PROGHIGH SCHOOL CURRICULUM FRAMEWORK

Course Title: Calculus Course Number: 2058

Department: Mathematics ADS Number: 2058

Prerequisites: Algebra I & II, Pre-Calculus

Length of Course: 2 Semesters Credit/PRI Area: 0.5 credits per semester. Total of one credit. Grade Level(s): 11-12

Important Notes: Emphasisisfirst year college preparatory level. National AP exam isnot required for the regular Calculus course credit. Theregular course isa4-point
grade scale.

COURSE DESCRIPTION

The focus of the Calculus courseisthe mathematical study of motion and change. The courseis divided into topics: Derivatives and Integrals. Derivatives emphasize the
calculation of rates of change. Integras (anti-derivatives) emphasize summation of infinite amounts. Students are expected to learn the notations of calculus and apply their skills
to solving derivative and integrals problems from real world applications.

SYLLABUS
1. Units of Study:
a) Mathreview.
b) The derivative of a Function.
¢) Techniques of differentiation.
d) Applications of derivatives.
€) Indefinite and Definite Integrals.
f) Applicationsof integrals.
g) Techniques of integration.
2. Skills:
a) Build new mathematical knowledge through calculus problem solving. Critical thinking isrequired.
b) Apply and adapt a variety of appropriate strategies to solve cal culus problems.
¢) Recognizethe varieties of types of solutions, and select the best one.

STRATEGIES: Paideia M ethodology

Didactic: Lecture, guided discussion, and textbook chapter summary review.

Intellectual Coaching: All students present problem solving on the board to the other students. Solution methods are shared with the class.
Seminar: Related mediatopics are shared, with consideration of individua impacts.
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ASSESSMENTS

Oral: Guided Discussion, group participation, problem solving, seminar
Tests: Chapter tests and semester find exams.

Classwork: Chapter problem sets submitted prior to chapter test.

SUGGESTED TEXTBOOKSAND INSTRUCTIONAL MATERIALS
Calculusby George Thomas/Ross Finey; A college level testbook.

SUGGESTED TITLESAUTHORSWEB SITES
http://archives.math.utk.edu/visual .cal culus/

http://www.ima.umn.edu/~arnol d/graphi cs.html
http://www-groups.dcs.st-and.ac.uk/~history/HistTopics/The rise of calculus.html

http://en.wikipedia.org/wiki/Calculus

SEMINAR PIECESORUSE

Seminar pieces are brief higorica backgrounds of the devel opment of mathematics.
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STRAND II: MATHEMATICS: ALGEBRA, FUNCTIONS, AND GRAPHS
CONTENT STANDARD: STUDENTSWILL UNDERSTAND ALGEBRAIC CONCEPTSAND APPLICATIONS.

A. BENCHMARK: Represent and analyze mathematical Stuationsand structures using algebraic symbals.

GRADE PERFORMANCE STANDARDS ILLUSTRATIONS
11-12 1. Classify numbers and members of the following sets: The student must have satisfied this standard before taking this class.
e natural
e whole In thefirst two weeks of the course, the students are required to solve a
e integers number of review problems that will ascertain their capabilities to perform
e rationas these prerequisites. All the subject areasin the performance standards are

e irrationals
2. Simplify numerical expressions using the order of operations, including
exponents.
3. Evaluate the numerical value of expressions of one or more variables that are:

e polynomial

e rationd

o radica

4. Smplify algebraic monomial expressionsraised to a power (e.g., [5x y2]3)
and algebraic binomial (e.g., [5x2 + y]2) expressionsraised to a power.

