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Unit Converstions A C on W S“ (74 Q‘ ok/is a fraction or factor written so that

the denominator and numerator are eguivalent values with different units.

One of the most useful convergion factors allows the user to convert from the my j v iiC to

the :m%wal SYS and vice versa, Adoes n.,, W\OU%(

Since 1 inch is exac tly the same length as 2.54 cm, the factor may be expressed as: wLh TS m /boHum
[ inch &.54cm T von/lrcs arc
C N"C}\ $‘b ” -PQU

2.94 —k—-
ﬁ’-?QU) val S*COLCWH

These twao lengths are identical so multiplication of a given Ie th by the conversion factor will not change the

length. It will simplz express itin a different unit. X ¢ » A0 = X ‘neh
2 s“% 2.5¢

O_ Now if you wish to determine how many centimetres are in a yard, you have two things to consider.

( ) g cance b
1} First, which of the two forms of the conversion factor will allow you to an the imperial unit,
converting it to ametric unit?

Second, what other conversion factors will you need to complete the task?

Assumi ng you know, Of Can access, these equwalenues o >
[ e . TR 1foot=_J62_ inches —\& od

Ocm 1 2

3 yaur ppL beasfollm.fs - 3 £} ( %
' x ,25 :(')(3)0'2 ::.sq
Oin 1 “'“ . = YD) =9 ‘-I"]cm

Notlce that as with the multlpllcatlon of any fractions, it is possible t
‘||u||||||||||||||l||||| an M\modk o pRears pci-k&iopﬂl\l b&'l’bm

. v
Figure 1.4.2 Arulerwith both  \we'ye snmply followed a numerator-to-denomlnamr pattern to convert yards to feet to
imperial and metric scales biches to i

shows that 1inch = 2.54cm.

The number of feet in a yard and inches in a foot are & 'A M CJ values. They are not things we measured.
Thus they i 20 affect the number of significant figures in our answer.

This will be the case forany __ { ON e 3 CN 'pCl( 7‘5(.5 in which the numerator and valpe,

denominator are in the same system (both metric or both |:menall
As all three of the conversion factors we used are Cl 1% Q/U'C, , only the original value of 1.00 yards
influences the significant figures in our answer. Hence we round the answer to three rng flgs. 3sl

the TOP part
Example: How many minutes are there in 3480 seconds? E EﬂU.ﬂIEJS
~&——— the BOTTOM part

5L"80 X J = 5%0,“\(\

— ———

2s0.

o?‘?c&k wnils cancel .

Both 60 5 and | min are the same length of time. "Equal to”, this is the converstion factor,
Multiplying by the converstion facor did not change the VALUE fo the time.

However, the units are ditferent after using the conversion factor:

we started with a LARGE number of small units and ended up with a small nunber of LARGE unils.



The method of unit conversions uses conversion factors to change the units associated with
an expression to a different set of units.

Every unit conversion problem has three major pieces of information which must be identified:
i) the unknown amount and its units
ii) the initial amount and its units
iii) a conversion factor which relates (connects) the initial units to the units of the unknown

INCREDIBLY, VITALLY IMPORTANT NOTE!

In all the caiculations which follow you must ALWAYS include the units, for they are the "major plgyers”
in the calculation. If you ar@ tempted to omit or “torget about" the units, DON'T! The course you fail
could be Chem 11!

Example: If a car can go 80 km in 1 h, how far can the car go il v ?
\ANANA

on
Bem in Yh Vo Ferr (km) 3.
\ J > J \ )
CON(VERSION STAT‘)EMENT UNKNOWN AMOUNT INITIALAMOUNT
equ:‘m'u«a
Con\:cx'm‘cn QC«G)'CFS 362‘ x 3(: km = (03’0 lern
SOkm e Vihr | 2
the 30km

Example: 1f 0.200 mL of goid has a mass of 3.56 g, what is the mass of 500 mL of gold™

O 200m L hC\SamaSSsg&‘ md oS WM@ 5.00m_
v €D v
CONVERSION STATEMENT UNKNOVVN AMOUNT INITIALAMOUNT

6.007(x'§'§;2 - 965 9

Example: 1f 0.200 mL of gold has a mass of 3.86 i, what is the \olunu LCupu_‘d

L oamsL os abOUQ W}r volume - (ml.) \‘939,5

~
STATEMENT

UNKNOWN AMOUNT INITIALAMOUNT
[_. W H \ei','w\‘“'\Q

00.0 G-2%
e % La% =5 1% mL




Assignment #4- Hebden pg 11-14 Questions #1-2

ChemiS"ry hoMe work All ass:grnnenls are to be (omp!el.ed on a separate page with
the assignment number & heading. Be sure to show FULL
WORKING OUT for all homework.

W hat happens when there is more than one conversion factor involved in

, L .
Multiple Unit a problem?
Converstions
EMEMBER: your conversion factor must include a fraction where the

numerator (top) and denominator (bottom) are equivalent values with
different units.

Example: 1f eggs are §1.44/doz and if there are 12 eggs/doz, how many individual eggs can be bought for $4.32?

