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DE Form 0287 -Local School System Course Request Form for Rule 160-4-2-.20 

LIST OF STATE-FUNDED K-8 SUBJECTS AND 9-12 COURSES
System Information:
Name of System__Rockdale County Public Schools_______________________________________________________
System Address__954 North Main Street, Conyers GA 30012______________________________________________
Telephone Number__770-483-4713_________________ 

Fax Number___770-860-4266_____________
Superintendent__Dr. Samuel King___________________

Signature______________________________
Curriculum Director___Leslie DeMarco_______________ 

Signature______________________________
Local Board Chairperson__Wales Barksdale____________ 

Signature______________________________
Name of Proposed Course: ___Multivariable Calculus_____________________ Lab Funding Requested CTAE only ____Yes  ____No
Types of Instruction: (check all that apply)



______Distance Learning


____One Hour Lab

______ESOL



____Two Hour Lab

______Gifted



____Three Hour Lab

______On-Line



____Apprenticeship
___x__Regular




______Remedial


______Special Education

Units of Credit:




____one-half unit (1 semester, regular schedule)

__x_one unit (block 1 semester, regular 2 semesters)

Check appropriate grade level(s)  __K  __ 1 __ 2 __   3__   4 __  5 __  6 __  7 __  8 __  9 __  10 __  11 _x_  12
Fulfills graduation requirement for (check appropriate area(s) of study)

___I.ELA _x_II. Mathematics  ___III. Science ____IV. Social Studies ___V. CTAE, M Languages/Latin, or Fine Arts

___VI. Health & Physical Education ___VII. Electives

Field of certification needed by teacher(s)___Mathematics, secondary_______________________________





(MUST MEET PROFESSIONAL STANDARDS COMMISSION REQUIREMENTS)


Course Information:
1. Rationale for offering course including reasons(s) why an existing course is not appropriate:

With the tendency in some school systems (including Rockdale County) to offer Accelerated Math I for Carnegie unit credit in middle school, there is a need for an advanced mathematics class after Advanced Placement calculus.  Even though a course that extends the concepts of AP Calculus BC into three dimensions would not earn college credit, such a course is highly desirable to students whose future university coursework requires Calculus III.  Such a course provides a “preview” of concepts and techniques used for calculus in space. Other math classes that could be taken after AP Calculus (i.e., A P Statistics or other proposed fourth-year options) are, pedagogically speaking, a step backwards.

The proposed Multivariable Calculus course provides just such an extension of AP Calculus BC and a preview of what is to come.  A student taking this course would be prepared for any college calculus course, as well as courses in linear algebra and differential equations.
2. Proposed course description:

The Multivariable Calculus course provides an introduction to the concepts and techniques of multivariable calculus.  Students will use and understand fundamentals of linear algebra as applicable to three-dimensional calculus.  Students will work with functions of two independent variables and understand and apply the concepts of limits, continuity, differentiation, and integrals as applied to these functions.  In particular, students will use and apply partial differentiation, multiple integrals, and line integrals.  Students will also interpret these ideas in terms of vectors and apply the concepts of the gradient, the divergence, and the curl to real-world phenomena through use of Green’s Theorem, Stokes’ Theorem, and Gauss’ Divergence Theorem.  Students will also solve linear first-order differential equations.
3. Target population:
The target population is any student who has completed calculus (AP or non-AP) or who is taking calculus concurrently.
4. Program of Study/Pathway:

Mathematics, accelerated
5. Prerequisite(s):

AP Calculus BC

6. Amount of instructional time (Days per week/minutes per day/per semester/quarter/block schedule):

5 days per week/50 minutes per day/90 days per semester for 2 semesters/45 days per quarter for 4 quarters
Block Schedule: 90 days per semester for 1 semester/100 minutes per day
7. Major subject area(s) from which content is selected (e.g., mathematics, science, art):  Mathematics
8. Description of learning site(s) (If other than classroom, emphasize how the alternative learning site(s) contribute(s) to the course objectives.):

Traditional classroom setting
9. Attach proposed Georgia Performance Standards (GPS) and elements for this proposed course (in GPS format).
Mail or FAX completed Course Request Form to: 
Director of Academic Standards, Georgia Department of Education
1754 Twin Towers East, Atlanta, Georgia 30334-5040
Fax (404) 656-5744

For Department of Education use only:





Date Application Received: ________________________________
Recipient: ____________________________________
Review Process Completion Date: ___________________________
Recommendation: _____Approved _____Not Approved

