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Math 2 Variable Manipulation Part 2

Powers & Roots
PROPERTIES OF EXPONENTS:
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EXPONENT REVIEW PROBLEMS:

1. 23 +3x—x3+4x+5="?

2. (3x2+4x)—(3x+2)=7?
3. The expression -8x3(7x® - 3x°) is equivalent to ?
4. (2x*)(3x°y8) is equivalent to ?

. 3x3
5. Forall x>0, the expression P equals:

8,,1

2
6. Reduce xi;;zz to its simplest terms.

7. (3x3)%is equivalent to ?
8. If xyz # 0, which of the following is equivalent to
2,,3,4
xX“y°z )
(xyz?)?
a. 1y
b. 1/z
c. y
d. x/yz
e. Xyz

9. What is the value of the expression 2x3 —x% + 3x + 5 for x = -2?

Math 2 VM Part 2 Exponents & Roots March 27, 2017



MATH 2 LEVEL:

ALGEBRA PROBLEMS WITH EXPONENTS

Use algebra and exponent rules to solve math 2 level problems.
Example: What is the value of (5V/3)3?

Solution: (5'/3)3 =5(1/33 =533 =5

Example: What is the value of (a8)3/2?
Solution: (a®)*? =a (8"3/2)= g24/2= 312

Sample Questions:
10. (9r®"*

11. (81x12"*

[N

12. (216r9™"°

2x—7/4

4x4/3

13.

3x~1/2 3x1/2 y=1/3

18 ==
x1/2 y=2 A
15. (5 =7

16.1f = =n%foralln# 0, which of the following must be true?

n
a. x+y=2
b. x—-y=2
C. xXX=2
d x+y=2
e. Jxy=2

17.1f n* * n® = n?* and (n®)Y = n'8, what is the value of x + y?
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MATH 1 REVIEW:

ADDING AND SUBTRACTING ROOTS

You can add or subtract radical expressions only if the part under the radicals is the same. In other words,
treat it like a variable. Just like 2x + 3x would equal 5x:

2V3+3/3=5/3

In other words, you can only add or subtract the numbers in front of the square root sign the numbers under
the sign stay the same.

MULTIPLYING AND DIVIDING ROOTS
You can distribute the square root sign over multiplication and division. The product of square roots is equal to
the square root of the product:

V3 xV5=v3x5=+15

The quotient of square roots is equal to the square root of the quotient:

SIMPLIFYING SQUARE ROOTS
To simplify a square root, factor out the perfect squares under the radical, square root them, and put the
result in front of the part left under the square root sign (the non-perfect- square factors):

Ji2=J4x3=V4x3=23

To solve for a power of two, take the square root. To solve for a power of three, take the cube root, etc.:
x? = 16. Take the square root of both sides: Vx2 =v16 becomes x =4

Sample Problems:

18.3vV5 +65=?

8vis _ ,

19'ﬁ_'

20. 3v/3(4-3V5) =7

21.v18="7
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MATH 2 LEVEL:

PROPERTIES OF ROOTS/RADICALS:

A square is a number times itself: (5)(5) = 52. To solve for squares, use a square root. V25 = 5. A cube is a
number multiplied by itself three times: (5)(5)(5) = 53. To solve for cubes, use a cube root. 1125 = 5.

Properties of Radicals Simplifying Radicals:

{T/a_” =a Radicals that are simplified have:

a1 nl . n e 1o fractions left under the radical.

@ _\/C_I . \/B ® no perfect power factors in the radicand, k.

A4 Ya ® no exponents in the radicand, k, greater than
b b the index, n.

Example: Simplify Y1000
Solution: 10*10*10 = 1000 so 1/1000 = 10

Example: Simplify 3/24m3

Solution: Find all the multiples of 3 under the radical and pull out the cubes.

Example: Simplify 3/56x3y

Solution: As in the previous example, find all the multiples of 3 under the radical and pull out the cubes.

