Math  232



Calculus III

  

         Fall,  2001

Instructor:
Dr. Richard Rubin                    

Office:

Science 103C

1. Office Hours:
TTh 9AM – 2PM




Phone:

321-3457


or by appointment



email:

rrubin@cbu.edu

Catalog Description: Algebra of vectors in a plane and in space;  the calculus of vectors; vector functions; basic concepts of multivariable calculus; partial derivatives; multiple integrals.

Prerequisite:
Math 231, Differential Equations: 

Students completing Math 231 should have basic differentiation and integration skills from Math 131-132 and should know how to solve first, second, and higher order linear differential equations.  They should be able to set up and solve applications requiring differential equation models.

Text:
William G. McCallum, et al, Multivariable Calculus, John Wiley & Sons, Inc. 1997.

Tentative Course Syllabus
Topics 






Text Sections 
      Classes

-----------------------------------------------------------------------------------------------------------------------
Functions of Several Variables



11.1-11.6

4

Functions of Two Variables



11.1




A Tour of 3D Space




11.2

Graphs of Functions of Two Variables

11.3

Contour Diagrams




11.4

Linear Functions




11.5

Functions of More Than Two Variables

11.6

A Fundamental Tool: Vectors




12.1-12.4

4


Displacement Vectors




12.1


Vectors in General




12.2


The Dot Product




12.3


The Cross Product




12.4

Differentiating Functions of Many Variables


13.1-13.7

9


The Partial Derivative




13.1


Computing Partial Derivatives Algebraically

13.2


Local Linearity and the Differential


13.3


Gradients and Directional Derivatives

13.4


Gradients and Directional Derivatives in Space
13.5


The Chain Rule




13.6


Second Order Partial Derivatives


13.7

Optimization: Local and Global Extrema


14.1-14.2

4


Local Extrema





14.1


Global Extrema: Unconstrained Optimization
14.2

Integrating Functions of Many Variables


15.1-3,5,6

6


The Definite Integral of a Function of 2 Variables
15.1


Iterated Integrals




15.2


Triple Integrals




15.3


Double Integrals in Polar Coordinates

15.5


Integrals in Cylindrical and Spherical Coordinates
15.6

Parameterized Curves and Surfaces



16.1-16.2

3


Parameterized Curves




16.1


Motion, Velocity, and Acceleration


16.2

Vector Fields






17.1-17.2

3


Vector Fields





17.1


The Flow of a Vector Field



17.2

Line Integrals






18.1-18.4

6


The Idea of a Line Integral



18.1


Computing Line Integrals over Parameterized


Curves






18.2


Gradient Fields and Path-Independent Fields

18.3


Path-Dependent Vector Fields and Green’s Theorem18.4


Tests










3 

Final Exam












Total










42

General Course Objectives

2. Multivariable calculus generalizes the concepts of the calculus of functions of one variable studied in calculus I and II to functions of two, three, and more variables.  The course introduces the student to the fundamentals of three dimensional graphing, vector analysis, and three and four dimensional analysis using the methods of calculus.  Students will improve their algebraic and calculus skills, and they will learn to apply calculus methods to fundamental mathematical modeling problems.

The topics in multivariable calculus include:

            functions of several variables,

            geometry of vectors in the plane and in three dimensional space,

            differentiation of functions of several variables,

            integration of functions of several variables,

            parametric curves and surfaces,

            vector fields and line integrals.

For each of these topics, at the end of the course, you will be able to:

define each important concept, 

apply the rules and techniques of multivariable calculus to routine exercises,  

transform among the geometric, numeric and algebraic representations of the concepts,   

solve simple engineering problems, in very specific contexts, by using appropriate techniques of multivariable calculus, 

judge the relevance of the results obtained from the problems, 

use computer software to illustrate appropriate important concepts.

Specific Course Objectives
The specific course objectives are in three groups:



1.
basic knowledge objectives,



2.
meaningful integrated objectives and



3.
critical thinking objectives.

Tests will focus mainly on the basic knowledge objectives.  Assignments will focus on all of the objectives.  In order to earn a grade of at least a C in the course, the student must achieve most of the basic knowledge objectives.  In order to earn a grade of B, the student must achieve most of the basic knowledge and meaningful integrated objectives.  To earn an A, the student must achieve most objectives.

Basic Knowledge Objectives

At the end of the course, the student will be able to:

Chapter 11 
Functions of Several Variables
3. Sketch the graph of a simple function of two variables.

4. Draw a contour diagram of a simple function of two variables.

5. Describe important properties of a function of two variables using a surface graph, a contour diagram and a table of data.

6. Use computer software to graph a function of two variables.

7. Use computer software to plot a contour diagram of a function of two variables.

8. Define and determine the parameters that describe a linear function in two variables.

9. Find the distance between two points in space.

Chapter 12.
A Fundamental Tool: Vectors 

10. Resolve a vector into its coordinate components.

11. Find the length/magnitude of a vector.

12. Compute the sum of two vectors.

13. Compute the dot product of two vectors.

14. Find the angle between two vectors.

15. Use the normal vector and a point in the plane to find the equation of the plane.

16. Use the dot product to compute the work done by a force.

17. Compute the cross product of two vectors.

18. Find the area of a parallelogram using the cross product.

Chapter 13.
Differentiating Functions of Many Variables
19. Compute the partial derivatives of a multivariable function algebraically and graphically.

