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Mathematical Practices

1. Make sense of problems and persevere in
solving them.

SE/TE:

18, 19, 30, 45, 48, 122, 123, 139, 179, 200, 281,
282, 292, 293, 399, 401, 450, 597, 721, 852, 894,
895, 919, 967

2. Reason abstractly and quantitatively.

SE/TE:

31,123, 139, 179, 200, 271, 281, 293, 294, 365,
400, 425, 450, 465, 507, 820, 864, 894, 904,
1021, 1141

3. Construct viable arguments and critique the
reasoning of others.

SE/TE:

140, 180, 216, 260, 272, 281, 282, 295, 315, 333,
334, 352, 365, 415, 425, 476, 491, 660, 842, 904,
934, 1076, 1062

4. Model with mathematics.

SE/TE:

57, 86, 108, 122, 123, 124, 199, 200, 227, 243,
252, 259, 260, 291, 292, 293, 294, 351, 400, 611,
821, 968

5. Use appropriate tools strategically.

SE/TE:

47,176, 198, 215, 216, 244, 271, 281, 295, 332,
333, 379, 402, 449, 476, 598, 671, 755, 895, 946,
1141

6. Attend to precision.

SE/TE:

30, 45, 56, 69, 85, 108, 139, 258, 260, 293, 294,
314, 331, 401, 425, 490, 491, 548, 560, 575, 576,
626, 638, 639, 669

7. Look for and make use of structure.

SE/TE:

68, 69, 84, 85, 106, 138, 178, 179, 259, 269, 314,
315, 364, 400, 449, 491, 508, 627, 659, 755, 842,
967, 999

8. Look for and express regularity in repeated
reasoning.

SE/TE:
399, 562, 576, 637, 669, 744, 1048, 1049, 1059,
1061, 1073, 1075, 1085, 1092, 1103
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Number and Quantity

The Complex Number System

Perform arithmetic operations with complex numbers.

1. Define the constant e in a variety of contexts.
Example: the total interest earned if a 100%
annual rate is continuously compounded.

SE/TE:
446-447, 494-497

a. Explore the behavior of the function y=e*and its
applications.

SE/TE:
444-445, 504-507

b. Explore the behavior of In(x), the logarithmic
function with base e, and its applications.

SE/TE:
460-462, 464, 496-497

2. Find the conjugate of a complex number; use
conjugates to find moduli and quotients of
complex numbers.

SE/TE:
310-311, 757-758, 761-762, 768

Represent complex nhumbers and their operations on the complex plane.

3. Represent complex numbers on the complex SE/TE:

plane in rectangular and polar form (including real | 758-760, 767
and imaginary numbers), and explain why the

rectangular and polar forms of a given complex

number represent the same number.

4. Represent addition, subtraction, multiplication, SE/TE:

and conjugation of complex numbers
geometrically on the complex plane; use
properties of this representation for computation.
Example: (-1+\3ii)=8 because (-1+\3ii) has
modulus 2 and argument 120°.

761-762, 767, 768

5. Calculate the distance between numbers in the
complex plane as the modulus of the difference,
and the midpoint of a segment as the average of
the numbers at its endpoints.

SE/TE:
760, 761-762, 767

Use complex numbers in polynomial identities a

nd equations.

6. Analyze possible zeros for a polynomial
function over the complex numbers by applying
the Fundamental Theorem of Algebra, using a
graph of the function, or factoring with algebraic
identities.

SE/TE:
312-313, 314, 372-373, 762-766, 768

SE = Student Edition
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Limits

Understand limits of functions.

7. Determine numerically, algebraically, and
graphically the limits of functions at specific values
and at infinity.

SE/TE:
1130-1142, 1143-1152, 1153-1155

a. Apply limits of functions at specific values and
at infinity in problems involving convergence and
divergence.

SE/TE:
11566-1160, 1160-1162

Vector and Matrix Quantities

Represent and model with vector quantities.