5. Compare and order polynomial expressions by degree.

6. Represent and analyze relationships using written and verbal expressions,
tables, equations, and graphs, and describe the connections among those
representations:

e trandate from verbal expression to algebraic formulae (e.g., 'Set up the
equations that represent the data in the following equation: John?s father
is 23 years older than John. John is4 years older than hissister Jane.
John's mother is 3 years younger than John?s father. John?s mother is9
times as old as Jane. How old are John, Jane, John?s mother, and John?s

father?)
e (given datain atable, congtruct afunction that represents these data
(linear only)
e given agraph, construct a function that represents the graph (linear
only)
7. Know, explain, and use equival ent representations for the same real number
including:
e integers
e decimals
e percents

covered.
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GRADE

PERFORMANCE STANDARDS

ILLUSTRATIONS

e ratios

e scientific notation

e numberswith integer exponents

e inverses(reciprocal)

e primefactoring
8. Simplify algebraic expressions using the distributive property.
9. Explain and use the concept of absolute value.
10. Know, explain, and use equivalent representations for algebraic expressions.
11. Simplify square roots and cube roots with monomid radicands that are
perfect squares or perfect cubes (e.g., 9&\2x"4).
12. Calculate powers and roots of real numbers, both rational and irrational.
13. Solve:

e formulasfor specified variables

e radical equationsinvolving oneradical
14. Factor polynomials, difference of squares and perfect square trinomials, and
the sum and difference of cubes.
15. Simplify fractions with polynomialsin the numerator and denominator by
factoring both and reducing them to the lowest terms.
16. Manipulate smple expressions with + and - exponents.
17. Use the four basic operations (+, -, x, Ath:

e linear expressions

e polynomial expressions

e rational expressions

STRAND II: MATHEMATICS: ALGEBRA, FUNCTIONS, AND GRAPHS

CONTENT STANDARD: STUDENTSWILL UNDERSTAND ALGEBRAIC CONCEPTSAND APPLICATIONS.

B. BENCHMARK: Understand patterns, relations, functions, and graphs.

GRADE

PERFORMANCE STANDARDS

ILLUSTRATIONS
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GRADE

PERFORMANCE STANDARDS

ILLUSTRATIONS

11-12

1. Distinguish between the concept of areation and afunction.

2. Determine whether ardation defined by a graph, a set of ordered pairs, atable
of values, an equation, or aruleisafunction.

3. Describe the concept of a graph of afunction.

4. Trand ate among tabular, symbolic, and graphical representations of functions.
5. Explain and use function notation.

6. Determine the domain of independent variables and the range of dependent
variables defined by a graph, a set of ordered pairs, or a symbolic expression.

7. ldentify the independent and dependent variables from an application problem
(e.g., height of a child).

8. Describe the concept of a graph of an equation.

9. Understand symmetry of graphs.

10. Anayze and describe middle and end (asymptotic) behavior of linear,
quadratic, and exponential functions, and sketch the graphs of functions.

11. Work with composition of functions (e.g., find f of g when f(x) = 2x - 3and
g(x) = 3x - 2), and find the domain, range, intercepts, zeros, and local maxima or
minima of the final function.

12. Use the quadratic formula and factoring techniques to determine whether the
graph of a quadratic function will intersect the x-axisin zero, one, or two points.
13. Apply quadratic equationsto physical phenomena (e.g., the motion of an
object under the force of gravity).

The student must have satisfied this standard before taking this class.

In thefirst two weeks of the course, the students are required to solve a
number of review problems that will ascertain their capabilities to perform
these prerequisites. All the subject areasin the performance standards are
covered.

STRAND II: MATHEMATICS: ALGEBRA, FUNCTIONS, AND GRAPHS
CONTENT STANDARD: STUDENTSWILL UNDERSTAND ALGEBRAIC CONCEPTSAND APPLICATIONS.

