Hurricanes: This Will Blow You Away
Teacher Notes


The Right Stuff: Appropriate Mathematics for All Students
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Promoting the use of materials that engage students in meaningful activities that promote the effective use of technology to support mathematics, that further equip students with stronger problem solving and critical thinking skills, and enhance numeracy.

Overview
 
Students will apply the concepts of 

· Analyzing Graphs – Students will examine data graphically with technology and describe general trends.
· Connections to other Disciplines - Students will investigate data using multiple resources to acquire new information (video and resources from the web)

· Modeling – Students will model data with a polynomial function using technology.
· Prediction – Students will make predictions using an appropriate model.
Supplies and Materials

· Student Worksheet 6.1

· Either 6.3 Excel file, 6.4 TI-Nspire™ file, or a handheld that will create a scatter plot and find a model for the data

· Internet connection

· Handheld technology

Prerequisite Knowledge


Students must be able to find an appropriate model using technology.

Instructional Suggestions
1. Discuss hurricanes and the information in the introduction.  Talk about pressure and the units that are used to measure pressure, psi and  psf. 
2. Examine the USA Today snapshot and construct a table of values using the information.  Find an appropriate model for this data.
3. Discuss the difference between the model found using technology and Ahrens’ model.
Assessment Ideas

1. Describe the information provided by the graph below.
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2. Can you think of a situation that may fit this data?
3. Given the following data, construct an appropriate regression model for the height of a projectile thrown upward using the following data:









   H(t) = _______________

	Time
	0
	0.2
	0.4
	0.6
	0.8
	1
	1.2
	1.4
	1.6
	1.8
	2

	Height
	3
	7
	10.2
	12.7
	14.3
	15.2
	15.3
	14.6
	13.1
	10.8
	7.8

	
	
	
	
	
	
	
	
	
	
	
	


4. Predict the projectile height at t = 0.7 seconds and t = 1.5 seconds
H(0.7) = __________

H(1.5) = __________
5. At what time would you predict the object would be at height 0?

6.  When would the projectile reach its maximum height and how high would it be?  

	Introduction

The goal of this activity is to find a way to model wind pressure as a function of wind speed using data points from wind speeds from the five categories of hurricanes.

Research the Saffir-Simpson Hurricane Scale.   http://www.nhc.noaa.gov/aboutsshs.shtml
Calculations made from Table 1 shows that the average number of category 1 storms each decade is 7 (Caution: do not include 2001-2004). The average number of storms per decade for a category 2 is 4.67, and category 3 is 4.6.  
The instructor may have the students calculate the means at this time to confirm the averages.

What additional information might you want to know about the number of hurricanes each decade?

The instructor may have the students calculate the means at this time.  The data shows all storms. It would also be nice to know the number of storms that hit land and whether it hit Florida, the East Coast, or the Gulf Coast.
	Decade

Saffir-Simpson Category1
All
1,2,3,4,5

Major
3,4,5

1

2

3

4

5

1851-1860

8

5

5

1

0

19

6

1861-1870

8

6

1

0

0

15

1

1871-1880

7

6

7

0

0

20

7

1881-1890

8

9

4

1

0

22

5

1891-1900

8

5

5

3

0

21

8

1901-1910

10

4

4

0

0

18

4

1911-1920

10

4

4

3

0

21

7

1921-1930

5

3

3

2

0

13

5

1931-1940

4

7

6

1

1

19

8

1941-1950

8

6

9

1

0

24

10

1951-1960

8

1

5

3

0

17

8

1961-1970

3

5

4

1

1

14

6

1971-1980

6

2

4

0

0

12

4

1981-1990

9

1

4

1

0

15

5

1991-2000

3

6

4

0

1

14

5

2001-2004

4

2

2

1

0

9

3

                                                                                            Table 1
Source: National Weather Service http://www.nhc.noaa.gov/pastdec.shtml






	Directions

Examine the graph in Figure 1.  

The graph shows the profile of a hurricane with its wind speed and pressure across the hurricane between 100 and 200 kilometers from the eye.

