	Background Information

	Content/Grade Level

	Algebra II

	Unit

	Unit 3:Trigonometric Functions

	Essential Questions/Enduring Understandings Addressed in the Lesson

	Essential Questions
· When and how is mathematics used in solving real world problems?
· What characteristics of problems would determine how to model the situation and develop a problem solving strategy?
· When and why is it necessary to follow set rules/procedures/properties when manipulating numeric or algebraic expressions?
· How are key features of a graph used to interpret trigonometric functions and models? 

Enduring Understandings
· Relationships between quantities can be represented symbolically, numerically, graphically and verbally  in the exploration of real world situations 
· Trigonometric functions and features such as amplitude, frequency, and midline can be used to model periodic phenomena
· Relationships can be described and generalizations made for mathematical situations that have numbers or objects that repeat in predictable ways
· Mathematics can be used to solve real world problems and can be used to communicate solutions to stakeholders


	Lesson Topic

	Mathematical Modeling with Trigonometric Functions

	Focus
Standards Addressed in This Lesson

	The major focus of this lesson is modeling with trigonometric functions.  The Evidence Statements that appears on page 7 of the Algebra 2 EOY Evidence Table reads as follows:
Solve multi-step contextual word problems with a degree of difficulty appropriate to the course level knowledge and skills articulated in S-ID.6a limiting function fitting to trigonometric functions. 

The learning experiences in this lesson plan will help students develop the abilities described in this Evidence Statement.  As students complete the provided activities they will become more proficient with skills associated with standard F.TF.5

F.TF.5       Choose trigonometric functions to model periodic phenomena with specified
                 amplitude, frequency, and midline. (additional)

S.ID.6       Represent data on two quantitative variables on a scatter plot, and describe how the 
                 variables are related. (additional)
S.ID.6 a.    Fit a function to the data; use functions fitted to data to solve problems in the context 
                 of the data. Use given functions or choose a function suggested by the context. 
                 (supporting)

	Coherence
Relevance/Connections

	How does this lesson connect to prior learning/future learning and/or other content areas?
Middle School 
In 8th grade students first learn about scatter plots and fit linear models to linear functions to data as described in the standards listed below.

8.SP.1.     Construct and interpret scatter plots for bivariate measurement data to investigate patterns of association between two quantities. Describe patterns such as clustering, outliers, positive or negative association, linear association, and  nonlinear association.

8.SP.2.   Know that straight lines are widely used to model relationships between two quantitative variables. For scatter plots that suggest a linear association, informally fit a straight line,  and  informally assess the  model fit by  judging the  closeness of the  data points to the  line.

8.SP.3.   Use the equation of a linear model to solve problems in the  context of bivariate measurement data, interpreting the  slope and  intercept.
Algebra I 
In Algebra I, students summarize, represent and interpret linear, exponential and quadratic data on two quantitative variables.
S.ID.6.   Represent data on two quantitative variables on a scatter plot, and describe how the variables are related.
a.   Fit a function to the data; use functions fitted to data to solve problems in the context of the data. Use given functions or chooses a function suggested by the context. Emphasize linear and exponential models.

b. Informally assess the fit of a function by plotting and  analyzing residuals.

c.   Fit a linear function for a scatter plot that suggests a linear association.

Interpret linear  models
S.ID.7.   Interpret the  slope (rate of change) and  the  intercept (constant term)
of a linear model in the  context of the  data.

S.ID.8.   Compute (using technology) and interpret the correlation coefficient of a linear fit.

Algebra II
Prior to this lesson in Algebra II, students should have lessons that address Standards F.TF.1, F.FT.2, F.TF.5 and F.TF.8.

Extend the domain of trigonometric functions using the unit circle
F.TF.1.     Understand radian measure of an angle as the  length of the  arc  on the unit circle subtended by  the  angle.

F.TF.2.   Explain how the  unit circle in the  coordinate plane enables the extension of trigonometric functions to all real numbers, interpreted  as radian measures of angles traversed counterclockwise around the  unit circle.