C. BENCHMARK: Use mathematical modelsto represent and understand quantitative relationships.

GRADE

PERFORMANCE STANDARDS

ILLUSTRATIONS
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GRADE

PERFORMANCE STANDARDS

ILLUSTRATIONS

11-12

1. Model real-world phenomena using linear and quadratic equations and linear
inequalities (e.g., apply algebrai c techniques to solve rate problems, work
problems, and percent mixture problems; solve problems that involve discounts,
markups, commissions, and profit and compute simple and compound interest;
apply quadratic equations to model throwing a baseball in the air ).
2. Use avariety of computational methods (e.g., mental arithmetic, paper and
pencil, technological toals).
3. Express therelationship between two variables using a table with a finite set of
values and graph the relationship.
4. Express the relationship between two variables using an equation and a graph:
e graph alinear equation and linear inequality in two variables
e solvelinear inequalities and equationsin one variable
e solve systems of linear equationsin two variables and graph the
solutions
e usethegraph of a system of equationsin two variablesto help
determine the solution
5. Solve applications involving systems of equations.
6. Evaluate numerica and algebraic absolute value expressions.
7. Create alinear equation from atable of val ues containing co-linear data.
8. Determine the solution to a system of equationsin two variables from a given
graph.
9. Generate an agebraic sentence to modd real -life situations.
10. Write an equation of the line that passes through two given points.
11. Undergtand and use:
e such operations astaking theinverse, finding thereciprocal, taking a
root, and raising to a fractional power
e therules of exponents
12. Verify that apoint lies on aline, given an equation of theline, and be able to
derive linear equations by using the point-dope formula

The student must have satisfied this standard before taking this class.

In thefirst two weeks of the course, the students are required to solve a
number of review problems that will ascertain their capabilities to perform
these prerequisites. All the subject areasin the performance standards are

covered.

STRAND II: MATHEMATICS: ALGEBRA, FUNCTIONS, AND GRAPHS
CONTENT STANDARD: STUDENTSWILL UNDERSTAND ALGEBRAIC CONCEPTSAND APPLICATIONS.

D. BENCHMARK: Analyze changesin various contexts.

GRADE

PERFORMANCE STANDARDS

ILLUSTRATIONS
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GRADE PERFORMANCE STANDARDS ILLUSTRATIONS

11-12 1. Analyze the effects of parameter changes on these functions: The essence of calculusisthe derivative. The derivative is the instantaneous

e linear (e.g., changesin dope or coefficients) rate of change of a function with respect to one of its variables.

e (Quadratic (e.g., f[x-a] changes coefficients and constants)

e exponentid (eg., changes caused by increasing x[x + c] or [ax]) The derivative is introduced to the student by having them perform problems

e polynomial (e.g., changes caused by positive or negative values of a, or | 9N limits and continuity. Theentire first semester is devoted to learning the
in a constant c) symbol ogy and then incorporating thisinto doing problems based on what

e 2. Solveroutine two- and three-step problems relating to changeusing | ey have proven to know from theitems isted in the performance
concepts such as: standards.
exponents

e factoring

e ratio

e proportion

e average

e percent

3. Calculate the percentage of increase and decrease of a quantity.

4. Analyze the general shape of polynomial expressionsand equations for
different degree polynomials (eg., positive and negative general shapes for third
, fourth-, and fifth-degree polynomials).

5. Estimate therate of change of a function or equation by finding the dope
between two points on the graph.

6. Evaluate the estimated rate of changein the context of the problem.

7. Know Pascal'striangle and use it to expand binomial expressionsthat are
raised to positive integer powers.

STRAND III: MATHEMATICS: GEOMETRY AND TRIGONOMETRY
CONTENT STANDARD: STUDENTSWILL UNDERSTAND GEOMETRIC CONCEPTSAND APPLICATIONS.

A. BENCHMARK: Analyze characteristics and properties of two- and three-dimensonal geometric shapes and develop mathematical arguments about geometric
relationships.

GRADE PERFORMANCE STANDARDS ILLUSTRATIONS
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GRADE

PERFORMANCE STANDARDS

ILLUSTRATIONS

11-12

1. Interpret and draw two-dimensional objects and find the area and perimeter of
basic figures (e.g., rectangles, circles, triangles, other polygons|[e.g., rhombi,
paraldograms, trapezoids]).

2. Find the area and perimeter of a geometric figure composed of a combination
of two or more rectangles, triangles, and/or semicircles with just edgesin
common.

3. Find and use measures of sides and interior and exterior angles of triangles and
polygonsto classify figures (e.g., scalene, isosceles, and equilateral triangles,
rectangles [sguare and non-square]; other convex polygons).

4. Interpret and draw three-dimensional objects and find the surface area and
volume of basic figures (e.g., spheres, rectangular solids, prisms, polygonal
cones), and cal culate the surface areas and volumes of these figures aswdl as
figures constructed from unions of rectangular solids and prisms with facesin
common, given the formulasfor these figures.

