Section 4.7 Scientific Notation

INTRODUCTION

Sdaentific notation meanswhat it says: it isthenotation used in many areas of science. Itisused so
tha scientist and mathematicians can work relatively easily with very large or very small numbers and
thar related computations Hereis a sample of some very largeand very small nunbers and to wha
they refer:

Theearth is93,000000 (93 million) miles from the sun.

It takes 588000000000,000000000000(588billion trillion) atoms of hydrogen to make 1
gram of hydrogen.

Lighttravels at arate of about300000000(300million) meters per second. (A meter is about
396 inches)

Themass of an atom of hydrogenis 0.0000000000000000000000000167This number is so
small it doesn@even have aname.)

Grassgrows at arate of 0.00000002(2 hunded-millionths) meters per second

Obvioudy, these numbers are either much too big or much too small to do easy calculationswith,
butwe can use scientific notation to make them appear less terrifying. Before we work with those
numbers specifically, though we need to do some preparation.

BASE-10 AND NEGATIVE EXPONENTS

Our numbering system is caled abase-10 system because we have ten digits:
0,1,23,4,5,6,7,8and9.
Thetenth couningnumber is10and........... ten 10@make 100: 10410 = 100;
ten 1006make 1,000: 104100 = 1,000;
and so on.
We know that, for example, in 105, there are five 08 after the1l: 100000
and, in 103 there arethree 0@ after thel: 1,000
and, in 10! thereisoneO after thel: 10

Likewise, in 1° there are zero 0@ after thel: 1 (butnozeros

1
, it standstoreasontha 10-1 = 75 .

Nl =

1
Butwha about10-1? Jugas 3-1 =3 and 2-1 =
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1 1
Infact, 10-1=7a =710 =01 (onedecimal place)

1 1
Similaly, 10-2 =7x = 71gp = 001 (two decimal places)
3o+ _ i _ .
10-° =78 = 1000 = 0.001  (threedecimal places)

and 10-4 :ﬁ = 10,000 = 00001 (fourdecimal places)
We ge two major points out of these:
(@ inbase10,
(i) postive exponents mean large (sometimes very large) nunbers
(i) negaive exponents mean small (sometimes very small ) numbers
(b) thevalueof theexponentindicates a postion
(i) for postive exponants, thevalueindcates the number of 0@ after the 1

(i) for negative exponants, the valueindcates the number of decimal places

Exercise 1 Rewrite each power of ten as either alarge number or asasmall nunber (a
decimal). Do notleave any exponents.

a 10t by 101 c 104 d) 10d4 e 102
107 g 1012 h) 109 ) 10-6 ) 108

WORKING WITH POWERS OF 10

Y ou probably knowtha multiplying anurmber, 7, by powers of 10N such as 10 or 1000r 1,000N is
the same as placing the same number of zeros at theend of the nunmber:

7x10 =70 7x 100 =700 7x 1,000 = 7,000
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Likewise, a number that endsin oneor more zeroscan be written as the produd of anumber anda
power of 10:

600 = 6x 100 9,000 = 9x 1,000 800000 = 8x 100000
= 6x10? = 9x108 = 8x1P
Example 1: Rewrite each expression as a produd of awhole number and a power of 10. Use
exponents to represent the power of 10.
a 900 b) 5,000 c) 800000 d) 40000000
Answer: Be sure to countthe number of zeros
a 900 = 9x100 = 9x 102 b) 5000 = 5x1,000 = 5x 103
c) 800000 = 8x100000 = 8x 10P d) 40000000 = 4x 10,000000 = 4x 107
‘Exercise2 Rewrite each expression as a produd of awhole number and a power of 10. Use

exponents to represent the power of 10.

a 6000 (6thousnd) b) 2000000 (2 million)

¢) 700000000000 (7 hunded billion) d) 3,000000000000 (3 trillior)

We can represent very small numbers (decimals) in thesame way. Thedifference, of coursg, istha
the powers of 10will have negative exponents.