Model periodic phenomena with  trigonometric functions
F.TF.5.   Choose trigonometric functions to model periodic phenomena with specified amplitude, frequency, and  midline.★

Prove  and apply trigonometric identities
F.TF.8.   Prove the  Pythagorean identity sin2(θ) + cos2(θ) = 1 and  use it to calculate trigonometric ratios.

[bookmark: _GoBack]Students should be able to make connections to prior experiences with scatter plots and curve fitting.  

	RIGOR
	Procedural Skills
In this lesson, students must once again practice using procedural skills required to determine a regression equation using the capabilities of a graphing calculator. To successfully complete regression using a graphing calculator, students must enter data into lists, turn the scatter plot feature on, set a proper window and then use the appropriate regression application.  

Conceptual Understandings
Students examine the behavior of data to determine the most appropriate type of function for modeling the data. Students have studied a wide variety of functions by this point in their study of mathematics.  The goal is for the student to recognize that the scenarios provided generate data that is periodic in nature.  Students then use their understandings of trigonometric functions to see that the use of a trigonometric function to model the data is the most appropriate choice. 

Ability to Model with Mathematics
As students complete the various tasks in this lesson they will employ various steps of the modeling cycle.   The tasks are not opened enough to require the initial identification of the variables but most of the other steps in the cycle are required at some point while completing this lesson. Tasks require students to create representations of a scenario and then to analyze the situations and draw conclusions. 

	Student Outcomes 

	The student will:
· Identify real life scenarios and phenomena that can be modeled using trigonometric functions
· Identify a function that will appropriately model real life scenarios and phenomena
· Create a trigonometric function to model real life scenarios and phenomena using technology
· Interpret the key features of a trigonometric function & its graph such as domain, range, amplitude, and period within the context of a scenario

	Summative Assessment
(Assessment of Learning) 

	How will this “Student Outcome” be assessed on a Summative Assessment?
· Students should be able to identify scenarios that can be modeled trigonometrically
· Students should be able to model, analytically and by using technology, real-world scenarios and phenomena best described trigonometrically
· Students should be able to evaluate and interpret trigonometric models within the context of a scenario

	Prior Knowledge Needed to Support This Learning

	Prior to the lesson, students should be able to:
· Create a scatterplot
· Articulate and perform operations using radian measure
· Evaluate a trigonometric function
· Graph a trigonometric function
· Identify and articulate the key features of a trigonometric graph such as domain, range, amplitude, and period










	Learning Experience

	Which practice(s) does this experience address?

	Component
	Details

	
	Motivation
	Materials Needed
· Projection device
· Access the  YouTube video found at http://www.youtube.com/watch?v=j6KO_IeByJ8

Implementation 
· Show the sunrise and sunset video found at:
http://www.youtube.com/watch?v=j6KO_IeByJ8
· Write the word  “Periodic” on the board.
· Ask “How might you use the word periodic to describe what is happening in the video?”
· After a minute of think time, ask students to share their thoughts with a partner.
· Ask a few students to share their discussions.
· Ask students to refine their thinking to include a connection between the height of the sun on the sky over the 4-day period.
· Allow for discussion and then have a few people share.
· Define the word “periodic” as it is used in a mathematics classroom.
pe·ri·od·ic
1. recurring at intervals of time: periodic revivals of an interest in handicrafts. 
2. occurring or appearing at regular intervals: periodic visits of a mail steamer to an island. 
3. repeated at irregular intervals; intermittent: periodic outbreaks of the disease. 
4. Physics. recurring at equal intervals of time. 
5. Mathematics . (of a function) having a graph that repeats after a fixed interval (period) of the independent variable. 



