ANALYT MATH                                            Mathematics CCRS Standards and Alabama COS                              

	CCRS Standard
	Standard ID
	Evidence of Student Attainment
	Teacher Vocabulary
	Knowledge
	Resources

	1. (+) Recognize vector quantities as having both magnitude and direction. Represent vector quantities by directed line segments, and use appropriate symbols for vectors and their magnitudes (e.g., v, |v|, ||v||, v), including the use of eigen-values and eigen-vectors. (Alabama)
	Vector and Matrix Quantities
Represent and model with vector quantities.
Number/Quantity
N-VM.1AM
	Students: 
Given a magnitude and direction, 

· Represent the vector as a directed line segment on the xy-plane.

· Find the components of the vector and write it in component form using the proper notation.


Given the component form of the vector, 

· Find the magnitude and direction using the proper notation.
	· Vector Quantity

· Magnitude

· Directed Line Segment

· Component Form
	Students know: 

· The difference between a ray and a directed line segment.

· When drawing a vector on the xy-plane, magnitude is represented by a distance.
	Click below to access all ALEX resources aligned to this standard. 
· ALEX Resources

	2. (+) Solve problems involving velocity and other quantities that can be represented by vectors, including navigation (e.g., airplane, aerospace, oceanic). (Alabama)
	Vector and Matrix Quantities
Represent and model with vector quantities.
Number/Quantity
N-VM.3AM
	Students: 
Given a contextual situation, 

· Use knowledge of vectors to find and justify solutions. (i.e. plane flying with accompanying wind, multiple forces acting on an object, etc.).
	
	Students know: 

· The interpretation of forces as vectors.

· Vectors can be used to represent forces.
	Click below to access all ALEX resources aligned to this standard. 
· ALEX Resources

	3. (+) Add vectors end-to-end, component-wise, and by the parallelogram rule. Understand that the magnitude of a sum of two vectors is typically not the sum of the magnitudes. Find the dot product and the cross product of vectors. (Alabama)
	Vector and Matrix Quantities
Represent and model with vector quantities.
Number/Quantity
N-VM.4A
	Students:
Given two vectors, 

· Add or subtract them to find the magnitude and direction of the resulting vector by using all three processes (end-to-end, componentwise, and parallelogram rule).

· Show the process involved to find the resulting vector when subtracting one vector from another by using the additive inverse using all three processes (end-to-end, componentwise, and parallelogram rule).
	· End-to-end

· Component-wise

· Parallelogram Rule

· Sum of Two Vectors

· Additive Inverse

· Vector Subtraction
	Students know: 

· The aspects of end-to-end, componentwise, and the parallelogram rule involving vectors.

· The additive inverse of a vector has the same magnitude but the opposite direction (θ + 180⁰).
	Click below to access all ALEX resources aligned to this standard. 
· ALEX Resources

	4. (+) Given two vectors in magnitude and direction form, determine the magnitude and direction of their sum, including vectors in complex vector spaces. (Alabama)
	Vector and Matrix Quantities
Represent and model with vector quantities.
Number/Quantity
N-VM.4B
	Students:
Given two vectors, 

· Add or subtract them to find the magnitude and direction of the resulting vector by using all three processes (end-to-end, componentwise, and parallelogram rule).

· Show the process involved to find the resulting vector when subtracting one vector from another by using the additive inverse using all three processes (end-to-end, componentwise, and parallelogram rule).
	· End-to-end

· Component-wise

· Parallelogram Rule

· Sum of Two Vectors

· Additive Inverse

· Vector Subtraction
	Students know: 

· The aspects of end-to-end, componentwise, and the parallelogram rule involving vectors.

· The additive inverse of a vector has the same magnitude but the opposite direction (θ + 180⁰).
	Click below to access all ALEX resources aligned to this standard. 
· ALEX Resources

	5. (+) Understand vector subtraction v – w as v + (–w), where –w is the additive inverse of w, with the same magnitude as w and pointing in the opposite direction. Represent vector subtraction graphically by connecting the tips in the appropriate order, and perform vector subtraction component-wise, including vectors in complex vector spaces. (Alabama)
	Vector and Matrix Quantities
Represent and model with vector quantities.
Number/Quantity
N-VM.4C
	Students:
Given two vectors, 

· Add or subtract them to find the magnitude and direction of the resulting vector by using all three processes (end-to-end, componentwise, and parallelogram rule).