V56x3y = V2% 2% 2% 7% Va3 * [y = 2V/7 * x * 3y = 2x}/7y

Sample Questions:

22.3162

23. Simplify 3/16x3y8

24. Simplify 3/405x3y5

25. Simplify ¥/224x7
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MORE PROPERTIES OF ROOTS
1
A radical can be written as a term with a rational exponent. For example, xn = 3/x where nis an integer and n

m m
#0.Ingeneral, xn = Yx™ where mand n are integers and n #0. x= can also be written as ( Y/x)™.

Example: Write the expression in exponential form. (3\/ 3m)*
Solution: Since it is a cube root, the exponent is of the form 1/3 and since the entire cube it taken to the 4t
power, the exponent is 4/3. So the answer is (3m)*/3.

Example: Write the expression in radical form. (5a)-%/*
Solution: Since it is of the form %, it is a 4th root, and since it is a 5, then the entire 4t root is taken to the 5t

power, and since the exponent is negative, the entire root part is in the denominator. So the answer is Toar
a

Sample Questions:
26. Express in radical form: (10y)3/2

27. Express in exponential form: vér

28. Express in radical form: (5m)/2

29. Express in exponential form: (‘i/f)5
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SIMPLIFY RADICALS

Method 1:
Find Perfect Squares Under the Radical Example: V75

1. Rewrite the radicand as factors that
are perfect squares and factors that are V253
not perfect squares.

2. Rewrite the radical as two separate

radicals.
3 \/2_5 ) \/3

. Simplify the perfect square.

Method 2:
Use a Factor Tree Example: \/%
1. Work with only the radicand. 75
2. Split the radicand into two factors.
3. Split those numbers into two factors /B
until the number is a prime number. 25
4. Group the prime numbers into pairs.
5. List the number from each pair only S }
once outside of the radicand.
6. Leave any unpaired numbers inside 5\6
the radical.
Note: If you have more than one pair,
multiply the numbers outside of the radical as
well as the numbers left inside.
Method 3: Example: J75
Divide by Prime Numbers
1. Work with only the radicand. 5 |75
2. Using only prime numbers, divide 5 < 5 15
each radicand until the bottom number 3
is a prime number. 53

3. Group the prime numbers into pairs.
4. List the number from each pair only
once outside of the radicand.
5. Leave any unpaired numbers inside
the radical.
Note: If you have more than one pair,
multiply the numbers outside of the radical as
well as the numbers left inside.
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Rewrite the exponent as a rational
exponent.

Rewrite the radicand as two factors.
One with the highest exponent that is
divisible by the root and the other
factor with an exponent of what is left
over.

Split up the factors, giving each the
rational exponent.

Rewrite the exponents using exponent
rules.

Simplify.

Rewrite as a radical

Method 4:
Use Exponent Rules Example: J75
1. Rewrite the exponent as a rational .
exponent. 73
2. Rewrite the radicand as factors that
are perfect squares and factors that are (25- 3)”2
not perfect squares.
3. Rewrite the perfect square factors with ( 5. 3)1f2
an exponent of 2.
4. Split up the factors, giving each the 2\112 12
rational exponent. ( ) (3)
5. Simplify. 5. (3)“2
6. Rewrite as a radical 53
Method 4 with Variables: Example:

Sample Questions:
30. If x is a real number such that x3 = 729, then x2 +/x = ?

31. Which integer is nearest to

2100,
V7
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32.If x> 1, then which of the following has the LEAST value?

a. Vx
b. V2x
c. Vx*x
d. xvVx
e. x*x

33.4/27 +/48 =7

34.1fV2x +5=9,thenx="

35. What is the smallest integer greater than v58?

36. If x is a positive real number such that x2 = 16, then x3 +vx = ?

37.

1
-J

Sl
@il

38. For positive real numbers x, y, and z, which of the following expressions is equivalent to x1/2y3/4z5/8?

Vxy3z5

)
d.

b, 2y
o iy
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10
REMOVE RADICALS FROM DEMONINATOR
If a radical is in the denominator of a fraction, simplify to get it out. If the fraction is unable to simplify to
remove the radical in the denominator, multiply the top and bottom of the fraction by the radical to alleviate
the problem.

Example: VI5

\/ﬁ
Solution: Write both roots in terms of their factors, separate the roots. Since the square root of 3 divided
by itself is 1. Since the square root of 4 is equal to 2, we have simplified to remove the root from the
denominator.