5. Demonstrate an understanding of simple aspects of alogical argument:
identify the hypothesis and conclusion in logical deduction

use counterexampl es to show that an assertion is false and recognize that a single
counterexampleis sufficient to refute an assertion

6. Demonstrate an understanding of inductive and deductive reasoning, explain
the difference between inductive and deductive reasoning, and identify and
provide examples of each:

e for inductive reasoning, demonstrate understanding that showing a
statement istrue for afinite number of examples does not show it istrue
for all cases

e unlessthe cases verified are al cases

e for deductive reasoning, prove simple theorems

7. Write geometric proofs (including proofs by contradiction), including:

e theoremsinvolving the properties of parallel lines cut by atransversal
line and the properties of quadrilaterals

e theoremsinvalving complementary, supplementary, and congruent
angles

e theoremsinvolving congruence and similarity

e the Pythagorean theorem (tangram proof)

The student must have satisfied this standard before taking this class.

In thefirst two weeks of the course, the students are required to solve a
number of review problems that will ascertain their capahilities to perform
these prerequisites. All the subject areasin the performance standards are
covered.

Geometric examples and proofs are samples of the problems that the student
isrequired to perform.

STRAND I11I:

MATHEMATICS: GEOMETRY AND TRIGONOMETRY

CONTENT STANDARD: STUDENTSWILL UNDERSTAND GEOMETRIC CONCEPTSAND APPLICATIONS.

|| B. BENCHMARK: Specify locations and describe spatial relationships using coordinate geometry and other representational systems.
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GRADE

PERFORMANCE STANDARDS

ILLUSTRATIONS

11-12

1. Demonstrate understanding of the construction of the coordinate plane, know
the names of the origin, coordinate axes and four quadrants, draw and label them
correctly, find the coordinates of an indicated point, and plot a point with given
coordinates.

2. Determine the midpoint and distance between two pointswithin a coordinate
system and relate these ideas to geometric figuresin the plane (e.g., find the
center of acircle given two endpoints of a diameter of the circle).

3. Given two linear equations, determine whether the lines are paralld,
perpendicular, or coincide.

4. Use basic geometric ideas (e.g., the Pythagorean theorem, area, and perimeter
of objects) in the context of the Euclidean Plane, calculate the perimeter of a
rectangle with integer coordinates and sides parallel to the coordinate axes and
with sides not parall€l.

The student must have satisfied this standard before taking this class.

In thefirst two weeks of the course, the students are required to solve a
number of review problems that will ascertain their capabilities to perform
these prerequisites. All the subject areasin the performance standards are
covered.

Many problems in analytic geometry are assigned to further the students
understanding of the new concepts.

STRAND II1I:

MATHEMATICS: GEOMETRY AND TRIGONOMETRY

CONTENT STANDARD: STUDENTSWILL UNDERSTAND GEOMETRIC CONCEPTSAND APPLICATIONS.

C. BENCHMARK: Apply transformations and use symmetry to analyze mathematical situations.

GRADE

PERFORMANCE STANDARDS

ILLUSTRATIONS

11-12

1. Describe the effect of rigid motions on figures in the coordinate plane and
space that include rotations, trandations, and reflections:
determine whether a given pair of figures on a coordinate plane represents the
effect of atrandation, reflection, rotation, and/or dilation
sketch the planar figure that isthe result of a given transformation of thistype
2. Deduce properties of figures using transformations that include trandations,
rotations, reflections, and dilationsin a coordinate system:
e identify congruency and similarity in terms of transformations
o determine the effects of the above transformations on linear
and area measurements of the original planar figure

The student must have satisfied this standard before taking this class.

In thefirst two weeks of the course, the students are required to solve a
number of review problems that will ascertain their capabilitiesto perform

these prerequisites. All the subject areasin the performance standards are
covered.

Coordinate transformation is utilized in the students problem solving asan
integral part of the calculus.
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STRAND III: MATHEMATICS: GEOMETRY AND TRIGONOMETRY
CONTENT STANDARD: STUDENTSWILL UNDERSTAND GEOMETRIC CONCEPTSAND APPLICATIONS.

