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Algebra II

Unit 4: Trigonometric Functions

Pacing: 4 weeks + 1 week for reteaching/enrichment
	Mathematical Practices 

	Mathematical Practices #1 and #3 describe a classroom environment that encourages thinking mathematically and are critical for quality teaching and learning.

Practices in bold are to be emphasized in the unit.
1. Make sense of problems and persevere in solving them.

2. Reason abstractly and quantitatively.

3. Construct viable arguments and critique the reasoning of others.

4. Model with mathematics.

5. Use appropriate tools strategically.

6. Attend to precision.

7. Look for and make use of structure.

8. Look for and express regularity in repeated reasoning.


	Standards Overview

	Analyze functions using different representations.

Extend the domain of trigonometric functions using the unit circle.

Model periodic phenomena with trigonometric functions.


	Priority and Supporting CCSS
	Explanations and Examples*

	CC.9-12.F.IF.7 Graph functions expressed symbolically and show key features of the graph, by hand in simple cases and using technology for more complicated cases.*
	Key characteristics include but are not limited to maxima, minima, intercepts, symmetry, end behavior, and asymptotes. Students may use graphing calculators or programs, spreadsheets, or computer algebra systems to graph functions.
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	CC.9-12.F.IF.7e Graph exponential and logarithmic functions, showing intercepts and end behavior, and trigonometric functions, showing period, midline, and amplitude
	

	CC.9-12.F.1F.4 For a function that models a relationship between two quantities, interpret key features of graphs and tables in terms of the quantities, and sketch graphs showing key features given a verbal description of the relationship. Key features include: intercepts; intervals where the function is increasing, decreasing, positive, or negative; relative maximums and minimums; symmetries; end behavior; and periodicity.*
	Students may be given graphs to interpret or produce graphs given an expression or table for the function, by hand or using technology.

Examples:

· A rocket is launched from 180 feet above the ground at time t = 0. The function that models this situation is given by h = – 16t2 + 96t + 180, where t is measured in seconds and h is height above the ground measured in feet.
· What is a reasonable domain restriction for t in this context?
· Determine the height of the rocket two seconds after it was launched.
· Determine the maximum height obtained by the rocket. 

· Determine the time when the rocket is 100 feet above the ground.
· Determine the time at which the rocket hits the ground.

· How would you refine your answer to the first question based on your response to the second and fifth questions?
· [image: image4.emf]Compare the graphs of y = 3x2 and y = 3x3.
· Find the domain of R(x). Also find the range, zeros, and asymptotes of R(x).
· Let f(x) = 5x3 – x2 – 5x + 1. Graph the function and identify end behavior and any intervals of constancy, increase, and decrease.
· It started raining lightly at 5am, then the rainfall became heavier at 7am. By 10am the storm was over, with a total rainfall of 3 inches. It didn’t rain for the rest of the day. Sketch a possible graph for the number of inches of rain as a function of time, from midnight to midday.

	CC.9-12.F.BF.3 Identify the effect on the graph of replacing f(x) by f(x) + k, kf(x), f(kx), and f(x + k) for specific values of k (both positive and negative); find the value of k given the graphs. Experiment with cases and illustrate an explanation of the effects on the graph using technology. Include recognizing even and odd functions from their graphs and algebraic expressions for them.
	Students will apply transformations to functions and recognize functions as even and odd. Students may use graphing calculators or programs, spreadsheets, or computer algebra systems to graph functions.
Examples:
· Is f(x) = x3 - 3x2 + 2x + 1 even, odd, or neither? Explain your answer orally or in written format.
· Compare the shape and position of the graphs of f(x) = x2 and

g(x) = 2x2, and explain the differences in terms of the algebraic expressions for the functions
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· Describe effect of varying the parameters a, h, and k have on the shape and position of the graph of f(x) = a(x-h)2 + k.

