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Algebraic Functions A Semester 2 (Quarter 3) 
Unit 2: Trigonometric Functions  

Topic A:  The Story of Trigonometry and Its Contexts 
Unit 2 builds on students’ previous work with units (N-Q.A.1) and with functions (F-IF.A.1, F-IF.A.2, F-IF.B.4, F-IF.C.7e, F-BF.A.1, F-BF.B.3) from Algebra I, and with trigonometric 
ratios and circles (G-SRT.C.6,  G-SRT.C.7, G-SRT.C.8) from high school Geometry. 
 
Topic A starts by asking students to graph the height of a Ferris wheel as a function of time and uses that study to help define the sine, cosine, and tangent functions as functions 
from all (or most) real numbers to the real numbers. A precise definition of sine and cosine (as well as tangent and the co-functions) is developed using transformational geometry 
from high school Geometry. This precision leads to a discussion of a mathematically natural unit of measurement for angle measures, a radian, and students begin to build fluency 
with values of sine, cosine, and tangent at 𝜋𝜋/6, 𝜋𝜋/4, 𝜋𝜋/3, 𝜋𝜋/2, 𝜋𝜋, etc. The topic concludes with students graphing the sine and cosine functions and noticing various aspects of the 
graph, which they write down as simple trigonometric identities.  

Big Idea: 

• The unit circle allows all real numbers to work in trigonometric functions. 
• Key features in graphs and tables shed light on relationships between two quantities. 
• Trigonometric functions can be represented by a table, graph, verbal description or equation, and each representation can be transferred to another 

representation 

Essential 
Questions: 

• How do you use/read a unit circle (using radians)? 
• What do the key features of a trigonometric function represent? 
• What are the different ways you can represent a trigonometric function? 

Vocabulary Radian, periodic function, Sine, Cosine, tangent, secant, cosecant cotangent 

Assessment Galileo:  Module 2 Pre-Assessment of Foundational Skills; Topic A assessment 

Standard AZ College and Career Readiness Standards Explanations & Examples Resources 

F.IF.C.7e 

 

C. Analyze functions using different 
representation 

Graph functions expressed symbolically and show key 
features of the graph, by hand in simple cases and using 
technology for more complicated cases. 

e. Graph exponential and logarithmic functions, 
showing intercepts and end behavior, and 
trigonometric functions, showing period, midline, 

Explanation: 
Graph trigonometric functions, showing period, midline, and 
amplitude. 
 
Examples: 

• Graph 𝑦𝑦 = 3𝑐𝑐𝑐𝑐𝑐𝑐(𝑐𝑐) − 5  identifying the period, midline, and 
amplitude. 

 
 

Eureka Math: 
Module 2 Lesson 1, 2, 8 
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and amplitude. 
 
This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 
 
 

 
•    

 
 

F.TF.A.1 

 
 

A. Extend the domain of trigonometric functions 
using the unit circle 

Understand radian measure of an angle as the length of 
the arc on the unit circle subtended by the angle. 

 

Explanation: 
Students know that if the length of an arc subtended by an angle is the 
same length as the radius of the circle, then the measure of the angle is 
1 radian.   Students should also determine the radian measures of 
angles subtended around the circle. 
 
Connect to N.Q.A.1 (Algebra I) by converting between radians and 
degrees. Connect to N.Q.A.3 (Algebra I) by using units appropriate for 
the problem. 
 
Example: 

• What is the radian measure of the angle t in the diagram 
below? 

                                       
• The minute hand on the clock at the City Hall clock in Stratford 

measures 2.2 meters from the tip to the axle. 

Eureka Math: 
Module 2 Lesson 2 - 9 
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o Through what angle does the minute hand pass 
between 7:07 a.m. and 7:43 a.m.? 

o What distance does the tip of the minute hand travel 
during this period? 

F.TF.A.2 

 

A. Extend the domain of trigonometric functions 
using the unit circle 
 
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. 

