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The population of Dawson City
experienced rapid growth during

this time. The population was
approximately 1000 in April and 3000
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point). The population is given in the
table and is also shown on the graph.
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M. Seller & Co.’s
Population of Dawson Creek Date x | Population (1000s)
30 1 Apr.1, | 0 | 1,0r3°
g 25 - 1896
,8 20- July 1, 1| 3,0r3
5 5 1896
£ 1ol Oct.1,| 2| 9,0r32
_g'_ 1896
o 51
L X Jan.1, | 3 | 27,0r 33
Q H#7 T T T T T T 1897
0O 05 1 5 2 25 3
Apr.1, July 1, Oct. 1, Jan.],
1896 1896 1896 1897
Date

© About how many people were in Dawson City in mid-May and
mid-August of 1896?
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A. What x-value can be used to represent the middle of May? Explain
how you know.

B.  Use the graph to estimate the population in the middle of May.

C.  What power can be used to represent the population in the middle of
May? Multiply this power by itself. What do you notice?

1
D. Use the exponent button on your calculator to calculate 32. How does
this value relate to your estimate in part B?

E.  Use the graph to estimate the population at the beginning of May
(when x = 3). Calculate 35 and compare it with your estimate.

F Calculate 3 X 33 X 35, What do you notice?

1
G. What is another way to express 33 using a radical? radical
. . L . the indicated root of a quantity;
H. Write a power of 3 that would estimate the population in the middle for example, ¥/8 = 2 since
of August. Evaluate the power with your calculator and check your 2x2x%x2=2=38

answer by using the graph shown.

Reflecting
1
I.  Explain why x2 is equivalent to V.

. : 1
J.  Make a conjecture about powers with the exponent .

K. Do the rules for multiplying powers with the same base still apply if the
exponents are rational? Use the numbers in your table to investigate.

APPLY the Math

EXAMPLE 1 Representing a power with a positive
rational exponent

Evaluate 65%.

Elaine’s Solution

1 1. .
653 = \3@ | know that the exponent 3 is a way of representing the
3rd root of the base. | wrote it in radical notation.
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~ , .
The answer is a number whose cube is 65.

| know that4 X 4 X 4 = 64.
Jhe answer must be close to 4.

i - o
ENET=E | used my calculator to get a more accurate
4, B2EFZSFIY answer.

When an exponent is written as a decimal, it is often easier to evaluate the
power if the exponent is written as its equivalent fraction.

EXAMPLE 2 Representing a power with a decimal
rational exponent

Fvaluate 32°2.

Tosh’s Solution

s .
| rewrote the power changing the

02 — 297
327 =32 < exponent from 0.2 to its equivalent
fraction. 5 :
02=-5=¢
.
. 1.
_ 32 < | know that an exponent — is a way of

representing the 5th root of the
\number. | wrote it in radical notation.

Since 2° = 32, the 5th root of 32 must
=2 =< be 2.

| entered the power into my calculator
to verify my answer.
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If a power involves a negative rational exponent, then you can write the

exponent as the product of a fraction and an integer.

example

Evaluate (—27) -3,

3

Representing a power with a negative rational exponent

1
George's Solution: Using 3 and —2 as Exponents

(—27)75 = ((-27)3) % <

((—27)5)

1

—
| separated the exponent into two parts, since the

2 1
exponent —— can be written as a product: — X (—2).
Lexp 3 P 3% (=2)

1

((=27)5 x (—27)%))

1\ 2
| expressed ((—27)3> as a rational number, using 1 as

1\2
the numerator and ((—27)3) as the denominator.
—

p
| determined the cube root of —27. | know that

1
(V=27 XV =27)
o
(=3 X —3)

1
9

(—3) X (=3) X (=3) = —27.

N—

. . . 1
Nadia’s Solution: Using —3 and 2 as Exponents

(=27)7 = ((=27)7) " =

~

Llseparated the exponent into two parts.

2 . 1
The exponent ~3 can be written as a product: ~3 X 2

[

! expressed (—27)% as a radical.

Eevaluated the root and squared the result.
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Anjali’s Solution: Using a Calculator

(-27)7

1111
1-of _ ﬂ used my calculator to determine the answer and then

Kchanged it from a decimal to a fraction.

The strategies you have used to evaluate numerical expressions involving
integer exponents also apply when exponents are rational.

