P.2 INTEGER AND RATIONAL

NUMBER EXPONENTS
(w\ § Aaaall UMW)
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" J
Objectives:

In this lecture, you learn about:

1. Properties of Exponents
Scientific Notation

Rational Exponents and Radicals

> L b

Simplify Radical Expression
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Definition of Natural Number Exponents

If a 1s a real number and n 1s a natural number, then

a'=a-a-...-a,

_
N

N times

where a is the base (st¥Y)and n is the exponent (LY)).

Ex:

a 43=4.4.4
b. —2°% =_(2.2.2.2.2.2) =—64 (base is 2)

C. (_ 2 )6 =(-2)(-2)(2)-(-2)-(2)-(2) =64 (baseis-2)
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n

0

C)2

: bto the powern or then" power of b

: bsquare
b’ : bcube
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Def. of b’

‘ For any nonzero real number b, b’ =1, b # O\

Exa 6'=1 b -6 -_(¢)-—I

0

C.(X2+5) 1
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Definition of b "

‘ Ifb # 0 and n is a natural number, then b™ =-L and L =p"

bn b-n —

(This property applies to factors only( not to terms))

Ex yix> 20
A TS T T
21 Yy X

-2 -3
b. yz_;rt_)i = 2t° (y‘2 —- x‘3)
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Restriction Agreement

The expressions 0°, 0" (wherenisa negativeinteger), and % are all undefined.

If m, n, and p are integers and a, and b are real numbers, then

Product b™b" =p™"

m . m .
Quotient 2n =a™ " if m>n or gn = anlm ,ifn>m
Power (ab‘:)p:abr:pp, b = 0

(b") =b™, (a"")’ = a™b
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To simplify an expression involving exponents, write the expression in a from

in which:

1. Each base occurs at most once
2. No powers of powers
3. No negative exponents occur
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Ex: Simplify
a. (—3ab4 )(—6a2b‘4 )
Sol
— (_3) (_ 6) a1+2b4+(—4) *Multiply the coefficients

*Multiply the variables by adding the exponents

on the like bases
31,0 3
=18a’h” =18a

3
b. — 2ab2 (_3 azb ) Use the power property of exponents

> (112ab2 (-3) (az)3 b’

=-2ab’(-27)a%’ =-2(-27)a"b*” =54a"’
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_X4 -2
3y?
3y° ’
= || — X4
9y*
T
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*Divide the coefficients
*Divide the variables by subtracting the exponents
on the like bases

Use the negative property of exponents

Use the power property of exponents

10



; (—a*h?)'c? -2
| 2a’c”

_ab)”
:( 2a‘c™ j :(
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Scientific Notation for Writing Numbers dsalal) Azl

+ax10" integer

1£a<10/

Ex Write each of the following numbers in scientific notation

. 3
1)3478.28 =3.4828x10
3 digits

_ -6
2)0.0000078 =7.8x10
6digits

3)- 345700000 = —3.457 x 10°

8 digits
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Ex Write 1in decimal notation

1) -3.253 x107 = -32530000.

7 decimal places

2) 4.25 x 10 = 0,0000425

5 decimal places

Ex Write the following expression in scientific notation

(3.2x107")(2.7x10"

1.2x107
Sol
(32x107")2.7x10"%) _ (3.2)(2.7) 10~ HE-(-5)
1.2x107° 1.2

— 7% 10—1 1+18+5

12
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Rational Exponents and Radicals s 5 dsaedl) (und)

1
Definition of "
1

1. Ifnis an even positive integer and b>0, thenbn is the

1 n
nonnegative real number such tha[(bn] —b

1
2. If n 1s an odd positive integer, then pn 1is the real
number such thal( 1)”

n

Ex =b

a. 252 =5 since 5° =25
b. (—27)1/3 = —3 since (—3)3 =_27

1
C.— 4" = —(4)2 = 2
1
d. (—4)"? is noe defined in real numbers e. (—32)°= —2 since (—2)5 =-32
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Def. of pn

For all positive integers n, all integers m, such that r% 1S 1n
simplest form and all real numbers b such that b%‘ 1s a real

number, N _ (b/) _( )/

Ex: Evaluate  a) 125 %

It can be evaluated in either of the following ways
1257 = (1257 )% = (15625 )% = 25
1257 = (125//) =(5) =25

b) g1°075 _ (ijs_ 1 %: (Lj% ) (lI_L
81/~ (gTj 81 ~3) 27
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Def. Q/E