For example, 0.005 = 5x0.001 (which hasthree decimal places)

= 5x10°3 (noticetheexponet of negaive three)

Example 2: Rewrite each expression as a produd of awhole number and a power of 10.
a 004 b) 0.00009

Answer: Be sure to countthe number of decimal places, notthe nunmber of zeros

a 004 =4x001= 4x102 b) 0.00009= 9x0.00001= 9x10-°
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Exercise 3 Rewrite each expression as a produd of a whole number and a power of 10.

8 0006 (6thousndthy b) 000002 (2 hunded-thougndths)

¢  0.000007 (7milliorths d) 0.00000003 (3 hunded-millionths

SCIENTIFIC NOTATION

When anumrber iswritten as theprodud of anumberN called a coefficientN and a power of 10, we
say tha the nunber isin scientific notation.

So, thescientific notation form of 300 is 3 x 102 andof 0.004 is 4x 10-3
! ! Pl
Thecodficient Thepower of 10  Thecodficient Thepower of 10

Scientific Notation isaprodud of two factors:
anumerical coeficient andapower of 10.

In proper scientific notation (or proper form),
the codficientisanumber between 1.00000and 9.99999
(in other words it has a whole nunber 1 through9).

Thecoeficientistypicaly asingle-digit whole number followed by oneor two decimal places.
Hereisatable of some numberstha are propea coefficients and some tha are not

Proper codficients Not prope coefficients (with reasons)
3.11 2311 (the whole number has two digits; it can have only one.)
6 0.6 (the number isless than 1; the whole number can®be 0.)
1.308
9.96
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Example 3: |dentify which of thefollowing numbers could bethe codficient in prope scientific

notation. If it cannotbea prope codficient, state why.
Number Could it bea codficient?
a 9.75 yes (thewhole number, 9, is only onedigit)
b) 154 No, thewhole number, 15, has more than onedigit
c) 4 yes, thewhole number doesn®need to befollowed by a decimal
d) 056 no, thewhole nurmber can®be zero.
‘Exercise4 |dentify which of the following numbers could bethe coefficient in proper

scientific notation. If it cannotbeaprope codficient, state why.

Number Could it bea codficient?
a) 3
b) 2.09
C) 314
d) 091
€) 10

WRITING LARGE NUMBERSIN SCIENTIFIC NOTATION:

In order to write alarge nunmber in prope scientific notation we need to think aboutthree things

@ The coefficient mug have a single-digit whole number, 1 through9;
(b)  wedl need to countthe number of spaces needed to move a decimal point;

(©) large numbers have powers of 10 with postive exponents
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A number like 3,000000 iseasy to write in proper scientific notation because the coefficientisjus
thewhole number 3 with no decimals; in this case, we need only countthe number of zeros and there
are six:

3,000000 = 3x 106.

However, anurber like 3580000 is alittle more chdlenging because we can®jus countthe
number of zeros Ingead, we need to recognize that

@ Thecoeficientis 3.58

(b)  wedl need to countthe number of spaces needed to move a decimal point to
between the3 and 5; it mus move6 places.

3280000,

(©) Of course, 3,580000 isalargenunmber soit will have apower of 10with a
postive exponent.

So, in prope scientific notation, 3,580000 = 3.58x 10F.

You might ask, QWhere isthedecimal point in thefirst place? If there® nonethere, how can we
moveit?0

WEell, of course, whole numbers don®need decima points, but we can always place oneat the end of it.
For example, 6 can bethoughtof as (.0 and 4,500 can bethoughtof as G4,500.0With thisin

3980000,

B 5 4 3 2 1

Y

3.58x10°
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Example 4: Rewrite each nunmber into prope scientific notation.

a 960000 b) 745000000
Answer: Decide on the coefficient and countthe number of places the decimal point would
move

Also, these are both large nunbers.
a) Thecodficientis9.6; thedecimal will need to move five places: 960000 = 9.6x 1P

b) Thecodficientis7.45; thedecimal will need to move eight places: 745000000 = 7.45x 108

Exercise 5 Rewrite each nunber into prope scientific notation.

