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Al ApOUT NUMBERS
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__ .__.._.“_:.ﬂ.. m_..._f chy __..,...n..w = f_m“.dd N Some numbers are too large or too small to express conveniently by writing them out
\ - -+ __F in full. Any number can maore compactly be written in terms of powers of ten. This is
__m__n....} Loyt andens v called exponential noration. For example, a million {1,000,000) can be written as

1 % 10° and three billion (3,000,000,000) can be written as 3 % 10%. Fractions can
also be written in terms of powers of ten. A thousandth {001} can be written as 1 %
L0 fthat is, 1/10%) while 2 hillionth COBDDMO001) 15 1 = 1077,

In this book, we often state numbers approximately. The term roughly means chat
the number lies within a range of 10 percent about that number. When we say thac
there are roughly 10 items, then there could be % ar 11, The term negligible also has
a specific meaning, It indicates that one number is several powers of ten larger chan
another. For example, carbon dioxide in the atmosphere constitutes only a tiny frac-
tion of all of the gas in the armosphere (roughly 3 3 107 of the total). So, we can
say that carbon dioxide consrituges a neglipible fraction of the atmosphere as a whaole,
However, carbon dioxide gas has a profound effect on che hehavior of the carth-
atmosphers system, even if its concentration is negligible compared to other gases,
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! The comvention in zll scientific disciplines is to use the 51 (Sysréme Internadonals) unirs.
Units are necessary in order to quantify distance, mass, time, and so on, as shown in
the fullowing table.

 Quantity Unit Symbol
diseznge meter m
mass kilogram e
time second 5
temperature kelvin K
power watr W

Because of the large range of numbers that we will use, ir is convenient to use
prefixes such as kilo and milli, Kilameter (s thousand micters) and milligram [a thowe-
sandth of a gram] are common measures of distance and mass respectively, The fol-
lowing table lists prefixes thar we will use to express the size of things:
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“_ Prefix Size B Power of Tan
{ mmicre millionch 10

! il thousandth 103

A kilor thousand 103

mega million 10%




We will bave an occasional need 1o convert guantities in SI units o the more
farniliar English system of units {milea, pounds, degrees, orc.).

Temperature in Kelvin can be obtained from temperarure in degrees Celsins by
addwmg 273, For reference, the melting remperature of ice is 273 K (0°C) and the boiling
remperacure of water (at sea levell is 373 K (100°C), To convert from degrees Celsiug
to degrees Fahrenheit, dhe following equation is nsed:

T =18 = °C + 32,
Ice melts at 32°F and weater boils ar 212°F.

A3 ApOUT GRAPHS

We show a number of figures in this book that convey how one guantity depends on
another quantity. Consider Figure A.1, one of the centeal figures of this book. It shows
how the globally averaged surface tempéerature has varied with dme from 1380
through 13335, Now lock at Figure A2, which has exactly the same information, but
the aspect ratio of the graph has been changed: The time axds (lefr-to-right direction)
is compressed while the remperasure axis (up-down direction) is expanded.

By means of chanping the aspect ratio of this Sgure, the temperature dee has been
made more dramatic, The temperature increase of roughly 0.5°C observed over the
past 130 years in't any different in Figare A.2 than it is in Figure A1, but the impact
is quite different. Figure A2 lends itself to a more alarming view of climate change,
even though the informadion content is the same,

A4 S0ME Basic CHEMISTRY

We use some very basic concepts from chemistry in this book. As you are probably
aware, an atom is composed of 8 nuclens around which electrons orbit as shown
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“igure A.1 Globally averaged surface temperature anomalies from 1860 to
1995 fin °C) relative to the 1961-1990 average,
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Figure A.2 Same as Figure A.1 but the aspect ratio bas been changed.

schernatically in Figure A.3. The mass (weight! of the slectrons is negligible compared
to the mass of che nuclens, which is composed of protoss and newtrons. The mass of
# proton is the same as that of a neatron. Consider now an oxygen arom, Ie has §
protons and 8 newtrons in its suclens with 8 electrons in orbit around the oucleus,
Rather than drawing o diagram with a nucleus and 8 electrons circling around i, it is
more cofvenient to use aotation that summarizes the characteristic of the OXYEEn atom
as "%, Here, the supeeseript indicates the number of neuteons and protons combined

Figure A.3 Two electrons orbit around & nucless composed of profons and
HeTrois,



in the nucleus. We could get away with writing it simply as O, except that there are
three different forms of oxygen.
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These different forms of cxygen are called oxygen fsotopes, The first one is the most
commaon form, while the other vwo are rarely pressoe in amounts in excess of a few
tenths of a percent, The differences besrween the three izoropes of oxygen are the num-

ber of neutrons found in the nucleus; the %0 isotope has two additional neutrons, so -

thar it is 12 percent heavier than the "0 isorape.

A molecule is an agpregate of two or more atoms. The molecule carbon dioxide
is made up of one carbon atom and two oxygen atoms. Either the molecole or the gas
~ composed of the molecules can be denoted by the symbol COy. Mote thar with this

notation, we don't say which isotope of oxygen is present or, for thar marter, which
isotope of carbon. :

In a few places in this book we wiite chemical reactions chat describe how differens
atoms and molecules react with one another, An example is the process of phatosyn-
rhesis by which planrs consume carbon diosdde (COy) and water (H30} and produce
molecular corygen {04} and a carbohydrate unit dhar is a fundamental part of glucose
{Sugar).

C0, + HyO — CH,O + O

In the process of respération, the reaction runs from right o left, puming the carbon
atoam 10 the carbohydrate unit back into a carbon diozxade molecule,

Most of the atmosphere consises of the gas nitrogen, whese molecule is denosed
M;. Some molecules of atmospheric nitrogen find their wav into the ocean o constinute
what is called dissolved nitrogen. Atmospheric carbon diooade molecules also enter
the ocean o constimte dissolved carbon dioxide. What distinguishes carbon dinaide
from all other dissolved atmospheric gases n the ocean is that it is chemically active
b1l VWL,

CO, + H,O - H* + HCO;

The products of the reaction are a hydrogen ion (H*, which 15 2 hydrogen atom whoss
sole elecrron has been removed) and a bicarbonare ion (HOOS , which has taken thae
electron). A small fraction of the bicarbonate ions undergo a further reaction, bur this
tact 15 of no importance to us here, In summary, what we have seen bere is that the
carbon in carbon dioxide dissolved in ocean warer acoually resides in bicarbonate 1ons,

-In another relevant chemical reaction many manne plants and animals make
shalls,

Ca** + JHCOF — CaCO, + H,O + COy

The calcium ion (Ca™ ") is 8 calciom atom that has lost tero of its (negatively charged)
electrons and hence has a net positive charpe of two unis. The bicarbonare ion
{HCOT) conststs of a hydrogen atom, a carbon atom, and three oxvgen atoms, with
one electron missing feom che combinanon.

_ ‘There 1s no net gain or loss of charge when, as in the above reaction, rwo bicae-
bonate jons combine with ome calcium ton. The reaction yields calcium carbonate
(CaCOs), which is the material of the ghell, plus water and carbon dioxide. Afeer the
oeganism that has made the shell dies, the shell may dissolve back into its original

chemical constituents, In this case the reaction above proceeds from right to left insteas
of from left to right as we have shown it here.