UNKNOWN AMOUNI1 7 INITIAL AMOUNT: §ON\ ERSION FACTORS: ”?
W PN LA, $4.3 'Y ol
no N7 9] 1 doz ’5 ks I doz

OVERALL CONVERSTION REQUIRED: )( )( 3
.5 L d ) (54 D1 d)(Re
% ® _E‘% @ 96%5 }: Graniid)

Example: The gas tank of a Canadian tourist holds 39.4 L. of gas. If 1 L is equal to 0.264 gal in the US, and gas is §1.26/ga
how much will it cost to fill up south of the border?
SN .

UNKNOWN AMOUNT: INITIAL AMOUNT ( \)\\'1 [\\I [ON FACTORS
G much 2q UL 5’.?@
o'\ - Y 0. 2(.14 ] acl
cost?. @ J
OVERALL CONVERSTION REQUIRED:

2.4 L |ozug M‘o
| L \

Assignment #5- Hebden pg 15-16 Questions #3-8

H T o o All assignments are to be completed on a separate page with

Chemts‘ Y h mework the assignment number & heading. Be sure to show FULL
WORKING OUT for all homework.




The metric system is based on powers of } o

The power of 10 is indicated by a simple _'Iz,d :l ; !

prefixes.

Converting Within
the Metric System
Measures | Unit Name Symbol
length metre m
mass gram g
volume litre L
time second 5

.Table 1.4.1isalist of Sl

Metric conversions require either one o
metric conversion by the presence of a

You should highlight these.

You will need to memorize from "nano” 10~ to "giga" 10°.

]

Table 1.4.1 5/ Prefixes

SOME IMPORTANT EQUIVALENCES| Example: re-writ
correct EXPONENTIAL EQUIVALENT _
?re‘p\\l - kilo
ONits W\bO' =

o

UIVALENT

k.

exy - eqUi wakent= | 0’

Example: re-write 2.7 x 102 m using WRITTEN P
correct PREFIX SYMBOL

AT x ‘0-’::”_\
d)

i PRacTicE -
11. Re—write the following using PREFIX and UNIT SYMBOLS, an

(a) 2.5 centimetres (c) 25.2 millimoles.

(b) 1.3Klograms

a) 2 f) X 'C)‘i‘ﬂ
bl Bx \O° 3

12. Re-write the following using WRITTEN PREFIXES and UNITS, an

5997

r two steps. You will recognize a one-step

mgg Ln l:l

The common base units in the metric system include: m, g, Land s.

5 kilogramsfusing PREFIX and UNIT SYMBOLS and the
Preisy =D exyp.

in the question.

exp —preRx

23

2 k.'l/Of)ramS - 5 10%

L>¢L

2

c m

)

boot

wn I+

(d) 5.1decigrams

o @9 & xI07mal o ©.2Dx10“L

(f) 6.38 micrograms

Prefix | Symbol | 10"
yotta Y 10%
zetta z 104
exa E 1078
peta P 10
tera T 1072

[ |giga G | 10°
mega M 108
kilo k 10°
hecto h 10?
deca da 10
deci d 107
centi C 10°2
milli m 107
micro 1 10°¢

L [nano n 10°°
pico p 1012
femto f 10715
atto a 10°1®
zepto z 1077
yocto y 107

13.

(a) 2.5mnf< Bust

(b) 6.5dL

v

a)%ﬁ()f m

b) le-Sx 10 -

Re—write the following using PREFIX SYMBOLS, and WRITTEN PREFIXES and UNITS.
() 0.50x 1078L
(d) 2.68x107'g

(a) 4.5

(b) 1.6x10°m

ol

a)"I 5 rhmo‘

b)

1. kv

c) 066 L
d_2-L¥ 35

(e) 8.85x 1051

(H 7.25x102m

0 .- E5ME

n___ &

3.25crm

5Kb; 5 X]Oi -‘-S'Q_O_t
base vnit
FIX and UNIT and the

4 EXPONENTIAL EQUIVALENTS,
8) 0.25 megalilres

Ho ) xK)"'D - -B% x'lO'('j
(¢) 1.9kmal_“‘rgl (e) 9.94 cg
(d) 4Mt () 1.25ps
0 1.9 x10°me) 4 Q.8 xI0" 4
o4 x10%t N_1. 25 x107“>



E_— QOne step metric conversions involve a %S" m '-’ (metres, litres, grams,
Pkl

One & Two-Step or seconds) being converted to a 'Pf"‘e m\‘)‘ or a prefixed unit being converted to
Converstions a base unit. 0. m —> /M M o 230 8 N B o

Metric conversions involve using unit conversions between prefix symbols and exponentlal equwale s

xpcner\ _CPQ
EXAMPLES: (a) Write a conversion statement betwaen cm and m, ; 5 W th VQ nAse
i

“1 at Slnce c nds for 10‘2' then 1fm = \O
(b) Write a conversron 8! temenl between ms and s. O. O) Qm&\ M\
Since ‘m" stands for “10% then  1ms=10"%s, lcvr= 1O= [,
= — _ e =
IS ,0.35 L) (_m—u~0\m\
Sample Problems — One-Step Metric Conversions c
B S

1. Convert 9.4 nm into m ,O b ' L
What to Think about How to Do It prefiv - "nana’”

A.4 A =1071

1. In any metric conversion, you must decide
whether you need one step of two, There is a
base unit in the question and only one prefix,
This problem requires only one step. Set the
units up to convert nm into m.

