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PRECALCULUS

ONE-YEAR COURSE

COURSE DESCRIPTION

Precalculus will integrate the background students must have to be successful in calculus with elements of discrete mathematics which will be helpful for computer study. Mathematical thinking, including specific attention to formal logic and proof, will be a theme throughout the course. Graphing calculators will be required for use in this course.

SCOPE AND SEQUENCE FOR PRECALCULUS

ONE-YEAR COURSE



UNITS






Suggested Time










Allotment *



I.  
Functions and Their Graphs


4 weeks



II. 
Polynomial and Rational Functions

4 weeks



III.  
Exponential and Logarithmic Functions
2 weeks



IV.  
Trigonometry




4 weeks



V.  
Analytic Trigonometry


3 weeks



VI.  
Additional Topics in Trigonometry

3 weeks



VII.  
Systems of Equations and Inequalities
3 weeks



VIII.  
Matrices and Determinants


3 weeks



IX. 
Sequences, Series, and Probability

5 weeks



X.  
Topics in Analytic Geometry


6 weeks

*  The suggested time allotments for the year add up to a total of 36 weeks.  This allows for flexibility to accommodate for student needs as well as the school calendar.

UNIT I:  FUNCTIONS AND THEIR GRAPHS

This unit looks at the basic characteristics and behavior of functions, graphically, algebraically, and numerically.  The unit addresses parent functions, transformations of graphs, combinations of functions, and inverses of functions.

GOALS

The student will learn:

1. How to sketch graphs.

2. How to use the slopes of lines to write linear equations in two variables.

3. How to evaluate functions and find their domains.

4. How to analyze graphs of functions.

5. How to identify and graph rigid and nonrigid transformations of functions.

6. How to find arithmetic combinations and compositions of functions.

7. How to find inverse functions graphically and algebraically.

8. How to write algebraic models for direct, inverse, and joint variation.

OBJECTIVES

After studying this unit the student will:

1. Find x- and y-intercepts of graphs of equations.

2. Use symmetry to sketch graphs of equations.

3. Find equations and sketch graphs of circles.

4. Use graphs of equations in solving real-life problems.

5. Use slope to graph linear equations in two variables.

6. Find slopes of lines.

7. Write linear equations in two variables.

8. Use slope to identify parallel and perpendicular lines.

9. Use linear equations in two variables to model and solve real-life problems.

10. Determine whether relations between two variables are functions.

11. Use function notation and evaluate functions.

12. Find the domains of functions.

13. Use functions to model and solve real-life problems.

14. Use the Vertical Line Test for functions.

15. Find the zeroes of functions.

16. Determine intervals on which functions are increasing or decreasing.

17. Identify even and odd functions.

18. Identify and graph linear, squaring, cubic, square root, reciprocal, step, and piecewise-defined functions.

19. Recognize graphs of common functions.

20. Use vertical and horizontal shifts to sketch graphs of functions.

21. Use reflections to sketch graph of functions.

22. Use nonrigid transformations to sketch graphs of functions.

23. Add, subtract, multiply, and divide functions.

24. Find the composition of one function with another function.

25. Use combinations of functions to model and solve real-life problems.

26. Find inverse functions both informally and algebraically.

27. Verify that two functions are inverse functions of each other.

28. Use graphs of functions to determine whether functions have inverse functions.

29. Use the Horizontal Line Test to determine if functions are one-to-one.

30. Use mathematical models to approximate sets of data points.

31. Write mathematical models for direct variation, direct variation as an nth power, inverse variation, and joint variation.

32. Use the regression feature of a graphing utility to find the equation of a least squares regression line.

UNIT II:  POLYNOMIAL AND RATIONAL FUNCTIONS

This unit explains the behavior of rational functions including domain, range, end behavior, and behavior around any asymptotes. It also looks at manipulating complex numbers and partial fraction decomposition of rational expressions.