 

 

 

Explanation: 
Students understand that one complete rotation around the unit circle, 
starting at (0,1), restricts the domain of trigonometric functions to 0 ≤ 
𝜃𝜃 ≤ 2𝜋𝜋.  As more rotations are considered, the  domain extends to all 
real numbers since the radian measure of any angle is a real number 
and there is no limit to the number of times one can travel around the 
unit circle.   

                          
 
Examples: 

• Explain why 𝑠𝑠𝑖𝑖𝑛𝑛 (−𝜃𝜃) = −𝑠𝑠𝑖𝑖𝑛𝑛 and 𝑐𝑐𝑐𝑐𝑠𝑠 (−𝜃𝜃) = 
𝑐𝑐𝑐𝑐𝑠𝑠𝜃𝜃. Do these equations hold for any angle θ? Explain. 

• Explain why 𝑠𝑠𝑖𝑖𝑛𝑛 (2𝜋𝜋 + 𝜃𝜃) = 𝑠𝑠𝑖𝑖𝑛𝑛 𝜃𝜃 and 𝑐𝑐𝑐𝑐𝑠𝑠 (2𝜋𝜋 + 𝜃𝜃) = 
𝑐𝑐𝑐𝑐𝑠𝑠𝜃𝜃. Do these equations hold for any angle θ? Explain. 
 

Eureka Math: 
Module 2 Lesson 2 - 9 

MP.2 Reason abstractly and quantitatively. Students extend the study of trigonometry to the domain of all (or 
almost all) real inputs. By focusing only on the linear components of 
circular motion (the vertical or the horizontal displacement of a point 
in orbit), students develop the means to analyze periodic phenomena. 

Eureka Math: 
Module 2 Lesson 1, 8, 9 

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

The vertical and horizontal displacements of a Ferris wheel passenger 
car are both periodic. Students conjecture how these functions are 
related to the trigonometric ratios they studied in geometry, making 
plausible arguments by modeling the Ferris wheel with a circle in the 
coordinate plane. 

Eureka Math: 
Module 2 Lesson 4, 6, 7 
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MP.4 Model with mathematics. The main modeling activity of this module is to analyze the vertical and 
horizontal displacement of a passenger car of a Ferris wheel. As they 
make assumptions and simplify the situation, they discover the need 
for sine and cosine functions to model the periodic motion using 
sinusoidal functions. 

Eureka Math: 
Module 2 Lesson 1, 2, 3, 4 

MP.6 Attend to precision. Mathematically proficient students try to communicate precisely to 
others. They try to use clear definitions in discussion with others and in 
their own reasoning. They state the meaning of the symbols they 
choose, including using the equal sign consistently and appropriately. 
They are careful about specifying units of measure, and labeling axes to 
clarify the correspondence with quantities in a problem. They calculate 
accurately and efficiently, express numerical answers with a degree of 
precision appropriate for the problem context. 

Eureka Math: 
Module 2 Lesson 1 

MP.7 Look for and make use of structure. Mathematically proficient students look closely to discern a pattern or 
structure. 

Eureka Math: 
Module 2 Lesson 1, 3, 6, 8 

MP.8 Look for and express regularity in repeated reasoning. Mathematically proficient students notice if calculations are repeated, 
and look both for general methods and for shortcuts.  As they work to 
solve a problem, mathematically proficient students maintain oversight 
of the process, while attending to the details. They continually evaluate 
the reasonableness of their intermediate results. 

Eureka Math: 
Module 2 Lesson 6, 9 
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Algebraic Functions A Semester 2 (Quarter 4) 
Unit 2: Trigonometric Functions  

Topic B:  Understanding Trigonometric Functions and Putting them to Use 
In Topic A, the students developed the ideas behind the six basic trigonometric functions, focusing primarily on the sine function. In Topic B, students make sense of periodic 
phenomena as they model them with trigonometric functions.  They identify the periodicity, midline, and amplitude from graphs of data and use them to construct sinusoidal 
functions that model situations from both the biological and physical sciences.  They extend the concept of polynomial identities to trigonometric identities and prove simple 
trigonometric identities such as the Pythagorean identity; these identities are then used to solve problems. Students use trigonometric functions to model periodic behavior.  The 
unit concludes with the study of trigonometric identities and how to prove them. 