	
	Warm Up/Drills

	Investigation of Periodicity and Relating to Real World Scenarios

Materials Needed
· Graphing Calculator 

Materials Needed
· Projection device
· Image of list of scenarios for Warm-Up

Preparation
· N/A

Implementation
1) Brainstorm Periodic Functions 
· Arrange students in groups of 4.
· Instruct student groups to get out one sheet of paper for the group.
· Instruct each group member to get out a writing utensil.
· Instruct one person from each group to write down a real world example of something that could be modeled with a periodic function.  The person from each group who goes first should then pass the paper to their right.  The next person in each group reads the item on the paper and adds a different example.  The passing of the paper continues until you tell the groups to stop. 
· Allow 1-2 minutes for students to generate ideas.
· Ask each group to share a few an example from their list.  
Note:   If groups seem to have trouble starting, share that temperature throughout the day can be modeled periodically. When the day begins, the temperature it is generally cooler in the morning, warmer in the afternoon, and again cooler in the evening. 

2)  Distinguish between scenarios that are periodic and those that aren’t 

· Display a copy of the list of scenarios provided for the Warm-Up.
· Instruct student groups to work together to identify each scenario as periodic  or not periodic.
· Debrief the activity by going through each scenario and asking students to respond using “Thumbs Up” for periodic and “Thumbs Down” for not periodic.
· Ask various students to provide a rationale for their responses.
3) Review and discuss features of periodic graphs
· 
Display the graph of  (provided)
· 
Display the graph of (provided)
· Instruct students to “Describe why each graph is characterized as periodic.”
· Review and discuss the essential features of the sin and cosine graphs.
· Period:  2π
· Amplitude:  (half the difference between the max and min values)=1
· Frequency:  number of cycles per unit of time (reciprocal of period)= 
· Domain: (all possible x values of a function) =all real numbers
· Range: (all possible y values of a function)=   
· Midline:  (horizontal axis that is used as the reference line about which the graph of a periodic function oscillates) = x-axis  



Teacher notes that functions of the form or can be used to model some of the scenarios on the worksheet.

	
	Activity 1
Scenario 1
	Materials Needed
· Graphing Calculator 

Implementation 
· Distribute the Activity 1 handout. (provided)
· Arrange students into groups of 3 or 4.
· Instruct students to work together on the questions that follow Scenario 1 
· After about 5 to 7 minutes debrief the questions associated with Scenario #1.
Key Questions
· How does the equation relate to the graph features, such as the period/frequency, midline, amplitude, etc.?  
· How what transformations have been performed to the parent function of 
 A cosine parent function has a range of -1 to 1.  The 2 in front of the equation is the amplitude and the 70 is the midline.  The 15 is the horizontal shift.  The period can be found by dividing 2π (normal period of cos) by .209.  
· Should the data be represented as discrete points or as a continuous function?
· How does the context affect the domain?  
· What are some limitations to using a sine or cosine function to model data?


	
	Activity 1 
Scenario 2
Cape Town Temperature Data



	Materials Needed
· Graphing Calculator

Implementation
·  Prior to having students work on the questions associated with Scenario 2, review the steps for entering data into lists; creating a scatter plot; determining a regression equation; and graphing the regression equation over the scatter plot.  These are skills that students should be proficient with based on work with determining regression equations for sets of data that suggest  linear, quadratic and exponential functions serve as an appropriate model. 
· Arrange students into groups of 3 or 4 if they are not already in groups
· Instruct students to work together on the questions that follow Scenario 2 
· Discuss answers to the questions,  focusing on question 6 (to discuss why a periodic function would be the best model) and questions 10 and 11 (to interpret a function in terms of its context.)  

Key Questions
· What are the characteristics of a periodic function?
· What are limitations to modeling a real world scenario with a periodic function?
· What kinds of natural phenomena can be modeled using trigonometric functions?
· What steps should be taken to create a trigonometric model using technology?
· What do the key features of the graph of the model indicate in the context of the problem?
· How do you interpret the input and output of the model in the context of the problem?
· Notice that in the last example a cosine function was used to model a periodic scenario but when asked to determine a regression model using a graphing calculator that the only option is sine regression.  What similarities between the two functions let us understand that either function could be used to model a given periodic scenario?
· 
How is the equation  related to a scenario in context?  



