304 Exponental Functions

7=5 SOLVING EQUATIONS INVOLVING EXPONENTS

We know that to raise a power to a power, we multiply exponents. Therefore, for

positive values of x and non-zero integer values of &

(x%)F = x5 =

=x () =t = =x

We can use this relationship to solve for x in an equation such asxt =25.To
solve for x, we need to raise 3 to the power that is the recprocal of the expo-

nent %Th: reciprocal nl%js%.

+4=125
()= 28
x =24
x =23
Note that 25! means I:Iﬁﬂa_. that is, the cube of the square root of 23.
x= (VB =5=123
EXAMPLE |
Solve cach equation and check:a. 223 — 1 =15
Solution How to Proceed

(1) Wnite the equation
with only the variable
term on one side of the
equation:

(2) Divide both sides of the
equation by the coefficient
of the vanable term:

(3) Raise both sides of the
equation to the power
that is the reciprocal of
the exponent of the
vanable:

(4} Simplify the nght side
of the equation:

alai-1=
3=

g3 =

15
16

8

b. 29 + 1 = 487
b, 2% + 1 = 487
W = 487
=242
(Hf = 247
x =43
x = 241

= (VTE3y
=7

=17
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(3) Check the solution: a lai-1=15

2(1)7-1215
2(2F—1215
28) - 1215

16-1215

15=15+

Answers I.l]=% b.x =127

EXercises
Writing About Mathematics

b, 20 + 1 =487
I + 1L 487
FP + 12487
2995 + 12 486
2(¥) + 1L 487

4R = BT v

1. Ethan said that to solve the equation (x + 3}‘} = 5, the first step should be to square both
sides of the equation. Do you agree with Ethan? Explain why or why not.

2. Chloe changed the equation a * =

36 to the :,quali-:ln;}: = 3!5 and then took the square root

of cach side. Will Chloe's solution be correct? Explain why or why not.

Developing Skills
In 3-17 solve each equation and check.

§.x7=9

B hi=s

11 5t = 40

4 (2t +3=15
17. 2 = VBT

. a =085

Laxi=4 dF=2

6 b =8 7.x2=9

9.2y 1=12 10. %0 ¥ =3

1252 +7=22 13. 14 - 46 =2

15. 34 = 81 16. x* = 3135

In 18-23, solve for the vanable 1n each equation. Express the solution to the nearest hundredth.

Wxi=24 19. ¥ =6

3F+2=27 2254+ b8 =58

23 (Iw)® + 2 = 8l

24 Solve for x and check: ﬁ- = 1. Use the rule for the division of powers with like bases to

simplify the left side of the equation.

Applying Skills

25, Show that if the area of one face of a cube is B, the volume of the cube is B
26. If the area of one face of a cube is B and the volume of the cube is V, express B in terms of V.
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7=6 SOLVING EXPOMNENTIAL EQUATIONS

Solving Exponential Equations With the Same Base

An exponential egquation 15 an egquation that contains a power with a variable
exponent. For example, 22 = 8 and 5! = (.04 are exponential cquations

An exponential function ¥ = 5 15 a one-to-one funchion since it 15 Increas-
ing for b > 1 and decreasing for0 << b < 1. Let yy = bhand y, = b= Ify, = w,,
then B*: = b= and x, = x,.

P In general, if bF = b4, then p = gq.

We can use this fact to solve exponential equations that have the same base.

EXAMPLE |
Solve and check: = = 322
Solution Since the bascs are equal, the exponents must be equal.
Jr= 32 Check
r=2M—2 e
—x = —1 32 L gun-2
r=2 ¥ =1
Answer x =12 -

Solving Exponential Equations With Different Bases

How do we solve exponential equations such as 7 = 8 or 5! = 047 One
approach =, if possible, to write cach term as a power of the same base. For
example:

Iz =F F1=00
4

2= — 3 5=
1

2xr=73 Fl=x
r=3 so1=4
Fl=512

x—1=-1

x=—-1




EXAMPLE 1
Solve and check: 4* = g1

Solving Exponential Bguations

Solution The bases, 4 and B, can cach be written as a power of 2:4 =2, 8 = 13,

Jo = el

['zz}a — {Ea}u-l
92 — a3
a=3a+3
—a=3
a= -3

Answer g = -3
EXAMPLE 3

Solve and check: 3+ 7' = 10

Check
4e = Barl
_4.1;3 T+
431y
1Ll
8
&-dv

Solution Add —2 to each side of the equation to isolate the power.

I+ TE=1=10
F1=7
xr—1=1
xr=2

Answer x =12

EXercises
Writing About Mathematics

Check

3+ T =10
3+ 7LD

3+7<410
10 = 10+

1. What value of @ makes the equation & = 1 true? Justify vour answer.
L. Explain why the equation 3 = 3! cannot be solved using the procedure used in this section.

Developing Skills
In 3-14, wnite each number as a power.
19 4. 27
7. 1,000 8 32
11. 0.0 12 0.125

5. 15

9.1

13. 0.81

6. 49

10. 5=
14. 016

T
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In 15-38, solve each equation and check.

15.2:=16 16. 3= =27 17.5 =+

18, T‘=$ 19, 4=12 = 42« M, P+l = Pxed

2L 6% = 6! 2 32 =¢ 23, 25 = 53

24, 49 = =11 25, 2% = 16 %% 1=127

27. 100 = 1,000+ 1 28, 1251 = 25 B.#== (L)
. (3 =8 3 (3) =0 32. (0.01) = 100° =
3. (025p 2 =4 M. 51 = (D04 [ 4E+T=15

¥.5+T=6 37 Bt = 1 | P38
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