High School Math

Curriculum Sample

A Grade Ahead's rigorous year-round High School Math program covers 6 months of
Algebra 2 concepts and 6 months of Pre-Calculus concepts. It is designed to challenge
your child to a higher academic standard. Our monthly curriculum includes math
concepts and real-world problems to develop strong critical thinking skills. The material
also includes one pre-test and one post-test every quarter.

Each week will have an in-depth lesson (which we call Examples), homework (2 days
per week), and detailed answers. In these next pages, we offer a closer look at what our
examples, homework, and answers offer as well as a specific sample of each.

xamples — HS Math

Student Goals

Student goals are listed at the top right of
the Examples each week. These are topics
that your child should understand by the

end of the week.




Lesson pages are titled "Examples - HS Math,” answer pages are titled “Answers - HS Math,”
and homework pages are simply titled "HS Math.”

Examples — HS Math

is & Complex Numbers

¥ | will know the definition and 1
Teaching Tip: The review material on this page four powers of the imaginary uni¥

Iy ts. Do not |1 o/
9 a s @ student cannot solve o) i ey SR
the radical and imaginary unit problems correctly operations that involve imaginary
due to exponent issues. or complex numbers.

il be able to find the imaginary
A. Exponent and Radical Review : roots of a quadratic equation.
Operations with polynomials and complex numbers require the correct use of exponents and radicals.
The rules that students have covered previously are given below for students to review as needed
Rules Formula / Explanation Example
Product of Powers PTY Xm0 = xm+

Power of a Product PTY (xy)n = x0

Quotient of Powers PTY

Power of a Quotient PTY

Zero Exponent THM o
For all real numbers n and x such

Negative Exponent Theorem .
that x #0, X

(xmypn = xm

jers m and n and for all
3ol Exponent

1
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al operations, radicals have several add

there will be...
2 real roots
1 real root

2 imaginary roots

Example: Determine the type and number of solutions of the given equation using the
discriminant. Then find all solutions, real and imaginary.

Find the discriminant.

Example Fina th —4X"+ 1X 8 gven tnat 1(1) = .

Since the degree of the equation is 3, there will be 3 roots or zeros. Factor out the
solution given (f(1 = x~1=0) with polynomial division or synthetic
division. Then, use factoring or the quadratic formula to find the remaining roos.

Synthetic Division Polynomial Division

Teaching Tip

Teaching tips are suggestions to help you or
your teacher present the topic to your child.
These could include topics to review first or
even an activity to do with your child.

Examples

To illustrate the topic, examples are
provided to you and your child. These
examples help demonstrate how to solve
the problem or figure out the answer.



Each day's homework usually takes about 30 minutes to complete.

Homework

Each week, two days of homework are given
to apply concepts from that week’s lesson
and reinforce the topic.

8 (i+1)i-1)

Answers — HS Math

Answers

Answers are provided to check your child's
homework. Enter the scores into the Parent
Portal to track progress and note which
areas may need more work.




Week: 14 Examples — HS Math A2: Weeks 1-24; Pre-Calc: Weeks 25-48

1
Radicals & Complex Numbers Student Goals:

%
|

Teaching Tip: The review material on this page
is provided only as a resource for students. Do not

the radical and imaginary unit problems correctly
due to exponent issues.

A. Exponent and Radical Review
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\/ | will know the definition and first
four powers of the imaginary unit.

v | will be able to complete
operations that involve imaginary
or complex numbers.

‘/ | will be able to find the imaginary
roots of a quadratic equation.

Operations with polynomials and complex numbers require the correct use of exponents and radicals.
The rules that students have covered previously are given below for students to review as needed.

Rules

Formula / Explanation

Example

Product of Powers PTY

Xm_Xn = Xm+n

35.32 =36+ =37

Power of a Product PTY (xy)m = xmym (2x3)4 = 24.34
m 6
. — 6—2 4
Quotient of Powers PTY LA x( m-n) 2—2 =2 8- 7
x" 2
ol m 3 3 33
Power of a Quotient PTY 5] S [—] =
For all real numbers b.such that 5 B
Zero Exponent THM b#0 bo=1 123°=1
For all real numbers n and x such
Negative Exponent Theorem -n 1 772 _ 1
thatx#0, X  =—. 2
n 7
X
Power Rule (xm)n = xmn (23)4 = 2034 = 212