GOALS:

The student will learn:

1. How to sketch and analyze graphs of polynomial functions.

2. How t use long division and synthetic division to divide polynomials by other polynomials.

3. How to perform operations with complex numbers.

4. How to determine the numbers of rational and real zeros of polynomial functions, and find the zeros.

5. How to determine the domains of rational functions and find asymptotes of rational functions.

6. How to sketch the graphs of rational functions.

7. How to recognize and find partial fraction decompositions of rational expressions.

OBJECTIVES:

After studying this unit the student will:

1. Analyze graphs of quadratic functions.

2. Write quadratic functions in standard form and use the results to sketch graphs of functions.

3. Use quadratic functions to model and solve real-life problems.

4. Use transformations to sketch graphs of polynomial functions.

5. Use the Leading Coefficient Test to determine the end behavior of graphs of polynomial functions.

6. Use zeros of polynomial functions as sketching aids.

7. Use the Intermediate Value Theorem to help locate zeros of polynomial functions.

8. Use long division to divide polynomials by other polynomials.

9. Use synthetic division to divide polynomials by binomials of the form (x – k).

10. Use the Remainder Theorem and the Factor Theorem.

11. Use the imaginary unit i to write complex numbers.

12. Add, subtract, and multiply complex numbers.

13. Use complex conjugates to write the quotient of two complex numbers in standard form.

14. Find complex solutions of quadratic equations.

15. Use the Fundamental Theorem of Algebra to determine the number of zeros of polynomial functions.

16. Find rational zeros of polynomial functions.

17. Find conjugate pairs of complex zeros.

18. Find zeros of polynomials by factoring.

19. Use Descartes’ Rule of Signs and the Upper and Lower Bound Rules to find zeros of polynomials.

20. Find the domains of rational functions.

21. Find the horizontal and vertical asymptotes of graphs of rational functions.

22. Analyze and sketch graphs of rational functions.

23. Sketch graphs of rational functions that have slant asymptotes.

24. Use rational functions to model and solve real-life problems.

25. Recognize partial fraction decompositions of rational expressions.

26. Find partial fraction decompositions of rational expressions.

UNIT III:  EXPONENTIAL AND LOGARITHMIC FUNCTIONS

This unit explains how to analyze both exponential and logarithmic functions.  It also looks at modeling of data that behaves either exponentially or logarithmically.

GOALS:

The student will learn:

1. How to recognize and evaluate exponential and logarithmic functions.

2. How to graph exponential and logarithmic functions.

3. How to use the change-of-base formula to rewrite and evaluate logarithmic expressions.

4. How to use properties of logarithms to evaluate, rewrite, expand, or condense logarithmic expressions.

5. How to sole exponential and logarithmic equations.

6. How to use exponential growth models, exponential decay models, Gaussian models, logistic growth models, and logarithmic models to solve real-life problems.

OBJECTIVES:

After studying this unit the student will:

1. Recognize and evaluate exponential functions with base a.

2. Graph exponential functions.

3. Recognize and evaluate exponential functions base e.

4. Use exponential functions to model and solve real-life applications.

5. Recognize and evaluate logarithmic functions with base a.

6. Graph logarithmic functions.

7. Recognize and evaluate natural logarithmic functions.

8. Use logarithmic functions to model and solve real-life applications.

9. Use the change-of-base formula to rewrite and evaluate logarithmic expressions.

10. Use properties of logarithms to evaluate or rewrite logarithmic expressions.

11. Use properties of logarithms to expand or condense logarithmic expressions.

12. Use logarithmic functions to model and solve real-life applications.

13. Solve simple exponential and logarithmic equations. 

14. Solve more complicated exponential equations.

15. Solve more complicated logarithmic equations.

16. Use exponential and logarithmic equations to model and solve real-life applications.

17. Recognize the five most common types of models involving exponential and logarithmic functions.

18. Use exponential growth and decay functions to model and solve real-life problems.

19. Use Gaussian functions to model and solve real-life problems.

20. Use logistic growth functions to model and solve real-life problems.

21. Use logarithmic functions to model and solve real-life problems.

UNIT IV:  TRIGONOMETRY

This unit teaches use of radians, degrees, and the unit circle to evaluate exact and decimal approximations of right triangle trigonometric expressions.  It teaches also graphs of the sine, cosine, tangent, cosecant, secant, and cotangent functions as well as inverse trigonometric functions, applications, and models.