Let the units lead you through the problem.
You are given 9.4 nm, so the conversion
factor must have nm in the denominator se it
will cancel,

2. Now determine the value of nano and fill it in
appropriately. 1nm=10"m
Give the answer with the appropriate
number of significant figures and the correct
unit,
Because the conversion factor is a definad
equality, enly the given value affacts the
number of sig figs in the answer,

» and

Two-step metgig conversions require the use of e f\”‘

okes!
Two factors will reqwred any qme ther

in the question.

€ are
—_—

:}i ;wso 5teE) metric conve_ilon yj_cr)nust l m C U m
~iesT /]

N 1 €
CONVERSIONS

Cexorantida™

0 o @ <M
= GO pacey

© (x">(x°> - :C(mb)-’c' A +13
(<D




[

This diagram (right) shows how a given base unit is related to the important prefix

symbaols.

Example: How many micmm
6 Lyf\/s,(

v 0;‘,\:::\ —

ant

> (&1
m

Jc

—

are therein5¢cm #

IO

1.

Sample Problems — Two-5tep Metric Conversions

Convert 6,32 pm into km,

convert from pm to m and then to km.

Insert the values for 1 um and 1 km, I OL&DU
'l|..|m=lﬂ.“5m wl‘-}.
Tkm=10m ?rq "-x .
Give the answer with the correct number of

significant figures and the correct unit.

o~ .
) 1O
What to Think about How to Do It [_ ovp. A \oase
1. This problem presents with two prefixes so -l
there must be two steps. lo 32/”“ "- -&Lﬂ h'e || Km - G; , .ﬁ
The first step in such a problem is always to ' | 0'.’-* V0
convert to the base unit. Set up the units to

~b-%:- 9

U

Practice Problems — One- and Two-5tep Metric Conversions

| 1. Convert16sinto ks. l_'tilx ‘ﬁ_ = FWXIO_BHE

[ '.0%5

2. Convert?SU{rUmLinmL.-rﬁ 000 v L » 1(}"3.{_ - -]’SQOD)(IOFSL - :‘E”.‘._
| wall WU
3. Cunvert-iﬁ?ksintnms.l_'%-—".. Ks '0'5:_? ~.I o .
« 2« 50ns (o 4.5

4. Convert 5.6 107" Mm into dm. . b ]

95.Lx107" Mm ’F M"“ H}_"*” = 9.bx 0(1,,,,

Jrl(:‘ps'mf)

EOUL%GL): lé““@"‘\%

chemisiry homeﬂork%)

Assignment #6- Hebden pg 19-21 Questions #15-17

All assignments are to be completed on a separate page with the
assignment number & heading. Be sure to show FULL
WORKING OUT for all homework.




W A derived unit is prox C‘ 0‘( vicré 4h0,l’)
Derived Unit

Conversions one Uf\,{"’ - P(‘j vdw*qa = _gl

Units like those used to express rate (km/h) or density (a/ml] are good examples of derived units.

EXAMPLE: The heat change occurring when the temperature of a water sample increases is given by

=g*m- ay [
N"a o mo\SS(@
na

ehocc ceqme i C.2BH_ 5= { moltple

P e =) . ST 3-°C_> onits

Therefore, ¢, is a C‘e/\'\ \PQA ml.‘- , having derived units, found by combinding three other quantities

and their units.

Show FULL WORKING OUT on THIS PAGE in the space provided below.

jind the derived value and units for

0.250m¢
@ the matar concentration, ¢, using the equation ¢ =+ = ) = G.500 wa)
v G.50CL ——
where: #=0.250mol and V=0.500 L. L
(b) the Universal Gas Constant, R, using the equation \R = :: 2
i) where P=1atm, V=22.4L, n=1mol and T=273 K (K is the temperature on the

Kelvin scale.
n) where P=202.6kPa, V=24.45L, n=2mol and T=298 K.

(c) the entropy change for the boiling of water , AS, using the equation AM = T°AS,
where: AH=44.0kJ and T=373 K. (Hint: you will have to rearrange the equation first. )

2

(d) the kinetic energy ot hydrogen gas at 0°C, KE, using the equation KE = % mev, LRV

where: m=3.35x 107 kg and v=1592-’sﬂ. [-

Py Dwre Qamd@8e) ooy odmil
b) ﬂ%}‘/ K Clwo (275K s LR

Y- (2623.6d)(RUL) | o o) Rl
(9-ma‘3 (QQ%K) =




Derived unit conversions require OOMO\F\W\C(-) in Q d\.redmjfrum

numerator to denominator as usual AND from denominator to numerator).

SRS

k.S =5xlO K&

10/3/ 2

Example: Express 5 Mg/ml in kplograms/litre 5 mﬁ

5 Ms ’045:
ot 07 "7 1

/o"’

(L

Sample Problem — Derived Unit Conversions

Convert 55.0 km/h into m/s
What to Think about How to Do It
1. The numerator requires conversion of a Lrn — M-

prefized metric unit to a base metric unit,
This portion involves one step only and is
similar to sample problem one above,

N —"Nn— S

L xwm= ____.‘Osm
Vo nz LOS
LOWmMIiNn= \ v

55.0m

The denominator involves a time conversion
fram hours to minutes to seconds, The
denominator conversion usually follows the
numerator.