8. Explain that vector quantities have both
magnitude and direction. Represent vector
quantities by directed line segments, and use
appropriate symbols for vectors and their
magnitudes. Examples: v, |v|, [|V]], V.

SE/TE:
372-373, 764-766, 768

9. Find the components of a vector by subtracting | SE/TE:
the coordinates of an initial point from the 770-771
coordinates of a terminal point.

10. Solve problems involving velocity and other SE/TE:

quantities that can be represented by vectors.

771-775, 781-784

11. Find the scalar (dot) product of two vectors as | SE/TE:

the sum of the products of corresponding 786-792

components and explain its relationship to the

cosine of the angle formed by two vectors.

Perform operations on vectors.

12. Add and subtract vectors. SE/TE:
775-777, 782

a. Add vectors end-to-end, component-wise, and SE/TE:

by the parallelogram rule, understanding that the 775-777, 782

magnitude of a sum of two vectors is not always
the sum of the magnitudes.

SE = Student Edition
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b. Given two vectors in magnitude and direction
form, determine the magnitude and direction of
their sum.

SE/TE:
775-776, 777, 782

c. Explain vector subtraction, v—w, as v + (—w), SE/TE:

where —w is the additive inverse of w, with the 775-777, 782

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.

13. Multiply a vector by a scalar. SE/TE:
776,777,782

a. Represent scalar multiplication graphically by SE/TE:

scaling vectors and possibly reversing their 772-775, 782

direction; perform scalar multiplication

component-wise.

Example: c(vx, Vy) = (CVx, CVy)

b. Compute the magnitude of a scalar multiple cv | SE/TE:

using ||ev|| = |c|v. Compute the direction of cv 778-780, 782

knowing that when |c|v # 0, the direction of cv is

either along v (for ¢ > 0) or against v (for ¢ < 0).

14. Multiply a vector (regarded as a matrix with SE/TE:

one column) by a matrix of suitable dimensions to
produce another vector. Work with matrices as
transformations of vectors.

910-914, 915-916, 917-918

Algebra

Seeing Structure in Expressions

Write expressions in equivalent forms to solve problems.

15. Derive the formula for the sum of a finite
geometric series (when the common ratio is not
1), and use the formula to solve problems,
extending to infinite geometric series.

Examples: calculate mortgage payments;
determine the long-term level of medication if a
patient takes 50 mg of a medication every 4
hours, while 70% of the medication is filtered out
of the patient’s blood.

SE/TE:
1070-1073, 1074-1075
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Arithmetic With Polynomials and Rational Expre

ssions

Understand the relationship between zeros and factors of polynomials.

16. Derive and apply the Remainder Theorem:
For a polynomial p(x) and a number a, the
remainder on division by x — a is p(a), so p(a) =0
if and only if (x — a) is a factor of p(x).

SE/TE:
360-362, 363-365

Use polynomial identities to solve problems.

17. Know and apply the Binomial Theorem for the
expansion of (x + y)"in powers of x and y for a
positive integer, n, where x and y are any
numbers.

SE/TE:
1088-1091, 1092, 1093

Rewrite rational expressions.

18. Rewrite simple rational expressions in
different forms; write a(x)/b(x) in the form g(x) +
r(x)/b(x), where a(x), b(x), q(x), and r(x) are
polynomials with the degree of r(x) less than the
degree of b(x), using inspection, long division, or,
for the more complicated cases, a computer
algebra system.

SE/TE:
72-79, 80-83, 84-87

19. Add, subtract, multiply, and divide rational SE/TE:
expressions. 74-79, 84-85
a. Explain why rational expressions form a system | SE/TE:
analogous to the rational numbers, which is 74-79

closed under addition, subtraction, multiplication,
and division by a nonzero rational expression.

Reasoning With Equations and Inequalities

Understand solving equations as a process of reasoning and explain the reasoning.

