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Sect 11.7 - Radical Equations

Concept #1 Solutions to Radical Equations.

Definition of a Radical Equation
Any equation that has one or more radicals containing a variable is called a
Radical Equation.

For example, 3/x =4 and f = 5 are radical equations. To solve each
equation, we first raise each side to the power of the index of the radical
and solve:

3x:4 X =5

(3 x =4 (v/x ) =5

But, if }/a is a real number, then ( r{/g)” =a. So,

(x ) =4 (x ) =8

X =64 x =25
Check Check

3)(:4 X =5

364 =4 2 25 =57

4 =4 True 5=5 True

The property we are using in each case is called the Power Property.

Power Property
If P and Q are algebraic expressions and n is a natural number,
then every solution to the equation P = Q will also be a solution to
the equation P" = Q".

Note, the converse is not true. In other words, a solution to P" = Q" is not
necessarily a solution to P = Q. To see why, consider the following

equation: x=5 (now, square both sides)
2 _ g2
X°=9
x? =25 (solve)
x*—25=0

(x=5)(x+5)=0
XxX=5o0rx=-5
Clearly, x = — 5 is a false solution or an extraneous solution.
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This means that whenever we use the power property and solve, we will
need to check all the proposed answers in the original equation.

Concept #2 Solving a Radical Equation with One Radical.

Steps in Solving Radical Equations

1) lIsolate a radical containing a variable on one side of the equation.

2) Raise both sides of the equation to the power of the index.

3) If the resulting equation still has a radical containing a variable,
repeat steps #1 and #2. If not, solve the resulting equation.

4)  Check all the proposed solutions in the original equation.

Solve the following:

Ex. 1a u-6=7 Ex. 1b Bx-4)"?+7=9
Ex.1c  5- 3/2x-7=9 Ex.1d  +/6x+7 —1=x+1
Ex.1e  1/4x+5 —13=2x—18

Ex. 1f x—+/28-3x=0 Ex. 1g  4/5x?+36 =x

a) u-—-6=7 (isolate \/U)
\/U =13 (square both sides)
(\u)?= (137  (simplify)
u=169
Check: u=169
u-6=7
169 —6=72
13-6=77
7 =7 True

The solution is {169}.

b) (Bx—-4)2+7=9 (isolate (3x — 4)"?)
(3x—4)"? =2 (square both sides)
((3x — 4)"?)? = (2)? (simplify)
3x—4=4 (solve)
3x=8
x=2
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d)

5- 3/2x-7=9 (isolate 3/2x-7)

—3ox-7 =4
2x—7 =—-4 (cube both sides)
(3 2x-7 )= (=4)  (simplify)
2x—7=-64 (solve)
2x = - 57
x=-28.5
Check: X =-28.5
5- 3/2x-7=9

5- 3/2(-28.5)-7=9 ?
5-3/-57-7=9 2
5-3/-64=9 7

5-(-4)=9 ?

9 =9 True

The solution is {— 28.5}.

A/ 6x+7 —1=x+1 (isolate 4/6x+7 )
A/BX+7 =x+2 (square both sides)
(+/6 x+7 2= (x+2)* (simplify)

Bx +7 = x2 +4x+4  (solve)
0=x*-2x-3 (factor)
0=(x-3)(x+1)

x—3=0orx+1=0

x=3o0orx=—1
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f)

Check: x=3
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= 1

A/BX+7 —1=x+1 A/BX+7 —1=x+1
6(3)+7 —1=(3)+1 ? ABN+7 —1=(-1)+1 7

\25 —1=(3)+1 ? J1=1=(=1)+172

5-1=3)+1 ? 1-1=(-1)+17

4 =4 True 0 =0 True

The solutions are {— 1, 3}.