Always begin by putting all conversion

1G°m

EN

factors in place using units only. Now that
this has been done, insert the appropriate
numerical values for each conversion factor,

/}(fn X ‘OOy/n LOS
(55 )¢ \03)
~ () (@D(0)

/V(

As always, state the answer with units and
ro
figures (in this case, three).

Practice Problems — Derived Unit Conversions

1. Canvert 2,67 a/mlb into «g/L Why has the numerical value remained unchanged?

Q@1 O R - A T
_7_/4 = 10> % 10ty o0

2. Convert the density of neon gas from 8.9994 = 10°* mg/mL into kg/L.

!Qb
=107
1071
> ™
S

[

-15.3m

8.4%%10‘“'_@)_’(121 [k, [ o
e 1 g /of’&/ 10%%)

3. Conwvert 35 mifh (just over the speed limit in a U.S. city) into my/s. {Given: 5280 feet = 1 mile)

35 65{%‘% —th_ 19.6m
N \ (3“2/03) S q
h Y ———
? womie WOS T 60x0 T 3OO

S
D = 2A 2
| -4
(g2 x10™)( IC:S _5.2999x10
N (1o2D0107 .os+(—s>
_—&QCML)X]O kg

L



Use of a Derived Unit as a Conversion Factor . GS3

A quantity expressed with a derived umt rnay be used to convert a unit tqit measures nne thmg into a unit that
measures something __ C.CAW plete CI:F%—N eg. wol

The most commaon examples are the use of rate I:c:n convert between _d_q_sjrﬁ._ﬂﬂf.&and i 1 {V‘-_!. and the
use of d'f Ng to convert between _ YASS  and v O lunag

The keys to this type of problem are determining which form of the conversion factor to use and where to start.

[‘ derived unit = conuersno

Example: ac

@ Suppose we wish to use the speed of sound (3349 Yo determine the time {in hours) required for an explosion to
'be heard 5.0 km away. &€— ("= : n? U el

It is always a good idea to begin any conversioi problem by consu:lenng what we are trying to find?
Begin with the end in mind. This allows us to decide where to begin.

Do we start with 5.0 ki or 330 m/s? C ) {J‘I ‘
J{r‘_‘f}h Km =>

First, consider: are you attempting to -:crnwartf unit —+ unit,ior :

The answer is km e begin with the single unit; km,

|
The derived unit will serve as the conversion factor. 233G m _'> DHOMm S
Second, which of the two possible forms of the cuwrsmn fac/nqﬂ’il\‘/\gcunuersmn of a distance in km into
Cr 7 2

a time in h? Plan: (O‘ 00‘1‘&)
KH <

5.0k 107 & Tk, \ = 4 A0}

Ty 02" o5 " U, ™

tenglh ——> TmT *“'i [ (s6)0%)D

HM_’- Use of Density as a Conversion Factor /—3 =3 '52 . I L

What is the volume in L of a 15.0 kg piece of zinc metal? (Density of Zn=7.13 g/mL) o _T . 1‘235

What to Think about How to Do It @ dens ,4@

1. Decide what form of the conversion factor to ?1& n* )
use: g/mL or the reciprocal, mL/g. ~
Always begin by arranging the factors using V\ ]_

mL “ \
units only. As the answer will contain one )
voturg
unit, begin with one unit, in this case, kg. ( gt} Sj 2, (
2. Insert the appropriate numerical values for o Tr=r g,
each conversion factor. F= TN T Uil
In order to cancel a mass and convert to a At Wit
volume, use the reciprocal of the density: \5 05 <\ 035 l)( I n".’f i J}L \L
1mL ' | =X.1()
713g ﬁﬁl 1 I%’ | = UL

o et ene (mass)" \Séqlum@
(15 (162)
1.3




dery wol

lLPPA(,n(,E > — Use of Rate and Density as Conversion Factors
1. The density of mercury metal is 13.6 g/mL. Wha&is the mass of 2.5 L7

dml 1368 —
A0 # g5 * B = BHo00g ot

-2, The density of lead is 11.2 g/cm3. The volumes 1 cm® and i mt are exactly equivalent. What is the volume in L

MASS unl

Ofamskg%))ieceoflead?ls ,c® P JO'BL ].Y 0-0 'Pb
‘ Mg - 3 ETE
1 koyx IO"“'E))( i.aq g lquvx I m(

3, The speed of light is 3.0 x 10" cm/s. Sunlight takes 8.29 min to travel from the photosphere
(light-producing region) of the Sun to Earth. How many kilometres is Earth from the Sun?

& gm‘ M % ‘.1_65 v 2, 0x10%m " 10°2n % __M_- - 1.5 102 m
i)
mn 1\ s \ cm \0°m

[ If a unit is _#Md_orcubed, it may be cancelled in one of two ways.