1.  Describe the wind speed and pressure as the distance from the eye increases.

As the distance from the center of the eye increases, the pressure increases. The wind speed is greatest right outside the eye and decreases as the distance increases.
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http://ww2010.atmos.uiuc.edu/(Gh)/guides/mtr/hurr/stages/cane/pswd.rxml
                                                                                Figure 1

	Hurricanes are measured by their wind speed. Speed is a scalar quantity, often measured in miles per hour (mph). However, it is the pressure the wind creates on an object that presents the problem.  Pressure may be measured in pounds per square inch (psi).  When the air is still, it exerts a pressure of about 14.7 psi. This pressure doesn’t move things, such as sail boats or roofs of buildings, because the pressure is pushing in all directions with equal force.  Pressure, in psi, can be found in many everyday scenarios.

2.  A man who weighs 150 pounds is standing flat - footed, his weight spread over 50 square inches (the bottom of his shoes).  Find the pressure the man’s weight is exerting.

          150 lbs/50 sq inches = 3 psi

3.  A woman who weighs 100 pounds is in heels. Her weight is spread over only 20 square inches (the bottom of her shoes).  Find the pressure the woman’s weight is exerting.

          100 lbs/20 sq inches = 5 psi


	


The National Weather Service investigates hurricanes by flying into the hurricane and taking measurements that allow others to predict intensity and track.

(see video 
 )
http://www.sciencedaily.com/videos/2006/0503-hurricanes_inside_the_storm.htm
However, technology has been created that allows scientists to capture data from radars that can add to our ability to predict both the intensity and track of hurricanes.
(see video 
 )
http://www.sciencedaily.com/videos/2007/0901-3d_hurricane_tracking.htm
Discuss weight and pressure here.  The heels will exert more pressure over a smaller area. The weight of the man is still more than the woman.


	4.  Examine the USA Today graphic of wind speed and air pressure.

What general trend can you describe between wind speed and wind pressure?

As the wind speed increases the pressure also increases. This is not a linear relationship since the psf at 155 mph is more than quadruple the psf at 74 mph.
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                                                                                                       Figure 2

http://education.ti.com/educationportal/activityexchange/ activity_detail.do?activityid=3644&cid=us


	5.  Find the quadratic regression of best fit that will model pressure in terms of miles per hour.
     PSF(mph) = 

	PSF (mph) =

0.004*mph2 + 0.0002*mph + 0.0125

	6.  Read the graphic more carefully and find the formula used by Ahrens.

     PSF(mph) =


	Ahrens’s formula is only the first term of the model found above:

PSF = 0.004 * mph2

	7.  Why would Ahrens just leave off the last two terms of the model?


	The last two terms of Ahrens's model does not effectively change much in the results. Since these are only estimates anyway, approximations to one decimal place are certainly good enough.




	8.  What would the wind pressure be in psf if the wind speed were 100 mph?  
What if the wind speed is 200 mph?


	MPH

Ahrens’s Model

100

40

200

160



	9.  If the wind pressure were at 50 psf, what would the wind speed be?  
What if the wind pressure was 75 psf?


	MPH

Ahrens's Model

These values can be approximated from the graph, solved from the quadratic equation, or found using solver in Excel.

112

50.176

137

75.076


	10.  Compare the force of the wind (psf) at 100 mph and at 200 mph.  The wind speed has doubled.  By what factor has the force increased?  Explain.


	As the wind speed doubles the pressure quadruples.  The reason is because of the quadratic model.  Multiplying the independent variable by 2 results in 2^2 times the dependent variable.
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Hurricane damage zooms as wind speeds increase

Damage levels from Hurricane Ivan correlate mainly to wind speed. For
example a wind speed increase from a 74 mph Category 1 stormtoa 111
mph Category 3 more than doubles the wind’s force. Increasing wind speeds
also create higher storm surge, which is water a hurricane pushes ashore.

Category wind speeds and pounds per
square foot (psf) of wind pressure:

s &

S 4

i T
Tropical storm Category 1 Category 2
Winds: 39 mph Winds: 74 mph Winds: 96 mph
psf: 6.1 psf: 21.9 psf: 36.9

Category 3 Category 4 Category 5
Winds: 111 mph Winds: 131 mph Winds: 155 mph
psf: 49.3 psf: 68.6 psf: 96.1

Note: Based on the formula in C. Donald Ahrens, Meteorology Today: Wind speed in miles per hour
multiplied by itself and then by 0.004 gives wind’s pressure in pounds per square foot. Figures are
rounded to one decimal point.

Source: USA TODAY research By Alejandro Gonzalez, USA TODAY