Formative Assessment 
· Various opportunities and methods are possible:
· Question and answer during lesson
· Warm-up activities
· Homework Exercises
· Unit Examination
· Project

UDL Connections 
· Provide multiple means of representation: vocabulary and symbols are pre-taught,  underlying structure in graphs and equations are taught and clarified, key concepts are presented in more than one form (in context, graphically, and algebraically) 
· Options for recruiting interest:  you-tube video is used to generate interest, collaborative peer groups are utilized, 



	
	Closure
How will evidence of student attainment of the lesson outcomes be determined?
	
Exit Ticket:
   Choose one of the “periodic” scenarios from the warm-up or your group work and sketch a possible graph.  Explain the period, midline, and amplitude of your graph.  If possible, generate an equation that could model your scenario.  





	Supporting Information

	
	Details

	Interventions/Enrichments
· Special Education/Struggling Learners
· ELL
· Gifted and Talented

	Enrichment 
For a project to review all of the trigonometry standards, consider using this project by Dan Meyers.  Dan Meyers tasks are very open ended.  The aim to show the video and let students contemplate how to answer the initial question.  This scenario lends itself to a wide variety of extension questions.
http://www.101qs.com/2450-ferris-wheel
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Warm-up Drill 1: Periodic or Not?
Determine if each of the following scenarios can be modeled using a periodic function. If so, explain why. If not, explain why not.

1. A clock's hand moving 60 minutes every hour 


2. Braking distance  of a race car


3. Phases of the moon 


4. A sunrise and sunset 


5. The height of a Ferris Wheel car from the ground during a 3 minute ride

6. A pendulum swinging back and forth 


7. A diver going off the high dive  


8. A traffic light changing 


9. The tide coming in and out 

10. Deer population over time 








Warm-up Drill 1: Periodic or Not?/Answer Key
Determine if each of the following scenarios can be modeled using a periodic function. If so, explain why. If not, explain why not.

1. A clock's hand moving 60 minutes every hour (yes)


2. Braking distance  of a race car (no)


3. Phases of the moon (yes)


4. A sunrise and sunset (yes)


5. The height of a Ferris Wheel car from the ground during a 3 minute ride(yes)

6. A pendulum swinging back and forth (yes)


7. A diver going off the high dive (no) 


8. A traffic light changing (no)


9. The tide coming in and out (yes)

10. Deer population over time (no) 









 Activity 1
Scenario #1
The thermostat in a residence is set at 70°F. Whenever the temperature drops to 68°F, 
roughly every 30 minutes, the  furnace comes on and stays on until the temperature
           reaches 72°F.

1. Sketch a graph representing the above scenario.












2. What features of your sketch support using either a sine or cosine function to model the scenario? Explain your thinking.  







3. 
The function   was developed in an attempt to model the scenario, where f(t) is the temperature in the residence after t minutes. 

a. Find f(t) when t = 0, 15, 30, 45, 60, 75, 90, 105, and 120. 

	t
 (time in minutes after initial temperature recorded)
	



(temperature in degrees Fahrenheit in   the residence t minutes after the initial temperature is taken)

	0
	

	15
	

	30
	

	45
	

	60
	

	75
	

	90
	

	105
	

	120
	



b. Use a graphing calculator to create a scatter plot of the data from the table.
c. Use a graphing calculator to graph the function, f(t) in the same viewing window as the scatter plot.  Sketch the scatter plot and the graph of f(t) on the grid below.







d.  Write a verbal description of the graph in terms of the period, relative maximums and minimums, frequency, amplitude, and midline.  





e. 
How could you use your knowledge of trigonometric functions and structure of the equation used to model this scenario,, to determine the maximum and minimum temperatures?




f. What does the midline represent in the context of this scenario?

g. Approximately how many minutes does it take for the temperature to drop from the maximum to the minimum values? Explain how you determined your answer.


h. List three time intervals during which the heat is running. Explain how you determined your answer. 


i. What is the domain of f(t)?  What does the domain mean in terms of the context?



j. What is the range of f(t)? What does the range mean in terms of the context?


k. What are some reasons the function might not model the scenario exactly?