Conversions

It may be written more than once to convey that it is being multiplied by itself or it may
E)‘(‘f)‘g}'\g‘ﬂsu l't1s0 “{Q be placed in brackets with the exponent applied to the number inside the brackets as

Kind of Derived Unit) el to theuntt
Hence, the use of the equivalency 1L =1 dm?* to convert 1 m*to L might appear in either of these formats:
/ AKX m ' conamon

1m’xé]dm L 10, 1dm\\xL OR ‘Ms\( ld_m 2 l—u: = 100G L

0'm  10'm  10'm | 1dm} ~l b)

neod to cane] Dxtem’ <kl cance/

Sample Problem - Use of Conversion Factors Containin q Exponents

Convert 0.35 m? (cubic metres) intomL. (1 mL=1cm?) | -‘l.L:_ convesrsng
o DS
What to Think about Howto Do It X3

1. The unit cm must be cancelled
three times. Do this by multiplying

/\_/\_’-——"\
the conversion factor by itself three 6. %mbx __,_S-m / (2] lew Im L' O-(%ED': G35 X |0‘0M L]
I ,

: X x > =
times or through the use of brackets. U "‘,7’ /0"7 /0'9( | C}YI/{
2. Once the units have been aligned C)@ Co nee ked a3
correctly, insert the appropriate \C
[em

numerical values. 3 \ E) | L_ |
0.5 x [ —~/\x |':m, =l‘0fssx\‘o°m|_\
10 ——

3. Calculate the answer with the correct
unit and number of significant ‘

figures.

“?R;A_Cﬂ(.ﬁ_ " — Use of Conversion Factors Containing Exponents .
Yo" | @D

1. Convert 4.3 dm? into cm?, (L"3>(l0-l -
43@%{&5& L ¢m o 43"'03;(“3 ("0")(l0‘°)(l0'j (1079
| dm 10" A =) 7J><|03

2. Atmospheric pressure is 14.7 Ib/in. Convert this to the metric unit, g/cm?. (Given 45

(g P L e
: QHMem T AMm I.OQ/M 2




| . Because it deals wnth atoms, and they are so incredibly small the study of chemistry

Using Scientific is notorious for using very large and very tiny numbers. For example, if you determine

Notation the total number of atoms in a sample of matter, the value will be very large. If, on the
i other hand, you determine an atom’s diameter or the mass of an atom, the value will be

@i{@l extremely small. The method of reporting an ordinary, expanded number in scientific

Mantasa é‘s:“ notation is very handy for both of these things.
Q Tefers to the method of representing numbers in GXDO Y\Q/n'h OQ

form. Exponentlal numbers have two parts. Consider the following example:

4 .
5%@(&;@&.\\.——% 24 500 becomes 2.45x10%in W/ngt/anon

(<}
Convention states that the fi¢st portion of a value in scientific notation should always be expressed as a number

. <10 —_— — — —
This pomoms-caﬂed-themantlssa or the dg_CJ mCtQ g[ |§1 )} i ‘alﬂb\t ?\w UQ(U"( ]

The second portion is the ralse‘“o spme power.

Itis called the ordinate or the @ X gx \ portnon.
mantissa —*2.45 X 10*and 2.45 x 10* + ordinate { # > ‘

A ’?Gb_\ﬁ u_ exponent in the ordinate indicates a [—M(‘IC v, in scientific
notation, while a [I%QZZ e exponentindicatesa __ D M(mek .ﬁ Z |

In fact the exponent indicates the number of 10s that must be multiplied together to arrive at the number represented
by the scientific notation. If the exponents are negative, the exponent indicates the number of tenths that must be
multiplied together to arrive at the number.

el
In other words, the ex Rongnt mdlgates the number of ‘MQ:D W &cfmag in the mantgga k- 3

must be moved to correctly arrive at the AA:_notatlon {also called standard notatign) version of
the number. 5 (expan &ds

Scientific Notation to Numbers
Scientific Notati(gn involves moving decimals.

- e 1.5x 109 e ve
A %E\"}) U'Q exponent indicates the number 15000 4, move the decimal point 4 places
of places the decimal must be moved to the \ Gl lT = to the right. .
while a 'fa'er € _xponent indicates the =15000  [Addin Zeroes lo fill the emply gaps.
numbfg_ff/c{eé the dec1mal must be moved to the / ( -)
5.8 x 104 Because the exponent is a Negative
~00005.8 4, move the decimal point 4 places
A to the left.
Z00100058:% |Add in Zeroes to fill the empty gaps.

[ PeacicE

1. Change the following numbers from scnentlfc notatlon to exganged notation.
(8)2&%(103— :'- MC‘-Q f‘S’\"‘

b sia3x102= Q. OD 13 G)oxp & e 2l

2. Change the following numbers from expanded notation to scientific notation.

@69547 = 0.Q%HF ¥ 1O €— decimad moaRd ¢! places é) ‘or%t:g

(b) 0.001 68 = 1.LF X103 €— decomad moved 3 P\ale S)smau &
D2




SCIENTIFIC NOTATION

Regular Notation (RN)- The :jk'glﬂdﬂ! ! W/ that we write our numbers.

