R.3 The Laws of Exponents; Radicals

Properties of Positive Integer Exponents

Suppose m and » are positive integers and « and b are real ﬁumbers then
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Although these five properties are defined for positive integer exponents, they are
actually true for all integer exponents, including exponents that are negative integers
or zero. So, for example, in property 1, for n =0, b"b” = b""" = p".

Therefore, b0 must be 1.
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Zero Exponent Rule

If b is a real number such that & # 0, then #° = 1. *

Sirnilarly, if we let g
H
Reciprocal Rule of Exponents NW EXM
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If bis a real number such that » # 0 and m is a positive integer, then 5™ = —
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—m, then " -5 = p" =M = p0 — 1 if and only if 5™ is the feciprocal

is Is known as the reciprocal rule of exponents.
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The following laws of exponents hold true for all integer exponents.
e

I 5
Laws of Exponents
Suppose m and n are integers and « and b are real numbers, then
1. "p" = pmin Product rule of exponents
o
2. ? = b"", where b # 0 Quotient rule of exponents
3. (") =" Power rule of exponents
4. (ab)" = a"¥" Product to power rule of exponents
5. (%j = ? where b # 0 Quotient to power rule of exponents
b =1 Zero exponent rule
- i
7. h"' where b # 0 Reciprocal rule of exponents
"

Simplify each exponential expression below. Write your answers using positive exponents.
Assume all variables represent positive real numbers.
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Simplifying Radical Expressions
V2S5 = &

A number « is said to be an nth root of b if a" = b.

For example, 5 is a square root of 25 because 5° = 25. The number -5 is also a square root of 25
because (-5)> = 25. Similarly, 6 and -6 are both square roots of 36 because 6° = 36 and (-6)* = 36.

It follows that every positive.real number has two real nth roots when 7 is an even integer.
However, if n is an odd integer, there is only one root. g =

For example, the only real cube root of 8 is 2 because 2° = 8. (Note that (-2)* £8.) 3,7 _

We use the symbol 3/},  to mean the positive nth root of b, also called the principal nth root of a
number b. VT

The symbol %/ called a radical sion the integer # is called the index, and b is called the
radicand. 1 ne complete expressio '{@ s called a radical. (d\" W>

~
Definition Principal nth Root '

For any intfeger n = 2, the principal »th root of a number b is defined as

Vb =a ifandonlyif " = b \ﬁ 5 W

i 4
Ifrnisevenand b = 0, thena = 0. \/%—\
If nis even and b < 0, then a Is not a real number, \[77_ fs hot r@/q 5 =27

frisoddand b = 0,thena = 0

L Ifrnisoddand b < 0, thena < 0. ,3/ - 5 b /‘&

S < g‘
Simplify each radical expression. ( Q@S h S&K— E
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Sometimes a radical expression may contain radicands which are not perfect powers.

To handle these, we must use some properties of radicals.

é N
Properties of Radicals

If « and b are real numbers and n = 2 and m = 2 are integers such that ¥a and Vb
are real numbers* . then

PR
R T T HI -\. 1} B, ¥
1. < a'b 2. g - 3. Wa" = aif nis odd

4. \/a" = |a| if nis even ,‘1/)(4 -

Simplify each radical expression.
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We can add or subtract radicals only if the index and the radicand of each expression are the

same.  Sangley @b Mg
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Simplifv each radical exoression. Assume all vari ent positive real numbers.
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When a radical appears in the denominator of an algebraic expression, we typically multiply the
numerator and denominator by an expression which will eliminate the radical in the
denominator. This is called rationalizing the denominator.

Rationalize the denominator of each expression.
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We can use our knowledge of radicals to simplify expressions involving rational exponents.
We start with the following definition.

."JI In

For any integer n = 2 and any real number b, we define the expression b'/" as
bl = /p g ’/a

provided that the expression Vb is a real number*. Q -

Simplify each expression.

D
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Notice that the exponent in #61 is not of the form 1/n. To handle this, we need another
definition:

L'.R_."\b'

o , ™y
Definition i
If% is a rational number with n = 2 and b is a real number, then we define
the expression 5™ as
B = A e = (B
provided that the expression V5 is a real number*, =

61. 16¥4 = "’/éa = \"/70%

2 - (V7)
¥

i

Aug 22-1:40 PM



The laws of exponents that were stated earlier for integer exponents also hold true for rational
exponents.

Simplify each expression.
X s % %
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