D. BENCHMARK: Usevisualization, spatial reasoning, and geometric modeling to solve problems.

GRADE PERFORMANCE STANDARDS ILLUSTRATIONS
11-12 1. Solve real-world probl ems using congruence and similarity relationships of Integral calculusisthe part of calculusthat deals with integration and its
triangles (e.g., find the height of a pole given thelength of its shadow). application in the solution of differential equations and in determining areas
2. Solve problems involving complementary, supplementary, and congruent or volumes of various shapes.
angles.
3. Solve problems involving the perimeter, circumference, area, volume, and Trigonometric relationships are integrated into problem assignments on a

surface area of common geometric figures (e.g., 'Determinethe surface areaof a | daily basis. In fact, the calculusis used to prove many of Euclid’sand
can of height h and radius r. How does the surface area change when the height is | Pythagoras' theorems.

changed to 3h? How does the surface area change when the radius is changed to
3r? How does the surface area change when both h and r are doubled?).

4. Solve problems using the Pythagorean theorem (e.g., 'Given the length of a
ladder and the distance of the base of the ladder from awall, determine the
distance up the wall to the top of the ladder").

5. Understand and use elementary relationships of basic trigonometric functions
defined by the angles of aright triangle (e.g., 'What istheradius of a circle with
an inscribed regular octagon with the length of each side being exactly 2 feet?).
6. Use trigonometric functions to solve for the length of the second leg of aright
triangle given the angles and the length of thefirst leg. (e.g., 'A surveyor
determines that the angle subtended by a two-foot stick at right anglesto his
trangit is exactly one degree. What isthe distance from the transit to the base of
the measuring stick?).

7. Know and use angle and side relationships in problems with special right
triangles (e.g., 30-, 45-, 60-, and 90-degree triangl es).

STRAND II: ALGEBRA, FUNCTIONS, AND GRAPHS
CONTENT STANDARD: GUIDANCE FOR FURTHER STUDY

A. BENCHMARK: Solving equations, inequalities, and systems

GRADE PERFORMANCE STANDARDS ILLUSTRATIONS
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GRADE PERFORMANCE STANDARDS ILLUSTRATIONS
11-12 (As students encounter ever more sophisticated mathematical situations, they The student must have satisfied this standard before taking this class.

will need to be able to generate and solve a variety of equations, inequalities,

and systems. They begin by studying more complex linear and quadratic In thefirst two weeks of the course, the students are required to solve a

equations and systems.) Studentswill be able to: number of review problems that will ascertain their capabilities to perform
e solvethree-by-three linear systems these prerequisites. All the subject areasin the performance standards are
e solvetwo-by-two linear quadratic and quadratic-quadratic systems covered.
e solve and graph equations and inequalities involving absolute value
e  solve quadratic inequalities by factoring The calculus course requires learning and using the graphing cal culator, so

that a demonstration of equations will be presented.
STRAND II: ALGEBRA, FUNCTIONS, AND GRAPHS

CONTENT STANDARD: GUIDANCE FOR FURTHER STUDY

A. BENCHMARK: Polynomials

GRADE PERFORMANCE STANDARDS ILLUSTRATIONS
11-12 (Students will extend the concept of solving linear equations to higher degree The student must have satisfied this standard before taking this class.
polynomials. These polynomials can be used to more accurately describe real-
world phenomena.) Students will be able to: In thefirst two weeks of the course, the students are required to solve a
e factor polynomials of degree higher than two using the fundamental number of review problemsthat will ascertain their capabilities to perform
theorem of algebra (e.g. an nth degree polynomia hasat most n distinct | these prerequisites. All the subject areasin the performance standards are
linear factors), integral and rational zero theorems, and factor and covered.
remainder theorems
e perform the four basic operations on complex numbers The student will show their understanding of the fundamental theorem of
e factor polynomials using complex numbers algebra by solving many complex polynomials of degree n.
e graph polynomials using the intermediate val ue theorem
e graph and interpret the conic sections
STRAND II;: ALGEBRA, FUNCTIONS, AND GRAPHS