Scientific Notation (SN)- A DhO( \\“QVK" UUO"Vb/F wr

Ex: Two

Hundred and Eight Million is written

QA0

SO DD

small numbers

In SN a number is written as the

|h§g really liige or really

280 000,000, can be written in scientific no'ra'l'ion a5 .%¥ X o8
8 Second Factor 2!()
Is always a PCMQA ______
2 ? 8 x 10 The power of the exponent
inat Paster | | | | tells you NOUI oy placed
number that is to move the decimal point.
A< 10 The bﬁn of the é‘) cr©)
It may or may no axpanent 8 you which
df—@d zmto move it.
5
€q. a.% xI0
107
A X

Regular Notation = Scientific Notation

If Decimal is moved \“Q_\'%\’

Exponent will be

Exponent will be

If Decimal is moved to ﬂ +§

’(\'GOO\

“smaM # " @ex? '

“hig ¥ Qexp-
. yl i

[

~ e —
Regular How to Change Scientific
. Notation Notation

ﬁZO‘OOO.

Move the decimal after the 4 and before the 2
That is 5 places to the left
Multiply 4.2 by 10 to the 5" power

g2 »07

735,000,000

RIAAKINNS

0 .\(‘)9397

Move the decimal after the 7 and before the 3
That is 8 places to the left
Multiply 7.35 by 10 to the 8" power

7.35x10% |

Move the decimal after the 8 and before the 9
That is 3 places to the right
Multiply 8.97 by 10 to the -3" power

$ . qF x0T

0.0000014
NANMIS

Move the decimal after the 1 and before the 4
That is 6 places to the right
Multiply 1.4 by 10 to the -6™ power

L4 x107©

13



e Scientific Notation @ Reqular Notation J 0’(!70”'{\—
cr 9 Yo
. — .« 3 o ). LY W\C)Uf
A‘DMU_L If exponent is% If exponent is 0 YAV RE eCx M
W\O / Move decimal to the —_\ Move decimal to the ¢, MCA \\—L\Q
Add zeros where needed. Add zeros where needed.
¢€% nunaes
{ A LAy
yC Z /_%
(‘Ayﬁcianfific How to Change Regular ]
6/ Notation Notation

75 x160)

Exponent is positive 5.
Move the decimal 5 places to the right

50 OO

Exponent is positive 4.
Move the decimal 4 places to the right

3OO

Z;b\

( 2mx 100
O

0.00007.51 x 107°
WA

Move the decimal 5 places to the left.

O -3 Exponent is Negative 3.
k/@/"z x 10 Move the decimal 3 places to the left. O. C)C)L”?
Exponent is Negative 5. 0 . 00O 75\

chemisiry homework %)

-
Assignment #7- Scientific Notation Practice Questions

Complete the following questions in the space provided.

25%4\

Change from Regular Notation to

Scientific Notation:

1.) 45,000

2.) 9,000,000

3.) 7,450

4.) .0000378
5.).05

6.) 670,400

7.) 7,070,000,000
8.) .00000089
9.).18900097

10.) 570,000,000

1.8900097 x 101

¢ 108

Change from Secientific Notation to

Regular Notation:

1.)9.46 x 107¢
2.)2.5x 103
3)16x107?
4)4x10°
5)7.25x 10*
6.)3.2456 X 1078
7.)6x 1073
8.)9.7 x 107
9.)5.06 x 1074

10.)8 x 102

.00000946
r."l,”;
L16
100,000
72.500
000000032456
06
97,000,000

000506

500




GRSWER KEY

SCIENVTIFIC NOTRTION

CONVERT EACH NUMBER IN
SCIENTIFIC NOTATION TO REGULAR NOTATION
If exponent is Negative

Move decimal to the Left
Add zeros where needed.

If exponent is Positive
Move decimal to the Right
Add zeros where needed.

1. 2.47x107° 0.0247 7.45x107° 0.0000458
2.9.3x107 93,000,000 8. 55x10° 880,000
3.85x107° 0.000083 9.6.3x10°1 0.83
4.2.07x10° 2,070,000 10. 1.98x10* 19,800

8. 7x10" 0.00000007 11.2.4x10°5 0.000024
8.3x10% 300 12. 9.2x107 92,000,000

CONVERT EACH NUMBER IN

REGULAR NOTATION TO SCIENTIFIC NOTATION

If Decimal is moved left
Exponent will be positive

If Decimal is moved to Right
Exponent will be negative

1.0.0024 2.4x1073 7.0.0000038 3.5x10°°
2. 8,804 5.604 x10°3 8.48,998 4.5995x10*
3.893.78 6.9375x10° 9.754.288 7.54256 x 10°
4.0.087 8.7x10%2 10. 0.0088 8.8x1073
S. 8,880,000 8.550 x 10°° 11. 18.907 1.8x10"
8. 12,000,000 1.2x107 12. 28,009 2.5009x10*



@ Liners

Multlpllc?g\n /nd Division in Scientific Notation :

To M A ’7 {‘two numbers in scientific notatlon we multiply the gkt h[ lz& "#S and state the#
product multlplled by 10, raised to a power that is the s C 'QK'DOF\QQ S
(Ax 109xéx10")= (AXB) x 106+5)

To divide two numbers in scientific notation, we divide one mantissa by the other and state their quotient
multiplied by 10, raised to a power that is the difference between the exponents.

