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Appendix A

Scientific Notation, Units, and Constants

This appendix reviews the “scientific notation™
used in the text; the units comenonly used in physics
and chemistry to guanrtify length, mass, and 50 ong
and the manipulation of these wnirs, We discuss some
of the physical constants and rhe essential math-
emarical operations that are used in the text.

A.1 Scientific Notation

Most scientilic discussions vse numbers that are
cither very large or very small. Examples of such
numbers can be found in every chapter of this book,
ncluding the total number of molecules in the
Earth's atmosphere, L0*: the fraction correspond-
ing 1o a mixing rativ of one part per wrillion by
volume (pptv), 1071%; the amount of carbon crmitted
into the atmosphere each vear from fossil-foel com-
bustion, abour 10* grams; and the wavelengrh
measure forultraviolet radiation, rouglly 1077 meters.
Ifwe had vo write out the first number, it would read:
T OHD, O, OO0 00D O 0D COE0Y COCHEh CHCHE CAOHD NN,
CHWD (MR, 000, 000, Thar is, the digit 1 followed by a
string of 44 zeros! The secormu] number would read:
COMHHO000001. These longhand numbers are
clumsy and impractical.

Basically, any larpe or small number can be
expressed as the produce of two terms, The first
term is a prefactor of order unity (thar is, a numlser
with 2 value between 1 and 10 thar gives the
precision, or accuracy, of the original number. The
second term is 2 power of 10 {that is, 109, where p
is the exponent or “power”™ of 10), The power of
10 defines how many times the number 10 is to be
multiplicd by itself. For example, 10% = 10 3 10 x
10 = 10 = 10,000 {that is, 10 multplied by itself
tour rimes). As an cxample of the use of this
notation, consider the large number 1,100,000

(which 15 named one million one hundred thou-
sand). In sdentific notation this number may be
written 1.1 x 108,

Motice that to arrive ar chis form, we must count
rthe digits from the position where the decimal point
15 onginally found {or wouold be placed) in the
number roward the left until only one non-zero digin
remains to the lefr. The decimal poine is fixed here,
and the resulting figure is the prefactor. The number
of diygts counted to the left becomes the power, or
exponent, of 10. The exponent is positive if we have
counted fiom right o left, but is negagive if we have
counted from left to oght. In either case, aficr
moving the decimal point, the remaining figure
(with cne dige remaining to the lelt of the decimal
point) s the prefactor {usually wirh the nnnecessary
zeros lopped off}, Try this procedure with the num-
ber 0.OO0OK0035, Tn this case, we couns feom the
onginal decimal point ro the right nine digits, leaving
the prefactor 3.5 {all the zeros ro the left are dropped )
and thus yielding the number in the form 3.5 » 1077,

The useliulness of screntific notacion is easily ap-
preciared for arithmetic with large and amail num-
bers. Imagine that you want to caleulate the total
number of molecules in the Earth's a here for
aspecies that has a mixing rario of 1 pptv. This would
be written literally as 10O0,000,000.000,000,
OO, D00, 000, 000,000,000,000, 000,000,000 =
OLOODODOO00001 = L0000, 000 000, 000, 000,
00,000, 000,000,000, How much easier is it o
write 1% 10% 5 1 1071 = 1 5 1072 All we dois
multiply the prefactors and add the exponents! Con-
sider the examples given later, and enjoy

Aprrucanons oF SciEnTIFIC NoTATION

To ilhostrare the wse of scicntific notatdon, we offer
some examples. The number 550, for example, can
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be written in scientific notadon as 5.5 = 107, That is,
550 = 5.5 x 10%, In this case, the normal decimal
representation is more convenient than the scientific
representation. Natucally, the simplest notation is
adopred for specific nombers in the text of the book.
For seme numbers, the choice can be a marcter of
taste, Take, for example, the number of people on
the Earth—approximately 5 hillion. This may be
wrirten out as 5,000,000, or more compactly as
5 » 10", You should become familiar with both
representations.