Big Idea: 

• The unit circle allows all real numbers to work in trigonometric functions. 
• Key features in graphs and tables shed light on relationships between two quantities. 
• Trigonometric functions can be represented by a table, graph, verbal description or equation, and each representation can be transferred to another 

representation 

Essential 
Questions: 

• How do you use/read a unit circle (using radians)? 
• How does the Pythagorean theorem and the unit circle relate to the identity sin2(θ) + cos2(θ) = 1? 
• What do the key features of a trigonometric function represent? 
• What are the different ways you can represent a trigonometric function? 
• What transformations can occur to a trigonometric function/graph and how do you know which one is which? 

Vocabulary Periodic function, cycle, sinusoidal, amplitude, midline, frequency, period, tangent function 

Assessment Galileo:  Topic B Assessment 

Standard AZ College and Career Readiness Standards Explanations & Examples Resources 

F.IF.C.7e 

 

C. Analyze functions using different 
representation 

Graph functions expressed symbolically and show key 
features of the graph, by hand in simple cases and using 
technology for more complicated cases. 

e. Graph exponential and logarithmic functions, 
showing intercepts and end behavior, and 
trigonometric functions, showing period, midline, 
and amplitude. 

 

Explanation: 
Graph trigonometric functions, showing period, midline, and 
amplitude. 
 
Examples: 

• Graph 𝑦𝑦 = 3𝑐𝑐𝑐𝑐𝑐𝑐(𝑐𝑐) − 5  identifying the period, midline, and 
amplitude. 

 
 
 
 

Eureka Math: 
Module 2 Lesson 11, 12, 
13, 14 
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This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 
 

•    

 
 

F.BF.B.3 

 
 

A. Build a function that models a relationship 
between two quantities 

Identify the effect on the graph of replacing f(x) by f(x) 
+ k, k f(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. 

 

Explanation: 
This standard is taught in Algebra I and Algebra II.  In Algebra I, the 
focus was on linear and quadratic functions and did not involve 
recognizing even and odd functions.  In Algebra II, tasks may involve 
polynomial, exponential, logarithmic, and trigonometric functions.  
Students will apply transformations to functions and recognize even 
and odd functions from their graphs and algebraic expression for them. 
Students may use graphing calculators or programs, spreadsheets, or 
computer algebra systems to graph functions. 
 
Examples:  

• Compare the graphs of 𝑦𝑦 = 𝑠𝑠𝑖𝑖𝑛𝑛 𝑐𝑐 and = sin 2𝑐𝑐 .  What effect 
does the factor of 2 on the input value have on the graph?  
Explain why this occurs.  

                    

Eureka Math 
Module 2 Lesson 11 
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• The graphs represent the height of two Ferris Wheels at the 

county fair.   
o Explain how the speed is different for the two Ferris 

Wheels. 
o Given (𝑐𝑐) is the faster of the two Ferris Wheels. Write 

the function rule that transforms the faster Ferris 
Wheel to model the slower of the two Ferris Wheels. 

                    
• Determine if each of the functions (𝑐𝑐) = 𝑠𝑠𝑖𝑖𝑛𝑛 𝑐𝑐  and 𝑔𝑔( 𝑐𝑐 )= 𝑐𝑐5 + 

6𝑐𝑐4 − 9𝑐𝑐2 + 7 are even, odd, or neither. Justify your response. 
F.TF.B.5 

 

B. Model periodic phenomena with trigonometric 
functions 

Choose trigonometric functions to model periodic 
phenomena with specified amplitude, frequency, and 
midline. 

This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 
and use the model to solve problems are essential. 

Explanation: 
Students choose the most appropriate trigonometric function to model 
a given situation dependent on the height and speed of the situation 
occurring.   
 
Examples: 
• The temperature of a chemical reaction oscillates between a low 

of 20℃ and a high of 120℃.The temperature is at its lowest point 
when 𝑡𝑡 = 0 and completes one cycle over a 6-hour period.   

 Sketch the temperature, 𝑇𝑇, against the elapsed time, 𝑡𝑡, 
over a 12-hour period. 