· Show the process involved to find the resulting vector when subtracting one vector from another by using the additive inverse using all three processes (end-to-end, componentwise, and parallelogram rule).
	· End-to-end

· Component-wise

· Parallelogram Rule

· Sum of Two Vectors

· Additive Inverse

· Vector Subtraction
	Students know: 

· The aspects of end-to-end, componentwise, and the parallelogram rule involving vectors.

· The additive inverse of a vector has the same magnitude but the opposite direction (θ + 180⁰).
	Click below to access all ALEX resources aligned to this standard. 
· ALEX Resources

	6. (+) Use matrices to represent and manipulate data, e.g., to represent payoffs or incidence relationships in a network, including linear programming. (Alabama)
	Vector and Matrix Quantities
Perform operations on matrices and use matrices in applications.
Number/Quantity
N-VM.6AM
	Students: 
Given a contextual situation, 

· Represent the data in a matrix and interpret the value of each entry.
	· Matrix/Matrices

· Incidence Relationship

· Payoffs
	Students know: 

· The aspects of a matrix with regard to entries, rows, columns, dimensions, elements, and subscript notations.
	Click below to access all ALEX resources aligned to this standard. 
· ALEX Resources

	7. (+) Multiply matrices by scalars to produce new matrices, e.g., as when all of the payoffs in a game are doubled, including rotation matrices. (Alabama)
	Vector and Matrix Quantities
Perform operations on matrices and use matrices in applications.
Number/Quantity
N-VM.7AM
	Students: 
Given a matrix, 

· Use scalar multiplication to produce a new matrix and interpret the value of the new entries.
	· Scalars
	Students know: 

· The aspects of a matrix with regard to entries, rows, columns, dimensions, elements, and subscript notations.
	Click below to access all ALEX resources aligned to this standard. 
· ALEX Resources

	8. (+) Understand that the zero and identity matrices play a role in matrix addition and multiplication similar to the role of 0 and 1 in the real numbers. The determinant of a square matrix is nonzero if and only if the matrix has a multiplicative inverse. Solve matrix equations using augmented matrices. (Alabama)
	Vector and Matrix Quantities
Perform operations on matrices and use matrices in applications.
Number/Quantity
N-VM.10AM
	Students: 
Given a matrix, 

· Add the zero matrix to show that the matrix does not change.

· Multiply by the identity matrix to show that the matrix does not change.


Given a square matrix, 

· Find the determinant.

· If the determinant is non-zero, find the multiplicative inverse.

· Find the multiplicative inverse, if it is defined, and show that the determinant is not zero.

· If the multiplicative inverse is not defined, show that the determinant is equal to zero.
	· Zero Matrix

· Identity Matrix

· Determinant

· Multiplicative Inverse
	Students know: 

· The additive and multiplicative identity properties for real numbers.

· The aspects of the zero and identity matrices.

· A matrix multiplied by its multiplicative inverse equals the identity matrix.
	Click below to access all ALEX resources aligned to this standard. 
· ALEX Resources

	9. (+) Multiply a vector (regarded as a matrix with one column) by a matrix of suitable dimensions to produce another vector. Work with matrices as transformations of vectors, including matrices larger than 2 × 2. (Alabama)
	Vector and Matrix Quantities
Perform operations on matrices and use matrices in applications.
Number/Quantity
N-VM.11AM
	Students: 
Given a vector of dimension N and an M x N matrix, 

· Multiply the vector (as a column vector) by the matrix (M x N matrix on the left) to obtain a vector of dimension M.

· Show how a translation of a point in the coordinate plane can be produced by an addition of matrices, a rotation or reflection of a point in the coordinate plane can be produced by a multiplication of matrices, and a dilation of the vector identified by the point can be done by scalar multiplication.
	· Transformation of Vectors
	Students know: 

· Conditions under which matrix multiplication is defined.