Scenario #2
Cape Town Temperature Data


4) The data above represents the mean monthly temperatures for Cape Town.  Plot the data on the grid below. 



[image: ]
5) Connect the dots on the display above.  Describe the shape of the graph of the “Mean Monthly Maximum Temperature for Cape Town”.



6) Which type of function does the shape of the scatter plot suggest would serve as a good model for this set of data?  Justify your answer.


 
7) Enter the data from the table above into lists in a graphing calculator.   

8) Create a scatterplot of the data using a graphing calculator. 


9) Complete a sinreg using a graphing calculator.  Record the equation given by your calculator in the space below.


10)   Use your graphing calculator to graph the sinreg equation over the scatterplot of the data.  Describe the fit of the graph of the sinreg equation to the points in the scatterplot. 






11)   What information about the scenario could be obtained by using the regression equation?























Activity 1  (Answer Key)
Scenario #1
The thermostat in a residence is set at 70°F. Whenever the temperature drops to 68°F, 
roughly every 30 minutes, the  furnace comes on and stays on until the temperature
           reaches 72°F.

1. Sketch a graph representing the above scenario.

[image: ]


2. What features of your sketch support using sin or cosine to model the scenario?  Explain your thinking.  
Answers will vary. The temperature varies between 68 and 72 degrees every thirty minutes.  This makes it periodic.  
Prompt with vocabulary just reviewed:  Periodicity, Midline, Amplitude, Frequency.
You may also want to discuss whether “connecting the points” makes sense.    


3. The function was developed in an attempt to model the scenario, where f(t) is the temperature in the residence after t minutes.   (Answer Key)

a)  Find f(t) when t = 0, 15, 30, 45, 60, 75, 90, 105, and 120. 

	t
 (time in minutes after initial temperature recorded)
	



(temperature in degrees Fahrenheit in   the residence t minutes after the initial temperature is taken)

	0
	68

	15
	72

	30
	68

	45
	72

	60
	68

	75
	72

	90
	68

	105
	72

	120
	68



b)  Use a graphing calculator to create a scatter plot of the data from the table.

c)  Use a graphing calculator to graph the function, f(t) in the same viewing window as the scatter plot. 
[image: ]


d. Write a verbal description of the graph in terms of the period, frequency, amplitude, and midline.    Answers may include some of the following details

Midline at y = 70, Amplitude 2, Maximum value = 72º, Minimum value 68º,  Period is 30 minutes, frequency is 1/30, changes from “cupped up” to “cupped down” every 7.5 minutes at the midline.

e. 
How could you use your knowledge of trigonometric functions and structure of the equation used to model this scenario,, to determine the maximum and minimum temperatures?
Since we know that the portion of the equation shown in red







 takes on a value between -1 and 1inclusive, we can conclude that the maximum value of the function will be reached when the cosine expression takes on a value of 1. This will occur every time the argument of the cosine function is equal to 0, 2, 4,… As seen from the graph the argument of the given function takes on the listed values when   

f. What does the midline represent in the context of this scenario?
   The midline represents the desired temperature of 70 degrees.

g. Approximately how many minutes does it take for the temperature to drop from the maximum to the minimum values? Explain how you determined your answer.
 The temperature will drop from a high of 72 degrees to a low of 68 degrees every 15 minutes.  This can be determine by looking at the graph and noting the change in the time values as the temperatures went from a high of 72 degrees to a low of 68 degrees. 

h. List a time interval during which the heat is running. Explain how you determined your answer. 
The heat is running from the 0 minute to the 30-minute mark. We know this the heat kicks on when the temperature reaches the minimum value of 68 degrees. The heat continues to run until the room reaches a maximum temperature of 72 degrees.  The heat cuts off and the room begins to cool.  When the room cools back down to 68 degrees, the heat will cut on again.  Each interval on which the graph of the temperature function is increasing represents an interval on which the heat is running. 

i. What is the domain of f(t)?  What does the domain mean in terms of the context?