20. Determine the differential of a multivariable function.

21. Find the equation for the tangent plane through a point of the graph of a multivariable function.

22. Determine a linear approximation to a multivariable function.

23. Compute the directional derivative of a multivariable function.

24. Compute the gradient of a multivariable function.

25. Compute the differential of a multivariable function.

26. Use the chain rule to compute a rate of change of a multivariable function.

27. Compute all of the second partial derivatives of a function of two variables.

Chapter 14.
Optimization: Local and Global Extrema
28. Define what is meant by local extrema.

29. Use partial derivatives to determine critical points of a multivariable function.

30. Use the second partial derivative test to identify a critical point of a multivariable function as a local maximum, a local minimum or a saddle point when possible. 

31. Use the concept of critical points to solve optimization problems.
Chapter 15.
Integrating Functions of Many Variables
32. Evaluate the average value of a function over a specified region in space.

33. Evaluate a double integral in rectangular coordinates.

34. Evaluate a double integral in polar coordinates.

35. Reverse the order of integration for a double integral.

36. Find the volume under the graph of a function for given coordinate limits.

37. Evaluate an iterated integral.

38. Transform between rectangular and polar coordinate systems for double integrals.

39. Evaluate a triple integral in rectangular coordinates.

40. Evaluate a triple integral in cylindrical coordinates.

41. Evaluate a triple integral in spherical coordinates.

42. Transform between rectangular, cylindrical and spherical coordinate systems for triple integrals.

Chapter 16.
Parameterized Curves and Surfaces

43. Represent a curve in space parametrically.

44. Describe motion in space with parametric equations.

45. Find the velocity of a moving particle from its position vector.

46. Find the acceleration of a moving particle from its position vector. 

47. Determine the  parametric equation of a line through a point in space.

48. Find the length of a curve in space.

Chapter 17.
Vector Fields

49. Draw a vector field in the plane.

50. Draw flow lines of a vector field.

51. Use computer software to draw a vector field.

52. Compute a gradient field of a function of 2 variables.

Chapter 18.
Line Integrals

53. Evaluate a line integral for a given oriented curve.

54. Evaluate a line integral using parameterization.

55. Determine whether a vector field is conservative. 

56. Use the Fundamental Theorem of Calculus for line integrals to evaluate a line integral.

57. Evaluate a line integral using Green's Theorem.
Meaningful integrated objectives

At the end of the course, the student will be able to:

1. Use computer software to create an interesting surface dissimilar from ones discussed in class.

2. Set up and solve an unconstrained optimization problem using the second partials test similar to one discussed in class.

3. Set up and find the area of a plane region similar to one discussed in class.

4. Set up and find the volume of a solid similar to one discussed in class.

5. Find or invent a realistic applied problem, either in engineering or science, dissimilar from ones discussed in class, whose solution involves techniques of multivariable calculus.

Critical thinking objectives

At the end of the course, the student will be able to:

1. Set up and solve an unconstrained optimization problem using the second partials test dissimilar from one discussed in class.

2. Find the area of a plane region dissimilar from one discussed in class. 

3. Find the volume of a solid dissimilar from one discussed in class. 

4. Find or invent and solve a realistic applied problem, either in engineering or science, dissimilar from ones discussed in class, whose solution involves techniques of multivariable calculus.

Grades

Grades are based on:


Tests


75%





Assignments 

25%.






Total


100%

IN ORDER TO PASS THE COURSE, A STUDENT MUST PASS BOTH TESTS AND ASSIGNMENTS.
Tests:




4 hour exams





50%






final examination 




25%.






Total






75%

There are no makeups for tests.

Assignments (General):
Assignments include graded written homework and practice homework.  Each student must submit assignments on time and in a specified format.  A graded written homework assignment is due at the start of class.  Graded assignments are collected at the beginning of each class. Place them on the teacher’s desk  when you enter the room.  Practice homework may be submitted at any time and particularly prior to exams for a particular section.  A student must submit his/her own work for assignments. 

Assignments (Homework)

Each student will complete all assigned graded homework and as much of the practice homework as she/he desires.  All homework submitted to the instructor is to be formatted as specified in the Homework Guidelines (attached and also available on my WWW home page -www.cbu.edu/~rrubin).  

Your homework will be graded for quality (how well you follow the homework guidelines) as well as correctness.
Late Homework Policy:   

Homework turned in after the due date will be accepted only for verifiable reasons and no later than 2 class periods after the initial due date.  Verifiable reasons include sickness, family emergencies, and absences for university sanctioned events.  Attach the reason for lateness to the homework.  Only partial credit will be given for late homework.

Grading Scale:

A 
90-100%

B 
80-89%

C 
65-79%

D 
60-65%

F 
0-59%.

Attendance:
A student must attend class regularly.  See the policy on attendance in the CBU catalog.  Lateness counts as one half an absence.

Other Resources:



Tutoring:
The Math Center in Science 151 offers free tutoring.  See the Math Center Web Page for summer hours.

Lecture Notes:
Lecture notes, homework and test assignments and other interesting things



will be posted on my world wide web home page:

58. http://www.cbu.edu/~rrubin