SO0
S

(Ax10% - (Bx10P) =

(A +B) x 100"

Sample Problems — Multiplication and Division Using Scientific Notation

Solve the following problems, expressing the answer in scientific notation.
1. (25X 103) x (3.2 %109 =

2 (94x109<=(109=

What to Think about

(gsio) x (3.2x10°)
—> (2S5 +22) = 3.0
346 9

(%OX\OB

(6 axi0-9) = QO™
2. Raise 10 to the difference of the \Q~—\? q .L\ ': \ = q L’\

exponents to determine the ordinate.

Question 1 Qe '.t

1. Find the product of the maaticsas-

2. Raise 10 to the sum of the exponents to
determine the ordinate.

3. State the answer as the product of the
new mantissa and ordinate.

Question 2

1. Find the quotient of the mantissas.
When no mantissa is shown, it is
assumed that the mantis@is 1.

3. State the answer as the product of the
mantissa and ordinate.

“rgggg,;[lg,_g_y — Multiplication and Division Using Scientific Notation

Solve the following problems, expressing the answer in scientific notation, without using a calculator. Repeat the
questions using a calculator and compare your answers. Compare your method of soIvmg with a calculator with

that of another student. 0. xlO 2
1. 4x10%) x 2x10%=_% X\O , 4 o9+(5.0x106)= L X-O0x/0 3
2. 99x109=33 x10)=_ 2.0x10 5. [lasx10=asx109kesxiog=_1.9 xI0
3 (31%109x(6.0%10)) < 20x10%) = -2 %10 (25x0¢) »
e e - :
(156x10>)< (2.050)
Ie

“ 4
). slexlO




()
N
Addition and Subtraction in Scientific Notation
Lﬁn\emmmm Gtation will always have a mantissa between /] and 10O

Sometimes it becomes necessary to-> ! )1 Y| _adecimal in order to express a number in proper scientific notation.

The number of places shifted by the decimal is indicated by an equivalent change in the value
[ ) of the exponent. Ifthe decimal is shifted L=€ ‘ 3: . the exponent becomes ]
=2 shifting the decimal to the '%V‘_[t __causes the exponent to become _

———
Another way to remember this is if the mantissa becomes smaller following a shift, the exponent

becomes larger. Consequently, if the exponent becomes larger, the mantissa becomes smaller. Consider
AB.C x 10* if the decimal is shifted to change the value of the mantissa by 10" times, the value of x
changes -n times.

For example, -

A number such as 18 235.0 x 10? (1‘2'323 EOO in standard notation) requjres the decimal to be bh"P*eC\ q
places to (> togive amantissa between 1and 10, that is 1.823 50.

A_l _‘2_ _shiftﬂplaces, means the exponent in the ordinate becomes ‘_-rgl
(from 102 to 10°). — v 244

The correct way to express 18 235.0 x 10% in scientific notation is 1-82350 > 108,
Notice the new mantissa is 10* smaller, so the exponent becomes 4 numbers larger.

iLPPACTICE g

Express each of the given values in proper scientific notation in the second column. Now write each of the given
values from the first column in expanded form in the third column. Then write each of your answers from the
second columnin expanded form. How do the expanded answers compare?

é—- ‘e *‘ *\ar"ébﬂ/ Lo &)O“O\hm "
Given Value _.‘.—a) Proper Notation - Exp;lded Form \Expanded Ans\m/
. (6015118 | . 0I451x10 | @G} 45| e
09016x18D | 1.lo x10" 1 000 .
383253x10°% |3, 355 %107 O.0355a55 / \
0.4196 x 1072 Q.\ay xO™> O-004 19 / N\

lw N

When adding or subtracting numbers in scientific notation, it is important to realize that we add or subtract onl
the W Do not add or subtract the exponerits!

deCAmal part

Steps for Adding + Subtracting in Scientific Notation

1) Shift the decimal to obtain the W_for the exponent in the ordinate

of both numbers to be added or subtracted.

2) m_ or take thed.i&gce of the mapesSas. a-e cinmed v unbe-S .
3) Convert back to Eroger sq‘entific notation when finished. ( L.? m dzd)

DD



Sample Problems — Addition and Subtraction in Scientific Notation

Solve the following problems, expressing the answer in proper scientific notation.
1.(5.19% 10%) - (3.14x 10%) =

2217 x10°% + (640 x 1079 =

What to Think about

Example #1
1.

Example #1 — Alter
1.

Begin by shifting the decimal of one of the
numbers and changing the exponent so that both
numbers share the same exponent.

For consistency, adjust one of the numbers so
that both numbers have the larger of the two
ordinates.

The goal is for both mantissas to be multiplied

by 10°, This means the exponent in the second
number should be increased by one. Increasing

How to Do It

ol S
519 x10° - 5.\HX\C® %"“‘L%mo‘a"

T
Lawwwarflo
-~ 0.5149%10° WA

&
uf),'\ ﬁ’;ff:xlo":’ "5

_ 0.3\ 4 x10°

—

= x

the exponent requires the decimal to shift to the
left (so the mantissa becomes smaller).

Once both ordinates are the same, the mantissas
are simply subtracted.

It is interesting to note that have altered
the first number instead. In that case, 5.
would have become 51.9 x 107,

In this case, the difference results in a number that
is not in proper scientific notation as the mantissa
is greater than 10.

Consequently, a further step is needed to rt
the answer back to proper scientifierotation.
Shifting the decimal ane place to the left
{mantissa becomes smaller) requires an increase

of 1 to the exponent.