CONTENT STANDARD: GUIDANCE FOR FURTHER STUDY

B. BENCHMARK: Functions

GRADE PERFORMANCE STANDARDS

ILLUSTRATIONS
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GRADE PERFORMANCE STANDARDS ILLUSTRATIONS
11-12 (The language and properties of functions are essential to understanding the The student must have satisfied this standard before taking this class.
components of higher mathematics. Functions are the fundamental objectson
which students operate in some higher mathematics and are among the building | In thefirst two weeks of the course, the students are required to solve a
blocks of higher mathematics.) Students will be able to: number of review problems that will ascertain their capabilities to perform
¢ find and useinverse functionsinvolving ordered pairs, graphs, and these prerequisites. All the subject areasin the performance standards are
explicit statements of a function rule covered.
e examineand graph piece-wise defined functions, including the use of
the properties of continuity and discontinuity The concept of functions and the functions that arise frequently in the
e graph rational functions and locate zeros and horizontal and vertical calculus are reviewed by solving problems.
asymptotes
STRAND III; GEOMETRY AND TRIGOMETRY

CONTENT STANDARD: GUIDANCE FOR FURTHER STUDY

A. BENCHMARK: Logsand exponential functions

GRADE PERFORMANCE STANDARDS ILLUSTRATIONS
11-12 (Logs and exponential functions provide tools for more sophisticated modeling | The student must have satisfied this standard before taking this class.
and applications for understanding real-life phenomena. Higher mathematics
requires regular and successful use of logs and exponents to move beyond In thefirst two weeks of the course, the students are required to solve a
polynomials.) Studentswill be able to: number of review problems that will ascertain their capabilities to perform
e operate with logs and exponentia functions on the basis of their inverse | these prerequisites. All the subject areasin the performance standards are
relationship covered.
e identify the concept of e
e  useexponential functions and common and natural logs to understand | Many of the calculus problems are demonstrations of the developments of
real-life situations (e.g., half-life, amortization, logistic growth) the natural base of the logarithms and their applications.
e uselogs and exponents to solve equations
STRAND III: GEOMETRY AND TRIGOMETRY

CONTENT STANDARD: GUIDANCE FOR FURTHER STUDY

B. BENCHMARK: Trigonometry concepts.

COURSE TITLE: CALCULUS
Teacher: Oliver

DRAFT: JANUARY 2006
Page 12 of 13




GRADE PERFORMANCE STANDARDS ILLUSTRATIONS
11-12 (Trigonometry allows a student to consider periodic functions.) Studentswill be | The student must have satisfied this standard before taking this class.
ableto:

e graph all six trigonometric functions using radian measure, their In thefirst two weeks of the course, the students are required to solve a
domains and ranges, and the exact values of the five angles of the six number of review problems that will ascertain their capabilitiesto perform
trigonometric functions these prerequisites. All the subject areasin the performance standards are

e demonstrate an understanding of trigonometric functions as circular covered.
functions using symmetry

e solvetrigonometric equations

o verify trigonometric identities

e apply trigonometric functions to solve physical problems, including the
use of the laws of sines and cosines

STRAND IIlI; GEOMETRY AND TRIGOMETRY

CONTENT STANDARD: GUIDANCE FOR FURTHER STUDY

C. BENCHMARK: Seriesand sequence.

GRADE

PERFORMANCE STANDARDS

ILLUSTRATIONS

11-12

(As students progress toward higher mathematics, they will need an

under standing of sequences and functions whose domains are sets of whole
numbers as opposed to sets of real numbers|e.g., discrete functions versus
continuous functions). Infinite geometric series provide one way to begin a
discussion about limits]) Students will be able to:

e use algebraic techniquesto generate the specific formulas for arithmetic
and geometric sequences and series

e extend the concept of seriesto infinite geometric series

e usethelanguage and notation of limits

e usemathematica induction to prove various mathematical statements

The student must have satisfied this standard before taking this class.

In thefirst two weeks of the course, the students are required to solve a
number of review problems that will ascertain their capabilitiesto perform
these prerequisites. All the subject areasin the performance standards are
covered.

The concept of integration isintroduced as problems of infinite series.
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