Program Manager Signature________________________________
Date___________

Division Director Signature_________________________________
Date___________

Associate Superintendent Signature__________________________
Date___________

Deputy Superintendent Signature____________________________
Date___________
State Board Approval Date: ________________________________
Assigned Course Number: ________________________
MULTIVARIABLE CALCULUS

This is a fourth-year two-semester course option for students who have completed AP Calculus BC.  It includes three-dimensional coordinate geometry; matrices and determinants; eigenvalues and eigenvectors of matrices; limits and continuity of functions with two independent variables; partial differentiation; multiple integration; the gradient; the divergence; the curl; Theorems of Green, Stokes, and Gauss; line integrals; integrals independent of path; and linear first-order differential equations.

Instruction and assessment should include the appropriate use of technology.  Topics should be presented in multiple ways, such as verbal/written, numeric/data-based, algebraic, and graphical.  Concepts should be introduced and used, where appropriate, in the context of realistic phenomena.

ALGEBRA

Students will investigate the dot product and cross product of two vectors; define relationship among points, lines, and planes in three dimensions; understand and apply properties of matrices and determinants including eigenvalues and eigenvectors.

MMCA1. Students will investigate the relationship between points, lines, and planes in three-dimensions.

a. Represent equations of lines in space using vectors.

b. Express analytic geometry of three dimensions (equations of planes, parallelism, perpendicularity, angles) in terms of the dot product and cross product of vectors.

MMCA2. Students will recognize and apply properties of matrices.

a. Find the determinant of 2-by-2 and 3-by-3 matrices.

b. Represent a 3-by-3 system of linear equations as a matrix and solve the system in multiple ways: the inverse matrix, row operations, and Cramer’s Rule.

c. Apply properties of similar and orthogonal matrices to prove statements about matrices.

d. Find and apply the eigenvectors and eigenvalues of a 3-by-3 matrix.

MMCA3. Students will explore functions of two independent variables of the form z = f(x, y) and implicit functions of the form f(x, y, z) = 0.

a. Evaluate such functions at a point in the plane.

b. Graph the level curves of such functions.

c. Determine points or regions of discontinuity of such functions.

DERIVATIVES

Students will investigate limits, continuity, and differentiation of functions of two independent variables; define and apply the gradient, the divergence, and the curl.

MMCD1. Students will explore the continuity of functions of two independent variables in terms of the limits of such functions as (x, y) approaches a given point in the plane.

MMCD2. Students will explore, find, use, and apply partial differentiation of functions of two independent variables of the form z = f(x, y) and implicit functions of the form f(x, y, z) = 0.

a. Approximate the partial derivatives at a point of a function defined by a table of data.

b. Find expressions for the first and second partial derivatives of a function.

c. Define and apply the total differential to approximate real-world phenomena .

d. Represent the partial derivatives of a system of two functions in two variables using the Jacobian.

e. Find the partial derivatives of the composition of functions using the general chain rule.

f. Apply partial differentiation to problems of optimization, including problems requiring the use of the Lagrange multiplier.

MMCD3. Students will define and apply the gradient, the divergence, and curl in terms of differential vector operations.

INTEGRATION

Students will explore double and triple integrals and integrals of vectors; use various methods of integration; understand and apply the theorems of Green, Stokes, and Gauss.

MMCI1. Students will integrate functions of the form z = f(x, y) or w = f(x, y, z).

a. Define, use, and interpret double and triple integrals in terms of volume and mass.

b. Represent integrals of vectors as double and triple integrals.

c. Integrate functions through various techniques such as changing the order of integration, substituting variables, or changing to polar coordinates.

MMCI2. Students will apply and interpret the theorems of Green, Stokes, and Gauss.

a. Apply line and surface integrals to functions representing real-world phenomena.

b. Recognize, understand, and use line integrals that are independence of path.

c. Define and apply the gradient, the divergence, and the curl in terms of integrals of vectors.

DIFFERENTIAL EQUATIONS

Students will explore solution methods of linear differential equations.

MMCDE. Students will use, apply, and solve linear first-order differential equations.
a. Solve linear first-order differential equations of the form y' + p(x)y = q(x) with an integrating factor.

b. Solve homogeneous linear first-order differential equations using a variable substitution.

c. Solve Clairaut equations.

d. Explore the concepts of families of solutions and envelopes.

e. Write linear first-order differential equations that represent real-world phenomena and solve them, such as those arising from Kirchhoff's Law and mixing problems.

f. Students will solve linear second-order differential equations of the form y" + p(x)y' + q(x)y = c using the characteristic equation where the characteristic equation has two real roots, one real root, or no real roots.