4.5 7 bxlO3 M

rack P B 1LIO VY

Pone o 'a*f.‘ﬂs

12

Example # 2

1.

As with differences, begin by shifting the decimal
of one of the numbers and changing the
exponent so both numbers share the same
ordinate.

The larger ordinate in this case is 107,

Increasing the exponent in the second number
from =5 to -3 requires the decimal to be shifted
two to the left (make the mantissa smaller).

. Once the exponents agree, the mantissas are

simply summed.

A2 107° —\,-((p."l'C)')d
(Q\=x) 3 T
0.0L4A]

Q3 x 107

) 2
-6 .0L4a0 x\O>

o)
<172

xponant

2 ‘JZ-)LI(‘) Xlo-s)

e

oo.nv\Q |




— Addition and Subtraction in Scientific Notation
Solve the following problems, expressing the answer in scientific notation, without using a calculator, Repeat the
questions using a calculator and compare youransweys. Compare your us of the exp(_.zléelL'aI fu? ion on the
calculator with that of a partner. )ks carh "S
pxpoﬂo n
1.  8.068 X 10° 20,,6.228 X 10 3. 49.001 X 10
-414 X107 +4.602 X 107 - 107
o o s < bhdbeciatill | R ,
3.054 x|0F  5.234gxI0 4‘7 Ol x 2
eorrec IU )
2 - W\
‘ ccasionally a number in scientific notation will be raised to some power. When
| Occasionall ber in scientifi ti ill be raised Wh
Scientific Notation such a case arises, it's important to remember when one ex nen |s raised to the
and Exponents ' P pa Qd
power of another, the MU one
another.

—7 Consider a problem like (1§)E> lO

This is really just (10x 10 x 10)2 or (10 x 10 x 10 x 10 x 10x10). So we see this is the

same as 103X 2) or 106,
o s\o>

(ﬂmb = A x 10

Assignment #8- Scientific Notation Topic Review
Chm‘ﬁry home ﬁor@Complere the following questions in the space provided. Be
sure to SHOW FULL WORKING OUT!

Topic Review:

Solve the following problems, expressing the answer in scientific notation, without the use of a calculator.
Repeat the problems with a calculator and compare your answers.

2. 2x1 X 3.% ( 4(3>)<105)2x(m >
3 pr H 'Ol.‘.? '053 5((2 xquJ
2°x 10 5%« 5 x10)

lO gxI0¢ ~“as5x10°? (4%10'°) = (‘“/O“>

1048 -
5. Convert the followmg numbers from scientific notation to expanded notatuoﬁréﬁceﬂ)a 6)8 s the scueﬁfiflc (a X ’O

notation is expressed correctly).
-z LxI0

Scientific Notation Expanded Notation

3.08%10° 30 OO
1. bx10” 960

475x10° 0.00 415
H.gH x10O " 0.000 484

0.0062 x 10° LD

19



6. Give the product or guotient of each of the following problems (express all answers in proper form scientific
notation). Do not use a calculator, 16
(3] B0 x10% x (1.6x105 = (.2 v O

b} (15%10% + 20x108 = 7.9 x10' (75')
(©35x10Y % (60x105% = 2.1 x (O
(d) (26107 + (65x10% = L .O v10O'C

7. Give the product or quotient of each of the following problems (express all answers in proper form scientific

notation). Do not use a calculator, 6
(al (3.5 =10% = (3.0=10° = { OS\(I()

(b) (70x10° = (175x 108 = Y .C)y(oq .
©25%x10%) x 85x10% = 2.135%(O

(d) 26109 + 65%107) = |4t 33|y

8. Solve the following problems, expressing the answer in scientific notation, without using a calculator, Repeat the
questions using a calculator and compare your answers,

(al  4.034x=10° B 3114 =10 () 26022 =10¢
-2.12 =10 +2.301 % 10°° +7.04 x 107 5
2 $daxlO? Z.\0\Axl0® 2609.9 K.oaax!O

9. Solve the following problems, expressing the answer in scientific notation, without using a calculator, Repeat the
questions using a calculator and compare your answers,

fa) 2.115x 107 ib) 9.332x 107 (c) BE.166 % 107
-'l,'|'|—}('|ﬂ? +6.903 x H]"‘ + ® 'Iu-l ‘5
J.OO)((()Y 1.00aaxio-3 G-l §loT1¥lO

10. Solve each of the following problems without a calculator. Express your answer in correct form scientific notation.
Repeat the questions using a calculator and compare.
(2l (o3 (b) (4% 10593 () (7= 1092 d. (10%)2 = (2 % 100

| OxI0 2 L.Y «\O' uq O ¥ xIO7

11. 5olve each of the following problems without a calculator. Express your answer in correct form scientific notation.
Repeat the questions using a calculator and compare.

(@) (64x107 +20x107) +2x10° + 3.1x100 = 2 5 o ()’ '

34x10°7 x 1.5x10° -9
ol 15%10° = 54 <O

16
(€) (2% 1077 % [(6.84 % 10%) + (342 10%)] = ' . (OX IO

ol
(3 109% + {42 10%2 _
@ 1x10° =7 x (O
20