20. Explain each step in solving an equation as
following from the equality of numbers asserted at
the previous step, starting from the assumption
that the original equation has a clear-cut solution.
Construct a viable argument to justify a solution
method. Include equations that may involve
linear, quadratic, polynomial, exponential,
logarithmic, absolute value, radical, rational,
piecewise, trigonometric functions, and their
inverses.

SE/TE:
88-109, 191-193, 478-491, 536-541, 613-629,
693-706
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21. Solve simple rational equations in one SE/TE:
variable, and give examples showing how 91-93, 106
extraneous solutions may arise.

Solve systems of equations.

22. Represent a system of linear equations as a SE/TE:
single matrix equation in a vector variable. 882-885, 892
23. Find the inverse of a matrix if it exists and use | SE/TE:

it to solve systems of linear equations (using
technology for matrices of dimension 3 x 3 or
greater).

925-929, 932-933

Functions

Interpreting Functions

Interpret functions that arise in applications in terms of the context.

24. Compare and contrast families of functions
and their representations (algebraically,
graphically, numerically, and verbally in terms of
their key features. Note: Key features include
intercepts; intervals where the function is
increasing, decreasing, positive, or negative;
maximums and minimums; symmetries (including
even and odd); end behavior; asymptotes; and
periodicity.

Families of functions include but are not
limited to linear, quadratic, polynomial,
exponential, logarithmic, absolute value,
radical, rational, piecewise, trigonometric, and
their inverses.

SE/TE:

175, 181-191, 195-197, 208-210, 283-289, 291-
295, 316-324, 330-332, 336-337, 344-347, 349-
352, 385-389, 390-394, 399, 440-441, 448-449,
456-457, 464, 579-591, 592-593, 595-597, 600-
608, 609-611

25. Calculate and interpret the average rate of
change of a function (presented symbolically or as
a table) over a specified interval. Estimate the rate
of change from a graph. Extend from
polynomial, exponential, logarithmic, and
radical to rational and all trigonometric
functions.

SE/TE:
220-225, 226-227

a. Find the difference quotient  flax+ax)—f(a)
of a function and use it to Ax
evaluate the average rate of change at a point.

SE/TE:
193-194, 198, 221-223

SE = Student Edition
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b. Explore how the average rate of change of a
function over an interval (presented symbolically
or as a table) can be used to approximate the
instantaneous rate of change at a point as the
interval decreases.

SE/TE:
1166, 1170-1172

Analyze functions using different representations

26. Graph functions expressed symbolically and
show key features of the graph, by hand and
using technology. Use the equation of functions to
identify key features in order to generate a graph.

SE/TE:
181-191, 195-197, 208-210, 283-289, 291-295,
316-324, 330-332, 336-337, 344-347, 349-352,
385-389, 390-394, 399, 440-441, 448-449, 456-
457, 464, 579-591, 592-593, 595-597, 600-608,
609-611

a. Graph rational functions, identifying zeros and
asymptotes when suitable factorizations are
available, and showing end behavior.

SE/TE:
382-388, 390-394, 399

b. Graph trigonometric functions and their
inverses, showing period, midline, amplitude, and
phase shift.

SE/TE:
578-586, 587-591, 595-596

Building Functions

Build a function that models a relationship between two quantities.

27. Compose functions. Extend to polynomial,
trigonometric, radical, and rational functions.
Example: If T(y) is the temperature in the
atmosphere as a function of height, and h(t) is the
height of a weather balloon as a function of time,
then T(h(t)) is the temperature at the location of
the weather balloon as a function of time.

SE/TE:
252-256, 260

Build new functions from existing functions.

28. Find inverse functions.

SE/TE:
261, 264-268, 269-272, 613-621

a. Given that a function has an inverse, write an
expression for the inverse of the function.
Example: Given f(x) =2 x3or f(x) = (x + 1)/(x — 1)
for x # 1 find 1(x).