Domain of the mathematical function: x = all real numbers
Domain of the contextual problem is from “start” (zero time) to 2 hours (120 minutes) 

j. What is the range of f(t)? What does the range mean in terms of the context?
	68º ≤ y ≤ 72º,  this doesn’t vary between context and mathematical models.  
      What are some reasons the function might not model the scenario exactly?
Answers may include:  Temperature doesn’t increase and decrease in steady motion, may be “spikier”.  Other influences in temperature that shorten or lengthen the cycle of fluctuation.    The transition from temperatures may not be smooth and might be more linear, etc.




















Scenario #2
Cape Town Temperature Data


k. The data above represents the mean monthly temperatures for Cape Town.  Plot the data on the grid below



. 

l. Connect the dots on the display above.  Describe the shape of the graph of the “Mean Monthly Maximum Temperature for Cape Town”.
The temperatures are periodic in nature, in that repeat a cycle that ranges from roughly 15 degrees Celsius to 26 degrees Celsius.  This trend should repeat every year.

m. Which type of function does the shape of the scatter plot suggest would serve as a good model for this set of data?  Justify your answer.
The sine or cosine function could be used to model such data.   You would expect the temperatures to be similar each year and/or repeat the same pattern.  
 
n. 
Enter the data from the table above into lists in a graphing calculator.  (note:  students were purposely not instructed as to what value to use for January, February, etc.)   The only way this will affect the equation is in the C term in  .  This would be a great way to show how the equation and graph relate.  (Amplitude, midline,  and period are not different, only vertical shift.)


o. Create a scatterplot of the data using a graphing calculator.
p. Complete a sinreg using a graphing calculator.  Record the equation given by your calculator in the space below.
Y = 6.24(sin (.53x + .97)) + 21.47
This equation is based on  letting January be 1, February be 2, etc.    Depending on how the months were represented, the value of c (.97) will be different.  

q. Use your graphing calculator to graph the sinreg equation over the scatterplot of the data.  Describe the fit of the graph of the sinreg equation to the points in the scatterplot. 
Closely correlates to points

r. What information about the scenario could be obtained by using the regression equation?
 
According to the regression equation Y = 6.24(sin (.53x + .97)) + 21.47 the following information can be determined.

· High temperature is 6.25(1)+21.47 = 27.72
· Low temperature is 6.25(-1) +21.47=15.22
· Midline temperature is 6.25(0)+21.47 = 21.47
· The temperatures range from a high of 27.72 to a low of 15.22, which is a difference of 12.5 degrees. 
· The amplitude of the graph is one-half of the difference between the maximum and minimum values on the graph and must be 6.25. Notice that this corresponds to the coefficient of sine. 
· The parent sine function has a midline of 0.  This function has a midline of 21.47, this corresponds to a vertical shift of the graph of the parent function equal to the constant term at the end of the equation. 
 


   

6.24 = amplitude, -0.183 is a horizontal shift, 21.47 is the vertical shift and midline

The period according to the regression equation is which is approximately 12 months (1 year) which would make the frequency 1/12
Use for interpolation, discuss whether extrapolation is “wise”?

Ask students what the high and low temperatures would be according to the regression equation.
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Microsoft_Excel_Worksheet1.xlsx
Sheet1