The Rational Exponent

For all integers m and n and for all

o real numbers x > 0, ) 1 1
eorem 3 3 4.3
M aE 2 2% =(20) =(2%) =V2
x " =(x")" =(x")" ={x
Although exponents include radical operations, radicals have several additional rules, as well.
Vel U GIE I 9Tt Will result in... Example
root of...
" " . . Xzzix,\/azi&
a positive number positive and negative solutions
Y16 =42

Zero

1 solution (0)

a negative number

no real solutions
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Week: 14 Examples — HS Math A2: Weeks 1-24; Pre-Calc: Weeks 25-48

B. Imaginary & Complex Numbers Day 1 Q1-2 & 5-6

The Imaginary Unit

Taking a square root of a negative number is not possible using only real numbers; however, there are
some math processes that require taking the square root of a negative number. To make that happen,
mathematicians use the imaginary unit, i.

i=-1

Even though i is not a real number, it follows the same rules as real numbers when it comes to operations
(multiplication, division, addition, etc.). Simply treat it as a variable that always has the same value (like
).

Example: i+i=2i :2\/1

Example: i—i=0

Example: _ =7

Example: ()%= (/-1)° =-1

D> BB

Example: \[-56 = [(-1)(56)=i./56 =2i/14

The second to last example above shows how it is possible to find the powers of i using regular solving
methods; however, it is useful to have the first four memorized.

Powers of i to Know How to Find Them
i= -1 Definition of i
P=-1 (i)2= (1)t =1
=i ()% = ()(0) = (-1)(i) = -
=1 (i)*=@®0* = (1(1)=1
Complex Numbers Day 1 Q8-9

By definition, a complex number is any number that involves the imaginary unit, i. The standard form of a
complex number is a + bi where a and b are real numbers, and b # 0.

With a + bi, if... the number will become... Example
a=0 a pure imaginary number 1.7i; 12i; -2i
b=0 a rea_l number (not complex or 12: -201: 0.5
imaginary at all)
a#0,andb#0 a complex number 4+ 3i; 17 —4i; -3+ 10.8i
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Week: 14 Examples — HS Math A2: Weeks 1-24; Pre-Calc: Weeks 25-48

Complex Solutions to Quadratic Equations Day 1 Q11-14; 19-20

Previously, when finding roots to a parabola, if the discriminant was negative, there was no real solution.
Now, when the discriminant is negative, there will be two imaginary roots.

Standard Form: ax’?+bx+c=0
. -b+ \? b2 —4ac
Quadratic Formula: X =
2a
Discriminant: b2 — 4ac
If the discriminant is... there will be...
>0 2 real roots
=0 1 real root
<0 2 imaginary roots
% Example: Determine the type and number of solutions of the given equation using the
discriminant. Then find all solutions, real and imaginary.

X2=-2x—8
X2+2x+8=0

b? — 4ac = 22 — 4(1)(8) = -28 Find the discriminant.
2 imaginary roots

L 2*2s -2+iJ28  -2+2i7

2(1) 2 2
X= -1ii\/7
A Example: Find the zeros of f(x) = 5x3 — 4x% + 7x — 8 given that f(1) = 0.

Since the degree of the equation is 3, there will be 3 roots or zeros. Factor out the
solution given (f(1) =0 = x =1 = x — 1 = 0) with polynomial division or synthetic
division. Then, use factoring or the quadratic formula to find the remaining roots.

Synthetic Division: Polynomial Division:
5 4 7 -8 S+ x+8
1 |1l 5 1 8 x-1 |5X3—4x2+7x—8
-(5x° = 5x9)
5 1 8 |0 X2 + 7x
-!XZ — X)
8x -8
f(x) = (X — 1)(5X% + X + 8) -(8x - 8)
2
-1i\¢1 —4(5)(8) -1+./-159 -1+i 159
2(5) 10 10
-14+i/159
XxX=1 —
10
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Week: 14 Examples — HS Math A2: Weeks 1-24; Pre-Calc: Weeks 25-48

Note: If a + bi is a root of a polynomial with real coefficients, then

a — bi is also a root.

Note: The sum/difference of complex numbers is done the same way as
if i were a variable. Thatis, (a + bi) £ (c + di) = (a £ ¢) + (b = d)i.