a 28000 = b) 413000 =

c) 9,070000 = d) 62150000000 =
e) 580 = fy 73=

WRITING SMALL NUMBERSIN SCIENTIFIC NOTATION:

Writing small numbers (postive numberslessthan 1) in prope scientific notationis similar to
writing largenumbers. We still have thethree thingsto think about

@ The coefficient mug have a single-digit whole number, 1 through9;
(b)  wedl need to countthe number of spaces needed to move a decimal point;
(©) small numbers have powers of 10 with negative exponents.
A number like 0.000003is easy to writein prope scientific notation because the coeficient isjug
thewhole number 3 with no decimals; in this case, we need only countthe number of decimal places,

andthere are six. Also, because thisisasmall number, theexponent will be negative:

0.000003= 3x 10-5.
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However, anurrber like 0.00000358 is alittle more chalenging because we can®jus countthe
nunmber of decimal places. Ingead, we need to recognize tha

@ Thecoeficientis 3.58

(b)  wedl need to countthe number of spaces needed to move a decimal point to
between the3 and 5; it mus move6 places.

0.0000035%

WA A A AT

(©) Of course, 0.00000358 isasmall number so it will have a power of 10with a
negéive exponent.

So, in prope scientific notation, 0.00000358= 3.58x 10-6.
Hereis adiagram of the change
1 2 3 4 5 6
|
-0
358x10

Example5: Rewrite each nunber into prope scientific notation.

a) 0.00096 b) 0.00000000745
Answer: Decide on the coefficient and countthe number of places the decimal point would
move

Als0, these are both small numbers.

a) Thecodficientis9.6; thedecimal needsto movefour places: 0.00096 = 9.6x 10-4

b) Thecodficientis7.45; thedecimal needsto movenineplaces. 0.00000000745= 7.45x 10-9
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Exercise 6 Rewrite each nunber into prope scientific notation.

a 00028 = b) 0.0000413=
¢ 0.00000907= d) 0.00000006215=
e 0034= f) 092=

EXPANDING FROM SCIENTIFIC NOTATION

Sometimes, when anurrber is written in scientific notation, it(3 easier to work with butit isn®
always easy to know wha the nunber actudly is. Of coursg, if youwork longenoughwith any system
it becomes second nature on howto interpret it.

For us though,since we are new to scientific notation, it@ goodto be able to write numbersin their
more familiar form. In other words, whereas scientific notation abbreviates very largeor very small
numbers, expanding them to ther naural form Qun-abbreviatesOthem.

Example 6: Expand each nunber to its natura form.
a 46x104 b) 8.07x10°°

Answer: First, decideif thenumber is going to be alarge number (postive exponent on 10) or
asmall numbe (negdive exponent on 10).

Second, place a number of zerosto the beginning or end of the coeficient so tha the
exponent can bemoved easily.

Third, check your anawer by thinking abouthow it would beif youwere to abbreviate
it back into scientific notation.

a 46x104 Thisis going to bealarge nunber, so place some zerosafter the codficient.
4.6000000x 104 Now movethedecimal four placesto create alarge number.
46000000 Eliminate theunnecessary zeros (after thedecimal point) and use acomma

46,000 Check thisto seeif it isright (large nunber, movethedecimal 4 places.)
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b) 8.07x10-° Thisis going to beasmall number; place some zeros before the coefficient.

00000000807 x 10-°Now movethedecimal five placesto create a small number.

00000000807 Eliminae theunnesessary zeros (before thedecimal point).

0.0000807 Check thisto seeif it isright (small number, movethedecimal 5 places.)
Exercise7 Expand each number to its natural form.
a 6.1x108 = b) 92x10-2=
c) 433x10P= d) 3.06x10°4 =
€ 2.084x108 = f) 4.138x10°7 =

ADJUSTING THE COEFFICIENT

If anumber iswritten in scientific notation, butit@ notin prope form, then we need to adjust the
cogficient to putit into prope form.

