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1.5 Exponential and Scientific Notation

1. Number Classification

2. Properties of Real Numbers

3. Use properties of exponents

4. Convert from scientific to decimal notation

5. Convert from decimal to scientific notation

6. Perform computations using scientific
notation

7. Solve applied problems using scientific
notation
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‘ Property | Example

Commutative Property of Addition _
a+b=b+a 2+3=3+2

The Set of Real Numhers

{—7, —%, 0,06, \/5. 7, 7.3, Jﬁ}

Real numbers “ Which of the numbers
are:
Ra“tlonal _Irratlonal < Natural numbers?
numbers numbers
—— ¢ Whole numbers?
Integers
? ¢ Integers?
Whole 4 Rational numbers?
numbers .
# [rrational numbers?
Natural ¢ Real numbers?
numbers
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Commutative Property of Multiplication
a*b=bea

24(3)=3+(2)

Associative Property of Addition
a+(b+c)=(a+b)+c

2+(3+4)=(2+3)+4

Associative Property of Multiplication
as(bec)=(asb)ec

Distributive Property
as(b+c)=asb+a-c

Additive Identity Property

20(3+4)=(223)4

2¢(3+4)=23+24

. _________________________________________________________________3
Property Meaning Examples

Zero Exponent Rule | If b is any real number other | 7°=1
0 = than 0 and exponent is zero _EY =
bo=1 the result is 1 (=5)° =1
—50=_

The Product Rule When multiplying exponential | 98- 912 = g6+ 12

N

at0=a 3+0=3
Multiplicative Identity Property _
as1=a 3+1=3
Multiplicative Inverse Property i
o) s+ (3]
2 3

Note: a cannot = 0
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m. hn = pm+n
br-br=b base, add the exponents.

expressions with the same =g

The Power Rule When an exponential
(b™)n = bmn expression is raised to a

power, multiply the
exponents.

(34)5 = 345= 32
(5% = 5%8= 524

The Quotient Rule When dividing exponential

expressions with the same base,
bm subtract the exponent in the
— pmn denominator from the exponent
bn in the numerator.

55142 5124 _ 58
?;50 — 9405 _ g3
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The Negative Exponent Rule

“ If b is any real number other than 0 and m is a
natural number,

grol_1_1
m 1 g2 88 64
b _b_m 1 1 1
5_3_—:—:—
537 5:5-5 125
4 1 1
71=—=—
7' 7

Powers of Ten

o

1. A positive exponent tells how many zeros
follow the 1.

For example, 109, is a 1 followed by 9 zeros:
1,000,000,000.

2. A negative exponent tells how many places
there are to the right of the decimal point.
For example, 10 has nine places to the right
of the decimal point.

10 =0.000000001
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~1

“*Negative Exponents causes switch
between denominator and numerator

t® %  Prob15.39

5 5
3°-x
7 3
3°-x

Prob 1.5.45

(x*y’y

W Prob 1.5.53
X'y
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o

++ A real number is written in scientific notation
when it is expressed in the form

M x 10n M = Mantissa, n = Exponent

¢ where M is a number greater than or equal to 1 and
less than 10 (1 £ M < 10), and n is an integer.

“* Convert Scientific Notation to Decimal
# If n is positive, move the 2 26 x 107 = 26,000,000,
decimal point in M to the G
right n places. s o it
¢ If n is negative, move the
decimal point in M to the
left |n| places. G

b. 1.1 x 107 = 0.00011
gl

Move the decimal polni |4
places, or 4 places, to the left,
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Convert Decimal to Scientific Notation

To write a real number in the form M x 10n:

+ Determine M, the numerical factor. Move the decimal
point such that1 <M< 10

+ Determine n, the exponent on 10n. The number of
places the decimal point was moved is n
¢ The exponent n is positive if number 2 +10
¢ The exponent n neaative if £1 > number > 0

a. 4,600,000 = 46 x  10°
This number Is greater Move the declmal The decimal polnt
than 10, s 72 Is positive point In 4,600,000 moyed 6 places from
Inax 10", to get 1 =2 <10, 4,600,000 to 4.6.
b. 0.000023 = 23 x 107
Thig number Is less than Move the decimal The declmal polnt
1, 50 72 Is negatlve In polnt In 0.000023 moved 5 places from
a ¥ 107, to get 1 = <10, 0.000023 to 2.3.

“*We use the quotient rule for exponents to
divide numbers in scientific notation
# Subtract exponents and divide Mantissas

Mx10" (MY ...,
— = —|x10
Nx10" (NJ

= 2 Regroup factors.

Divide: 8.4x10" (84} (10”7
4x107"  \ 4

Subtract the exponents.

W—lelo
W—z.lxlo@
=0.0021
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el

“*We use the product rule for exponents to
multiply numbers in scientific notation:

(M x10m) x (N x 10) = (M x N) x 10msn

¢ Add exponents on 10 and multiply Mantissas

Multiply: (3.4 x 10¢)(2 x 10-)
(3.4 x 109)(2 x 10) = (3.4 x 2)(100x 10+)

Gnswerin Scientig = 6.8 x 109+(-5)

= 6.8 x 104

% = 68,000
Answer in Decimal Form

o
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The National Debt Problem of the USA

As of October 10, 2015, the national debt was $18.4 trillion, or 1.84 x
1013 dollars. At that time, the U.S. population was approximately
321,900,000, or 3.219 x 10s. If the national debt was evenly divided
among every individual in the United States, how much would each
citizen have to pay?

US NATIONAL DEBT ST T us FEDERAL TAX REVENUE 65 %) NCOME TAX REVENUE (PAYROLL TAX REVENVE | _[CORPORATE TAY REVENUE .
$18,403,015,757,229 B X 3zsa 722,641,417 “ 10,125 ] 51,543,670,456,937 | 51,066,998, 364,287 ] 350,848,274, 582 )
£ US FEDERAL SPENDING 107 0 Us FeoERAL  REVENUE
3,684,370,277,566 N’_5(425 647,636, 51

STATE nMuus LOCAL REVENUE (ReveNvE e iz m
51,679,115, |sa 451 |(51,207,973,237,650 Jy_$8,971 <1,154,004400,616 ) (5 1.914,882,557,482
[US GROSS DOMESTICPRODUCT +87 5. TOTAL FEOERALISTATEILOCAL SPENOIG 5
$18,101,234,339,615 ) (£6,317,190,333,458

MEDICAREEDICADL__ [ SOCIAL SECURTY | CEFERSETWAR ),
T A | (R

s POPULATION
321,877,912
U5 INCONE TAXPATERS) | (1

119,118,033

INCOME SECURITY L___ [NET INTEREST o FEDERAL PENSIONS L. 'GROSSDERTT0 GOPRATIO | [ REVENUE T0 GOP RATIO | | SPENDING T0 GDP RATIO |
5301,765,489,535 )¢ $219,262,637, \74‘}1&251 616,636,759 )| 101.7531314°) ( 33.9525030%) ( 34.8697943°

o1eD)
(ACTUAL UNENPLOVED)
15,589,239
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Solution: The amount each citizen would have to pay is the total
debt, 1. 84 x 1013, divided among the number of citizens, 3.219 x 1013

1.84x10° ( 1.84
3.219x10° (3.219

j><10138 =0.5716x10° =5.716x10* =$57,160
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