‘ * ‘ Note: There are always n roots for a polynomial of degree n. Some
, roots may be imaginary.
>

L *

A Example: Given the following information, determine the polynomial.

Degree 3
f(11) =0
f(2-5i)=0

Given that 2 — 5i is a zero, we also know that 2 + 5i is a zero. Therefore,

f(x) = (x — 11)(X — (2 = 5i))(x — (2 + 5i))
= (x — 11)(x + (-2"+ 5i))(x +.(-2 — 5i))
= (X — 11)(X% + (X)(-2 = 5i) +{(=2 +.5i)(X) + (-2 + 5i)(-2 — 5i))
=(x-— 11)(x2 — 2X = 5iIX — 2x + 5ix + ((-2)(-2) + (-2)(-51) + (5i)(-2) + (5i)(-5i)))
= (X — 11)(x2 — 4x + (4 + 10i — 10i + 25))
= (x — 11)(x? — 4x + 29)
= (0(¢%) + ()(-4%) + ()(29) + (-11)(x) + (-11)(-4x) + (-11)(29)
= x3 — 4%? + 29x — 11x? + 44x — 319
f(x) = x2 — 15x% + 73x — 319

‘ * ‘ Note: Multiple answers are possible for any problem like the one shown above
because if we multiply the polynomial by any non-zero constant, ¢, the zeros will

|
J remain the same.

f(x) = c(x — 11)(X — (2 — 5i))(x — (2 + 5i))

Setting f(x) = 0 and solving for x will result in the same roots originally given and
therefore any multiple of f(x) = x8 — 15x2 + 73x — 319 is acceptable.

‘ * ‘ Note: The perfect square trinomial pattern and difference of squares pattern

, can be used with complex numbers; however, the complex number has to be

J the same. For example, (x — (2 + 3i))(x + (2 + 3i)) works for the difference of
squares, but (x — (2 + 3i))(x + (2 — 3i)) does not.
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Week: 14 - Day 1 HS Math Algebra 2: Weeks 1-24; Pre-Calc: Weeks 25-48

Date: Start Time: End Time:

Score: /21
You may use a calculator unless otherwise indicated.
1
: Simplify each radical and write it in terms of the imaginary unit, i. '

1

! 1
1 /81 2. [-24 !
1
! |
! 1
! 1
] 1
] 1
] 1
] 1
! 1
! 1
] 1
] 1
] 1
] 1
1 o -
' 3 J-50 4 J-121 !
1
- :
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
N e e e e e e e e e e e e e e 7
4 \
1 Simplify each expression using the definition of the imaginary unit, i !
! 1
1 . . 4 1
1 b, 2i2 6. i+ |
1 1
! 1
! 1
! 1
! 1
! 1
1 1
! 1
! 1
! 1
! 1
! 1
1 1
! 1
; 7. i(2i + i) 8. (i+1)(i-1) 1
- |
! 1
1 1
! 1
! 1
! 1
! 1
! 1
1 1
! 1
! 1
! 1
! 1
L 9. (i+1)(i+1) 10. (i-1)(i-1) !
1
- |
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
\
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Week: 14 - Day 1 HS Math Algebra 2: Weeks 1-24; Pre-Calc: Weeks 25-48

1 . . . .
y Find the roots, real and imaginary, using synthetic division if needed. !
1 1
1 1
1 — 9y3 2 . — 1
I 11-12. f(x)=2x3+3x? + 9x + 8; f(-1) =0 13-14. b(x) = x® — 2x% + 14x |
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
| 15-16. f(x) = x3 + 2x? —50x + 117; (x +9) 17-18. f(x) = 2x3 - 15x° + 34x — 21; (x —1) -
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
\ 1
N e e o o o e e e e e e o e e e e - — 4
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Week: 14 - Day 1 HS Math Algebra 2: Weeks 1-24; Pre-Calc: Weeks 25-48

Determine the polynomial with the information given. More than one answer is possible.

19. Degree 3
f(1-2)=0
f(3)=0

20. Degree 4

h(0)=0
h(i) = 0
h(-3) = 0

21. Degree 3

o e e = = = e e e e = e e e -

f2—i)=0
f(7)= 0
N e o o o = - o = o o e e e e e e e e e e mm - - - — — - 4
GRDHS_W14_A2_01.docx 3 A grade . is @ Registered Trademark of A Grade Ahead, Inc.



