9.2

Quadratics - Solving with Exponents

Objective: Solve equations with exponents using the odd root property
and the even root property.

Another type of equation we can solve is one with exponents. As you might
expect we can clear exponents by using roots. This is done with very few unex-
pected results when the exponent is odd. We solve these problems very straight
forward using the odd root property

Odd Root Property: if a™ = b, then a = ¥/b when n is odd

Example 1.

2°=32 Useoddroot property

Vb =3/32 Simplify roots

=2  Our Solution

However, when the exponent is even we will have two results from taking an even
root of both sides. One will be positive and one will be negative. This is because
both 32=9 and ( —3)?=9. so when solving 22 =9 we will have two solutions, one
positive and one negative: x =3 and — 3

Even Root Property: if a™ = b, then a = + ¥/b when n is even

Example 2.

z*=16  Useeven root property (£ )
4 1 4 . .
Vz*=4v16  Simplify roots

r==22 OurSolution



World View Note: In 1545, French Mathematicain Gerolamo Cardano pub-
lished his book The Great Art, or the Rules of Algebra which included the solu-
tion of an equation with a fourth power, but it was considered absurd by many to
take a quantity to the fourth power because there are only three dimensions!

Example 3.

(2% +4)2 =36

V(22 +4)2 =436

20 +4==+6
20+4=6 or 20 +4=—-06

—4-4 —4 -4

20=2 or 2x=-—10

2 2 2 2

r=1or x=—5

Use even root property (4 )

Simplify roots

To avoid sign errors we need two equations
One equation for + , one equation for —
Subtract 4 from both sides

Divide both sides by 2

Our Solutions

In the previous example we needed two equations to simplify because when we
took the root, our solutions were two rational numbers, 6 and — 6. If the roots did
not simplify to rational numbers we can keep the + in the equation.

Example 4.

(6x —9)?=45 Useevenroot property (+)
\/m =++/45  Simplify roots
62 —9==+3v5  Useoneequation because root did not simplify to rational
+9+9 Add 9 toboth sides
62=943v5 Divide bothsides by 6

6 6
9+ 3v/5
r=———
6
3++5
xXr = 2

Simplify, divide each term by 3

Our Solution

When solving with exponents, it is important to first isolate the part with the

exponent before taking any roots.



Example 5.

(x+4)>—-6=119 Isolate part with exponent

+6 46
(r+4)>=125 Useoddroot property
{/(x+4)> =125  Simplify roots
r+4=5 Solve
—4—4 Subtract4 from both sides
x=1 Our Solution

Example 6.
(6x+1)?+6=10 Isolate part with exponent
—6—6 Subtract 6 from both sides
(6x+1)>=4  Useevenroot property ( +)
V(62 +1)2=++4  Simplify roots
6rx+1=42 Toavoidsign errors, we need two equations
6r+1=2 or 62+1=—2 Solveeach equation
—1—-1 —1 —1 Subtract 1 from both sides
6rx=1 or 6x=—3 Divide bothsides by 6
6 6 6 6
r= 1 or r=— 1 Our Solution
6 2

When our exponents are a fraction we will need to first convert the fractional
exponent into a radical expression to solve. Recall that a» = (%/a)”. Once we
have done this we can clear the exponent using either the even (£ ) or odd root
property. Then we can clear the radical by raising both sides to an exponent
(remember to check answers if the index is even).

Example 7.

Rewrite as a radical expression

Clear exponent first with even root property ( £ )
Simplify roots
Clear radical by raising both sides to 5th power



Y4z +1)°=(+£3)° Simplify exponents
4r+1=+243 Solve, need 2 equations!
dr+1=243 or 4dx +1=—243
-1 -1 —1 —1 Subtract 1 from both sides
dr =242 or 4x=—244  Divide both sides by 4
4 4 4
T = 1;—1, —61  Our Solution
Example 8.
3
(3xr —2)*=64 Rewrite asradical expression

(V32 —2)*=64

3 (V3r—2)3=3/64
V3r—2=4
(V3rx—2)t=4*

31 —2=256

+2 42

31 =258

3 3

=286

(4/3(86) — 2)% = 64
(1/258 —2)°=64
(V/256)% = 64

43 =64
64 =64
r =86

With rational exponents it is very helpful to convert to radical form to be able to
see if we need a + because we used the even root property, or to see if we need
to check our answer because there was an even root in the problem. When
checking we will usually want to check in the radical form as it will be easier to

evaluate.
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Clear exponent first with odd root property
Simplify roots

Even Index! Check answers.

Raise both sides to 4th power

Solve

Add 2 to both sides

Divide both sides by 3

Need to check answer in radical form of problem
Multiply

Subtract

Evaluate root

Evaluate exponent

True! It works

Our Solution
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9.2 Practice - Solving with Exponents

3) 224+ 5=13
5) 3224+ 1=173
7) (x42)°=— 243

9) (22 45)*—6=21
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2) 23=-38
1) 42% — 2 =106
6) (1 — 4)> =49

8) (5z+1)*=16

18) (z — 1) 75 =232
20) (x+3)7=—8
22) (2 +3)7=27



9.2

Answers - Solving with Exponents

1) +5V3 10) LV 18) <
2) -2 11) 65, — 63 5
19)
3) £2v2 12) 5
4) 3 13) —7 20) No Solution
5) +£2v6 11 5 21) =2 10
14) — 5,5 37
6) —3,11 b ) s
7) =5 )T 73
191 17
9) —1 17) —%,—g 24) No Solutoin
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