Secondary Mathematics I Clarification
Unit 2: Linear and Exponential Relationships


	1. Represent and solve equations and inequalities graphically.

· For A.REI.10 focus on linear and exponential equations and be able to adapt and apply that learning to other types of equations in future course.
· For A.REI.11, focus on cases where f(x) and g(x) are linear or exponential.

	A.REI.10 Understand that the graph of an equation in two variables is the set of all its solutions plotted in the coordinate plane, often forming a curve (which could be a line).


	A.REI.10.a I can identify the coordinates of a linear and exponential function from a graph as solutions to an equation/function.

A.REI.10.b I can graph points that satisfy a linear or exponential function and explain the meaning of each coordinate in relation to the function, using function notation.

A.REI.10.c I can explain why a continuous curve (including lines) contains an infinite number of solutions.


	A.REI.11 Explain why the x-coordinates of the points where the graphs of the equations y=f(x) and y=g(x) intersect are the solutions of the equation f(x) =g(x); find the solutions approximately, e.g., using technology to graph the functions, make tables of values, or find successive approximations.  Include cases where f(x) and/or g(x) are linear, polynomial, rational, absolute value, exponential, and logarithmic functions.


	A.REI.11.a I can approximate solutions to a system of equations by graphing (with and without technology) to approximate the intersection of the curves.

A.REI.11.b I can approximate solutions to a system of equations using tables (with and without technology).
A.REI.11.c I can explain why the x-coordinate at the point of intersection of two functions is the solution to 
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For example: Use graphs and tables to find the x-value(s) that results in an equal output for both functions:
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	A.REI.12 Graph the solutions to a linear inequality in two variables as a half-plane (excluding the boundary in the case of a strict inequality), and graph the solution set to a system of linear inequalities in two variables as the intersection of the corresponding half-planes.
	A.REI.12.a I can graph the solution to linear inequalities in two variables and explain the meaning of the shaded regions (solutions) and non-shaded regions (not solutions).

A.REI.12.b I can graph the solution to systems of linear inequalities in two variables and explain the meaning of the shaded regions (solutions) and non-shaded regions (not solutions).




	2. Understand the concept of a function and use function notation.

·   Students should experience a variety of types of situations modeled by functions.  Detailed analysis of any particular class of function at this stage is not advised. Students should apply these concepts throughout their future mathematics courses.  
·   Draw examples from linear and exponential functions.  In F.IF.3, draw connection to F.BF2, which requires students to write arithmetic and geometric sequences. Emphasize arithmetic and geometric sequences as examples of linear and exponential functions.

	F.IF.1 Understand that a function from one set (called the domain) to another set (called the range) assigns to each element of the domain exactly one element of the range.  If f is a function and x is an element of its domain, the f(x) denotes the output of f corresponding to the input x.  The graph of f is the graph of the equation y=f(x).

	F.IF.1.a I can explain the relationship between x and [image: image3.wmf]f
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 notation means “the y-value of the function f at x”.

F.IF.1.b I can identify the domain (input, ​x​-value) and range (output, y-value, [image: image5.wmf]f
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) of a function from an equation, table, or graph.

F.IF.1.c I can identify whether a relation is a function by looking at a table of values or by looking at the graph.
F.IF.1.d I can explain what it means to be a function.



	F.IF.2 Use function notation, evaluate functions for inputs in their domains, and interpret statements that use function notation in terms of a context.


	F.IF.2.a I can evaluate functions in [image: image6.wmf]f
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 notation for values in the domain.

F.IF.2.b I can interpret statements that use function notation in terms of a context. For example, given the amount of money in a savings account is 
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	F.IF.3 Recognize that sequences are functions, sometimes defined recursively, whose domain is a subset of the integers.  For example, the Fibonacci sequence is defined recursively by f(0) = f(1) =1,  f(n+1)=f(n) +f(n-1) for n[image: image9.png]


1.


	F.IF.3.a I can write a function rule from a sequence.

F.IF.3.b I can recognize and find values of recursive sequences.

For example: The Fibonacci sequence is defined recursively by f(0) = f(1) =1,  f(n+1)=f(n) +f(n-1) for n[image: image10.png]


1.
F.IF.3.c I can recognize the relationship between arithmetic sequences and linear functions.

F.IF.3.d I can recognize the relationship between geometric sequences and exponential functions.



	3. Interpret functions that arise in applications in terms of a context.
·   For F.IF.4 and 5, focus on linear and exponential functions.  For F.lF.6, focus on linear functions and intervals for exponential functions whose domain is a subset of the integers.  Mathematics II and III will address other function types.
·   N.RN.1 and N.RN.2 will need to be referenced here before discussing exponential models with continuous domains.

	F.IF.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.

	F.IF.4.a Given a linear or exponential function 
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· x- and y- intercepts

· Increasing and decreasing intervals

· Positive and negative intervals

· Maximum and minimum values (is this relevant to linear and exponential functions)
· Symmetry

· End behavior

F.IF.4.b I can sketch graphs of linear and exponential functions given the key features listed above.

	F.IF.5 Relate the domain of a function to its graph and, where applicable, to the quantitative relationship it describes. For example, if the function h(n) gives the number of person-hours it takes to assemble n engines in a factory, then the positive integers would be an appropriate domain for the function.

	F.IF.5 I can determine an appropriate domain for the given context of a function.