EXAMPLE 4 Selecting a strategy to evaluate an
expression involving rational exponents

1
(8%
1
8’8"

Simplify, then evaluate

)=

Aaron’s Solution

/The numerator is a power of a power, so | multiplied the

(8%)7 g6 1 7
= 5 e exponents:g X 7 = T
8583 85
The denominator is a product of powers, so | added the
1 1 2 5
7.5 exponents: — + — = = + — = =
_ goe ®» 2737676 &6
2 To divide powers (numerator by denominator), |
— Q6
=38 Ksubtracted the exponents.
1
= 83

E wrote the fraction in lowest terms.

s
=12 | found the cube root of 8.
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In Summary

Key Ideas
e A power with a rational exponent is equivalent to a radical. The rational

exponent - indicates the nth root of the base. If n > 1 and n € N, then

b% = \'/B where b # 0.
e If m # 1 and if m and n are both positive integers, then

bn = <\”ﬁ> =\ b™, where b # 0.

Need to Know

e The exponent laws that apply to powers with integer exponents also apply to
powers with rational exponents.

¢ The power button on a scientific calculator can be used to evaluate rational
exponents.

e Some roots of negative numbers cannot be determined. For example, — 16
does not have a real-number square root, since (—4)? = (—4) X (—=4) = +16.
Odd roots can have negative bases, but even ones cannot.

e Since radicals can be written as powers with rational exponents:
 Their products are equivalent to the products of powers. This means that

VaxVbhxVc=Va xbxc because a2 X b X & = (abc)%,
where a, b, and ¢ > 0.
« Their quotients are equivalent to the quotient of powers. This means that

1
2 1

é = \/i, becauseZ—i = (Z)Z, where a, b, and ¢ > 0.
2

CHECK Your Understanding

1. Write iln radical form. Then evaluat? without using a calculator.
a) 492 1 c 814 1 e 16°%
b (—125)3 d) 1002 £) —(144)"

2. Write in exponent form. Then evaluate.

o V1024 o Va7t o V16
5
b V1024 d) (\/3 —216> £ (V2s)!

3. Use your calculator to evaluate each expression to the nearest
hundredth.

) 6 o V4421 o 105

b) 0.0625% d) 14402 £) 20004
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PRACTICE
4. Evaluate each expression. Use the fact that 2° = 32 and 3* = 81.
O, -3 o V(-32)? o —81
b V-32 d (-2)° Rz
5. The volume of a cube is 0.027cm3. What does W/ 0.027 represent in
B the situation?

6. Write each expression as a single power with a positive exponent.

) 72X 7 0 (16)° o (105)2
2
b) 3%:37 d lzi £ 2% X 27 X 2*
126
7. Write each expression as a single power with a positive exponent.
) 372+3 9 8+87 9 9% X 3°
b (579" d) 497+ 4098 X 4707 f) X 472+8

8. Given that 10%° = 3.16, determine the value of 10'> and 1079,
Explain your reasoning.

9. Write each expression using powers, then simplify. Evaluate your
simplified expression.

; Va0 Vs )\/E\/E
V2 VA Ve

b VIVeVZ o véﬁﬁ b NI

10. Write each expression as a single power with positive exponents.
3 5

6 X 6 1274 S

a) <) T e) 43 42 X 46

6 1272

oul et ()

11. Simplify. Express final answers in radical form.

2

2 475(42) o 1011072 9 51x 57!
b) 99 o (89)(sD) n £+4
10

12. Rewrite each of the following expressions using a rational exponent.
Then evaluate using your calculator. Express answers to the nearest

thousandth.
a V120 9 V1372 o (V216)72
b) 257 d 1078 ) (V-15)72
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13.

14.

15.

16.

18.

Evaluate — (8)% and — (4)% using your calculator. Compare
the results.

Simplify. Write each answer with positive exponents.
0.25
) o e 0
b o (B 6 m(mm
x 3

Simplify. Write each answer with positive exponents.

— 5)-3 1 2\ 3
a) m 0 (-y_)%; e) (x3 - x3>
()

() ey

Evaluate 6473 without a calculator. Explain each of the steps

3
5

~

in your evaluation.

Determine the value of the variable that makes each of the following
true. Express each answer to the nearest hundredth.

) 1.05=VM o N3 —-3=0 O x5 =4
5
1
b 2.5=VT & =125 f =2
X

Write in exponential form. Use the exponent laws to simplify and
then evaluate.

2 V1000 X V1000 = 1000 b)

4
19. Use your knowledge of exponents to express 325 in two other ways.

B Which one is easier to evaluate if you do not use a calculator?

Extending
20. Simplify.
4+47 52 -5 V(Y4
Vit Vs VT
21. Write as a radical: (216)7%
22. Ifa = 2 and b = — 1, which expression has the greater value?
| ) ) (o) 307120
ST (™)
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