Process Standards 
The following process standards are essential to mastering each of the mathematics content standards. They emphasize critical dimensions of the mathematical proficiency that all students need.

MMCP1. Students will solve problems (using appropriate technology). 
a. Build new mathematical knowledge through problem solving. 

b. Solve problems that arise in mathematics and in other contexts. 

c. Apply and adapt a variety of appropriate strategies to solve problems. 

d. Monitor and reflect on the process of mathematical problem solving. 

MMCP2. Students will reason and evaluate mathematical arguments. 
a. Recognize reasoning and proof as fundamental aspects of mathematics. 

b. Make and investigate mathematical conjectures. 

c. Develop and evaluate mathematical arguments and proofs. 

d. Select and use various types of reasoning and methods of proof. 

MMCP3. Students will communicate mathematically. 
a. Organize and consolidate their mathematical thinking through communication. 

b. Communicate their mathematical thinking coherently and clearly to peers, teachers, and others. 

c. Analyze and evaluate the mathematical thinking and strategies of others. 

d. Use the language of mathematics to express mathematical ideas precisely. 

MMCP4. Students will make connections among mathematical ideas and to other disciplines. 
a. Recognize and use connections among mathematical ideas. 

b. Understand how mathematical ideas interconnect and build on one another to produce a coherent whole. 

c. Recognize and apply mathematics in contexts outside of mathematics. 

MMCP5. Students will represent mathematics in multiple ways. 
a. Create and use representations to organize, record, and communicate mathematical ideas. 

b. Select, apply, and translate among mathematical representations to solve problems. 

c. Use representations to model and interpret physical, social, and mathematical phenomena. 


MRC. Students will enhance reading in all curriculum areas by: 
a. Reading in all curriculum areas 

• Read a minimum of 25 grade-level appropriate books per year from a variety of subject disciplines and participate in discussions related to curricular learning in all areas 

• Read both informational and fictional texts in a variety of genres and modes of discourse 

• Read technical texts related to various subject areas 

b. Discussing books 

• Discuss messages and themes from books in all subject areas. 

• Respond to a variety of texts in multiple modes of discourse. 

• Relate messages and themes from one subject area to messages and themes in another area. 

• Evaluate the merit of texts in every subject discipline. 

• Examine author’s purpose in writing. 

• Recognize the features of disciplinary texts. 

c. Building vocabulary knowledge 

• Demonstrate an understanding of contextual vocabulary in various subjects. 

• Use content vocabulary in writing and speaking. 

• Explore understanding of new words found in subject area texts. 

d. Establishing context 

• Explore life experiences related to subject area content. 

• Discuss in both writing and speaking how certain words are subject area related. 

• Determine strategies for finding content and contextual meaning for unknown words. 

Reading Standard Comment 


After the elementary years, students are seriously engaged in reading for learning. This process sweeps across all disciplinary domains, extending even to the area of personal learning. Students encounter a variety of informational as well as fictional texts, and they experience text in all genres and modes of discourse. In the study of various disciplines of learning (language arts, mathematics, science, social studies), students must learn through reading the communities of discourse of each of those disciplines. Each subject has its own specific vocabulary, and for students to excel in all subjects, they must learn the specific vocabulary of those subject areas in context. 


Beginning with the middle grades years, students begin to self-select reading materials based on personal interests established through classroom learning. Students become curious about science, mathematics, history, and literature as they form contexts for those subjects related to their personal and classroom experiences. As students explore academic areas through reading, they develop favorite subjects and become confident in their verbal discourse about those subjects. 


Reading across curriculum content develops both academic and personal interests in students. As students read, they develop both content and contextual vocabulary. They also build good habits for reading, researching, and learning. The Reading Across the Curriculum standard focuses on the academic and personal skills students acquire as they read in all areas of learning.





Terms/Symbols: dot product, cross product, determinant, Cramer’s Rule, row operation, similar matrix, orthogonal matrix, eigenvalue, eigenvector, partial derivative, Jacobian, Lagrange multiplier, gradient, divergence, curl, double integral, triple integral, line integral, surface integral, independence of path, linear first-order, homogeneous, linear second-order, Clairaut equations, characteristic equation
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