· Compare the shape and position of the graphs of f(x) = ex to g(x) = ex-6 + 5, and explain the differences, orally or in written format, in terms of the algebraic expressions for the functions

continued on next page
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· Describe the effect of varying the parameters a, h, and k on the shape and position of the graph f(x) = ab(x + h) + k., orally or in written format. What effect do values between 0 and 1 have? What effect do negative values have? 

· Compare the shape and position of the graphs of y = sin x to y = 2 sin x.



	CC.9-12.F.TF.4 (+) Use the unit circle to explain symmetry (odd and even) and periodicity of trigonometric functions.
	Students may use applets and animations to explore the unit circle and trigonometric functions. Students may explain (orally or written format) their understanding of symmetry and periodicity of trigonometric functions.



	CC.9-12.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.
	Students may use applets and animations to explore the unit circle and trigonometric functions. Students may explain (orally or in written format) their understanding.



	CC.9-12.F.TF.1 Understand radian measure of an angle as the length of the arc on the unit circle subtended by the angle.
	

	CC.9-12.F.TF.3 (+) Use special triangles to determine geometrically the values of sine, cosine, tangent for π/3, π/4 and π/6, and use the unit circle to express the values of sine, cosine, and tangent for π - x, π + x, and 2π - x in terms of their values for x, where x is any real number
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	CC.9-12.F.TF.8 Prove the Pythagorean identity (sin A)2 + (cos A)2 = 1 and use it to calculate trigonometric ratios.
	

	CC.9-12.F.TF.5 Choose trigonometric functions to model periodic phenomena with specified amplitude, frequency, and midline.*
	Students may use graphing calculators or programs, spreadsheets, or computer algebra systems to model trigonometric functions and periodic phenomena.
Example: 

· The temperature of a chemical reaction oscillates between a low of 20°C and a high of 120°C. The temperature is at its lowest point when t = 0 and completes one cycle over a six hour period. 

a) Sketch the temperature, T, against the elapsed time, t, over a 12 hour period.
b) Find the period, amplitude, and the midline of the graph you drew in part a).
c) Write a function to represent the relationship between time and temperature.
d) What will the temperature of the reaction be 14 hours after it began?
e) At what point during a 24 hour day will the reaction have a temperature of 60° C?


	CC.9-12.A.CED.2 Create equations in two or more variables to represent relationships between quantities; graph equations on coordinate axes with labels and scales
	


	Concepts

What Students Need to Know
	Skills

What Students Need To Be Able To Do
	Bloom’s Taxonomy Levels

	· Functions

· Sine

· Cosine

· Tangent

· Key Features

· Intercepts

· intervals
· increasing or decreasing

· positive or negative

· relative maximums and minimums

· symmetries

· periodicity
· midline
· amplitude
· Technology (graphing complicated functions)
	· Graph

· Show (key features)

· Use (technology)
	3

4

3

	· Unit circle

· Extension of trig functions to all Reals

· Radian measure; counterclockwise motion about unit circle
	· Explain (extension)
	4

	· Periodic phenomena given specified

· Period

· Amplitude

· Midline
	· Model (periodic phenomena)
	4


	Essential Questions


	

	Corresponding Big Ideas

	


	Standardized Assessment Correlations

(State, College and Career)

	Expectations for Learning (in development)
This information will be included as it is developed at the national level. CT is a governing member of the Smarter Balanced Assessment Consortium (SBAC) and has input into the development of the assessment.



	Tasks and Lessons from the Mathematics Assessment Project (Shell Center/MARS, University of Nottingham & UC Berkeley)

These tasks can be used during the course of instruction when deemed appropriate by the teacher.

	LESSONS—

Ferris Wheel http://map.mathshell.org/materials/download.php?fileid=1252


	Unit Assessments

The items developed for this section can be used during the course of instruction when deemed appropriate by the teacher.
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Adapted from The Leadership and Learning Center “Rigorous Curriculum Design” model.
*Adapted from the Arizona Academic Content Standards.