GOALS:

The student will learn:

1. How to describe an angle and convert between radian and degree measure.

2. How to identify a unit circle and its relationship to real numbers.

3. How to evaluate trigonometric functions of an angle.

4. How to use the fundamental trigonometric identities. 

5. How to sketch the graph of trigonometric functions and translations of graphs of sine and cosine functions.

6. How to evaluate the inverse trigonometric functions.

7. How to evaluate the compositions of trigonometric functions.

OBJECTIVES:

After studying this unit the student will:

1. Describe angles.

2. Use radian measure.

3. Use degree measure.

4. Use angles to model and solve real-life problems.

5. Identify a unit circle and its relationship to real numbers.

6. Evaluate trigonometric functions using the unit circle.

7. Use the domain and period to evaluate sine and cosine functions.

8. Use a calculator to evaluate trigonometric functions.

9. Evaluate trigonometric functions of acute angles.

10. Use the fundamental trigonometric identities.

11. Use a calculator to evaluate trigonometric functions.

12. Use trigonometric functions to model and solve real-life problems.

13. Evaluate trigonometric functions of any angle.

14. Use reference angles to evaluate trigonometric functions.

15. Evaluate trigonometric functions of real numbers.

16. Sketch the graphs of basic sine and cosine functions.

17. Use amplitude and period to help sketch the graphs of sine and cosine functions.

18. Sketch translations of the graph of sine and cosine functions.

19. Use sine and cosine functions to model real-life data.

20. Sketch the graphs of tangent, cotangent, secant, cosecant, and damped trigonometric functions.

21. Evaluate the inverse trigonometric functions.

22. Evaluate the compositions of trigonometric functions.

23. Solve real-life problems involving right triangles.

24. Solve real-life problems involving directional bearings.

25. Solve real-life problems involving harmonic motion.

UNIT V:  ANALYTIC TRIGONOMETRY

This unit teaches the use of and proving trigonometric identities.  It also teaches use of these identities and other formulas to evaluate trigonometric equations.

GOALS:

The student will learn:

1. How to use fundamental trigonometric identities to evaluate trigonometric functions and simplify trigonometric expressions.

2. How to verify trigonometric identities.

3. How to use standard algebraic techniques and inverse trigonometric functions to solve trigonometric equations.

4. How to use sum and difference formulas, multiple-angle formulas, power-reducing formulas, half-angle formulas, and product –to-sum formulas to rewrite and evaluate trigonometric functions.

OBJECTIVES:

After studying this unit the student will:

1. Recognize and write the fundamental trigonometric identities.

2. Use the fundamental trigonometric identities to evaluate trigonometric identities to evaluate trigonometric functions, simplify trigonometric expressions, and rewrite trigonometric expressions.

3. Plan a strategy for verifying trigonometric identities.

4. Verify trigonometric identities.

5. Use standard algebraic techniques to solve trigonometric equations.

6. Solve trigonometric equations of quadratic type.

7. Solve trigonometric equations involving multiple angles.

8. Use inverse trigonometric functions to solve trigonometric equations.

9. Use sum and difference formulas to evaluate trigonometric functions, verify identities, and solve trigonometric equations.

10. Use multiple-angle, power-reducing, half-angle, product-to-sum and sum-to-product formulas to rewrite and evaluate trigonometric functions.

UNIT XI:  ADDITIONAL TOPICS IN TRIGONOMETRY

This unit teaches the Law of Sines and Law of Cosines, introduces vectors, and the trigonometric form of a complex number. 

GOALS:

The student will learn:

1. How to use the Law of Sines and the Law of Cosines to solve oblique triangles.

2. How to find the areas of oblique triangles.

3. How to write the component forms of vectors and perform basic vector operations.  

4. How to find the direction angles of vectors and the angle between two vectors.

5. How to multiply and divide complex numbers written in trigonometric form.

6. How to find powers and nth roots of complex numbers.

OBJECTIVES:

After studying this unit the student will:

1. Use the Law of Sines to solve oblique triangles.

2. Find the areas of oblique triangles.

3. Use the Law of Sines to model and solve real-life problems.

4. Use the Law of Cosines to solve oblique triangles.

5. Use the Law of Cosines to model and sole real-life problems.

6. Use Heron’s Area Formula to find the area of a triangle.

7. Represent vectors as directed line segments.

8. Write the component forms of vectors.

9. Perform basic vector operations and represent them graphically.

10. Write vectors as linear combinations of unit vectors.

11. Find the direction angles of vectors.

12. Use vectors to model and solve real-life problems.

13. Find the dot product of two vectors and use the Properties of the Dot Product.

14. Find the angle between two vectors and determine whether two vectors are orthogonal.

15. Write a vector as the sum of two vector components.  

16. Use vectors to find the work done by a force.  

17. Plot complex numbers in the complex plane.

18. Write the trigonometric forms of complex numbers.

19. Multiply and divide complex numbers written in trigonometric form.

20. Use DeMoivre’s Theorem to find powers of complex numbers.

21. Find nth roots of complex numbers.

UNIT XII:  SYSTEMS OF EQUATIONS AND INEQUALITIES

This unit teaches methods for solving systems of linear systems, graphing and finding solutions to systems of inequalities, and linear programming as a method for finding maximum or minimum values for a system of equations.

GOALS:

The student will learn:

1. How to solve systems of equations by substitution, by elimination, by Gaussian elimination, and by graphing.

2. How to recognize linear systems in row-echelon form and to use back-substitution to solve the systems.

3. How to solve nonsquare systems of equations.

4. How to sketch the graphs of inequalities in two variables and to solve systems if inequalities. 

5. How to solve linear programming problems.

6. How to use systems of equations and inequalities to model and solve real-life problems.

OBJECTIVES:

After studying this unit the student will:

1. Use the method of substitution and elimination to solve systems of equations in two variables.

2. Use a graphical approach to solve systems of equations in two variables.

3. Use systems of equations to model and solve real-life problems.

4. Interpret graphically the numbers of solutions of systems of linear equations in two variables.

5. Use back-substitution to solve linear systems in row-echelon form.

6. Use Gaussian elimination to solve systems of linear equations.

7. Sole nonsquare systems of linear equation.

8. Use systems of linear equations in three or more variables to model and solve application problems.

9. Sketch the graphs of inequalities in two variables.

10. Sole systems of inequalities.

11. Use systems of inequalities in two variables to model and solve real-life problems.

12. Solve linear programming problems.

13. Use linear programming to model and sole real-life problems.

UNIT XIII:  MATRICES AND DETERMINANTS

This unit teaches basic operations and uses of matrices.

GOALS:  

The student will learn:

1. How to use matrices, Gaussian elimination, and Gauss-Jordan elimination to solve systems of linear equations.

2. How to add and subtract matrices, multiply matrices by scalars, and multiply two matrices.

3. How to find the inverses of matrices and use inverse matrices to solve systems of linear equations.

4. How to find minors, cofactors, and determinants of square matrices. 

5. How to use Cramer’s Rule to solve systems of linear equations.

6. How to use determinants and matrices to model and solve problems.

OBJECTIVES:

After studying this unit the student will:

1. Write a matrix and identify its order.

2. Perform elementary row operations on matrices.

3. Use matrices and Gaussian elimination to solve systems of linear equations.

4. Use matrices and Gauss-Jordan elimination to solve systems of linear equations.

5. Decide whether two matrices are equal.

6. Add and subtract matrices and multiply matrices by real numbers.

7. Multiply two matrices.

8. Use matrix operations to model and solve real-life problems.

9. Verify that two matrices are inverses of each other.

10. Use Gauss-Jordan elimination to find the inverses of matrices.

11. Use a formula to find the inverses of 2x2 matrices.

12. Use inverse matrices to solve systems of linear equations.

13. Find the determinants of 2x2 matrices.

14. Find minors and cofactors of square matrices.  

15. Find the determinants of square matrices.

16. Use Cramer’s Rule to sole systems of linear equations.

17. Use determinants to find the areas of triangles.

18. Use a determinant to test for collinear points and find an equation of a line passing through two points.

19. Use matrices to code and decode messages.

UNIT IX:  SEQUENCES, SERIES, AND PROBABILITY

This unit introduces sequences and series (arithmetic, geometric, and neither), proof by induction, the Binomial Theorem, and counting principles and probability.

