answer
clarifying questions.
Groups will be given materials upon
request.
Give students individual think time and then
work together in groups.
Groups present findings during last 10-15
minutes of class. (Overall time for activity:
one 90-minute block period)

Continue to next page for Lesson Motivation,
Misconceptions, and Suggested Prompts

1

Google Earth is the optional technology component of this lesson. Depending on the degree of availability of student computers and
Google Earth’s availability on these computers, the teacher may choose to use Google Earth exclusively from his/her presentation
station or allow students to use it on their computers while modeling and directing its use from his/her presentation station.
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Motivation/Engagement:
Ask students what they know about Malaysian Airlines Flight 370. Play an appropriate video
regarding the history of its disappearance. (A search for “MH370” at CNN.com alone returns 314
results as of April 15, 2014.) Pin MH370’s last known location, 6°55′15″N 103°34′43″E, on Google
Earth (optional).
Ponder the question, “How can a plane just disappear?” Encourage student discussion.









Misconceptions/Difficulties
Questions may revolve around how to
assimilate initial information from the
worksheet to formulate a logical problemsolving approach (i.e., “Where do I even
begin?”)
Difficulty determining the time elapsed
between the plane’s last known location
and the last confirmed signal between the
plane and a satellite
Difficulty determining the relevant
formulas to complete the worksheet
Unit conversion errors












Suggested Prompts or Questions
Do you have a plan? What ideas do you
have for tackling these problems?
What information do you know?
What concepts, geometric or otherwise,
would help you with these problems? What
are you being asked to do?
Are there any formulas that would help us
with this task? Why?
Do you need to engage in two- or threedimensional thinking for the particular
problem that you are on?
What geometric shapes are you dealing
with here?
How much time elapsed between the
plane’s last known location and the last
confirmed signal between the plane and a
satellite?
How would you describe the collection of
all points equidistant from one particular
point?
Do you need common units for what you
are doing?

Continue to next page for Closure
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(Optional) Closure:
Use Google Earth’s Path Tool to create, say, four to eight radii of approximately 3704 miles apiece
emanating from MH370’s last known location, which was pinned earlier. Next, use Google Earth’s
Polygon Tool to create a “circle” having these radii.2 This is the search area.

This was my result.

Play the three-minute video, “Finding 370: Explaining the Impossible.”
http://www.cnn.com/video/data/2.0/video/international/2014/04/04/finding-370-explaining-theimpossible-quest-explains-figures.cnn.html

2

Please familiarize yourself with Google Earth prior to conducting this activity. Also, while Google Earth Pro has the capability to
draw circles, the free version used here does not. As such, we must simply do our best workaround with the Polygon Tool as
described above. Again, Google Earth is the optional technology component of this lesson and does not need to be used at all.
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Malaysia Airlines Flight 370 (MH370) was a scheduled international passenger flight from Kuala
Lumpur, Malaysia to Beijing, China that lost contact with air traffic control on 8 March 2014 at 01:20
Malaysian time, 40 minutes after takeoff. The aircraft, a Boeing 777-200ER, was carrying 12
Malaysian crew members and 227 passengers from 14 nations.
The aircraft climbed to its assigned cruise altitude of 35,000 feet and was travelling at 542 mph true
airspeed when it ceased all communications and the transponder signal was lost. The flight’s last
radar transponder contact (last known location) was at 6°55′15″N 103°34′43″E.1
The last confirmed signal between the plane and a satellite came at 8:11 a.m. Malaysian time, about
7½ hours after takeoff.2 (This signal, however, did not reveal a specific location of the airplane.)
According to Boeing’s website3, a 777-200ER jet has the following specifications:
Basic Dimensions
Wing Span
Overall Length
Tail Height
Interior Cabin Width
Diameter

199 ft 11 in (60.9 m)
209 ft 1 in (63.7 m)
60 ft 9 in (18.5 m)
19 ft 3 in (5.86 m)
20 ft 4 in (6.19 m)

1. Given no more information than what is above, what is the probability that a search team will find
MH370 on its first try, that is, the first place the team looks? (Assume the plane stayed generally
intact and is visible from a search plane or ship.) Answers will vary because thinking will vary.
Assuming a rectangular shape, the area of the aircraft is approximately 200 * 209 or 41800 ft 2. You could be more precise, but it won’t
matter much in the end.
From its last known location, the plane is presumed to have flown for an additional 6 and 5/6 hours (that’s 7½ hours minus 40 minutes).
Assuming an airspeed of 542 mph, D = RT gives us a distance traveled of approximately 3704 miles. The airplane could’ve flown in any
direction from that last known location, so the search region is a circle with radius 3704 miles. That makes a search area of about π *
37042 or 43,093,688 mi2. Since we need common units, dividing 41800 by 52802 gives us that the area of the plane is roughly 0.001499
mi2. Thus,
𝑃(𝑀𝐻370 𝑖𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑓𝑖𝑟𝑠𝑡 𝑝𝑙𝑎𝑐𝑒 𝑡ℎ𝑒 𝑡𝑒𝑎𝑚 𝑠𝑒𝑎𝑟𝑐ℎ𝑒𝑠) =

0.001499
≈ 3.48 × 10−11
43093688

Highly unlikely is an understatement.
1
2
3

http://en.wikipedia.org/wiki/Malaysia_Airlines_Flight_370#Timeline_of_disappearance (includes image of plane above)
http://www.cnbc.com/id/101485972
http://www.boeing.com/boeing/commercial/777family/pf/pf_200product.page
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2. According to the National Oceanic and Atmospheric Administration (NOAA) 4, water covers 70.9%
of the Earth. Assuming this percentage holds true for our search region, what is the probability
that a search team will find MH370 on its first try given that the plane “landed” on water?
Answers will vary because thinking will vary.
𝑃(𝑀𝐻370 𝑖𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑓𝑖𝑟𝑠𝑡 𝑝𝑙𝑎𝑐𝑒 𝑡ℎ𝑒 𝑡𝑒𝑎𝑚 𝑠𝑒𝑎𝑟𝑐ℎ𝑒𝑠|𝑡ℎ𝑒 𝑝𝑙𝑎𝑛𝑒 "landed" 𝑜𝑛 𝑤𝑎𝑡𝑒𝑟) =

0.001499
≈ 4.91 × 10−11
43093688 ∗ .709

The chances are slightly better but still remarkably dubious.