VIE_ VBB _ VB3 _ VB _ B

ViZ Va3 Va3 VA 2

Example: Simplify %

Solution: The square root of 4 is equal to 2 and 2 divided by 4 is equal to . This simplifies the fraction, but
there is still a square root of 5 on the bottom. So, multiply both the top and bottom of the fraction by the
square root of 5.

Vi _ 2 1 V5 _ V5 V5 _+5

45 45 25 VB 2V5+B  2+5 10

Sample Questions:

ak

39. Simplify 3\/2

5

40. Simplify 4&%

3

41. Simplify %

4
42. simplify %
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11

SOLVING EQUATIONS WITH EXPONENTS & ROOTS
Use algebra and the properties of exponents and roots to solve algebraic equations.

Example: 27 =x3/2
m
Solution: Remember that x=» = /x™ so the variable part can be written as {x3 so the equation can be

rewritten as 27 = ¥/x3. To solve square both sides of the equation and then take the cube root of both sides of
the equation.

27 =x3
(27)2 = (Va3)?
729 = x3
V729 =3
9=x

Example: 3=+vx—1

Solution: First square both sides of the equation and then add 1 to both sides.
3=vx—-1

32= (Vx — 1)

9=x-1

+1  +1

10=x

Sample Questions:
43. a%/%=243

44.7 = x1/?

45.2=\/E
2
46.V-8—-2x=0
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12

COMPARING EQUATIONS (EQUAL TO)

When comparing two problems, set part of the equations to be the same, then set the rest of the equation to
be equal and solve. Look at the problem to determine similarities. In many problems, set the base to be the
same.

Example: If 921 =3%*3 thenx="?

a. -4
b. -7/4
C. -10/7
d. 2
e. 5
Solution: Express the left side of the equation so that both sides have the same base:
92x-1= 33x+3
(32)2x-1 - 33x+3
34x-2= 33x+3
Now that the bases are the same, just set the exponents equal:
4x—2=3x+3
4x—-3=3+2
X=50rE

Other problems will have similar numerators or denominators. Make them exactly the same and set the rest
of the equation to be equal.

. ) 4x 4x
Example: What is the sum of all solutions to — = ?
x—1 2x+2
a. -3
b. -2
c. 2
d. 5
e. 8

Solution: Since the numerators are both 4x, set the denominators equal to each other
X—1=2x+2
X—2 -x-2

-3=xo0rA

Sample Questions:
47. In real numbers, what is the solution of the equation 8> *1=41-x?

48. Which real number satisfies (2")(8) = 163 ?

49. If 3% = 813%-2 what is the value of x?
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50. If a, b, and c or consecutive positive integers and 22 x 2° x 2¢=512, thena+b+c=?

49 49
—_—— = ?
51. IfWﬁ 11,theny :

EVEN & ODD VARIATIONS

Sample Questions:

13

52.1f m, n, and p are positive integers such that m + n is even and the value of (m + n)?2+ n + p is odd,

which of the following must be true?

a. misodd
b. niseven
c. pisodd
d. Ifniseven,pisodd
e. Ifpisodd, nisodd

53. Which of the following is true for all consecutive integers m and n such that m<n?
m is odd

nis odd

n—mis even

n*—m?is odd

m? + n%is even

®oo oo
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Lo N O AWM

10.
11.
12.

13.
14.
15.
16.
17.

18.
19.

20.
21.
22.
23.
24,
25.
26.
27.
28.

29.
30.
31.
32.
33.
34.
35.
36.

37.

38.

x3+7x+5
3x2+x-2
-56x° + 24x8
6x°y°

X

x4y9

ZZ
27x°

N

-21
3r?
243x%
6r3
_1
2x37/12

17/12

2"
y9
X—y=2
19
95
6
12V/3-9V15
3V2
3V6
2xy2y/2y?
3y+/5x3y
2xV7x2
(y10y 2
(6r)4/2

1

Vsm

25/4

84

17

Vx

7V3

8

8

66

434242
V6
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39.

40.

41.

42.

43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.

14
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