	F.IF.6 Calculate and interpret the average rate of change of a function (presented symbolically or as a table) over a specified interval.  Estimate the rate of change from a graph.


	F.IF.6.a I can calculate and interpret the average rate of change of a function between two values. 
F.IF.6.b I can calculate and interpret the average rate of change of a function from a graph or table and explain what it means in terms of the function.

F.IF.6.c I can estimate the (instantaneous) rate of change at a point from a graph.



	4. Analyze functions using different representations.

·   For F.IF.7a, 7e, and 9 focus on linear and exponential functions.  Include comparisons of two functions presented algebraically for example, compare growth of two linear functions, or two exponential functions such as [image: image12.png]
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	F.IF7 Graph functions expressed symbolically and show key features of the graph, by hand in simple cases and using technology for more complicated cases.
a. Graph linear and quadratic functions and show intercepts, maxima, and minima.
e. Graph exponential and logarithmic functions, showing intercepts and end behavior, and trigonometric functions, showing period, midline, and amplitude.


	F.IF.7.a I can graph linear functions and identify slope and intercepts (simple cases by hand and complex cases using technology).

F.IF7e I can graph exponential functions and show the following key features of the graph (simple cases by hand and complex cases using technology):

· Intercepts

· End behavior



	F.IF.9 Compare properties of two functions each represented in a different way (algebraically, graphically, numerically in tables, or by verbal descriptions). For example, given a graph of one quadratic function and an algebraic expression for another, say which has the larger maximum.


	F.IF.9 I can compare properties of two functions represented in different ways.

For example: Given a table of one function and a graph of another, find the best way to determine which function grows faster or has a greater y intercept.



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

·   Limit F.BF.1a, 1b, and 2 to linear and exponential functions. 

·   In F.BF.2, connect arithmetic sequences to linear functions and geometric sequences to exponential functions.

	F.BF.1 Write a function that describes a relationship between two quantities.

a. Determine an explicit expression, a recursive process, or steps for calculation from a context.

b.  Combine standard function types using arithmetic operations. For example, build a function that models the temperature of a cooling body by adding a constant function to a decaying exponential, and relate these functions to the model.

	F.BF.1.a I can write an explicit expression (function rule) or recursive process that describes a linear or exponential relationship between two quantities.

F.BF.1.b I can combine standard function types using arithmetic operations. 

For example: Find 
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	F.BF.2 Write arithmetic and geometric sequences both recursively and with an explicit formula, use them to model situations, and translate between the two forms.


	F.BF.2.a I understand that a linear relationship can be represented as an arithmetic sequence. 
F.BF.2.b I understand that an exponential relationship can be represented as a geometric sequence.
F.BF.2.c I can model situations using arithmetic and geometric sequences.
F.BF.2.d I can write an explicit rule given a recursive definition and vice versa.




	6. Build new functions from existing functions.

·   Focus on vertical translations of graphs of linear and exponential functions. Relate the vertical translation of a linear function to its y-intercept.
·   While applying other transformations to a linear graph is appropriate at this level, it may be difficult for students to identify or distinguish between the effects of the other transformations included in this standard.

	F.BF.3 Identify the effect on the graph of replacing f(x) by f(x)+k, k f(x), 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.

	F.BF.3.a I can identify and explain the following transformations on a linear or exponential function (with or without technology).

For example:
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F.BF.3.b I can determine the value of k (see above) given the graph. 




	7. Construct and compare linear, quadratic, and exponential models and solve problems. 

  For F.LE.3, limit to comparisons between exponential and linear models.

	F.LE.1 Distinguish between situations that can be modeled with linear functions and with exponential functions.

a. Prove that linear functions grow by equal differences over equal intervals; exponential functions grow by equal factors over equal intervals.
b. Recognize situations in which one      quantity changes at a constant rate per unit interval relative to another.

c. Recognize situations in which a quantity grows or decays by a constant percent rate per unit interval relative to another.


	F.LE.1.a I understand and can prove that linear functions grow by equal differences over equal intervals and that exponential functions grow by equal factors over equal intervals.

F.LE.1.b I can recognize contextual situations with a common difference between terms.

F.LE.1.c I can recognize contextual situations with a common ratio between terms.

	F.LE.2 Construct linear and exponential functions, including arithmetic and geometric sequences, given a graph, a description of a relationship, or two input - output pairs (include reading these from a table).


	F.LE.2.a I can construct a linear function given either: 1) an arithmetic sequence, 2) a graph, 3) a description or 4) input/output pairs.

F.LE.2.b I can construct an exponential function given either: 1) a geometric sequence, 2) a graph, 3) a description or 4) input/output pairs.



	F.LE.3 Observe using graphs and tables that a quantity increasing exponentially eventually exceeds a quantity linearly, quadratically, or (more generally) as a polynomial function.


	F.LE.3 I can explain and show why a quantity increasing exponentially will eventually exceed a quantity increasing linearly.




	8. Interpret expressions for functions in terms of the situation they model.  

  Limit exponential functions to those of the form f(x) = [image: image24.png]
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	F.LE.5 Interpret the parameters in a linear or exponential function in terms of a context.
	F.LE.5 I can interpret the parameters of linear and exponential functions within a contextual situation.

For example: Plant growth can be modeled with a function: y = 2x + 4. Explain the contextual meaning of 2 and 4 in terms of the plant.

For example: Plant growth can be modeled with the function: y = 
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