Eureka Math: 
Module 2 Lesson 11, 12, 
13 
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  Find the period, amplitude, and the midline of the graph 
you drew in part a. 

 Write a function to represent the relationship between 
time and temperature. 

 What will the temperature of the reaction be 14 hours 
after it began? 

 At what point during a 24-hour day will the reaction have 
a temperature of 60℃? 

 
F.TF.C.8 

 

C. Prove and apply trigonometric identities 

Prove the Pythagorean identity sin2(θ) + cos2(θ) = 1 and 
use it to find sin(θ), cos(θ), or tan(θ) given sin(θ), cos(θ), 
or tan(θ) and the quadrant of the angle. 

 

Explanation: 
Students prove 𝒔𝒔(𝜽𝜽)   +   𝒄𝒄𝒐𝒐𝒔𝒔𝟐𝟐(𝜽𝜽)   =  𝟏𝟏. 
 
In the unit circle, the cosine is the x-value, while the sine is the y-value. 
Since the hypotenuse is always 1, the Pythagorean relationship 
𝑠𝑠𝑖𝑖𝑛𝑛2𝑐𝑐 + 𝑐𝑐𝑐𝑐𝑠𝑠2𝑐𝑐 = 1  is always true.   
 
Students use 𝒔𝒔(𝜽𝜽)   +   𝒄𝒄𝒐𝒐𝒔𝒔𝟐𝟐(𝜽𝜽)   =  𝟏𝟏 to find 𝒔𝒔𝒊𝒊𝒏𝒏 (𝜽𝜽), 𝒄𝒄𝒐𝒐𝒔𝒔 (𝜽𝜽), or        𝒕𝒕𝒂𝒂𝒏𝒏
 (𝜽𝜽) given 𝒔𝒔𝒊𝒊𝒏𝒏 (𝜽𝜽), 𝒄𝒄𝒐𝒐𝒔𝒔 (𝜽𝜽), or 𝒕𝒕𝒂𝒂𝒏𝒏 (𝜽𝜽) and the quadrant of the angle. 
 
Examples: 
•  

           
 

Eureka Math: 
Module 2 Lesson 15 

S.ID.B.6a 

 

B.  Summarize, represent, and interpret data on 
two categorical and quantitative variables. 
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 choose a function suggested by the 
context.  
 
This is a modeling standard which means students 
choose and use appropriate mathematics to analyze 
situations.  Thus, contextual situations that require 
students to determine the correct mathematical model 

Explanation: 
Students may use spreadsheets, graphing calculators, and statistical 
software to represent data, describe how the variables are related, fit 
functions to data, perform regressions, and calculate residuals. 
 
This standard builds on students’ work from 8th grade with bivariate 
data and its relationship.  Previous studies of relationships primarily 
focused on linear models.  In Algebra I, students used a linear function 
to model the relationship between two numerical variables. In addition 
to fitting a line to data, students assessed how well the model fit by 
analyzing residuals.   
 
Part a of this standard is taught in Algebra I and Algebra II.  In Algebra 
II, tasks have a real-world context and are limited to exponential 

Eureka Math: 
Module 2 Lesson 13 
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and use the model to solve problems are essential. 
 

functions with domains not in the integers and trigonometric 
functions.   
 
Students should be provided with data that represents a variety of 
different functions (linear, exponential and trigonometric). 
 
Examples: 

• In an experiment, 300 pennies were shaken in a cup and 
poured onto a table.  Any penny ‘heads up’ was removed.  The 
remaining pennies were returned to the cup and the process 
was repeated.  The results of the experiment are shown 
below. 

 
Write a function rule suggested by the context and determine 
how well it fits the data.   

 
o The rule suggested by the context is 300(0.5)x since 

the probability of the penny remaining is 50%. 
 

• Which of the following equations best models the (babysitting 
time, money earned) data represented in the graph below? 
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• When sound is recorded or transmitted electronically, the 

continuous waveform is sampled to convert it to a discrete digital 
sequence.  If you increase the sampling rate (represented by the 
horizontal scaling) or the resolution (represented by the vertical 
scaling), the sound quality of the recording or transmission 
improves. 
 