If we consider the number of molecules in Earth's
atmosphere, there 15 little disgension, Which number
1% rrorG convenicne to weite and which value is more
immediately clear: 1 % 10% or 100,000,000,0040,
Q00 DO0, 000,000,000, 000,000, 000,000 000,000
I'n addition to compactness and immediate recogn-
tion of magnitude, numbers expressed in scientfic
notation are much easer to mampolate m antmese
operations. Some examples of these operarions follow.
Mulriplication: The rule for multiplying mombers in
scienfific notation is to sty the prefactorr and
add the exponents [ or the powers of 10), For example,

1x10% %1 x10° = ¢l x1) = 1088
=1 = L3

121073 x 1 %108 = (1l x 1) x 1073+8
= 1 = 10%

11072 1 =107 = (1 = 1) 1070"#
= 1 = 1y ®

(2, 500, 00, () > (200
= (2.5 » W0%) 2 (2 2 107)
= {2.5 % 2) = (10¥ = 104)
= § x 107+2
= 5 x 10M

Divirzon: The rule for dinding numbers 1in scienthe
notaton 1s to deride e prefaciors—that 15, w0 dvede
the numeracor prefactor by denominaror prefactor—
and suberacs the exponent of the number in the
denominator from the exponent of the number in
the numeraror, For example,

3
12107 11043 21 x 10!
1x105 1
| o H].__ﬁ]“ﬂ - 10
1,000

4
Lx 107 _ 1 p4-5 21 x 107
1 = 107 1
Iﬂ ALY - 01
L0, O]
L= 1078 1 i-si-(-5)
1 = 105 1
= 1 % 10°9+F = 1 = 1071
4
6 %107 6 1043 = 3 x 100
2w 104 2
60, 000
or =
2. 000
-3 "
#1077 5 10735 - 25 % 10°8
2 % 10° 2

LarcE anc Seaarl NuMBERS

Tables A.l and A.2 summarize the notation and
identiffing names of the most commoen large and
small numbers used in scientfic discussons, These
numbers may be applicd wo any specific quanticy by
attaching an appropriate suffix indicating the unirs of
measure invohved,

Using Moana Ranos

Table A.3 lists the commaon mixing ratios, Or MIXINg
tracrioms, that are used to characterize gases in the
atmosphere. The principal ratios, or fractons, ased
are parts per million, parts per billion, and parts per
tnlhon {abbreviated ppm, ppb, and ppr, respec-
tvely ), These mixing fractions can be expressed in
parts &y voleme (or numder) or parts by sesofair. In
the fiormer case, forexample, cne might specify parts
per million by volume, or ppmv. For smaller fractons
it would be ppbv and pptv. For mixing fractions
specified as parts by mass, the corresponding abbre-
vigtions are pprum (for parts per million by mass |,
ppbm, and pprm, respectively.

“Parts by volume™ refers to the fracren of e
wobad wxmber of molecules in a unit volome of ar
of a cerain kind of gas—say O, or CO, or H,0O.
'The ratie of the number of such molecules o the
ental number of molecules in the volume 15 the
fraction of interest; hence the term mexisng redio, An




Tehle A1 Large Numbers

Thormal® notation

1

10

1(H0

1 (MR
100, (b}
1 CHOD ORI

Appendiv A
Serentific Standard name
motasion
1= 10" Chive
Lx 100 Ten (deca-)
1w 10% Hundred { becro-)
1x10°  Thouwsand | kils-)
1x10%
1% 107

491

L0000 1x10° Million | mega-)
10,000,000 1107
100,000,000 1 % 108
1,000,000,000 I = 107 Billion {giza-)
1,000,000,000000 1210 Trillion | tera-)

Table A2  Small Mumbears

“Normal® notation Sefentific Standard name
RatAio

0.1 1% 107 Tenth { deei-)
0.01 1107  Hundredch (cesnsi-}
0.001 1x10%  Thousandth (mélli-)
0.0001 L = 104
0.00001 1 107"
ARV 1w 107%  Millioneh {ssizre-)
0_OOMHNI) | 1x 107"  Billionth { nano-)
0.00000000000 ] 1:x107'*  Trillionth {pico-)

Tabl=e A3 Mixing Fracton Definitions

Ume part per million 1 ppm 1% 107%  one our of cach million
"One part per billion  1ppb 1% 107  one our of each billion
Ome part per trillion I ppt 1% 10°'*  one out of each willion