A/ 4x+5 —13=2x—-18 (isolate 4/ 4x+5)
4x+5 =2x-95 (square both sides)

(4 4x+5 )* = (2x — 5)? (simplify)

4x + 5 = 4x* — 20x + 25 (solve)

0 = 4x°* — 24x + 20 (factor)

0 = 4(x* — 6x + 5)

0=4(x-1)(x-15)

4=0 orx—1=00rx-5=0

No Soln,orx=1o0orx=5

Check: X =1 x=5

A 4x+5 —13=2x-18 A 4x+5 —13=2x-18

A 4(N+5 —13=2(1)-18 ?
9 -13=2-18 ?
3-13=2-18 ?

— 10 =-16 False

The solution is {5}.

<’

X—14/28-3x=0
—4/28-3x ==X
4/28-3x = X

8-3

j
g
N

oo

n -+ 1 n

X X OON

\4(5)+5 —13=2(5)—18 ?
\25 —13=10-18 ?

5-13=10-18 ?
—8=—-8True

(isolate 4/ 28—-3x )

square both sides)
simplify)

solve)

factor)

(
(
(
(
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Check: =—7 X
X—4/28-3x=0 X—4/28-3x=0
(—7)—+/28-3(-7)=0 ? (

(-7)-+/49=0 4)-+/16=0 2
-7-7=07 4-4=0 7
— 14 =0 False 0=0 True
The solution is {4}.
o)) 4\/ 5x°+36 = X (raise both sides to the fourth power)
(4/5x2+36 )" = (x)*  (simplify)
5x° + 36 = x* (solve)
x'—5x*-36=0
This equation is in the form of a quadratic. Let u = x?, then
x'—5x°-36=0
(x*)* - 5x*-36 =0
u>-5u—-36=0 (factor)
(U=9)(u+4)=0
u—9=0 or u+4=0
Substitute x? back in for u:
x*-9=0or x*+4=0
(x —3)(x + 3) =0 or No real solution
x—3=0o0orx+3=0
x=3o0orx=-3
Check: x=3 x=-3
4/ 5x2+36 = x 4\/5x2+36 =X
4532436 =(3) ? 4/5(-32+36 =(-3) ?
V45+36 =3 2 Y45+36 =3 ?
481 =3 2 481 =-3 2
3=3 True 3 =-3 False
The solution is {3}.
Concept #3 Solving Radical Equations Involving More than One
Radical.

To solve a radical equation with more than one radical containing a
variable, we simply isolate one radical and apply steps one and two of our
procedure and then repeat the process for the other radical.
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Solve the following:

Ex.2a  +/4x+1 —+/x-1 =2 Ex.2b  3/5x2-8x-2 — 3fx =0
Ex. 2¢c A 3yY2x+3 —4/5x-6 =0 Ex.2d —+/x-7 =24/x-4 +3
Solution:
a) A/4x+1 —4/x-1=2 (isolate 4/ 4x+1)

Al 4X+1 = W +2 (square both sides)
(\4x+1)2= (3/x=1 +2)* (simplify {(F + L)? = F? + 2FL + L%)
4x + 1= (F +2(/ x=1)(2) + (2)°
4x+1=(x—1)+4+/x-1 +4
4x+1=x+3+4:/x-1  (isolate 4+/x—1)
3x—2= 4\/7 (square both sides)

(3x = 2)% = (44 x— (simplify {(F — L)* = F* - 2FL + L?%})
9x? —12x+4— 16(x—1)

Ox*—12x +4=16x—-16  (solve)

Ox? — 28x + 20 =0 (factor)

(9x-10)(x—-2)=0

I9x—-10=0 or x-2=0

X=— or =2
9
Check: x=% X=2
A[4X+1 — 4/ x=1 =2 A[4X+1 — 4/ x=-1 =2

\/4(%)“ —\/%—1 =2 7 \J42+1-+@-1=2 2

ﬂ _ i: ? — = ?
0 1 \E 2 7 Jo—f1=2
ﬂ_ l: ? -1 = ?