For example, 12x 1P isnotin prope form (thecoeficientistoolarge). If we expandit, we can
better see what it will bein prope form:

12x 10° is 12 followed by five zeros = 1,200000. This, however, can bewritten as 1.2 x 1.
In other words, 12x 10° = 1.2 x 108. (Notice the changesin the coefficients and the powers of 10.)
We call thisN going from an improper form to a prope oneN adjusting the codficient. When

making this adjugment, if the codficientistoolarge, then we usudly divideit by 10and add 1 to the

power of 10. (Thishasthe overall effect of both dividing and multiplying by 10, which won® change the value, just the
way it looks.)
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Forexample, 12x10F = 15 x106*+1 = 1.2x 10
Dividing by iO :Vlultiplying by 10 (adding 1 to the power of 10)
Dividing by 10 has the effect of moving thedecimal point oneplace to theleft.
Forexample, 953x107 = 22 x107+1 = 953x 108

! !
Dividing by 10 Multiplying by 10 (adding 1 to the power of 10)

In some ingances, we might even need to divide by 100and add 2 to the power of 10.

Forexample, 264x 108 = 300 x 108+2 = 2,64x 105

! !
Dividing by 100 Multiplying by 100(adding 2 to the power of 10)

Example 7: Adjug each so that the codficientisin prope form.
a 56x 104 b) 307x108

Answer: Each of these has a coefficient with atwo-digit whole number. Dividethe codficient
by 10 (or 100, whichever is appropriate) and add 1 (or 2) to the power of 10.

56
a 56x10* =71g x10**1 = 56x10°

307
b) 307x10® = g x108*+1 = 3.07x10°

Example 8: Adjug each so that the codficientisin prope form.
a 293x10°° b) 158x10-9

Answer: Each of these has a coefficient with atwo-digit whole number. Dividethe codficient
by 10 (or 100, whichever is appropriate) and add 1 (or 2) to the power of 10.

293
a 293x10-®> = g x10->*1 = 293x10-4

158
b) 158x10-9 = Tgg x10-9+2 = 158x10-7
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Exercise 8 Adjug each so tha the coefficientisin propa form.

a 61x10° = b) 492x1012=
c) 38x10°2 = d) 735x10-6=
e 506x10° = fy 241x10-8=

If the codficientistoo small, such as 0.87 then we need to multiply it by 10 and subtract 1 fromthe
power of 10.

For example, 0.12x10° = (0.12x10)x10°P1 = 1.2x 104
| |

Multiplying by 10 Dividing by 10 (subtracting 1 from the power of 10)

Example 9: Adjud each so that the codficientisin prope form.
a 05x104 b) 037x108 c) 0.206x10°°

Answer: Each of these has a coefficient lessthan 1. Multiply the coeficient by 10 and
subtract 1 from the power of 10.

a 05x10% = (0.5x10)x104P1 = 5x103

b) 037x108 = (0.37x10)x 18Pl = 3.7x10/

©) 0206x10-5 = (0.206x 10) x 10-5P1 = 2,06x 10-6

Exercise 9 Adjug each so tha the coefficientisin propa form.
a 06x10° = b) 0.492x1010=
c) 038x10°% = d) 0.735x10-2=
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MULTIPLYING AND DIVIDING WITH SCIENTIFIC NOTATION

Multiplying 300x 4,000 isthesame as multiplying 3x4 =12 and placing thetotal number of
zerosafter the 12:

300x 4,000 = 12 followed by atotal of five zeros 1,200000

If each of these numbers was first written in scientific notation, the produd would look like this:

300x 4,000

= (3x10%) x(4x103) written in scientific notation

= (3x4)x(102x108) using assodiative and commutative propeties

= 12x10P usngtheprodud rule: 102x 103=102+3=10P.
12

= 1g x1+1 Adjuging the coeficient.

= 12x106 If we wanted, we could expand this to be

1,200000 (the same answer as above).

If two numbers are already written in scientific notation, then the process of multiplying them
togdher requirestha we

(i) multiply the codficients togeher

(i) combinethe powers of 10 by adding the exponents (even if oneis postive
and theother is negdive)

(ilf) adjug thecodficient, if necessary.
Likewise, if two numbers are already written in scientific notation, then the process of dividing them
togdher requirestha we
(i) dividethecodficients appropriately; roundoff to the nearest hundedth

(i) combinethe powers of 10 by subtracting the exponents (as the quoient
rule requires)

(i) adjug thecodficient, if necessary.