If n is a positive integer and b is areal number such that

1
n

is a real number, then ¥b = b

radical | Index
symlbol Q/H

radicand

Common Roots

Jb : the squareroot of b

b : the cuberoot of b

Ub : the n"root of b, forb > 3
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Def. of Q/bT”

For all positive integers n, all integers m, and all real
numbers b such that Ub is a real number,

Ub™ = (¥b) =p"

Ex: Find the value of

a) 125°° —3/125% =25

alternatively, 1t can be evaluated as follows

2/3
125 ( 12 =(5)" =25 <§aser to evaluat>
3/2
b) (fj :£ 2} _2/
9 4) 8
9/24/2007 10:21°AM
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Def. of Q/bT‘

=

b =h

 [f n is an even natural number and b is a real number, then

 [f n is an odd natural number and b is a real number, then

Ex

J12)f =12/ =12% V16x* =(2%)" =[2x
J=12)° =12
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Ex: Simplify each exponential expression.

. (32x6y3]0'4
* :x3/13

Sol
(Y () (Y
32%° 32%° 2X 4x°

-1/6
3 4 _3
b(&\'y Zj y>0,2>0

xy*z™

Sol

13,23\ 1/6 12 \Ve 1/6
:£X 7 j :£ 7 j X2/3y6 X1/9y
4,-9 2/3..6 = =
Xy V4 X y Z12 Z2
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Properties of Radicals

If m and n are natural numbers and a and b are positive real
numbers, then

Product Q/g-Q/B:Q/% i/g-i/ﬁzx3/2l6:6

\ 8
Quotient E//—Ezn%, b0 %:\/%:\/122

Index {¥a ="a V326 =26
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An expression involving radicals 1s said to be in simplest form 1f it
meets all of the following criteria.

1. The radicand contains only powers less than the index.

J24 =J4.6=226=2J6

2. The index of the radical 1s as small as possible.
Y125 =825 =557 =57 =5" =5

3. The denominators have been rationalized (no radicals
appear in the denominator).

1 _ 1 N5_35
NERENCINCIE
4. No fractions appear under the radicals sign.

1_1 _ 1 .N5_45
9/24/2007 10:21 AM 5 \/g \/g \/g 5 21




"

Ex Simplify

a)\/ﬁ

Sol

J75 = 52 .3 =53

b) \/24x2y3

Sol

\/24x2y3 = \/22 x2y? .6y = 2\xy\\/@
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Addition and Subtraction of Radicals

We add and subtract like radicals (the same radicand and
the same index)

Ex10: Perform the following operations

a) V3+5/3-33 =33

b) 33/ xy? —23/xy* =3/xy?
C)3VJ75-2V48 —3/25.3-2016.3 -15¥3-8 3 =73

9/24/2007 10:21 AM

23



"
Ex Simplify

a. 3x3/8x°y* +4y3i/64xCy

Solution

:3x%/8x3y3 . y1 +4y%/43(x2)3 -y
=3x3/23x3y3 -3ﬁ+4y3/43(x2)3ﬂ
=3x(2xy)y +4y(@x)y

= 6x2y%/§+16x2y%/§

:22x2y%/§
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b. —3x3/54x% +23/16X’

Sol

axdfsax?t +2316x7 = —3x327x3 - 2x + 2330 - 2x
:—3x%/277-%/5+2%/8?-%/5
=—3x%/337-§/ﬂ+2w-%
= —3x(3X)32x +2(2x>)3[2x
= —9x%32x + 4x*32x = —5x%3[2x
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=
c. 23/40 —33/135

Solution

23/8-5-3327-5 =238 35332735
=323 .35 -3 .35
_ 2323 .35 -3 .35
=2(2)3/5-3(3)/5
=435 -935
- 535
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Multiplication of Radicals

Multiplication of radicals is accomplished by using the
distributive property.

Ex: Perform the following operations

a. V2(V8 +2+2)
V2B +2(2v2) =V16+2(2) =4+4=8

2) (V3 +5)(3-5)
= 33 +3(=5)+ 53 +5(=5) =325¢3 + 543 —25=-22
3) 35y -4

32 (V3Y ) + 2654+ (-4 —g(5y)-245y+16 = 45y—245y +16
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Rationalizing the Denominator  alial) gl

Rationalizing the denominator means writing the fraction
with out radicals in the denominator.

Ex Rationalize the denominator.

conjugate
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1
5/8X2

9/24/2007 10:21 AM

F

J4x’

\/23 AR

\/25 5

2X

30