· Techniques for adding and multiplying matrices. 

· Techniques for scalar multiplication.

· Techniques for performing translations, rotations, reflections, and dilations.
	Click below to access all ALEX resources aligned to this standard. 
· ALEX Resources

	10. (+) Work with 2 × 2 matrices as a transformations of the plane, and interpret the absolute value of the determinant in terms of area. Solve matrix application problems using reduced row echelon form. (Alabama)
	Vector and Matrix Quantities
Perform operations on matrices and use matrices in applications.
Number/Quantity
N-VM.12AM
	Students: 

· Demonstrate that the multiplication of points (as a 1 X 2 vector) by a 2 X 2 matrix maps every point of the coordinate plane to a point in the coordinate plane.

· Show how a translation of a point in the coordinate plane can be produced by an addition of matrices and the rotation or reflection of a point in the coordinate plane can be produced by the multiplication of matrices.


Given a parallelogram in the coordinate plane, 

· Find the area of this parallelogram. Interpret two adjacent sides of the parallelogram as vectors and verify that the area of the parallelogram is the absolute value of the determinant of the 2 X 2 matrix formed by the two vectors. 


Given a square in the coordinate plane (e.g., a unit square with a vertex at the origin), 

· Transform each vertex point by multiplying the point as a vector by the 2 X 2 matrix and find the area of the resulting parallelogram. Verify that the area of the parallelogram is the absolute value of the determinant of the 2 X 2 matrix and the area of the square.
	· Transformation

· Determinant
	Students know: 

· Conditions under which matrix multiplication is defined.

· Techniques for adding and multiplying matrices.

· Techniques for performing translations and rotations. 

· Procedures for finding the value of the determinant of a 2 X 2 matrix.
	Click below to access all ALEX resources aligned to this standard. 
· ALEX Resources

	11. (+) Know the Fundamental Theorem of Algebra; show that it is true for quadratic polynomials. Understand the importance of using complex numbers in graphing functions on the Cartesian or complex plane. (Alabama)
	The Complex Number System
Use complex numbers in polynomial identities and equations.
Number/Quantity
N-CN.9AM
	Students: 
Given a polynomial, 

· determine the number of possible roots realizing that some of them may be complex or used more than once.


Given a quadratic polynomial, 

· Show that it has two roots (real or complex) and find them.
	· Fundamental Theorem of Algebra

· Quadratic Polynomial
	Students know: 

· The definition of the degree of a polynomial.

· The difference between real and complex roots.
	Click below to access all ALEX resources aligned to this standard. 
· ALEX Resources

	12. Calculate the limit of a sequence, of a function, and of an infinite series. (Alabama)
	Limits
Understand limits of functions.
Number/Quantity
N-NQL.1
	Students: 
Given a sequence, a function, and an infinite series, 

· Calculate the limit of a sequence.

· Calculate the limit of a function.

· Calculate the limit of an infinite series.
	· Limit

· Sequence

· Series

· Function

· Infinity

· Explicit Formula

· Recursive Formula
	Students know: 

· How to find the domain and range using the graph of a function. 

· How to express the domain and range of a function using interval notation.

· How to perform test of continuity when determining whether or not a limit exist in a given situation.

· The difference between "series" and "sequence".
	Click below to access all ALEX resources aligned to this standard. 
· ALEX Resources

	13. Use the laws of Boolean Algebra to describe true/false circuits. Simplify Boolean expressions using the relationships between conjunction, disjunction, and negation operations. (Alabama)
	Seeing Structure in Expressions
Algebra
A-SSE.5
	Students: 
Given the laws of Boolean Algebra, describe true/false circuits. 

· Simplify Boolean expressions using the relationships between conjunction, disjunction, and negation operations.
	· Operations Meanings: AND, OR, NOT

· Logical expressions

· Output variable

· Logic gates
	Students know: 

· How to apply simple ideas from Boolean Algebra and write truth tables.