9 5 2 7 3-1=2 *
l_l: ? =

3 3 2 7 2=2 True
2=2 True

The solutions are {%, 2}.

b)

35x2_8x-2 — 3fx =0 (isolate 3/5x2-8x-2)
35x2_8x—2 = 3[x (cube both sides)
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3\/5x —8x-2)*=(3/x ) (simplify)
5x? — 8X — 2 = X (solve)
5x?—9x—2=0 (factor)

5x+1)(x-2)=0

5+1=0 or x-
=—-0.2 or x=

Check: x=-0.2

%/5x2—8x—2 ~-3/x =0
3/5(-0.2)2-8(-0.2)-2 — 3[(-0.2) =0 ?
3/5(0.04)-8(-0.2)-2 — 3/(-0.2) =0 ?
302+16-2 - 3/-02 =0 2

3_02 - 3/-02 =0 2
0=0 True
Check: X=2

?{/5x2—8x—2 ~3x =0
352)2-8(2)-2 - 3[(2) =0 2
3/5(4)-8(2)-2 - 3/2 =0 2

3/20-16-2 — 3/2 =0 2

3/ _3/2 =0 2

2=0
2

0=0 True
The solutions are {— 0.2, 2}.
34/ 2x+3 5x-6 =0 isolate 4/ 34/ 2x+3 )

(
34 2x+3 = 4/5x-6 (square both sides)
3«/2x+3 )2—(w/5x 6 ) (simplify)
(

3 2x+3 = square both sides)

(3+/2x+3 )2 = (5x 6)° (simplify {(F — L) = F> — 2FL + L%)
9(2x + 3) = (5x)2 — 2(5x)(B) + (6)*

18x + 27 = 25x* — 60x + 36 (solve)

0=25x"—78x +9 (factor)

0 = (25x — 3)(x — 3)

25x-3=0 or x-3=0

—~~



d)
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3 _
X= = x=3
3

Check: X =
7/ 3 2x+ —4/5x-6 =0
\/3\/2(E)+3 —\/5(£)—6 =0 ?

6 3 a=0 °
325+3 560.

But 3—6 is the square root of a negative number, which is
undefined. Hence, the check fails.

—F=2 x—4 +3 (square both sides)
(—/x=7 = (2+/x=4 +37 (simplify {(F + L)> = F2 + 2FL + L?%)
X =7 = (24/x-4 )+ 2(24/x~4 )(3) + (3)?
X—7=4(x-4)+124/x-4 +9

X—7=4x-16+124/x-4 +9

X=7=4x—-7 + 124/ x-4 (isolate 124/ x—4 )

—3x =124/ x-4 (square both sides)
(— 3x)% = (12+/ x—4 )?

Ox* = 144(x — 4)

Ox* = 144x — 576 (solve)

Ox* — 144x + 576 = 0 (factor)



102

9(x* — 16x + 64) = 0
9(x—8)°=0

9=0 or x-8=0
NoSoln or x=38
Check: Xx=8

— A/ X=7 =24/x-4 +3
—+/(8)-7 =2+/(8)-4 +3 ?
—J1=24 +3 7
-1=2(2)+3 ?

-1=7 False

The solutionis { }.

Concept #4 Applications

Solve the following:
Ex. 3 The approximate time t (in seconds) required for a pendulum

to make one complete swing back and forth is given by t = 21 9—"8

where L is the length of the pendulum in meters.

a) Find the time (to the nearest tenth) it take a 0.8 meter
pendulum to swing back and forth.

b)  Find the length of a pendulum that takes 1.5 seconds to swing
back and forth. (round to the nearest hundredth meter).

Solution:

a) Replace L by 0.8 meters and evaluate:

=2 28 o8 —om. 2 =om(2y= A= ~
t=2m o8 2m 08 2m 29 21T(7) T 1.795...=1.8

It will take about 1.8 seconds.
b) Replace t by 1.5 and solve:

~ | L i | L
1.5=2m 08 (isolate 9_8)

15_ | L :
=198 (squarze both sides)

(22)" = (/&) (simply)

2525 5 (solve)

L= 2'245'29'8 =~ (0.558... = 0.56 meters
T
The pendulum is approximately 0.56 meters.
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