		Mean Monthly Maximum Temperature for Cape Town

		Month		Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec

		Temperature (Celsius)		28		27		25.5		22		18.5		16		15		16		18		21.5		24		26







		US Underground Natural Gas Storage, April 1997-March 2000

		week		Gcf		week		Gcf		week		Gcf		week		Gcf		week		Gcf		week		Gcf

		1		859		27		2643		53		1070		79		2866		105		1343		131		2886

		2		834		28		2718		54		1070		80		2908		106		1374		132		2914

		3		832		29		2781		55		1133		81		2975		107		1380		133		2971

		4		862		30		2809		56		1192		82		3014		108		1380		134		2986

		5		906		31		2812		57		1274		83		3055		109		1423		135		2986

		6		986		32		2817		58		1380		84		3096		110		1489		136		3010

		7		1033		33		2754		59		1459		85		3051		111		1563		137		3015

		8		1111		34		2660		60		1553		86		3037		112		1640		138		2995

		9		1199		35		2599		61		1650		87		3037		113		1700		139		3000

		10		1301		36		2525		62		1734		88		3063		114		1791		140		2929

		11		1395		37		2403		63		1831		89		3018		115		1866		141		2857

		12		1500		38		2260		64		1927		90		2928		116		1943		142		2780

		13		1561		39		2177		65		1995		91		2751		117		2029		143		2586

		14		1660		40		2047		66		2063		92		2613		118		2089		144		2437

		15		1746		41		1978		67		2155		93		2394		119		2163		145		2314

		16		1798		42		1840		68		2227		94		2196		120		2257		146		2214

		17		1862		43		1691		69		2310		95		2093		121		2309		147		2029

		18		1928		44		1605		70		2368		96		2025		122		2320		148		1780

		19		1986		45		1522		71		2436		97		1930		123		2371		149		1560

		20		2058		46		1442		72		2518		98		1878		124		2414		150		1409

		21		2127		47		1351		73		2575		99		1790		125		2463		151		1277

		22		2215		48		1309		74		2647		100		1655		126		2529		152		1197

		23		2309		49		1238		75		2688		101		1600		127		2589		153		1171

		24		2395		50		1116		76		2741		102		1445		128		2671		154		1120

		25		2467		51		1053		77		2800		103		1374		129		2743		155		1080

		26		2563		52		1009		78		2836		104		1334		130		2826		156		1034



		Source: International Gas Consulting Inc.

		volume of natural gas given in billions of cubic feet (Gcf)
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		Mean Monthly Maximum Temperature for Cape Town

		Month		Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec

		Temperature (Celsius)		28		27		25.5		22		18.5		16		15		16		18		21.5		24		26







		US Underground Natural Gas Storage, April 1997-March 2000

		week		Gcf		week		Gcf		week		Gcf		week		Gcf		week		Gcf		week		Gcf

		1		859		27		2643		53		1070		79		2866		105		1343		131		2886

		2		834		28		2718		54		1070		80		2908		106		1374		132		2914

		3		832		29		2781		55		1133		81		2975		107		1380		133		2971

		4		862		30		2809		56		1192		82		3014		108		1380		134		2986

		5		906		31		2812		57		1274		83		3055		109		1423		135		2986

		6		986		32		2817		58		1380		84		3096		110		1489		136		3010

		7		1033		33		2754		59		1459		85		3051		111		1563		137		3015

		8		1111		34		2660		60		1553		86		3037		112		1640		138		2995

		9		1199		35		2599		61		1650		87		3037		113		1700		139		3000

		10		1301		36		2525		62		1734		88		3063		114		1791		140		2929

		11		1395		37		2403		63		1831		89		3018		115		1866		141		2857

		12		1500		38		2260		64		1927		90		2928		116		1943		142		2780

		13		1561		39		2177		65		1995		91		2751		117		2029		143		2586

		14		1660		40		2047		66		2063		92		2613		118		2089		144		2437

		15		1746		41		1978		67		2155		93		2394		119		2163		145		2314

		16		1798		42		1840		68		2227		94		2196		120		2257		146		2214

		17		1862		43		1691		69		2310		95		2093		121		2309		147		2029

		18		1928		44		1605		70		2368		96		2025		122		2320		148		1780

		19		1986		45		1522		71		2436		97		1930		123		2371		149		1560

		20		2058		46		1442		72		2518		98		1878		124		2414		150		1409

		21		2127		47		1351		73		2575		99		1790		125		2463		151		1277

		22		2215		48		1309		74		2647		100		1655		126		2529		152		1197

		23		2309		49		1238		75		2688		101		1600		127		2589		153		1171

		24		2395		50		1116		76		2741		102		1445		128		2671		154		1120

		25		2467		51		1053		77		2800		103		1374		129		2743		155		1080

		26		2563		52		1009		78		2836		104		1334		130		2826		156		1034



		Source: International Gas Consulting Inc.

		volume of natural gas given in billions of cubic feet (Gcf)
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