Scientific Notation page 4.7 - 13



Example 10:

Procedure;

Answer:

Perform theindicated opeation. Write theanswer in prope scientific notation.

8 (L2x108)42.7x10°5) p 20
0 (35x10%) 46.4x 107) 0 =210

Y ou may dothe multiplying and dividing of the coefficients off to thesideor ona
calculator (if allowed); they are notshown here. Be sure to adjud the codficient, if
necessary.

3 (12 108) 2.7 x 10°5) b) 35x10
= (12x27)x (108+(-9)) = (35021)x1(¥P3
= 3.24x103 = 167x10°
(we don@® need to adjust this coefficient) (1.67 has been rounded to the
nearest hundred)
C) (35x10% §6.4x 107) d) %
= (35x6.4)x (104+7) = (3607.2)x 106D(-2)
= 224x1011 = 05x108
= %xloﬂﬂ = 05x10x 108P1
= 224x1012 = 5x 107

Scientific Notation
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Exercise 10 Perform theindicated opeation. Write theanswer in prope scientific notation.

8  (15x1(°) 44.4x 10H) p S21C

0 (76x1019) 44.0x 106) g 229
«10-5

9 (98x10% §25x10°7) n 22

Scientific Notation
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Exercise 1:

Exercise 2:

Exercise 3:

Exercise 4:

Exercise5:

Exercise 6:

Exercise 7:

Exercise 8:

Exercise 9:

Exercise 10:

Scientific Notation

d)
9)
)

Answersto each Exercise

10

.0001
1,000000000000
0.000001

6x 103 b)
6x 103 b)

|Section 4.7
b) 01
e 001

h) 1,000000000

j)  0.00000001

2x 106 C)

2x10°° C)

yes (thewhole number isasingle digit)
yes (thewhole number isasingle digit)
no (thewhole number has more than onedigit)
no (itisanumbe lessthan 1)
no (thewhole number has more than onedigit)

2.8x 104 b)
5.8x 102 f)

28x10-3 b)
34x 102 )

6,100 b)
208400000 )

6.1x 104 b)
5.06x 1011 f)

6x 102 b)

6.6 x 1014 b)
245x10-3  f)

413x10P C)
73x10t

413x10°5 0
92x10-1

0.092 )
0.0000004138

492x 1013 C)
241x10°6

492x10° C)

5x 103 C)
25x10-10

¢ 10000
f) 10000000

7x 1011

7x10°6

9.07x 106

9.07x10-7

433000

3.8x101

38x10-°

3.04x 1017

d)

d)

d)

d)

d)

d)

d)

3x 1012

3x10-8

6.215x 1010

6.215x 10-8

0.000306

7.35x 103

7.35x 103

35x108
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1.

Section 4.7 Focus Exercises

Rewrite each expression as a produd of awhole number and a power of 10. Use exponentsto

represent the power of 10.
a 500000000000 b) 4,000000
d 003 e) 0.0002
Rewrite each number into prope scientific notation.
a 330000 = b) 78000 =
d 130= e 028=
g) 0.00913= h)  0.0000708=
Expand each nunber to its natura form.
a 56x102 = b) 29x1°=
d) 23x102 = e 4.01x10-4=
Adjud each so that the codficientisin prope form.
a 85x106 = b) 903x108 =
d) 716x107 = e) 0.602x10°° =

Scientific Notation

c)

f)

f)

f)

f)

900

0.000007

5,090000 =

0.042 =

0.0000002914=

73x10°=

1.89x10-1=

768x 104 =

349x 104 =
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5. Perform theindicated opeation. Write theanswer in prope scientific notation.

a (11x 106) q3.7x 104)

¢ (81x107)430x103)

e (64x10-1)455x10-4)

Scientific Notation

b)

3.6x 10/
24x102

72x 104
45x10°

1.1x10-4

88x10-6
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