3. Have you ever heard the phrase, “It’s like finding a needle in a haystack”? Haystacks come in all
sizes. However, round hay bales (see below)5 have standard sizes, including 5’ in height and 4’ in
diameter. General hand sewing needles vary in size, too. But 2” long by 3/64” in diameter could
be considered typical. So, what is the probability of finding a needle in a hay bale? And how does
it compare to your answers to #1 and #2? Answers will vary because thinking will vary.

An object in the ocean will either float at the top or sink to the bottom. It will not float
somewhere in between. As such, two-dimensional analysis is appropriate. But a needle
can be anywhere in a hay bale. Here we must consider the possibilities threedimensionally. We must think in terms of volume or space, shifting our thinking to 3D. A
hay bale is clearly a cylindrical shape. A needle is roughly cylindrical, too.

Needle
Hay bale

Radius (i.e., diameter ÷ 2) in inches
3/128
24
𝑃(𝐹𝑖𝑛𝑑𝑖𝑛𝑔 𝑎 𝑛𝑒𝑒𝑑𝑙𝑒 𝑖𝑛 𝑎 ℎ𝑎𝑦 𝑏𝑎𝑙𝑒) =

Height in inches
2
60
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑛𝑒𝑒𝑑𝑙𝑒
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 ℎ𝑎𝑦 𝑏𝑎𝑙𝑒

3 2
) ×2
128
𝑃(𝐹𝑖𝑛𝑑𝑖𝑛𝑔 𝑎 𝑛𝑒𝑒𝑑𝑙𝑒 𝑖𝑛 𝑎 ℎ𝑎𝑦 𝑏𝑎𝑙𝑒) =
≈ 3.18 × 10−8
2
𝜋 × 24 × 60
𝜋×(

The probability of finding a needle in a hay bale is around three orders of magnitude better than finding MH370
given nothing more to go on than the information we were given in this worksheet. Wow!
4
5

http://www.ngdc.noaa.gov/mgg/global/etopo1_ocean_volumes.html
Image source: http://wallpaperstock.net/golden-haystack_wallpapers_8748_1280x1024_1.html
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Malaysia Airlines Flight 370 (MH370) was a scheduled international passenger flight from Kuala
Lumpur, Malaysia to Beijing, China that lost contact with air traffic control on 8 March 2014 at 01:20
Malaysian time, 40 minutes after takeoff. The aircraft, a Boeing 777-200ER, was carrying 12
Malaysian crew members and 227 passengers from 14 nations.
The aircraft climbed to its assigned cruise altitude of 35,000 feet and was travelling at 542 mph true
airspeed when it ceased all communications and the transponder signal was lost. The flight’s last
radar transponder contact (last known location) was at 6°55′15″N 103°34′43″E.1
The last confirmed signal between the plane and a satellite came at 8:11 a.m. Malaysian time, about
7½ hours after takeoff.2 (This signal, however, did not reveal a specific location of the airplane.)
According to Boeing’s website3, a 777-200ER jet has the following specifications:
Basic Dimensions
Wing Span
Overall Length
Tail Height
Interior Cabin Width
Diameter

199 ft 11 in (60.9 m)
209 ft 1 in (63.7 m)
60 ft 9 in (18.5 m)
19 ft 3 in (5.86 m)
20 ft 4 in (6.19 m)

Assignment Expectations
MATHEMATICS

WRITTEN SOLUTIONS

Show all work in a neat and orderly fashion.
Please do the mathematics in pencil.

Along with the actual mathematics, you are to
discuss your thoughts as a problem solver.
Discuss the big ideas that led you to your
conclusion. And what was the realization that
made you think, “Aha! I know what to do now!”

You may wish to include a sketch(es) if you
think that a sketch(es) will help you and your
teacher.

Writing is to be in full sentences, clear and
concise.

1

http://en.wikipedia.org/wiki/Malaysia_Airlines_Flight_370#Timeline_of_disappearance (includes image of plane above)
http://www.cnbc.com/id/101485972
3
http://www.boeing.com/boeing/commercial/777family/pf/pf_200product.page
2
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1. Given no more information than what is above, what is the probability that a search team will find
MH370 on its first try, that is, the first place the team looks? (Assume the plane stayed generally
intact and is visible from a search plane or ship.)

2. According to the National Oceanic and Atmospheric Administration (NOAA) 4, water covers 70.9%
of the Earth. Assuming this percentage holds true for our search region, what is the probability
that a search team will find MH370 on its first try given that the plane “landed” on water?

4

http://www.ngdc.noaa.gov/mgg/global/etopo1_ocean_volumes.html
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3. Have you ever heard the phrase, “It’s like finding a needle in a haystack”? Haystacks come in all
sizes. However, round hay bales (see below)5 have standard sizes, including 5’ in height and 4’ in
diameter. General hand sewing needles vary in size, too. But 2” long by 3/64” in diameter could
be considered typical. So, what is the probability of finding a needle in a hay bale? And how does
it compare to your answers to #1 and #2?

5

Image source: http://wallpaperstock.net/golden-haystack_wallpapers_8748_1280x1024_1.html
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