Week: 14 Answers — HS Math Algebra 2: Weeks 1-24; Pre-Calc: Weeks 25-48

Week: 14 — Day 1

1) 9i[J/-81=/(-1)(81) =9 /-1=09i] 2)  2ife[J-24 = [(-1)(24) =2i\[6]
3)  5iJ2[J-50 =,[(-1)(50) =5i\2] 4 110[J-121= [(-1)(121) =11i]

5)  -2[*=-1; (-1)(2) =-2] 6)  0[°=@®M)= (1M =--i+i=0]
7) -3 [i(2i + i) = i(3i) = 3i% = (3)(-1) = -3]
8) -2 [Use the difference of squares: (i+ 1)(i—1)=i?-1=-1-1=-2]
9) 2i [Use the perfect square trinomial: (i + 1)2=i2+ 2i + 1 =-1 + 2i + 1 = 2i]
10) -2i [Use the perfect square trinomial: (i— 1> =2 -2i+1=-1-2i+ 1 =-2i]
For questions 11-18, one point is given for correctly factoring out the first root, and the second point is for finding the
remaining two roots. Examples are given.

4307 , o
11-12) x=-1, — [Given that f(-1) = 0, (x + 1) is a factor of f(x) and must be factored out using either

synthetic or polynomial long division; using synthetic division,

2 3 9 |8
-1 L2 -1 | -8
2 1 8 |0

Thus, f(x) = (x + 1)(2x2 + x + 8); find the remaining zeros by the quadratic equation:

b’ —dac (DD -428) 4463 4634 4487 _
4 a 4 a

2a 2(2) 4
14307
— ]

13-14) x =0, 1+i./13 [Starting by factoring outthe GCF;b(x) = x(x? — 2x + 14x); Find the roots of the quadratic
2
byb? —aac  -(2)£((2)° ~4(1)(14) 242
2a a 2(1) 2

Zi\?.\'ﬁl_ Zizzi\/?—lﬂ:i 13 and x = 0]
7+i3

2
2x? — 50x + 117 by x + 9 to get x? — 7x + 13; Because the remaining factor will not factor over the integers,

—bi\/bz —4ac

we must use the quadratic formula to solve for the remaining zeros; X=———— =

2a
(N7 -4008)  7:JB 7431 723
2(1) 2 2 = !

by using the quadratic equation: x =

15-16) X =-9, [Given that (x + 9) is a factor, we know there is a zero at x + 9 = 0 = x = -9; Divide x® +

17-18) x=1, % , 3 [Given that (x - 1) is a factor, we know there is a zero at x — 1 = 0;

x = 1; Divide 2x3 — 15x% + 34x — 21 by x — 1 to get 2x% — 13x + 21, then 2x%2 —13x+21 =
(2x = 7)(x = 3); Solving for zeros, 2x — 7 = 0; x = g andx-3=0 = x=3]

For questions 19-21, students could give the function provided as an answer or any variation where all parts of the
equation are multiplied by the same constant. Examples are given.
19) f(x) = X3 —5x% + 11x — 15 [Given f(1 — 2i) = 0, we know that f(1 + 2i) is also a root;
f)=(x—(21-2)xX-(1L+2)x-3)=(x—-1+2)(x-1-2)(x—3) = (x2 —2x+5)(x-3) =
x3 — 5x? + 11x — 15; the general solution is f(x) = c(x® — 5x* + 11x — 15) where c is a non-zero constant.]
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Week: 14 Answers — HS Math Algebra 2: Weeks 1-24; Pre-Calc: Weeks 25-48

20)  h(x) = x*+ 3x3 + x? + 3x [Given h(i) = 0, we know that h(-i) is also a root;
h(x) = x(x — )(x + i)(x + 3) = x* + 3x% + x? + 3x; the general solution is h(x) = c(x* + 3x% + x* + 3x) where ¢
is a non-zero constant.]

21) f(x) = x3 - 11x% + 33x - 35 [Given that f(2 —i) = 0, we know that f(2 + i) is also a root.
fX) = (x= 7)(x = (2 = ))(x = (2 + i)); f(X) = (x = 7)(x* = 4x + 5); f(x) = x> — 11x? + 33x — 35; The general
solution is f(x) = ¢( x® — 11x? + 33x — 35) where ¢ is a non-zero constant.]
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