· The process of implementing logic circuits from truth tables.
	Click below to access all ALEX resources aligned to this standard. 
· ALEX Resources

	14. Use logic symbols to write truth tables. (Alabama)
	Seeing Structure in Expressions
Algebra
A-SSE.6
	Students: 

· Given proposition statements, use logic symbols to write truth tables.
	· Logical connectives 

· Biconditional

· Conditional

· Conjunction

· Contradiction

· Disjunction

· Proposition

· Tautology

· Truth Table
	Students know: 

· How to use logical expressions.

· Process for finding output variables.

· Procedures of writing logic gates.
	Click below to access all ALEX resources aligned to this standard. 
· ALEX Resources

	15. Reduce the degree of either the numerator or denominator of a rational function by using partial fraction decomposition or partial fraction expansion. (Alabama)
	Arithmetic With Polynomials and Rational Functions
Algebra
A-TF.4AM
	Students: 

· Given a rational function, show how to reduce the degree of the numerator or denominator by using methods associated with partial fraction decomposition or partial fraction expansion.

· Use operations to write a single fraction as a sum of simpler fractions.
	· Rational function

· Partial fraction decomposition

· Partial fraction composition

· Degree of a polynomial
	Students know: 

· How to find a common denominator.

· How to factor polynomial expressions completely.

· The Rational Zeros Theroem for identifying zeros of polynomials.

· How to identify any restrictions on the domain of a rational function.

· Polynomial long division and/or synthetic division.
	Click below to access all ALEX resources aligned to this standard. 
· ALEX Resources

	16. (+) Use the unit circle to explain symmetry (odd and even) and periodicity of trigonometric functions.
	Trigonometric Functions
Extend the domain of trigonometric functions using the unit circle.
Functions
F-TF.4AM
	Students:
Given the unit circle, 

· justify the relationships of the even and odd trig identities: 

· sin(-x) = -sin(x) 

· cos(-x) = cos (x) 

· tan(-x) = -tan(x) 


Given the unit circle, 

· Justify the periodic nature of the trig functions.
	· Odd and even symmetry

· Periodicity
	Students Know: 

· The characteristics of the unit circle. 

· The characteristics of even and odd functions. 
	Click below to access all ALEX resources aligned to this standard. 
· ALEX Resources

	17. (+) Prove the Laws of Sines and Cosines and use them to solve problems. Understand Law of Sines = 2r, where r is the radius of the circumscribed circle of the triangle. Apply the Law of Tangents. (Alabama)
	Trigonometric Functions
Apply trigonometry to general triangles
Functions
G-SRT.10AM
	Students:
Given any triangle, 

· Derive the Law of Sines and the Law of Cosines. 

· Use the Law of Sines or the Law of Cosines to find unknown lengths of sides and measures of angles. 
	· Law of Sines

· Law of Cosines
	Students know: 

· The auxiliary line drawn from the vertex perpendicular to the opposite side forms an altitude of the triangle.

· Properties of the Sine and Cosine ratios.

· Pythagorean Theorem. 

· Pythagorean Identity. 
	Click below to access all ALEX resources aligned to this standard. 
· ALEX Resources

	18. Apply Euler’s and deMoivre’s formulas as links between complex numbers and trigonometry. (Alabama)
	Trigonometric Functions
Apply trigonometry to general triangles
Functions
F-TF.13
	Students: 
Given Euler’s and deMoivre’s formulas, 

· Represent complex numbers in trigonometric form and perform operations on them.

· Demonstrate ability to solve equations in the form z^n=c, where n is an integer and c a complex number.
	· Trigonometric form

· Polar form

· deMoivre’s Theorem

· Complex number

· nth root of z

· nth root of unity

· Unity
	Students know: 

· How to perform operations on complex numbers.

· How to find trigonometric forms of complex numbers.

· Procedures for performing basic vector operations.

· The process of converting between rectangular coordinates and polar cooridinates.

· How to find the angle between two vectors.
	Click below to access all ALEX resources aligned to this standard. 
· ALEX Resources
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