The data graphed below represent two different samples of a pure 
tone.  One is sampled 𝟑𝟑𝟑𝟑𝟒𝟒𝟒𝟒 times per unit of time at a 𝟒𝟒𝟒𝟒-bit 
(𝟑𝟑𝟑𝟑𝟒𝟒𝟒𝟒 equal intervals in the vertical direction) resolution, and the 
other is sampled 𝟒𝟒𝟒𝟒 times per unit of time at a 𝟐𝟐𝟐𝟐-bit (𝟒𝟒𝟒𝟒 equal 
intervals in the vertical direction) resolution.  The graph of the 
actual sound wave is also shown. 
 
Which sample points would produce a better model of the actual 
sound wave?  Explain your reasoning. 
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You will get a better model with the sample points in Figure 1 
because with greater sampling rate and a greater resolution, the 
points will more closely fit the actual values of the pure tone. 

MP.2 Reason abstractly and quantitatively. Students extend the study of trigonometry to the domain of all (or 
almost all) real inputs. By focusing only on the linear components of 
circular motion (the vertical or the horizontal displacement of a point 
in orbit), students develop the means to analyze periodic phenomena. 

Eureka Math: 
Module 2 Lesson 12, 13 

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

The vertical and horizontal displacements of a Ferris wheel passenger 
car are both periodic. Students conjecture how these functions are 
related to the trigonometric ratios they studied in geometry, making 
plausible arguments by modeling the Ferris wheel with a circle in the 
coordinate plane. Also, students construct valid arguments to extend 
trigonometric identities to the full range of inputs. 

Eureka Math: 
Module 2 Lesson 11, 12, 
13 

MP.4 Model with mathematics. The main modeling activity of this module is to analyze the vertical and 
horizontal displacement of a passenger car of a Ferris wheel. As they 
make assumptions and simplify the situation, they discover the need 
for sine and cosine functions to model the periodic motion using 
sinusoidal functions. Students then model a large number of other 
periodic phenomena by fitting sinusoidal functions to data given about 
tides, sound waves, and daylight hours; they then solve problems using 
those functions in the context of that data. 

Eureka Math: 
Module 2 Lesson 12 

MP.5 Use appropriate tools strategically. Mathematically proficient students consider the available tools when 
solving a mathematical problem. These tools might include pencil and 
paper, concrete models, a ruler, a protractor, a calculator, a 

Eureka Math: 
Module 2 Lesson 11, 13 
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spreadsheet, a computer algebra system, a statistical package, or 
dynamic geometry software. Proficient students are sufficiently 
familiar with tools appropriate for their grade or course to make sound 
decisions about when each of these tools might be helpful, recognizing 
both the insight to be gained and their limitations. 

MP.6 Attend to precision. Mathematically proficient students try to communicate precisely to 
others. They try to use clear definitions in discussion with others and in 
their own reasoning. They state the meaning of the symbols they 
choose, including using the equal sign consistently and appropriately. 
They are careful about specifying units of measure, and labeling axes to 
clarify the correspondence with quantities in a problem. They calculate 
accurately and efficiently, express numerical answers with a degree of 
precision appropriate for the problem context. 

Eureka Math: 
Module 2 Lesson 13 

MP.7 Look for and make use of structure. Students recognize the periodic nature of a phenomenon and look for 
suitable values of midline, amplitude, and frequency for it. The 
periodicity and properties of cyclical motion shown in graphs helps 
students to recognize different trigonometric identities, and structure 
in standard proofs (of the Pythagorean theorem, for example) provides 
the means to extend familiar trigonometric results to a wider range of 
input values. 

Eureka Math: 
Module 2 Lesson 11 

MP.8 Look for and express regularity in repeated 
reasoning. 

In repeatedly graphing different sinusoidal functions, students identify 
how parameters within the function give information about the 
amplitude, midline, and frequency of the function. They express this 
regularity in terms of a general formula for sinusoidal functions and use 
the formula to quickly write functions that model periodic data. 

Eureka Math: 
Module 2 Lesson 11, 14 

 