GOALS:

The student will learn:

1. How to use sequence, factorial, and summation notation to write the terms and sum of a sequence.

2. How to recognize, write, and manipulate arithmetic sequences and geometric sequences.

3. How to use mathematical induction to prove a statement involving a positive integer n.

4. How to use the Binomial Theorem and Pascal’s Triangle to calculate binomial coefficients and binomial expansions.

5. How to solve counting problems using the Fundamental Counting Principle, permutations, and combinations.

6. How to find the probabilities of events and their complements.

OBJECTIVES:

After studying this unit the student will:

1. Use sequence notation to write the terms of a sequence.

2. Use factorial notation.

3. Use summation notation to write sums.

4. Find the sum of an infinite series.

5. Use sequences and series to model and solve real-life problems.

6. Recognize and write arithmetic sequences.

7. Find an nth partial sum of an arithmetic sequence.

8. Use arithmetic sequences to model and solve real-life problems.

9. Recognize and write geometric sequences.

10. Find the sum of a geometric sequence.

11. Find the sum of an infinite geometric series.

12. Use geometric sequences to model and solve real-life problems.

13. Use mathematical induction to prove a statement.

14. Find the sums of powers of integers.

15. Recognize patterns and write the nth term of a sequence.

16. Find finite differences of a sequence.

17. Use the Binomial Theorem to calculate binomial coefficients.

18. Use Pascal’s Triangle to calculate binomial coefficients.

19. Use binomial coefficients to write binomial expansions.

20. Solve simple counting problems.

21. Use the Fundamental Counting Principle to solve counting problems.

22. Use permutations to solve counting problems.

23. Use combinations to solve counting problems.  

24. Find the probabilities of events.

25. Find the probabilities of mutually exclusive events.

26. Find the probabilities of independent events.

27. Find the probability of the complement of an event.

UNIT X:  TOPICS IN ANALYTIC GEOMETRY

This unit teaches about lines, parabolas, ellipses, hyperbolas, conic rotation, parametric equations, and polar equations and graphing.

GOALS:

The student will learn:

1. How to find the inclination of a line, the angle between to lines, and the distance between a point and a line.

2. How to write the standard from of the equation of a parabola, an ellipse, and a hyperbola.

3. How to eliminate the xy-term in the equation of a conic and use the discriminant to identify a conic.

4. How to rewrite a set of parametric equations as a rectangular equation and find a set of parametric equations for a graph.

5. How to write equations in polar form and graph polar equations.

OBJECTIVES:

After studying this unit the student will:

1. Find the inclination of a line.

2. Find the angle between two lines.

3. Find the distance between a point and a line.

4. Recognize a conic as the intersection of a plane and a double-napped cone.

5. Write the standard form of the equation of a parabola.

6. Use the reflective property of parabolas to solve real-life problems.

7. Write the standard form of the equation of an ellipse.

8. Use properties of ellipses to model and solve real-life problems.

9. Find the eccentricity of an ellipse.

10. Write the standard form of the equation of a hyperbola.

11. Find the asymptotes of a hyperbola.

12. Use properties of hyperbolas to solve real-life problems.

13. Classify a conic from its general equation.

14. Rotate the coordinate axes to eliminate the xy-term in the equation of a conic.

15. Use the discriminant to classify a conic.

16. Evaluate a set of parametric equations for a given value of the parameter.

17. Sketch the curve that is represented by a set of parametric equations.

18. Rewrite a set of parametric equations as a single rectangular equation.

19. Find a set of parametric equations for a graph.

20. Plot points on the polar coordinate system.

21. Convert points from rectangular to polar and vice versa.

22. Convert equations from rectangular to polar form and vice versa.

23. Graph polar equations by point plotting.

24. Use symmetry to sketch graphs of polar equations.

25. Use zeros and maximum r-values to sketch graphs of polar equations.

26. Recognize special polar graphs.

27. Define conics in terms of eccentricity.

28. Write equations of conics in polar form.

29. Use equations of conics in polar form to model real-life problems.
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