SE/TE:
261-272, 452, 613-628
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b. Verify by composition that one function is the
inverse of another.

SE/TE:
263, 269, 621-623

c. Read values of an inverse function from a
graph or a table, given that the function has an
inverse.

SE/TE:
264-266, 269-272, 613-621

d. Produce an invertible function from a non- SE/TE:
invertible function by restricting the domain. 268-269
29. Use the inverse relationship between SE/TE:

exponents and logarithms to solve problems
involving logarithms and exponents. Extend from
logarithms with base 2 and 10 to a base of e.

229-240, 241-245, 389, 400, 442-443, 448-449,
452-453, 456, 457-458

30. Identify the effect on the graph of replacing
f(x) by f(x)*k.k f(x), f(kx), and f(x+k) for
specific values of k (both positive and negative);
find the value of k given the graphs. Extend the
analysis to include all trigonometric, rational,
and general piecewise-defined functions with
and without technology.

Example: Describe the sequence of
transformations that will relate y=sin(x) and
y=2sin(3x).

SE/TE:
229-240, 241-245, 389, 442-443, 457-458

31. Graph conic sections from second-degree
equations, extending from circles and parabolas
to ellipses and hyperbolas, using technology to
discover patterns.

SE/TE:
957, 966-968, 969-983, 985-999

a. Graph conic sections given their standard form.
Example: The graph of a® 4 r=3)* _ 1

9 4
will be an ellipse centered at (0,3) with major axis
3 and minor axis 2, while the graph of

. 9 4

will be a hyperbola
centered at (0,3) with asymptotes with slope +3/2.

SE/TE:
957-958, 960-963, 966-967, 970-979, 986-992

SE = Student Edition
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b. Identify the conic section that will be formed,
given its equation in general form.
Example: 5y?-25x2=-25 will be a hyperbola.

SE/TE:
955-957, 960, 967, 969-972, 974-979, 986-992,
995

Trigonometric Functions

Recognize attributes of trigonometric functions

and solve problems involving trigonometry.

32. Solve application-based problems involving
parametric and polar equations.

SE/TE:
1018, 1020-1021, 1031

a. Graph parametric and polar equations.

SE/TE:
1012-1017, 1019-1021, 1024-1029

b. Convert parametric and polar equations to
rectangular form.

SE/TE:
1014-1017, 1019-1020, 1025-1029

Extend the domain of trigonometric functions using the unit circle.

33. Use special triangles to determine
geometrically the values of sine, cosine, and
tangent for /3, /4, and 11/6, and use the unit
circle to express the values of sine, cosine, and
tangent for ™ — x, T + x, and 211 — x in terms of
their values for x, where x is any real number.

SE/TE:
535-540, 554-556

34. Use the unit circle to explain symmetry (odd
and even) and periodicity of trigonometric
functions.

SE/TE:
541-545

Model periodic phenomena with trigonometric functions.

35. Demonstrate that restricting a trigonometric SE/TE:
function to a domain on which it is always 613-621
increasing or always decreasing allows its inverse

to be constructed.

36. Use inverse functions to solve trigonometric SE/TE:

equations that arise in modeling contexts;
evaluate the solutions using technology, and
interpret them in terms of the context.

629-636, 637-640
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Prove and apply trigonometric identities.

37. Use trigonometric identities to solve problems. | SE/TE:
548-549, 662, 690, 704-705

a. Use the Pythagorean identity sin?(6) + cos?(0) SE/TE:
= 1 to derive the other forms of the identity. 543, 548-549
Example: 1 + cot? (8) = csc?(0)

b. Derive and use the double angle formulas for SE/TE:
sine, cosine, and tangent. 672-676, 679
c. Use the angle sum formulas for sine, cosine, SE/TE:

and tangent to derive the double angle formulas. 672-679

d. Use the Pythagorean and double angle SE/TE:
identities to prove other simple identities. 650-660
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